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RESUMEN

En la actualidad la humanidad enfrenta varios problemas los cuales uno de ellos
es la sobreexplotacidon de los recursos naturales no renovables que provocan la
combustion de combustibles fésiles ademas de procesos industriales no
controlados. Por ende, se plante6 en obtener éster metilico a partir del aceite de
la semilla de moringa. Se empleé el método de soxhlet para la respectiva
extraccidn de aceite siendo este la materia prima, obteniendo un 26% de
rendimiento, dentro de todos los estudios realizados se desarrollé un disefio
experimental para la produccion de dicho combustible, mediante la reaccion de
transesterificacion se obtiene como productos, biodiésel y glicerina donde
reacciona el aceite con metanol e hidréxido de sodio como catalizador. Nuestro
producto de interés se caracteriz0, evaluando todas sus caracteristicas fisicas
para luego ser comparado bajo la norma ASTM para biodiésel D6751-09 y un
diésel comercial, concluyendo que se pudo obtener un biocombustible que
cumple con la gran parte de las especificaciones estipuladas en dichas normas,
ademas que aporta en disminuir el impacto ambiental producido por los

combustibles fésiles.

Palabras claves: Moringa, Rendimiento, Transesterificacion, Biodiesel
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ABSTRACT

Humanity now faces several problems, which one of which is the overexploitation
of non-renewable natural resources that cause the burning of fossil fuels in
addition to uncontrolled industrial processes. Therefore, it was considered to
obtain methyl ester from the oil of the moringa seed. The soxhlet method was
used for the respective oil extraction being the raw material, obtaining 26% vyield,
within all the studies carried out an experimental design was developed for the
production of said fuel, through the Transesterification reaction is obtained as
biodiesel and glycerin products where the oil reacts with methanol and sodium
hydroxide as a catalyst. Our product of interest was characterized, evaluating all
its physical characteristics and then being compared under the norm ASTM para
biodiésel D6751-09 and a commercial diesel, concluding that a biofuel could be
obtained that meets the large part of the specifications stipulated in these
standards, which also contributes to reducing the environmental impact produced

by fossil fuels.

Keywords: Moringa, Yield, Transesterificacion, Biodiesel

Xl



INDICE

CAPITULO Lttt sttt s s esas s sanes 20
1.1. MAICO TOGICO ...ttt 20
1.1.1. Planteamiento del problema.........ccccoeiriiirininincceeeee e 20
1.2. Formulacion y sistematizacion de la investigacion ............cccocvveeeveeeeneceennne, 20
1.2.1. Formulacion del problema de investigacion ............cccccveveeveieeeereceececeeeen, 20
1.2.2. Sistematizacion del problema ... 21
1.3.1.  JUSHIfICACION tEOMICA ...ttt 21
1.3.2.  Justificacion MetOdOIOQICA..........cceecvireeeeiieeectecteeeste ettt 21
1.3.3.  JUSHIfICACION PrACLICA .....ccveivieeieieeteeeceeeeeee ettt ettt sbeerae it 22
1.4. ODJELIVOS ..ottt s b e sttt ne e enes 23
1.4.1.  ODJELVO GENEIAL .....ootieieeecteee ettt sttt st be s e s beeraente s 23
1.4.2.  ODbjetivos @SPECITICOS.....cciiiiieciecteeece ettt st e re et 23
1.5. Delimitacion de a inVestigacion ...........c.cceveireiiieseseeeeee e 23
1.6. HIPOLESIS ...ttt sttt st et sa e s seeseene e 23
1.7. VAIADIES ...ttt 23
1.7.1.  Variable dependiEnte..... ..ottt 23
1.7.2.  Variable iINdePendIENLE ........cccoieieciiieeeeeeeee ettt 24
CAPITULO Il corttrietiineeiseeiseseseessessie s ssse sttt 26
2.1, Marco REfErenCial .........ccocoueiiiiiiiieesecee s 26
2. 1.1, ANTECEUEBINLES ..ottt 26

Wl



2.2, IMAICO TEOOMICO c.veeiieeiie ettt ettt ettt e e et e e s eeae e e s aeaaeeesasbeeesesasteesesssaeessssaeesassraeessanrees 27

N S |V (o T 1o o - NPT S 27
2.2.1.1.  CaracteristiCas agriCOlas .........cocecuverireireniriiieiesee et 28
2.2.0.2. TAXONOIMIA ...iuiitiiitiieiiieteseeie sttt sttt ettt b et e ettt st b et et ebe e be e ebeneas 29
2.2.2.  ACEItES ESENCIAIES ......coiiiiiciiiciicec ettt 29
2.2.2. 1. GeNEralidades.......c.ccoveuirieuirieiieiietneee e 29
2.2.2.2. DEFINICION ..ottt 29
2.2.2.3.  Clasificacion de los aceites eSenciales...........ccovvereireineineienenneneeseeens 30
2.2.2.4. Meétodos de extracCion de ACEIES ........ccccoviriririeirieinieirceseer e 30
2.2.2.4.1. EXtraccCion por PrenNSado.........cccccueeveiieeieeiieceeeesieeeeste e este e et s enas 31
2.2.24.2. Extraccion por arrastre CON VAPOK .........cceereerieerieerieerieesie e eseens 31
2.2.2.4.3. Extraccion por Hidrodestilacion.............ccccoeveieiieieicieiceceseee e 31
2.2.2.4.4. EXIracCion CON ACIHOS .........ccvrveirieirieieice ettt 32
2.2.2.4.5.  EXtracCiOn CON SOIVENLES .......cceiririiieiiireieeinieeee et 32
2.2.3. Método de extracCion SOXNIET ............cccoreieiriniicirrcer e 33
2.2.3.1. Origen del MEtodo SOXNIEL .........ccuvivieiecieeeeceeee e 33
2.2.3.2.  Funcionalidad del método SOXNIEt .........ccccviririririniincrceeeeee 33
2.2.3.3.  Ventajas del método de SOXhIEt ...........cccevririiiiiiieeeeeeeeceee e 35
2.2.4.  SOIVENTES ...ttt 35
2.2.4.1. Caracteristicas de 10S SOIVENLES..........cceeriruiriririeineeseeseeere et 35
2.24.2.  TIPOS UE SOIVENIES.....cceiteeeeeeeeee ettt ettt ees 36
2.2.4.2. 1. ATOMALICOS....c.erveueuiiieieieirt ettt ettt ettt ettt 36

XMl



2.2.4.2.2. Y AN =] 7= 0 1 TRRRRRRRN 36

2.2.4.2.3. CLANODS ... e 36
22424, AICONOIES.....c.eoeiie e 37
2.24.25. GASOIVENTE....c.eeeee ettt 37
2.2.4.3.  Purificacion de [0S SOIVENLES...........cccoeiriiiririiircceccec e 37
2.2.4.3.1. Métodos convencionales de recuperacion de solventes...........ccccceeveeeeee. 38
2.2.43.1.1. DESHIACION ...ttt 38
2.2.43.1.2. FIIFACION. ...ttt 38
2.2.5. Reaccion de TransesterifiCacion ..........c.ccveririieneineineeseeseeseeseeeee e 38
2.2.5.1.  Productos de una reaccion de transesterificacion.............cccocovvernerencnnenns 40
2.251.1. BIOGIESEL....ceieeeeee e 40
2.25.1.2. GlICEIINA ...t 41
2.2.5.2.  CAtaliZAUOIES ......c.eiieiiiiieeieeeee et 41
P2 T |V = 1 (ol T 00T (o= o (1 - | AT 42
P2 Tt N ot = (= o (= 1Y (o T T o - VT 42
2.3.2.  MEtOdO dE SOXNIEL.......c.eoieiiieiiieirieec et 42
2.3.3.  EQUIPO SOXNIEL.........oiiiteeiecteeeeeetee ettt sttt st e nas 43
2.3.4.  TranSeSterifiCaCiON ........cocceririiicirirec et 43
2.3.5. Esteres metilicos de ACIAOS GrasOS ...........ccvwveuireveeeseeeeisesseeseressesessessesessessessenes 43
2.3.6.  BIOIESEL.....oiieiiiieeee s 43
2.3.7.  POdEr CalOIfICO ...eeeueieiiieiiieeeee ettt 44
2.3.8.  DESHIACION ...ttt 44

X1V



2.4, MArCO CONEXIUAL .....eiiieeeiieieeeie ettt ettt e s ettt e s e sbaeesssaeeesssraeesseares 44

P T |V = (oo T =T - | TSRS 45
(07N = 1 10 1 2 | OO 46
3.1 Metodologia de dISEM0 ........ceeueiriiriieee e 46
3.1.1. Enfoque de 1a INVESHIGACION ........cceeuieieiieeeeeeee et 46
3.1.2. Modalidad de la INVESHIGACION.......c.cceeveriieieeeeeiee e 46
3.1.2.1. Investigacion DOCUMENTAL .........ccooueiriririeireesiee e 46
3.1.2.2. Investigacion EXPErimental...........cociveireireinieirieeeesieeee e 46
3.1.2.3. INVestigacion DESCHPLIVA ......cccccvevieriieeeciiceeteree ettt st r et n e 47
3.1.3. Tipo de Investigacion de iNVeStigaciOn ..........cccceceevereecerieeeere e 47
3.1.3.1. Investigacion EXPlICALIVA..........cccoereiriririeirieee s 47
3.2. Desarrollo EXPeriMENntal...........ccecerieieniiieeiesie sttt reeneenae s 47
3.3. Disefio del EXPEIiMENTO .......cciii ettt st e 48
3.4. MaterialeS Y EQUIPOS ....ooveeeeiieecieit ettt sttt tesre e seeneenae s 49
3.5. Procedimiento EXPerimental ...........ccccoviiieiriieececeeeee et 50
3.5.1.  PreparacCion de 1a MUESIIA ........cccceiieeeiieeceecteeece ettt st 50
3.5.2. Montaje del equipo de SOXNIEL........cocveiiiicieeeceeeee e 50
3.5.3.  Procedimiento del equipo SOXNIEL.........cccveeeiiiieeceee e 50
3.5.4. Recuperacion de SOIVENTE...........ccoceveeieieeeeeeeeeese et 51
3.5.5.  Procedimiento de ROIAVAPOT ........cccceeierieieierieeiesie ettt sttt eas 52
3.6. ODbtencion del BIOQIESEN ..o 52
3.6.1. Acondicionamiento del aCEItE ..........cccccriiririiiniiinieceee e 53

b



3.6.1.1. SeCAdO DEl ACEILE .......corieiiriiiiriciiicctne et 53
3.6.1.2. Preparacion Del MetOXidO .........ccccevieeeriiiieeiiieiese ettt e et 53
3.6.2. Reaccion de TransesterifiCacion. ..........coccvereireinerneeeee s 53
3.6.2.1. Experimentacion de la reaccion de transesterificacion...........cc.ccoceveveveevveneenene. 53
3.6.2.2. Cinética de 18 rEACCION ........cccvuiiriiieiiieieecee e 55
3.7. NEULTAIIZACION .....cvniiicec et 57
3.8. Purificacion del DIOAIESEN ..o 58
.81 LAVAUO ..t ettt 59
3.8.2.  SECAUD ...ttt 61
3.9. Caracterizacion del BiodIESEl. ..........coccouveiriiniiieiieeece e 63
3.9.1.  Prueba de CrepitaCion .........cccoeoeirieinieirieireese ettt 63
3.9.1.1. Técnicay resultados de CrepitaCion..........ccevevrererierierierieieeee e 64
3.9.2.  Prueba de Densidad ADSOIULA ..........cceerieirieinieirccceeeeeee s 64
3.9.2.1. Técnicay resultados de densidad...........cccccecuvirenirierierieieieeeeeese e 65
3.9.3.  Prueba de viscosidad CINEMALICA..........ccccevrvereirrieieiririecereere e 67
3.9.4. Prueba de punto de inflamacion (copa cerrada).........c.ccceevvevereeveeneeeesreneeeenne. 69
CAPITULOD TV ettt ettt b e bt st et e b e e sb e e s bt e saee st e sabeebeenbeenaeas 71
4.1. ANAIISIS € INLEIPretaCiON ........ccoceciiiiieieeeeeee et 71
4.1.1. Evaluacion de EXtracCion de ACEIE .........cceoeveirieireiirieieenee s 71
4.1.2. Establecer las condiciones Optimas de reaccion...........ccocecveevenenenereeseeeenenn 72
4.1.2.1. Efecto de la relacion molar y eleccion del alcohol............ccccveeeeecieieiinceennne. 72
4.1.3. Caracterizacion de Biodiesel obtenido. .........c.ccoveeirniciciinnccccersecees 74

XVI



4.1.3.1. PUnto de INFIAMACION ....eeeiieieeeeeeee ettt ettt et e et e s s et e s s erae e s senres 74

4.1.4. Grados APl Y DENSIad ........ccceceeeueeieeeeriieieeesteeeerte ettt steer et e et 75
415, DESHIACION ...veuiitiiciie ettt 76
4.1.6.  ViscOSidad CINEMALICA .......ccevveirieieieieieiereee et 77
4.1.7. Cenizas Sulfatadas, Contenido de Agua y Residuo Carbonoso....................... 77
4.1.8.  INAICE A€ COIAND.......coucvecvececreeereiiee et 78
4.1.9.  POdEr CalOrifiCO ...ciiueierieirieieieeee ettt 79
4.2. Comparacion de caracteristicas fisico quimicas obtenidas..........c.cccccceeevueunee. 80
CAPITULOD V ettt ettt b e st st sttt e e b e e s bt e saeesabeeabeebeenbeenneas 82
CONGCLUSIONES. ...ttt ettt ettt st sttt e bt e sbe e s bt e saeesabesabeebeenbeenneas 82
RECOMENDACIONES...... oottt sttt ettt st st st b e saeesaaesanesnteenseens 84
(2] T o1 T To | =1 - USRS SRS 85
APENAICES ...ttt ettt e s te s be et e s teeae e besbe e b e beeaseteebeenbesteesaentesteensenns 88

XVl



INTRODUCCION

En este trabajo de titulacion se presenta una investigacion experimental
sobre la obtencion de un biodiésel a partir del aceite de moringa oleifera como
alternativa de produccion de un combustible renovable que aporta de forma
positiva en el impacto ambiental. La moringa oleifera es un éarbol que fue
descubierto al sur del Himalaya pero en la actualidad esta diseminado en todo el
planeta, ya que se adapta con facilidad en diferentes condiciones que se
encuentre el suelo o el clima; ademas de conocer que posee muchos beneficios
en todas sus partes, ya sea su valor nutricional y los elevados rendimientos de
biomasa los cuales permiten que sea recurso de importante en los sistemas de

produccién. [1]

Ante todos los estudios que sean realizado en base a los problemas que
provocan la emision de combustibles fésiles, se han comenzado a desarrollar
distintos proyectos de combustibles y fuentes de energias renovables el cual
argumenta la necesidad de producirlos. Este trabajo tiene enfoque cuantitativo y
cualitativo ya que recolecta y analiza datos, ademas de un arduo estudio
experimental para llevar a cabo la obtencion del producto de interés. Se
desarroll6 un disefio experimental utilizando la semilla moringa, la cual es
sometida a un método de extraccion para obtencion del aceite, siendo este la
base fundamental y primordial para la produccion del biocombustible. Para luego
someterse a un proceso de transesterificacion con las condiciones Optimas
experimentadas, en donde reacciona el aceite obtenido con un alcohol y ademas
actia un catalizador, que ayuda en la produccion y obtencién del éster metilico
y glicerina como subproducto. En el pais no existen Normas vigentes que

especifiqguen los valores de cada caracteristica que debe poseer un biodiesel,
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pero se tomara como referencias las Normas Técnicas Colombianas NTC DE

100/04, incluso se realizaran comparaciones con un diésel comercial.

El presente trabajo tiene como objetivo Obtener éster metilico (biodiesel)
mediante la reaccion de transesterificacion del aceite extraido de la moringa
oleifera, para contribuir con una fuente alterna de combustibles. En el primer
capitulo, se desarrolla la formulacion, problematica y la sistematizacion de la
investigacion, ademas de los limites y objetivos que se cumpliran en el proceso
de este trabajo. En el segundo capitulo, se sustentan todas las teorias
fundamentales que son el estudio previo que se realiza para abarcar todos los
conocimientos y llevar a cabo el desarrollo del estudio. En el capitulo tres, se
lleva a cabo la experimentacién del proyecto de forma explicita y detallada, la
cual se desarrolla en base a la metodologia y disefio experimental que se plantea
en el proyecto. En el cuarto capitulo, se plantean los resultados obtenidos, los
cuales se interpretaran segun los analisis al que fueron sometidos con la finalidad
de darle soporte de validez al biodiésel que se obtiene. Finalmente, en el capitulo
cinco se concluye en base a todos los objetivos que fueron planteados, asi como
también se formulan algunas recomendaciones, que son necesarias tenerla en

cuenta en el proceso de obtencién del biodiésel.

En el presente trabajo de investigacion se desarrollara una serie de
condiciones normales de reaccion hasta poder disefar la de mejor rendimiento
y viable, la cual servira como guia de estudio para contribuir en planes de
desarrollo energético y generar un beneficio social y ambiental, ademas de
promover ideas y alternativas para la disminucion del impacto que ha provocado

a lo largo de este tiempo los combustibles fosiles.
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CAPITULO |

1.1. Marco légico

1.1.1. Planteamiento del problema

La problematica existente radica en que un biodiesel es un combustible
alternativo que se obtiene principalmente a partir de aceites comestibles con el
fin de superar estos inconvenientes, el uso del aceite de moringa no es
frecuentemente el de un aceite comestible, por lo cual se establece como una
materia prima del que se puede sintetizar un éster metilico (biodiesel); un
sustituyente al diésel comercial que, actualmente constituye; entre otros

combustibles fosiles uno de los mayores contaminantes ambientales.

En nuestro pais existen cerca de 400 ha de cultivo de moringa oleifera,
una cantidad importante que hasta ahora es desaprovechada, y que podria
brindar grandes beneficios a la industria del combustible, sintetizando un
biocombustible liquido, que ayudaria a disminuir significativamente las emisiones
de gases toxicos y de otras sustancias volatiles cuando se queme como

combustible. [2]

1.2. Formulacién y sistematizacion de la investigacion

1.2.1. Formulacion del problema de investigacion

¢,Cuadles son las condiciones 6ptimas de operacion y reaccion en el desarrollo
experimental del aceite de moringa oleifera, obteniendo como producto biodiesel
mediante la reaccién de transesterificacion empleando hidréxido de sodio como

catalizador?
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1.2.2. Sistematizacion del problema

¢, Cudl es el rendimiento que se obtuvo en la extraccion del aceite de la semilla

de moringa a partir del método de Soxhlet?

¢, Qué diferencia existe entre el método de Soxhlet y el prensado en frio para una

eficiente extraccion?

¢, Qué normas vigentes cumple al ser caracterizado el biodiesel obtenido, a partir

del aceite de moringa respecto a sus propiedades?

1.3. Justificacion

1.3.1. Justificacioén tedrica

El uso del aceite de moringa para obtener biodiesel como combustible
alternativo producido por la reaccion de un triglicérido (presente en el aceite) con
alcohol metanol; empleando un catalizador como hidréxido de sodio que permite

obtener una mezcla de ésteres metilicos.

La investigacién se realiza con el fin de cuantificar y cualificar las mejores
condiciones de reaccion de transesterificacion entre el aceite extraido de
moringa oleifera y un alcohol como el metanol, para asi promover la produccién

de biocombustibles con materia prima renovable en nuestro pais.

1.3.2. Justificacion metodologica

El proyecto se enfoca en la produccion del éster metilico (biodiesel) que
se obtiene mediante la reaccion de transesterificacion del aceite de moringa y
metanol, por ser mas barato y mas reactivo que el etanol, trabaja bajo diferentes

condiciones de reaccion tomando en cuentas las variables principales, tales
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como: temperatura, tiempo y rpm (agitacién), y realizando variaciones de
acuerdo al disefilo experimental planteado, donde las variables son: relacién
molar, reactivo limitante y catalizador, estos esteres etilicos de acidos grasos
presentan diversas viscosidades, punto de nube y diversas fluidez y ademas de
determinar si el producto obtenido cumple con las normativas vigentes; NTE
INEN 2482 y ASTM D6751 - 18, y que sea una alternativa al uso de los

combustibles fosiles contaminantes.

1.3.3. Justificacion préactica

La obtencion y caracterizacion de un biodiesel a partir del aceite extraido
de la moringa, con metanol empleando como catalizador al hidréxido de sodio;
para formar ésteres metilicos de los acidos grasos a partir de aceites no

comestibles con el fin de sustituir materias primas tradicionales.

Estos aceites no comestibles tienen altas cantidades de acidos grasos, lo
gue ocasiona pasos quimicos adicionales, que aumentan los costos de
produccion, pero los beneficios al medio ambiente son favorables y provoca el

uso de este tipo de combustible.
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1.4. Objetivos

1.4.1. Objetivo general

Obtener éster metilico (biodiesel) mediante la reaccion de transesterificacion del
aceite extraido de la moringa oleifera, para contribuir con una fuente alterna de

combustibles.

1.4.2. Objetivos especificos
I.  Extraer aceite de Moringa Oleifera mediante el método Soxhlet, y
establecer condiciones de operacion éptimas para la reaccion de
transesterificacion.
Il.  Caracterizar el biodiesel obtenido.
[ll.  Evaluary comparar los resultados de la caracterizacion frente a las
normativas internacionales vigentes.

1.5. Delimitacion de la investigacion

El presente trabajo de investigacion se enfoca en la obtencién de un
biodiesel y esta limitado a diversos campos como lo son las ciencias béasicas,
bioconocimiento y del desarrollo industrial ademas con las sublineas de energia

renovable.

1.6. Hipotesis

La reaccion de transesterificacion a condiciones normales permite obtener
un biodiesel a partir del aceite de moringa oleifera con sus caracteristicas

correspondientes.

1.7. Variables

1.7.1. Variable dependiente
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= Aceite de Moringa.

1.7.2. Variable independiente
= Condiciones de la extraccion con solvente
= Condiciones para la reaccion de transesterificacion: tiempo,

temperatura, agitacion.
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1.8.Operacionalizacion de variables

Tabla 1. Manejo de variables

Definicion :
Tipo de Variable Variable In&'cj.d(.),rnde Norma o Método Unidad de medida
Operacional edicio
Poder calorifico ASTM-240 Btu/lb
Densidad ASTM-287 -
. - Viscosidad ASTM-445 mm?/s?
Combustible organico que se
Dependiente Biodiesel obtiene a partir de la reaccion [ punto de
de transesterificacion . > ASTM-93 °C
inflamacion
Destilacion ASTM-86 °C
Contenido de agua ASTM-95 %V
_ Moringa Oleifera materia | Temperatura °C
_ Aceite de _ _ )
Independiente _ prima para la obtencion de Método de Soxhlet
Moringa o
biodiesel. Presién psi

Fuente: (Elaboracién propia)
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CAPITULO Il

2.1. Marco Referencial

2.1.1. Antecedentes

Una de las alternativas de solucion para el medio ambiente es fomentar el
uso de combustibles organicos como una fuente de energia renovable ya que
contribuye a la reduccion del consumo de combustibles fosiles los cuales
generan emisiones de gases que con el pasar del tiempo provocaran muchos

inconvenientes. [3]

En el afio de 1900 Rudolf Diésel dio a conocer este combustible orgénico,
ya que utilizo aceite de mani para emplearlo en un motor diésel, el cual dio a
conocer segun varios estudios, que podia ser utilizado en forma pura o mezclado
con diésel. [4]

En Europa se desarroll6 la primera planta de biodiésel en el afio 1901,
Austria fue el primero en la produccién del mismo y el que desarrollo las
especificaciones de calidad, se produjo el biodiésel con aceite de colza
utilizandolo como materia prima y luego de varias estudios se pudo publicar el
primer estandar de calidad para los metilésteres; desde ese momento la
industria de produccion del biodiesel ha aumentado significativamente con el
pasar del tiempo la cual les permite evolucionar y dar nuevas alternativas de
materias primas gue sean rentables para la econémica y medio ambiente del
mundo como lo son los aceites vegetales, aceite reutilizado, grasas animal, etc.

De los paises de sur américa, Colombia es el que empezé a tener interés
en este combustible en ciertos centros de investigaciones y ademas
universidades, se han desarrollo proyectos en base al biocombustible, tanto asi
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que el instituto colombiano de normas técnicas y certificacion en el 2006 ratificd
la NTC 5444 como la norma para biodiésel para uno de motores diésel, Colombia
es reconocida como pais lider en el desarrollo y produccion del biodiésel en el
ambito latinoamericano. [5]

En nuestro pais la produccion del biocombustible todavia se presenta en
fase de experimentacion, aunque si se han desarrollados proyectos exitosos los
cuales se han basado obtener biodiésel a partir de semillas de pifion, CELEC EP
termo Pichincha implementd un laboratorio de control que se encarga de los
biocombustibles e hidrocarburos con el fin de aportar mucho mas en los procesos
operativos y de mantenimiento, que contribuird con las reducciones de
emisiones y aprovechar tierras en los que se puedan cosechar diferentes
materias primas para la elaboracion de dicho producto y asi mejorar la calidad
de vida. [6]

2.2. Marco Teorico

2.2.1. Moringa

Pertenece a la familia de Moringaceae de Himalaya y en la actualidad es
cultivado en todas las regiones tropicales, subtropicales y semiaridas del mundo.
Es un arbol que puede ser utilizado como alimento que posee propiedades
medicinales y antimicrobianas ademas su aceite se considera una fuente en la
obtencion de biocombustible. Las hojas, flores y las raices son aprovechadas al
maximo por el hombre, las hojas posee ricas vitaminas y diferentes aminoacidos
hasta para la produccion de biogas, la corteza del tronco sirve para la absorcion
de metales pesados asi como la elaboracion de alfombras, el aceite se lo utiliza

en las perfumerias, cosméticos y en la produccion de biocombustibles. [7]
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Figura 1. Paises usuarios de Moringa. [8]

2.2.1.1. Caracteristicas agricolas

Se trata de un arbol no longevo, con un periodo de crecimiento rapido que
mejora el suelo por los nutrientes que posee, protegiéndolo de la erosion, la
desecacion. Los agricultores dan a conocer que la Moringa oleifera es resistente

a la sequia y prefiere suelos neutros o ligeramente acidos. [8]

Figura 2. Cultivos de moringa en Naranjal-Guayas-Ecuador

[8]
Un arbol siempre verde de tamafio pequefio, pero con un crecimiento

acelerado alcanza una altura de 12m. Tiene una copa abierta y esparcida de
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ramas un follaje plumoso de hojas pinnadas en tres, una corteza gruesa,

blanquecina. [9]

2.2.1.2. Taxonomia
Familia: Moringceas
Origen: Capparidales
Clase: Magnoleopesida

Género: Moringa

Especies: Arbérea, concanensis, drocanensi, drouhardtii. pygmeae,

peregrina, ovalaifolia, rospoliana, stenetala, oleifera, borziana
2.2.2. Aceites Esenciales
2.2.2.1. Generalidades

Existen numerosas definiciones que abarca diferentes puntos de vista y

tienden a tener algunas perspectivas ya sea quimico, botanico o de industrial
pero no abarca una definicion en su totalidad. Se define como aceites esenciales
como parte del metabolismo de una planta que se activa como defensa a factores
ecolégicos y ambientales dichos aceites en las plantas constituyen al 0,1 al 1%
del peso seco. Estos son solubles en alcoholes y disolventes organicos ademas
que son liquidos con poca solubilidad en agua. Son densos que el agua la
mayoria de estos aceites excepto los de canela, ademas poseen alto indice de

refraccion. [10]

2.2.2.2. Definicién
Los aceites esenciales son compuestos organicos, que almacenan y
producen secretores de las plantas como alcoholes, acetonas, cetonas, éteres,

aldehidos. Existen varios métodos de extraccion del aceite, ya sea como
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corriente de vapor de agua, por soxhlet, etc. Estos son liquidos volatiles a

temperatura ambiente [10]

2.2.2.3. Clasificaciéon de los aceites esenciales

Los Aceites Esenciales se clasifican en base a diferentes puntos de vista segun:

Por su Consistencia:

e Fluidas: Liquidos y volatiles a temperatura ambiente.
e Balsamos: Aceites muy viscosos, poco Vvolatiles que tienden a
polimerizarse.

e Oleorresinas: son semisolidas muy viscosas.

Por su Origen

e Naturales: Poseen un rendimiento bajo y son muy costosas, aunque se
obtienen directamente de la planta y no sufren modificaciones ya sea
fisicas o quimicas

e Artificiales: Estos aceites se obtienen a través de procesos que
enriquecen la misma esencia y combinaciones de sus componentes.

e Sintéticas: Se trata de aceites econdmicos combinados de diferentes
componentes como su nombre lo indican los cuales se producen con
procesos de sintesis quimica. Son los mas utilizados como los
aromatizantes y saborizantes como lo es la esencia de vainilla, fresa,
etc. [10]

2.2.2.4. Meétodos de extraccion de aceites
Para extraer aceites esenciales existen diferentes métodos y tecnologias.
Cada método cumple diferentes funciones los cuales con varios estudios y

analisis se determina cual es el indicado, cada método de extraccion influye
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mucho en la calidad del aceite, ademas de que existe posibilidad de extraerse

nuevos elementos que alteren el equilibrio del aceite.

2.2.2.4.1. Extraccién por prensado

Método conocido como expresion, vegetal que se somete a presion ya sea
en prensa continua o batch. Este método se trata de prensar el material vegetal
de la cual se extrae el aceite en un rango de temperatura de 10°C a 20°C, para
evitar la evaporacion y pérdida del aceite. Si se prensa a temperaturas ambiente
de 24°C a 26°C la friccion de la prensa se tiende a elevar, siendo asi la
temperatura de los liquidos 60°C hasta 65°C, lo que provoca que algunos

componentes del aceite esencial se volatilicen.

2.2.2.4.2. Extraccién por arrastre con vapor

Se trata de una extraccion de vaporizacion del componente volatil, la cual
se inyecta vapor de agua directamente a la mezcla que se lo conoce como vapor
de arrastre. Se observa la presencia de dos fases insolubles organica y acuosa.
Este método se trata de una destilacion en donde se coloca una planta en el
extractor que se somete a calentamiento en la caldera que se evapora el agua,
el cual se evapora el aceite volatil en el extractor, que se condensa y posterior a

eso se lleva a cabo la separacion por diferentes densidades. [10]

2.2.2.4.3. Extraccién por Hidrodestilacién

El principio de la destilacion en agua es llevar a estado de ebullicion una
suspension acuosa de un material vegetal aromatico, de tal manera que los
vapores generados puedan ser condensados y colectados, el aceite que es
inmiscible en agua, se separa posteriormente. En la hidrodestilacion el material

vegetal siempre deben encontrarse en contacto con el agua, si el calentamiento
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del equipo es con fuego directo, el agua presente en la camara extractora debe
ser suficiente y permanente para llevar a cabo toda la destilacion a fin de evitar
el sobrecalentamiento y carbonizacion del material vegetal, dado que este hecho
provoca la formacion de olores desagradables en el producto final; el material
vegetal debe ser mantenido en constante agitacion a fin de evitar
aglomeraciones o sedimentacion del mismo en el fondo del recipiente, lo cual
puede provocar su degradacién térmica. El tiempo total de destilacion es funcién
de los componentes presentes en el aceite esencial. Si el aceite contiene
compuestos de alto punto de ebullicion, el tiempo de destilacion debera ser
mayor, los aceites esenciales obtenidos mediante destilacion en agua
normalmente presentan aromas mas fuertes y un color mas oscuro con respecto

a los producidos por otros métodos. [10]

2.2.2.4.4. Extraccion con acidos
Este tipo de extraccion se la realiza con sustancias basicas mezcladas con
sustancias neutras o acidas. Se utiliza el &cido clorhidrico para transformar los

basicos y organicos en hidrocloruros solubles en agua.

2.2.2.4.5. Extraccion con Solventes

Extraccion solida — liquido: esta operacion es una de las mas utilizadas en
diversas industrias, la cual se extrae componentes que son solubles sélidos,
teniendo la facilidad de emplear disolvente que permita obtener un aceite mas
rapido y que ocurra una extraccion completa. Para este método influyen distintos
factores como el tamafio de las particulas soélidas, la temperatura y el tipo de

disolvente que se emplee.
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Extraccion liquida — liquido: este método consiste en la recuperacion del
soluto que se encuentra en una solucién que estd mezclado con un solvente, el

cual se encuentra en una fase acuosa con un disolvente orgénico.

2.2.3. Método de extraccion Soxhlet
El método de extraccidon soxhlet es uno de los mas utilizados en lo que se refiere
a una extraccion solido - liquido, debido a su poca complejidad y la gran

eficiencia que este provee.

2.2.3.1. Origen del método soxhlet

En Mesopotamia desde el afio 3500 A.C se comenzd a extraer materia
organica con agua caliente, la cual se lo conoce como una extraccién solido-
liquido que ha sido de ayuda desde la antigiiedad a obtener ciertas esencias de
perfumes e infusiones. Luego gracias a los estudios del quimico aleman Anselmo
Payen pudo implementar un proceso automatico, posteriormente el francés
Franz Ritter Von Soxhlet, en el afio 1879 propuso este método para determinar

las grasas en los alimentos, el cual ha estado vigente 14 décadas. [11]

2.2.3.2. Funcionalidad del método soxhlet

Este método consiste en la solubilidad de las grasas con ayuda de un
solvente orgéanico, dicho disolvente se volatiliza por el calor y luego se recupera
por condensacion cumpliendo un ciclo de extraer y purificar de forma continua.
Este método soxhlet es uno de los mas utilizados para muestras sélidas a
comparacion de los otros, ademas que solo se utiliza en escala de laboratorio ya

gue industrial es muy elevado su costo. [12]
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El equipo posee el mismo nombre del método y sirve para determinar las
grasas de un alimento solido, inicia con poseer una muestra secay algo triturada
para evitar que el agua actué en el proceso y lo pueda alterar. Dicha muestra se
coloca dentro del sifon con un pedazo de algodoén, para luego verter el disolvente
y este se somete a calentamiento a una temperatura adecuada y controlada
hasta que alcance su punto de ebulliciébn y esta suba en forma de vapor y hasta
que llega al refrigerante y lo hace condensar, formando una recirculacién, ya que
se densa y regresa al sifon en estado liquido. Cuando el disolvente se condensa
es donde tiene contacto con la muestra gota a gota, acumulando en el matraz
las grasas de la muestra, se observa en base a la recirculacion que el solvente
torna a cambiar de tonalidad dependiendo del alimento que se esta procesando.
Como ultimo paso se evapora lo que hemos obtenido para evitar restos de

disolvente en el aceite. [11]

. Salida de agua
&

Rofrigerants —>- ?

( Entrada de agua

s Cartucho
2 poroso
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vapores

Solvente puro

condensado
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Sifon—s=

Regreso dol
e e—
solvente +extraido
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Figura 3. Extraccion con Soxhlet: sifoneamiento del solvente.
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2.2.3.3.  Ventajas del método de Soxhlet
- Larecirculacion permite que la muestra este en contacto directamente con
el disolvente.
- Se somete a calentamiento al disolvente hasta que este llegue a su punto
de ebullicion lo cual favorece la solubilidad.

- El proceso empleado es simple. [12]

2.2.4. Solventes

Los disolventes son sustancias organicas de varios origenes y naturaleza,
se los encuentra en los diversos estados de la materia ya sea liquido, sélidos o
gases, se recalca que si el solvente se considera que se encuentra en
condiciones normales de temperatura y presion se presenta en estado liquido.
[13] El més utilizado en los procesos industriales es el etanol o también llamado

alcohol comun o de farmacia compuesto de 95,6% de etanol y 4,4% de agua.

2.2.4.1. Caracteristicas de los solventes

Se respeta la regla de polaridad de las moléculas, donde el disolvente
polar disuelve la molécula polar, y el disolvente apolar disuelve la molécula
apolar. Cuando una cierta sustancia (organica, por ejemplo) posee dos grupos
distintos que difieren en las caracteristicas de polaridad, se observa cudl
prevalece, y el solvente serd semejante a este. Pero la interaccion entre el
solvente y el soluto esta relacionada con la diferencia (o ausencia) de la disputa

entre las partes polares y apolares.

Muchos disolventes utilizados en la industria son sustancias altamente

volatiles, es decir, que se evaporan facilmente, por lo que puede ser inhalada
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(introducida en el organismo a través de la aspiracion, por la nariz o la boca).

Otra caracteristica es que son inflamables, es decir, se queman facilmente.

2.2.4.2. Tipos de solventes
Existe una variedad de solventes que se emplea de acuerdo a su efectividad,

y/o maxima capacidad de recuperacion.

2.2.4.2.1. Aromaticos

Tolueno: conocido también como metilbenceno ya que tiene una similitud
en el olor al benceno ademas de ser incoloro e inflamable. Su uso principal es
en la gasolina ya que permite elevar su octanaje y como disolvente para el

proceso de elaboracion de pinturas, resinas perfumes, etc. [14]

Xileno: contiene 3 isdmeros que son orto, meta y para; es un liquido incoloro
e inflamable. Se utiliza como diluyente o solvente para esmaltes, tintas, también

la elaboracién de fragancias, etc. [14]

2.2.4.2.2. Acetatos

Acetato de etilo: este solvente se obtiene por destilacién; liquido incoloro
e inflamable, uso principalmente es para extracciones de antibidticos y ademas

en la elaboracion de pinturas, resinas, perfumes, etc. [14]

2.2.4.2.3. Cetanos

Acetonas: se conoce como una cetona sencilla, aromatico. Solvente
incoloro e inflamable, sus usos principales son lubricantes, colorantes, productos

farmaceéuticas, aceites, etc. [14]
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Metil Isobutil cetona: es un solvente liquido téxico, soluble al agua y con un

olor muy similar al de la cetona y al alcanfor.

2.2.4.2.4. Alcoholes

Los alcoholes empleados con mayor frecuencia son el metanol y etanol, el

primero y mas barato, mas reactivos.

