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RESUMEN

El presente trabajo se considera la aplicacion de un aditivo como ayudante en

la molienda de cemento, este aditivo tiene como ‘caracteristica - principal 1a.

conductividad y hace que las partichlas de cemento en la molienda se repelen

unas a otras cargandose algunas positivas y otras negativas, eso a su vez

para que no se adhieran a las bolas de.aceroy no se pierda la eficiencia en la

molienda, esta adhesién es un problema-en el proceso de molienda de crudo y

molienda de cemento, problema en todas las cementeras nacionales del pais.

Partiendo de los problemas centrales, el primero relaciona a la identificacion -

de los problemas qué involucran Iazcalidad_géi producto final, y la generacion

de un buen producto que séa confiable al co_nsUmidor, para luego hacer una
evaluacién de los mismos, corroborando eéta falta de dosiﬁbacién de este'"
aditivo en la mo!iend_a se tratara de realizar por métodos experimentales una
buena dosiﬁcacién,del'aditiyo para tener una buena molienda y por end:t»a—

mejorar la calidad del cemento. Ademas se debe considerar que la decision

final para la adaptacion de esta propuesta siempre queda en manos.a los

que tomen las decisiones corporativas de una empresa.
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INTRODUCCION.

Desarrollo principal de esta alta techo!ogia consiste en incorporar durante
la molienda del cemento Pé:_rt!and Tipo |, TlpO Il un nuevo aditivo complejo muy
reactivo con base vo‘rgénica. De esta manera, elv clinker sé tritura en un molino
de boiaé dosificando el aditivo, yeso y el nvueAvo éditivo lo que da por resultado
un cen"nentc-{vutilizablg para la producfcién de cemento de alfé comporﬁénﬁiéntd‘
Es iiﬁbbﬁante sefialar que con altos \/olﬂménes de aditivos ) las cualidades.
esﬁpeci’a\!es del nuevo aditivo prbducen un cemento de mé}or calidéd al
" ordinario. Puec.len. :Lis;rse también adiﬁ\rlvos locales, en tanto la arena, lé pied}ra,A
caiiza: -la puzoléné naturai,' los materiales \koica'nicos, la cer)‘i'za’vo'iante, la
escoriéhgranu!ada de alto horno, y hasta los désperdicios de vidrio o ceramicos
puedé‘n sér u'sad_qé cbn un bajo costo al emplear’ aditivos de origen mineral.
APQ”r%otr_a parté, e!"uso de la escoria granuladé de alto hdrno, le p_révee de uné
excéie’nte resistencia_al ataque quimico y'a las altas fempératuras; ademas de
tener una‘lvaltaJ resistencia, debido a su baja permeébilidéd y a'su esfructufa
qﬁimic}ei.- | “
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" PLANTEAMIENTO DEL PROBLEMA

1.1 PRESENTACION DEL PROBLEMA

Como sabemos, somos un pais de muchos privilegios con
respecto a los recursos naturales, es asi que contamos con varias
empresas dedicadas a la produccion del cemento debido a la alta

calidad de materia prima que se encuentran en nuestras canteras. En

nuestro pals las ventas del cemento se mxde con el crecumxento de la

poblacién y el desarro!lo _urbano que ‘van de la mano con la -

construccion CMI en general

En algunas empresas cementeras, existen deficiencias en la-
zona de molienda de cemento debido " a la adhesion del clinker con

yeso a las bolas de acero, dicho suceso hace que la molienda se

~ realice con menos eficiencia en la calidad del producto. Por ello, para -

disminuir la adhesion de dicho material a las bolas de acero, »se}
pretende dar a conocer una buena dos:f jcacion con un adlthO como
ayudante en la molienda’ para que dismmuya la adhesnon y asi obtener
una mejoria en la granu__lometria de la particula en el inte"(iqr del molino

de bolas.

(F8)



12 EMUNCIADO DEL PROBLEMA
Problema General

¢ Cudles seran las condiciones de uso mas adecuado del aditivo
para la molienda de cemento y contrarrestar la adhesion del material

a las bolas de acero?.

Sub Problemas

a) +,Como se da la tipica operacién de molienda de Clinker en la
industria Cementera ? |
'b)‘ g;Como det}e ser el aéondicionamiento dgl_ aditivo para su uso?

. ©) ¢Cdmo debe ser el almacenamiento del aditivo?

1.3 OBJETIVOS ‘{‘)E LA ENVESTSGAC!ON ‘
‘Objetivo General
- Establecer las condiciones de! uso dei aditivo de molienda, en

- un molino de bolas (circuito cerrado) para contrarrestar la adhesion

de clinker mas yeso en las bolas de acero.



ObjetiVos Especificos

a) T‘dehﬁficar la tipica opéraci()n de molienda del clinker en las
industrias cementeras.

Ab)‘ Eétablece[ la forma de acondicionamiento del aditivo para su
buen uso en la molienda.

c) Establecer la forma adecuada para el buen almacenamiento

~ del aditivo. -

1.4 JUSTIFICACION
a) El'aditivo es una sustancia exclusivamente pafa ser utilizado en
la molienda,r de propiedades y‘caraCteristi'c“as ‘aceptables por--

gjfahdes empresas dedicadas a la produccion del cemento.

b) La molienda de cemento es el proceso.clave para la obtencion
de un buen cemento, por eso el aditivo ayudara a mejorar
aquellas deficiencias que se presentan en el area de molienda.

¢) En algunas empresas cementeras todavia no se acondiciona un
buen ayudante de molienda, lo que origina que el producto
terminado no sea el adscuado, este aditivo podra ser una

~ alternativa de uso para este problema.



1.5 ANTECEDENTES DE LA PROPUESTA

En la Facultad de Ingenieria Quimica de fa Universidad
Nacional del Callao ni en otra Facuitad se ha encontrado”una
Investigacién de este tipo de trabajo para mejorar el rendimiento de

un molino de bolas para la industria cementera en nuestro pais.

1.6 HIPOTESIS
Hipotesis General

Obteniendo las condiciones adecuadas del aditivo, .se
“mejorara los parametros de produccion con una buena dosificdcion

para obtener un producto aceptable y de calidad.
Hipétesis Eépeciﬁca

a) La tipica operacién de molienda de cemento se da en un-molino
~ de bolas de acero alimentado por el clinker mas yeso, utilizando
- un aditivo como ayudante de molienda para obtener -un mejor

rendimiento de particulas.

b) Para acondicionar el aditivo para su uso, se le diluye con-una
‘pequeﬁa cantidad de agua y a una temperatura a condiciones

normales.



c) El aditivo debe ser almacenado en tanques hechos con material

de acero inoxidable para soportar la corrosion.

1.7 METODOLOGIA QUE SE UTILIZARA EN LA INVESTIGAGION

PARA LA TESIS

En la presente investigacfén desaArroHada, se descfibiré al
aditivo y a la éptimaw pre homogeni,zacién de_ crudo, asi como
también el método empleado ‘en el analisis para la buena
dosificacion y poéferiormente pfoceder | aﬂ los ensayos
experirpentaies e ir variandc los parametros para obtener la
metodologia de agregar el aditivo al molino de bolas en el érea de

la molienda de cemento.



MARCO TECRICO

2.1

ANTECEDENTES

‘Desde la antigiiedad se emplearon pastas y morteros
elaborados con arcilla, yeso o cal para unif estos compuestos

para construir edificaciones. Fue en la Antigua Grecia cuando

~ empezaron a usarse rocas volcanicas extraidas de la isla

de Santorini, los primeros cementos naturales. En el siglo | a. C.

. se empezd a utilizar el cemento natural” en la Antigua Roma,

obtenido en ‘Pczzazuoli, cerca. del Vesubio. La boéveda
del Pahteén_ es un ejem:pb _de ello. En el sig.lno XVl John
S_meaton construye‘le‘x' cimentacién de' un faro en el acantilado de
Edystone, en la costa Cornwall, empleando Qn mortero de cal
calcinada. -El. siglo XIX, Joseph Aspdiny James Parker

patentaron en 1824 el Portland Cement, denominado asi por su

color gris verdoso oscuro similar a la piedra de Portland. Isaac

Johnson, en 1845, obtiene el prototipo del cemento moderno,

- con una mezcla de caliza y arcilla caicinada a alta temperatura.
- En el siglo XX surge el auge de la industria del cemento, debido

a los experimentos de los quimicos franceses Vicat y Le

Chatelier y el aleman Michaélis, que logran cemento de calidad

-homogénea; la invencién del horno rotatorio para calcinacion y el

molino - tubular“"y  los " métodos  de transportar



'A»hormtgon fresco xdeados por Juergen Hmnch Magens que.

. patenta entre 1903 y 1907.

| AanUé ciértos. vtvipos de 'f;'_er‘nentos que se fraguan y
endure,cen con-agua'dé origen mineral (eran qonocidos desd_é' lé '
.- antigiedad, sélo han sido empleados COrnn_ cementos hidrélhlfcns _
.a 'p"artir de mediados del siglo XV |

El término cemento Portland se empleé por primera.vez-en

R 824 por el fabricante inglés de cementé -Jbseph 'ASPdi“ | debido |

~asu parec:do con la pledra de Portland que era muy utlhzada'_;_ L

i»v-“para la construccron en Inglaterra El pnmer cemento Porﬂand' -

modemo, hecho de ptedra cahzaiy,arcmas‘, calentadas-ﬂhasta-g‘_’*'

. _cdnvertirse en carbonilla (o 'escorias) y después trituradas,. fue -.

produc:do en Gran Bretana en 1845 En aquel!a epoca elf'

’ cemento se fabncaba en hornos vertlcales esparmendo las | '

materlaslpnmas sobre capas de coquewa» las gue se prendla T

:fuego. Los primeros homos rotatorios sUrgieron hacia 1880_ El .
3 _'Cemento Portland - se emplea hoy en Ia' mayoria de"_: .

N estructuras de horrmgon
Desde la gécada de los 80, los aditivos se han hécho un
hueco importante en la 'ind&'sjtvria-‘cementera. El anmento?dé'!a R

bferta de este tipo de productos 'ha bauéado uné redUcCién de los -

s ,~jmargenes comermales y en consecuencua una dxsmmucuon enL e

-'.j"'j-.ios costeS' de utilizacidn. Esta Sltuac:on Ios‘. ha ».-he_cho" o




provechosos practicamente para cualquier tipo de cemento y

bajo cualquier circunstancia en la produccion.

La mayor producéién de cemento se pfod,uce, en la
actualidad, en los paises mas poblados y/o industfializados,
a&nque también es importante la industria cementera en_ios
paises menos desarrollados. La antigua- Unién Soviética, China,
Japén y Estados Unidos Son los mayoreé productores,'pero_‘
'Alemania, Francia, Italia, Espafia ¥y . Brasil éon »ta'r_nt')‘ién

productores importantes.

En este trabajo se exponen algunas de las claves.para la
evaluaciéon de. los' beneficios que se obtienen con- €l uso de

_ adit‘ivit_)si

En nuestro medio existen empresas cementeras-ales -
‘como: Cementos Lima S.A., Cemenito Andino S.A., Cementos

Pacasmayao. Cementos Yura y otras

10



2.2

MATERIA PRIMA

Para la elaboracion del cemento como producto final, se

tiene que realizar una adecuada seleccion de materias primas,

las cuales pasan por un estricto control de analisis y adecuada

seleccion. La base para obtener un buen Clinker es tener-una

buena calidad de caliza que se va a obtener por extraccion de las

canteras, posteriormente se obtendra la harina cruda para ser

ingresado al horno y finalmenie se le agregara el yeso para

obtener el producto final. A continuacién  describiremos la

obtencion de materia prima.

Las materias primas usadas en la elaborécion de Clinker

so_n:.Caliza altay bajé (shinca alta y shinca baja), Oxido de fierro

-y arcilla.

2:21 Obtencién de la matefia prima.

E!l' proceso industrial de fabricacidn de cemento,
comienza en las canteras con la extraccion de las
materias'pr‘imas, que se efectla normalmente mediante

tajo abierto, con el uso de perforadofas especiales y

- posteriores vcladuras. El material asi extraido es cargado

mediante palas mecanicas de gran capacidad en

11



volguetes, los que transportan la materia prima hasta la
planta de trituracion primaria.

Lé trituracion de‘ fa roc‘a,'se realiza en dos etapaé,
j‘”in’icia_lmerm;- se prbcesé en un.a‘chan’cador“aj primaria, del
: fipé ct)'mico que puede reducirla de un tamafio maximo de
..‘1~ .5 v'm hasta !63 25 cm;_" El ma"teria'lj_sé d’eposita"en un
/.‘:;')ﬂavrque,;de almacenarﬁiento. ' Segq‘idémAente,‘ luego de
' ‘- verjﬁ;:ar' su]c;omposiéiénv"quirfﬁca, pasa 'a_"la trftu_racién
:-"éécwzs_'JnAdaria,' r;d_ticiéndpse su " tamafio a 2 mm '

- aproximadamente.