Metanol: liquido incoloro; soluble en las acetonas y esteres que se utilizan
como solvente industrial en la fabricacion de formol, colesterol vitaminas y

hormonas ademés en la elaboracion de plésticos, jabones, etc. [14]

Etanol: es meno toxico y se considera mas renovable porque se obtiene de

fermentacion de una fuente amilacea o sacarificable.

Isopropanol: Solvente con olor y propiedades similar al alcohol etilico,

mismo que lo sustituye en la elaboracién de cosméticos, permanentes, etc.

2.2.4.2.5. Gasolvente

Hexano: solvente mayor utilizado en las extracciones de aceites vegetales

empleado en el método soxhlet; liquido volatil e incoloro.

Heptano: solvente que sustituye al hexano en las extracciones de aceite
ademas de ser usado en las industrias de pintura, papelera, tintas, etc. Liquido

incoloro, posee un olor caracteristico de las gasolinas. [14]

2.2.4.3. Purificacion de los solventes

Es necesario realizar una purificacion a los solventes y asi recuperarlos

para poderlos emplear en otras extracciones, porque estos tienden a tener un
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costo elevado, ademas, que algunos procesos son indispensables un
tratamiento previo ya que nos permite obtener grandes resultados de extraccion.

[13]

2.2.4.3.1. Métodos convencionales de recuperacion de solventes

Existes diversos métodos para la recuperacion y purificacion de un
solvente, entre los métodos mas empleados tanto a escala de laboratorio e
industrial se encuentran la filtracién y destilacion, dos operaciones unitarias
bésicas con altos porcentajes de rendimiento en cuanto a recuperacion de

sustancias.

2.2.4.3.1.1. Destilaci6on

Una de las técnicas mas utilizadas es la destilacion para una buena
purificacion del disolvente, que se basa en los puntos de ebulliciobn de las
sustancias. Depende de las propiedades que posee el solvente y lo que se desea

purificar en la eleccion de la destilacidon ya que existen diferentes tipos. [13]

2.2.4.3.1.2. Filtracion

Este proceso permite la eliminacién de los componentes que podria poseer
dichos solventes, dependiendo de las particulas sélidas que contenga el solvente

se determina el tipo de filtracion a utilizar ya sea de membrana o cartucho. [13]

2.2.5. Reaccioén de Transesterificacion

Alcohdlisis de un aceite vegetal, se conoce como una molécula de

triglicéridos que componen en mayor cantidad en un aceite que reacciona con
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un alcohol con ayuda de un catalizador alcalino para producir una reaccion y una

mezcla obteniendo asi ésteres metilicos de acidos grasos y glicerol. [15]

La reaccion consta de 3 etapas consecutivas y reversibles siendo asi que

el triglicérido se transforma en diglicérido, monoglicérido y glicerina

ETAPA INICIAL
CHz-0-CO-Ri CHz-0-CO-R1

CH-O-CO-Rz2 + CH:OH +——» CH3-0-CO-R3 + CH-0-CO-R2

CH2-0O-CO-Rs3 CHz2-OH
TRIGLICERIDO METANOL METIL ESTER DIGLICERIDO
ETAPA SECUNDARIA

CH2-O-CO-R1 CH2-OH

CH-0-CO-Rz2 + CH:OH #+— CH3-0-C0O-R1 + CH-0O-CO-R2

CHz-OH CH2-OH
DIGLICERIDO METANOL METIL ESTER MONOGLICERIDO
ETAPA TERCEARIA
CHz-OH CH2-OH

CH-O-CO-R2 + CH;OH +— CH;-0-CO-R1 + CH-OH

CHz-OH CHz-OH

MONOGLICERIDO METANOL METIL ESTER GLICERINA

En la primer etapa es un ataque sobre el atomo de carbono carbonilo de la
molécula de triglicérido sobre el anion del alcohol (ion metoxido), luego en la
segundo etapa, reacciona con un alcohol (metanol) para regenerar el anion del
alcohol (ion metdxido), en la etapa terciaria resulta en la formacion de un éster

de acido graso y en diglicérido.
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Las reacciones que se producen en una transesterificacion suceden de
forma consecutiva, por lo cual no se puede distinguir entre ellas. Sin embargo, lo
que se realiza es una variacion de sus condiciones de reaccion para facilitar el

rendimiento de una de los productos de la misma.

2.2.5.1. Productos de unareaccion de transesterificacion

Después de la transesterificacion de los triglicéridos, los productos son una
mezcla de esteres, glicerol, alcohol, catalizador y tri-, di- y monoglicéridos. Uno
en mayor proporcion que el otro, y por ende de acuerdo a las condiciones de
reaccion la pureza de uno de los dos productos sera beneficiado. Las
caracteristicas de esos productos seran influenciadas en su totalidad por el
origen del triglicérido (grasa) y el alcohol, razon por lo cual existen un sinnimero

de investigaciones basadas en esta reaccion y sus productos.

Triglicéridos + alcohol < biodiesel + glicerol

2.2.5.1.1. Biodiesel

Se describe quimicamente como una mezcla de esteres de alquilo con
cadenas largas de &cidos grasos. Estas cadenas al estar oxigenadas, le dan al
motor una combustion mas limpia.[5] El biodiesel es un liquido de color amarillo
que contiene una viscosidad similar al diésel de petroleo, no es inflamable
superior comparado al diésel tradicional, ademas de disminuir las emisiones de
gases toxicos y otras sustancias volatiles. Presenta menor indice de cetano y
mejor eficiencia con la lubricacion. Estos cumplen con las normativas

internacionales ASTM.

40



Se obtiene por la reaccion de transesterificacion de aceites vegetales
utilizando como catalizador hidroxido de sodio o de potasio el Unico problema
que existe en esta reaccion es la formacién de jabones los cuales con las

condiciones de experimentacion. [16]

2.2.5.1.2. Glicerina

También conocido como glicerol, es un compuesto orgénico Yy
subproducto de la reaccion, este es un alcohol de azlcar. Su formula quimica es
C3H5 (OH)3. La glicerina es un componente principal de los ésteres llamados
triglicéridos, a veces también conocidos simplemente como grasas o aceites. El
glicerol se encuentra en todos los tipos de aceites, asi como en las grasas
animales o vegetales, siempre que éstas vayan asociadas a otros acidos grasos
como puede ser, por ejemplo, el oleico, o estearico. Ecuador importa glicerina
desde Peru y Colombia, pero debido a ciertas reformas gubernamentales del
gobierno en turno, estas han disminuidos y los comerciantes e industrias
prefieren importar desde Asia, que segun ellos les resulta mas econémico y

rentable.

2.2.5.2. Catalizadores

Existen varios tipos de catdlisis para la transesterificacion, pero
comercialmente para la produccién de biodiesel la mas comunmente utilizada es

la catalisis homogénea, que se puede dividir principalmente en alcalina y acida.

Los mas usados a nivel comercial son los catalizadores homogéneos

basicos, por ser los mas eficientes y los que permiten operar en las condiciones

41



mejores, ya que si se emplearan catalizadores &cidos serian necesarias

temperaturas elevadas y largos tiempos de reaccion.

La reaccidn de transesterificacion precisa de catalizadores, y estos pueden ser

de varios tipos:

Desde acidos homogéneos (caso del &cido sulfdrico, el acido
clorhidrico o el acido fosférico)

Hasta &cidos heterogéneos (zeolitas, resinas sulfonicas, etc.)
Basicos homogéneos (hidréxido sodico o potasico)

Béasicos heterogéneos (6xidos de calcio o0 magnesio, entre otros)

Incluso enzimaticos del tipo lipasas.

2.3.  Marco Conceptual

2.3.1. Aceite de Moringa

Es un aceite vegetal comestible y cosmético que se extrae de las semillas
del arbol de moringa (moringa oleifera) de origen tropical. Este aceite es de color
amarillo claro, tiene propiedades utilizadas en cosmética y medicina natural.
Sirve ademas para la produccién de biodiesel como aceite lubricante para
magquinaria y como componente en la industria de los cosméticos. Contiene un

80% de acido oleico (omega 9) siendo este superior al aceite de oliva [17].

2.3.2. Método de Soxhlet

Método mas antiguo de extraccion solido-liquido, el cual hasta en la
actualidad es la técnica mas utilizada por la agencia de proteccidon
medioambiental, el cual consiste en colocar el material de interés previamente
pesado en el equipo el cual estd conectado en un balén y un refrigerante con

alguna de un disolvente, la diferencia de las otras técnicas es que saben ser

42



muchas horas de extraccion pero se concentra los extractos organicos de

interés. [18]

2.3.3. Equipo soxhlet

Franz Ritter Von propuso en el afio de 1879 un método para determinar las
grasas en alimentos, dicho método ha permanecido dentro de 14 décadas
después. Tiene como objetivo recircular el disolvente condensado, arrastrando
consigo el aceite de la materia prima.
2.3.4. Transesterificacion

Consiste en la reaccion de un triester de glicérido (triglicérido) En el
transcurso de la reaccion se producen tres reacciones intermedias obteniendo
como producto el biodiesel y como subproducto glicerina aclarando que actla
con catalizador que podria ser hidroxido de sodio. [19]
2.3.5. Esteres metilicos de acidos grasos

Una mezcla de diferentes ésteres metilicos se lo denomina biodiesel, estos
poseen caracteristicas diferentes dependiendo del tipo de aceite utilizado, dicho
éster es una alternativa renovable del combustible, ya que posee ciertas
similitudes fisicas a las del diésel convencional, sin embargo, los ME (metil
ésteres) son biodegradables y no son toxicos. Los ésteres metilicos grasos se
obtienen a partir de acidos grasos donde el grupo sustituyente es un radical
metilo [19]

2.3.6. Biodiesel

Es un combustible organico que estd compuesta por una cadena de

monoalquilésteres de acidos grasos los cuales son grasas y aceites vegetal o
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animal, el objetivo es sustituir al diésel convencional aportando asi al medio

ambiente. [20]

2.3.7. Poder Calorifico

Es una de las principales caracteristicas del biodiesel la cual es la cantidad
de energia que libera una combustion completa en unidad de masa o de volumen
que lleva a formaciéon de CO2 Y H20 ademas de depender de las caracteristicas
quimicas del combustible. [21]; [22]
2.3.8. Destilacion

Proceso simple que tiene como funcion calentar un liquido hasta su
temperatura de ebullicion ademas de condensar los vapores que se formaron y

recolectar todo el liquido destilado. [23]

2.4. Marco Contextual

El uso de combustible fésiles abarca muchos inconvenientes como lo es
agotamiento del mismo ademas de la proteccion ambiental ya que en el mundo
para saciar necesidades industriales y domésticas se utiliza dichos combustibles
gue producen contaminantes fisicos y quimicos. En el 2004 en el Ecuador, la
fuente de energia fue de 83% del petrdleo, dicho inconvenientes permitio el
desarrolld6 programas ambientales con el fin de ya no depender de productos
derivados del petréleo y desarrollar alternativas de combustibles con productos
agricolas. Segun estudios del programa en el afio del 2008 el biodiésel se
proyecta 3.220 barriles, aunque no es rentable producir en el pais y los proyectos

se afectan al no existir una legislacion sobre los biocombustibles.
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El presente proyecto de titulacion se direcciona a la obtencion de biodiesel
a partir de moringa en base a la extraccion del aceite a través del método de
soxhlet sélido-liquido y posteriormente someterlo a la transesterificacion con las
condiciones normales de la reaccién, donde intervendra una serie de procesos,
andlisis tedricos y précticos, para asi obtener los resultados deseados; se
desarrollard realizando varias pruebas experimentales dentro las instalaciones

del laboratorio de la Facultad de Ingenieria Quimica.

2.5. Marco Legal

En el pais la produccién del biodiésel es muy restringida ya que solo existe
una planta productora, la cual comenz6 a operar en el 2005, ademéas de no tener
la capacidad de competir con el diésel ya que posee un fuerte subsidio. Ecuador
posee dos programas ERGAL con el fin de ser independiente de la energia fésil
en las islas Galapagos y el otro es de ecopais que desee contemplar la utilizacién
de aceites vegetales para la produccion de biodiesel. (Pedro Rosero Alvarez

Zamorano, 2010)

Las asociaciones y fundaciones nacionales deberian exigir al estado que
existan legislaciones sobre el biodiésel y asi ejercer mayor presion para que se

lleve a cabo los planes del biocombustible.

45



CAPITULO Il

3.1. Metodologia de disefio

3.1.1. Enfoque de la Investigacion

Enfoque Cuantitativo ya que recolecta y analiza datos para probar
Hipotesis que han sido formuladas previamente, enfatiza el andlisis de partes o
componentes del fendmeno en observacion, confia en mediciones, uso de la
estadistica para hacer inferencias, requiere de precision y exactitud. Enfoque
Cualitativo, ya que obtiene informacion que permitird conocer el fenémeno en su

totalidad antes de adelantarse a formular Hipotesis.

3.1.2. Modalidad de la Investigacién

3.1.2.1. Investigacién Documental.

Como una variante de la investigacion cientifica, cuyo objetivo
fundamental es el andlisis de diferentes, utiliza técnicas muy precisas, de la
documentacion existente, que directa o indirectamente, aporte la informacion
documental como parte esencial de un proceso de investigacion cientifica,
constituyéndose en una estrategia donde se observa y reflexiona
sistematicamente sobre realidades (tedricas o no) usando para ello diferentes
tipos de documentos. Indaga, interpreta, presenta datos e informaciones sobre
un tema determinado de cualquier ciencia; teniendo como finalidad obtener

resultados que pudiesen ser base para el desarrollo de la creacién cientifica.

3.1.2.2. Investigacion Experimental.

Es la investigacion en la que se obtiene la informacion por medio de la
observacion de los hechos, y que se encuentra dirigida a modificar la realidad
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con el proposito de estudiarla en circunstancias en las que normalmente no se
encuentran, con el fin de describir y analizar lo que ocurriria en determinadas

condiciones.

3.1.2.3. Investigacion Descriptiva

Mediante este tipo de investigacion, que utiliza el método de andlisis, se
logra caracterizar un objeto de estudio o una situacion concreta, sefialar sus
caracteristicas y propiedades. Combinada con ciertos criterios de clasificacion
sirve para ordenar, agrupar o sistematizar los objetos involucrados en el trabajo

indagatorio.

3.1.3. Tipo de Investigacion de investigacion

3.1.3.1. Investigaciéon Explicativa

Se encarga de buscar el porqué de los hechos mediante el
establecimiento de relaciones causa-efecto. En este sentido, los estudios
explicativos pueden ocuparse tanto de la determinacion de las causas, como de

los efectos (investigacidén experimental), mediante la prueba de hipotesis.

3.2. Desarrollo Experimental

El trabajo de investigacion se realiz6 en los laboratorios de la Facultad de
Ingenieria Quimica de la Universidad de Guayaquil, se basa en la extraccion del
aceite de las semillas de Moringa, mediante el método de soxhlet, para luego,
proceder a la reaccion de transesterificacion con metanol, realizando mdultiples
pruebas fisico-quimicas, que tiene como finalidad determinar el disefio

experimental en base a las condiciones 6ptimas de reaccion, lo cual lleva a cabo
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la obtencién del éster etilico (biodiesel), para posteriormente caracterizarlo y

compararlo en base a la normativa ASTM para biodiesel 6751.

3.3. Disefo del Experimento

Se lleva a cabo un disefio, en el cual se toman en cuenta varios parametros
debido las caracteristicas necesarias para una reaccion de transesterificacion;
estas son pH, temperatura, cantidad de NaOH, mismo que funciona como
catalizador y variacion de la relacion molar de aceite y metanol, como reactivos

primarios de la reaccién dada.

Tabla 1. Variables de entrada de reactivos — Transesterificacion

Factor Minimo Maximo
Relacion Molar 6:1 9:1
% Metanol / Aceite 40% -
% NaOH / Metanol - 1%
% NaOH / Aceite - 0.4%

Tabla 2. Variables de entrada en el proceso de neutralizacion acida.

Factores Minimo Maximo
Agua (% volumen) 25% 40%
Acido Fosférico 2 mL 5mL

pH 8 12

Tabla 3. Condiciones en el proceso de purificacion de Biodiesel.

Factores Minimo Maximo
Temperatura 50 °C 100 °C

pH 5 7
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3.4. Materiales y Equipos

Todos los materiales se describen conforme las etapas del desarrollo

experimental:

- Extraccion de aceite, y recuperacion del solvente.

Materiales Sustancias y Reactivos

Balanza Analitica Sarthoryus Genesis 24T01 Semilla de Moringa Oleifera
Equipo de Soxhlet Agua destilada
Estufa Hexano GR.
Balén 1000 mL
Pipeta Graduada 10 mL, 25 mL
Papel filtro Whatman N1
Algodoén
Mortero
Espatula

- Reaccion de Transesterificacion

Equipos Sustancias y Reactivos

Manta térmica 500 °C Aceite de semilla de Moringa Oleifera
Agitador magnético (700 rpm)|  Metanol GR
Termémetro 200° C + 10 °C Hidréxido de Sodio NaOH

- Purificacion del Biodiesel

Etapa de Lavado Etapa de Secado

Embudo de decantacion Calentador

Potenciometro Termometro 200° C + 10 °C

Termdmetro 200° C + 10 °C Balén de fondo plano
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3.5. Procedimiento Experimental

3.5.1. Preparacion de la Muestra

Se extrae la semilla de moringa para luego, someterse a secar la dicha
muestra en la estufa a una temperatura de 60 °C. Se muele en mortero la semilla
con cuidando que no agarre humedad y se la procede a pesar con ayuda de una
balanza ademas de medir en una probeta el solvente que en esta ocasion es el

hexano.

3.5.2. Montaje del equipo de Soxhlet

El montaje del equipo de Soxhlet se realiza al momento que se lo va
utilizar para la extraccion de aceite, con los siguientes parametros de operacion

para el Hexano.

Tabla. 4. Pardmetros de Equipos Soxhlet

Parametros Unidad

Temperatura 70° C.
Tiempo 2a3h.
Volumen 250 ml
Muestra 100g semilla

3.5.3. Procedimiento del equipo Soxhlet

Armar el equipo correspondiente, colocar un pedazo de algodén dentro
del equipo y verter lentamente primero las semillas y luego el solvente (hexano),
en la parte inferior colocar el bal6n y en la parte superior el condensador.

Encender el equipo y graduar la temperatura, tener cuidado con la

recirculacion.
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Dicha extraccion se la realiza en el transcurso de 2 o 3 horas, por lo cual
cada cierto periodo de tiempo (15 min) se debe observar la temperatura y la
potencia del equipo; ademas de la tonalidad del extracto, ya que este servira
como indicador de la cantidad de aceite obtenido, mismo que debe ser un
amarillo intenso.

Tabla 5. Composicion del Aceite de Moringa Oleifera

Acidos Grasos Plain Supergenious Nicaragua
C 14:0 (miristico) 0,11 0,07 0,08
C 16:0 (palmitico) 7,66 5,00 5,31
C16:1 (palmitoleico) 1,56 1,12 1,14
C18:0 (estearico) 7,06 4,60 4,68
C18:1 (oleico) 65,38 64,30 65,14
C18:2 (linoleico) 2,12 491 4,73
C18:3 (linolénico) 0,47 0,58 0,49
C20:0 (araquidico) 4,53 3,21 3,09
C20:1 (gondoico) 3,25 2,24 2,19
C22:0 (behénico) - 6,31 6,06
C24:0 (lignocérico) 0,89 0,99 0,91
Fuente: [24]

3.5.4. Recuperacion de Solvente

En la recuperacion de solvente se usa el equipo Rotavapor Heldolph Type
Heizbad Hei Vap No0.517-61000-01-0 con las siguientes condiciones de

operacion.

Tabla. 6. Condiciones de Operacion

Parametros Unidad

Temperatura 70° C.
Tiempo 30 — 45 min

Tiempo de Enfriamiento 24 hrs
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3.5.5. Procedimiento de Rotavapor

Para la recuperacion del solvente (Hexano) se utiliza un rotavapor, en el

cual se evapora el solvente quedando en el balon el aceite, sometidos a una

temperatura aproximada de 70°C por 30 a 45 minutos a bafio de glicerina. Se

deja enfriar el aceite obtenido y pesar en la balanza luego procedemos a dejarlo

en la estufa por 24h para eliminar cualquier exceso de hexano que no pudo ser

removido y se lo vuelve a pesar para proceder a realizar los calculos

correspondientes.

3.6. Obtencion del Biodiesel

Gréfico 1. Diagrama de proceso para la obtencion de biodiesel
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3.6.1. Acondicionamiento del aceite

3.6.1.1. Secado Del Aceite

Calentar el aceite en una hornilla en un vaso de precipitacion de 500 ml a
una temperatura de 110 °C y mantener durante 20 minutos, dejar de calentar y
esperar a que se enfrie. Para el secado se tiene de referencia la temperatura de

ebullicién del solvente que se empleo para la extraccion.

3.6.1.2. Preparacion Del Metéxido
= Se tritura el NaOH puro
= Se mezcla el NaOH con el Metanol (Metdxido)

= Se agita hasta que se encuentre completamente disuelto

3.6.2. Reaccion de Transesterificacion.

Para que la reaccion quimica se produzca sin problemas, debe
calentarse el aceite hasta los 40 - 50° C. Durante la transesterificacion los
acidos grasos se separan de la glicerina, y el metanol se une a ellos formando

metilésteres. El hidréxido de sodio estabiliza la glicerina.

Reaccion quimica: Aceite Obtenido + 6CH;0 — ME + GLICERINA

3.6.2.1. Experimentacion de la reaccién de transesterificacion

La experimentacion se basa en el disefio de experimento planteado junto con la
investigacion en la cual se toman referencias datos experimentales de

investigaciones relacionadas.
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Tabla 7. Variables de entrada en la reaccién de Transesterificacion.

Ensayo Reactivos
Aceite MO (ml) Metanol (ml)  Hidréxido de Sodio (g)

1 100 40 0.4
2 150 40 0.4
3 200 80 0.4
4 250 100 0.8
5 300 140 1

6 350 140 14

Una vez determinadas las cantidades para la realizacion de
la transesterificacion el Unico parametro que vario fue el de la temperatura para
obtener las muestras, estas temperaturas fueron 50 °C y 70 °C respectivamente
para asi determinar a qué temperatura es donde hubo una mayor conversiéon de

metil ésteres.

Tabla 8. Condiciones variables en la reaccion de Transesterificacion.

Ensayo Parametros
Temperatura (°C) Agitacion (rpm) Tiempo (min)
1A 50 — 60 250 60
1B 60 - 70 500 60
2A 50 — 60 250 60
2B 60 - 70 500 60
3A 50 - 60 250 60
3B 60 - 70 500 60
4A 50 - 60 250 60
4B 60 - 70 500 60
5A 50 — 60 250 60
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5B ‘ 60 - 70 500 60
6A ‘ 50 — 60 250 60
6B ‘ 60 - 70 500 60

La velocidad de agitacion en los experimentos realizados si tuvo que ser
modificada, puesto que esta influye directamente en la obtencion del producto.
Para una temperatura de 50 — 60 °C, se aplicoé una agitaciéon media de 250 rpm.
Para una temperatura de 60 - 70 °C, se aplic6 una agitacion rapida de 500 - 600

rpm. El tiempo de la reaccién fue de aproximadamente 60 (min)

3.6.2.2. Cinéticade lareaccion

La transesterificacion consiste de un nimero de reacciones reversibles
consecutivas. EIl triglicérido es convertido paso a paso a diglicérido,

monoglicérido y finalmente a glicerol.

Esquema de reaccion.

k1
TRIGLICERIDO + R'OH DIGLICERIDO + R'COOR1
k4

k2
D

DIGLICERIDO + R'OH MONOGLICERIDO + R'COOR2

k5

k3
—_

MONOGLICERIDO + R'OH GLICEROL + R'COOR3
k6

Un mol de éster es liberado a cada paso. Las reacciones son reversibles,
aunque el equilibrio se desplaza hacia la produccion de ésteres de acidos

grasos y glicerol.
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Reacciones principales.

TGDG
)
TG+ ER'OH ~ - ME + DIGLICERIDO (DG) Ka

© DGTIG
(K

DG-MG

= ME + MONOGLICERIDO (MG) Ksg

DG+ ER'OH

T MGDG
(E:)

MGG
(E.)

MG + R'OH = ME + GLICEROL (G) K¢

T GMG
(Es)

KA, KB Y KC son las constantes de equilibrio de las reacciones principales.

Dénde:

De acuerdo con el esquema anterior, la ecuacion de velocidad de reaccion para

la aparicién de metil - esteres (biodiesel) es la siguiente:
TBiodiesel = K1[(TG)(R'OH) — Koa(ME)(DG)] + k2[(DG)(R'OH)
— Kg(ME)(MG)] + k3[(MG)(R'OH) — Kc(ME)(G)]
O también, podemos deducir las ecuaciones para cada uno de los componentes

presentes durante el proceso de la transesterificacion que son las siguientes:

dCrg
TR —k1CrgCq + k2 CpeCuyg
Triglicérido
dCpg
dt = —k3CpCa + kaCrcCuyg + k1CreCy — k3CpCuyg
Diglicérido
dCyg
dt = —ksCyCp + keCsCuyg + k3CpcChp — kaCyCuye

Monoglicérido
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dCg
E = kSCMGCA - k6CGCME

Glicerol

dCgp
dt

= k1CrcCyq — k3CpcCuyg + k3CpCa — kaCrycCuyg + ksCpycCa — keCeCuyp

Biodiesel

3.7. Neutralizacion

Se realiz6 una neutralizacién a la muestra en el proceso de lavado para
asi evitar el avance de trazas de glicerol, jabdn, metanol, entre otros. Al término
del calentamiento se procedié a trasvasar la muestra directamente al
decantador y se deja reposar hasta obtener dos fases totalmente definidas,

biodiesel y la glicerina respectivamente.

= En la parte superior se puede apreciar un compuesto de color
amarillo claro y de menor densidad, que es el éter metilico
(biodiesel), nuestro producto de interés.

= En la parte inferior de color café claro y mas denso contiene
compuestos como glicerina formados con trazas de acidos grasos,
gliceroles, terpenos y carotenos estos seran eliminados mediante
procesos de purificacion.

Consiguientemente, se midio el pH del biodiesel y se obtuvo un pH de 8
(Bésico); al obtener estos resultados, se realiza la neutralizacién con &cido
fosforico al 85% para asi evitar el progreso de las trazas y disminuir el pH hasta
llegar neutro. Para cada ensayo se utiliza una cantidad diferente de acido, y se

mide el pH de la muestra hasta que se la misma se neutralice.
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Tabla 9. Cantidades de la neutralizacién del biodiesel

Cantidad de Cantidad en

Ensayo Neutralizador gotas mi pH
1A H2PO4 5 0.25 6
1B H2PO4 5 0.25 6
2A H2PO4 2 0.10 6
2B H2PO4 2 0.05 7
3A H2PO4 1 0.05 7
3B H2PO4 1 0.05 7
4A H2PO4 3 0.15 7
4B H2PO4 2 0.10 7
5A H2PO4 3 0.15 5
5B H2PO4 3 0.15 6
6A H2PO4 1 0.05 7
6B H2PO4 1 0.05 7

3.8. Purificacion del biodiesel

Se debe realizar la purificacion del biodiesel para eliminar posibles residuos de
glicerina, metanol y catalizador que no pudieron ser removidos durante la

decantacion. Para que los metil ésteres alcancen los pardmetros aceptables de

Luego se realizan varios lavados con agua destilada a temperatura
ambiente, la cantidad de agua utilizada es la mitad en proporcién de lo que se
obtiene del biodiesel. Esto se lo realiza hasta que, de un pH de 7, la muestra se

decanta y se desecha la capa inferior que es el agua con los restos catalizador.

Inmediatamente al momento de terminar el lavado se procede a calentar
la muestra a 110 °C para eliminar los residuos de agua y metanol. Al final de

este procedimiento se puede apreciar que el biodiesel estd mas claro y limpio.
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3.8.1. Lavado

El lavado se lo realiza con agua destilada a temperatura ambiente para
eliminar las trazas de impurezas en el biodiesel, ademas, para asegurar la
neutralizacion, se uso acido fosférico (H2POs3) al 85% el cual nos va a permitir o
garantizar la neutralizacion del biocombustible. La separacion del exceso de

agua en el biodiesel se la realiza mediante decantacion.

Se realizan varios lavados con agua destilada a temperatura ambiente,
la cantidad de agua utilizada es la mitad en proporcion de lo que se obtiene del
biodiesel; la muestra se decanta y se desecha la capa inferior que es el agua

con los restos de catalizador.

Tabla 10. Resultados de la etapa de purificacién ensayo 1

(Biodiesel + Numero
Agua pH Fases
Ensayo Otros de .
Destilada resultante  presentadas
Componentes) Lavados

1A 120 ml 1 50 ml 7 1

1B 120 ml 1 50 ml 7 1

Tabla 11. Resultados de la etapa de purificacién ensayo 2

(Biodiesel + Numero
Agua pH Fases
Ensayo Otros de _
Destilada resultante  presentadas
Componentes) Lavados

2A 170 ml 4 50 ml 7 1

2B 170 ml 4 50 ml 7 1
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Tabla 12. Resultados de la etapa de purificacién ensayo 3

(Biodiesel + Numero
Agua pH Fases
Ensayo Otros de _
Destilada resultante  presentadas
Componentes) Lavados
3A 215 ml 4 80 ml 7 2
3B 215 ml 5 80 ml 6 2
Tabla 13. Resultados de la etapa de purificacién ensayo 4
(Biodiesel + Numero
Agua pH Fases
Ensayo Otros de _
Destilada resultante  presentadas
Componentes) Lavados
4A 270 ml 5 100 ml 6 2
4B 270 ml 4 100 ml 6 2
Tabla 14. Resultados de la etapa de purificacién ensayo 5
(Biodiesel + Numero
Agua pH Fases
Ensayo Otros de _
Destilada resultante  presentadas
Componentes) Lavados
5A 325 ml 4 150 ml 6 2
5B 325 ml 3 150 ml 6 2
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Tabla 15. Resultados de la etapa de purificacion ensayo 6

(Biodiesel + Numero
Agua pH Fases
Ensayo Otros de _
Destilada resultante  presentadas
Componentes) Lavados

6A 380 ml 3 150 ml 7 2

6B 380 ml 3 150 ml 7 2

Para la siguiente etapa de secado solo se tomaran en cuenta los ensayos
gue presentaron dos fases en el momento del lavado, debido a que se toma
como indicador en base a la reaccion. Es decir, los que presentaron una sola
fase indican que existian una cantidad excesiva de trazas de gliceroles, por
lo cual al agregar el agua de lavado se formaba una reaccién de
saponificacion de forma instantanea, dando asi como resultado un liquido
espumoso que no era el producto deseado, mientras que los que
presentaban dos fases, la cantidad de trazas de gliceroles era menor, por lo
cual al agregar el agua de lavado se producian pequefas particulas sdlidas
gue se separaban mediante decantacién, a estos ensayos se los denomina

exitosos.

3.8.2. Secado

El proceso de secado se lo realiza por calentamiento entre un rango de 100 a
110 °C con la finalidad de eliminar los restos de agua que quedaron en el
biodiesel después del lavado, esto se efectda en un tiempo de 15 min, posterior

se lo deja enfriar, para asi obtener un producto mas limpio.
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Tabla 16. Resultados de la etapa de secado ensayo 3

Biodiesel* Biodiesel
Ensayo Tiempo
Volumen Inicial Volumen Final
3A 185 ml 158 ml 15 min
3B 185 ml 160 ml 15 min

*Cantidad obtenido de la etapa de lavado

Tabla 17. Resultados de la etapa de secado ensayo 4

Biodiesel* Biodiesel
Ensayo Tiempo
Volumen Inicial Volumen Final
4A 220 ml 196 ml 15 min
4B 220 ml 198 mi 15 min

*Cantidad obtenido de la etapa de lavado

Tabla 18. Resultados de la etapa de secado ensayo 5

Biodiesel* Biodiesel
Ensayo Tiempo
Volumen Inicial Volumen Final
5A 270 mi 254 ml 15 min
5B 270 ml 250 ml 15 min

*Cantidad obtenido de la etapa de lavado

Tabla 19. Resultados de la etapa de secado ensayo 6

Biodiesel* Biodiesel
Ensayo Tiempo
Volumen Inicial Volumen Final
6A 320 ml 302 ml 15 min
6B 320 ml 310 ml 15 min

*Cantidad obtenido de la etapa de lavado
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3.9. Caracterizacion del Biodiesel.

La caracterizacion del producto obtenido se realizara de acuerdo a las
especificaciones internacionales,

Tabla 20. Pruebas fisico quimicas para caracterizar Biodiesel

Caracteristicas Unidad Método Aplicabilidad
ASTM
Punto Inflamacion °C D-93 Si
Grados API D-287 Si
Densidad 15 °C D-287 Si
Destilacion 90% °C D-86 Si
Viscosidad Cinematica 40 °C mm?2/s D-287 Si
Cenizas Sulfatadas %p D-874 No
Poder Calorifico Btu/Lb D-240 No
Contenido de Agua %v D-95 No
indice de Cetano D-976 No
Residuo Carbonoso %p D-189 No

Parte de las pruebas de caracterizacion se realizaran con los equipos disponibles
dentro del laboratorio de petréleo de la Facultad de Ingenieria Quimica de la
Universidad de Guayaquil, los demas se realizaran con la ayuda de un ente
externo, mismo que garantiza los resultados obtenidos, y posterior se realiza la

comparacion de los mismos.

3.9.1. Prueba de crepitacion

Esta prueba se realiza con el fin de verificar el contenido de agua en una
muestra de combustible, o tal es el caso de un biocombustible, se realiza de

forma visual y auditiva.
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3.9.1.1. Técnicay resultados de crepitacion

En una plancha caliente colocar una gota de agua, para comprobar el
calentamiento de la plancha, posterior se coloca una gota de la muestra a
analizar (Biodiesel) en la plancha caliente. Si el biodiesel contiene agua en una

proporcién mayor de 0.1% crepitara (sonido burbujeante).

Tabla 21. Resultados de la prueba de crepitacion

Ensayo Muestra (ml) Prueba visual Prueba auditiva
3A 0.05 mi - -
3B 0.05 ml - -
4A 0.05 ml - -
4B 0.05 ml - +
5A 0.05 ml - -
5B 0.05 ml - +
6A 0.05 ml - -
6B 0.05 ml - -

Los resultados datan como positivos (presencia de agua) y negativos (ausencia)
por lo cual se considera que pese a la etapa de secado se acuerdo a los
establecido en el disefio experimental, tanto el ensayo 4B y 5B aln tenian un

contenido de agua mayor al 0.1%.

3.9.2. Prueba de Densidad Absoluta

Mayores densidades indican mayor energia térmica y una economia de

combustible mejor, pero de igual manera la mayor densidad del biodiesel puede
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causar problemas en los actuales sistemas de inyeccion de los motores y, a

bajas temperaturas, plantea problemas de solidificacion y congelacion.

3.9.2.1. Técnicay resultados de densidad

Para realizar las pruebas de densidad se requieren un minimo de 500 ml, para

hacer uso del hidrometro, por lo cual se eligen cuatros ensayos, estos se eligen

bajo el criterio de efectividad ante las pruebas ejecutadas con anterioridad.

Una vez hecha las repeticiones de los ensayos requeridas, para obtener el

volumen necesario para la prueba, se procede con la ejecucién de la misma, de

acuerdo al siguiente procedimiento.

Verter la muestra (Biodiesel) en un vaso de precipitacion para evitar
derrames.

Trasvasar lentamente la muestra dentro de la probeta limpia de manera
inclinada. Sin agitar ni salpicar, de modo que se evite la formaciéon de
burbujas de aire.

Remover con papel secante cualquier burbuja de aire que se forme en la
superficie de la muestra antes de introducir el hidrémetro.

Colocar la probeta que contiene la muestra en un lugar libre de corriente
de aire.

Durante el periodo de prueba la temperatura de la muestra no debe variar
mas de 5°F.

Sumergir el hidrbmetro suavemente dentro de la muestra, y cuando se
haya asentado, sumerja, unas dos divisiones de la escala dentro del

liquido y después suéltese.
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Mantener seco el resto del vastago, ya que el liquido innecesario sobre el
vastago cambia el peso efectivo del instrumento y afecta la lectura.
Cuando, el hidrémetro ha quedado inmovil, flotando libremente y la
temperatura de la muestra, es constante dentro de 0,2° C (0.5°F), lea el
hidrémetro, hasta la mas proxima media divisién de la escala.
Determinar este punto colocando el ojo ligeramente por debajo del nivel
del liquido e incrementar lentamente hasta la superficie, primeramente,
observara una elipse distorsionada. La lectura correcta es el punto de la
escala del hidrometro en la cual la superficie del liquido corta el escalda.
Para efectuar lecturas en liquidos no transparentes, observar el punto en
la escala del hidrometro en la cual la muestra tiene su punto mas alto
sobre su superficie principal, colocando el ojo ligeramente sobre la
superficie plana del liquido.

Inmediatamente después de observar la escala del hidrometro, agite
cuidadosamente con el termometro la muestra y observe la temperatura.
Mantenga el bulbo del termémetro completamente sumergido.

Corregir las lecturas del hidrémetro a 15.56 (60°F) utilizando las Tablas
de la Guia D1250.

Tabla 22. Resultados de las pruebas de densidad.

Ensayo Muestra (ml) API leido API corregido SG
4A 500 ml 32.1 30.9 0.8713
5A 500 ml 32.7 31.5 0.8680
6A 500 mi 32.4 31.2 0.8696
6B 500 ml 32.5 31.4 0.8686
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3.9.3. Prueba de viscosidad cinematica

Para la prueba de viscosidad de se utilizan los resultados de los ensayos

mencionados en el apartado anterior, por razones de rendimiento.

Preparacién del equipo.

1. Limpiar completamente el viscosimetro usando un disolvente apropiado
miscible con la muestra y luego un disolvente completamente volatil.

2. Secar el viscosimetro pasando una corriente de aire seco y filtrado
durante dos minutos, hasta que cualquier traza de disolvente haya
desaparecido.

3. Limpiar periddicamente el viscosimetro con acido crémico para remover
los depdsitos organicos, enjuagando completamente con agua destilada
y acetona y secarlo con aire limpio y seco.