""" Foto 1: Extraccién de la materia prima




2.2.2 Composicién Quimica de la Materia Prima
" Las maierias_ primas usadas en la eiaboracién de Clinker

sbn: Caliza alta y baja, 6xido dé fierro y arcilla.
'a) _CALIZA (CaCO3)

la caliza es un cdmégesto de CaCO; que de

| | acﬁerdo a su pureza es c'lasificac;:lé encaliza altay

" caliza baja ubicadé en Térha—Condo'rcoéha_,I 0 como

“en fabrica lo Ilarﬁén shi.r;ca avlta y shinca béja; de

aproximadamenfe él . 85% y 70% de 4pkurez‘a

) - re;pectivamente._ !;a" H-»caliza | es una roérah‘

sédimentaria c@hpues’té maybfitariafﬁehte por

parbonato-de_ calcio?(CaCOS), generalmenté calcita. - |

"También puede contener pequeﬁa"s cantidades de
_minerales como arcillé,hemétita; éiderita, etc; B

" Foto 2: Piedra caliza




b)~

OXIDO DE FIERRO (Fe0;3):

Cuyo compuesto es Fe;03 y esta disponible
eh la cancha de materiales. Los 6xidos de

hierro son  compuestos  quimicos ~formados

Apor hierroyoxigéno. Se conocen 16 6xidos de

hierro.

Estos compuestos ~son oxidos

hematita, magnetita, maghemita, B-Fe 03, £-Fe;0s,

Wiistite), o] hidroxidos y oxi,h:iidréxidos

(goetita, lepidocrocita, akaganeita, feroxihita, o-

FeOOH, ~ FeO(©H) - de -  alta

presion, ferrihidrita, bernalita, Fe(OH),).

ARCILLA (Al,03):

- Esta compuesto en su mayoria por (AlO3) vy

qLJe se -encuentra en la cancha de materiales.
Laarcillaestd constituida por agrégados de
silicatos de alurﬁihio hidfatados,‘“ procedentes de la
- descomposicion ‘de minerales de aluminio. PfeSenta
diversas coloraciones segun las impurezas que

_contiene, siendo blanca cuando es pura. Surge de

14



la descompo'—'éicién' de rocas que contienen
feldespato, originada en un 'I;S‘roéeso natural que
dura; decenas de miles de afios. Fisicamente se
considera un coloidé, de particulas
Mextremadémente pequenias vy supﬁer.ﬁcie lisa. EI
diametro de las particulas de la arcilla es. inferior a
0,002 mm. En la fraccion textural de la arcilla puedé
h;ébea; - particulas - - no_ minerales,
los fitolitos. Quimit;ame_nte es un silicato hidratado
de alumina, cuya formula es: Al,O; - 2Si0; - H;0.
Se caracteriza por adquirir plasticidad al ser
mezéladé‘- con agua, 'y también' sonoridad vy
dureza al calentarla por encir'na'dei 800°C. La’
arcilia endurecida mediante fa accién del fuego fue
la primera cerémicé'éléborada por el hombre, y ain
es uno de los mate;féles mas barétoé y de uso mas
*amplio. Ladrillos, utensilios de coc}na, objetos de
arte e Incluso | inétrumentos musicales como
la ocarina’ son elaborados con arcilla, Témbién se ig
' ‘utilizé en muchos proces;)s industriéles; tales cprﬁo
en la R .elaboraéic’)n de papel,. produccién

de cemento y procesos quimicos.



d)

HARINA CRUDA

Las materias primas en la cancha de
mat'eriale; son llevadas mediante fajas a 4; balahzas
que luego desificaran a la Trituradora Tandén y' los
gruesos retornaran al molino de bolas. |
- Balanza de caliza alta (CaCO; AL 85%): 47.44%

- Balanza de caliza baja (CaC03 AL 70%): 46.58%
- Balanza de ox1d0 de fierro (F?O;;) 1.69%
- Balanz’a fie arcilla (Atle3): 4.25%

La mezcla de materias primas en tamario

maximo de 37, es dosificada por las balanzas y

" alimentada por la faja a la trituradora, juntamente

con los gases calientes provementes del horno que

’nenen la funcxon de secar el matenal

La mezcla de gases y material a la salida de

la trituradora es arrastrada por un “iser duct” hacia

un clasificador estatico, de donde los gruesos

retornan por faja al molino ‘de “ bolas para unaA‘
moliénda fina. Los finos saliendo del se’péfadbr son
recupe-rados en Ljné ba’terié de 4-ciciones, e'l_{barri'do
aire: para transp_qftq' de material lo genera un
ventilador de tiro al final de toda la instalacion.

-16



La harina cruda asi producida es enviada por
canaletas y llevadas al silo de homogeneizacion, es
importante el control de tamafio maximo de material

que se dirige al silo de homogeneizacion {10 mm.).

EL CEMENTO:

CEMENTO = YESO (CaS0,.2H,;0) + CLINKER(C;S, C,S, C,AF, C;A)

4% 96%

El cemento no-es otra cosa que la mezcla de
un 96% ;je Clinker y 4% de yeso o en;‘ptros casos
la pu.zolana. El yeso es usado como un retardador'

| _éel fraguado del broducto* final. Y el Clinker se vera

~ posteriormente.
0 2.2.3 Trituracidn

De "écuefdo a la exigencia a los “-estandares
-interna‘cio“nales, sé desea traba]ar ‘con un tamaﬁo._”de‘wf )
p-aftic.:u‘ia gue sea optima, ypéra que deesta manera no se -
preseﬁteniimperfecciones en el momento de reduccion de

tamafio.’ Para esto se fécesita tener..un tamafo de -

17



particula adecuado para cada proceso, como tenemos en
el caso de la obtencidn de la harina cruda, en el area de
molinos— de crudo, esta dperacién se realfza en
chaﬁcado*ras de martilio, chancadoras cénicas, molinos de
boias, motinos de..brea_'tsa. Una vez extraidas las rocas,
son reducidas de tamafio mediante’ las ~ siguientes
operaciones: chancado primario, chancado secundario vy

zarandas, con caracter previo al almacenamiento.

La Chancadora: Primaria, del tipo denominado
“cono” - tritura por_presién a la caliza reduciendo su tamafio
desde un.maximo de 1.50 metros, hasta un minimo de 40
centimetros, d‘epositéndola en una cancha o parque de

foneladas por hora. La caliza es transpértéaa y dosifigéda,
segun:sy ley, desde el parque de fa chancadora“pl:imaria,“
‘a’las s€hancadoras secundarias donde se reduce su
tamafio -de 40 cm. a un maximo de 19 mm cbn una
" producqién _de. GQGIthlhr. Las Zarandas se encargan de
separar {a cali‘za“ me;nor ~ de 19 mm. pafa en\iiaria ala
.cancha de pre-hdmogeneizacic’m y ‘los .’éémaﬁos' mas

gruesos regresan a ias chancadoras secundarias para

terminar su proceso.
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Foto 3: Chancadora Primaria tipo Cénica

- Fuente: Elaboracion propia -

. 2.2.4Pre-homogenizacién” |~

Lé Qancha- dé VPre-_.Il-!o}mogeneizacic")h es del: ﬁpo

K “circular’ ‘dé 108 metros de 'diémétro y tiene una capécidad
' ’dve'1ﬁ10,000' tonelada_s.'Su '.funcionam'ive'nto es automé‘ticoi
La caiki;'za'és,de;»)ositada en. cép:;ls sucesivas ’hOrizohfales
‘p‘bf mgdio de uné fa‘jg:telescépica apiladora que r'ecorre.un'
éngulo prefijado.;_.t!.l)na'”:"'vez_donseg'uid.é'la altura nece,é_aﬁa

- .. . ..i de unaruma se pasa a preparar- otra. Mientras tanto, ‘la

.. “ruma anterior &s recuperada en forma perpendicular a su
- apilamiento, originandose un efecto de mezcla uniforme. |

O E material molido .V_“debe._'ser ‘homogeneizado para

_ga'rantizar la e'fectividaq" del procesb de clinkerizacion
-~ mediante una calidad constante. Este procedimiento se
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efectia en silos de homoge’néizacién. El m-aterial
resultante constituido por un polvo de gran finura debe
presentar una composicién quimica constante. De alli la
caliza es trasladada mediante fajas a Ios‘ silos de

alimentacioén del molino de crudo

Foto 4: Cancha de Pre homogenizacién

oo

Fuente: Cementos Lima S.A.



2.2.5 Molienda

Descripcion tecnolégica y funcionamiento de un

molino de bolas cilindrico de una camara

Es un molino de accién periddica que esta formado
de un casco o shell soldado eléctricamente, con anillos de
acero fundido calzados en caliente o soldados -de entrada

y salida sostenidos por cojines o chumaceras.

Para Vproteger al moiino de'uﬁ rapido desgaste'—; Ié

carga intérna del casi:o se reviste interiorfnente de p!gcéés

o chaquetas de acero al fnanganeso‘ o de otro mineral
como Ni-Hard, crom_o-molibdeno o de caucho, de acuerdp

- a las clases de 'mineraiwque se muele. Este molino
.vfﬁnciona Qirando sobre sus mufiones de apoyo a ~u._lna

- velocidad determinada para cada tamafio de molino. _ -

En calidad de agente de moliénda se usa bolas de

| aceré de diferentes diametros, de distinta durez'-a;' y
cbmpbéicién si;ierﬂrgf;;.' Cuando el}molino gira, las bolas

junto con el mineral ,es‘ elevado po-r' Ias'. ondulaciones de

una chaquéfa y suben 'h__‘ast'a» una althra determli"nadé,j ée
don‘de caen girando ;obre siy golpeéndose entre ellas y

contra las chaquetas o revestimiento interiores. Luego

vuelven a subir y caer y asi sucesivamente. En cada
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vuelta del molino hay una serie golpés producidos por las

bolas, estos golpes son los que van moliendo el mineral.

Figura 1: Fuerzas actuantes sobre una bola de molienda

Fuente: prohtuan'o del cemento, 5Ta Edicion

- Puede usarse la siguiente notacion:

m masa del cuefp'o.,moledor (Kg)

v, velocidad tangencial (m/seg.)

r MrécVﬂio de la trayectoria circulé'r (m)

a angulo de despegue (grados)

n velocidad de rotacién del molino (vueita/mint)
o} aceleracion de la gravedad (m/seg:é)

” Normalménte los molinos de bolas trabajan 70% a
78% de s‘c’)lidos; dgpendiend_g del peso es;%)‘ecific:o‘ del.
o m_ir_\eral. Lé ca‘h;i(dad. de bolas que se Cbloba dentro de Lm-
'r-nolino depende en gra.hv cantidad di'sponib.!e de ghérgia

para mover el molino estd en un rango de 40% a 50%
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generalmente nunca se llega a 50% del volumen. La carga
de bolas debe ser correcta y bien proporcionada, con

‘bolas  lo suficientemente grandes para triturar las

particulas de mineral mas grande y duras, pefo no las muy

finas. Los molinos de bolas dan un producto mas fino que. .

los molinos de barras porque, la accidn de molienda es
frenada por las particuias de mineral méas gruesas que se

interpolen entre barra y barra. Estos molinos trabajan vy

operan en circuito cerrado con algun tipo de clas_iﬁéador_

de rastrillo, espiral o hidrociclén.

Estos mo!inoé de bolas pueden ser accionados por
uha transmision de 'é'orreas‘ trapezoidales y éngfanaj_es ‘de
-mando o una reduccion. En el sistema de malienda en
secd_, él mineral ya. moliddhasta la 'ﬂnUra“indicada, circula
hasta que termine de molerse las pocas particulas de

‘mineral grandes no fraccionadas, lo cual aumenta el

consumo de fuerza motriz por unidad de produccién vy

disminuye el rendimiento del molino. ..

Al operar el molino por via himeda, el mineral
finamente molido es extraido con agua de los intersticios
entre las bolas y por tanto no perjudica la molienda de las

particulas de mineral gruesas. ‘La capacidad de

2
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_produccién de los molinos de bolas se determina por el
peso de carga y la duracién del citlo de operacion y
trabajo que es la suma de tiempo de é:élrgé, de molienda y

de descarga.

La duracion de moliénda es funcién de las
dimensiones del malino, del tamarfio de las particulas de
mineral entrante y de finura de molido exigida en la

~concentradora.  La potencia  necesaria .para el
accionamiento del molino es proporcional a su carga yes.
.de aproximadamente de 1.5 kw-hr/Tm de mineral y de la
carga .de las bolas de acero En la operacién pof via

‘himeda:se agrega un 50% a.GO% d.t:a-' agua en peso, para
asegurar una déscarga rapida del minefal, fa cantidad de ‘
mineral.que se puede cargar en un molind de bolas oscila

de d.4'fé_3' 0.5 toneladas por mefro cubico de capacidad

l?:Eun algﬂnos mqliirjos se coiocan aros ajustados por

a unién de la tolva de alimentacion por la cual ingresa el
rinerdl al moliné. SoBre el casco cilindrico se monta una

- rueda-dentada de acero fundido con -dientes %res_ados,
para él:accionamiento délr molino. £n caso de ins.t.éla‘rse el

.moline-sobre rodillos, se calzan sobre el casco cilindrico,

. .coronas de acero para su movimiento.
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“Foto 5: Moﬁﬁd de bolas a Nivel de Laboratorip




2.2.6 Molienda de Crudo

La finalidad de‘la molienda es reducir el tamafio de
las particulas de la caliza, para que las reacciones
quimicas de coccién en el horno puedan realizarse de

forma adecuada.