4. Los depoésitos inorganicos pueden removerse por tratamiento con acido
clorhidrico antes del acido de limpieza, especialmente si las sales de bario

se encuentran presentes.

Ejecucion del ensayo:

1. Mantener el bafio a la temperatura de ensayo.

2. Colocar el termémetro en el bafio.

3. Seleccionar un viscosimetro limpio, seco y calibrado, que tenga un rango
gue cubra la viscosidad estimada.

4. Un capilar amplio para un liquido muy viscoso y un capilar mas angosto

para un liquido fluido.
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5. Filtrese una porcion de la muestra de aceite a través de un tamiz de 200
mallas o de cualquier otro filtro adecuado, para eliminar particulas solidas.

6. Cargar el viscosimetro en la forma apropiada de acuerdo con el disefio.

7. Dejar que el viscosimetro cargado permanezca en el bafio un tiempo o
suficientemente largo para alcanzar la temperatura.

8. Mantener en el bafio a temperatura de la prueba.

9. Con la muestra fluyendo libremente, medir el tiempo requerido con
aproximacion de 0.2 segundos, que el menisco pase desde la primera a
la segunda 68 marca registradora del tiempo.

10.Si el tiempo de flujo es menor de 200 segundos, seleccionar un
viscosimetro con un capilar de didmetro mas pequefio y repetir el ensayo.

11.En los viscosimetros de “flujo en reversa” realizar determinaciones
duplicadas, los tiempos de flujo deben concordar dentro del 0.35% si no

se obtiene esta concordancia, rechazar los resultados del ensayo.

Tabla 23. Resultado de la Viscosidad cinematica obtenida del biodiesel

Ensayo Muestra Tiempo (s) Viscosidad (mm?/s2)
4A 1 350 5.383
2 352 5.4138
5A 1 355 5.4598
2 360 5.5367
6A 1 380 5.8444
2 382 5.8752
6B 1 385 5.9213
2 388 5.9674
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3.9.4. Prueba de punto de inflamacién (copa cerrada)

El punto de inflamacion da una idea de la cantidad de compuestos volatiles o
muy volatiles que puede tener un combustible. Teniendo en cuenta el punto de
inflamacion se puede estimar cuales van a ser las condiciones de
almacenamiento de ese combustible. Segun como vayan a ser las condiciones
de almacenamiento, el punto de inflamacion se determina en vaso abierto
Cleveland o en vaso cerrado Perski-Maters. En este caso se aplicara la técnica
de vaso o copa cerrada, con el producto de los ensayos usados en las pruebas

anteriores, de acuerdo a la técnica el procedimiento es el siguiente.

1. Llenar la copa de ensayo con 75 mL de muestra de biodiesel y colocar en
posicion de ensayo sobre el bloque de calentamiento. La temperatura de
la muestra a ensayar debe ser al menos 18°C 6 32°F menor que el punto
de inflamacion esperado.

2. Ajustar latapa de la copa de ensayo a esta Ultima, asegurar de que quede
en la posicién correcta.

3. Comprobar que el termometro a emplear en la determinacion es el
adecuado para el ensayo que se va a llevar a cabo (en este caso se
empleara un termémetro ASTM 9F).

4. Conectar la tapa de la copa de ensayo al rotor adecuado de acuerdo con
la velocidad de agitacion necesaria (Procedimiento A, 90-120 rpm).

5. Comprobar el paso de gas y ajustar el tamafio de las llamas piloto y test
a un diametro aproximado de 4 mm, comprobando mediante la aplicacién
manual de llama que esta no se apaga con el movimiento derivado de

dicha aplicacién.
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6. Aplicar la calefaccion necesaria para conseguir una velocidad de
calentamiento de entre 5-6°C/min (9-11°F/min).

7. Comenzar a realizar aplicaciones de llama (detener la agitacion para
llevar a cabo la aplicacion de llama) sobre la muestra a una temperatura
23 £ 5°C 6 41 + 9°F por debajo del punto de inflamacion esperado.

8. Realizar aplicaciones de llama a intervalos de temperatura de 1°C 6 2°F,
el tiempo de exposicion de la llama no debe ser superior a un segundo.

9. Anotar la temperatura a la que se observa la inflamacién, con una

precision de 0,5°C o bien 1°F.

Tabla 24. Resultado del punto de inflamacion del biodiesel

Ensayo Punto de Inflamacion
4A =
5A -
6A 97 °C
6B 106 °C

Los resultados del ensayo 4A y 5A no presentaron indicios de inflamacion hasta
la temperatura de 200 °C por lo cual se detuvo la experimentacion y se continuo

con los otros dos ensayos.
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CAPITULO IV

4.1. Andlisis e interpretacién

4.1.1. Evaluaciéon de Extraccion de Aceite

Continuando con el cumplimiento de los objetivos planteados, se evalla el
rendimiento que posee la semilla de Moringa Oleifera, con el fin de establecer

si este es Optimo para su uso a gran escala.

El porcentaje se establece realizando una media de los porcentajes de aceite
obtenido de los tres experimentos que tuvieron éxito en el momento de la
transesterificacion, ya que estos conllevan al valor real de la muestra, siendo un

26% el rendimiento total en cuanto a la extraccion.

La experimentacion y obtencidén del aceite se realizan en mayor proporcién y
varias veces consecutivas hasta obtener aproximadamente 4000 ml de aceite,
mismos que se usaron en cada ensayo experimental planteado, y segun los
resultados favorables se procedia con la repetividad de un ensayo en la reaccion

de transesterificacion.

Tabla 25. Porcentaje de Rendimiento

Ensayo Materia Aceite Aceite Porcentaje de
Prima Obtenido Final Rendimiento Final
1 100 g 279 25¢ 25%
2 100 g 249 21g 21%
3 100 g 359 329 32%
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4.1.2. Establecer las condiciones 6ptimas de reaccion

Para establecer las condiciones 6ptimas de la reaccion de realizan pruebas de
ensayo y error, método aplicado en el desarrollo de nuevos productos. En este
caso consiste en variar cada uno de los parametros establecidos durante la
experimentacion, los factores mas importantes son temperatura, tiempo y
velocidad de agitacion, todos determinados a partir del ensayo 6, segun lo
establecido en la tabla 8 siendo los mas viables los que datan en la siguiente

tabla.

Tabla 26. Condiciones 6ptimas de reaccién

Condiciones Valor Unidades
Temperatura 60 - 70 °C
Tiempo 60 Minutos
Agitacion 500 - 700 rpm
Relacion Molar 6:1 -

4.1.2.1. Efecto de larelacién molar y eleccién del alcohol

Una de las variables mas importantes que afectan el rendimiento del éster
es la relacién molar de alcohol a triglicérido. La relacidén estequiométrica para la
transesterificacion requiere tres moles de alcohol y un mol de triglicérido para
producir tres moles de ésteres de acidos grasos de alquilo y un mol de glicerol.
Sin embargo, la transesterificacion es una reaccioén de equilibrio en la que se
requiere un gran exceso de alcohol para conducir la reaccién hacia la derecha.
Para la maxima conversion del éster, se requiere como minimo una relacion de
6:1. La relaciébn molar no tiene efecto en el valor &cido, indices de perdxido,

saponificacion y de yodo de los ésteres de metilo. Sin embargo, la alta relacién
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molar de alcohol a aceite vegetal interfiere con la separacion de la glicerina

porque hay un aumento de la solubilidad.

Cuando la glicerina permanece en solucion, ayuda a conducir el equilibrio
hacia la izquierda, bajando el rendimiento de los ésteres. La formacién catalizada
por una base de etilésteres es dificil en comparacion con la formacion de ésteres
de metilo. Especificamente, la formacion de una emulsion estable durante la
etandlisis es un problema. El metanol y el etanol no son miscibles con los
triglicéridos a temperatura ambiente, y las mezclas de reaccidén son usualmente
agitadas mecanicamente para mejorar la transferencia de masa. Durante el
curso de la reaccion, usualmente se forman emulsiones. En el caso de la
metanalisis, estas emulsiones rapida y facilmente se descomponen para formar
una capa inferior rica en glicerol y una capa superior rica en éster metilico. En la
etandlisis, estas emulsiones son mas estables y complican severamente la
separacion y purificacion de los ésteres. Las emulsiones son causadas en parte
por la formacién de los intermediarios monoglicéridos y diglicéridos, los cuales
tienen grupos polares hidroxilo y cadenas de hidrocarbonos no polares. Estos
intermediarios son agentes fuertemente activos. En el proceso de alcohdlisis, el
catalizador, hidroxido de sodio se disuelve en la fase polar de alcohol, en la que
los triglicéridos deben transferirse con el fin de reaccionar. Cuando la
concentracion de estos compuestos intermediarios alcanza un nivel critico, se

forman las emulsiones. [25]
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4.1.3. Caracterizaciéon de Biodiesel obtenido.

Los resultados de caracterizacion son determinados por un laboratorio
acreditado de la ciudad de Guayaquil, cuyos resultados se encuentran
establecidos en la seccion de anexos, apéndice 3, mismo que certifica la

veracidad de las caracteristicas evaluadas.

Tabla 27. Resultados de caracterizacion.

Caracteristicas Unidad Resultado Método ASTM
Punto Inflamacion °C 103 D-93
Grados API 27.9 D-287
Densidad 15 °C g/mL 0.8872 D-287
Destilacion 90% °C 340 D-86
Viscosidad Cinematica 40 °C mm2/s 5.087 D-287
Cenizas Sulfatadas %p 0.004 D-874
Poder Calorifico Btu/Lb 18019 D-240
Contenido de Agua %v 0.00 D-95
indice de Cetano 45.00 D-976
Residuo Carbonoso %p 0.3 D-189

Fuente: EP Ingenieria Quimica — Laboratorio de Petréleo

4.1.3.1. Punto de Inflamacién

El resultado del punto de inflamacion fue de 103 °C, valor que segun las
Norma ASTM para biodiésel D6751-09 se encuentra dentro del rango, el valor
es aceptado en su totalidad ya que se encuentra muy cercano al minimo
registrado por parte de la norma ya mencionada, por ende esta caracteristicas lo

vuelve competitivo frente a otros biocombustibles, debido a que si el punto de
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inflamacion es mas préoximo al de un petrodiésel o Diesel comercial, a nivel

automovilistico las modificaciones para su uso son relativamente menores.

Tabla 28. Resultados de caracterizacion del punto de inflamacion

Método Especificacion
Caracteristica Unidad Resultado
ASTM Interno Min Max
Punto oC 103 D-93 PEEUCCILPIO3 93 ]
Inflamacion

La determinacién del punto de inflamacion esté relacionada con el contenido de
metanol residual, pues cantidades muy pequefias de este alcohol reducen
notablemente este pardmetro. El metanol puede afectar los equipos de bombeo
del combustible, sellos y empaques, ademas de generar problemas de
lubricidad. El poseer un punto de ignicion por encima del establecido (93 °C)

asegura que el metanol presente esta por debajo del 0.2% en peso. [26]

4.1.4. Grados APl y Densidad

La densidad es un parametro esencial en lo que respecta a los combustibles; el
biodiesel obtenido posee un resultado 6ptimo ya que encuentra dentro de los
valores establecidos por la norma ASTM para biodiésel D6751-09, por lo
consiguiente se realiza el calculo de grados API, que posteriormente es

analizado para su determinacién y aceptacion.

La densidad refleja las propiedades de los compuestos quimicos (metilésteres)
componentes del biodiesel, ademas, de proporcionar informacién acerca del
contenido de energia del combustible, es decir, mayores densidades indican

mayor energia térmica y una mejor economia de combustible. [27]
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Tabla 29. Resultados de caracterizacion densidad

Método Especificacion
Caracteristica Unidad Resultado
ASTM Interno Min Max
Grados API 27.9 D-287 PEE/UCC/LP/05 - -
Densidad 15°C  g/ml 0.8872  D-287 0.86 0.90

4.1.5. Destilaciéon

El resultado de punto de destilacion, no posee un valor establecido de
especificaciones maximos y minimos en norma ASTM para biodiésel D6751-09
para este producto, sin embargo, el dato obtenido es aceptado y se espera pueda
aplicarse como referencial en investigaciones basadas en la obtencion de

biodiesel a partir de materia prima vegetal.

Tabla 30. Resultados de destilacion

Método Especificacion

Caracteristica Unidad Resultado
ASTM Interno Min Max
Destilacion °C 340 D-86 PEE/UCC/LP/01 - -

La norma ASTM también contiene una especificacion (D1160) para el

comportamiento de destilacion de un combustible a presion atmosférica.

Aungue esta contenida en la norma de biodiésel, en la realidad no es aplicable
al biodiésel ya que los ésteres grasos tienen tendencia a descomponerse antes
de llegar al punto de ebullicibn bajo las condiciones aplicadas y por tanto se
indica una presion reducida en D6751. Este método proviene de la norma astm

para petrodiésel D975 (American Society for Testing and Materials, astm
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Standard D6751). El limite de 360°C puede restringir materias primas,

especialmente con longitudes de cadena mas largas. [28]

Por lo antes expuesto y pese al limite que establece la derivada de la norma, el

resultado obtenido de esta caracterizacion se encuentra dentro de pardmetros.

4.1.6. Viscosidad Cinemaética

La viscosidad es un valor que nos permite saber hasta qué punto es posible
deformarse un fluido, por ende, un indicador de su vida util en el proceso de auto
movilizacion. El resultado es favorable pues se muestra un valor muy cercano
al limite, lo que representa que el fluido es viscoso, factor esencial en los
combustibles comerciales, una razén por la cual se muestra competitivo

comercialmente.

Tabla 31. Resultados de viscosidad

Método Especificacion
Caracteristica Unidad Resultado
ASTM Interno Min Max
Viscosidad
Cinematica 40 mm?/s 5.087 D-287 PEE/UCCI/LP/04 1.4 6.0
°C

4.1.7. Cenizas Sulfatadas, Contenido de Agua y Residuo Carbonoso

Los resultados de cenizas, residuos y el contenido de agua son favorables, esto
se muestran dentro de los parametros establecidos por la norma ASTM para
biodiésel D6751-09, por lo consiguiente estos valores sirven como indicadores

de que le proceso de obtencion se dio de forma éptima.
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Los residuos de carbono tienen que ver con la tendencia de una muestra a formar

depdsitos carbonosos esencialmente por pirolisis de la muestra.

Tabla 32. Resultados de caracterizacion

Método Especificacion
Caracteristica Unidad Resultado

ASTM Min Max

Cenizas 0
Sulfatadas op 0.004 D-874 - 0.02
Contenido de %v 0.00 D-95 i 0.05

Agua

Residuo 0

Carbonoso op 0.3 D-189 - 0.3

4.1.8. indice de Cetano

En el combustible diésel, el cetano es un indicativo de la capacidad o
facilidad de ignicién. Se puede medir en laboratorio en un motor especialmente
acondicionado para ello se habla del "NUmero de Cetano". Como en este casi es
calculado a partir de los datos de la destilacién se denomina del "indice de
Cetano". Entre mayor es el cetano, mayor serd la facilidad de ignicién del

combustible e indica mejor calidad.

Tabla 33. Resultados de caracterizacion

Método Especificacion
Caracteristica Unidad Resultado
ASTM Min Max
Numero de 45 D-976 47 i

Cetano
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El resultado obtenido se encuentra fuera de especificaciones si nos regimos en
la norma, pero como los datos obtenidos se realizaron mediante los datos de
destilacion, la variacion del resultado entre el niumero e indice de cetano es
aceptable en variacién de + 2 puntos, por lo cual estaria en el limite de la

caracterizacion. [29]

4.1.9. Poder Calorifico

El valor promedio encontrado en este estudio para el poder calorifico del
biodiesel a partir de aceite de semillas de moringa modificadas genéticamente
fue de 18 019 Btu/Lb equivalente a 41 912.19 KJ/Kg (ver tabla 27). El limite
establecido por la norma de ensayo ASTM D240 es minimo de 39500 KJ/kg por
lo cual el biocombustible producido cumple a cabalidad con esta normatividad.
Este resultado es una ventaja para el biodiesel obtenido ya que altos valores de
este parametro pueden evitar tanto pérdidas de potencia en el motor como mayor

consumo del mismo, ademas disminuir el tiempo de encendido del motor. [30]

Tabla 34. Resultados de poder calorifico

Método Especificacion
Caracteristica Unidad Resultado
ASTM Min Max
Poder Calorifico Btu/Lb 18 019 D-240 - -
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4.2. Comparacioén de caracteristicas fisico quimicas obtenidas

En la siguiente tabla se muestra un consolidado de todas las caracteristicas obtenidas, el requerimiento se basa en la norma ASTM
6751, mientras que los datos adicionales de comparacion fueron obtenidos de investigaciones similares, para poder establecer el

nivel de competitividad y proyeccion al mercado que tiene el biodiesel a partir de aceite de moringa.

Tabla. 35. Caracteristicas fisicoquimicas del Biodiesel de moringa, girasol y diésel comercial

Caracteristicas Unidad Resultado Requerimiento Biodiesel Diesel
Girasol Comercial
Punto Inflamacion °C 103 93 min. 178.67 53
Grados API 27.9 - - -
Densidad 15 °C g/mL 0.8872 0.86 —0.90 0.884 0.85
Destilacion 90% °C 340 --- - -
Viscosidad Cinematica 40 °C mm?/s 5.087 1.9-6.0 5.03 2.36
Cenizas Sulfatadas %p 0.004 0.02 méx. 0.0013 0.1014
Poder Calorifico Btu/Lb 18019 - 16 767 19 386
Contenido de Agua %V 0.00 0.05 méx. 0.1992 0.005
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Indice de Cetano 45.00 47 min. 45.44 43

Residuo Carbonoso %p 0.3 0.3 max. 0.070 0.20

Fuente: Elaboracion propia
Fuente de Apoyo: [31]

Como se ya se menciond en los puntos anteriores cada una de las caracteristicas y todas se encuentran dentro de la norma

establecida, el resultado de la investigacion de concluye como favorable.

Existen dos caracteristicas que crean una diferencia notable entre el biodiesel obtenido y un diésel comercial, en este caso son el
punto de inflamacién y el poder calorifico, que basados en las investigacion y datos recopilados son las mas importantes, debido a

gque de ellas depende la efectividad y rendimiento del combustible cuando se emplea en un motor.
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CAPITULO V

CONCLUSIONES

En el proceso de transesterificacion se detalla el disefio experimental con
sus respectivas condiciones éptimas reaccion, con un rendimiento del 63.37%,
que nos permitio obtener un éster metilico (biodiesel) a partir del aceite extraido
de las semillas de la moringa oleifera.

En la extraccion del aceite mediante el método soxhlet, a partir de la
semilla de moringa oleifera, aplicando como solvente el hexano, se establece un
rendimiento del 26%, que muestra alta efectividad, factor favorable para su
aplicabilidad industrial. Ademas, se determind, en la reaccion de
transesterificacion mediante las variantes durante la operacion, que el ensayo
6B fue el 6ptimo y destacado en la obtencién de biodiesel, para las variables de
condicién de reaccion, temperatura en rango de 60 - 70°C (65 °C), velocidad de

agitacion 600 rpm (media), relacion molar 6:1, y tiempo de 60 min.

Se realiz6 la caracterizacion fisicoquimica del biodiesel obtenido, siendo
estos puntos inflamacién 103 °C, densidad (15 °C) 0.8872 g/ml, destilacion 90%,
340 °C, viscosidad cinematica (40°C) 5.087 mm?/s, cenizas sulfatadas 0.004 %p,
poder calorifico 18019 Btu/lb, contenido de agua 0.00 %v, indice de cetano
45.00, residuo carbonoso 0.3 %p.

El biodiesel obtenido de la reaccion de transesterificacion fue evaluado
en base a los resultados de su caracterizacién, con la norma ASTM para
biodiésel D6751-09, los cuales se encuentran dentro de las especificaciones

establecidas por la norma, ademas de ser comparado con un biodiesel de girasol
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y un diésel comercial que nos permite establecer un nivel de competitividad y
proyeccion al mercado.

Con los resultados obtenidos, se puede concluir que el desarrollo
experimental para la obtencion de biodiesel a partir del aceite extraido de la
semilla de la moringa oleifera, se pueda replicar a gran escala, de tal manera
gue se le aplique su uso industrial, y se presente como una nueva propuesta de

mercado en el Ecuador.
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RECOMENDACIONES

Las condiciones de reaccion establecidas no son fijas, pueden presentar
variacion por lo cual se recomienda una repetibilidad de los ensayos, realizando
una variacion de la relacion molar y los porcentajes establecidos en el disefio
experimental con respecto al catalizador, para complementar la investigacion y

determinar otras condiciones optima de reaccion.

En relacion a catalizador se recomienda el uso de hidroxido de sodio, tal
cual se realizd en la investigacion, ya que basados en la literatura su efecto es
superior al hidréoxido de potasio. Existen tres tipos de catalizadores
heterogéneos, los 6xidos metales alcalinotérreos, las zeolitas y heteropoliacidos
gue han demostrado ser eficientes, selectivos, faciles de separar, reutilizables y

algunos mas que otros, tolerables a la presencia de agua y acidos grasos libres.

La reaccion debe de darse bajo condiciones ambientales normales, para
el buen desarrollo de la misma, por otro lado, el uso del alcohol podria variar, sin
embargo, al utilizar el etanol, que es un alcohol con dos atomos de carbono,
puede inducir a la reaccién al desarrollo y estabilidad del subproducto de la
misma, como lo es el glicerol, por lo tanto si de la reaccidon de transesterificacion

se desea obtener un éter metilico estable, usar solamente el metanol.
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Apéndices

Apéndice 1 Abreviaturas

NaOH
TG

DG

MG

ME

BD

H2PO3
CH30H
C3H5(0H)3

Hidroxido de Sodio
Triglicérido
Diglicérido
Monoglicérido
Metil-esteres
Biodiesel

Acido Fosforico
Metanol

Glicerina

Apéndice 2 Unidades

°C
°F

h

ml
g
min
S
rpm
mm? /s
%p
%v

Btu/lb

Grados Celsius
Fahrenheit

Hora

Mililitro

Gramo

Minuto

Segundos

Revoluciones por minutos
Milimetro al cuadrado sobre segundos
Porcentaje en peso
Porcentaje en volumen

British Thermal Unit (unidad de energia) sobre libras
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Apéndice 3 llustraciones de la extraccion del aceite de moringa

e

llustracion 3. Montaje del equipo de soxhlet
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llustracion 5 Aceite extraido mas solvente

llustracion 6 Recuperacion del solvente con el rotavapor
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llustracion 9 Aceite final libre de solvente

91



Apéndice 4 llustraciones de la obtencion de biodiesel

llustracién 10 Preparacion del metéxido

llustracion 12 Reacciéon de transesterificacion
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llustracion 13 Decantacion de la muestra

llustracion 15 Medicion del pH
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llustracion 16 Lavado del biodiesel

llustracion 18 Biodiesel obtenido
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Apéndice 5 llustraciones de la caracterizacion del biodiesel

llustracion 20 Viscosidad cinematica 40°C

llustracion 21 Prueba de densidad
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llustracion 22 Destilaciéon al 90°C

llustraciéon 23 Punto de inflamacion



Apéndice 6 Resultados de la Caracterizacion del biodiesel

UNIDAD DE CONTROL DE CALIDAD
m l,,'\B()RAT()RI()S
AGUAS-PETROLEO Y MEDIO AMBIENTE
FACULTAD DE INGENIERIA QUIMICA
UNIVERSIDAD DE GUAYAQUIL
Cdla.Universitaria Salvador Allende
Teléfono: 22390947 - Fax: 2289883
Guavaquil - Ecuador

INFORME DE ANALISIS
LABORATORIO DE PETROLEO

JINFORME N° : LP/O18/19

SOLICITADO POR: Karla Kocher Solano FECHA DE EMISION: 241062019

EMPRESA:

DIRECCION: Samanes | Mz, 139 V:I

FECHA Y HORA DE RECEPCION: 20/06/2019 12h40

FECHA DE INICIO DE ANALISI 20/06/2019

FECHA DE CULMINACION DE ANALISIS: 21/06/2019

| BIODIESEL ' |
DETERMINACION UNIDAD METODO U RESULTADO ESPECIFICACION
ASTM | INTERNO MIN. MAX.

Punto de Inflamacion c.c © D-93 | PEEUCCALPO3 103 93

Grados APl D-287 | PEEUCCLPOS 27.9 = -
Densidad 15°C D-287 0.8872 0,86 0.9
Destilacion D-86 | reeucorpol

90% 52 340 360

Viscosidad Cinematica 40°C mm’/s D-287 | PEEUCCLPO4 5.087 1.9 6.0
Cenizas sulfatadas Yop D-874 0,004 - 0.02
Poder calorifico Btu/Lb D-240 18019

Contenido de Agua Yov D-95 0,00 - 0,05
Indice de cetano D-976 45.0 47.0 -
|Residuo carbonoso Yop D-189 03 - 0.3
Temperatura amb. : 22.5°C Presion: 1006 hPa

Observaciones: Especificaciones proporcionadas por el cliente, establecidas en Ta NORMA ASTM para Biodiésel D6751-09
I Los andlisis fueron realizados de acuerdo al ASTM STANDARD I

'+ ) s -
n
Autorizado: Ing. Elizabeth Garcia Piloso

DIRECTOR LABORATORIO DE PETROLEO

Nota:

* Los resultados obtenidos en este informe son exclusivos de In muestra a ensayo

* Queda prohibido la reproduccion parcial o total de este in forme sin previa autorizacion de esta Unidad

MC2201-01 ldel
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Designation: D287 — 12b

Apéndice 7 Método Estandar para Gravedad API de petréleo crudo y
productos derivados del petréleo

2. Referenced Documents

ull’

INTERNATIONAL
Standard Test Method for
API Gravity of Crude Petroleum and Petroleum Products
(Hydrometer Method)'
This standard is issued under the fixed designation D287; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

1. Scope®

1.1 This test method covers the determination by means of
a glass hydrometer in conjunction with a series of calculations
of the API gravity of crude petroleum and petroleum products
normally handled as liquids and having a Reid vapor pressure
(Test Method D323) of 101.325 kPa (14.696 psi) or less.
Gravities are determined at 60°F (15.56°C), or converted to
values at 60°F, by means of Adjunct to D1250 Guide for
Petroleum Measurement Tables (API MPMS Chapter 11.1).
These tables are not applicable to nonhydrocarbons or essen-
tially pure hydrocarbons such as the aromatics.

1.2 The initial values obtained are uncorrected hydrometer
readings and not density measurements. Values are measured
on a hydrometer at either the reference temperature or at
another convenient temperature, and readings corrected for the
meniscus effect, the thermal glass expansion effect, alternate
calibration temperature effects and to the reference temperature
by means of volume correction tables.

1.3 The hydrometer readings determined shall be recorded
before performing any calculations. Then the calculations
required in Section 9 shall be performed and documented
before using the final result in a subsequent calculation
procedure (measurement ticket calculation, meter factor calcu-
lation, or base prover volume determination).

1.4 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific
warning statement, see 8.3.

' This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and the API Committee on Petroleum Measure-
ment, and is the direct responsibility of Subcommittee D02.02 /COMQ, the joint
ASTM-API Committee on Hydrocarbon Measurement for Custody Transfer (Joint
ASTM-API).

Current edition approved June 1, 2012. Published October 2012. Originally
approved in 1928. Last previous edition approved in 2012 as D287-12a. DOI:
10.1520/D0287-12B.

2.1 ASTM Standards:*

D323 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Reid Method)

D1250 Guide for Use of the Petroleum Measurement Tables

D1298 Test Method for Density, Relative Density, or API
Gravity of Crude Petroleum and Liquid Petroleum Prod-
ucts by Hydrometer Method (API MPMS Chapter 9.1)

D6822 Test Method for Density, Relative Density, and API
Gravity of Crude Petroleum and Liquid Petroleum Prod-
ucts by Thermohydrometer Method (API MPMS Chapter
9.3)

El Specification for ASTM Liquid-in-Glass Thermometers

E100 Specification for ASTM Hydrometers

2.2 EI Standards:?

Specifications for IP Standard Thermometers

IP Specifications for Petroleum Hydrometers

2.3 API Standards:*

MPMS Chapter 9.1 Test Method for Density, Relative Den-
sity, or API Gravity of Crude Petroleum and Liquid
Petroleum Products by Hydrometer Method (ASTM Test
Method D1298)

MPMS Chapter 9.3 Test Method for Density, Relative Den-
sity, and API Gravity of Crude Petroleum and Liquid
Petroleum Products by Thermohydrometer Method
(ASTM Test Method D6822)

MPMS Chapter 11.1 Temperature and Pressure Volume
Correction Factors for Generalized Crude Oils, Refined
Products, and Lubricating Oils (Adjunct to ASTM D1250)

2.4 ASTM Adjuncts:

Adjunct to D1250 Guide for Petroleum Measurement Tables
(API MPMS Chapter 11.1)°

* For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume infc refer to the fard’s D S 'y page on
the ASTM website,

* Available from Energy Institute, 61 New Cavendish St., London, WIG 7AR,
UK., hup://wwiw.energyinst.org.

* Available from American Petroleum Institute (API), 1220 L. St,, NW, Wash-
ington, DC 20005-4070, hup://www.api.org.

* Available from ASTM International Headquarters. Order Adjunct No.
ADID1250. Original adjunct produced in 1983.

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM Intemational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3. Terminology

3.1 Definitions:
3.1.1 API gravity, n—a special function of relative density
60/60°F (15.56/15.56°C), represented by:

°API = [141.5/ (relative density 60/60°F)] — 131.5 ()]

No statement of reference temperature is required, since
60°F is included in the definition.

3.1.2 hydrometer reading, n—the point on the hydrometer
scale at which the surface of the liquid cuts the scale.

3.1.2.1 Discussion—In practice for transparent fluids this
can be readily determined by aligning the surface of the liquid
on both sides of the hydrometer and reading the Hydrometer
scale where these surface readings cut the scale (Hydrometer
Reading — Observed). For nontransparent fluids the point at
which the liquid surface cuts the Hydrometer scale cannot be
determined directly and requires a correction (Meniscus Cor-
rection). The value represented by the point (Meniscus Read-
ing) at which the liquid sample rises above the main surface of
the liquid subtracted from the value represented by where the
main surface of the liquid cuts the Hydrometer scale is the
amount of the correction or Meniscus correction. This menis-
cus correction is documented and then subtracted from the
value represented by the Meniscus Reading to yield the
Hydrometer Reading corrected for the Meniscus (Hydrometer
Reading — Observed, Meniscus Corrected).

3.1.3 specific gravity, n—historical term, no longer used,
which has been replaced by relative density.

4. Summary of Test Method

4.1 This test method is based on the principle that the
gravity of a liquid varies directly with the depth of immersion
of a body floating in it. The floating body, which is graduated
by API gravity units in this test method, is called an API
hydrometer.

4.2 The API gravity is read by observing the freely floating
API hydrometer and noting the graduation nearest to the
apparent intersection of the horizontal plane surface of the
liquid with the vertical scale of the hydrometer, after tempera-
ture equilibrium has been reached. The temperature of the
sample is read from a separate accurate ASTM thermometer in
the sample.

4.3 The observed hydrometer reading is corrected for the
meniscus effect, the thermal glass expansion effect, alternate
calibration temperature effects and reduced to the reference
temperature by means of the volume correction tables. If
necessary, the hydrometer cylinder and its contents are placed
in a constant temperature bath to avoid excessive temperature
variation during the test.

5. Significance and Use

5.1 Accurate determination of the gravity of petroleum and
its products is necessary for the conversion of measured
volumes to volumes at the standard temperature of 60°F
(15.56°C).

5.2 This procedure is most suitable for determining the API
gravity of low viscosity transparent liquids. This test method
can also be used for viscous liquids by allowing sufficient time
for the hydrometer to reach temperature equilibrium, and for

(5]

opaque liquids by employing a suitable meniscus correction.
Additionally for both transparent and opaque fluids the read-
ings shall be corrected for the thermal glass expansion effect
before correcting to the reference temperature.

5.3 When used in connection with bulk oil measurements,
volume correction errors are minimized by observing the
hydrometer reading at a temperature as close to reference
temperature as feasible.

5.4 Gravity is a factor governing the quality of crude oils.
However, the gravity of a petroleum product is an uncertain
indication of its quality. Correlated with other properties,
gravity can be used to give approximate hydrocarbon compo-
sition and heat of combustion.

5.5 Gravity is an important quality indicator for automotive,
aviation and marine fuels, where it affects storage, handling
and combustion.

6. Apparatus

6.1 Hydrometers, of glass, graduated in degrees API as
listed in Table 1 and conforming to Specification E100.

6.1.1 The user should ascertain that the instruments used for
this method conform to the requirements set out above with
respect to materials, dimensions, and scale errors. In cases
where the instrument is provided with a calibration certificate
issued by a recognized standardizing body, the instrument is
classed as certified and the appropriate corrections for the
meniscus effect, the thermal glass expansion effect, and alter-
native calibration temperature effects shall be applied to the
observed readings prior to corrections. Instruments that satisfy
the requirements of this test method, but are not provided with
a recognized calibration certificate, are classed as uncertified.

6.2 Thermometers, having a range from -5 to +215°F and
conforming to the requirements for Thermometer 12F as
prescribed in Specification El or Thermometer 64F of the
Specification for IP Standard Thermometers.

6.2.1 Alternate measuring devices or systems may be used,
provided that the total uncertainty of the calibrated system is no
greater than when using liquid-in-glass thermometers. The
stated repeatability and reproducibility values are not appli-
cable if alternate fluids are used in the liquid-in-glass thermom-
eters.

Note 1—The ASTM Gravity Thermometer 12F has 0.5°F subdivisions
and allowable *0.25°F scale error.

6.3 Hydrometer Cylinder, clear glass, plastic, or metal (see
6.3.1). The inside diameter of the cylinder shall be at least 25
mm greater than the outside diameter of the hydrometer and the
height shall be such that the appropriate hydrometer floats in
the test portion with at least 25 mm clearance between the
bottom of the hydrometer and the bottom of the cylinder.

TABLE 1 Hy Scaled, Deg API
API Range, deg Scale
Designation Type - = =
Series Total  Each Unit  Division Error

1H to 10H long plain -110 101 12 0.1 0.1
21H 10 40H short plain 0to 101 6 0.1 0.2
51H 10 60H thermo -1to 101 12 0.1 0.1
71H 10 74H thermo -1to 41 12 0.1 0.1
a thermo 15 to 51 8

A Eight-degree range tt y are
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6.3.1 Hydrometer cylinders constructed of plastic materials
shall be resistant to discoloration or attack by oil samples and
shall not affect the material being tested. They shall not become
opaque under prolonged exposure to sunlight.

7. Temperature of Test

7.1 The gravity determined by the hydrometer method is
most accurate at or near the standard temperature of 60°F
(15.56°C). Use this or any other temperature between 0 and
195°F (-18 and + 90°C) for the test, so far as it is consistent
with the type of sample and necessary limiting conditions
shown in Table 2.

8. Procedure

8.1 For referee testing, use the long plain form of hydrom-
eter (1H to 10H). For field testing, use the thermohydrometer
method in Test Method D6822 (API MPMS Chapter 9.3).

8.2 Adjust the temperature of the sample in accordance with
Table 2. For field testing, test temperatures other than those
listed in Table 2 may be used. The hydrometer cylinder shall be
approximately the same temperature as the sample to be tested.

8.3 Transfer the sample into the clean hydrometer cylinder
without splashing, so as to avoid the formation of air bubbles
and to reduce to a minimum the evaporation of the lower
boiling constituents of the more volatile samples. (Warning—
Extremely flammable. Vapors may cause flash fire.) For the
more volatile samples, transfer to the hydrometer cylinder by
siphoning. (Do not start the siphon by mouth.) Use a rubber
aspirator bulb. Remove any air bubbles formed, after they have
collected on the surface of the sample, by touching them with
a piece of clean filter paper or other suitable means before
inserting the hydrometer. For field testing, make the gravity
measurement directly in the sampling thief. Place the cylinder
containing the sample in a vertical position in a location free
from air currents, Take precautions to prevent the temperature
of the sample from changing appreciably during the time
necessary to complete the test. During this period, the tempera-
ture of the surrounding medium should not change more than
5°F (2°C).

8.4 Lower the hydrometer gently into the sample and, when
it has settled, depress it about two scale divisions into the liquid
and then release it; keep the rest of the stem dry, as unnecessary
liquid on the stem changes the effective weight of the instru-
ment, and so affects the reading obtained. With samples of low
viscosity, a slight spin imparted to the instrument on releasing
assists in bringing it to rest, floating freely away from the walls

of the hydrometer cylinder. Allow sufficient time for the
hydrometer to become completely stationary and for all air
bubbles to come to the surface. This is particularly necessary in
the case of the more viscous samples.

8.5 When the hydrometer has come to rest, floating freely,
and the temperature of the sample is constant to 0.2°F (0.1°C),
read the hydrometer to the nearest scale division. The correct
reading is that point on the hydrometer scale at which the
surface of the liquid cuts the scale. Determine this point by
placing the eye slightly below the level of the liquid and slowly
raising it until the surface, first seen as a distorted ellipse,
appears to become a straight line cutting the hydrometer scale.

8.6 To make a reading with nontransparent liquids, observe
the point on the hydrometer scale to which the sample rises
above its main surface, placing the eye slightly above the plane
surface of the liquid. This reading requires a correction.
Determine this correction for the particular hydrometer in use
by observing the height above the main surface of the liquid to
which the sample rises on the hydrometer scale when the
hydrometer in question is immersed in a transparent liquid
having a surface tension similar to that of a sample under test.

8.7 Observe the temperature of the sample to the nearest
0.25°F (0.1°C) immediately before and after the observation of
the gravity, the liquid in the cylinder being thoroughly but
cautiously stirred with the thermometer (Note 2), and the
whole of the mercury thread being immersed. Should these
temperature readings differ by more than 1°F (0.5°C), repeat
the temperature and gravity observations when the temperature
of the sample has become more stable. Record the mean of the
thermometer reading before and after the final hydrometer
reading, to the nearest 1°F, as the temperature of the test.

Note: 2—When thermohydrometers are used, stir the sample by care-
fully raising and lowering the hydrometer. It is satisfactory in this case to
read the thermometer scale after the hydrometer reading has been
observed. Read the thermometer to the nearest 1°F (0.5°C),

9. Calculation

9.1 Apply any relevant thermometer corrections to the
temperature reading observed in 8.3 and 8.7 and record the
average of those two temperatures to the nearest 1°F.

9.2 Record the observed hydrometer scale readings to the
nearest (.1° API for transparent liquids.

9.3 When gravities have been observed on opaque liquids
using the procedure given in 8.6, subtract the meniscus
correction from the hydrometer reading observed.

TABLE 2 Limiting Conditions and Testing Temperatures

Initial Boiling Point

Sample Type Gravity Limits Limits Other Limits Test Temperature
Highly volatile lighter than 70° AP| Cool to 35°F (2°C) or lower in original closed
container.
Moderately volatile heavier than 70° API below 250°F (120°C) Cool to 65°F (18°C) or lower in original closed
container.
Moderately volatile and viscous heavier than 70° API below 250°F (120°C)  Viscosity too high at Heat to mini p for suffici
65°F (18°C) fluldity.
Nonvolatile heavier than 70° AP| above 250°F (120°C) Any temperature between 0 and 195°F (-18 and
90°C) as convenient.
of nonp products or 60 = 0.25°F (15.56 * 0.1°C)
essentially pure hydrocarbons
3
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Note 3—The meniscus correction for a particular hydrometer in use is
determined by observing the maximum height above the principal surface
of the liquid to which liquid rises on the hydrometer scale when the
hydrometer in question is immersed in a transparent liquid having a
surface tension similar to that of the sample under test.

9.4 Apply any meniscus hydrometer correction to the ob-
served hydrometer reading and record the meniscus corrected
hydrometer scale reading to the nearest 0.1° APL

9.5 Application of the glass thermal expansion correction
depends upon what edition of Adjunct to D1250 Guide for
Petroleum Measurement Tables (AP1 MPMS Chapter 11.1) will
be used to calculate the base density.

9.5.1 The 1980 version of the Adjunct to D1250 Guide for
Petroleum Measurement Tables (API MPMS Chapter 11.1) has
the hydrometer glass thermal expansion correction included.
Input into the VCF software requires the Hydrometer Reading
— Observed or Hydrometer Reading — Observed, Meniscus
Corrected in API units from 9.2 or 9.4, observed temperature of
the sample, and the built-in hydrometer glass thermal correc-
tion switch set to on (0) or off (1). It will return API @ 60°F.

9.5.2 The 2004 version of the Adjunct to D1250 Guide for
Petroleum Measurement Tables (APl MPMS Chapter 11.1)
does not include the hydrometer glass thermal expansion
correction, so that correction must be made before entering the
software. Depending on the specific end use of the calculation
results, the final value may be left rounded or unrounded. See
9.6.

9.6 The following steps are required to implement 9.5.2:

Step 1. Convert the meniscus corrected hydrometer scale
reading to density in kglm3 using Eq 2.

Hydrometer Scale Conversion to Density
Reading Units
For API gravity:
density (kg/m® = (141.5 # 999.016) / (131.5 + API) 2)

Leave the result unrounded.

Step 2. Calculate the hydrometer thermal glass expansion
correction factor (HYC) using the appropriate equation below
(1 is observed temperature).

Correction for a Base Temperature (7},) of 60°F:

HYC = 1.0-[0.00001278 (1 — 60)] - [0.0000000062 ( —60):] 3)
Leave the result unrounded.

Step 3. Multiply the hydrometer reading in kg/m" from Step
1 by HYC from Step 2 to obtain the glass expansion corrected
hydrometer reading.

kglm?yye = kglm® * HYC )

Step 4a. Convert the hydrometer reading in density (kg/
m’,ye) from Step 3 to a R.D. (relative density) hydrometer
reading.

Note 4—The current C source code, compiled dil and Excel Add-in has
an omission and cannot use a kg/m” call with degree F.

R.D. = kglm®;,4999.016 (5)

Step 4b. Input R.D. and degree F into section 11.1.6.2 of the
Adjunct to DI1250-04 Guide for Petroleum Measurement

Tables (API MPMS Chapter 11.1-2004) which returns R.D. @
60°F.

Note 5—Pressure will have to be atmospheric gauge, or 0 psig as the
Adjunct to D1250 Guide for Petroleum Measurement Tables (APl MPMS
Chapter 11.1) values are only valid at atmospheric pressure.

Step 4c¢. Convert the calculated R.D. value @ 60°F to a
calculated API Gravity @ 60°F using Eq 6.

API Gravity = (141.5/R.D.) - 131.5 6)

9.7 Future versions of the Adjunct to DI1250 Guide for
Petroleum Measurement Tables (API MPMS Chapter 11.1)
code will be corrected so that it can accept any combination of
input units and return any combination of output units. When
available, the Adjunct to D1250 Guide for Petroleum Measure-
ment Tables (API MPMS Chapter 11.1) code can be accessed
directly from Step 3 and return API Gravity @ 60 °F, R.D. @
60 °F, and kg/m” at any selected base temperature.

Example 1
Sample: Crude Oil
Observed Temperature: T7°F
Observed Hydrometer Reading: 33.2 API Gravity
Observed Pressure: 0 psig
Base Temperature: 60°F
Step 1: 858.292434730... {(Eq 2)
Step 2: 0.999780948... (Eq 3)
Step 3: 858.104424227 ... (Eq 4)
Step 4a: 0.858949631... (Eq 5)
Step 4b: 0.865678279...
Step 4c.1: 31.955643312... unrounded (Eq 6)
Step 4c.2: 32.0 °API rounded {Eq 6)

10. Report

10.1 Report the corrected hydrometer reading as degrees
API (°API) or as API Gravity.

10.2 Report the final value as API gravity, at the reference
temperature, to the nearest 0.1° APIL

10.3 The reporting values have no precision or bias deter-
mination. It is up to the user to determine whether this test
method provides results of sufficient accuracy for the intended
purpose.

10.4 If the hydrometer readings are being used as an input to
a calculation process intended to return a volume correction
factor for use in ticket or meter proving calculations, stop the
calculation process identified above at Step 3 (if the density
value is desired at flowing conditions) or Step 4 (if the density
value is desired at base density conditions) and input the results
into the calculation process.

10.5 Certified hydrometers from a recognized standardizing
body, such as NIST, report the output density as ‘Density in
Vacuo’.

11. Precision and Bias

11.1 The precision of this test method as obtained by
statistical examination of interlaboratory test results is as
follows:

11.1.1 Repeatability—The difference between successive
test results obtained by the same operator with the same
apparatus under constant operating conditions on identical test
material, would in the long run, in the normal and correct
operation of the test method, exceed 0.2° API only in one case
in twenty.

11.1.2 Reproducibility—The difference between two single
and independent results, obtained by different operators, work-
ing in different laboratories on identical test material, would in
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the long run, in the normal and correct operation of the test 11.2 Bias—Bias for this test method has not been deter-
method, exceed 0.5 API only in one case in twenty. mined.

Note 6—The precision for this test method was not obtained in 12. K rds
accordance with RR:D02-1007. et i -

Note 7—This precision lies only to 1 made 12.1 API gravity: crude petroleum; hydrometer: thermohy-
at temperatures differing from 60°F (15 56°C) by less than 18°F (10°C). drometer; thermometer

SUMMARY OF CHANGES

Subcommittee D02.02 has identified the location of selected changes to this standard since the last issue
(D287-12a) that may impact the use of this standard. (Approved June 1, 2012)

(1) Revised Section 1. (2) Revised Section 3.

Subcommittee D02.02 has identified the location of selected changes to this standard since the last issue
(D287-12) that may impact the use of this standard. (Approved May 15, 2012)

(/) Revised Section 9.

Subcommittee D02.02 has identified the location of selected changes to this standard since the last issue
(D287-92(2006)) that may impact the use of this standard. (Approved April 1, 2012)

(/) Expanded Section 8. (3) Revised Sections 10 and 11.
(2) Added 9.6.
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United States. Individual reprints (single or multiple copies) of this dard may be " by ing ASTM at the above
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Apéndice 8 Método estandar para el indice calculado de cetano de los
combustibles del destilado

An American National Standard

ing the indicates the year of

Designation: D 976 - 06
wil’

INTERNATIONAL

Standard Test Method for
o] 1

Calculated Cetane Index of Distillate Fuels
This standard is issued under the fixed designation D 976; the number i liately foll
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This test method covers the Calculated Cetane Index
formula, which represents a means for directly estimating the
ASTM cetane number of distillate fuels from API gravity and
mid-boiling point. The index value, as computed from the
formula, is termed the Calculated Cetane Index.

1.2 The Calculated Cetane Index is not an optional method
for expressing ASTM cetane number. It is a supplementary tool
to estimate cetane number when used with due regard for its
limitations.

1.3 The Calculated Cetane Index formula is particularly
applicable to straight-run fuels, catalytically cracked stocks,
and blends of the two.

Note |—This test method is temporarily retained because the proposal
to the U.S. EPA to control diesel fuel aromatics concentrations via a 40
Calculated Cetane Index minimum is based on the correlation between
Test Method D 976 and aromatics concentration. Test Method D 4737 is
the preferred method as estimator of cetane number.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards: *

" This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the dircct responsibility of Subcommittee
D02.E0.02 on Diesel Fuel Oils.

Current edition approved Dec. 1, 2006. Published January 2007, Originally
approved in 1966. Last previous edition approved in 2004 as D 976-04b°",

* A method of calculating cetane index was developed by the Diesel Fuels
Division, Ct ing Fuel and Equi R ch C ittee of the Coordinat-
ing Rescarch Council. See Young, H. D., "Methods for Estimating Cetanc Number,”
Proceedings, PPIRA, American Petroleum Institute, Vol. 30 M [III}, 1950. This
method was revised in 1960 by Research Division | of Committee D02 to conform
10 the revised Test Method D 613,

" For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website,

D 86 Test Method for Distillation of Petroleum Products at
Atmospheric Pressure

D 287 Test Method for API Gravity of Crude Petroleum and
Petroleum Products (Hydrometer Method)

D 613 Test Method for Cetane Number of Diesel Fuel Oil

D 1298 Test Method for Density, Relative Density (Specific
Gravity), or API Gravity of Crude Petroleum and Liquid
Petroleum Products by Hydrometer Method

D 2887 Test Method for Boiling Range Distribution of
Petroleum Fractions by Gas Chromatography

D 4052 Test Method for Density and Relative Density of
Liquids by Digital Density Meter

D 4737 Test Method for Calculated Cetane Index by Four
Variable Equation

2.2 ASTM Adjuncis:*
Nomograph for Calculated Cetane Index

3. Significance and Use

3.1 The Calculated Cetane Index is one tool available for
estimating ASTM cetane number where a test engine is not
available for determining this property. It may be employed for
approximating cetane number where the quantity of sample is
too small for an engine rating. In cases where the cetane
number of a fuel has been initially established, the index is
useful as a cetane number check on subsequent samples of that
fuel, provided its source and mode of manufacture remain
unchanged.

3.2 Test Method D 4737 may also be used to approximate
the ASTM cetane number of diesel fuels.

3.2.1 Procedure A of Test Method D 4737 was developed as
aresult of a larger degree of offset between Test Method D 976
Cetane Index and the results of Test Method D 613 over the
entire range of the correlation. Generally, it has been found that
use of Test Method D 4737 results in less offset than use of Test
Method D 976, but there can be specific cases where this is not
true.

* Available from ASTM International Headquarters. Order Adjunct No.
ADID0976, Original adjunct produced in 1989,

“A Summary of Changes section appears at the end of this standard.
Copyright @ ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohacken, PA 19428-2959, United States,

fight ASTM International

Provided by IHS under license with ASTM
No reproduction or networking permitted without license from IHS

Lcansee=Intertak Testing Sarvicas CB /5954714001
Not for Resale, 07/23:2007 11:10:24 MOT
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3.2.2 Procedure A of Test Method D 4737 is recommended
to estimate the cetane number of diesel fuels with sulfur
contents above 500 ppm or No. 1-D diesel fuels.

3.2.3 Procedure B of Test Method D 4737 is recommended
to estimate the cetane number of No. 2-D diesel fuels with
sulfur contents at or below 500 ppm.

3.3 Calculated Cetane Index, as described in Test Method
D 976-80, is recognized by the United States EPA as an
alternative method to meet the U.S. Federal Diesel aromatics
limit for diesel fuels containing less than 500 ppm sulfur. The
equation for Calculated Cetane Index in Test Method D 976-80
and in this version (D 976-06) of the test method are the same.

4. Equation for Calculated Cetane Index

4.1 The Calculated Cetane Index is determined from the
following equation:

Calculated cetane index = —420.34 + 0.016 G* + 0.192 G log M
+65.01 (log M) = 0.0001809 M* (1

or

Calculated cetane index = 454.74 — 1641.416 D + 774.74 D*
~0.554 B + 97.803 (log B)’ (2)
where:

G = API gravity, determined by Test Method D 287,

© D 1298, or D 4052,

M = mid-boiling temperature, °F, determined by Test
Method D 86 and corrected to standard barometric
pressure,

D = density at 15°C, g/mL, determined by Test Method
D 1298 or D 4052, and

B = mid-boiling temperature, °C, determined by Test
Method D 86 and corrected to standard barometric
pressure.

4.2 Calculated Cetane Index values for distillate fuels may
be conveniently determined by means of the alignment chart in
Fig. | rather than by direct application of the equation. Use of
the chart is illustrated by the example shown on the chart.

4.3 Test Method D 2887 may be used as an alternative to
Test Method D 86 to determine the mid-boiling temperature of
the fuel.

4.3.1 If Test Method D 2887 is used, convert the data to
estimated Test Method D 86 data following Appendix X35,

Correlation of Jet and Diesel Fuel of test Method D 2887 and
use the data from Test Method D 86 in place of the actual Test
Method D 86 data in the calculations.

Note 2—Current U.S. EPA regulations for low sulfur (500 ppm
maximum) No. 1-D and No. 2-D diesel fuel require the use of Test
Method D 976-80 to calculate Cetane Index.

5. Limitations of Equation

5.1 The Calculated Cetane Index equation possesses certain
inherent limitations which must be recognized in its applica-
tion. These are:

5.1.1 It is not applicable to fuels containing additives for
raising cetane number.

5.1.2 It is not applicable to pure hydrocarbons, synthetic
fuels, such as certain products derived from shale oils and tar
sands, alkylates, or coal-tar products.

5.1.3 Substantial inaccuracies in correlation may occur if
used for crude oils, residuals, or products having a volatility of
below 500°F end point.

6. Report

6.1 Round and report the calculated cetane index to the
nearest tenth. Any calculated cetane index value ending in
exactly *5" in the second decimal place shall be rounded to the
nearest even tenth number. For example, round “35.55" and
“35.65" to “35.6 cetane index.”

7. Precision and Bias

7.1 Correlation of index values with ASTM cetane number
is dependent to a great extent upon the accuracy of determi-
nation of both API gravity and midboiling point.

7.2 Within the range from 30 to 60 cetane number, the
expected correlation of the Calculated Cetane Index with the
ASTM cetane number will be somewhat less than £2 cetane
numbers for 75 % of the distillate fuels evaluated. Errors in
correlation may be greater for fuels whose cetane numbers are
outside this range. Correlation is best for straight-run and
catalytically cracked distillates and blends of the two, and least
satisfactory for blends containing substantial proportions of
thermally cracked stocks.

8. Keywords
8.1 cetane; cetane index; diesel fuel
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application, Index values may not be a valid substitute for ASTM cetane numbers as determined in a test engine.

FIG. 1 Nomograph for Calculated Cetane Index (ECS-1 Meter Basis—Test Method D 613)
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SUMMARY OF CHANGES

Subcommittee DO2.EO has identified the location of selected changes to this standard since the last issue
(D 976-04b*") that may impact the use of this standard.

(1) Revised 1.2. (3) Added 3.2-3.3.
(2) Revised 3.1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Commitiee on Standards, at the address shown below.

This standard is copyrighted by ASTM Interational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19426-2959,
United States. Individual reprints (single or multiple copies) of this standard may be oblained by contacting ASTM at the above
address or at 610-832-9585 (phona), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

Copyright ASTM Intenational A
Provided by IHS under license wih ASTM LicansegsInlerak Testing Sarvicas CB /5964714001
No reproduction or networking permitted without icense from IHS Not for Resale, 07:23:2007 11:10:24 MOT



Designation: D 976 - 06
wyil’

INTERNATIONAL

Standard Test Method for

An American National Standard

Calculated Cetane Index of Distillate Fuels'

This standard is issued under the fixed designation D 976; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This test method covers the Calculated Cetane Index
formula, which represents a means for directly estimating the
ASTM cetane number of distillate fuels from API gravity and
mid-boiling point. The index value, as computed from the
formula, is termed the Calculated Cetane Index.”

1.2 The Calculated Cetane Index is not an optional method
for expressing ASTM cetane number. It is a supplementary tool
to estimate cetane number when used with due regard for its
limitations.

1.3 The Calculated Cetane Index formula is particularly
applicable to straight-run fuels, catalytically cracked stocks,
and blends of the two.

Nore |—This test method is temporarily retained because the proposal
to the U.S. EPA to control diesel fuel aromatics concentrations via a 40
Calculated Cetane Index minimum is based on the correlation between
Test Method D 976 and aromatics concentration. Test Method D 4737 is
the preferred method as estimator of cetane number.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards: *

""This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
DO2.ED.02 on Diesel Fuel Oils.

Current edition approved Dec. 1, 2006, Published January 2007, Originally
approved in 1966. Last previous edition approved in 2004 as D 976-04b"',

* A method of calculating cetane index was developed by the Diesel Fuels
Division, Coordinating Fuel and Equif Research C of the Coordinat-
ing Research Council. See Young, H. D)., “Methods for Estimating Cetane Number,”
Proceedings, PPIRA, American Petroleum Institute, Nol. 30 M (I}, 1950. This
method was revised in 1960 by Research Division | of Committee D02 to conform
to the revised Test Method D 613,

" For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website,

D 86 Test Method for Distillation of Petroleum Products at
Atmospheric Pressure

D 287 Test Method for API Gravity of Crude Petroleum and
Petroleum Products (Hydrometer Method)

D613 Test Method for Cetane Number of Diesel Fuel Oil

D 1298 Test Method for Density, Relative Density (Specific
Gravity), or API Gravity of Crude Petroleum and Liquid
Petroleum Products by Hydrometer Method

D 2887 Test Method for Boiling Range Distribution of
Petroleum Fractions by Gas Chromatography

D 4052 Test Method for Density and Relative Density of
Liquids by Digital Density Meter

D 4737 Test Method for Calculated Cetane Index by Four
Variable Equation

2.2 ASTM Adjuncts:*
Nomograph for Calculated Cetane Index

3. Significance and Use

3.1 The Calculated Cetane Index is one tool available for
estimating ASTM cetane number where a test engine is not
available for determining this property. It may be employed for
approximating cetane number where the quantity of sample is
too small for an engine rating. In cases where the cetane
number of a fuel has been initially established, the index is
useful as a cetane number check on subsequent samples of that
fuel, provided its source and mode of manufacture remain
unchanged.

3.2 Test Method D 4737 may also be used to approximate
the ASTM cetane number of diesel fuels.

3.2.1 Procedure A of Test Method D 4737 was developed as
aresult of a larger degree of offset between Test Method D 976
Cetane Index and the results of Test Method D 613 over the
entire range of the correlation. Generally, it has been found that
use of Test Method D 4737 results in less offset than use of Test
Method D 976, but there can be specific cases where this is not
true.

* Available from ASTM International Headquarters. Order Adjunct No.
ADID0976, Original adjunct produced in 1989,

“A Summary of Changes section appears at the end of this standard.
Copyright & ASTM International, 100 Barr Harbor Drive, PO Box C700; West Constiohocken, PA 19428-2959, Unted States,
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4§y 0976 - 06

3.2.2 Procedure A of Test Method D 4737 is recommended
1o estimate the cetane number of diesel fuels with sulfur
contents above 500 ppm or No. 1-D diesel fuels.

3.2.3 Procedure B of Test Method D 4737 is recommended
to estimate the cetane number of No. 2-D diesel fuels with
sulfur contents at or below 500 ppm.

3.3 Calculated Cetane Index. as described in Test Method
D 976-80, is recognized by the United States EPA as an
alternative method to meet the U.S. Federal Diesel aromatics
limit for diesel fuels containing less than 500 ppm sulfur. The
equation for Calculated Cetane Index in Test Method D 976-80
and in this version (D 976-06) of the test method are the same.

4. Equation for Calculated Cetane Index

4.1 The Calculated Cetane Index is determined from the
following equation:

Calculated cetane index = ~420.34 + 0.016 G* + 0.192 G log M
+65.01 (log M) = 0.0001809 M* (1

or

Calculated cetane index = 454.74 — 1641416 D + 774.74 D*
~0.554 B + 97.803 (log B) 2

where:
G = APl gravity, determined by Test Method D 287,
© D 1298, or D 4052,

M = mid-boiling temperature, °F, determined by Test
Method D 86 and corrected to standard barometric
pressure,

D = density at 15°C, g/mL, determined by Test Method
D 1298 or D 4052, and

B = mid-boiling temperature, °C, determined by Test
Method D 86 and corrected to standard barometric
pressure.

4.2 Calculated Cetane Index values for distillate fuels may
be conveniently determined by means of the alignment chart in
Fig. | rather than by direct application of the equation. Use of
the chart is illustrated by the example shown on the chart.

4.3 Test Method D 2887 may be used as an alternative to
Test Method D 86 to determine the mid-boiling temperature of
the fuel.

4.3.1 If Test Method D 2887 is used, convert the data to
estimated Test Method D 86 data following Appendix X5,

Correlation of Jet and Diesel Fuel of test Method D 2887 and
use the data from Test Method D 86 in place of the actual Test
Method D 86 data in the calculations.

Note 2—Current U.S. EPA regulations for low sulfur (500 ppm
maximum) No. 1-D and No. 2-D diesel fuel require the use of Test
Method D 976-80 to calculate Cetane Index.

5. Limitations of Equation

5.1 The Calculated Cetane Index equation possesses certain
inherent limitations which must be recognized in its applica-
tion. These are:

5.1.1 It is not applicable to fuels containing additives for
raising cetane number.

5.1.2 It is not applicable to pure hydrocarbons, synthetic
fuels, such as certain products derived from shale oils and tar
sands, alkylates, or coal-tar products.

5.1.3 Substantial inaccuracies in correlation may occur if
used for crude oils, residuals, or products having a volatility of
below 500°F end point.

6. Report

6.1 Round and report the calculated cetane index to the
nearest tenth. Any calculated cetane index value ending in
exactly “5" in the second decimal place shall be rounded to the
nearest even tenth number. For example, round *35.55" and
“35.65” to “35.6 cetane index.”

7. Precision and Bias

7.1 Correlation of index values with ASTM cetane number
is dependent to a great extent upon the accuracy of determi-
nation of both API gravity and midboiling point.

7.2 Within the range from 30 to 60 cetane number, the
expected correlation of the Calculated Cetane Index with the
ASTM cetane number will be somewhat less than £2 cetane
numbers for 75 % of the distillate fuels evaluated. Errors in
correlation may be greater for fuels whose cetane numbers are
outside this range. Correlation is best for straight-run and
catalytically cracked distillates and blends of the two, and least
satisfactory for blends containing substantial proportions of
thermally cracked stocks.

8. Keywords
8.1 cetane; cetane index; diesel fuel
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” ATED CETANE INDEX
Based on Equation: 2
Calculated CI ==420.34 + 0.016 G° + 0.192 G log M
0.7 + 65.01 (log M)2 - 0.0001809 M:
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Nore—The Calculated Cetane Index equation represents a useful tool for estimating cetane number. Due to inherent limitations in the equation’s
application, Index values may not be a valid substitute for ASTM cetane numbers as determined in a test engine.
FIG. 1 Nomograph for Calculated Cetane Index (ECS-1 Meter Basis—Test Method D 613)
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SUMMARY OF CHANGES

Subcommittee DO2.E0 has identified the location of selected changes to this standard since the last issue
(D 976-04b"') that may impact the use of this standard.

(1) Revised 1.2. (3) Added 3.2-3.3.
(2) Revised 3.1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical commitiee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Commitiee on Standards, at the address shown below.

This standard is copyrighted by ASTM Interational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be oblained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website

(www.astm.org).
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Apéndice 9 Método estandar para la destilacion de productos de petréleo y
aceites liquidos a presion atmosférica

This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

Designation: D86 - 18
ull

INTERNATIONAL

Standard Test Method for

Distillation of Petroleum Products and Liquid Fuels at

Atmospheric Pressure’

This standard i
adoption or, in the case ol re

1ed under the fixed designation D86; the number immediately lollowing the designation indicates the year ol original
ision, the ycar ol last revision. A number in parentheses indicates the year ol last reapproval. A superseript

epsilon (&) indicates an cditorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope*

1.1 This test method covers the atmospheric distillation of
petroleum products and liquid fuels using a laboratory batch
distillation unit to determine quantitatively the boiling range
characteristics of such products as light and middle distillates,
automotive spark-ignition engine fuels with or without oxy-
genates (see Note 1), aviation gasolines, aviation turbine fuels,
diesel fuels, biodiesel blends up to 20 %, marine fuels, special
petroleum spirits, naphthas, white spirits, kerosines, and
Grades 1 and 2 burner fuels.

Note 1—An interlaboratory study was conducted in 2008 involving 11
different laboratories submitting 15 data sets and 15 different samples of
ethanol-luel blends containing 25 % volume, 50 % volume, and 75 %
volume ethanol. The results indicate that the repeatability limits of these
samples are comparable or within the published repeatability of the
method (with the exception of FBP of 75 % cthanol-fuel blends). On this
basis, it can bec concluded that Test Mcthod D86 is applicable to
cthanol-fucl blends such as Ed75 and Ed835 (Spccification D5798) or other
cthanol-fuel blends with greater than 10 % volume ethanol. See ASTM
RR:D02-1694 for supporting data.”

1.2 The test method is designed for the analysis of distillate
fuels; it is not applicable to products containing appreciable
quantities of residual material.

1.3 This test method covers both manual and automated
instruments.

1.4 Unless otherwise noted, the values stated in SI units are
to be regarded as the standard. The values given in parentheses
arc provided for information only.

1.5 WARNING—Mercury has been designated by many
regulatory agencies as a hazardous substance that can cause

"This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products. Liquid Fuels, and Lubricants and is the dircet responsibility ol
Subcommittee D02.08 on Volatility.

In the IP, the cquivalent test method is published under the designation 1P 123,
It is under the jurisdiction of the Standardization Committee.

Current edition approved Dec. 1, 2018, Published December 2018, Originally
approved in 1921, Last previous cdition approved in 2017 as D86 - 17. DOI:
10.1520/D0086-18.

2 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D02-1694. Contact ASTM Customer
Service at service@astm.org.

serious medical issues. Mercury, or its vapor, has been dem-
onstrated to be hazardous to health and corrosive to materials.
Use Caution when handling mercury and mercury-containing
products. See the applicable product Safety Data Sheet (SDS)
for additional information. The potential exists that selling
mercury or mercury-containing products, or both, is prohibited
by local or national law. Users must determine legality of sales
in their location.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.7 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents
2.1 All standards are subject to revision, and parties to
agreement on this test method are to apply the most recent
edition of the standards indicated below, unless otherwise
specified, such as in contractual agreements or regulatory rules
where earlier versions of the method(s) identified may be
required.
2.2 ASTM Standards:’
D97 Test Method for Pour Point of Petroleum Products
D323 Test Method for Vapor Pressure of Petroleum Products
(Reid Method)
D4057 Practice for Manual Sampling of Petroleum and
Petroleum Products
D4175 Terminology Relating to Petroleum Products, Liquid
Fuels, and Lubricants

# For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

*A Summary of Changes section appears at the end of this standard

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States
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D4177 Practice for Automatic Sampling of Petroleum and
Petroleum Products

D4953 Test Method for Vapor Pressure of Gasoline and
Gasoline-Oxygenate Blends (Dry Method)

D5190 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Automatic Method) (Withdrawn 2012)*

D5191 Test Method for Vapor Pressure of Petroleum Prod-
ucts (Mini Method)

D5798 Specification for Ethanol Fuel Blends for Flexible-
Fuel Automotive Spark-Ignition Engines

D5842 Practice for Sampling and Handling of Fucls for
Volatility Measurement

D5949 Test Method for Pour Point of Petroleum Products
(Automatic Pressure Pulsing Method)

D5950 Test Method for Pour Point of Petroleum Products
(Automatic Tilt Method)

D5985 Test Method for Pour Point of Petroleum Products
(Rotational Method)

D6300 Practice for Determination of Precision and Bias
Data for Use in Test Methods for Petroleum Products and
Lubricants

D6708 Practice for Statistical Assessment and Improvement
of Expected Agreement Between Two Test Methods that
Purport to Measure the Same Property of a Material

E1 Specification for ASTM Liquid-in-Glass Thermometers

E77 Test Method for Inspection and Verification of Ther-
mometers

E1272 Specilication for Laboratory Glass Graduated Cylin-
ders

E1405 Specification for Laboratory Glass Distillation Flasks

2.3 Energy Institute Standards:®

IP 69 Determination of Vapour Pressure—Reid Method

IP 123 Petroleum Products—Determination of Distillation
Characteristics

IP 394 Determination of Air Saturated Vapour Pressure

IP Standard Methods for Analysis and Testing of Petroleum
and Related Products 1996—Appendix A

3. Terminology

3.1 Definitions:

3.1.1 decomposition, n—of a hydrocarbon, the pyrolysis or
cracking of a molecule yielding smaller molecules with lower
boiling points than the original molecule.

3.1.2 decomposition point, n—in distillation, the corrected
temperature reading that coincides with the first indications of
thermal decomposition of the specimen.

3.1.3 dry point, n—in distillation, the corrected temperature
reading at the instant the last drop of liquid evaporates from the
lowest point in the flask.

3.1.4 dynamic holdup, n—in D86 distillation, the amount of
material present in the neck of the flask, in the sidearm of the
flask, and in the condenser tube during the distillation.

“The last approved version of this historical standard is referenced on
WWw.astn.org.

5 Available from Energy Institute, 61 New Cavendish St., London, WIG 7AR,
U.K., http://www.energyinst.org.uk.

Copyright by ASTM Int'l (all rights reserved); Tue Jun 4 12:54:40 EDT 2019 9
Downloaded/printed by

3.1.5 emergent stem effect, n—the offset in temperature
reading caused by the use of total immersion mercury-in-glass
thermometers in the partial immersion mode.

3.1.5.1 Discussion—In the partial immersion mode, a por-
tion of the mercury thread, that is, the emergent portion, is at
a lower temperature than the immersed portion, resulting in a
shrinkage of the mercury thread and a lower temperature
reading.

3.1.6 end point (EP) or final boiling point (FBP), n—the
maximum corrected thermometer reading obtained during the
test.

3.1.6.1 Discussion—This usually occurs after the evapora-
tion of all liquid from the bottom of the flask. The term
maximum temperature is a frequently used synonym.

3.1.7 front end loss, n—loss duc to cvaporation during
transfer from receiving cylinder to distillation flask, vapor loss
during the distillation, and uncondensed vapor in the flask at
the end of the distillation.

3.1.8 fuel ethanol (Ed75-EdS85), n—blend of ethanol and
hydrocarbon of which the ethanol portion is nominally 75 % to
85 % by volume denatured fuel ethanol. D4175

3.1.9 initial boiling point (IBP), n—in D86 distillation, the
corrected temperature reading at the instant the first drop of
condensate falls from the lower end of the condenser tube.

3.1.10 percent evaporated, n—in distillation, the sum of the
percent recovered and the percent loss.

3.1.10.1 percent loss, n— in distillation, one hundred minus
the percent total recovery.

3.1.10.2 corrected loss, n—percent loss corrected for baro-
metric pressure.

3.1.11 percent recovered, n—in distillation, the volume of
condensate collected relative to the sample charge.

3.1.11.1 percent recovery, n—in distillation, maximum per-
cent recovered relative to the sample charge.

3.1.11.2 corrected percent recovery, n—in distillation, the
percent recovery, adjusted for the corrected percent loss.

3.1.11.3 percent total recovery, n—in distillation, the com-
bined percent recovery and percent residue.

3.1.12 percent residue, n—in distillation, the volume of
residue relative to the sample charge.

3.1.13 rate of change (or slope), n—the change in tempera-
ture reading per percent evaporated or recovered, as described
in 13.2.

3.1.14 sample charge, n—the amount of sample used in a
test.

3.1.15 temperature lag, n—the offset between the tempera-
ture reading obtained by a temperature sensing device and the
true temperature at that time.

3.1.16 temperature measurement device, n—a thermometer,
as described in 6.3.1, or a temperature sensor, as described in
6:3.2.

3.1.16.1 temperature reading, n—the temperature obtained
by a temperature measuring device or system that is equal to
the thermometer reading described in 3.1.16.3.

Rodrigo Lascano (Intertek Tesling Services NA) pursuant Lo License Agreement. No [urther reproductions authorized.
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3.1.16.2 corrected temperature reading, n—the temperature
reading, as described in 3.1.16.1, corrected for barometric
pressure.

3.1.16.3 thermometer reading (or thermometer result),
n—the temperature of the saturated vapor measured in the neck
of the flask below the vapor tube, as determined by the
prescribed thermometer under the conditions of the test.

3.1.16.4 corrected thermometer reading, n—the thermom-
eter reading, as described in 3.1.16.3, corrected for barometric
pressure.

4. Summary of Test Method

4.1 Based on its composition, vapor pressure, expected IBP
or expected EP, or combination thereof, the sample is placed in
one of four groups. Apparatus arrangement, condenser
temperature, and other operational variables are defined by the
group in which the sample falls.

4.2 A 100 mL specimen of the sample is distilled under
prescribed conditions for the group in which the sample falls.
The distillation is performed in a laboratory batch distillation
unit at ambient pressure under conditions that are designed to
provide approximately one theoretical plate fractionation. Sys-
tematic observations of temperature readings and volumes of
condensate are made, depending on the needs of the user of the
data. The volume of the residue and the losses are also
recorded.

4.3 At the conclusion of the distillation, the observed vapor
temperatures can be corrected for barometric pressure and the
data are examined for conformance to procedural
requirements, such as distillation rates. The test is repeated if
any specified condition has not been met.

4.4 Test results are commonly expressed as percent evapo-
rated or percent recovered versus corresponding temperature,
either in a table or graphically, as a plot of the distillation
curve.

5. Significance and Use

5.1 The basic test method of determining the boiling range
of a petroleum product by performing a simple batch distilla-
tion has been in use as long as the petroleum industry has
existed. It is one of the oldest test methods under the jurisdic-
tion of ASTM Committee D02, dating from the time when it
was still referred to as the Engler distillation. Since the test
method has been in use for such an extended period, a
tremendous number of historical data bases exist for estimating
end-use sensitivity on products and processes.

5.2 The distillation (volatility) characteristics of hydrocar-
bons have an important effect on their safety and performance,
especially in the case of fuels and solvents. The boiling range
gives information on the composition, the properties, and the
behavior of the fuel during storage and use. Volatility is the
major determinant of the tendency of a hydrocarbon mixture to
produce potentially explosive vapors.

5.3 The distillation characteristics arc critically important
for both automotive and aviation gasolines, affecting starting,
warm-up, and (endency (o vapor lock at high operating
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FIG. 1 Apparatus Assembly Using Gas Burner

temperature or at high altitude, or both. The presence of high
boiling point components in these and other fucls can signifi-
cantly affect the degree of formation of solid combustion
deposilts.

5.4 Volatility, as it affects rate of evaporation, is an impor-
tant factor in the application of many solvents, particularly
those used in paints.

5.5 Distillation limits are often included in petroleum prod-
uct specifications, in commercial contract agreements, process
refinery/control applications, and for compliance to regulatory
rules.

6. Apparatus

6.1 Basic Components of the Apparatus:

6.1.1 The basic components of the distillation unit arc the
distillation flask, the condenser and associated cooling bath, a
metal shicld or enclosure for the distillation flask, the heat
source, the flask support, the temperature measuring device,
and the receiving cylinder to collect the distillate.

6.1.2 Figs. 1 and 2 are examples of manual distillation units.

6.1.3 In addition to the basic components described in 6.1.1,
automated units also are equipped with a system to measure
and automatically record the temperature and the associated
recovered volume in the receiving cylinder.

6.2 A detailed description of the apparatus is given in Annex
A2,

6.3 Temperature Measuring Device:

6.3.1 Mercury-in-glass thermometers, if used, shall be filled
with an inert gas, graduated on the stem and enamel backed.
They shall conform to Specification E1 or [P Standard Methods
for Analysis and Testing of Petroleum and Related Products
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1-Condenser bath
2-Bath cover

3-Bath temperature sensor
4—-Bath overflow

5-Bath drain
6-Condenser tube
7-Shield

8-Viewing window
9a-Voltage regulator
9b-Voltmeter or ammeter
9c—Power switch
9d-Power light indicator
10-Vent

11-Distillation flask
12-Temperature sensor
13-Flask support board
14—Flask support platform
15-Ground connection
16-Electric heater
17-Knob for adjusting level
of support platform
18-Power source cord
19-Receiver cylinder
20-Receiver cooling bath
21-Receiver cover

FIG. 2 Apparatus Assembly Using Electric Heater
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FIG. 3 PTFE Centering Device for Ground Glass Joint

1996—Appendix A, or both, for thermometers ASTM 7C/IP
5C and ASTM 7F for the low range thermometers, and ASTM
8C/IP 6C and ASTM 8F for the high range thermometers.

6.3.1.1 Thermometers that have been exposed for an ex-
tended period above an observed temperature of 370 °C shall
not be reused without a verification of the ice point or checked
as prescribed in Specification E1 and Test Method E77.

Notk 2—At an observed thermometer reading of 370 °C, the tempera-
ture of the bulb is approaching a critical range in the glass and the
thermometer may lose its calibration.

6.3.2 Temperature measurement systems other than those
described in 6.3.1 are satisfactory for this test method, pro-
vided that they exhibit the same temperature lag, emergent
stem effect, and accuracy as the equivalent mercury-in-glass
thermometer.