La molienda de materias primas (md!ienda dé

crudo) se realiza en- equipos mecanicos rotatorios, en los
. quela mezcla dosificada de materias primaé es sometida
av impactos de cuerpos metadlicos o a fuerzas de
compresion elevadés. Los molinos mas utilizados son los
horizontales de belas (formados por un tambor de acero,
horizontal y giratorio, revestido interiormente dé»_plaCas
muy resistentes al desgas{e y con fdrmas adecuadas para
voltear eﬁcazmehté -a las materias pri'mas junto con una
carga muy importénte de ‘bblas de fundic,:ién blanca aleada
‘c,on niquel y cromo). El! material obtenido debe ser
hombgenizado para garantizar la calidad del clinker y lla
cbrregta operacion’ del_ horno. Esta horﬁogenizécién s‘e‘

"lleva a cabo en silos. .



~TFoto 7: Molino de bolas | |

- Fuenté: Cemeto ndino S.A.

2.2:7 Muestreador automatico de la caﬁcha de pre

homogenizacién de caliza.

El sastema de muestreo esta ubncado en el edificio
de cnbado de cahza EI c1rcu1to comxenza c:on la cuchara

cuarteadora, de tipo transversal la cual realiza un corte

cada 5 min'utos al ﬂujo»de caliza proVeniehte de la faja |

241F|1 D:cho matenal es derivado a la chancadora de
'quqadas y enseguuda al elevador de cangllones que

: transporta el matenal al cuarto mvel del edif cio. EI c:rcuxto

*

consta de 2 faJas de transporte cuya funC|on pnncxpal es

de regu!ar el ﬂUjO det matenal ala ahmentac:on de Ios
cu’arteadoresrotatorios. La faj_a N°1- (parte_ superior) tiene-

una velocidad de 0.083 m/é y la faja N°2"(parte inf'eﬁbr)




tlene Lma‘veloci&ad d_e. 0.0038 m/s. El material es derivado -
e;I“ sivsteArha de bolsas ahtométicas la cual cambia de-
posicion cada mediavhora. El punfo de muestréo N°1 fue
tomado én el muestreador ménual‘ubicado en el tercer
niv‘el' del édificio de ‘cribado, y toma-' directamente de la

caida a la Faja 241F11 una muestra.

Foto 8:  Muetreador Automatico
' + Cancha de Pre homogenizacion
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Foto 9 : Faja que transporta la Caliza hacia la zaranda

Fuente: Cementos Lima S.A.

Foto 10: Ducto para cambio de alimentacion.

Fuente: Cementos Lima SA.

La foto N°10 muestra una vista ampliada de uno de los

divisores instalados en el Sistema de Muestreo Automatico de

Caliza.



Foto 11: Cuéhilla cuarteadora de caliza

e

_ Fuente: Cementos Lima S.A.

Interior del Equipo mostrado enla fotografia anterior.

El equipo consta con una cuchilla giratoria que es
alimentada de ménera ciclica por la paﬁe superior por una
pequefia faja que se desplaza muy lentamente. El equipb esta

disefiado para recibir material de un tamafio maximo de 1

i pulgadé.



Diagrama N° 1: Sistema de Muestreo Auto'méti,cjo
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-2.2.8 Homogenizacion.

La harina cruda seca y-puiverizada cdhteniehdo un

residud de aproximadamente 15% sobre la malla de 90
prﬁ. Proveniente de la molienda. El objetivo de Ia
homogeneizacion es o_ptener una harina cruda uniforme
en composicion quimica y distribucion gra_nulométrifclza.
Para su funcionamiento no existen pa;tes moviles deniro
del silo, requiriéndose a solame.n’.tve< éire para realizar el

efecto de mezcla, _ei fondo del silo estd ,cubierto por

canaletas de aireacion.

La harina cruda homoééneiigga 'es-tré}‘nspowrtéd;a
mediante canaletas a los silos:de valmgcenamiento y ala
alimentacion del horno. En-los techos de los silos de
homogeneizacién se han instalado modernos Filtroé- De

Mangas, pulse-jet, Fuller -Kovaco para minimizar la

polucion.
2.2.9 Intercambiador de Calor.

_El material homogeneizado es llevado al ltimo piso

del Intercambiador de calor que luego bajara ciclon por

- ciclén por gravedad, preparando el material para alimentar
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al horno. En el Intercambiador, asi como en el Pre

calcinador ocurre la Gnica reaccién quimica. :

CaCOs+ T 5= Ca0 +CO,

La temperatura en el Intercambiador de calor
oscilara desde los. 100 °C hasta los 1400 °C que es

cuando entra al horno, aproximadamente.

La harina de - crudo se introduce en
un intercambiador de calordonde se lleva a cabo un
proceso 'de caléntamientéj progresivo hasta“'alcanzar los
1.000 °C. El crudo es caientado con Ios~ gases de! hbrno |
antes de ser mtrodumdo en el de esta forma se consigue

gue no tenga que estar tanto ’uempo en su interior con el

consiguiente ahorro de energia.

En el intercambiador_‘ de calor los gases que

: tranéportan el crudo ascienden por medio de la succién de
un potente ventilador éon lo que se conSIgue de forma’
snmultanea que el gas pierda temperatura y el crudo” la-
‘gane. Con todo ello en -e.i intercambiador se produc:e una
descarﬁonatacién de Ia.(%aliza del crudo de un 95%.

Dentro del horno, el crudo sigue aumentando de

(U]
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temperatura hasta los 1.450°C, necesarios para la correcta

formacién del cemento.

El material que sale del horno, clinker, tiene aspecto de
grénulos redondeados y se enfria con aire por-aebajo de
Ids 120 grados. El clinker es' e-i_ producto basico péra la
fabricacion de cemento. En glgunos cementos el clinker

puede constituir hasta el 95% del producto.

Figura 2: Diagrama.del principio de intercambiador de calor

‘L - *55lidos {crudo, clinker)
’ J—- aire, gas
., combustible

précalentador

calcinador --f =

Lt

horno
T

i 4

"
-

enfriador

Fuente : prontuario del Cemento, 5ta Edicién

El proc‘esd presenta la.gran ventaja de pérmitir el

| uso'd.e combustible"de bajo poder calorifico y de alto

contenido de cehizaé para su‘ quema en el: calcingdor,

| <.dor»1de una comb‘ustién. sin. llama relativamente' baja,

'inferiof-‘ é 900°C es 's‘u.ﬁcient-e vpara con}‘s_'eguir la
descarbonatacién bretendida.
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Foto N°12 : ciclones elntercambiador de Calor

Fuente: Cemento Andino S.A.
En. la fotografia N°12 observéhﬁos el ducto gue
transporita los gases exaustos provenientes de la
clinkerizacién derivados hacia la olla de distribucion de.
gases para re utilizarlos en los precalcinadores y

calcinadores

Foto N°13: lntercambiac_!c_)r de Calor .

B} i%r--—-. wper1g ¥ By

- Fuente: Cementos Lima S A.



Figura 3: Precalentadores de ciclones

i

Fuente : prontuario del Cemento, Sta Edicion

En la figura‘ N°3 se obsén)a que por la parte
superior del horno el ducto de los. gases se inicia el
precéie;ntamiento alrededor de 400-600 |C, luego- el
remanente de gases calientes éontinﬂa hacia loé ciclones
superibres, a diferenfc:ia de la ihyeccic')n de los gases

calientes recuperados durante el enfriamiento del clinker



~-2.2.10 ~ Harina Cruda para el Clinkerizado

VUna vez obtenido él material - correctamente
cumpliendq con el,faméﬁo de particulas, se realiza el
acondicionamiento para obtener la harinapruda. Esta' «
harina se le denomina asi. por no contener cambios_
quimicoé, solamente se ha realizado la reduccion de -
tamano de las particulas, pasando por unos silos de
homogenizacion que sirve para que las particulas sean
correctamente separadas. En la industria cementera se
pone mucho énfasis ;e_en la obtencic')nv de la h‘arinav cruda
porque este material va a ser fundamer_}tai para que se’

obtenga un Clinker de caracteristicas excelentes.

2.2141 Horno

Evl' horno es ‘cilindrico y acusa una !igeré
inciinécic’:n h_avtsz‘}ia el extremo dqndé sé sitﬂa ef
qﬁemédor.ASu.’l'ongitud puede superar los 150-m.,
- con dié‘metros de hasta 4,5 m.y pfo‘ducciones que
superan las 1000 Tm.dia. La inclinacion suele ser

del 2 al 5 por 100 y giran a una velocidad que

‘alcanza- las 180 revoluciones por hora.



~En el extremo situado mas bajo se encuentra el |
mechero o quemador que se ahmenta con carbon

: _pulvenzado o con fuel- 0|| por el otro extremo se
introduce el crudo seco, si el proceso es’ por via
seca o bien la pasta,v si es por ‘vfa himeda.

Por efe;;to de la |ncl|nacnon y rotacwn del
horno, el crud_o se mueve. Ientamente; y en
contracorriente "hacia - el extremo donde estan
situados el mechero y la boca de descarga y, en su
desplazamlento va - adqumendo cada vez. ma;/or
temperatura _'a*la vez que se van prqduciendo una

-serie de transformaciones fisicaé _‘y ‘;eaccibnés

quimicas.

_Foto 14: Horno rotatorio B




2.2.12 Combustible

Los combustibles sélidos empleados son el

carbon bituminoso_ (de procedencia colombiana y

venezolana) y el carbén antracitico (carbén nacional),

junto a ello también empleamos petcoke. La mezcla

de esfos combustibles sodlidos se ha efectuado

buscando no alterar en la medida de lo posible su

pdder calorifico. Las tablas 1 y 2 muesiran sus

caracteristicas como combustible y su composicion de

cenizas.

Tabla 4: Combustibles

. CARACTERISTICAS DE COMBUSTIBLES UTILIZADOS

Carbén Pet Carbdn

“Petrdleo
bituminosos ~ Coque nacionat RS
Humedad - % . 8.12 - 7.58 7.98 0.50
Material volatil en base seca % 3253 . 11.90 8.77
Cenizas- B.S. . % 12.14 099 2311
Poder calorifico inferioren - Kcal/Kg 7,288 8,258 5,975 9,500
B.S. 7 Keai/m® . N "
Azufreen B.S. | % . 089 466 1.0 -1.00
* Dureza Hardgrove (HG) _ © 58.88 58.88 103.00
Precio puesto en planta USS/MMBtu . : _
| ' USsTM - 116.33~  68.00 50.04 357.54
US$/MMKcal 15.96 8.23 - 8.37 37.64

Fuente: Cementos Lima S.A.



Tabla 2: Combustibles

CARACTERISTICAS DE COMBUST!'BLES UTILIZADOS

Mix 1 Mix 2 Mix 3 Gas Mix 4
(80/20/0) (35/35/30) (60/0/40)  natural  (40/0/60)

Humedad . . % 8.98 7.80 8.78 3.00 8.68

- Material volatil 2n base saca % 31.09 19.95 22.82 18.68

Cenizas B.S. % 11.30 11.70 16.78 19.53

Poder calorifico inferior en Kcal/Kg 7,474 7.174 6,700 6,407
BS. | " Kealim® - 8,533

Azufre en B.S. : % 165 2.28 0.82 0.20 0.82

Dureza Hardgrove (HG!) ‘ 66.00: 77.00 79.00 85

Precio puesto en planta US$/MMBtu - 2.48

US$/TM 106.67 79.53 89.81 76.56

11.09 13.40 11.95

US$/MMKcat,  14.27

Fuente: Cementos Lima S.A.

40

9.85



- Tabla 3: Composicién quimica estimada de cenizas B

Cenizas

Si02 |AR203|Fe203| CaO | MgO | SO3

. {C.imp 60%-C Nac 10%-pet 30%

51.04 1 1992 ] 864 | 1.64 | 0.74 {032

C.imp 45%-C Nac 25%-pet 30% .

4945 120.13 | 8.62 | 1.75 | 0.72 | 0.88 .

Fuente: 'Cemeni‘_os.Lih":a S.A.

Tabla 4: Composicién quimica del gas natural

Gas Natural
CH, 90.49%
CH, 5.11%
CsHy 1.47%
CO, 1.34%
N, 0.30%

Fuente: Cementos Lima S.A.

Tabla 5: 'rjér'mulas -

Nombre Abreviatura 7 Formula
Modulo de silice MSi  Si02/ (AI203 + Fe203) |
Saturacién Sat 100 * CaQ /(2.8*Si02 + 1.18* AI203 +0.65*Fe203)
Relacion éléali—éulfato RAS SO3 /(K20 +0. 50*Na20)
Silicato tricalcico C_'SS 4.071 *Ca0 -7.6*Si02 -6. 718*A1203 -1 43 *Fe203-2.852*S03
- |Silicato dicéléico ‘ C28 2.867*Si02 -0.7544*C3S v ‘
.Aluminatd tricalcico C3A 2.65*A1203.- 1.692¥Fe203 - | -
‘[Ferroaluminato . 0
_ [Tetracdlcico C4AF . {3.043 *Fe203 ‘
|Fase Liquida.. _P.Lig. [I.13*C3A +135*C4AF +MgO +0.658*K20 + Na20

- .'Fu.entje."u_CgménfOsLima SA




ﬁc 1 ] Precios de combustibles utilizados

PRECIO DE LOS COMBUSTIBLES

- i‘ﬁammnosos: 2
|Pet Coke i

Carbén nacional
1 BGas natural

iQPetrdleo RS il

USsiMMKcal

Carbén nacional i Gas natural

en:emnts Lia S.A.