6.3.2.1 The electronic circuitry or the algorithms, or both,
used shall include the capability to simulate the temperature lag
of a mercury-in-glass thermometer.

6.3.2.2 Alternatively, the sensor can also be placed in a
casing with the tip of the sensor covered so that the assembly,
because of its adjusted thermal mass and conductivity, has a
temperature lag time similar to that of a mercury-in-glass
thermometer.

Notz 3—In a region where the temperature is changing rapidly during
the distillation, the temperature lag of a thermometer can be as much as
<

6.3.3 In case of dispute, the referee test method shall be
carried out with the specified mercury-in-glass thermometer.

6.4 Temperature Sensor Centering Device:

6.4.1 The temperature sensor shall be mounted through a
snug-fitting device designed for mechanically centering the
sensor in the neck of the flask without vapor leakage. Examples
of acceptable centering devices are shown in Figs. 3 and 4.
(Warning—The use of a plain stopper with a hole drilled
through the center is not acceptable for the purpose described
in 6.4.1.)

Notk 4—Other centering devices are also acceptable, as long as they
position and hold the temperature sensing device in the proper position in
the neck of the distillation column, as shown in Fig. 5 and described in
10.5.

Nork 5—When running the test by the manual method, products with
a low IBP may have one or more readings obscured by the centering
device. Sec also 10.14.3.1.
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6.5 Automated equipment manufactured in 1999 and later
shall be equipped with a device to automatically shut down
power to the unit and to spray an inert gas or vapor in the
chamber where the distillation flask is mounted in the event of
fire.

Not: 6—Some causes of fires are breakage of the distillation flask,
clectrical shorts, and foaming and spilling of liquid sample through the top
opcning of the flask.

6.6 Barometer—A pressure measuring device capable of
measuring local station pressure with an accuracy of 0.1 kPa
(1 mm Hg) or better, at the same elevation relative to sea level
as the apparatus in the laboratory. (Warning—Do not take
readings from ordinary aneroid barometers, such as those used
at weather stations and airports, since these are precorrected to
give sea level readings.)
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TABLE 1 Group Characteristics

Group 1 Group 2 Group 3 Group 4
Sample
characteristics
Distillate type
Vapor pressure at
37.8 °C, kPa =65.5 <65.5 <65.5 <65.5
100 “F, psi =9.5 <9.5 <9.5 <95
(Test Methods D323, D4953, D5190, D5191,
D5842, IP 69 or IP 394)
Distillation, IBP °C =100 >100
°F =212 >212
EP °C =250 =250 >250 >250
°F =482 =482 >482 >482

7. Sampling, Storage, and Sample Conditioning

7.1 Determine the Group characteristics that correspond to
the sample Lo be tested (sce Table 1). Where the procedure is
dependent upon the group, the section headings will be so
marked.

7.2 Sampling:

7.2.1 Sampling shall be done in accordance with Practice
D4057 or D4177 and as described in Table 2.

7.2.1.1 Group I—Condition the sample container to below
10 °C, preferably by filling the container with the cold liquid
sample and discarding the first sample. If this is not possible
because, for instance, the product to be sampled is at ambient
temperature, the sample shall be drawn into a container and
then discarded, to condition the container, and then refilled in
such a manner that agitation is kept at a minimum. Close the
container immediately with a tight-fitting closure.
(Warning—Do not completely fill and tightly seal a cold
container of sample because of the likelihood of expansion and
breakage on warming.)

7.2.1.2 Groups 2, 3, and 4—Collect the sample at ambient
temperature. After sampling, close the sample container imme-
diately with a tight-fitting closure.

7.2.1.3 If the sample received by the testing laboratory has
been sampled by others and it is not known whether sampling
has been performed as described in 7.2, the sample shall be
assumed to have been so sampled.

7.3 Sample Storage:

7.3.1 If testing is not to start immediately after collection,
store the samples as indicated in 7.3.2, 7.3.3, and Table 2. All
samples shall be stored away from direct sunlight or sources of
direct heat.

7.3.2 Group 1—Store the sample at a temperature below
10 °C.

Note 7—If there are no, or inadequate, facilities for storage below
10°C, the sample may also be stored at a temperature below 20 °C,
provided the operator ensures that the sample container is tightly closed
and leak-free.

7.3.3 Group 2—Store the sample at a temperature below
10 °C.

Noti: 8—If there are no, or inadequate, facilities for storage below
10°C, the sample may also be stored at a temperature below 20 °C.
provided the operator cnsures that the sample container is tightly closed
and leak-free.
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7.3.4 Groups 3 and 4—Store the sample at ambient or lower
temperature.

7.4 Sample Conditioning Prior to Analysis:

7.4.1 Samples shall be conditioned to the temperature
shown in Table 2 before opening the sample container.

7.4.1.1 Groups 1 and 2—Samples shall be conditioned to a
temperature of less than 10 °C (50 °F) before opening the
sample container, except when the sample is to be immediately
tested and is already at the prescribed sample temperature in
Table 3.

7.4.1.2 Groups 3 and 4—If the sample is not fluid at ambient
temperature, it is to be heated to a temperature of 9 °C to 21 °C
above its pour point (Test Method D97, D5949, or D5985)
prior to analysis. If the sample has partially or completely
solidified during storage, it shall be vigorously shaken after
melting prior to opening the sample container to ensure
homogeneity.

7.4.1.3 If the sample is not fluid at room temperature, the
temperature ranges shown in Table 2 for the flask and for the
sample do not apply.

7.5 Wet Samples:

7.5.1 Samples of materials that visibly contain water are not
suitable for testing. If the sample is not dry, obtain another
sample that is free from suspended water.

7.5.2 Groups 1 and 2—If such a sample cannot be obtained,
the suspended water can be removed by maintaining the
sample at 0 °C to 10 °C, adding approximately 10 g of anhy-
drous sodium sulfate per 100 mL of sample, shaking the
mixture for approximately 2 min, and then allowing the mix-
ture to settle for approximately 15 min. Once the sample shows
no visible signs of water, use a decanted portion of the sample,
maintained between 1 °C and 10 °C, for the analysis. Note in
the report that the sample has been dried by the addition of a
desiccant.

Note 9—Suspended water in hazy samples in Groups 1 and 2 can be
removed by the addition of anhydrous sodium sulfate and separating the
liquid sample from the drying agent by decanting without statistically
affecting the results of the test.®

7.5.3 Groups 3 and 4—In cases in which a water-free
sample is not practical, the suspended water can be removed by
shaking the sample with anhydrous sodium sulfate or other
suitable drying agent and separating it from the drying agent by
decanting. Note in the report that the sample has been dried by
the addition of a desiccant.

8. Preparation of Apparatus

8.1 Refer to Table 3 and prepare the apparatus by choosing
the appropriate distillation [lask, temperature measuring
device, and flask support board, as directed for the indicated
group. Bring the temperature of the receiving cylinder, the
flask, and the condenser bath to the indicated temperature.

8.2 Make any necessary provisions so that the temperature
of the condenser bath and the receiving cylinder will be

© Supporting data have been filed at ASTM International 1leadquarters and may
be obtained by requesting Research Report RR:D02-1455.
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TABLE 2 Sampling, S ge, and Sample Conditioning
Group 1 Group 2 Group 3 Group 4
Temperature of sample container °C <10*
R <50*
Temperature of stored sample °C <108 <10 ambient ambient
°F <508 <50 ambient ambient
Temperature of sample after *C <10¢ <10¢ Ambient or Ambient or
conditioning prior to analysis 9°C to 21 °C above pour point”
°F <50 <50 Ambient or Ambient or
48 °F to 70 °F above pour point®
If sample is wet resample resample dry in accordance with 7.5.3

If resample is still wet®

dry in accordance with 7.5.2

A If sample is warmer than 10 °C, see 7.2.1.1.

& Under certain circumstances, samples can also be stored at temperatures below 20 °C (68 °F). See also 7.3.2 and 7.3.3.
€ |f sample is to be immediately tested and is already at the temperature prescribed in Table 3, see 7.4.1.1.

2 f sample is (semi)-solid at ambient temperature, see also 10.3.1.1.

£ If sample is known to be wet, resampling may be omitted. Dry sample in accordance with 7.5.2 and 7.5.3.

TABLE 3 Preparation of Apparatus and Specimen

Group 1 Group 2 Group 3 Group 4
Flask, mL 125 125 125 125
ASTM distillation thermometer 7C (7F) 7C (7F) 7C (7F) 8C (8F)
IP distillation thermometer range low low low high
Flask support board B B [} C
diameter of hole, mm 38 38 50 50
Temperature at start of test
Flask °C 13-18 13-18 13-18 not above
°F 55-65 55-65 55-65 ambient
Flask support and shield not above not above not above
ambient ambient ambient
Receiving cylinder and sample
°C 13-18 13-18 13-184 13-ambient?
o 55-65 55—65 55-654 55-ambient?

4 See 10.3.1.1 for exceptions.

maintained at the required temperatures. The receiving cylin-
der shall be in a bath such that either the liquid level is at least
as high as the 100 mL mark or the entire receiving cylinder is
surrounded by an air circulation chamber.

8.2.1 Groups 1, 2, and 3—Suitable media for low tempera-
ture baths include, but are not limited to, chopped ice and
water, refrigerated brine, and refrigerated ethylene glycol.

8.2.2 Group 4—Suitable media for ambient and higher bath
temperatures include, but are not limited to, cold water, hot
water, and heated ethylene glycol.

8.3 Remove any residual liquid in the condenser tube by
swabbing with a piece of soft, lint-free cloth attached to a cord
or wire.

9. Calibration and Standardization

9.1 Temperature Measurement System—Temperature mea-
surement systems using other than the specified mercury-in-
glass thermometers shall exhibit the same temperature lag,
emergent stem ellect, and accuracy as the equivalent mercury-
in-glass thermometer. Confirmation of the calibration of these
temperature measuring systems shall be made at intervals of
not more than six months, and after the system has been
replaced or repaired.

9.1.1 The accuracy and the calibration of the electronic
circuitry or computer algorithms, or both, shall be verified by
the use of a standard precision resistance bench. When per-
forming this verification, no algorithms shall be used to correct
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the temperature for lag and the emergent stem effect (see
manufacturer’s instructions).

9.1.2 Verification of the calibration of temperature measur-
ing devices shall be conducted by distilling toluene in accor-
dance with Group 1 of this test method and comparing the
50 % recovered temperature with that shown in Table 4.”

9.1.2.1 If the temperature reading is not within the values
shown in Table 4 for the respective apparatus being used (see
Note 11 and Table 4), the temperature measurement system
shall be considered defective and shall not be used for the test.

Notr 10—Toluene is used as a verification fluid for calibration; it will
yicld almost no information on how well an clectronic measurcment
system simulates the temperature lag of a liquid-in-glass thermometer.

9.1.2.2 Reagent grade toluene and hexadecane (cetane),
conforming (o the specifications of the Commitice on Analyti-
cal Reagents of the American Chemical Society,” shall be used.
However, other grades may also be used, provided it is first
ascertained that the reagent is of sufficient purity to permit its
use without lessening the accuracy ol the determination.

* Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D02-1580.

S Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For Suggestions on the testing of reagents not
listed by the American Chemical Socicty, sce Annual Standards for Laboratory
Chemicals, BDII Ltd.. Poole, Dorset, UK., and the United States Pharmacopeia
and National Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
MD.
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TABLE 4 True and Min and Max D86 50 % Recovered Boiling Points (°C)"

Manual Automated
Distillation con- Distillation Distillation condi- Distillation con-
ditions min D86 conditions tions min D86 ditions max
50 % boiling max D86 50 % boiling D86 50 % boil-
point 50 % boiling point ing point
point
ASTM/IP true boil- Group 1, 2, and Group 1, 2, Group 1, 2, and Group 1, 2,
Toluene ing point 3 and 3 3 and 3
110.6 105.9 111.8 108.5 109.7
ASTM/IP true boil- Group 4 Group 4 Group 4 Group 4
Hexadecane ing point
287.0 272.2 283.1 277.0 280.0

A The manual and automated temperatures show in this table are the values for the 95 % tolerance interval for the 99 % population coverage. The proposed tolerance
is approximately 3x sigma. Information on the values in this table can be found in RR:D02-1580.

Nori: 11—At 101.3 kPa, toluene is shown in reference manuals as
boiling at 110.6 °C when measured using a partial immersion thermom-
cter. Because this test method uses thermometers calibrated for total
immersion, the results typically will be lower and, depending on the
thermometer and the situation, may be different for cach thermometer. At
101.3 kPa, hexadecane is shown in reference manuals as boiling at
287.0 °C when measured using a partial immersion thermometer. Because
this test method uses thermometers calibrated for total immersion, the
results typically will be lower, and, depending on the thermometer and the
situation, may be difTerent for each thermometer.

9.1.3 A procedure to determine the magnitude of the tem-
perature lag is described in Annex A3.

9.1.4 A procedure to emulate the emergent stem effect is
described in Appendix X4.

9.1.5 To verity the calibration of the temperature measure-
ment system at elevated temperatures, use hexadecane. The
temperature measurement system  shall indicate, at 50 %
recovered, a temperature comparable to that shown in Table 4
for the respective apparatus under Group 4 distillation condi-
tions.

Note 12—Because of the high melting point of hexadecane, Group 4
verification distillations will have to be carried out with condenser
temperatures >20 °C.

9.2 Automated Method:

9.2.1 Level Follower—For an automated distillation
apparatus, the level follower/recording mechanism of the
apparatus shall have a resolution of 0.1 % volume or better
with a maximum error of 0.3 % volume between the 5 % and
100 % volume points. The calibration of the assembly shall be
verified in accordance with manufacturer’s instructions at
intervals of not more than three months and after the system
has been replaced or repaired.

Note 13—The typical calibration procedure involves verifying the
output with the receiver containing 5 % and 100 % volume of material
respectively.

9.2.2 Barometric Pressure—Al intervals of not more than
six months, and after the system has been replaced or repaired,
the barometric reading of the instrument shall be verilied
against a barometer, as described in 6.6.

10. Procedure

10.1 Record the prevailing barometric pressure.

10.2 Groups 1 and 2—Ensure that the sample is conditioned
in accordance with Table 2. Fit a low range thermometer
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provided with a snug-fitting cork or stopper of silicone rubber,
or equivalent polymeric material, tightly into the neck of the
sample container and bring the temperature of the sample to the
temperature indicated in Table 3.

10.3 Groups 1, 2, 3, and 4—Check that the temperature of
the sample is as shown in Table 3. Pour the specimen precisely
to the 100 mL mark of the receiving cylinder, and transfer the
contents of the receiving cylinder as completely as practical
into the distillation flask, ensuring that none of the liquid flows
into the vapor tube.

Note 14—It is important that the difference between the temperature of
the specimen and the temperature of the bath around the receiving cylinder
is as small as practically possible. A difference of 5°C can make a
difference of 0.7 mL.

10.3.1 Groups 3 and 4—If the sample is not fluid at ambient
temperature, it is to be heated to a temperature between 9 °C
and 21 °C above its pour point (Test Methods D97, D5949,
D5950, or D5985) prior to analysis. If the sample has partially
or completely solidified in the intervening period, it shall be
vigorously shaken after melting, and prior to sampling, to
ensure homogeneity.

10.3.1.1 If the sample is not fluid at ambient temperatures,
disrcgard the temperature range shown in Table 3 for the
receiving cylinder and sample. Prior to analysis, heat the
reeeiving cylinder to approximately the same temperature as
the sample. Pour the heated specimen precisely to the 100 mL
mark of the receiving cylinder, and transfer the contents of the
receiving cylinder as completely as practical into the distilla-
tion flask, ensuring that none of the liquid flows into the vapor
tube.

Note 15—Any material that evaporates during the transfer will
contribute to the loss; any material that remains in the receiving cylinder
will contribute to the observed recovery volume at the time of the IBP.

10.4 If the sample can be expected to demonstrate irregular
boiling behavior, that is, bumping, add a few boiling chips to
the specimen. The addition of a few boiling chips is acceptable
for any distillation.

10.5 Fit the temperature sensor through a snug-fitling
device, as described in 6.4, to mechanically center the sensor in
the neck of the flask. In the case of a thermometer, the bulb is
centered in the neck and the lower end of the capillary is level
with the highest point on the bottom of the inner wall of the

Rodrigo Lascano (Intertek Tesling Services NA) pursuant Lo License Agreement. No [urther reproductions authorized.

118



%

[ 4r200:. 7070

-

A R e e ey

A: Align top of Pt-100
coil inside the flask
neck to lower
portion of the inner
side of flask arm.

Cl

FIG.6 E ple of One Manuf:

irer’s R

1ded PI

of Pt-100 Probe Relative to Distillation Flask Sidearm for Auto-
mated D86 Distillation Instrument

vapor ube (sce Fig. 5). In the case of a thermocouple or
resistance thermometer, follow the manufacturer’s instructions
as (o placement (sce Fig. 6).

Note 16—If vacuum grease is used on the mating surface of the
centering device, use the minimum amount of grease that is practical.

10.6 Fit the flask vapor tube, provided with a snug-fitting
cork or rubber stopper of silicone, or equivalent polymeric
material, tightly into the condenser tube. Adjust the flask in a
vertical position so that the vapor tube extends into the
condenser tube for a distance from 25 mm to SO mm. Raise and
adjust the flask support board to fit it snugly against the bottom
of the flask.

10.7 Place the receiving cylinder that was used to measure
the specimen, without drying the inside of the cylinder, into its
temperature-controlled bath under the lower end of the con-
denser tube. The end of the condenser tube shall be centered in
the receiving cylinder and shall extend therein for a distance of
at least 25 mm, but not below the 100 mL mark.

10.8 Initial Boiling Point:

10.8.1 Manual Method—To reduce evaporation loss of the
distillate, cover the receiving cylinder with a piece of blotting
paper, or similar material, that has been cut to fit the condenser
tube snugly. If a receiver deflector is being used, start the
distillation with the tip of the deflector just touching the wall of
the receiving cylinder. If a receiver deflector is not used, keep
the drip tip of the condenser away from the wall of the
receiving cylinder. Note the start time. Observe and record the
IBP to the nearest 0.5 °C (1.0 °F). If a receiver deflector is not
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being used, immediately move the receiving cylinder so that
the tip of the condenser touches its inner wall.

10.8.2 Automated Method—To reduce evaporation loss of
the distillate, use the device provided by the instrument
manufacturer for this purpose. Apply heat to the distillation
flask and contents with the tip of the receiver deflector just
touching the wall of the receiving cylinder. Note the start time.
Record the IBP to the nearest 0.1 °C (0.2 °F).

10.9 Regulate the heating so that the time interval between
the first application of heat and the IBP is as specified in Table
S

10.10 Regulate the heating so that the time from IBP o 5 %
recovered is as indicated in Table 5.

10.11 Continue to regulate the heating so that the uniform
average rate of condensation from 5 % recovered to 5 mL
residue in the flask is 4 mL to 5 mL per minute. (Warning—
Due to the configuration of the boiling flask and the conditions
of the test, the vapor and ligquid around the temperature sensor
are not in thermodynamic equilibrium. The distillation rate will
consequently have an effect on the measured vapor tempera-
ture. The distillation rate shall, therefore, be kept as constant as
possible throughout the test.)

10.11.1 In the context of this test method, “uniform average
rate of condensation” has the following intention. Heating of
the boiling flask shall be regulated to maintain as best as
possible a uniform flow of condensation, which will then
provide the most desired precision for the test. However, some
distillation tests can have one or more short-term rates of

Rodrigo Lascano (Intertek Tesling Services NA) pursuant Lo License Agreement. No [urther reproductions authorized.

119



Ai¥ s - 18

TABLE 5 Conditions During Test Procedure

Group 1 Group 2 Group 3 Group 4
Temperature of cooling bath* °C 01 0-5 0-5 0-60
F 32-34 3240 32-40 32-140
Temperature of bath around °C 13-18 13-18 13-18 +3
receiving cylinder F 55-65 55-65 55-65 %5
of charge
temperature
Time from first application of heat to
initial boiling point, min 5-10 5-10 5-10 5-15
Time from initial boiling point
to 5 % recovered, s 60-100 60-100
Uniform average rate of condensation
from 5 % recovered to 5 mL
in flask, mL/min 4-5 4-5 4-5 4-5
Time recorded from 5 mL residue to
end point, min 5 max 5 max 5 max 5 max

A The proper condenser bath temperature will depend upon the wax content of the sample and of its distillation fractions. The test is generally performed using one single
condenser temperature. Wax formation in the condenser can be deduced from (a) the presence of wax particles in the distillate coming off the drip tip, () a higher distillation
loss than what would be expected based on the initial boiling point of the specimen, (c) an erratic recovery rate and (d) the presence of wax particles during the removal
of residual liquid by swabbing with a lint-free cloth (see 8.3). The minimum temperature that permits satisfactory operation shall be used. In general, a bath temperature
inthe 0 °C to 4 °C range is suitable for kerosine, Grade No. 1 fuel oil and Grade No. 1-D diesel fuel oil. In some cases involving Grade No. 2 fuel oil, Grade No. 2-D diesel
fuel oil, gas oils and similar distillates, it may be necessary to hold the condenser bath temperature in the 38 “C to 60 °C range.

condensation which deviate from the 4 mL/min to 5 mL/min
indicated in 10.11 and Table 5, this is a common occurrence for
some sample types. The periods of these short-term deviations
may last for several percent of material condensed until the
temperature slope becomes constant again, and may occur at
several periods along the entire condensation range. These
deviations will typically correct after the temperature slope
again becomes constant. These short-term deviations shall not
occur over the entire range of condensation. Typically, these
short-term deviations should not occur for more than ten
contiguous percent volume. The precision of the temperature
readings will be significantly affected during these periods.
When the overall calculated average rate of condensation
between 5 % recovered and 5 mL residue is within the pre-
scribed rate, the requirement of 10.11 and Table 5 is satisfied.
As example, those samples containing a 10 % ethanol-fuel
blend or those that exhibit a significant change of temperature
slope at points during the distillation can have a short-term rate
of condensation which deviates from the 4 mL/min to
5 mL/min indicated in 10.11 and Table 5.

Note 17—When testing gasoline samples, it is not uncommon to see
the condensate suddenly form non-miscible liquid phases and bead up on
the temperature measuring device and in the neck of the boiling flask at a
vapor temperature of around 160 °C. This may be accompanied by a sharp
(about 3 °C) dip in the vapor temperature and a drop in the recovery rate.
The phenomenon, which may be due to the presence of trace water in the
sample, may last for 10's to 30 s before the temperature recovers and the
condensate starts flowing smoothly again. This point is sometimes
colloquially referred to as the Hesitation Point.

10.12 Repeat any distillation that did not meet the require-
ments described in 10.9, 10.10, and 10.11.

10.13 If a decomposition point is observed, discontinue the
heating and proceed as directed in 10.17.

Note 18—Characteristic indications of thermal decomposition are

evolution of fumes and erratic, typically decreasing, temperature readings
that occur during the final stages of the distillation.

10.14 In the interval between the IBP and the end of the
distillation, observe and record data necessary for the calcula-
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tion and reporting of the results of the test as required by the
specification involved, or as previously established for the
sample under test. These observed data can include tempera-
ture readings at prescribed percentages recovered or percent-
ages recovered at prescribed temperature readings, or both.

10.14.1 Manual Method—Record all volumes in the gradu-
ated cylinder to the nearest 0.5 mL, and all temperature
readings to the nearest 0.5 °C (1.0 °F).

10.14.2 Automated Method—Record all volumes in the
receiving cylinder to the nearest 0.1 mL, and all temperature
readings to the nearest 0.1 °C (0.2 °F).

10.14.3 Group 1, 2, 3, and 4—In cases in which no specific
data requirements have been indicated, record the IBP and the
EP (FBP) or the dry point, or both, and temperature readings at
5%, 15 %, 85 %, and 95 % recovered, and at each 10 %
multiple of volume recovered from 10 to 90, inclusive.

10.14.3.1 Group 4—When a high range thermometer is used
in testing aviation turbine fuels and similar products, pertinent
thermometer readings can be obscured by the centering device.
If these readings are required, perform a second distillation in
accordance with Group 3. In such cases, reading from a low
range thermometer can be reported in place of the obscured
high range thermometer readings, and the test report shall so
indicate. If, by agreement, the obscured readings are waived,
the test report shall so indicate.

10.14.4 When it is required to report the temperature
reading at a prescribed percent evaporated or recovered for a
sample that has a rapidly changing slope of the distillation
curve in the region of the prescribed percent evaporated or
recovered reading, record temperature readings at every 1 %
recovered. The slope is considered rapidly changing if the
change in slope ( C) of the data points described in 10.14.2 in
that particular area is greater than 0.6 (change of slope (F ) is
greater than 1.0) as calculated by Eq | (Eq 2).

Change of Slope (€)= (1)

(€= Clj/(vz =V = (G = GV = V)
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Change of Slope (F) = (2)

(FL_F1)/(V1_Vl)_(Fz_Fz)/(Vz_ Vi)

where

C, = temperature at the volume % recorded one reading
prior to the volume % in question, °C,

C, = temperature at the volume % recorded in question, °C,

C3 = temperature at the volume % recorded following the
volume % in question, °C,

F, = temperature at the volume % recorded one reading
prior to the volume % in question, °F,

F, = temperature at the volume % recorded in question, °F,

F; = temperature at the volume % recorded following the
volume % in question, °F,

V, = volume % recorded one reading prior to the volume %
in question,

V, = volume % recorded at the volume % in question, and

V3 = volume % recorded following the volume % in ques-

tion.

10.15 When the residual liquid in the flask is approximately
5 mL, make a final adjustment of the heat. The time from the
5 mL of liquid residue in the flask to the EP (FBP) shall be
within the limits prescribed in Table 5. If this condition is not
satisfied, repeat the test with appropriate modification of the
final heat adjustment.

Notk 19—Since it is difficult to determine when there is 5 mL of
boiling liquid left in the flask, this time is determined by observing the
amount of liquid recovered in the receiving cylinder. The dynamic holdup
has been determined to be approximately 1.5 mL at this point. If there are
no front end losses, the amount of 5 mL in the flask can be assumed to
correspond with an amount of 93.5 mL in the recciving cylinder. This
amount has to be adjusted for the estimated amount of front end loss.

10.15.1 If the actual front end loss differs more than 2 mL
from the estimated value, the test shall be rerun.

10.16 Observe and record the EP (FBP) or the dry point, or
both, as required, and discontinue the heating.

Notz: 20—The end point (final boiling point), rather than the dry point.
is intended for general use. The dry point can be reported in conncction
with special purpose naphthas, such as those used in the paint industry.
Also, it is substituted for the end point (final boiling point) whenever the
sample is of such a nature that the precision of the end point (final boiling
point) cannot consistently meet the requirements given in the precision
section.

Nork 21—Groups 1 and 2, once the final heat adjustment is made, the
vapor temperature/thermometer reading will continue to increase. As the
distillation nears the end point (final boiling point) the distillation typically
achicves dry point first. After the dry point has been achieved the vapor
temperature/thermometer reading should continue to increase. The bottom
of the flask will be dry but the sides and neck of the flask and the
temperature sensor will still have vapor condensate present. The vapor
condensate may have the appearance of a white cloud of fumes. This
vapor condensate/cloud of fumes should totally engulf the temperature-
measuring sensor before the vapor temperature starts to decrease. Il these
observations do not occur, the end point may not have been reached. It
would be advisable to repeat the test adding additional heat to the final
heat adjustment. Typically the vapor temperature will continue to rise as
the dry point is rcached and the vapor cloud engulfs the temperature-
measuring sensor. When the end point is ncar, the ratc of temperaturc
increase will slow and level off. Once the endpoint is reached the vapor
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temperature will start and continue to decrease. If the vapor temperature
starts to decrease but then increases and repeats this cycle while the vapor
temperature continues to increase you have added too much heat to the
final heat adjustment. If this is the case, it would be advisable to repeat the
test lowering final heat setting.

Groups 3 and 4, many Group 3 and 4 samples will have the same
distillation characteristics in regards to dry point and endpoint as Groups
1 and 2. With samples that contain higher temperature boiling materials it
may not be possible to detect a dry point or an end point before the
dccomposition point occurs.

10.17 Allow the distillate to drain into the receiving
cylinder, after heating has been discontinued.

10.17.1 Manual Method—While the condenser tube contin-
ues to drain into the graduated cylinder, observe and note the
volume of condensate to the nearest 0.5 mL at 2 min intervals
until two successive observations agree. Measure the volume
in the receiving cylinder accurately, and record it to the nearest
0.5 mL.

10.17.2 Automated Method—The apparatus shall continu-
ally monitor the recovered volume until this volume changes
by no more than 0.1 mL in 2 min. Record the volume in the
receiving cylinder accurately to the nearest 0.1 mL.

10.18 Record the volume in the receiving cylinder as
percent recovery. If the distillation was previously discontin-
ued under the conditions of a decomposition point, deduct the
percent recovered from 100, report this difference as the sum of
percent residue and percent loss, and omit the procedure given
in 10.19.

10.19 After the flask has cooled and no more vapor is
observed, disconnect the flask from the condenser, pour its
contents into a 5 mL graduated cylinder, and with the flask
suspended over the cylinder, allow the flask to drain until no
appreciable increase in the volume of liquid in the cylinder is
observed. Measure the volume in the graduated cylinder to the
nearest 0.1 mL, and record as percent residue.

10.19.1 If the 5mL graduated cylinder does not have
graduations below 1 mL and the volume of liquid is less than
1 mL, prefill the cylinder with 1 mL of a heavy oil to allow a
better estimate of the volume of the material recovered.

10.19.1.1 If a residue greater than expected is obtained, and
the distillation was not purposely terminated before the EP,
check whether adequate heat was applied towards the end of
the distillation and whether conditions during the test con-
formed to those specified in Table 5. If not, repeat test.

Notc 22—The distillation residues of this test method for gasoline,
kerosine, and distillate dicsel are typically 0.9 % to 1.2 %, 0.9 % to 1.3 %,
and 1.0 % to 1.4 % volume, respectively.

Note 23—The test method is not designed for the analysis of distillate
fuels containing appreciable quantities of residual material (see 1.2).

10.19.2 Groups 1, 2, 3, and 4—Record the volume in the
5 mL graduated cylinder, to the nearest 0.1 mL, as percent
residue.

10.20 If the intent of the distillation is to determine the
percent evaporated or percent recovered at a predetermined
corrected temperature reading, modify the procedure to con-
form to the instructions described in Annex A4.

10.21 Examine the condenser tube and the side arm of the
flask for waxy or solid deposits. If found, repeat the test after
making adjustments described in Footnote A of Table 5.
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TABLE 6 Approximate Thermometer Reading Correction

Correction” per 1.3 kPa (10 mm Hg)
Difference in Pressure

Temperature Range

°c oF °C °F

10-30 50-86 0.35 0.63
30-50 86-122 0.38 0.68
50-70 122-158 0.40 0.72
70-90 158-194 0.42 0.76

90-110 194-230 0.45 0.81
110-130 230-266 0.47 0.85
130-150 266-302 0.50 0.89
150-170 302-338 0.52 0.94
170-190 338-374 0.54 0.98
190-210 374410 0.57 1.02
210-230 410446 0.59 1.07
230-250 446482 0.62 1.1
250-270 482-518 0.64 115
270-290 518-554 0.66 1.20
290-310 554-590 0.69 1.24
310-330 590-626 0.71 1.28
330-350 626-662 0.74 1.33
350-370 662-698 0.76 137
370-390 698-734 0.78 141
390410 734-770 0.81 1.46

A Values to be added when barometric pressure is below 101.3 kPa (760 mm Hg)
and to be subtracted when barometric pressure is above 101.3 kPa.

11. Calculations

11.1 The percent total recovery is the sum of the percent
recovery (see 10.18) and the percent residue (see 10.19).
Deduct the percent total recovery from 100 to obtain the
percent loss.

11.2 Do not correct the barometric pressure for meniscus
depression, and do not adjust the pressure to what it would be
at sea level.

Noti: 24—The observed barometric reading does not have to be
corrected to a standard temperature and to standard gravity. Even without
performing these corrections, the corrected temperature readings for the
same sample between laboratories at two different locations in the world
will, in general, differ less than 0.1 °C at 100 °C. Almost all data obtained
earlier have been reported at barometric pressures that have not been
corrected to standard temperature and to standard gravity.

11.3 Correct temperature readings to 101.3 kPa (760 mm
Hg) pressure. Obtain the correction to be applied to each
temperature reading by means of the Sydney Young equation
as given in Eq 3, Eq 4, or Eq 5, as appropriate, or by the use
of Table 6. For Celsius temperatures:

C.=0.0009(101.3 — P,) (273+1,) 3)
€, = 0.00012 (760 — P) (273+1,) (4)
For Fahrenheit temperatures:
C,=0.00012 (760 — P) (460+1,) (5)
where:
1. = the observed temperature reading in °C,

[ = the observed temperature reading in °F,
C.and C; = corrections to be added algebraically to the
observed temperature readings,

Py = barometric pressure, prevailing at the time and
location of the test, kPa, and
P = barometric pressure, prevailing at the time and

location of the test, mm Hg.
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After applying the corrections and rounding each result to
the nearest 0.5 °C (1.0 °F) or 0.1 °C (0.2 °F), as appropriate to
the apparatus being used, use the corrected temperature read-
ings in all further calculations and reporting.

Note 25—Temperature readings arc not corrected to 101.3 kPa
(760 mm Hg) when product definitions, specifications, or agreements
between the parties involved indicate, specifically, that such correction is
not required or that correction shall be made to some other base pressure.

11.4 Correct the actual loss to 101.3 kPa (760 mm Hg)
pressure when temperature readings are corrected to 101.3 kPa
pressure. The corrected loss, L, is calculated from Eq 6 or Eq
7, as appropriate, or can be read from the tables presented as
Fig. X3.1 or Fig. X3.2.

L.=05+(L - 0.5)/{1+(101.3 — P,)/8.00} (6)
L, =0.5+(L~ 0.5)/{1+(760 — P)/60.0} 7
where:
L = observed loss,
L. = corrected loss,

“
P, = pressure, kPa, and
P = pressure, mm Hg.
Nortt 26—Eq 6 and 7 above have been derived from the data in Table
A4.3 and Eqs 5 and 6 in Test Method D86 — 95 and earlier versions. It is
probable that Eq 6 and 7 shown were the original empirical equations from
which the table and equations in the Test Method D86 — 95 and earlier
versions were derived.
11.4.1 Calculate the corresponding corrected percent recov-
ery in accordance with the following equation:
R,=R+(L-1L) (8)

where:

percent loss or observed loss,
corrected loss,

percent recovery, and

= corrected percent recovery.

oS
1]

>
11.5 To obtain the percent evaporated at a prescribed
temperature reading, add the percent loss to each of the
observed percent recovered at the prescribed temperature
readings, and report these results as the respective percent
evaporated, that is:

P,=P+L (9)
where:
L = observed loss,
P, = percent evaporated, and
P. = percent recovered.

11.6 To obtain temperature readings at prescribed percent
evaporated, and if no recorded temperature data is available
within 0.1 volume % of the prescribed percent evaporated, use
either of the two following procedures, and indicate on the
report whether the arithmetical procedure or the graphical
procedure has been used.

11.6.1 Arithmetical Procedure—Deduct the observed loss
from each prescribed percent evaporated to obtain the corre-
sponding percent recovered. Calculate cach required tempera-
ture reading as follows:

T=T+(Ty= 1) (P, =P (P y—P,) (10)
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where:

P, = percent recovered corresponding to the prescribed
percent evaporated,

P,; = percent recovered adjacent to, and higher than P,,

P,, = percent recovered adjacent to, and lower than P,,

T = temperature reading at the prescribed percent
evaporated,

T, = temperature reading recorded at P, and

T, = temperature reading recorded at P,.

Values obtained by the arithmetical procedure are affected by
the extent to which the distillation graphs are nonlinear.
Intervals between successive data points can, at any stage of
the test, be no wider than the intervals indicated in 10.18. In no
case shall a calculation be made that involves extrapolation.

11.6.2 Graphical Procedure—Using graph paper with uni-
form subdivisions, plot each temperature reading corrected for
baromeltric pressure, if required (see 11.3), against its corre-
sponding percent recovered. Plot the IBP at 0 % recovered.
Draw a smooth curve connecting the points. For each pre-
scribed percent evaporated, deduct the distillation loss to
obtain the corresponding percent recovered and take from the
graph the temperature reading that this percent recovered
indicates. Values obtained by graphical interpolation proce-
dures are affected by the care with which the plot is made.

Note 27—See Appendix X1 for numerical examples illustrating the
arithmetical procedure.

11.6.3 In most automated instruments, temperature-volume
data arc collected at 0.1 volume % intervals or less and stored
in memory. To report a temperature reading at a prescribed
percent evaporated, neither of the procedures described in
11.6.1 and 11.6.2 have to be used. Obtain the desired tempera-
ture directly from the database as the temperature closest to and
within 0.1 % volume of the prescribed percent evaporated.

12. Report

12.1 Report the following information (see Appendix XS5
for examples of reports):

12.2 Report the barometric pressure to the nearest 0.1 kPa
(1 mm Hg).

12.3 Report all volumetric readings in percentages.

12.3.1 Manual Method—Report volumetric readings to the
nearest 0.5, and all temperature readings to the nearest 0.5° C
(1.0 °F).

12.3.2 Automated Method—Report volumetric readings to
the nearest 0.1, and all temperature readings to the nearest one
tenth degree.

12.4 After barometric corrections of the temperature read-
ings have been made, the following data require no further
calculation prior to reporting: IBP, dry point, EP (FBP),
decomposition point, and all pairs of corresponding values
involving percent recovered and temperature readings.

12.4.1 The report shall state if the temperature readings
have not been corrected for barometric pressure.

12.5 When the temperature readings have not been cor-
rected to 101.3 kPa (760 mm Hg) pressure, report the percent
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residue and percent loss as observed in accordance with 10.19
and 11.1, respectively.

12.6 Do not use the corrected loss in the calculation of
percent evaporated.

12.7 Tt is advisable to base the report on relationships
between temperature readings and percent evaporated when the
sample is a gasoline, or any other product classified under
Group 1, or in which the percent loss is greater than 2.0.
Otherwise, the report can be based on relationships between
temperature readings and percent evaporated or percent recov-
ered. Every report must indicate clearly which basis has been
used.

12.7.1 In the manual method, if results are given in percent
evaporated versus temperature readings, report if the arithmeti-
cal or the graphical procedure was used (see 11.6).

12.8 Report if a drying agent, as described in 7.5.2 or 7.5.3,
was used.

12.9 Fig. X1.1 is an example of a tabular report. It shows the
percent recovered versus the corresponding temperature read-
ing and versus the corrected temperature reading. It also shows
the percent loss, the corrected loss, and the percent evaporated
versus the corrected temperature reading.

13. Precision and Bias

13.1 Precision (Group 1, 2, 3 automated)—The precision of
this test method, as determined by the statistical examination of
the interlaboratory test results,” is as follows:

Nortr 28—The precision was derived from data produced by automated
D86 apparatus. Typical cxamples of precision for manual apparatus can be
calculated from the information contained in Annex A4 (sce A4.10).

Note 29—Information on the precision of percent evaporated or
percent recovered at a prescribed temperature can be found in Annex A4.

Note 30—For naphthas, solvents, and other similar materials where
percent recovered are reported and the percent loss is typically less than
one percent, the percent recovered temperatures can be considered
identical to the percent evaporated temperatures and precision can be
calculated as shown for Group 1, 2, 3.

13.1.1 Repeatability—The difference between successive
test results, obtained by the same operator using the same
apparatus under constant operating conditions on identical test
material, would in the long run, in the normal and correct
operation of this test method, exceed the values in Table 7 only
in one case in twenty.

13.1.2 Reproducibility—The difference between two single
and independent test results, obtained by different operators
working in different laboratories on identical test material,
would in the long run, in normal and correct operation of this
test method, exceed the values in Table 7 only in one case in
twenty.

13.1.3 The precision statements were derived from a 2010
interlaboratory cooperative test program.” Twenty six labora-
tories participated and analyzed twenty one sample sets com-
prised of; specification grade gasoline, both conventional and

2 Supporting data have been filed at ASTM International 1leadquarters and may
be obtained by requesting Research Report RR:D02-1807. Contact ASTM Customer
Service at service @astm.org.
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(Valid Range 20 °C to 260 °C)

Percent Repeatability °C Reproducibility °C
Evaporated
IBP 27 4.7
5 1.4 + 2.8(0.43Sc + 0.24) 2.5 + 2.8(0.43Sc + 0.24)
10 0.9 + 2.8(0.43Sc + 0.24) 1.9 + 2.8(0.43Sc + 0.24)
20 0.9 + 2.8(0.43Sc + 0.24) 2.0 + 2.8(0.43Sc + 0.24)
30 0.8 + 2.8(0.43Sc + 0.24) 1.8 + 2.8(0.43Sc + 0.24)
40 0.9 + 2.8(0.43Sc + 0.24) 2.0 + 2.8(0.43Sc + 0.24)
50 1.0 + 2.8(0.43Sc + 0.24) 1.9 + 2.8(0.43Sc + 0.24)
60 1.1 + 2.8(0.43Sc + 0.24) 2.0 + 2.8(0.43Sc + 0.24)
70 1.5 + 2.8(0.43Sc + 0.24) 2.1 +2.8(0.43Sc + 0.24)
80 1.1 + 2.8(0.43Sc + 0.24) 2.0 + 2.8(0.43Sc + 0.24)
90 1.8 + 2.8(0.43Sc + 0.24) 2.8 + 2.8(0.43Sc + 0.24)
95 2.0 +2.8(0.43Sc + 0.24) 3.6 +2.8(0.43Sc + 0.24)
FBP 33 7.1
where:
Sc = slope or rate of change of temperature in degrees Celcius calculated

using A4.10.1.

oxygenated, some containing up to 20 % ethanol. The tem-
perature range covered was 20 °C to 220 °C. Information on
the type of samples and their average boiling points are in the
research report.

13.2 Precision (Group 4)—The precision of this test
method, as determined by the statistical examination of the
interlaboratory test results, '’ is as follows:

Nori: 31—Information on the precision of percent evaporated or
percent recovered at a prescribed temperature can be found in Annex A4.

13.2.1 Repeatability—The difference between successive
test results, obtained by the same operator using the same
apparatus under constant operating conditions on identical test
material, would in the long run, in the normal and correct
operation of this test method, exceed the following values in
Table 8 only in onc case in twenty.

13.2.2 Reproducibility—The difference between two single
and independent test results, obtained by different operators
working in different laboratories on identical test material,
would in the long run, in normal and correct operation of this
test method, exceed the following values in Table 8 only in one
case in twenty.

1 Supporting data (results of the 2005 Tnterlaboratory Cooperative Test Pro-
gram) have been filed at ASTM Tnternational Headquarters and may be obtained by
requesting Research Report RR:D02-1621.
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TABLE 8 Repeatability and Reproducibility for Group 4
(Automated)”

Percent Repeatability °C  Reproducibility °C Valid Range °C
Recovered
IBP 0.018T 0.055T 145 to 220
5% 0.0109T 0.03T 160 to 255
10 % 0.0094T 0.022T 160 to 265
20 % 0.00728T 0.0208T 175 to 275
30 % 0.00582T 0.0165T 185 to 285
40 % 0.005T 0.014T 195 to 290
50 % 1.0 3.0 170 to 295
60 % 0.00357T 0.0117T 220 to 305
70 % 0.00355T 0.0125T 230 to 315
80 % 0.00377T 0.0136T 240 to 325
90 % 0.0041T 0.015T 180 to 340
95 % 0.01318(T-140) 0.04105(T-140) 260 to 360
FBP 20 7:1 195 to 365
where:

T = percent recovered temperature within valid range prescribed.

A Refer to Annex A1 for tables of calculated repeatability and reproducibility.

13.2.3 The precision statements were derived from a 2005
interlaboratory cooperative test program.'® Sixteen laborato-
ries participated and analyzed sample sets comprised of:
specification grade diesel, with a B5 and B20 biodiesel,
specification grade heating oil, aviation turbine fuels, marine
fuels, mineral spirits and toluene. The temperature range
covered was 145 °C to 365 °C. Information on the type of
samples and their average boiling points are in the research
report.

13.3 Bias:

13.3.1 Bias—Since there is no accepted reference material
suitable for determining the bias for the procedure in these test
methods, bias has not been determined.

13.3.2 Relative Bias between Manual and Automated
Apparatus—An interlaboratory study’ conducted in 2003 using
manual and automated apparatus has concluded that there is no
statistical evidence to suggest that there is a bias between
manual and automated results.

Note 32—Sce A2.1 for information on the application and use of
borosilicate and quartz distillation flasks.

14. Keywords
14.1 batch distillation; distillates; distillation; laboratory
distillation; petroleum products
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ANNEXES
(Mandatory Information)

Al. PRECISION TABLES FOR REPEATABILITY (r) AND REPRODUCIBILITY (R)

Al.l Tables: 250 235 5.50
Recovered IBP IBP_GRP4 ggg e ) =]
Temperature (°C) r_D86auto R_D86auto 265 2' 49 5.83
145 261 7.98 B
150 270 8.25
155 279 8.53 Recovered 20 % T20 GRP4
160 288 8.80 Temperature (°C) r D86auto R D86auto
165 297 9.08 175 1.27 3.64
170 3.06 9.35 180 1.31 374
175 3.15 9.63 185 1.35 3.85
180 324 9.90 190 1.38 3.95
185 3.33 10.18 195 1.42 4.06
190 3.42 10.45 200 1.46 4.16
195 3.51 10.73 205 1.49 4.26
200 3.60 11.00 210 1.53 4.37
205 3.69 11.28 215 1.57 4.47
210 378 11.65 220 1.60 4.58
215 3.87 11.83 225 1.64 4.68
220 3.96 12.10 230 1.67 4.78
235 1.71 4.89
240 1.75 4.99
Recovered 5 % T5_GRP4 2 118 510
Temperature (°C) r_D86auto R_D86auto 50 1.82 5.20
160 174 4.80 255 1.86 5.30
165 180 4.95 260 1.89 5.41
170 1.85 510 265 193 5.51
175 191 505 270 1.97 5.62
180 1.96 5.40 275 2.00 572
185 202 5.55 Recovered 30 % T30 _GRP4
190 207 5.70 Temperature (°C) r_D86auto R_D86auto
195 213 5.85 185 1.08 3.05
200 218 6.00 190 11 3.14
205 223 6.15 195 1.13 3.22
210 229 6.30 200 1.16 3.30
215 234 6.45 205 1.19 3.38
220 240 6.60 210 1.22 3.47
225 245 6.75 215 1.25 3.55
230 251 6.90 220 1.28 3.63
235 2.56 7.05 225 1.31 3.71
240 2.62 7.20 230 1.34 3.80
245 2.67 7.35 235 1.37 3.88
250 2.73 7.50 240 1.40 3.96
255 2.78 7.65 245 1.43 4.04
250 1.46 413
255 1.48 4.21
Recovered 10 % T10_GRP4 269 1.51 429
Temperature (°C) r_D86auto R_D86auto 265 1.54 437
1.50 352 270 1.57 4.46
165 1.55 363 275 1.60 4.54
170 1,60 3.74 s 163 462
175 165 3.85 285 1.66 4.70
180 1.69 3.96 Recovered 40 % T40_GRP4
185 1.74 4.07 Temperature (°C) r_D86auto R_D86auto
190 179 4.18 195 0.98 273
195 1.83 4.29 200 1.00 2.80
200 1.88 4.40 205 1.03 2.87
205 1.93 4.51 210 1.05 2.94
210 1.97 4.62 215 1.08 3.01
215 2.02 4.73 220 1.10 3.08
220 2.07 4.84 225 1.13 3.15
225 212 4.95 230 1.15 3.22
230 216 5.06 235 1.18 3.29
235 221 b7 240 1.20 3.36
240 2.26 5.28 245 1.23 343
245 2.30 5.39 250 1.25 3.50
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255 1.28 3.57 310 117 422
260 1.30 3.64 315 1.19 4.28
265 1.33 3.71 320 1.21 4.35
270 1.35 3.78 325 1.23 4.42
273 1.38 385 Recovered 90 % T90_GRP4
280 1.40 3.92 Temperature (°C) r_D86auto R_D86auto
285 1.43 3.99 180 0.74 270
290 1.45 4.06 185 076 278
Recovered 50 % T50_GRP4 190 0.78 2.85
Temperature (°C) r_D86auto R_D86auto 195 0.80 293
170-295 1.0 3.0 200 0.82 3.00
Recovered 60 % T60_GRP4 205 .64 300
Temperature (°C) r_D86auto R_D86auto 210 0.86 3.15
079 257 215 0.88 323
225 0.80 263 ggg g'gg g-gg
230 0.82 2.69 - .
235 084 275 2 284 245
240 086 281 235 0.96 3.53
245 0.87 2.87 240 0.98 3.60
= % =
255 oot 258 i e
265 095 310 260 1.07 3.90
270 096 3.16 269 109 3,98
275 098 3.22 220 gl 409
280 1.00 3.28 275 1.13 413
285 1.02 3.33 260 115 420
290 104 339 285 117 4.28
505 108 245 290 1.19 4.35
300 1.07 3.51 295 L2 443
305 1.09 3.57 300 1:23 450
305 1.25 458
Recovered 70 % T70_GRP4 310 1.07 465
Temperature (°C) r_D86auto R_D86auto 315 1.29 473
230 0.82 2.88 320 131 4.80
235 0.83 2.94 325 1.33 4.88
240 0.85 3.00 330 1.35 4.95
245 0.87 3.06 335 137 5.03
250 0.89 3.13 340 1.39 5.10
255 0.91 3.19
260 0.92 3.25 .
265 094 331 Recovered 95 % T95_GRP4
270 0.96 338 Temperature (°C) r_D86auto R_D8g6auto
o75 098 344 260 1.58 4.93
280 099 3.50 i es ik
285 4.01 Sos 270 1.71 5.34
590 103 263 275 1.78 5.54
295 1.05 3.69 260 1.85 575
300 107 275 285 1.91 5.95
305 1.08 3.81 290 1.98 6.16
310 1.10 3.88 295 204 636
315 1.12 3.94 300 2.1 9.7
305 217 6.77
Recovered 80 % T80_GRP4 310 2.24 6.98
Temperature (°C) r_D86auto R_D86auto 315 2.31 7.18
240 0.90 3.26 320 237 739
245 0.92 3.33 325 244 759
250 0.94 3.40 330 2.50 7.80
255 0.96 3.47 335 257 8.00
260 0.98 3.54 340 2.64 8.21
265 1.00 3.60 345 2.70 8.42
270 1.02 3.67 350 277 8.62
275 1.04 3.74 355 2.83 8.83
280 1.06 3.81 360 2.90 9.03
ggg 1 g; g:gi Recovered FBP FBP_GRP4
295 111 4.01 Temperature (°C) r_D86auto R_D86auto
300 113 408 195-365 22 74
305 115 4.15
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REINFORCING BEAD
17.6 = 1.3 mm L.D.
// 2.1 % 0.7 mm WALL
R
215 + 3mm
7 £0.5mm O.D.
1.0 £ 0.15 mm WALL
137 £ 3 mm

69 + 1 mm O.D.
1.5 + 0.5 mm WALL

125 mL Flask

— 19/22 R 19/26 3

17.6 £ 1.3 LD.

=~ 2.1+0.7 mmWALL
100
/‘%
=
7+ 0.5 mmO.D.
1.0 + 0.15 mm WALL

215+ 3mm

137 £ 3mm

69 £ 1 mm O.D.
1.5 + 0.5 mm WALL

125 mL Flask with Ground Glass Joint

FIG. A2.1 125 mL Flask and 125 mL Flask with Ground Glass Joint

A2. DETAILED DESCRIPTION OF APPARATUS

A2.1 Distillation Flasks—Flasks shall be of heat resistant
glass, constructed to the dimensions and tolerances shown in
Fig. A2.1 and Fig. A2.2. Flasks made of borosilicate glass shall
comply with the requirements of Specification E1405. Flasks
made of quartz shall be composed of 99.9+ 9% SiO,. Flasks
may also be constructed with a ground glass joint.

Nork A2.1—Since the thermal response of borosilicate glass and quartz
can be different, consider appropriate adjustments for the initial and final
heat regulation to attain the time limits stated in the procedure.

Note A2.2—Tor tests specifying dry point. specially sclected flasks
with bottoms and walls of uniform thickness arc desirable.

A2.1.1 Intralaboratory and interlaboratory data'' for motor
gasoline, kerosene, aviation turbine fuel, fuel oil, and diesel
fuel were assessed by Practice D6708 indicating that some
correction could improve the degree of agreement between
quartz and borosilicate flask results. The level of correction
could be considered practically not significant. Correction is
more probable at the IBP and FBP of both motor gasoline and
distillate fuels. Optimizing D86 parameters for motor gasoline
and distillate fuels may further minimize the differences in D86
IBP and FBP when using borosilicate versus quartz flask. Bias
can conceivably occur for materials and temperatures not
studied in this limited program.

A2.1.1.1 For motor gasoline in the temperature range of
25 °C t0:220 °C:

Borosilicate = 1.0054 Quartz — 0.73

A2.1.1.2 For kerosene, aviation turbine fuel, fuel oil, and
diesel fuel in the temperature range of 140 °C to 350 °C:

!! Supporting data have been filed at ASTM International lleadquarters and may
be obtained by requesting Research Report RR:D02-1753. Contact ASTM Customer
Service at service@astm.org.
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Borosilicate = Quartz + 0.40

A2.2 Condenser and Condenser Bath—Typical types of
condenser and condenser baths are illustrated in Figs. 1 and 2.

A2.2.1 The condenser shall be made of seamless noncorro-
sive metal tubing, 560 = 5 mm in length, with an outside
diameter of 14 mm and a wall thickness of 0.8 mm to 0.9 mm.

Note A2.3—Brass or stainless steel has been found to be a suitable
material for this purpose.

A2.2.2 The condenser shall be set so that 393 mm * 3 mm
of the tube is in contact with the cooling medium, with 50 mm
+ 3 mm outside the cooling bath at the upper end, and with
114 mm = 3 mm outside at the lower end. The portion of the
tube projecting at the upper end shall be set at an angle of 75°
+ 3° with the vertical. The portion of the tube inside the
condenser bath shall be either straight or bent in any suitable
continuous smooth curve. The average gradient shall be 15° =
1° with respect to the horizontal, with no 10 ¢cm section having
a gradient outside of the 15° = 3° range. The projecting lower
portion of the condenser tube shall be curved downward for a
length of 76 mm and the lower end shall be cut off at an acute
angle. Provisions shall be made to enable the flow of the
distillate to run down the side of the receiving cylinder. This
can be accomplished by using a drip-deflector, which is
attached to the outlet of the tube. Alternatively, the lower
portion of the condenser tube can be curved slightly backward
to ensure contact with the wall of the receiving cylinder at a
point 25 mm to 32 mm below the top of the receiving cylinder.
Fig. A2.3 is a drawing of an acceptable configuration of the
lower end of the condenser tube.
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16.9 £ 0.3 mm ID

ybua] ww '€ F 0

€ F§1¢

€FLET

-— 17.6 £ 1.3 mm
2.1+ 0.7mm

FIG. A2.2 Detail of Upper Neck Section

A2.2.3 The volume and the design of the bath will depend
on the cooling medium employed. The cooling capacity of the
bath shall be adequate to maintain the required temperature for
the desired condenser performance. A single condenser bath
may be used for several condenser tubes.

A2.3 Metal Shield or Enclosure for Flask. (Manual units
only).

A2.3.1 Shield for Gas Burner (see Fig. 1)—The purpose of

this shield is to provide protection for the operator and yet
allow easy access to the burner and to the distillation flask

Copyright by ASTM Int'l (all rights rescrved); Tue Jun 4 12:54:40 EDT 2019
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during operation. A typical shield would be 480 mm high,
280 mm long, and 200 mm wide, made of sheet metal of
0.8 mm thickness (22 gauge). The shield shall be provided with
at least one window to observe the dry point at the end of the
distillation.

A2.3.2 Shield for Electric Heater (see Fig. 2)—A typical
shield would be 440 mm high, 200 mm long, and 200 mm
wide, made of sheet metal of approximately 0.8 mm thickness
(22 gauge) and with a window in the front side. The shicld shall
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dimensions in mm

Approx. 76

Z

Approx. 2
jam——

Yat Al

Approx. 60

Lower End of Condenser Tube
FIG. A2.3 Lower End of Condenser Tube

be provided with at least one window to observe the dry point
at the end of the distillation.

A2.4 Heat Source

A2.4.1 Gas Burner (see Fig. 1), capable of bringing over the
first drop from a cold start within the time specified and of
continuing the distillation at the specified rate. A sensitive
manual control valve and gas pressurc regulator to give
complete control of heating shall be provided.

A2.4.2 Electric Heater (see Fig. 2), of low heat retention.

Note A2.4—Heaters, adjustable from 0 W to 1000 W, have been found
to be suitable for this purpose.

A2.5 Flask Support

A2.5.1 Type 1—Use a Type 1 flask support with a gas burner
(see Fig. 1). This support consists of either a ring support of the
ordinary laboratory type, 100 mm or larger in diameter, sup-
ported on a stand inside the shield, or a platform adjustable
from the outside of the shield. On this ring or platform is
mounted a hard board made of ceramic or other heat-resistant
material, 3 mm to 6 mm in thickness, with a central opening
76 mm to 100 mm in diameter, and outside line dimensions
slightly smaller than the inside boundaries of the shield.

A2.5.2 Type 2—Use a Type 2 flask support assembly with
electric heating (see Fig. 2 as one example). The assembly
consists of an adjustable system onto which the electric heater
is mounted with provision for placement of a flask support
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board (see A2.6) above the electric heater. The whole assembly
is adjustable from the outside of the shield.

A2.6 Flask Support Board—The flask support board shall
be constructed of ceramic or other heat-resistant material,
3 mm to 6 mm in thickness. Flask support boards are classified
as A, B, or C, based on the size of the centrally located
opening, the dimension of which is shown in Table 3. The flask
support board shall be of sullicient dimension to ensure that
thermal heat to the flask only comes from the central opening
and that extraneous heat to the flask other than through the
central opening is minimized. (Warning —Asbestos-
containing materials shall not be used in the construction of the
flask support board.)

A2.7 The flask support board can be moved slightly in
different directions on the horizontal plane to position the
distillation flask so that direct heat is applied to the flask only
through the opening in this board. Usually, the position of the
flask is set by adjusting the length of the side-arm inserted into
the condenser.

A2.8 Provision shall be made for moving the flask support
assembly vertically so that the flask support board is in direct
contact with the bottom of the distillation flask during the
distillation. The assembly is moved down to allow for easy
mounting and removal of the distillation flask from the unit.

A2.9 Receiving Cylinders—The receiving cylinder shall
have a capacity to measure and collect 100 mL = 1.0 mL. The
shape of the base shall be such that the receiver does not topple
when placed empty on a surface inclined at an angle of 13°
from the horizontal.

A2.9.1 Manual Method—The cylinder shall be graduated at
intervals of 1 mL beginning at least at SmL and have a
graduation at the 100 mL mark. Construction details and
tolerances for the graduated cylinder are shown in Fig. A2.4,

A2.9.2 Automated Method—The cylinder shall conform to
the physical specifications described in Fig. A2.4, except that
graduations below the 100 mL mark are permitted, as long as
they do not interfere with the operation of the level follower.
Receiving cylinders for use in automated units may also have
a metal base.

A2.9.3 If required, the receiving cylinder shall be immersed
during the distillation to above the 100 mL graduation line in a
cooling liquid contained in a cooling bath, such as a tall-form
beaker of clear glass or transparent plastic. Alternatively, the
receiving cylinder may be placed in a thermostated bath air
circulation chamber.

A2.10 Residue Cylinder—The graduated cylinder shall
have a capacity of SmLor 10 mL, with graduations into
0.1 mL subdivisions, beginning at 0.1 mL. The top of the
cylinder may be flared, the other properties shall conform to
Specification E1272.
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Dimensions in mm

/— Fire Polished

254+ 6

1915 + 13.5
Scale Length

1.75 £ 0.25
Wall Thickness

=

Note 1—1 mL graduations — minimum 5 mL to 100 mL

FIG. A2.4 100 mL Graduated Cylinder

A3. DETERMINATION OF THE DIFFERENCE IN LAG TIME BETWEEN AN ELECTRONIC TEMPERATURE MEASURE-
MENT SYSTEM AND A MERCURY-IN-GLASS THERMOMETER

A3.1 The response time of an clectronic temperature mea-
suring device is inherently more rapid than that of a mercury-
in-glass thermometer. The temperature measuring device as-
sembly in general use, consisting of the sensor and its casing,
or an electronic system and its associated software, or both, is
so designed that the temperature measuring system will simu-
late the temperature lag of the mercury-in-glass thermometer.

A3.2 To determine the difference in lag time between such
a temperature measuring system and a mercury-in-glass
thermometer, analyze a sample such as gasoline, kerosine, jet
fuel, or light diesel fuel with the electronic temperature
measurement system in place and in accordance with the
procedures described in this test method. In most cases this is
the standard distillation step performed with an automated unit.

A3.2.1 Do not use a single pure compound, a very narrow
boiling range product, or a synthetic blend of less than six
compounds for this test.

A3.2.2 Best results are obtained with a sample that is typical
of the sample load of the laboratory. Alternatively, use a
full-range mixture with a 5 % to 95 % boiling range of at least
100 °C.
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A3.3 Replace the clectronic temperature measuring device
with a low range or a high range mercury-in-glass
thermometer, depending on the boiling range of the sample.

A3.4 Repeat the distillation with this thermometer, and
manually record the temperature at the various percent recov-
ered as described in 10.14.

A3.5 Calculate the values for the repeatability for the
observed slope (AT/AV) for the different readings in the test.

A3.6 Compare the test data obtained using these two tem-
perature measuring devices. The difference at any point shall
be equal to, or less than, the repeatability of the method at that
point. If this difference is larger, replace the electronic tem-
perature measuring device or adjust the electronics involved, or
both.
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TABLE A4.1 Pr for Percent Evap

d at a Prescribed Temperature—Gasoline (Consolidated Equation)

Valid Range E70 — E180°C (Automated Apparatus)

D86 Auto

where: X = percent evaporated at the prescribed temperature

r
0.00836 (150 — X)

R
0.0200 (150 — X)

A4, PROCEDURE TO DETERMINE THE PERCENT EVAPORATED OR PERCENT RECOVERED AT A PRESCRIBED TEM-
PERATURE READING

A4.1 Many specifications require specific percentages
evaporated or recovered at prescribed temperature readings,
either as maxima, minima, or ranges. The procedures to
determine these values are frequently designated by the terms
Exxx or Rxxx, where xxx is the desired temperature.

Nork Ad.1—Regulatory standards on the certification of reformulated
gasoline under the complex model procedure require the determination of
E200 and E300, defined as the percent evaporated fuel at 93.3 °C (200 °F)
and 148.9 °C (300 °F), respectively. , the percent cvaporated at a
distillation temperature of 70 °C (158 °[), is also used in describing fuel
volatility characteristics. Other typical temperaturcs arc R 200 for kero-
sines and R 250 and R 350 for gas oils, where R 200, R 250, and R 350
are the percent recovered fuel at 200 °C, 250 °C, and 350 °C, respectively.

A4.2 Determine the barometric pressure, and calculate the
correction to the desired temperature reading using Eq 3, Eq 4,
or Eq 5 for t =xxx°C (or = xxx°F).

A4.2.1 Manual Method—Determine this correction to
0.5 *C1 B}

A4.2.2 Automated Method—Determine this correction to
0.1 °C (0.2 °F).

A4.3 Determine the expected temperature reading to yield
xxx °C (or xxx °F) after the barometric correction. To obtain
the expected value, add the absolute value of the calculated
correction to the desired temperature if the barometric pressure
is above 101.3 kPa. If the barometric pressure is below
101.3 kPa, subtract the absolute value of the calculated correc-
tion from the desired temperature.

A4.4 Perform the distillation, as described in Section 10,
while taking into account A4.5 and A4.6.
A4.5 Manual Distillation

A4.5.1 In the region between about 10 °C below and 10 °C
above the desired expected temperature reading determined in
A4.3 record the temperature reading in intervals of 1 volume
%.

A4.5.2 If the intent of the distillation is to solely determine
the value of Exxx or Rxxx, discontinue the distillation after at
least another 2 mL of distillate have been collected. Otherwise,
continue the distillation, as described in Section 10, and
determine the observed loss, as described in 11.1.

A4.5.2.1 If the intent of the distillation is to determine the
value of Exxx and the distillation was terminated after about
2mL of distillate was collected beyond the desired
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temperature, allow the distillate to drain into the receiving
graduate. Allow the contents of the flask to cool to below
approximately 40 °C and then drain its contents into the
receiving graduate. Note the volume of product in the receiving
graduate to the nearest 0.5 mL at 2 min intervals until two
successive observations agree.

A4.5.2.2 The amount recovered in the receiving graduate is
the percent recovery. Determine the amount of observed loss
by subtracting the percent recovery from 100.0.

A4.6 Automated Distillation

A4.6.1 In the region between about 10 °C below and 10 °C
above the desired expected temperature reading determined in
A4.3, collect temperature-volume data at 0.1 % volume inter-
vals or less.

A4.6.2 Continue the distillation, as described in Section 10,
and determine the percent loss, as described in 11.1.

A4.7 Calculations

A4.7.1 Manual Method—If a volume percent recovered
reading is not available at the exact temperature calculated in
A4.3, determine the percent recovered by interpolation be-
tween the two adjacent readings. Either the lincar, as described
in 11.6.1, or the graphical procedure, as described in 11.6.2, is
permitted. The percent recovered is equal to Rxxx.

A4.7.2 Automated Method—Report the observed volume to
0.1 % volume corresponding to the temperature closest to the
expected temperature reading. This is the percent recovered, or
Rxxx.

A4.7.3 Manual and Automated Methods—To determine the
value of Exxx, add the observed loss to the percent recovered,
Rxxx, as determined in A4.7.1 or A4.7.2 and as described in
Eq9.

A4.7.3.1 As prescribed in 12.6, do not use the corrected
loss.

A4.8 Precision—The statistical determination of the preci-
sion of the volume % evaporated or recovered at a prescribed
temperature for automated apparatus were derived according to
Practice D6300 from a 2005 interlaboratory program.'®Table
A4.1 shows the consolidated equations for volume percent
evaporated for gasoline, Table A4.2 shows the precision for
volume percent recovered for diesel. The precision is valid
only for the range of temperatures stated. The estimation of
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TABLE A4.2 Precision for Percent Recovered at a Prescribed Temperature—Diesel (Rxxx)

Valid Range R200 — R300°C (Automated Apparatus)

R200C, R250C, R300C

D86 Auto

2.66

precision for temperature points outside the stated range can be
calculated from the procedures in A4.10 and the precision
tables in Annex Al.

A4.9 The statistical determination of the precision of the
volume percent evaporated or recovered at a prescribed tem-
perature for manual apparatus has not been directly measured
in an interlaboratory program. It can be shown that the
precision of the volume percent evaporated or recovered at a
prescribed temperature is equivalent to the precision of the
temperature measurement at that point divided by the rate of
change of temperature versus volume percent evaporated or
recovered. The estimation of precision becomes less precise at
high slope values.

A4.10 Calculate the slope or rate of change in temperature
reading, S¢ (or Sp), as described in A4.10.1 and Eq A4.1 and
using temperature values bracketing the desired temperature.

A4.10.1 Slope or Rate of Change of Temperature:

Nori: A4.2—The slope can have a dramatic influence on precision for
some samples, typically those containing oxygenates, and the calculated
precision obtained using the values in Table A4.3 may not reflect this in
all cascs. This can be due to the changing composition of the sample,
causing the slope to change rapidly over a short interval. This change may
occur either during the data increments prior to, or subsequent to, the data
point under calculation.

A4.10.1.1 To determine the precision of a result, it is
generally necessary to determine the slope or rate of change of
the temperature at that particular point. This variable, denoted
as S¢ or Sg, is equal to the change in temperature, either in °C
or in °F, respectively, per percent recovered or evaporated.

A4.10.1.2 The precision of the IBP and EP does not require
any slope calculation.

A4.10.1.3 With the exception stated in A4.10.1.2, the slope
at any point during the distillation is calculated from the
following equations, using the values shown in Table A4.3:

SallorSa = To— TNV~ V3) (A4.1)

where:

S¢ = the slope, °C/volume %,

S = the slope, °F/volume %,

T, = the upper temperature, °C (or °F),

T, = the lower temperature, °C (or °F),

Vi, = the volume % recovered or evaporated corresponding
o Ty,

V, = the volume % recovered or evaporated corresponding
to Ty, and
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Vep = the volume % recovered or evaporated corresponding

to the end point.

A4.10.1.4 In the event that the distillation end point occurs
prior to the 95 % point, the slope at the end point is calculated
as follows:

SclorSe) = (Tep— Ty (Vep— Vig) (A4.2)
where:

Tpp or Ty, = the temperature, in °C or °F, at the percent
volume recovered indicated by the
subscript, and

Vep or Vgr = the volume % recovered.

Subscript EP = end point, and
Subscript HR = highest reading, either 80 % or 90 %, prior
to the end point.

A4.10.1.5 For points between 10 % to 85 % recovered that
are not shown in Table A4.3, the slope is calculated as follows:
— i) (A4.3)
A4.10.2 Calculate the repeatability, r, or the reproducibility,

R, from the slope, S (or Sp) and the data in Tables A4.4 and
A4S,

Se{ors,)=005(T,

(v 10)

A4.10.3 Determine the repeatability or reproducibility, or
both, of the volume % evaporated or recovered at a prescribed
temperature from the following formulas:

otione % = 11S¢(Se)
W = RISC(S)

3 (A4.4)

R (A4.5)

volume

where:

= repeatability of the volume percent evaporated

or recovered,

reproducibility of the volume percent evapo-

rated or recovered,

r = repeatability of the temperature at the pre-
scribed temperature at the observed percent
distilled,

R = reproducibility of the temperature at the pre-
scribed temperature at the observed percent
distilled, and

Se (Sg) = rate of change in temperature reading in °C (°F)
per the volume percent evaporated or
recovered.

Tvolume %

R =

volume %

A4.10.4 Examples on how to calculate the repeatability and
the reproducibility are shown in Appendix X2.
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TABLE A4.3 Data Points for Determining Slope, S or S¢

Slope at % 1BP 5 10 20 30 40 50 60 70 80 90 95 EP
T, at% 0 0 0 10 20 30 40 50 60 70 80 90 95
Tyat% 5 10 20 30 40 50 60 70 80 90 90 95 Ve
V- Ve 5 10 20 20 20 20 20 20 20 20 10 5 Vep -95
TABLE A4.4 Repeatability and Reproducibility for Group 1
Manual Manual
Evaporated Repeatability” Reproducibility”
Point, %
°C °F °C oF
1BP 33 6 56 10
5 1.9+0.86S¢ 3.440.86S¢ 3.14+1.74Sc 5.6+1.74S¢
10 1.240.86S¢ 2.2+0.86S¢ 2.0+1.74S¢ 3.6+1.74S¢
20 1.2+0.86S¢ 2.2+0.86S¢ 2.0+1.748¢ 3.6+1.74S¢
30-70 1.240.86S¢ 2.240.86S¢ 2.0+1.74Sc 3.64+1.74S¢
80 1.240.86S¢ 2.240.86S¢ 2.0+1.74Sc 3.6+1.74S¢
90 1.240.86S¢ 2.240.86SF 0.8+1.74S 1.441.74S
95 1.2+0.86S¢ 2.2+0.86SF 1.141.74S¢ 1.9+41.74S¢
FBP 39 7 72 13

A 8 or S is the average slope (or rate of change) calculated in accordance with A4.10.1. Table A4.4 precision data obtained from RR study on both manual and automated

D86 units by North American and IP laboratories.

TABLE A4.5 Repeatability and Reproducibility for Groups 2, 3 and 4 (Manual Method)

Repeatability® Reproducibility®
°C °F °c °F
IBP 1.0+0.35S¢ 1.9+40.355¢ 2.8+0.93S¢ 5.0+0.93S¢
5—95 % 1.0+0.41S¢ 1.8+0.41S¢ 1.8+1.335; 3.3+1.33S¢
FBP 0.7+0.36S¢ 1.3+0.36Sr 3.1+0.42S; 5.7+0.42S¢
% volume at 0.7+0.92/S 0.7+1.66/S. 1.5+1.78/S¢ 1.53+3.20/S¢

temperature reading

A 8¢ or Sg is the average slope (or rate of change) calculated in accordance with A4.10.1. Table A4.5 has been derived from the monographs in Figs. 6 and 7 in D86-97.

APPEN

(Nonmandatory Information)

X1. EXAMPLES ILLUSTRATING CALCULATIONS FOR REPORTING OF DATA

X1.1 The observed distillation data used for the calculation
of the examples below are shown in the first three columns of
Fig. X1.1.

XI1.1.1 Temperature readings corrected to 101.3 kPa
(760 mm Hg) pressure (see 11.3) are as follows:

correction (°C) = 0.0009 (101.3 — 98.6) (273+7,) (X1.1)
correction (“F) = 0.00012 (760 — 740) {460+ 1) (X1.2)

X1.1.2 Loss correction to 101.3kPa (see 11.4) are as
follows. The data for the examples are taken from Fig. X1.1.

corrected loss = (0.5 + (4.7 —0.5)) / (X1.3)

{1+(101.3 — 98.6)/8.0} = 3.6

X1.1.3 Recovery correction to 101.3 kPa (see 11.4.1) arc as
follows:
corrected recovery = 94.2+(4.7 — 3.6) = 95.3 (X1.4)

DIXES

Sample ID:
Date analyzed:
Equipment No:
Remarks:
Barometric pressure
observed corrected
98.6 kPa 101.3 kPa
% 740 mm Hg 760 mm Hg
recovered °C °F i °F
18P 25.5 78 26.2 79.2
5 33.0 91 337 92.7
10 39.5 103 40.3 104.5
15 46.0 115 46.8 116.2
20 54.5 130 55.3 1315
30 74.0 165 74.8 166.7
40 93.0 199 939 2010
50 108.0 226 108.9 2280
60 1230 253 1240  255.1
70 142.0 288 143.0 289.4
80  166.5 332 1676 3336
85 180.5 357 181.6 358.9
90 2004 393 2016 394.8
EP 2150 419 216.2 421.1
recovery, % 94.2 95.3
residue, % 1.1 1.1
loss, % 47 3.6
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Barometric pressure: 98.6 kPa

Analyst:

procedure
arithmetical/graphical
%

Tevay
evaporated °C. °F

26.7 80.0
34.1 93.4
407  105.2
473 171
657  150.2
849 1849
1019 2153
1169 2424
134.1 2733
1560 3128
1684  335.1
1828  361.0
2024 3963

FIG. X1.1 Example of Test Report
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X1.2 Temperature Readings at Prescribed Percent
Evaporated

X1.2.1 Temperature reading at 10 % cvaporated (4.7 %
observed loss = 5.3 % recovered) (see 11.6.1) are as follows:

Ty (°C) = 33.7+[(403 — 33.7) (X1.5)
(5.3-5) /(10— 5)] =34.1°C
Ty (°F) = 92.7+[(1045 — 92.7) (X1.6)

(53=5)/(10-5)]=93.1°F

X1.2.2 Temperature reading at 50 % evaporated (45.3 %
recovered) (see 11.6.1) are as follows:

Tyoe (°C) = 93.9+[(108.9 — 93.9) (X1.7)
(45.3 — 40) / (50 — 40)] = 101.9°C
e (°F) = 201+[(228 — 201) (X1.8)

(45.3 — 40) / (50 — 40)] = 215.3°F

X1.2.3 Temperature reading at 90 % evaporated (85.3 %
recovered) (see 11.6.1) are as follows:

To (°C) = 181.6+[(201.6 — 181.6) (X1.9)
(853 —85) / (90— 85) ] = 182.8°C
Ty (°F) = 358.9+[(394.8 — 358.9) (X1.10)

(85.3—85) / (90 — 85)] = 361.0°F

X1.2.4 Temperature reading at 90 % evaporated (85.3 %
recovered) not corrected to 101.3 kPa pressure (see 11.6.1) are
as follows:

Ty (°C) = 180.5+[(200.4 — 180.5) (X1.11)
(853 — 85) / (90— 85)] = 181.7°C
Toor (°F) = 357+ [(392 — 357) (X1.12)

(85.3 — 85) / (90 — 85)] = 359.1°F
Nom: X1.1—Results calculated from °C data may not correspond
exactly to results calculated from °F data because of errors in rounding.