Para un méjor retorno de la inversion dei proyecto de cambio a
gas— natural, se ha considerado entrar al mercado de bon‘dsidje carbono
a través del Mecanismo de‘ Desarrolio Limpio (MDL) del Protocolo de
Kyoto. La reduccion de emisionés de CO,, al.cambiar de carbén a gas
natufal se tiene una reducﬁ‘éi.é'_h de emisiones .de COZ. '

Foto 15: Quemédor,de gas para el proceso de clinkerizacion

g

uente: v iaS.
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Clinkerizacidn

La harina cruda, ﬂpryeviamente, homogenizada para
dar]é uniformidad a la mezcla pulveri'zada, es
introdué:ida _rﬁediant’é _ sistemas de transporte
neumatico a un intercambiador de calor por
suspension de gases de varias etapas, en ta-base del
cual se encuentran instalados modernos sistemas de
pre ca}cinacién de la harina antes' de la entrada del
horno rotativo “donde se desar‘rollah las restantes

reacciones fisicas y quimicas que dan lugar a la

~ formacion del "cﬁnker" a temperaturas de 1400 — 1450."

"En el'horno ocurren reacciones quimicas, generando

un Jintercambio de moléculas, este tiene una ligera:

- inclinacién y gira en torno a su eje con el fin de

transportar, el material hasta el enfriador.

El intercambio de moléculas que ocurre en el horno es:

CaO + SiO; +A03+ Fe;03+ T Z:> CLINKER

A la salida del enfriador: el Clinkef es enfriado
mediante ventiladores. Los principales objetivos del

enfriador son:.



»  Conseguir alta recuperacion de calor para el
~hormo -y el calcinador. con ahorro de

cofnbustibie.

. Lograr una baja'temperatura‘de C!inkéf ‘ala
salida del enfriador, asegurando bajas
cargas térmicas en el snstema de transporte

. de Clinker y posterior almacenamiento.

. El resultado a la salida del enfriador es el Ciinker. .

' Foto 16: Clinker

. Fuente: Cementos.Lima S.A.

E! Cimker en sus cuatro formas son:
CgS (Fraguado pnmaros 10 dlas)
° Czs (Fraguado ultlmos 30 dias)

s CAF (Fuindente)




B C3A (Fraguado rapido)
Luégo este C}j,n[(er_ asi formado 'pasé por-una
prensa de rodillos para ser“trarl\spolrtada a la

pra-r-.

- -cancha de Clinker.

" Foto 17: Cancha de descarga del Clinker o

~uente: Lementos Lima

. Reaccidﬁes de forn;écicfan deil cli.nkér'
Lasreacciongs princi.p'alés $6n las s;lguientes":'
cA;aov+_ S0, +AI05 + Fey03+ T — Clinker

. 2 'CaOJ (AlO3, E§203) !.:'erritc')‘ Alﬁminato tétraééicieo

. .3Ca0.ALOs . Aluminato tricalcico

2:Ca0. SiO; - Belita silicato tﬁcélc_ico

'3 CéO.SiOz - Alitavsillicato tricalcico

" 1 BINDER ULRICH. Prontuario-del Cemento. Edic.2. Barcelona — Espafia. Pag.198'
. R . : | 4'5 -l 4% L .
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Las reacciones de la formacién del clinker, por
fases de temperatura, son: . -
De 1000 a2 1100°C:
- 3Ca0+AI203 — 3CaQALL0; - -
2Ca0+8i0, — 2Ca0Si0;
CaO+Fe,03 — CaOFezds"
De 1100 a 1200°C:
- CaOFe,03+3Ca0Al0; — 4Ca0ALOsFe,0;
De 1250 a 1480°C:..

2Ca0Si0,+Cal — 3CalSio;

CAMBEOS OCURR%DOS EN EL PROCESO DE

CJJNKER!ZAC!ON DENTRO DEL HORNO ROTATOR!O

Tabia N°6
TEMPERATURA PROCESO - . REACCION
100°C Ewvapoiacionde agua libre - endotermica -
> 500°C Desidratacion de los endotermica

minerales arcillosos

300°C ‘ -~ liberacién de CO; . exoterrmdica

- [>onp°C v Cristalizacion de 1x:_us exptermica .

productos minerales-

descompuestos
T T T U Descomposicidn de | endotermica” |
carbonatos

©1800°C A 1200°C Reaccion de CaO conlos | exotermicd

k A silicoaluminatos )
' {1250°C & 1280°C Se inicia Ta formacion de endotermica -

. _ © lguidos .

1280°C A 1500°C Formacidn de Houidos v de’ endotermica

los compuestos del cemento

{Clinkerizacidn)

Fuente: Revista del Instituto Espafiol del Cemento y sus Aplicaciones
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Escala de Temperaturas y Reacciones Quimicas

Tabla N°7
— Rango de temperatura Entalpia asténdar de ¥
: - ) la reaccidn kgl .
iy Hip 0aloo + 2445 (1)
* 00+ '0p3.00 6204570 - 10160 )
C+0,000, 4503750 -10786 B
Coipl &0 T 50270 -9269 o)
§5+0,050, 4004500 9% o .
0 o HO C 5302580 . -121000 (6)
G0, 0C0+C0, . 5502 960 + 1780 )
Mg(0; & Mg + €0, 550 4 960 % 8
CC0+A0 =0 800 a 1100. Y ] @
200+Fe0y o GF SR FRL) -1 {i0)
200450, 0 pGS . 6002 1300 CTR ()
A+ GF + GO CHF 12001280 +5 1y
(A+2C0 & GA 120021280 +5 (13)
FCS+0 @GS 12002 1280 +59 (14)
|| Oinkery & Clrkeh, > 1280 +600 (1

Fuente: Revista del Instituto Espariol del Cemento y sus Aplicaciones

2.2.14 Enfriamiento del Clinker
Después qhe se ha obte'nido‘el Clinkmer‘

lamado también clinkerizacion, se procede al
enfriamiento dé este material, para ello se utiliza un
sistéﬁa de enfriamiento que se encuéntra instalado .
justo en la caida del Clinker, esto es -para facilitar el |
transporte con un sistema de parrillas colocadas en’
serie, estas parri!iés sobn sometidas a altas presiones
que son - inyectadas con aire, Ilegéndo a enfriar el -
materig|, hasta un B0 % Una vez enfriado este
materiai, es trasladado a las ”.o;nchas de
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almacenamiento, logrando asi, con este sistema de
enfriamiento . reducir los costos y reducir energia

eléctrica ya que esta es demasiada costosa.

S_istema de enfriamiento .

ety

Con la constante innovacion de _1a
) telcn»olvogiav de enfriamiento iniciada en el
decenib de 1950, la capacidad de las plantas de
cementg ha ido Vaumenta‘r.ido al mismo tiempo
due disminuian lds costeS de mantenimiento vy

el desgaste de los componentes.

Todés los er;friadores. de Cli‘n.l.<er tienen
en comun el flujo directo de ;ire de
- enfriamiento a contracorriente 0
transversalmente( a través del clinker y que el
aire caliente én su total‘idad o en parte sirve

como aire secundario para la combustion en el

horno.

' Estas innovaciones ° incluyen el _motOr
hidraulico y la trituradora de rodillos, asi como
| ..el CSS (soporte compacto oscilante) sin
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desgaste. El enfriador Claudius Peters de uitima
- generacidn, incorpora un sistema de transporte
de -alta eficacia. Con un ndmero de piezas
sustancialmente menor "y sin elementos de
transporie en el lecho del clirlaker,,!os‘cos'tes de

mantenimiento y el desgaste de compaonentes |

se han-reducido. de forma espectacular.

2.2.15 - Molienda de Cemento

En la”"e'tépa‘ final del proceso :éstéﬁ- los
molinos de cemento. Estos. son molinos dé bblas que
son alimentados por balanzas segun la proporcion.

'La molienda del cemento se lieva a cabo en
moli.nOS’de bolas éimila_res en su _forrﬁa a los molinos
de crudo, si bien ‘eh‘ los molinos de cemento hay que
controlar la - temperatura para ‘qué no llegue a
produci; la transformacion del yeso dihiaraté‘ en:

—-hemihidratoc o e‘n énhidrita, 'qué se caracterizan por -
tener gran afinidad al agua y séf mas facilmente
solubles que el yeso. | El ._"mo‘!ino_“ consiste

esencialmente en un cilindro horizontal de acero de
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440 metros de dlametro por 14.40 metros de Iargo

revest:dos lntenormente por blindajes acerados con

los extremos cerrados, salvo los - orificios de

alimentacién y descarga. Para cementos especiales,

' V_pueden usarse botas de ceramica o pedernal La'

rotacaon del molmo inclina el conjunto de las bolas y

hace que éstas compriman y fnccnonen el clinker y el

yeso. Segan Taylor H., comenta: “el tamafio de bola»

- requerido en ‘una fase determinada de la_molienda

esta’ relacionado con el tamafio de particula a
conseguir. Por esta razén el molino esta dividido en
tres’ camaras con bolas de tamafios que van

decreciendo desde 3 asd pulgadas en la- primera

- camara, hasta 0,5 a 1 pulgada en la tercera”.

: Flnaimente obtenldo el cemento es Nevado a s:los de

aImaCenamiento.

Foto 18: Molino de Cemento




,,,,,,,

2.2.16 Control de Calidad

En las empresas cementeras, se sighe 4N
estricto control de calidad, se realizan pruebas
fisicas y quimicas; a las materias primas usadas,-ia
concentracion de caliza, oxido de fierro, arci“!!a,
silice, Clinker, cemento, todos: estos en el
laboratorio de quimica. Estas pruebas se realizan
bajo Normas Americanas (ASTM), y por la Norma

Técnica Peruana, apfobada por INDECOPI.

El cemiento se presenta en forma de un poﬁo
ﬁn_i_sif-f‘io,. .a_e color. grié que, mezplado con agua,
forma una pasta que: endUreqe tanto bajo agua
cpfﬁo al .aire. Por‘ la primera de estas carabteristicas‘ .
y por necesitar agu-é para su fraguado se le define

como un aglomerante hidraulico.

Es obtenido mediante un proceso de
fabricacién que" ufiliza- principalmente dos materias
primas: una caliza, con un alto contenido de cal en
forma de Oxidos de calc;io, y un componente rico en

silice, constituido normalmente por -arcilla 0

" eventualmente por una escoria de alto horno.

51



Estos componentes son - mezclados en
proporciones adecuadas y sometidos a un proceso
de fusién incipiente en un horno rotatorio, del cual
se obtiene un mate_(jal granular denominado.
clinquer, const'ituid‘o- \por 4 compuestos basicos: |
e Silicato Tricalcico ( 3 CaOl . Si0y), 'designadov

como C3S.

s Silicato bicalcico ( 2 CaO . SiOy), designado

como C,S.

o+ Auminato fricslcico (3 CaO . ALO3),

designadb como CsA.

» Ferroaluminato teiracéicico (4 Ca0 . ALOs ..

FegQg), designado como C,AF.

Estos se 'presentan en forma de cuatro fases
mineralizadas, en conju'nto. con una fase vit(eé,
‘integrada por ‘los d_OS' Gltimos. -ESfas fases
- constituyen unf9§ % del peso total dél cﬁnquer,
siendo el 5 % restanté compo.ner.ates.; menores,
principélmente oxidos de sodio, potasio, titani.o,

residuos insolubles y otros.
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El ciinkef es sometido a molienda mediante
molinos de bolas hasta convertirlo en el polvo
finisimo ya mencionado, adicionandose en esta
etapa una proporcion dexyeso alre_dedor deun5 %
de su peso, destinado -a regular el proceso de
fraguado de la pasia de- cemento,lla que de otra

‘en forma casi instantanea. El

cermenic  asi  obtenide se denomina cemento
Poériland. Durante la molienda se pueds adicionar
otros _productos' naturales = o artificiales,
constituyendo asi los “Cementos Portland con
adiciones 0 EspeciaIes‘,"'los que, junto con man‘tenér
las prop_ie‘d'adess tipl:dbﬁﬁt Pdrtiand puro (fraguado
y resiétencia), poéee’n-.f:ademés, otras cualidades -
especiaimente - relacionadas con la. durabilidad,
resistencia quimica y otras. Entre las adicidnes mé‘s

conocidas y utilizadas -estén las puzoianss, las

& aimsishe.

Asi las puzolanas y cenizas volantes reaccionan

1

ta Ia hidratacion

it oy
LASAEE iR ela

‘de los componentes activos del clinker. En cambio,

- ey o e L N P e g Y
en el casc de las escornias esie ciecio s& proauce
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porque la cal hidratada liberada desencadene;‘ la

reaccidon de los componentes de la escoria,

similares a los existentes en el clinker.

Fraguado y endurecimiento de ia pasté de

cemenio

m

i cemento al ser mezclado con agua forma
una pasta, que tiene la propiedad . de rigidizarse
progresivamente hasta constituir un solido de
créciente dUrezé y resistencia. Estas café&iéristicas :
son causadas por ﬁn proceso fisico - qufmico’"
derivado de fa reaccién quimica del agua con las
fases-minera!izadas del clinguer y que en su

primera etapa incluye la solucion en agua de los

anhidros  del cemento, formando
corhpuestos hidratados. Los compuestos  del
cemeﬁto_ se  hidratan a distinta ve!ocidad,
iniciandose ” con el CzA y pc;irllvti.riuando
postericimente con C4AF, C3S y C2S en ese mismo
orden. A partir»de ese momento el proéesd'no es
cabalmente conocido, ~ existien:&'c\ teorias  gue
suponen la 'precipi{agién de los':léo'mpuestos
%ﬁdrai—ados,- con la fc%‘macién de _cri;cales

" entreverados entre si que desarrollen fuerzas de
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adperencia, las que producén el endurecimientb de
la pasta (Teoria cristaloidal de Le Chatelier) o
a'lfemativame’nte por el endureoimiehto s'uperﬁcialv
de un gel formédo a partir dé dichos compuestos
hidratados (Teoria coloidal de Michaelis),
estimandose actualmente que el proceso presenta

caracteristicas mixtas. E! endurecimiento de la

- pasta de cemento muestra particularidades que

“son de interés para e! desarrollo de obras de

ingenieria:

® La reaccibn quimica producida es
‘exotérmica, con desprendimiento de calor,

especialmente en los primeros dias.

> Durante su desarrollo se producen ‘
variaciones de volumen, de dilatacion si el
ambiente tiene un alto contenido de.

humedad o de contraccion si-este es bajo.

Ei proceso producido es dependiente de las

caracteristicas del cemento, principalmente de su

composicion y de su finura, los cuales condicionan .-

en especial la velocidad de su generacion.

W
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2.3 TIPOS DE CEMENTO

2.3

CEMENTO PORTLAND TIPO |

NORMAS TECNICAS: . ASTM C.-150 NTP 334.009

- Para usos en obras de construccion civil en general, en las

. que no se requieren propiedades especificas.

Se recomienda para estructuras- de edificios,

~ estructuras industriales, conjuntos habitacionales, puentes

2.3.2

y todas aquellas obras que se ‘construyan sobre terrenos

con contenido menor de 150 ppm. de sulfato soluble en

agua.

CEMENTO PORTLAND TPO It

- NORMAS TECNICAS: = ASTM C -150 NTP 334.009

Para uso general y especificamente cuando se

desea una moderada resistencia a la accion de los

- sulfatos y/o cuando se requiera - moderado calor de

o hidratacién.

Se recomienda para estructuras industriales,

puentes, wdébrasv 'portuar‘ivas, fabricacion de tubos de
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- concreto, alcantarillado, perforaciones, y todas aquellas

233

obras sometidas a exposicién moderada (suelos acidos,

* agua subtérrénea) con contenido del orden de 150 --1,500

'ppms-de sulfatos solubles en agua.
CEMENTO PORTLAND TIPO IV

NORMAS TECNICAS: ASTM C -150 NTP 334.009

Para uso cuando se desee alta resistencia a los sulfatos.

- Se recomienda para estructuras de canales, aicantarillado,

~en contacto con suelos acidos y/o aguas subterraneas, de

exposici.én severa del orden de 1,500 - 10,000 ppm de

- sulfatos solubles en agua.

También se usa en obras portuarias expuestas a la

" accioén de agua marinas, sobre suelos salinos y htimedos,

en piscinas y acueductos, tubos de alcantarillados,

canales y edificios que deberan soportar ciertos ataques ‘

quimicos.



2.4

' 2,3.4 CEMENTO PORTLAND PUZOLANICO TIPO | (PM)

NORMAS TECNICAS: ASTM C -595 NTP 334.04;4
Para uso en construcciones generales de concreto y
concreto armado, especialmente donde se - desea-
moderado calor de hidratacién y/o moderada resistencia
guimica a los sulfatos y aguas carbonatadas.

Se recomienda para presas - de concreto, .
cimentaciones masivas y muros de contencién en medios
agresivos, obras portuarias, canales de conducéion, obras -

de desagiie portadoras de aguas ligeramente acidas.
ADITIVO DE MOLIENDA
Es un aditivo que cumple una funcion de cargar

eléctricamente a las bolas de acero en el interior del molino de

bolas, generando que las particulas en la molienda sean '

~ repelidas y evitar la adhesion del material a las bolas de acero

actualmente son muy utilizados estos tipos de aditivos para su
' méjor rendimiento para la obtencién del cemento. Puntualmente
este aditivo, es confiable de mucha aceptacién en el mercado

‘internacional.



2.4.1 Caracteristicas Generales

Lejos quéda ya la_década de los 80, en qﬁe .ic;é
aditivos de molienda buscaban hacerse un hueco digno en
la_indﬁstria cementera espanola: En aqué!los anos, y”con
una ,co_y@ntura econémica diferente de la actual, la
capéc}dad de produccion de las plantas superaba

: frecqentemente la demanda del mercado, y el principal
Corr_\,betidor deh__‘estos productoé era el bajo coste de la
energig consuiﬁida en la molienda, ya que ésta tenia lugar

“en buena paﬁte (eh muchos casos exclusivaménte) dentro

de las horas punta de la tarifa eléctrica.
Lal utilizacién directa de afninas o glicoles,
sustancias de conocidos efectos favorecedores de la-
~ molienda, venia asociénd'ése a la resolucién de problemas
puntuales, como ataséps del molino o episodios acégad'os
de coating (revestimiento) en la carga de bdlés. La tarea.
primordial para los ad;i-tivos formulados sobre la base de
estas. sUstancias era, p;)r tanto, convencer de su utilid.ad
tarhbié.ﬁ -en Aauser;miav‘ dé problemas concretos en la
rﬁolienda. Bien es cierto que en deterhinadas situaéiones

no se cuestionaba su utilizacion, como a la hora de -

atender la carga de un barco, donde el sobrecosto que
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' caﬁdades-producidaé.

supone el tiempo de estancia en el puerto jugaba a favor
de estos aditivos (ténto ‘por los aumentos de produccion
obtenidos como por {a mayor facilidad de carga y

descarga, debido .a su efecto antiapelmazante).

Cuando los fabricantes decidieron incluir de forma
generalizada en sus catalogos la calidad, de

requerimientos superiores a los de la actuales normas,

muchas instalaciones empezaron a acusar importantes

cuellos de botella, con serias dificultades para alcanzar las
finuras requeridas. Fue entonces cuando los aditivos de
molienda empezaron a ser considerados aliados

indiscutibles del cementero, al menos para algunas de las

El empleo de ‘estos productos aln sufriia un

declive en su progresion ascendente, cuando a finales de

. los 80 comenzd a acometerse una importante puesta al

dia en la mayor parte de las instalaciones. La sustitucién

de separadores convencionales por nuevos modelos de

separadores de alta eficiencia, y también la incorporacion

dé prensas'dle rodillos como pre_;hélienda, cohdujerbn a.
sensibles mejoras de rendimiento en la fabricacion de
cemento. Alli donde ya el aditivém"de ‘molienda habia
demostrado su utilidad, con -aumentos de prod_uécién en

Tt
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algunos casos superiores al 30%, la moder}nizacién‘de la
instalacién eclipsé el buen resultado anterior: al mgjorar la
~eﬁbienc’:ia‘l en la separacidon de particulas, el sepéracjor
pésé a 'ha_g_er parte del trabajo antes encomenéado al
aditivo. -Por otra p’arie; él -disminuir con-los nuevo_sequipos:
el consumo energético por tonelada producida, & mismo
- aumento de producciéh'que anteriormente Compensabg_ el
coste del producto, a través del ahorro de KwH/TM,
empezaba a._serﬂinsuficr:_iente para pagario.

En este escenar?o, lo que supuso la consagracion
definitiva de los aditivbs de molienda fue, como no podia
ser menos, la aparicion _de competidores en el-mercado. .
'Basta un datbi | “e'n 1985 cuando operaba un Unico.
fabricante en el mercado espariol, el aditivo de molienda
de .més amplia difusion’ suponia para el cementero "L‘Jna
repercusion de entre 75 y 100 ddlares por tonetada de
cemento producida (hoy hablariamos de 45 a 60:céntimos
de euro). En la actualidad, con la abundante oferta Ade" qﬁe
se diqune, la reperédsién habituall de productos con
prestaciones equivaleﬁtés se sitia en torno a los™5 — 20
_cénti;ﬁos por tonelada.} Es decir, el coéte de u’tilizacién
actﬁa! “es" un tercio de! de antafio (en el supuesto de que
se hubiera’ mantenido constante el Valor del -dinero en
-estos 20 afios). Naturalmente los margenes comerciaies
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vya no son los_mismos. Y la consecuencia, como cabia

esperar, ha sido la utilizacién generalizada de estos

productos en practicamente todas las calidades de |

cemento:

Los coayudantes de molienda o también

denominados aditivos' para molienda estan siendo

utilizados por la mayoria de las empresas cementeras,
para lograr el tamafio de finura que se desea producir

y ser aceptable por el consumidor. El aditivo en primer

lugar, es soluble en agua, de color gris oscuro, su

densidad a 20°C, es de 1.12 kg/it. Estos datos son

proporcionados por la empresa que produce este aditivo.

2.4.-2 Importancia del Aditivo

Estos tipos de aditivos ya son muy .utilizados,

inclusive se ha sustituido el uso de la mano de-obra para

-minorizar los costos de produccién. En. Alemania estos

ayudantes de molienda ya son utilizados desde hace 15

" afios y mas particularmente en el area de molienda de

cemento en donde se requiere que las particulas sean

-utilidad es mayor a medida que aumenta la finura.del
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- comento que se quiere ob{ener. Al igual de finura de estos
aditivos de molienda pueden | a véées aumentar
sustancialmente la produccién del motlino, sin embargo no
deben de alterar ni provocar la 'corrosién'del blindaje en e}
interior del molino de bolas. _

2.4.3 Mecanismo de accién de! Aditivo

Su mecanismé de act:ién se fundamenta. en el
proceso de molturacion, cuando se producen unas cargas
eléctricas libres que provocan una aglomeraciéon de las
particulas ya frégmén@das y hacen que esas oubré;p las
bolas de acero..(:ontenidas déntro del molino de bolas,

Wreduciendo de este modo, la eficiencia del probeso de

An

molienda (moléculas organicas polares) se consigue

neutralizar las fuerzas de aglomeracion generadas por la
friccion entre ellas, 'beneficiando la separacion de las
particulas de cemento y mejorandb_ fa finura y la

granulometria del cemento resultante, asi como el

rendimiento energético del molido.



2.4.4 Uso Adecuado del Aditivo

Al utilizar este aditivo como ayudante de molienda,

~se tomara en cueﬁta la capaciaad de prod'uccién del

"molino de bolas, si trabaja en circdi{o cerrado o abierto, la

alimentacion del material, el tipo de cemento que se

quiere obtene‘r, ya sea Tipo |, Tipo Hl, Tipo V o el
Puzolanico. A continuacion se mostrard unos datos para |

cada tipo de cemento.

Tabla N°8: Tipos de cemento®

¢ Tipodecemento . Blaine Aumento det Cantidad de

Superficie . . Rendimiento % Aditivo %
especifica cm?/g

2400-3000 Hasta10 0.01-0.03 -

Tipoll © . 3000 — 4000 10 = 30 0.02—0.06

- it

© TipoV_ | 4000-5500  25-50  0.04-01

: Fuente:_ 2 BINDER ULRICH. Prontuario’ del Cemento. Edic.2. Barcelona — Espafia. Pvag.‘204

.2 BINDER ULRICH. Prontuz;rio del Cemento. Edic.2. Barcelona — Esparia. Pag.204



- 'H!v. MATERIALES EQUIPOS Y METODOS

3.1

32

Aditivo de molienda

LI Molino de_BOlas - Modelo y caracterisﬂcés.

Marca o o Krupp.
vCapacidad : _ | . | 55—60 TM/H}
Diéﬁe;tr;jni o 3am
Largo - 138m.
NIL'J'f‘ﬂ‘erO de Cérﬁa'ras Ll 2 |
* Material "de:‘MoIi_enda - D B‘dasl‘de"acﬁer’c;

- Velocidad Mol. . - 16.8'RPM.

i nstrum.entos \

e Bidc’m.“ e

o .  Probetas

> ‘C!inkefyyeéo

~ o . - Cronometro

o 0 BalanZa;doéificadora .

: s



3.3 Analisis del aditivo.

Con respecto a los ensayos de solubilidad del Aditivo de
molienda, que se realizd en nuestra experiencia, se ha
observado fisicamente lo siguiente: En primer lugar, el aditivo es

_ soluble en agua.

" Después ae‘8 dias, con el aditivo puro que queds en la
probeta, 260 ml., se obserya ia formacion de un precipitado
- oséLiro, en la siguiente-relacion: e

P:jobeté:
La relacion de prgcipitado es de 1.67 %.

Figura N° 2: Probeta de Sedimentacion

260 mi.