X2. EXAMPLES OF CALCULATION OF REPEATABILITY AND REPRODUCIBILITY OF VOLUME % (RECOVERED OR
EVAPORATED) AT A PRESCRIBED TEMPERATURE READING

TABLE X2.1 Distillation Data from a Group 1 Sample Manual
Distillation

_— ] Volume (mL)
ST PO Tompeare C Tompasro F Recmarsta
4 98.3 °C (200 °F)
18.0

10 84 183

20 94 202

30 108 217

40 112 233

Volume (mL)
Evaporated at
93.3 °C (200 °F)

Distillation Point

Evaporated, mL Temperature® C

Temperature® F

18.4
10 83 182
20 94 201
30 103 217
40 111 232

X2.1 Some specifications require the reporting of the vol-
ume % cvaporated or recovered at a prescribed temperature.
Table X2.1 shows the distillation data of a Group | sample as
obtained by a manual unit.

X2.2 Example Calculation
X2.2.1 Fora Group 1 sample exhibiting distillation charac-
teristics as per Table X2.1, as determined by a manual unit, the
reproducibility of the volume evaporated, Rvolume %, at
93.3 °C (200 °F) is determined as follows:
X2.2.1.1 Determine first the slope at the desired tempera-
ture:
Se% = 0.1 (Tppq =

Birg) (X2.1)

=0.1 (94— 83)
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=11
Sp% = 0.1 (T\ZO; . Tmh)
=0.1(201 - 182)

=19

X2.2.2 From Table A4.4, determine the value of R, the
reproducibility at the observed percentage distilled. In this
case, the observed percentage distilled is 18 % and

R=20+174(S,) (X2.2)
=2.0+1.74x 1.1
=39
R=36+1.74(S,)
=3.6+1.74X19

=69
X2.2.3 From the calculated value of R, determine the value
of volume, as described in A4.10.

R volume % = R/(S ) (X2.3)
=3.9/1.1
=35
R volume % = R/(S;)
=6.9/1.9

=3.6
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Barometric Pressure, kPa

Tenths

09 024 027 031 035

896
914

91.5
93.0

0.57

Cowommaunoans
BRILB2RRES

3

0.61

100.0 1004
.3 1007

8
2%
88
4+
g8
oun
g

000 000 000 000 0.00 000

007 007 008 008 009 009

014 015 016 047 017 018

021 022 024 025 026 027

029 030 032 033 3.35 0.37
.44

064 067 071 075 079 082

100.8
10L.1

0.86

101.2
1014

FIG. X3.1 Corrected Loss from Observed Loss and Barometric Pressure kPa

101.5
1019

102.0
102.3

1024
102.7

X3. TABLES OF CORRECTED LOSS FROM MEASURED LOSS AND BAROMETRIC PRESSURE

X3.1 The table presented as Fig. X3.1 can be used to
determine the corrected loss from the measured loss and the

barometric pressure in kPa.

X3.2 The table presented as Fig. X3.2 can be used to
determine the corrected loss from the measured loss and the
barometric pressure in mm Hg.
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Barometric Pressure, mm Hg.

from 571 607 634 655 672 686 698 706 716 723 729 734 738 742 746 750 753 75 750 762 765 /68 7 74
through 606 633 654 671 697 705 715 722 728 733 737 741 745 749 752 755 758 761 764 767 770 773 776
Observed
Loss /-~ Corrected Loss — - ——— >
Units
0 037 035 033 031 029 027 025 023 020 018 016 0.14 013 011 009 007 0.05 002 -000 -0.03 -0.06 -0.09 -0.13 -0.17
1 063 065 067 069 071 073 075 077 08 082 084 08 087 089 051 093 095 098 100 103 106 109 113 117
208 095 101 107 114 120 126 132 139 145 151 15 162 168 174 180 18 193 200 208 217 227 238 250
3 115 125 136 146 156 167 177 187 199 209 219 228 236 246 257 267 277 28 300 313 328 344 363 3.83
4 141 155 170 184 199 214 227 242 258 272 286 299 311 325 340 354 368 383 400 419 439 462 488 517
5 167 18 204 222 241 261 278 297 318 336 354 370 38 403 423 441 459 479 500 524 550 580 6.3 6.5
6 193 216 238 261 284 307 329 3.5 377 399 421 441 460 48 505 528 550 574 600 629 661 697 738 7.84
7 219 246 272 299 326 354 379 407 436 463 488 5.2 535 560 58 615 641 669 700 734 772 815 863 9.17
8 246 276 3.07 337 369 401 430 462 496 527 556 58 609 638 671 702 732 764 800 840 884 933 988 10.50
9 272 306 341 376 411 448 481 517 555 590 623 6.54 6.84 717 754 789 823 860 900 945 995 1050 11.13 11.84
10 298 336 375 414 454 494 531 571 615 654 691 725 758 795 837 876 9.4 955 1000 1050 11.06 11.68 1238 13.17
11 324 366 409 452 49 S41 582 626 674 717 758 796 833 874 919 063 10.05 1050 11.00 11.56 12.17 1286 13.63 14.51
12 350 39 443 491 539 588 633 681 734 7281 826 867 907 952 1002 1050 10.9 1146 1200 1261 1328 1403 14.88 15.84
13 376 427 478 529 581 635 683 736 793 844 893 938 9.82 1031 1085 1137 11.87 1241 13.00 1366 1439 1521 16.13 17.17
14 402 457 512 56/ 624 68 734 791 853 908 961 1009 1057 1109 1168 1224 1278 1336 1400 1471 1551 1639 17.38 1851
15 428 487 546 606 666 728 7.85 846 912 971 1028 10.80 1131 1188 1251 1311 13.68 1431 1500 1577 1662 1757 1863 19.84
16 454 517 58 644 709 775 835 901 972 1035 1095 1L51 1206 1266 1333 1398 1459 1527 1600 1682 1773 1874 19.88 2118
17 480 547 614 682 751 822 886 9.56 1031 1098 1163 1222 1280 1345 1416 1485 15.50 1622 1700 17.87 1884 19.92 2L13 2251
18 5.06 577 649 721 794 869 937 10.11 1091 1162 1230 1293 13.55 1423 1499 1572 16.41 1717 18.00 1893 1995 21.10 2238 23.84
19 532 6.07 6.83 759 836 915 9.88 10.65 1150 1225 1298 13.64 14.29 1502 1582 16.59 17.32 18.12 19.01 19.98 21.06 22.27 23.64 25.18
558 637 717 797 879 962 1038 11.20 1209 1289 13.65 14.35 15.04 1580 1664 1746 18.23 19.08 20.01 21.03 22.17 2345 24.89 26.51
Tenths
00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00 0.00
01 003 003 003 004 004 005 005 005 006 006 007 007 007 008 008 009 009 010 010 011 011 012 013 0.3
02 005 006 007 008 008 009 010 011 012 013 013 014 015 016 017 017 018 019 020 021 022 024 025 027
03 008 009 010 011 013 014 015 016 018 019 020 021 022 024 025 026 027 029 030 032 033 035 038 040
04 010 012 014 0I5 017 019 020 022 024 025 027 028 030 031 033 035 036 038 040 042 044 047 050 0.53
0.5 013 015 017 019 021 023 025 027 030 032 034 036 037 039 041 043 045 048 0S50 053 056 059 063 067
0.6 016 018 021 023 025 028 030 033 036 038 040 043 045 047 050 052 055 057 060 063 067 071 075 080
0.7 018 021 024 027 030 033 035 038 042 044 047 050 052 055 058 061 064 067 070 074 078 082 088 093
0.8 021 024 027 031 034 037 04 044 048 051 054 057 060 063 066 070 073 076 080 084 089 094 1.00 107
0.9 023 027 031 034 038 042 046 049 054 057 061 064 067 071 075 078 08 08 090 095 100 106 113 120
FIG. X3.2 Corrected Loss from Observed Loss and Barometric Pressure mm Hg
X4. PROCEDURE TO EMULATE THE EMERGENT STEM ERROR OF A
MERCURY-IN-GLASS THERMOMETER
X4.1 When an electronic or other sensor without an emer- ASTMTC T, = T,— 0000162 X (T, —20°C) 2 (X4.1)

gent stem error is used, the output of this sensor or the
associated data system should emulate the output of a mercury-
in-glass thermometer. Based on information supplied by four
manufacturers of automated Test Method D86 equipment, the
averaged equations shown in X4.2 and X4.3 have been
reported to be in use.

X4.1.1 The equations shown in X4.2 have limited applica-
bility and are shown for information purposes only. In addition
to the correction for the emergent stem, the electronic sensor
and associated data system will also have to emulate the lag in
response time observed for mercury-in-glass thermometers.

X4.2 When a low range thermometer would have been used,
no stem correction is (o be applied below 20°C. Above this
temperature, the correction is calculated using the following
formula:

X4.3 When a high range thermometer would have been
used, no stem correction is to be applied below 35°C. Above
this temperature the correction is calculated using the follow-
ing formula:

ASTM8C T, = T,— 0.000131 X (T, — 35°C) ? (X4.2)

where:

T, = emulated temperature in °C for low range
thermometers,

Topr emulated temperature in °C for high range
thermometers, and

T; = (ruc temperature in °C.
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“Percent Recovered” Report Form

Ai¥ s - 18

Date;

Ambient temperature at the start of the
est

Time

Operator:

Ambient barometric pressure at the start of
the test

Volume of condensate observed in the
receiving cylinder at any point in the
distillation, expressed as a percentage of the
charge volume, in connection with
simultaneous temperature reading

Ambient temperature (°C)

Atmospheric pressure (kPa)

Condenser (°C)

\

Temperature measuring device readings
which are corrected to 101, 3 kPa
barometric pressure

Temperature of the bath
around receiving cylinder (°C)

5 to 10 minutes
5 to 15 minutes

Group 1, 2 & 3:
Group 4:

Percent
Recovered

Corrected
Temperature
Reading (°C)

Time or

Group 1 & 2: 60 to 100 seconds

mL / min

1BP

5

4 to 5 ml / min uniform average rate from 5%
recovered to 5 ml in flask

0\

10

15

20

25

Volume of condensate observed in the
receiving cylinder when the 5 ml conditions
are reached

30

35

40

Volume of condensate observed in the
receiving cylinder when the final boiling point
is observed

45

50

55

Maximum percent recovered

60

65

Volume of residue in the flask expressed as a
percentage of the charge volume

70

75

80

Combined Percent Recovery and Percent
Residue in the flask

85

90

Time from 5 ml in flask to FBP =< 5 minutes

5 ml residue

95

FBP

100 minus the Total Recovery

N\

[Percent Recovery

Percent Recovery corrected for barometric
pressure

Percent Residue

Percent Total Recovery

N

Percent Loss corrected for barometric
pressure

Percent Loss

Corrected Loss

Corrected Percent Recovery

Corrected Total Recovery'

Comments:

Combined Percent Recovery and Percent
Residue in the flask corrected for barometric

pressure

FIG. X5.1 Percent Recovered Report Form

X5. EXPLANATORY REPORT FORMS

X5.1 Fig. X5.1 and Fig. X5.2 show report forms.

Copyright by ASTM Int'l (all rights rescrved); Tue Jun 4 12:54:40 EDT 2019 27

Downloaded/printed by

Rodrigo Lascano (Intertek Tesling Services NA) pursuant Lo License Agreement. No [urther reproductions authorized.

137



Ai¥ s - 18

“Percent Evaporated” Report Form Laboratory: Ambient temperature at the start of the
test
Date: Ambient barometric pressure at the start of
i the test
Operator: Volume of condensate observed in the
receiving cylinder at any point in the
distillation, expressed as a percentage of the
charge volume, in connection with
simultaneous temperature reading
Temperature measuring device readings
Ambient temperature (°C) which are corrected to 101,3 kPa
Atmospheric pressure (kPa) barometric pressure
Condenser temperature (°C) Sum of the percent recovered and the
Temperature of the bath percent loss
around receiving cylinder (°C)
Temperature measuring device readings at
specified percentages evaporated calculated|
Temperature with arithmetical or graphical procedures
Percent T:r::)ei Er:at::re Time or Percent l;eadm%se:t o ST
Recovered o mL / min |Evaporated osant roup 0: 0 5 minutes
Reading (°C) / po Group 1,2 & 3: 5 to 10 minutes
p
aporated (°C) Group 4: 5 to 15 minutes
1BP IBP__ | —— Group 1 & 2: 60 to 100 seconds
5 5
L i Group 0: time from first application of heat
15 15 t0 10% recovered = 3 to 4 minutes
20 20 Group 0, 1,2, 3 &4: 4to 5 mL/ min
25 25 uniform average rate from 5% recovered
30 30 to 5 mLin flask
35 35 Volume of condensate observed in the
40 40 receiving cylinder when the 5 mL conditiong
45 45 are reached
50 50 Volume of condensate observed in the
55 55 receiving cylinder when the final boiling
60 &0 point is observed
65 65 Maximum
percent recovered |
70 70—~
75 75 Volume of residue in the flask expressed
80 80 as a percentage of the charge volume
85 _85
90 / A 90 Con_\binef! Percent Recovery and Percent |
5 ml residue Residue in the flask
95 — 2 ——— ITlrne from 5 mLin flask to FBP =<5 minutesl
FBP FBP
100 minus the Total Re
Percent Recovery I 00 minus otal Recovery I
Percent Residue -
Percent Recovery corrected for barometric
Percent Total Recovery pressure
Percent Loss Corrected Loss] . ——————
Percent Loss corrected for barometric
Corrected Percent Recovery Corrected Total Recovery —~—~—_ | pressure |

Comments:

Combined Percent Recovery and Percent
Residue in the flask corrected for barometric
pressure

FIG. X5.2 Percent Evaporated Report Form
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SUMMARY OF CHANGES

Subcommittee D02.08 has identified the location of selected changes to this standard since the last issue
(D86 — 17) that may impact the use of this standard. (Approved Dec. 1, 2018.)

(1) Updated subsection 7.2.1.1 to clarify the sampling proce- (2) Updated Table 2 to acknowledge warmer sample tempera-
dure for ambient temperature samples. tures.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the re ible technical ittee and must be revi every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be add fto ASTM /i ional Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; hitp://www.copyright.com/
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Apéndice 10 Método estandar para punto de inflamacion

This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the

Development of International Standards, Guides and Recommendations ed by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

i’

INTERNATIONAL

1P,

Designation: D93 - 18

Designation: 34/99

Standard Test Methods for
Flash Point by Pensky-Martens Closed Cup Tester’

This standard is issucd under the fixed designation D93; the number immediately lollowing the designation indicates the year ol original
adoption or, in the casc of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superseript
cpsilon (#) indicates an cditorial change since the last revision or rcapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.
INTRODUCTION

This flash point test method is a dynamic test method which depends on specified rates of heating
to be able to meet the precision of the test method. The rate of heating may not in all cases give the
precision quoted in the test method because of the low thermal conductivity of some materials. There
are flash point test methods with slower heating rates available, such as Test Method D3941 (for
paints, resins, and related products, and high viscosity products in the range of 0 °C to 110 °C), where
the test conditions are closer to equilibrium.

Flash point values are a function of the apparatus design, the condition of the apparatus used, and
the operational procedure carried out. Flash point can therelore only be defined in terms of a standard
test method, and no general valid correlation can be guaranteed between results obtained by different
test methods, or with test apparatus diflerent from that specilicd.

1. Scope*

1.1 These test methods cover the determination of the flash
point of petroleum products in the temperature range from
40°C to 370 °C by a manual Pensky-Martens closed-cup
apparatus or an automated Pensky-Martens closed-cup
apparatus, and the determination of the (lash point of biodiesel
in the temperature range of 60 °C to 190 °C by an automated
Pensky-Martens closed cup apparatus.

Nori: 1—Flash point determinations above 250 °C can be performed,
however, the precision has not been determined above this temperature.
For residual fucls, precision has not been determined for flash points
above 100 °C. The precision of in-use lubricating oils has not been
determined. Some specifications state a D93 minimum flash point below
40 °C, however, the precision has not been determined below this
temperature.

1.2 Procedure A is applicable to distillate fuels (diesel,
biodiesel blends, kerosine, heating oil, turbine fuels), new and
in-use lubricating oils, and other homogencous petrolecum
liquids not included in the scope of Procedure B or Procedure
C.

! These test methods are under the joint jurisdiction of ASTM Committee D02 on
Petroleum Products, Liguid Fucls, and Lubricants and arc the direct responsibility
of Subcommittee DO2.08 on Volatility. In the IP, these test methods are under the
Jjurisdiction of the Standardization Committee.

Current edition approved July 1, 2018. Published August 2018. Originally
approved in 1921. Last previous edition approved in 2016 as D93 - 16a. DOL:
10.1520/D0093-18.

1.3 Procedure B is applicable to residual fuel oils, cutback
residua, used lubricating oils, mixtures of petroleum liquids
with solids, petroleum liquids that tend to form a surface film
under test conditions, or are petroleum liquids of such kine-
matic viscosity that they are not uniformly heated under the
stirring and heating conditions of Procedure A.

1.4 Procedure C is applicable to biodiesel (B100). Since a
lash point of residual alcohol in biodicesel is difficult to observe
by manual flash point techniques, automated apparatus with
clectronic flash point detection have been found suitable.

1.5 These test methods are applicable for the detection of
contamination of relatively nonvolatile or nonflammable ma-
terials with volatile or flammable materials.

1.6 The values stated in SI units are to be regarded as the
standard.

1.6.1 Exception—The values given in parentheses are for
information only.

Note 2—It has been common practice in flash point standards for many
decades to alternately use a C-scale or an F-scale thermometer for
temperature measurement. Although the scales are close in increments,
they are not equivalent. Because the F-scale thermometer used in this
procedure is graduated in 5 °F increments, it is not possible to read it to
the 2 °C equivalent increment of 3.6 °E. Therefore, for the purposes of
application of the procedure of the test method for the separate tempera-
ture scale thermometers, ditferent increments must be used. In this test
method, the following protocol has been adopted: When a temperature is
intended to be a converted equivalent, it will appear in parentheses
following the ST unit, for example 370 °C (698 °F). When a temperature

*A Summary of Changes section appears at the end of this standard

Copyright ©® ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States
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is intended to be a rationalized unit for the alternate scale, it will appear
after “or,” for example, 2 °C or 5 °F.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.
For specific warning statements, see 6.4, 7.1, 9.3, 9.4, 11.1.2,
11.1.4, 11.1.8, 11.2.2, and 12.1.2.

1.8 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

D56 Test Method for Flash Point by Tag Closed Cup Tester

D3941 Test Method for Flash Point by the Equilibrium
Method With a Closed-Cup Apparatus

D4057 Practice for Manual Sampling of Petroleum and
Petroleum Products

D4177 Practice for Automatic Sampling of Petroleum and
Petroleum Products

El Specification for ASTM Liquid-in-Glass Thermometers

E300 Practice for Sampling Industrial Chemicals

E502 Test Method for Selection and Use of ASTM Stan-
dards for the Determination of Flash Point of Chemicals
by Closed Cup Methods

2.2 1SO Standards®

Guide 34 General requirements for the competence of refer-
ence material producers

Guide 35 Reference material—General and statistical prin-
ciples for certification

3. Terminology

3.1 Definitions:

3.1.1 biodiesel, n—a fuel comprised of mono-alkyl esters of
long chain fatty acids derived from vegetable oils or animal
fats, designated B100.

3.1.2 biodiesel blends, n—a blend of biodiesel fuel with
petroleum-based diesel fuel.

3.1.3 dynamic, adj—in petroleum products—in petroleum
product flash point test methods—the condition where the
vapor above the test specimen and the test specimen are not in
temperature equilibrium at the time that the ignition source is
applied.

3.1.3.1 Discussion—This is primarily caused by the heating
of the test specimen at the constant prescribed rate with the
vapor temperature lagging behind the test specimen tempera-
ture.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

* Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036, http://www.ansi.org.
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3.1.4 equilibrium, n—in petroleum products—in petroleum
product flash point test methods—the condition where the
vapor above the test specimen and the test specimen are at the
same temperature at the time the ignition source is applied.

3.1.4.1 Discussion—This condition may not be fully
achieved in practice, since the temperature may not be uniform
throughout the test specimen, and the test cover and shutter on
the apparatus can be cooler.

3.1.5 flash point, n—in flash point test methods, the lowest
temperature of the test specimen, adjusted to account for
variations in atmospheric pressure from 101.3 kPa, at which
application of an ignition source causes the vapors of the test
sample to ignite under specified conditions of test.

4. Summary of Test Method

4.1 A brass test cup of specified dimensions, filled to the
inside mark with test specimen and fitted with a cover of
specified dimensions, is heated and the specimen stirred at
specified rates, using one of three defined procedures (A, B, or
C). An ignition source is directed into the test cup at regular
intervals with simultaneous interruption of the stirring, until a
flash is detected (see 11.1.8). The flash point is reported as
defined in 3.1.5.

5. Significance and Use

5.1 The flash point temperature is one measure of the
tendency of the test specimen to form a flammable mixture
with air under controlled laboratory conditions. It is only one
of a number of properties which must be considered in
assessing the overall flammability hazard of a material.

5.2 Flash point is used in shipping and safety regulations to
define flammable and combustible materials. One should con-
sult the particular regulation involved for precise definitions of
these classifications.

5.3 These test methods should be used to measure and
describe the properties of materials, products, or assemblies in
response to heat and an ignition source under controlled
laboratory conditions and should not be used to describe or
appraise the fire hazard or fire risk of materials, products, or
assemblies under actual fire conditions. However, results of
these test methods may be used as elements of a fire risk
assessment which takes into account all of the factors which
are pertinent to an assessment of the fire hazard of a particular
end use.

5.4 These test methods provide the only closed cup flash
point test procedures for temperatures up to 370 °C (698 °F).

6. Apparatus

6.1 Pensky-Martens Closed Cup Apparatus (manual)
—This apparatus consists of the test cup, test cover and shutter,
stirring device, heating source, ignition source device, air bath,
and top plate described in detail in Annex Al. The assembled
manual apparatus, test cup, test cup cover, and test cup
assembly are illustrated in Figs. Al1.1-A1.4, respectively. Di-
mensions are listed respectively.
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6.2 Pensky-Martens Closed Cup Apparatus (Automated)*—
This apparatus is an automated flash point instrument that is
capable of performing the test in accordance with Section 11
(Procedure A), Section 12 (Procedure B), and 13 (Procedure C)
of these test methods. The apparatus shall use the test cup, test
cover and shutter, stirring device, heating source, and ignition
source device described in detail in Annex Al.

6.3 Temperature Measuring Device—Thermometer having
a range as shown in Table | and conforming to the require-
ments prescribed in Specification E1 or in Annex A3, or an
electronic temperature measuring device, such as resistance
thermometers or thermocouples. The device shall exhibit the
same temperature response as the mercury thermometers.

6.4 Ignition Source—Natural gas flame, bottled gas flame,
and electric ignitors (hot wire) have been found acceptable for
use as the ignition source. The gas flame device described in
detailed in Fig. Al.4 requires the use of the pilot lame
described in A1.1.2.3. The electric ignitors shall be of the
hot-wire type and shall position the heated section of the
ignitor in the aperture of the test cover in the same manner as
the gas flame device. (Warning—Gas pressure supplied to the
apparatus should not be allowed to exceed 3 kPa (12 in.) of
waler pressure.)

6.5 Barometer—With accuracy of =0.5 kPa.

Notk 3—The barometric pressure used in this calculation is the ambient
pressure for the laboratory at the time of the test. Many aneroid
barometers, such as those used at weather stations and airports, are
precorrected to give sea level readings and would not give the correct
reading for this test.

7. Reagents and Materials

7.1 Cleaning Solvents—Use suitable solvent capable of
cleaning out the specimen from the test cup and drying the test
cup and cover. Some commonly used solvents are toluene and
acetone. (Warning—Toluene, acctone, and many solvents are
flammable and a health hazard. Dispose of solvents and waste
material in accordance with local regulations.)

8. Sampling

8.1 Obtain a sample in accordance with instructions given in
Practices D4057, D4177, or E300.

8.2 Ensure at least 75 mL of sample is available so there is
sufficient material for the test. When obtaining a sample of
residual fuel oil, the sample container shall be from 85 % to

# Supporting data regarding a variant ol the cover locking mechanism have been
liled at ASTM International Headquarters and may be obtained by requesting
R rch  Report RR:D02-1706. Contact  ASTM  Customer  Service  al
service@astm.org.

95 % full. For other types of samples, the size of the container
shall be chosen such that the container is not more than 85 %
full or less than 50 % full prior to any sample aliquot being
taken. For biodiesel (B100) samples, a typical one liter
container filled to 85 % volume is recommended.

8.3 Successive test specimens can be taken from the same
sample container. Repeat tests have been shown to be within
the precisions of the method when the second specimen is
taken with the sample container at least 50 % filled. The results
of flash point determinations can be affected if the sample
volume is less than 50 % of sample container capacity.

8.4 Erroneously high flash points may be obtained if pre-
cautions are not taken to avoid the loss of volatile material. Do
nol open containers unnccessarily, to prevent loss of volatile
material or possible introduction of moisture, or both. Avoid
storage ol samples at temperatures in excess of 35 °C or 95 °F.
Samples for storage shall be capped tightly with inner seals. Do
not make a transfer unless the sample temperature is at least the
equivalent of 18 °C or 32 °F below the expected flash point.

8.5 Do not store samples in gas-permeable containers, since
volatile material may diffuse through the walls of the enclo-
sure. Samples in leaky containers are suspect and not a source
of valid results.

8.6 Samples of very viscous materials shall be heated in
their containers, with lid/cap slightly loosened to avoid buildup
of dangerous pressure, at the lowest temperature adequate to
liquefy any solids, not exceeding 28 °C or 50 °F below the
expected flash point, for 30 min. If the sample is then not
completely liquefied, extend the heating period for additional
30 min periods as necessary. Then gently agitate the sample to
provide mixing, such as orbiting the container horizontally,
before transferring (o the specimen cup. No sample shall be
heated and transferred unless its temperatures is more than
18 °C or 32 °F below its expected flash point. When the sample
has been heated above this temperature, allow the sample to
cool until its temperature is at Ieast 18 °C or 32 °F below the
expected flash point before transferring.

Note 4—Volatile vapors can escape during heating when the sample
container is not properly sealed.

Note 5—Some viscous samples may not completely liquety even after
prolonged periods of heating. Care should be exercised when increasing
the heating temperature to avoid unnecessary loss of volatile vapors, or
heating the sample too close to the flash point.

8.7 Samples containing dissolved or free water may be
dehydrated with calcium chloride or by filtering through a
qualitative filter paper or a loose plug of dry absorbent cotton.
Warming the sample is permitted, but it shall not be heated for

TABLE 1 Temperature Measuring Device

Temperature Range Thermometer Number

Temperature Range Thermometer Number

ASTM
-5°Cto 110°C 9C (9F)
(20 °F to 230 °F)
+10 °C t0 200 °C 88C (88F)
(50 °F to 392 °F)
+90 °C to 370 °C 10C (10F)

(200 °F to 700 °F)

P
-5°Cto 110°C 15C
+20 °C to 150 °C 101C
+90 “C to 370 °C 16C
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prolonged periods or greater than a temperature of 18 °C or
32 °F below its expected flash point.

Note 6—If the sample is suspected of containing volatile contaminants,
the treatment described in 8.6 and 8.7 should be omitted.

9. Preparation of Apparatus

9.1 Support the manual or automated apparatus on a level
steady surface, such as a table.

9.2 Tests are to be performed in a draft-free room or
compartment.

Not: 7—A shield, of the approximate dimensions 460 mm (18 in.)
square and 610 mm (24 in.) high, or other suitable dimensions, and having
an open front is reccommended to prevent drafts from disturbing the vapors
above the test cup.

Note 8—With some samples whose vapors or products of pyrolysis arc
objectionable, it is permissible to place the apparatus along with a draft
shield in a ventilation hood, the draft of which is adjustable so that vapors
can be withdrawn without causing air currents over the test cup during the
ignition source application period.

9.3 Prepare the manual apparatus or the automated appara-
tus for operation in accordance with the manufacturer’s in-
structions for calibrating, checking, and operating the equip-
ment. (Warning—Gas pressure should not be allowed to
exceed 3 kPa (12 in.) of water pressure. )

9.4 Thoroughly clean and dry all parts of the test cup and its
accessories before starting the test, to ensure the removal of
any solvent which had been used to clean the apparatus. Use
suitable solvent capable of removing all of the specimen from
the test cup and drying the test cup and cover. Some commonly
used solvents are toluene and acctone. (Warning—Toluence,
acetone, and many solvents are flammable. Health hazard.
Dispose of solvents and waste material in accordance with
local regulations.)

10. Verification of Apparatus

10.1 Adjust the automated flash point detection system
(when used) in accordance with the manufacturer’s instruc-
tions.

10.2 Verify that the temperature measuring device is in
accordance with 6.3.

10.3 Verify the performance of the manual apparatus or the
automated apparatus at least once per year by determining the
flash point of a certified reference material (CRM) such as
those listed in Annex A4, which is rcasonably closc to the
expected temperature range of the samples to be tested. The
material shall be tested according to Procedure A of these test
methods and the observed flash point obtained in 11.1.8 or
11.2.2 shall be corrected for barometric pressure (see Section
14). The flash point obtained shall be within the limits stated in
Table A4.1 for the identificd CRM or within the limits
calculated for an unlisted CRM (see Annex A4).

104 Once the performance of the apparatus has been
verified, the flash point of secondary working standards
(SWSs) can be determined along with their control limits.
These secondary materials can then be utilized for more
frequent performance checks (see Annex A4).
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10.5 When the flash point obtained is not within the limits
stated in 10.3 or 10.4, check the condition and operation of the
apparatus to ensure conformity with the details listed in Annex
Al, especially with regard to tightness of the lid (A1.1.2.2), the
action of the shutter, the position of the ignition source
(A1.1.2.3), and the angle and position of the temperature
measuring device (Al.1.2.4). After any adjustment, repeat the
test in 10.3 using a fresh test specimen, with special attention
to the procedural details prescribed in these test methods.

10.6 The numerical values obtained during the verification
check (10.3) shall not be used to provide a bias statement, nor
shall they be used to make any correction to the flash points
subscquently determined using the apparatus.

PROCEDURE A

11. Procedure

11.1 Manual Apparatus:

11.1.1 Ensure that the sample container is filled to the
volume capacity requirement specified in 8.2. Fill the test cup
with the test specimen to the filling mark inside of the test cup.
The temperature of the test cup and test specimen shall be at
least 18 °C or 32 °F below the expected flash point. If too much
test specimen has been added to the test cup, remove the excess
using a syringe or similar device for withdrawal of fluid. Place
the test cover on the test cup and place the assembly into the
apparatus. Be sure the locating or locking device is properly
engaged. If the temperature measuring device is not already in
place, insert the device into its holder.

11.1.2 Light the test flame, and adjust it to a diameter of
3.2mm to 4.8 mm (0.126 in. to 0.189 in.), or switch on the
electric igniter and adjust the intensity in accordance with the
manufacturer’s instructions. (Warning—Gas pressure should
not be allowed to exceed 3 kPa (12 in.) of water pressure.)
(Warning— Exercise care when using a gas test flame. If it
should be extinguished it will not ignite the vapors in the test
cup, and the gas for the test flame that then enters the vapor
space can influence the result.) (Warning—The operator
should exercise and take appropriate safety precautions during
the initial application of the ignition source, since test speci-
mens containing low-flash material can give an abnormally
strong flash when the ignition source is first applied.)
(Warning—The operator should exercise and take appropriate
safety precautions during the performance of these test meth-
ods. The temperatures attained during these test methods, up to
370 °C (698 °F), are considered hazardous.) (Warning—As a
safety practice, when using automated or manual apparatus, it
is strongly advised, before heating the test cup and specimen,
to dip the ignitor to check for the presence of unexpected
volatile material.)

11.1.3 Apply the heat at such a rate that the temperature, as
indicated by the temperature measuring device, increases 5 °C
t0 6 °C (9 °F to 11 °F)/min.

11.1.4 Turn the stirring device at 90 r/min to 120 r/min,
stirring in a downward direction. (Warning—Meticulous at-
tention to all details relating to the ignition source, size of test
flame or intensity of the electric ignitor, rate of temperature
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increase, and rate of dipping the ignition source into the vapor
of the test specimen is desirable for good results.)

11.1.5 Application of Ignition Source:

11.1.5.1 If the test specimen is expected to have a flash point
of 110 °C or 230 °F or below, apply the ignition source when
the temperature of the test specimen is 23 °C * 5 °C or 41 °F
* 9 °F below the expected flash point and each time thereafter
at a temperature reading that is a multiple of 1°C or 2 °F.
Discontinue the stirring of the test specimen and apply the
ignition source by operating the mechanism on the test cover
which controls the shutter so that the ignition source is lowered
into the vapor space of the test cup in 0.5 s, left in its lowered
position for 1 s, and quickly raised to its upward position.

11.1.5.2 If the test specimen is expected to have a flash point
above 110°C or 230 °F, apply the ignition source in the
manner described in 11.1.5.1 at each temperature increase of
2 °C or 5 °F, beginning at a temperaturce of 23 °C £ 5°C or
41 °F = 9 °F below the expected flash point. (Warning—As a
safety practice, when using automated or manual apparatus, it
is strongly advised that, for an expected flash point above
130 °C, to dip the ignitor every 10 °C throughout the test until
the sample temperature reaches 28 °C below the expected flash
point and then follow the prescribed dipping procedure. This
practice has been shown to reduce the possibility of a fire, and,
on average, not to significantly affect the result. A limited
study” has shown that this dipping practice has no observable
effect on test method repeatability.)

11.1.6 When testing materials to determine if volatile ma-
terial contamination is present, it is not necessary to adhere to
the temperature limits for initial ignition source application as
stated in 11.1.5.

11.1.7 When (esting materials where the expected flash
point temperature is not known, bring the material to be tested
and the tester to a temperature of 15 °C = 5°C or 60 °F *=
10 °F. When the material is known to be very viscous at this
temperature, heat the specimen to a starting temperature as
described in 8.6. Apply the ignition source, in the manner
described in 11.1.5.1, beginning at least 5 °C or 10 °F higher
than the starting temperature.

Note 9—Flash Point results determined in an “unknown expected flash
point mode™ should be considered approximate. This value can be used as
the expected flash point when a fresh specimen is tested in the standard
mode of operation.

11.1.8 Record as the observed flash point the reading on the
temperature measuring device at the time ignition source
application causes a distinct flash in the interior of the test cup.
The sample is deemed to have flashed when a large flame
appears and instantancously propagates itself over the entire
surface of the test specimen. (Warning—For certain mixtures
containing halogenated hydrocarbons, such as, methylene chlo-
ride or trichloroethylene, no distinct flash, as defined, is
observed. Instead a significant enlargement of the test flame
(not halo effect) and change in color of the test flame from blue
to yellowish-orange occurs. Continued heating and testing of

3 Supporting data have been filed at ASTM International Ileadquarters and may
be obtained by requesting Research Report RR:D02-1652. Contact ASTM Customer
Service at service@astm.org.
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these samples above ambient temperature can result in signifi-
cant burning of vapors outside the test cup, and can be a
potential fire hazard. See Appendix X1 and Appendix X2 for
more information.)

11.1.9 When the ignition source is a test flame, the appli-
cation of the test flame can cause a blue halo or an enlarged
flame prior to the actual flash point. This is not a flash and shall
be ignored.

11.1.10 When a flash point is detected on the first
application, the test shall be discontinued, the result discarded,
and the test repeated with a fresh test specimen. The first
application of the ignition source with the fresh test specimen
shall be 23 °C = 5 °C or 41 °F = 9 °F below the temperature
at which a flash point was detected on the first application.

11.1.11 When a flash point is detected at a temperature
which is greater than 28 °C or 50 °F above the temperature of
the first application of the ignition source, or when a flash point
is detected at a temperature which is less than 18 °C or 32 °F
above the temperature of the first application of the ignition
source, the result shall be considered approximate, and the test
repeated with a fresh test specimen. Adjust the expected flash
point for this next test to the temperature of the approximate
result. The first application of the ignition source with the fresh
test specimen shall be 23 °C = 5 °C or 41 °F = 9 °F below the
temperature at which the approximate result was found.

I1.1.12 When the apparatus has cooled down to a safe
handling temperature, less than 55 °C (130 °F), remove the test
cover and the test cup and clean the apparatus as recommended
by the manufacturer.

Nori 10—Exercise care when cleaning and positioning the lid assem-
bly so not to damage or dislocate the flash detection system or temperature
measuring device. Sce the manufacturer’s instructions for proper care and
maintenance.

11.2 Automated Apparatus:

11.2.1 The automated apparatus shall be capable of per-
forming the procedure as described in [1.1, including control
of the heating rate, stirring of the test specimen, application of
the ignition source, detection of the flash point, and recording
the flash point.

11.2.2 Start the automated apparatus in accordance with the
manufacturer’s instructions. (Warning—Failure to install the
sample temperature measuring device correctly, when using
automated apparatus, can result in uncontrolled heating of the
test portion and potentially a fire. Some automated apparatus
include provisions to avoid this occurrence.) The apparatus
shall follow the procedural details described in 11.1.3 through
11.1.8.

PROCEDURE B

12. Procedure

12.1 Manual Apparatus:

12.1.1 Ensure that the sample container is filled to the
volume capacity requirement specified in 8.2. Fill the test cup
with the test specimen to the filling mark inside of the test cup.
The temperature of the test cup and test specimen shall be at
least 18 °C or 32 °F below the expected flash point. If too much
test specimen has been added to the test cup, remove the excess
using a syringe or similar device for withdrawal of fluid. Place
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the test cover on the test cup and place the assembly into the
apparatus. Be sure the locating or locking device is properly
engaged. If the temperature measuring device is not already in
place, insert the device into its holder.