15cm.

o
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. .. FotoN°19: Probeta con aditivo

RN | =<

' Fuente: Elaboracién propia Cementos Lima S.A.

v

" 3.4 Método N°*1 para medir la densidad.

' USO DE UN DENSIMETRO.
instfument@s Li\(lateriéles;_: ’ -

e Un densimetro 1.00 - 2.00 Sp. G_f-

s Unaprobetade1000ml. - . ..

‘- . Termémetro ( °C). -

a . Una-cocina eléctrica. L : L




3.5

Muestras:

" 2 Lt. Del Aditivo del Bidén numero 1.

2 Lt. Del Aditivo del Bidén 2.

Descripcion:

Afadir 1000 ml De. aditivo, primero de la muestra del

bidén numero 1, luego de la muestra del bidén numero 2,

a la probeta.

’Sumérgir el densimetro para determinar la densidad de la

solucién.

Méioéo N°2 paré medir la densidad-

. USODE LAFIOLA.

Instrumentos y Materiales. o

-3 E

Una fiolade 100 ml. - -
U.na fiola de 50 ml..

Térmérhetro‘( °C).

. 2vasos de prébi,pitado de 100 mi.

Una balaza analitica.

Una cocina eléctrica.
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~ Muestras:
s 2Lt DelAditivo del Bidon numero 1.

e " 21t DelAditivo del Bidén numero2. ..

‘Descripcion:

. Pesar las fiolas, tanto la de 100 miy la ‘de 50 mi. Anadir
“aditivo a la fiola de 100 ml, hasta la mafca,-para la

.. muestra del bidén numero 1.

> Aﬁadirr aditivo a la ﬁola‘de‘.SO mi, ha‘_étalg maf_cﬁa, para la
muestra del bidén numeroZPesar las fiolas, tanto de 100
ml, comolade 50ml. .

" e . ° Restarle la tara, 'y-relacionarlo con el volumen de cada

fiolé.
~ 3.6. Procedimiento para la Dosificacién del Aditivo. =
SR ' | Se vdéja | caer ell‘-aditivo‘ en la -balanza 'dbsificadora,

tdmando en cuenta, elmtiempo y volumen del_mateﬁal que:

" esta cayendo hacia el molino de bolas.



2 Posteriormente, se tomara los mejores datos obtenidos

para que se ajuste a los requerimientos de los
parametros.' o
3.7 Control del Flujo en el Tanque

1 Por medio de probetas y tubos' de ensayc, se hace a

escala pequefia una dilucién del aditivo.

2 Luego, se traslada a cantidades reales de produccién, y se’

almacena en los tanques de material de concreto.

Foto N° 20: Almacenamiento de Aditivo

o Fuente: Elaboracién oia ~ Cementos Lima S.A.

" vertabia N° 9 resultados
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3 Este aditivo es controlado desde el panel de control, o sea .
que‘si faltase aditivo, automaticamente se hace saber al

jefe del drea para su mayor alimentacion. 2

» Enlas pruebas del aditivo los parametros a cohtrolar son:

¥ Flujo de aditivo.

Terr;ﬁératura del Clinker.'

® Altura libre de adiﬁvo eﬁ el tanque:
- 3 Produccion poc..h‘o-ra del Molino.

@ Consumo Espeéffico de Energia.

‘% Chequeo fisico de Clinker.

» la doéiﬁcacién del aditivo, en la.prueba, se obtuvo :

Densidad : 1.03 Kg/it

Dosis : : 0.200 kg/Tn. .
# Porcentaje s 0.02%
| % Agua’ . 0.00 .

W % Aditivo ;. 100.

s Los datos tomados de los parametros: flujo de aditivo,
- temperatura de clinker y altura libre de aditivo, se encuentran

en las siguientes tablas.’

2yer tabla 13 en resultados ~
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3 Tab;as 12y13, en

resultados




IV. RESULTADOS Y DISCUSIONES

4.1 Analisis y Resultados del Muestreador Automatico

a) Analisis quimico.

' Procedencia: Laboratorio de Rayos X Control de Calidad

- Tabla N°8: Resuitados del Equipo de Rayos X

Punto | Descripcién iD de Muestra | AlLO; Cal Fe,04 S0;
Muestreador Manual 241 FR1 de
' 2007015775 4,75 42.40 1.91 1.22 .
1 ingreso a de Faja 241FT3 "
Alimentacién del Elevador (Descarga : I : :
' 2007015784 4.27 43.30 1.84 | 118
2 total de cuchilla cuarteadora) : ‘
3 ‘ Déscarga del 1er Cuarteador Rotatoric™| 2007015759 4,72 43.30 1.86 1.26
3 |Rechazo del Ter Cuarteador Rotatorio | 2007015757 | 452 | 43.5 1.78 119
5 Rechazo del 2do “pantaléon” -2007045758 5.24 42.5 205 | 1.09
-Alimentacion del 2do Cuarteador ‘ - ,
8 . ' ' : 2007615774 4.31 43.3 1.85 1.34
Rotatorio '
- | Baldes (Descarga del 2do Cuarteador :
7 S o 2007815776 | 4.35 43.2 1.89 1.22
Rotatorios) - o S
Fuente: elaboracién propia
'Desviaci()n estandar. | - . 0.34 0.43 . 0.08 0.08
Valor Minimo i R 524 4350 205 134
© ValorMaximo | S 421 4240 178 109
" Variacion Porcentual‘-y(Eritrada y Salida del circuito) 861% -1.89% 1.05% - = 0.00%

% de Desviacion estandar - ' 7.49% 1.01%  4.48% 6.31%.




b) Graficos de tendencia

Grafica N°2: Tendencia del Al20;

Grafica N°3: Tendengzia dél Ca0o

5.40
520
5.00
4.80
4.60
4.40
420
4.00

%AI203

Al203

T T 13 ™ T T T L}

01 2 3 4 5 5 7 8

Punto de Muestreo

a0
43 60

4340 4
4320 47 7

4300
4280 4..
4250 4 -
az40 4 e
4220 A

% de Ca0

a 1 2. 3 4 5 & 7
Pianto de Muestres .

Fué}ate : Elaboracion propia

. Grafica N°4: Tendencia de Fe20,

210
2.05
2.00
1.95
1.80
1.85
1.80
175

%Fe203

Fe203

L re L§ L ) T L

1 2 3 4 56 ¥ 8
Punto de Muestreo

Fuente : Elaboracion propia

Fuente : Elaboracién propia

Grafica N°5: Tendencia de SO;

%503

T T NS G SR Y

SC3
1.40

35
3

25
20
a5
A0
05

1 2 3 4 5 8 FT_S8 .|

Punto de Muestreo

Fuente : Elaboracion propia

Segtn los resultados se puede apreciar que la variacion maxima
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se encuentra en el oxido de aluminio el cual presenta un 8% de

variacién respecto al valor de entrada al circuito.




c) Anaiisis Granulométrico:

El analisis granulométrico por equipo (entrada vy salida

del material) se tiene a continuacién, -

‘.v‘g.Garafica N° 8 : Muestreador Rotatorio N°1

Retenido de Malla Vs Abertura de Malia

15.00 f—

%Retenido

10.60 -

5.00 4=

254 . 1905 127 9525 635 2.56 236 2.0 06 0.23 0.15 0.06 Ciego

Abertura de Malia (mm)

{=e—Muestreador Rotatorio N*1 (ENTRADA) —#—Descarga del Muestreador Rotatorio N°1

Fuepte: Elaboracion propia

.

Se puede observar que la granulometria -entre la
entrada y salida ‘del’ cuarteador rotatorio 1 es muy'

parecida, no presenta mayores variaciones.
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Grafica N° 7: Conjunto de Pantalones entre el Muestreador 1y 2:

Retenido de Malia Vs Abartura de Matfa

30,00 : ; — : : . ) e

2500 4+

20,00 -+

%Retenldo
I3
8

1000 H 2

5.00

oag 1 , ‘ : — . SRS S — .
254 1908 127 9525 835 . 156 236 100 06 023 0.15 0 Ciega
' Abertura da Malia {mm) .
=5~ ENTRADA AL SISTEMA —a—SAUDA DEL SISTEMA |

~ Fuente: Elaboracion-propia

Se observa que existe una ligera variacion-entre las

"aberturas de malta 2.56 mmy 9 mm.
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Grafica N° 8: Segundo Cuarteador Rotatorio y bolsas automéaticas:

Retenido de Malla Vs Abertura de Maila
30.00
25.00 |- -
!
;
20,00 F :
(-3
B e
T
8 15.00 -
e <
o>
B
10.00 =
s.00
0.00 Do 1 . : e : i - —
55000 190000 222000 1100.00 950.00 1050.00 457.50 14352 71743 26220 9820 - 9490  542.10
' Abertura de Malla (mm)
[——ENTRADA AL SISTEMA —O- SALIDA DEL SISTEMA|

Fuente: Elaboracién propié

No presenta mayor variacion en el analisis granulométrico
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-d) Analisis Granulométrico Bolsas Automaticas:

A continuacién se presenta la gréafica de %Retenido Vs
Abertura de Malla de la entrada al circuito (alimentacion de
cuartéédor rotatorio N°1)' y la salida del mismo (bolsas

automaticas).

Grafico N° 9 : % Retenido / Abertura de mallas

%Retenido

Retenido de Malla Vs Abertura de Malla
30.00 -
25,00 |
20,00 |- ]
15.00
000 b=l e B i S — . —— : .
148 2802 1897 1002 894 1167 442 151 665 422 0.84 0.68 335
Abertura de Malla (mm)
{5 ENTRADA AL SISTEMA —m—SALIDA DEL SISTEMA | . <o

' Fuente: elaboracién propia

Se puede observar que el circuito del muestreador
automatico no varia en gran medida la granulometria del

- material.



4.1.1 Para el aditivo de molienda:

Se utilizd un volumen de 100 mi

- Biddn numero 1

TablaN° 9
Bidon 1
Pesos Densidad | Censidad ]
ar. rimi Ka/l = ; )
‘ ) tgrim) ¢ ) Densidad promedio:
. 1,0571 Kg/L
105,91 1,0591 1,0591 ol
105,80 1,0560 | 1,0580 Aspecto Fisico:
. ‘ » Color pardo oscuro
{10583 | 1,0563 1,0563 | » Pocoviscoso
‘Fuente: Elaboracion propia
- Bidén numero 2
Tabla N° 10
Bidén 1
- Pasos Densidad f Densidad { = .
{gr.) (grimb) 1 (Kg/t) Densidad promedio:
| ! | 1,0042 Kg/L
100,40 | 1,004 | 1,0040 _
o e Aspecto Fisico:
101,00 | 1,0100 | 16100 P .
: s Color miel
' » Aspecto aceitoso
99,85 0,9985 0,9985

Fuente: Elaboragion propia

P e



4.2 Determinacién de Ia densidad del aditiu—ro

- 4.2.1 Primer Método

~ Utilizando un densimetro de medida 0.8 — 2.00 grim!

Bidon 1 } . Bidon 2
T°C =20°C ~ T°C=18-20°C
Densidad=1,09Kg/L . = Densidad = 1,03 Kg/L ~

4.2.2 3egundo Método

- Utilizando una Fiola, volumen fijjo

TablaN° 11

1 Variables Bidon1 ' 'Bid_on 2
%Temperatura (°C) 20 — 18 - 20
:‘Tare_; {ar.) .49.60 7 37.27
~olomen S 50 | 50
Wi (gr.) 15896 — 8870
Wi (mt.) 10836, | 5143
‘Densidad (Kg/L) 1 ,6936 10286
I

Fuente: Elaboracion propia
Wt = peso lotal (tara + masa del aditivo)
W1 = peso dsl liquido (aditivo)
o Los analisis determinades por los dos métodos dan
como resuftado:
Bidon numeio 1 Temp: 20 °C, Densidad-1.02 Kg/Lt.
Bidon numero 2: Temp:18-20°C Densidad 1.03 KgfLt.
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Tabla N° 12

~~CONTROL DE FLUJO DEL ADITIVO Y ALTURA LIBRE

DEL TANQUE DE ALMACENAMIENTO

ALTURA LIBRE FLUJO
HORA  DEL TANQUE VOLUMETRICO

(cm) - (mi/30seg)

95" -

96

69 - 96

5:20:00 p.m. ’ o 96

96

95,5

7acm | . - 915

10:0000 pm. - | B

97

%

%6

79 cm 96 -

- 09:40:00 a.m. ‘ 96

96

Fuente: Elaboracion propia
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DOSIFICACION EN EL MOLINO DE BOLAS

Tabia N° 13

I
10 18 - 41 63
11 17 4z 65 !
12 FE] T 66
13 20 E7 I a8
k7 22 45 69
15 73 46 71
16 25 47 72
7 76 48 74
18 28 | 49 75
19 5 50 77
20~ 31 51 78
21 32 52 30
22 34 52 g1 J’
23 35 54 83 :
24 37 55 85
25 38 56 g
76 40 57 8 —
27 i 53 a9
28 T 59 91
29 46 60 92
30 36 T 81, 34
31 ) 78 %
2 49 63 a7
33 51 64 23
34 52 & 100
38 54 86 101
T—T 55 7 103
£ 31 57 63 105
38 58 69 106
33 80 70 108 |
20 7] 71 109

Fuente: Elaboracién propia
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GRAFICA N° 2 de la TABLAN°13

DOSIFICACION DE ADITIVO ) '
- y=1.5372x + 0.0012
- R?=0.9999
5100
= 80
g0
8 40
3
S0 20 40 - 60 80
_dosiﬁcacién {mi/3Cseg)

Fuente': Elaboracion propia

o OBSERVAMOS“:‘ qqe‘ten’i»end’o una buena dosificacion .