12.1.2 Light the test flame and adjust it to a diameter of
3.2mm to 4.8 mm (0.126 in. to 0.189 in.), or switch on the
electric igniter and adjust the intensity in accordance with the
manufacturer’s instructions. (Warning—Gas pressure should
not be allowed to exceed 3 kPa (121in.) of water pressure.)
(Warning—Exercise care when using a gas test flame. If it
should be extinguished it will not ignite the vapors in the test
cup and the gas for the test flame that then enters the vapor
space can influence the result.) (Warning—The operator
should exercise and take appropriate safety precautions during
the initial application of the ignition source, since (est speci-
mens containing low-flash material may give an abnormally
strong flash when the ignition source is first applied.)
(Warning—The operator should exercise and take appropriate
safety precautions during the performance of these test meth-
ods. The temperatures attained during these test methods, up to
370 °C (698 °F), arc considered hazardous.)

12.1.3 Turn the stirring device at 250 r/min = 10 r/min,
stirring in a downward direction.

12.1.4 Apply the heat at such a rate that the temperature as
indicated by the temperature measuring device increases 1 °C
to 1.6 °C (2 °F to 3 °F)/min.

12.1.5 Proceed as prescribed in Section 11, with the excep-
tion of the preceding requirements for rates of stirring and
heating.

12.2 Automated Apparatus:

12.2.1 The automated apparatus shall be capable of per-
forming the procedure as described in 12.1, including control
of the heating rate, stirring of the test specimen, application of
the ignition source, detection of the flash point, and recording
the flash point.

12.2.2 Start the automated apparatus in accordance with the
manufacturer’s instructions. The apparatus shall follow the
procedural details in accordance with 12.1.3 through 12.1.5.

Procedure C

13. Procedure

13.1 Automated Apparatus—Ensure that the apparatus is
equipped with an electronic measuring system for the detection
of the flash point.

13.2 Ensure that the sample container is filled to the volume
capacity requirement specified in 8.2. Fill the test cup with the
test specimen to the filling mark inside of the test cup. The
temperature of the test cup and test specimen shall be at least
24 °C below the expected flash point. If too much test
specimen has been added to the test cup, remove the excess
using a syringe or similar device for withdrawal of fluid. Place
the test cover on the test cup and place the assembly into the
apparatus. Be sure the locating or locking device is properly
engaged. If the temperature measuring device is not already in
place, insert the device into its holder.

13.3 Light the test flame, and adjust it to a diameter of
32mm to 4.8 mm (0.126 in. to 0.189 in.) or switch on the
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electric igniter and adjust the intensity in accordance with the
manufacturer’s instructions. (Warning—Gas pressure should
not be allowed to exceed 3 kPa (12in. of water pressure.)
(Warning—Exercise care when using a gas test flame. If it
should be extinguished it will not ignite the vapors in the test
cup, and the gas for the test flame that then enters the vapor
space can influence the result) (Warning—The operator
should exercise and take appropriate safety precautions during
the initial application of the ignition source, since test speci-
mens containing low-flash material can give an abnormally
strong flash when the ignition source is first applicd.)
(Warning—The operator should exercise and take appropriate
safety precautions during the performance of these test meth-
ods. The temperatures attained during these test methods, up to
370 °C (698 °F), arc considercd hazardous.)

13.4 Apply the heat at such a rate that the temperature as
indicated by the temperature measuring device increases
3.0 °C/min % 0.5 °C/min.

13.5 Turn the stirring device at 90 r/min to 120 r/min,
stirring in a downward direction. (Warning—Meticulous at-
tention to all details relating to the ignition source, size of test
flame, rate of temperature increase, and rate of dipping the
ignition source into the vapor of the test specimen is desirable
for good results.)

13.6 Application of Ignition Source—The first test on the
sample shall use an expected flash point of 100 °C.

13.7 Apply the ignition source when the temperature of the
test specimen is approximately 24 °C below the expected flash
point and each time thereafter at a temperature reading that is
amultiple of 2 °C. Discontinue the stirring of the test specimen
and apply the ignition source by operating the mechanism on
the test cover which controls the shutter so that the ignition
source is lowered into the vapor space of the test cup in 0.5 s,
left in its lowered position for 1 s, and quickly raised to its
upward position.

13.8 Record as the flash point the reading on the tempera-
ture measuring device at the time the ignition source applica-
tion causes a distinct flash in the interior of the test cup which
is detected by the electronic device.

13.9 The application of the test flame can cause a blue halo
or an enlarged flame prior to the actual flash point. This is not
a flash and shall be ignored.

13.10 When a flash point is detected on the first application,
the test shall be discontinued, the result discarded, and the test
repeated with a fresh test specimen. The first application of the
ignition source with the fresh test specimen shall be approxi-
mately 24 °C below the temperature at which a flash point was
detected on the first application.

13.11 When a flash point is detected at a temperature which
is greater than 30 °C above the temperature of the first
application of the ignition source, or when a flash point is
detected at a temperature which is less than 16 °C above the
temperature of the first application of the ignition source, the
result shall be considered approximate, and the test repeated
with a fresh test specimen. Adjust the expected flash point for
this next test to the temperature of the approximate result. The
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first application of the ignition source with the fresh test
specimen shall be approximately 24 °C below the temperature
at which the approximate result was found.

13.12 When the apparatus has cooled down to a safe
handling temperature, less than 55 °C, remove the test cover
and the test cup and clean the apparatus as recommended by
the manufacturer.

Note 11—Exercise care when cleaning and positioning the lid assem-
bly so not to damage or dislocate the flash detection system or temperature

measuring device. See the manufacturer’s instructions for proper care and
maintenance.

PRECISION, CALCULATION, AND REPORT FOR
PROCEDURES A, B, OR C

14. Calculation

14.1 Observe and record the ambient barometric pressure
(see Note 3) at the time of the test. When the pressure differs
from 101.3kPa (760 mm Hg), corrcct the [lash point as
follows:

Corrected flash point = C+0.25 (101.3 - K) (1)
Corrected flash point = F+0.06 (760 — ) (2)
Corrected flash point = C+0.033 (760 — P) (3)

C = observed flash point, °C,

= observed flash point, °F,

ambient barometric pressure, mm Hg, and
= ambient barometric pressure, kPa.

14.2 After correction for barometric pressure, round the
temperature to the nearest 0.5 °C (1 °F) and record.

15. Report

15.1 Report the corrected flash point as the ASTM D93,
Procedure A or Procedure B or Procedure C Pensky-Martens
Closed Cup Flash Point of the test specimen.

16. Precision and Bias (Procedure A)

16.1 Precision—The precision of this procedure as deter-
mined by the statistical examination of the interlaboratory test
results, is as follows:

16.1.1 Repeatability—The difference between successive
results, obtained by the same operator with the same apparatus
under constant operating conditions on identical test material,
would in the long run, in the normal and correct operation of
the test method, exceed the following values in 1 case in 20.

r=AX, (4)
A =0.029,
X = mean result in °C, and
r = repeatability.

16.1.2 Reproducibility—The difference between two single
and independent results, obtained by different operators work-
ing in dilferent laboratorics on identical material, would in the
long run, in the normal and correct operation of the test
method, exceed the following valucs only in 1 case in 20.

Copyright by ASTM Int'l all rights reserved); Wed Oct 10 00:22:16 EDT 2018 7
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R = BX,
B = 0.071.
X = mean resultin °C, and
R = reproducibility.

16.1.3 Bias—Since there is no accepted reference material
suitable for determining the bias for the procedure in these test
methods, bias has not been determined.

16.1.4 Relative Bias—Statistical evaluation of the data did
not detect any significant difference between the reproducibil-
ity variances of manual and automated Pensky-Martens flash
point results for the samples studied. Evaluation of the data did
not detect any significant difference between averages of
manual and automated Pensky-Martens flash point for the
samples studied with the exception of cycle oil and fuel oil
which showed some bias. In any case of dispute, the manual
procedure shall be considered the referee test.

Nortr 12—The precision statements were derived on clear liquids only.
Refer to the rescarch report® for information regarding relative bias and
types of samples. Additional studics arc in progress concerning relative
bias.

16.1.5 The precision data were developed from a combined
1991 ASTM cooperative test program® using 5 samples of fucl
and lubricating oils (Twelve laboratories participated with the
manual apparatus and 21 laboratorics participated with the
automated equipment) and a 1994 IP cooperative test program
using 12 fuel samples and 4 purc chemicals. (Twenty-six
laboratories participated with manual and automated equip-
ment. The apparatus used either a gas test flame or an electric
resistance (hot wire) device for the ignition source. Information
on the type of samples and their average flash point are in the
research report.®

17. Precision and Bias (Procedure B)

17.1 Precision—The precision of this procedure, as deter-
mined by the statistical examination of the interlaboratory test
results, is as follows:

17.1.1 Repeatability—The difference between successive
results obtained by the same operator with the same apparatus
under constant operating conditions on identical test materials
would, in the long run, in the normal and correct operation of
the test method, exceed the following value in 1 case in 20:

Residual fuel oil 2 °C
Other types 5 °C

17.1.2 Reproducibility—The difference between two single
and independent results obtained by different operators work-
ing in different laboratories on identical material would, in the
long run, exceed the following value only in 1 case in 20:

Residual fuel oil 6 °C
Other types 10 °C

Note 13—The precisions of these standards were derived from inter-

laboratory studies conducted in degrees Celsius.

¢ Supporting data (the results of the 1991 interlaboratory cooperative test
program) have been filed at ASTM International Ileadquarters and may be obtained
by requesting Research Report RR:S15-1008. Contact ASTM Customer Service at
service @astm.org.

Rodrigo Lascano (Intertek Tesling Services NA) pursuant Lo License Agreement. No [urther reproductions authorized.

146



A% De3 - 18

17.1.3 Bias—Since there is no accepted reference material
suitable for determining the bias for the procedure in these test
methods, bias has not been determined.

17.1.4 The precision data for residual fuel oils were devel-
oped in a 1996 cooperative test program conducted by the IP
using 12 samples of residual fuel and 40 laboratories world-
wide using both the manual and automated apparatus. Infor-
mation on the type of samples and their average flash point are
in the research report.

17.1.5 The precision data for other sample types in Proce-
dure B is not known to have been developed in accordance
with RR:D02-1007.

Note 14—Procedure B was not tested in the 1991 interlaboratory
program.

18. Precision and Bias (Procedure C)”

18.1 Precision—The precision of this procedure, as deter-
mined by the statistical examination of the interlaboratory test
results, is as follows:

18.1.1 Repeatability—The difference between successive
results obtained by the same operator with the same apparatus
under constant operating conditions on identical test materials
would, in the long run, in the normal and correct operation of
the test method, exceed the following value in 1 case in 20:

7 Supporting data (the results of the 2008 interlaboratory cooperative test
program) have been filed at ASTM International Headquarters and may be obtained
by requesting Research Report RR:D02-1683. Contact ASTM Customer Service at
service@astm.org.

84°C
18.1.2 Reproducibility—The dillerence between (wo single
and independent results obtained by different operators work-
ing in different laboratorics on identical material would, in the
long run, in the normal and correct operation of the test
method, exceed the following value only in 1 case in 20:
14.7°C

Note 15—The precisions of these standards were derived from inter-
laboratory studies conducted in degrees Celsius.

18.1.3 Bias—Since there is no accepted reference material
suitable for determining the bias for the procedure in these test
methods, bias has not been determined.

18.1.4 The precision data for biodiesel were developed in a
2008 cooperative interlaboratory test program’ using 9 samples
of biodiesel (B100) of various source and 17 samples of the
same biodiesel dosed with concentrations of alcohol from
0.1 % to 0.3 %. Various automated apparatus in 11 laboratories
participated. The precision was calculated on the flash point
range from 60 °C to 190 °C. The alcohol concentrations were
verified in separate laboratories using EN 14110. Information
on the type of samples and their average flash point are in the
research report.

19. Keywords

19.1 automated flash point; automated Pensky-Martens
closed cup; flammability; flash point; Pensky-Martens closed
cup

ANNEXES

(Mandatory Information)

A1, APPARATUS SPECIFICATIONS*

Al.1 A typical assembly of the apparatus, gas heated, is
shown in Fig. Al.1. The apparatus shall consist of a test cup,
cover, and stove conforming to the following requircments:

Al.l.1 Cup—The cup shall be of brass, or other nonrusting
metal of equivalent heat conductivity, and shall conform to the
dimensional requirements in Fig. A1.2. The flange shall be
equipped with devices for locating the position of the cup in the
stove. A handle attached to the flange of the cup is a desirable
accessory. The handle shall not be so heavy as to tip over the
cmply cup.

Al.1.2 Cover:

Al.1.2.1 Cover Proper—The cover shown in Fig. A1.3 shall
be of brass (A1.1.1) and shall have a rim projecting downward
almost to the flange of the cup. The rim shall fit the outside of
the cup with a clearance not exceeding 0.36 mm (0.014 in.) on
the diameter. There shall be a locating or locking device, or
both, engaging with a corresponding device on the cup. The
upper edge of the cup shall be in close contact with the inner
face of the cover throughout its circumference.

Copyright by ASTM Int'l all rights reserved); Wed Oct 10 00:22:16 EDT 2018 8
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A1.1.2.2 Shutter—The cover shall be equipped with a brass
shutter (Fig. Al.1 and Fig. Al.4), approximately 2.4 mm
(¥321n.) thick, operating on the plane of the upper surface of
the cover. The shutter shall be so shaped and mounted that it
rotates on the axis of the horizontal center of the cover between
two stops, so placed. that when in one extreme position, the
openings A, B, and C in the cover are completely closed, and
when in the other extreme position, these openings are com-
pletely opened. The mechanism operating the shutter should be
of the spring type and constructed so that when at rest the
shutter shall exactly close the three openings. When operated
to the other extreme, the three cover openings shall be exactly
open and the tip of the exposure tube shall be fully depressed.

A1.1.2.3 Flame-Ignition Device—The flame-ignition device
(Fig. A1.4) shall have a tip with an opening 0.69 mm to
0.79 mm (0.027 in. to 0.031 in.) in diameter. This tip shall be
made preferably of stainless steel, although it may be [abri-
cated of other suitable metals. The flame-exposure device shall
be equipped with an operating mechanism which, when the
shutter is in the open position, depresses the tip so that the
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PILOT

HANDLE (OPTIONAL)
(MUST NOT TIP EMPTY CUP)

SHUTTER

STIRRER DRIVE FLEXIBLE SHAFT
(PULLEY DRIVE OPTIONAL) I
H SHUTTER OPERATING KNOB
FLAME EXPOSURE DEVICE |
LD | THERMOMETER
IR GAP H |
A H
) DISTANCE PIECE
t! R B
B c
TEST CUP
7 +
TOP PLATE l
STOVE ! mm in.
AIR BATH | min | max | min | max
A | 437] 5.16]0.172]0.203
! B |41.94|42.06 | 1.651 | 1.656
F MIN THICKNESS l c | 58| 3.18]0.062|0.125
OVER CUP AREA | D | ... | 952 .. |0375
IE, METAL SURROUNDING E |57.23|57.86 |2.253 [ 2.278
THE CUP | F |635|...|02]...
H
HEATER FLAME-TYPE _l_
OR ELECTRIC RESISTANCE !
TYPE (FLAME TYPE SHOWN) |
1

Nott 1—Lid assembly can be positioned either right or lefi-handed.

FIG. A1.1 Pensky-Martens Closed Flash Tester

center of the orifice is between the planes of the under and
upper surlaces of the cover proper at a point on a radius passing
through the center of the larger opening A (Fig. A1.3). An
clectric ignitor is also suitable. The clectric ignitors shall be of
the electric resistance (hot-wire) type and shall position the
heated section of the ignitor in the aperture of the test cover in
the same manner as the gas flame device.

Al1.1.2.4 Pilot Flame—A pilot flame shall be provided for
automatic relighting of the exposure flame. A bead 4 mm
(¥%2n.) in diameter can be mounted on the cover so that the

Copyright by ASTM Int'l (all rights reserved); Wed Oct 10 00:22:16 EDT 2018 9
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size of the test flame can be regulated by comparison. The tip
of the pilot flame shall have an opening the same size as the tip
of the flame exposure device (0.69 mm to 0.79 mm (0.027 in.
to 0.031 in.) in diameter).

Al.1.2.5 Stirring Device—The cover shall be equipped with
a stirring device (Fig. A1.4) mounted in the center of the cover
and carrying two 2-bladed metal propellers. In Fig. A1.4 lower
propeller is designated by the letters L, M, and N. This
propeller shall measure approximately 38 mm from tip to tip,
with cach of its two blades 8 mm in width with a pitch of 45°,
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HANDLE OPTIONAL

— e B

C
f
L& FILLING|MARK NSO D
T \ t
G
|

te——— F ————]
VAL
[ f
]
I
mm (in.)
min max (min) (max)
A 79.0 79.8 (3.11) (3.14)
B 1.0 (0.04) (...)
(e} 28 36 (0.11) (0.14)
D 21.72 21.84 (0.855) (0.860)
E 45.47 4572 (1.790) (1.800)
F 50.72 50.85 (1.997) (2.002)
G 55.75 56.00 (2.195) (2.205)
H 38 40 (0.15) (0.16)
1 53.90 54.02 (2.122) (2.127)
J 2.29 2.54 (0.090) (0.100)

FIG. A1.2 Test Cup

The upper propeller is designated by the letters A, C, and G.
This propeller measures approximately 19 mm, tip to tip, each
of its two blades is also 8 mm in width with a pitch of 45°. Both
propellers are located on the stirrer shaft in such a manner that,
when viewed from the bottom of the stirrer, the blades of one
propeller are at 0° and 180° while the blades of the other
propeller are at 90° and 270°. A stirrer shaft may be coupled to

the motor by a [lexible shalt or a suitable arrangement of

pulleys.

A1.1.2.6 Stove—Hcat shall be supplied to the cup by means
of a properly designed stove which is equivalent to an air bath.
The stove shall consist of an air bath and a top plate on which
the flange of the cup rests.

Al1.1.2.7 Air Bath—The air bath shall have a cylindrical
interior and shall conform to the dimensional requirements in
Fig. Al.1. The air bath may be either a flame or electrically
heated metal casting (A1.1.2.8), or an electric-resistance ele-
ment (A1.1.2.9). In either case, the air bath must be suitable for
use at the temperatures to which it will be subjected without
deformation.

Copyright by ASTM Int'l (all rights reserved); Wed Oct 10 00:22:16 EDT 2018 10
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H | K
1 o |- 100-150
L
mm (in.)
min max (min) (max)

D 12.7 135 (0.50) (0.53)
E 48 5.6 (0.19) (0.22)
F 135 143 (0.53) (0.56)
G 23.8 246 (0.94) (0.97)
H 1.2 2.0 (0.05) (0.08)
1 7.9 (0.31)
J 12.00 12.32 (0.472) (0.485)
K 16.38 17.00 (0.645) (0.669)
L 18.65 19.45 (0.734) (0.766)

FIG. A1.3 Cover Proper

Al1.1.2.8 Heater, Flame or Electric—If the heating element
is a flame or an clectric heater, it shall be so designed and used
that the temperatures of the bottom and the walls are approxi-
mately the same. In order that the air bath internal surfaces
should be at a uniform temperature, it should not be less than
6.4mm (Y in.) in thickness unless the heating clement is
designed to give equal heat flux densities over all the wall and
bottom surfaces.

A1.1.2.9 Heater, Electric Resistance—If the heater is of the
electric resistance type, it shall be constructed so that all parts
of the interior surface are heated uniformly. The wall and
bottom of the air bath shall not be less than 6.4 mm (%4 in.) in
thickness unless the resistance heating elements are distributed
over at least 80 % of the wall and all the bottom of the air bath.
A heater having such a distribution shall have the heating
elements positioned at least 4.0 mm (32 in.) away from the
internal surface of the air bath in conjunction with a minimum
thickness of 1.58 mm (Y6 in.) for the wall and bottom of the air
bath.
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10°-150
FLAME EXPOSURE le—A—]
FLANE THERMOMETER
B
]
C pa—
i
THERMOMETR
\ ' ADAPTOR
D FoNg
I E
| @ i COVER PROPER
L ZHZ }
B H
SHUTTER 5
I J
STIRRER CLEARANCE
K
TEST CUP

\— RIM OF CUP MUST

BE IN CONTACT
WITH THE INNER

FACE OF COVER

THROUGHOUT ITS

CIRCUMFERENCE

mm (in.)
min max (min) (max)

A 18.3 19.8 (0.72) (0.78)
B 2.38 3.18 (0.094) (0.125)
c 7.6 8.4 (0.30) (0.33)
D 2.0 28 (0.08) (0.11)
E 0.69 0.79 (0.027) (0.031)
F 2.0 28 (0.08) (0.11)
G 6.4 10.4 (0.25) (0.41)
H 9.6 11.2 (0.38) (0.44)
14 43.0 46.0 (1.69) (1.81)
) 50.0 516 (1.97) (2.03)
K 0.36 () (0.014)
L 1.22 2.06 (0.048) (0.08)
M 31.8 444 (1.25) (1.75)
N 7.6 8.4 (0.30) (0.33)

A Includes tolerance for length of thermometer given in Specification E1.

FIG. A1.4 Test Cup and Cover Assembly
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Al1.1.2.10 Top Plate—The top plate shall be of metal, and spacing bushings. The bushings should be of proper thickness
shall be mounted with an air gap between it and the air bath. It to define an air gap of 4.8 mm (%16 in.), and they shall be not
may be attached to the air bath by means of three screws and more than 9.5 mm (¥ in.) in diameter.

A2, MANUFACTURING STANDARDIZATION OF THERMOMETER AND FERRULE

A2.1 The low-range thermometer, which conforms also to
the specification for the cup thermometer in the tag closed
tester (Test Method D56) and which frequently is fitted with a
metal ferrule intended to (it the collar on the cover of the tag
flash tester, can be supplemented by an adapter (Fig. A2.1) to
be used in the larger diameter collar of the Pensky-Martens
apparatus. Differences in dimensions of these collars, which do
not affect test results, are a source of unnecessary trouble to
manufacturers and suppliers of instruments, as well as to users.

A2.2 Dimensional requirements are shown in Fig. A2.1.
Conformity to these requirements is not mandatory, but is
desirable to users as well as suppliers of Pensky-Martens
testers.
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CLAMP NUT
le 1
1 PACKING RING
)
A
g = | |§ i
1
? B 5/g" UNF THREAD
FERRULE l CLAMP NUT - STAINLESS STEEL
PACKING RING L— C ——I 3o UNETHREAD
D
}e— ADAPTOR L
ADAPTOR - BRASS 11
N N |
BORES TO SUIT THERMOMETER STEM -
D E |
| : PR { N N
i — T T f
AT T
G ' I
SPL]T—/‘_ F —a E i i I
Al
t
PACKING RINGS |- (0] ——l
SOFT ALUMINIUM H
SPLIT P
FERRULE
STAINLESS STEEL
mm (in.)
min max (min) (max)
A 6.20 6.50 (0.244) (0.256)
B 17.0 18.0 (0.67) (0.71)
c 9.80 9.85 (0.386) (0.388)
D 11.92 12.24 (0.469) (0.482)
E 1.40 1.65 (0.055) (0.065)
F 8.56 861 (0.337) (0.339)
G 12.4 13.0 (0.49) (0.57)
H 8.56 8.61 (0.337) (0.339)
1 8.1 86 (0.32) (0.34)
J 9.9 10.7 (0.39) (0.42)
K 8.64 8.69 (0.340) (0.342)
L 5.1 56 (0.20) (0.22)
M 17.0 175 (0.67) (0.69)
N 27.4 282 (1.08) (1.11)
o 711 7.16 (0.280) (0.282)
P 9.73 9.78 (0.383) (0.385)
FIG. A2.1 Di 1s for Ther Adapter, Ferrule, and Packing Ring

A3. THERMOMETER SPECIFICATIONS

A3.1 See Fig. A3.1 and Tables A3.1-A3.4.
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| 0.20" (5 mm)
==~ 0.10" (2.5 mm)

VRN

=

2.80" (71 mm)
2.60" (66 mm)
2.52" (64 mm)

FIG. A3.1 Test Gage for Checking Enlargements on Thermometers

e

TABLE A3.1 IP Thermometer Specifications

Notr 1—The stem shall be made with an enlargement having a diameter of 1.5 mm to 2.0 mm greater than the stem and a length of 3 mm to 5 mm,
the bottom of the enlargement being 64 mm to 66 mm from the bottom of the bulb. These dimensions shall be measured with the test gage shown in Fig.
A3l

IP 15C IP 16C IP 101C
Name
Pensky-Martens Low Pensky-Martens High Pensky-Martens Medium
Range -5°Cto+110°C 90 °C to 370 °C 20 °C to 150 °C
Graduation 0.5°C 2°C “
Immersion, mm 57 57 57
Overall length 56 mm 290 280 = 10 290
Stem diameter, mm 6.0t0 7.0 6.0 to 7.0 6.0 t0 7.0
Bulb shape cylindrical cylindrical cylindrical
Bulb length, mm 9to 13 7t0 10 9to 13

Bulb diameter, mm

Length of graduated portion,
mm

Distance bottom of bulb to,
mm

Longer lines at each

Figured at each

Expansion chamber

Top finish

Scale error not to exceed +

See notes

not less than 5.5 and
not greater than
stem

140 to 175

0°C

85 to 95
1°Cand5°C
5°C

required

ring

05°C

1 and Table A3.2 for
emergent stem
temperatures

not less than 4.5 and
not greater than
stem

143 to 180

90 "C

80 to 90

10 °C and 20 °C

20°C

required

ring

1°C to 260 °C

2 °C above 260 °C

1 and Table A3.2 for
emergent stem
temperatures

not less than 5.5 and
not greater than
stem

140 to 175

20°C
85 to 95
5°C
5°C
required
ring
12C

1 and Table A3.2 for
emergent stem
temperatures.
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Notk 1—The emergent column temperatures are those attained when using the thermometers in the test equipment for which the thermometers were

A% De3 - 18

TABLE A3.3 Standardization Temperatures

originally designed. In some cases these temperatures are markedly different from those realized during standardization.

Average
Tempera-
TerlTL;::ra- ture of
Emergent
Column

Average
Tempera- Tempera-
ture ture of
Emergent
Column

Average
Tempera- Tempera-
e ture of
Emergent
Column

Average
Tempera-
Tamesrs: tre of
Emergent
Column

Thermometer 9C
(=5 °C to + 100 °C)

Thermometer 9F
(20 °F to 230 °F)

Thermometer 10C
(90 °C to 370 °C)

Thermometer 10F
(200 °F to 700 °F)

0°Cc 19°C 32 °F 66 °F 100 °C 61°C 212°F 141 °F
35°C 28°C 100 °F 86 °F 200°C 71°C 390 °F 159 °F
70°C 40°C 160 °F 106 °F 300 °C 87°C 570 °F 180 °F
105 °C 50 °C 220 °F 123 °F 370°C 104 °C 700 °F 220 °F

IP 15C (~7 °C to 110 °C) 1P 15F (20 °F to 230 °F) 1P 16C (90 °C 10 370 °C) 1P 16F (20 °F to 700 °F)
0°C 19°C 32°F 66 °F 100 °C 61°C 200 °F 140 °F
20°C 20°C 70 °F 70 °F 150 °C 65°C 300 °F 149 °F
40°C 31°C 100 °F 86 °F 200 °C 71°C 400 °F 160 °F
70°C 40°C 150 °F 104 °F 250 °C 78°C 500 °F 175 °F
100 °C 48°C 212°F 118 °F 300°C 87°C 600 °F 195 °F
350 °C 99 °C 700 °F 220 °F

TABLE A3.4 Specifications for Medium-Range Pensky-Martens

ASTM No. 88F (88C) Vegetable Oil Flash Thermometer

Name

Reference Fig. No.
Range

For test at

A

o™ mooOw

i

zrx

Immersion, mm
Graduations:
Subdivisions
Long lines at each
Numbers at each
Scale error, max
Special inscription

Expansion chamber:
Permit heating to

Total length, mm

Stem OD, mm

Bulb length, mm

Bulb OD, mm

Scale location:
Bottom of bulb to line at
Distance, mm

Length of graduated portion, mm

Ice-point scale:
Range

Bottom of bulb to ice-point, mm

Contraction chamber:

Distance to bottom, min, mm
Distance to top, max, mm

Stem enlargement:
OD, mm
Length, mm
Distance to bottom, mm

10 °C-200 °C

1°C
5°C
10°C

250 °C

10°C

Medium-Range Pensky-Martens

5

57

ASTM
88F (88C)
57 mm IMM

282 to 292
6.0t0 7.0
9

>stem

75 to 90
143 t0 177

751085
25105.0"
64 to 66

50 °F-392 °F

2°F
10°F

20 °F
2°F

490 °F

50 "F

>
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Bulb OD shall be greater than 4.5 mm and less than the outside diameter of the stem (C).
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A4. VERIFICATION OF APPARATUS PERFORMANCE

A4.1  Certified Reference Material (CRM)—CRM is a
stable, pure (99 + mole % purity) hydrocarbon or other stable
petroleum product with a method-specific flash point estab-
lished by a method-specific interlaboratory study following
ASTM RR:D02-1007 guidelines or ISO Guide 34 and 35.

A4.1.1 Values of the flash point corrected for barometric
pressure for some reference materials and their typical limits
arc given in Table A4.18 (sce Note A4.1). Supplicrs of CRMs
will provide certificates stating the method-specific flash point
for each material of the current production batch. Calculation
of the limits for these other CRMs can be determined from the
reproducibility value of these test methods multiplied by 0.7.
This value provides a nominal coverage of at least 90 % with
95 % confidence.

Nori: Ad.1—Materials, purities, flash point values, and limits stated in
Table A4.1 were developed in an ASTM interlaboratory program to
determine suitability of use for verification fluids in flash point test
methods. Other materials, puritics, flash point valucs, and limits can be
suitable when produced according to the practices of ASTM RR:D02-
1007 or ISO Guides 34 and 35. Certificates of performance of such

# Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:S15-1010. Contact ASTM Customer
Service at service@astm.org.

TABLE A4.1 D93 Typical Flash Point Values and Typical Limits
for CRM

Noti |—Supporting data for the interlaboratory study to generate the
flash point in Table A4.1 can be found in research report RR:S15-1010.%

Tolerance Limits

Hydrocarbon Purity, mole % Flash Point,"C (0.7R),
G
n—decane 99 + 52.8 2.6
n-undecane 99 + 68.7 3.4
n-tetradecane 99 + 100.3 5.4
n-hexadecane 99 + 133.9 6.7

materials should be consulted before use, as the flashpoint value will vary
dependent on the composition of each CRM batch.

A4.2  Secondary Working Standard (SWS)—SWS is a
stable, pure (99 + mole % purity) hydrocarbon, or other petro-
leum product whose composition is known to remain appre-
ciably stable.

A4.2.1 Establish the mean flash point and the statistical
control limits (3c) for the SWS using standard statistical
techniques. (See ASTM MNL 7).°

2 Manual on Presentation of Data and Control Chart Analysis, ASTM MNL, 6th
ed., ASTM International, W. Conshohocken, 1990.

APPENDIXES

(Nonmandatory Information)

X1. FLASH POINT MASKING PHENOMENON

XI1.1 A condition during flash point testing can occur with
certain mixtures whereby the nonflammable component of the
sample tends to inert the vapor space above the liquid, thus
preventing a flash. Under this condition, the flash point of the
material is masked resulting in the reporting of incorrect high
flash point or no flash point.

X1.2 This flash point masking phenomenon most frequently
occurs with ignitable liquids that contain certain halogenated
hydrocarbons such as dichloromethane (methylene chloride)
and trichloroethylene.

X1.3 Under this condition, no distinct flash as defined in
3.1.5 of these test methods is observed. Instead a significant
enlargement of the test flame and a change in the color of the

Copyright by ASTM Int'l all rights reserved); Wed Oct 10 00:22:16 EDT 2018 17
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test flame from blue to yellow-orange laminar flame is ob-
served.

X1.4 Under this condition, continued heating and testing for
flash point at temperatures above ambient temperature, have
resulted in significant burning of the ignitable vapor outside the
test cup, often above the test flame. This can be a potential fire
hazard if not recognized.

X1.5 It is recommended that if this condition is encountered
during the flash point testing of these type of materials, testing
should be discontinued.

X1.6 Further commentaries regarding flash point test and
flammability of mixtures can be found in Test Method E502.

Rodrigo Lascano (Intertek Tesling Services NA) pursuant Lo License Agreement. No [urther reproductions authorized.
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X2. FLASH POINT TEST AND FLAMMABILITY OF MIXTURES

X2.1 While the flash point can be used to indicate the
flammability of liquid materials for certain end uses, flash point
does not represent the minimum temperature at which a
material can evolve flammable vapors.

X2.2 There are instances with purc materials where the
absence of a flash point does not ensure freedom from
flammability. Included in this category arc materials that
require large diameters for flash propagation, such as trichlo-

rocthylene. This material will not propagate a flame in appa-

ratus the size of a flash point tester, however, its vapors are
flammable and will burn when ignited in apparatus of adequate

size.

X2.3 When a liquid contains flammable and nonflammable
components, there are cases where this liquid can evolve

flammable vapors under certain conditions and yet will not
exhibit a close-cup flash point. This phenomenon is noted
when a nonflammable component is sufficiently volatile and
present in sufficient quantity to inert the vapor space of the
closed cup, thus preventing a flash. In addition, there are
certain instances where an appreciable quantity of the nonflam-
mable component will be present in the vapor, and the material
will exhibit no {lash point.

X2.4 Liquids containing a highly volatile nonflammable
component or impurity, which exhibit no flash point because of
the influence of the nonflammable material, may form flam-
mable mixtures if totally flash vaporized in air in the proper
proportions.

SUMMARY OF CHANGES

Subcommittee D02.08 has identified the location of selected changes to this standard since the last issue
(D93 — 16a) that may impact the use of this standard. (Approved July 1, 2018.)

(1) Revised subsection 9.2, removing the statement on reliabil-
ity of tests made in a laboratory hood.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk

of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the re

technical and must be

every five years and

if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards

and should be to ASTM

jonal H

. Your comments will receive carefuf consideration at a meeting of the

responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959.
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-maif); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; hitp://www.copyright.com/
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Ly il ANEXO 4

Universiiad de Guavadil

FACULTAD INGENIERIA QUIMICA
CARRERA INGENIERIA QUIMICA
UNIDAD DE TITULACION

Guayaquil, 14 de agosto del 2019

Ing. Luis Alberto Bonilla Abarca

Director De La Carrera De Ingenieria Quimica
Facultad De Ingenieria Quimica

Universidad De Guayaquil

Ciudad. -

De mis consideraciones:

Envio a Ud. el Informe correspondiente a la tutoria realizada al Trabajo de Titulacién ‘
“OBTENCION DE ESTER METILICO (BIODIESEL), MEDIANTE REACCION DE
TRANSESTERIFICACION DEL ACEITE DE MORINGA OLEIFERA” de los estudiantes

Guerrero De La A Bryan Nivaldo y Kocher Solano Karla Nicole, indicando que han

cumplido con todos los parametros establecidos en la normativa vigente:

El trabajo es el resultado de una investigacion.

El estudiante demuestra conocimiento profesional integral.

El trabajo presenta una propuesta en el &rea de conocimiento.

El nivel de argumentacion es coherente con el campo de conocimiento.

Adicionalmente, se adjunta el certificado de porcentaje de similitud y la valoracién del trabajo de
titulacion con la respectiva calificacion.

Dando por concluida esta tutoria de trabajo de titulacién, CERTIFICO, para los fines pertinentes,
que los estudiantes estan aptos para continuar con el proceso de revision final.

. Atentamente,

jpdir

Ing. Carmen Llerena Ramirez
Cl: 0913777058
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ANEXO 11

Liniversicad i Guavaquil

FACULTAD DE INGENIERIA QUIMICA
CARRERA DE INGENIERIA QUIMICA
UNIDAD DE TITULACION

Guayaquil, 25 de agosto de 2019.

¢

CERTIFICACION DEL TUTOR REVISOR

Habiendo sido nombrado la Ing. Sandra Pefia Murillo, MSc. tutor revisor
del trabajo de titulacién “OBTENCION DE ESTER METILICO (BIODIESEL),
MEDIANTE REACCION DE TRANSESTERIFICACION DEL ACEITE DE MORINGA
OLEIFERA”, certifico que el presente trabajo de titulacion, elaborado por Guerrero
De La a Bryan Nivaldo; y Kocher Solano Karla Nicole, con mi respectiva supervision
como requerimiento parcial para la obtencion del titulo de Ingeniero Quimico, en la
Carrera de Ingenieria Quimica, Facultad de Ingenieria Quimica, ha sido REVISADO
Y APROBADO en todas sus partes, encontrandose apto para su sustentacion.

N
\
\
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| 4

W,
Vi >

Ing. Sandrﬁeﬁa Murillo, MSc.
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e | ANEXO 6

Universidad de Guayaquil

FACULTAD INGENIERIA QUIMICA
CARRERA INGENIERIA QUIMICA
UNIDAD DE TITULACION

'W

CERTIFICADO PORCENTAJE DE SIMILITUD
Habiendo sido nombrado Ing. Carmen Emperatriz_Llerena Ramirez, tutor del trabajo de

titulacion certifico que el presente trabajo de titulacion ha sido elaborado por Guerrero De La

A _Bryan Nivaldo y Kocher Solano Karla Nicole, con mi respectiva supervisién como
requerimiento parcial para la obtencién del titulo de_Ingeniero Quimico.

Se informa que el trabajo de titulacion: “OBTENCION DE ESTER METILICO (BIODIESEL),
MEDIANTE REACCION DE TRANSESTERIFICACION DEL ACEITE DE MORINGA
OLEIFERA?”, ha sido orientado durante todo el periodo de ejecucién en el programa anti plagio
(URKUND quedando el 2% de coincidencia.
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Ing. Carmerr Llerena Ramirez
Cl. 0913777058
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