- proporcionandole un tiempo determinado en el des'géste de las

‘bolas de acero, el material final sera de mejor calidad.

tho N° 22: ln_tério_r del molino de bolas sin’,adhesién de materia

Fuente: Elaboracion prpia‘ Cementos Lima S.A. C e
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V. ESTUDIO ECONOMICO

5.4 Nivel de Laboratorio

| n Pofencia eléctrica del mqlido de -laboratorio 0.398 KW
B ‘W Costo de la energia eléctrica $/KWH_ =0.0437

® Costo del aditivo $ 2067 (Unidad de 1150 kg)

Foto N° 23: Molino de bolas Nive! Laboratorio |

i uente; Elaboracién propia

El costo de fabricacion a nivel de laboratorio considerando -
. ‘solamente el precio de la energia eléctrica y el costo de la” - -

" cantidad de aditivo utilizado en la molienda.




““Grafica N° 3

Influencia del aditivo considerando el costo de energiay
' - del aditivo en el molino de laboratorio

112
11.0

10.8 I
Em.e @Costo tofal.. |} - .
T3 ;

104

102 -
10.0 +—=

. 0.00% - 0.0005% 0.03% 0.06%
' Concentracion de aditivo :

' Fuente: Elaboracion propia

'5.2 Consumo de Energia

Reahzando Ja medlcxon de voltaje/amperaje de molmo de

bond y tlempo de‘ﬁmoltenda se determma el -consumo de
Energ [Ton hasta conseguxr el blaine '
' =Grafica N° 4

"‘J Influencia del aditivo de molienda en el consumo de -
~ energia en el molino de laboratorio para clinker Tipo |

- 280

- 270
260
250

240 -

4 BKWH/tn

230
220
210

. 200

KWH/TN

0.00% . 003%  0.06%"
‘Concentracion de aditivo -

‘Fdente’,: Elaboracion propia
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5.3 Dosificacién Optima.

‘Considerando los precios actuales de la energia eléctrica ‘
y del aditivo, y tomando como referencia la cantidad: exportada
del afo 2008, los costos de produccién se reducen, donde la

“dosificacion optima paré el cemento Tl seria 0.03% en peso .

 Grafica N°5

Influencia del aditivo de en la reducciondel =
- . costo/anual ' o

400,000
© 360,000
320,000
' 280,000
240,000

B : 200,000 @ahorro $ gh'ual

160,000 -+

120,000

80,000

40,000
.

0.00% 0.03% 0.06%
' Concentraciénde aditivo

N Fuente: Elaboracién propia
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5.4 Cuadro comparativo de costos.

El cuadrc siguiente nos da a conocer cantidades de

consumeo. y costos operacionales a nivel de laboratorio utilizando

un molino de bolas.

Tabla N° 14

Tablas de resultados del cemento Tipo |
# vueltas / rpm 8500 7600 7200.
Conc aditivo %peso 0.00% - G.03% 0.06%
Tempo molienda min 115 - 103 .97
Tempo molienda hr 1.91 17T 1.62
Potencia kWH 0.76 0.68 0.64 -
Peso in | 0003 0.003 0.003 -
KWH/tn 253 | 296 214
Costo $/KWH 0.0437 .| 0.0437 0.0437
Costo$/tn 11.0 9.9 9.4
costo adtitivo $/tn 0.54 1.08
Costo total $/tn - 11.04 | 1041 - 10.43
ahorro $/tn 0 - 0.630 0.610
roduccion anual 570828 _ 570828 570828
ahorro $anual . | 0 359,574 348,342

Fuente: Elaboracion propia
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CONCLUSIONES

Se analizarcon tas musstras de la Materia Prima en |a cancha de

pre homogenizacidon que son captadas por el sistema de

-muestreador automatico de una tamafio de particula de

aproximadamente 1 pulgada. {Diagrama N°1) por medio de una
cuchilla rotatoria {Foto N° 11) el 0.055% del t_ota{ de muestra y al
final del éir_cuito e_I_A 0.0012% de fa muestra total (bolsas

automaticas). 3 .

En los resultados quimicos {Tabla N° 8) si bien se muestran

variaciones entre puntos distintos durante el circuito, en la

entrada y salida del sistema presentan variaciones minimas a_

- excepcion del AlLbOs (8% aproximadamente), estas serian las

A4

cantidades para la elaboracion de la harina cruda.

Los af}g’al@‘sis granulométricos. a lo largo de los puntos

muestreados en el circuito no presentan diferencia significativa.

Los resultados quimicos y granulomeétricos de 1as muestras
tomadas durante el circuito del sistema automatico.muestran una
ligera variacion en los valores, por lo tanto se puede concluir que

el sistema de mussireo automatico es representativo io cual con

_la adicidn del aditivo en la zcna de molienda de cemento sera la

Optima.
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Estos factores podrian estar determinados por la forma de.toma

funcionamiento de {as bandejas automaticas ubicadas al final de|

“circuito y de donde se extrae la muestra final de manera

incorrecta.

Asimismo otro 'fac;or a evaluarse es la cuchilla de corte
transversal ubicada él .ini_cio del circuitq, Como. se afirma, dentro
del misrﬁo el material no varia significati&amente ‘en . su
composicién quim{ca y granulometria, sin embargo debe tenerse
en cuenta que ésta. cgéﬁiii-a'-puede no estar tomando una
muestra representativa del material transportado hacia la cancha
de Pré homoegenizaciéon . -- - ”-

A nivel de laboratorio {5.3) se demuestra_(jue el aditivo
contribuye” a minorizar costos de fabricacidon y maximizar ia

calidad del pr'oducto: |

Al téne;r la buena doéifiqa.cién del aditivo de éementr;’y éi buen
almacehamiento dei aditivo, comad hemos dado  conocer, el
aditivo se bom;ﬁbrtaré con’ buena eﬂcienqié en el momento que -
se alimenta en el molino. 'Gen_erando un buen {amafo de

particula. - S

Segun los resultados tenamos una dosificacion Optima del aditive

~ de molienda dosificando  un 0.03% en peso de producto

{Tabaa‘ N° 14}
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La optimizacién en la dosificacion de! aditivo se logra teniendo en
cuenta importantes pardmetros, como las proptedades del
cemenio y del clinker juntamente con las caracteristicas

operacionales de operatividad de la planta.

El aditivo puede traba}ér por igual en circuitos de molienda

cerrado y/o abiertos con separadores de aita eficiencia.

El aditivo de molienda coniribuye en la reduccion de costos de

produccidon, logrando un incremento de radio en la carga,

trabajando con un Blaine de 3700 +- 100 para el Tipo | de

Cemanto.

Se concluye que,.el aditivo que se plantea en esia tesis, es de |

muy buen rendimientc a esas condiciones.
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RECOMENDACIONES

Se recomienda modificar el tiempo de cambio de posicidn de las bolsas
automaticas de 30 minutos a 15 minutos, para tener un mejor muestreo
y obtener los resultados quimicos mas exactos para el control de la

composicion de los modulos de los componentes, para la elaboracién

de la harina cruda
Evaluar la forma de muestreo de los operarios verificando que efectlen
en forma correcta el vaciado de los recipientes y la captacion de la

muestra.

Considerar la instalacién de un cuarteador que sea utilizado por los

operarios para homogenizar las muestras obtenidas en las bolsas

- automaticas—~

Evaluar y corregir el funcionamiento cuchilla cuarteadora dé tipo
transversal en la entrada del circuito, ya que ésta podria ser'uno de los

factores de no representatividad.

Se recomienda realizar una evaluacién periddica del sistema de

muestreo automatico y de los equipos.que lo conforman ya que por el

* uso se puede descalibrar.

91



-+. Mantener constante las balanzas dosificadoras de Clinker y yeso

+ Mantener la dosificacion y concentracién del adtive constante para no
generar diferencias en lotes de produccion, para esto se debe de

controlar estos parametros 1 ves por turno.

-4 Después de las pruebas realizadas, se recomienda poner un sistema de
agitacién dentro del tanque, para que el volumen del aditivo se
encuentre. en constante movimiento-, para que no se genere algin

posibie precipitado.

<+ Tener en cuenta la temperatura con que se - estd manipulando el

aditivo, para no causar dafios humanos irreversibles.

- . 4 Se recomienda adquirir el aditivo con el sello de garantia de la misma

empresa, para evitar pérdidas posteriores en la empresa.

.- - Hacer el mantenimiento de limpieza de los tanques de almacenamiento
del aditivo cada 3 meses de uso para evitar posibles crecimientos de
microorganismos generados pro-el agua ya que este es usado para

diluir el aditivo. -
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4 M Designation: D 5865 - 04
} |

INTERNATIONAL

Standard Test Method for

~@Gross Calorific Value of Coal and Coke?

This standard is issued under the fixed designation D 5865: 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 (e} indicates an editorial change since the last revision .or reapproval.

1. Scope

1.1 This test method pertains to the determination of the
gross calorific value of coal and coke by either an isoperibol or
adiabatic bomb calorimeter.

1.2 The values stated in SI units are regarded as the '

standard

1.3 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. Specific hazard
statements are given in Secnon 8.

2. Referenced Documents

2.1 ASTM Standards: ?

D 121 Terminology of Coal and Coke

D 346 Practice“for Collection and Preparation of Coke
Samples for Laboratory Analysis -

D 388 Classification of Coals by Rank

D 1193 Specification for Reagent Water

D 2013 Practice for Preparing Coal Samples for Analysis

D 3173 Test Method for Moisture in the Analysis Sample of -

Coal and Coke )

D 3177 Test Method for Total Sulfur in the Analysis Sample
of Coal and Coke

D 3180 Practice for Calculatma Coal and Coke Analyses
from As-Determined to Dlﬁ'erent Bases .

D 4239 Test Methods for Sulfur in the Analysis Sample of
Coal and Coke Msing High-Temperature Tube Furnace
Combustion Methods

D 5142 Test Mettiods for Proximate Analysis of the Analy—
sis Sample of Coal and Coke by Instrumental Procedures

E 1 Specification for ASTM Thermometers .

E 144 Practice for Safe Use of Oxygen Combustion Bombs

! This test method is under the jurisdiction of ASTM Committee D05 on Coal
and Coke and is the direct responsnbllxty of Subcomtmuee D05.21 on Methods of
Analysis.

Current edition approved April 1, 2004 Published May 2004. Originally

“approved in 1995. Last previous edition approved in 2003 as D 5865 ~ 03a.

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

Copyright © ASTM Intemational, 100, Barr Hartior Drive, PO Box C700, West Conshahacken, PA 19428-2959, United States.

Copyright by ASTM Intl {all rights reserved);

E 178 Practice for Dealing with Outlying Observations

3:-Terminology -

3.1 Definitions:

3.1.1 adiabatic calorimeter—a calorimeter that operates in
the adiabatic mode and may or may not use a microprocessor.
The initial temperature before initiating the combustion and the
final temperatures are recorded by the operator or the micro-
Processor.

3.1.2 automated ca]orzmeter —a calorimeter which has a
microprocessor that takes the thermometric readings and cal-
culates the Cahbrauon Value and the Heat of Combustion
Values.

3.1.3 calorific value—the heat produced by combustion of a
unit quantity of a substance under specified conditions.

3.1.4 calorimeter—a device for measuring calorific value
consisting of a bomb, its contents, a vessel for holding the
bomb, temperature measuring devices, ignition leads, water, '
stirrer, and a jacket miintained at specified tempera{ure con-
ditions.

3.1.5 gross calorific value (gross heat of combustion at
constant volume), Q, {gross)—the heat produced by complete
combustion of a substance at constant volume w1th all water
formed condensed to a hquld -

3:1.6 heat of formation—the change in heat content result—
ing from the formation of 1 mole of a substance from its
elements at constant pressure.

3.1.7 isoperibol calorimeter—a calorimeter that operates in
the isoperibol mode and uses a microprocssor to record the
initial and final temperatures and make the appropiate heat leak
corrections during the temperature rise. It determines when the
calorimeter is in equilibrium and ignites the sample and
determines when the calonmeter has reached equlhbrmm after
ignition.” .

3.1.8 neét calorific value (net heat of combustion at constant
pressure), Q, (net)—the heat produced by combustion of a
substance at a constant pressure of 0.1 MPa (1 atm), with any
water formed remaining as-vapor.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 corrected temperature rise—the calorimeter tempeta-
ture change caused by the process that occurs 1n51de the bomb

corrected for various effects. :

Reproduction authorized per License Agxeement with (Cementos Lima S A) Fri Oct 13 16:42:20 EDT 2006
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322 heat capacity—the energy required to raise the tem-
perature of the calorimeter one arbitrary unit.

3.%2:1 Discussion—The heat capacity can also be referred
to as the energy equivalent or water equivalent of the calorim-
eter.

4. Summary of Test Method

4.1 The heat capacity of the calorimeter is determined by
burning -a specified mass of benzoic acid in oxygen. A
comparable amount of the analysis sample is burmed under the
same~conditions in the calorimeter. The calorific value of the
analysis sample is computed by multiplying the corrected
temperature rise, adjusted for extraneous heat effects, by the
heat capacity.and dividing by the mass of the sample.

Nore 1—Oxidation of coal after sampling can result in a reduction of
calorific value. In pasticular, lignite and sub-bituminous rank coal samples
may experience greater oxidlation effects than samples of higher rank
coals. Unnecessary exposure of the samples to the air for the time of
sampling or delay in analysis should be avoided.

5. Significance and Use

5.1-The gross calorific value can be used to compute the
total calorific content of the quintity of coal or coke repre-
sented by the sample for fayment purposes.

5.2" The gross calorific value can be used for computing the
calorific-value versus sulfur content to determine whether the
coal meets regulatory requirements for industrial fuels.

5.3 The gross calorific value tan be used to evaluate the

-effectiveness of beneficiation processes. -

5.4-Fhe gross calorific value can be required to dassffy

coals .aceording to Classification D 388.

6.” Apparatus and Facilities . -

671 -dest Area—An area free from drafts, shielded from
direct sunlight and other radiation sources. Thermostatic con-
"~ trol of-room temperature and controlled relative humidity are
desirable.

6.2 Combustion Bomb~Constructed of materials that are
not affectéd by the combustion process or the products formed
to introduce measurable heat input or alteration of end prod-
ucts. The bomb shall be designed so that all liquid combustion
products can be completely recovered by washing the inner
surfaces. There shall be no gas leakage. The bomb shall be
capdble of withstanding a hydrostatic pressure test to 20 MPa
(3000 -psig) at room temperature without stressing any part
beyond its specified elastic limit. '

6.3 ‘Balance—A laboratory balance capable of weighing the ..

analysis sample to the nearest-0.0001 g. The balance shall-be
‘checked weekly, at a minimum, for accuracy. -
6.4 Calorimeter Vessel—Made of metal with a tarnish-

temperatures in the calorimeter, test area and jacket. For
calorimeters having a bucket it can be a separate component or
integral component of the bomb. The vessel shall be of such
construction that the environment of the calorimeter’s entire
outer boundaries can be maintained at a uniform temperature.

6.5 Jackel—A container with the inner perimeter main-
tained at constant temperature =0.1°C (isoperibol) or at the
same temperature *0.1°C as the calorimeter vessel (adiabatic)
during the test. To minimize convection, the sides, top and

_ bottom of the calorimeter vessel shall not be more than 10 mm

resistant coating, with all outer surfaces highly polished. Its

size shall be such that the bomb is completely immersed in

water during a determination. A stirrer shall be provided for

uniform mixing of the water. The immersed portion of the

stirrer'shall be accessible to the outside through a coupler of -

Jlow thermal conductivity. The -stirrer speed shall remain

constant to minimize any terperature variations due to stirring.

Continuous stirring for 10 min shall not raise the calorimeter’

temperature more than 0.01°C when starting with identical. -

Copyright by ASTM Int1 (all rights reserved);
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. points shall not be more than 0.02°C.

. from the inner surface of the jacket. Mechanical supports for

the calorimeter vessel shall be of low thermal conductivity.
6.6 Thermometers:

6.6.1 Automated Calorimeters—Platinum resistance or lin-

ear thermistor thermometers shall be capable of measuring to
the nearest 0.0001°C. Thermometer calibration shall be trace-
able to a recognized certifying agency.

6.6.2 Manual Calorimeters:

-6.6.2.1 Platinum Resistance or Linear Thermistor Ther-
mometers shall be capable of measuring to the nearest
0.0001°C. Thermorneter calibration shall be traceable to a

. recognized certifying agency.

6.6.2.2 Liquid-in-Glass Thermometers—Conforming to the

"requirements for thermometers 56C, 116C, or 117C as pre-

scribed. in Specification E 1. Thermometers 56C shall be
calibrated at intervals no larger than 2.0°C over the entire
graduated scale. The maximum difference in correction be-
tween any two calibration points shail be no more than 0.02°C.
Thermometers 116C and 117C shall be calibrated at intervals
no larger than 0.5°C over the entire graduated scale. The
maximum difference in correction between any two cahbratlon

6.6.2.3 Beckman Differential Thermometer——(Glass en-
closed scale, adjustable), having a range of approximately 6°C
in 0.01°C subdivisions reading upward and conforming to the

requirements for Thermometer 115C, as prescribed in Specifi- -

cation E 1. The thermometer shall be calibrated at intervals no
larger than 1°C over the entire graduated scale. The maximum

difference in the correction between any two calibration points. -

shall be less than 0.02°C.
6.6.2.4 Thermometer Accessories—A magnifier is required
for reading liquid-in-glass thermometers to one tenth of the
smallest scale division. The magnifier shall have a lens and
holder designed so as to minimize errors as a result of parallax.
6.7. Sample Holder—An open crucible of platinum, quartz,

“or base metal alloy. Before use in the calorimeter, heat treat

base metal crucibles for a minimum of 4 h at 500°C to ensure
the crucible surface is completely oxidized. Base metal alloy

crucibles are acceptable, if after three preliminary firings; the .

weight does not change by more than 0.0001 g.

6.8 Ignition Fuse—Ilgnition fuse of 100-mm length and
0.16-mm (No. 34 B&S gage) diameter or smaller. Nickel-
chromium alloy (Chromel C} alloy, cotton thread, or iron wire
are acceptable. Platinum or palladium wire, 0.10-mm diameter

"(No. 38 B&S gage), can be used provided constant ignition

energy is supplied. Use the same type and length (or mass) of
ignition- fuse for calorific value determmatmns as used for
standardlzatxon

“’Reproduction aulhonz;d per License Agreement with (Cementos Lima S A); Fri Oct 13 16:42:20 EDT 2006
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6.9 Ignition Circuit—A 6- to 30-V alternating or direct
current is required for ignition purposes. A step-down trans-
former connected to an aiternating current circuit, capacitors,
or batteries can be used. For manually operated calorimeters,
the ignition circuit switch shall be of the momentary double-
contact type, normally open except when held closed by the
operator. An ammeter or pilot light can be used in the circuit to
indicate when current is flowing. -

6.10 Controller—For automated calorimeters, capable of
charging the bomb; filling the calorimeter vessel; firing the
ignition circuit; recording calorimeter temperatures before,
during, and after the test; recording the balance weights; and
carrying out all necessary corrections and calculations
cruc1b1e to promote complete combustion of samples that do
not bu?}'n completely during the determination of the calorific
value.

7. Reagents

7.1 Reagent Water—Conforming to conductivity require---

ments for Type II of Specification D 1193 for preparation of
reagents and washing of the bomb interior. -

7.2 Purity of Reagents—Use reagent grade chemicals con-
forming to the. specification of the Committee on Analytical
Reagents of the American Chemical Society in all tests.*

7.3 Benzoic Acid—Standard (CzH;COOH)—Pellets made
from benzoic acid available from the National Institute of
Standards and Technology (NIST) or benzoic acid calibrated
against NIST standard material. The calorific value of benzoic
acid, for use in the calibration calculations, shall be traceabe to
a recognized certificate value.

7.4 Oxygen—Manufactured from liquid air, guaranteed to

be greater than 99.5 % pure, and free of combustible matter.

Oxygen made by the electrolytic process contains small

amounts of hydrogen rendering it unfit unless purxﬁed by . .

passage over copper oxide at 500°C

75 il"ztratzon“fndwator—Methyl orange, methyl red, or
methyl purple for indicating the end point when titrating the
acid formed during combustion. The same indicator shall be
used for both calibration and calorific value determinations.

7.8 Standard Solution—Sodium carbonatée (Na,CO;) or
- other suitable standard solution. Dissolve 3.757 g of sodium
carbonate, dried for 24 h at 105°C in water, and difute to 1 L.
Orne millilitre of this solution is equivalent to 4.2 J (1.0 calorie)
in the acid titration.

8, Hazards

8.1 The following precautions are recommended for safe
calorimeter operation.. Additional precautions are noted in
Practice E 144. Also consult the calorimeter equipment manu-
facturer's installation and operating instructions before using
‘the calorimieter. :

- 3 Request Research Report: D05-1025, available from ASTM Headguarters.
* Reagent Chemicals. Amcrican Chemical Society Specifications. American
.. Chemical Society, Washington, DC. For suggestions on the testing of reagents not
fisted by the American Chemical Saciety, see Anafar Standards for Laboratory
Chemicsls, BDH Lid., Poole, Dorset. UK., and the United States Pharmacopeia
and Naticnal Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
“MD. .

Copyright by ASTM Intl (all rights reserved)

8.1.1 The mass of sample and any combustion aid as well as
the pressure of the oxygen admitted to the bomb shall not
exceed the bomb manufacturer’s specifications.

8.1.2 Inspect the bomb parts carefully after each use.
Replace cracked or significantly worn parts. Replace O-rings
and valve seats in accordance with manufacturer’s instruction.
For more details, consult the manufacturer.

8.1.3 Equip the oxygen supply cylinder with an approved
type of safety device, such as a relief valve, in addition to the
needle valve and pressure gage used in regulating the oxygen
feed to the bomb. Valves, gages, and gaskets shall meet
industry safety codes. Suitable reducing valves and adapters
for 3- to 4-MPa (300- to, 500-psig) discharge pressure can be
obtained from commercial sources of compressed-gas equip-
ment. Check the pressure gage annually for accuracy or after
any “accidental over pressures that reach maximum gage
pressure.

8.1.4 During 1gmt10n of a “sample, the operator shall not
extend any portion of the body over the calorimeter.

8.1.5 Do not fire the bomb if the bomb has been dropped or
turned over after loading.

8.1.6 Do not~fire the bomb if thefe is evidence of gas
leakage when the bomb is submerged in the calorimeter vessel.

8.1.7 For manually operated calorimeters, the ignition
sWitch shall be depressed only long enough to fire the charge.

9. Sampie

9.1 The analysis sample is the material pulverlzed to pass

250- -pm (No. 60) sieve, prepared in accordance with either

Practice D 346 for coke or Method D 2013 for coal.

_ 10. Determination of the Heat Capacity of the

3

Calorimeter _
-10.1 Sample—Weigh 0 8 'to 1.2 g of benzoic acid into a

. sample holder. Record sample weight to the nearest 0.0001 g.

10.2 Preparation of Bomb:

10.2.1 Rinse the bemb with water to wet internal seals and
surface areas of the bomb or precondition the calorimeter
according to the manufacturer’s instructions. Add 1.0 mL of
water to the bomb before assembly.

10.2.2 Connect a measured fuse in accordance with manu-
facturer’s guidelines.

10.2.3 Assemble the bomb. Admit oxygen to the bomb to a

“consistent pressure of between 2 and 3 MPa (20 and 30 atm).

The same pressure is used for each heat capacity run. Control
oxygen flow to the bomb so as not to blow material from the
sample holder. If the pressure exceeds the specified pressure,
detach the filling connection and exhaust the homb. Discard the
sample.

10.3 Preparation of Ca]onmeter

10.3.1 Fill the calorimeter vessel with water at a tempera-
ture not more than 2°C below room temperature and place the
assembled bomb in the calorimeter. Check that no oxygen
bubbles are leaking from the bomb. If there is evidence of
leakage, remove and exhaust the bomb. Discard the sample.

10.3.2 The mass of water used for each test-tun shall be M
+ 0.5 g where M is a fixed mass of water. Devices used to
supply the required mass of water on a volumetric ba51s shall
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be adjusted when necessary to compensate for change in the
density of water with temperature,

10.3.3 With the calorimeter vessel positioned in the jacket
start the stirrers.

10.4 Temperature Observations Automated Ca]or,me(ers

10.4.1 Stabilization—The calorimeter vessel’s temperature
shall remain stable over a period of 30 s before firing. The
stability shall be +0.001°C for an adiabatic calorimeters and
+0.001°C/s or less for an isoperibol calorimeter.

10.4:2 Extrapolation Method—Fire the charge, record the
temperature rise. The test can be terminated when the chserved
thermal curve matches a thermal curve which allows extrapo-
lation to a final temperature with a maximum uncertainty of
*0.002°C.

10.4.3 Full Development Method—Fire the charge and
record the temperature rise until the temperature has stabilized
for a period of 30 s in accordance with the stability require-
ments specified in 10.4.1.

10.5 Temperature Observations Manual Calorimeters:

10.5.1 When using ASTM Thermometers 56C, estimate all
readings to the nearest 0.002°C. When using ASTM Thermom-
eters 115C, 116C, or 117C, estimate readings to 0.001°C and
25-02 resistance thermometer readings to the nearest 0.0001 Q.
Tap or vibrate mercury thermometers just before reading to
avoid errors caused by mercury snckmg to the walls of the
capillary.

10.5.2 Allow 5 min for the temperature of the calorimeter
vessel to stabilize. Adjust the jacket temperature to match the
calorimeter vessel temperature within 0.01°C and maintain for

3 min.

10.5.3 Fire the charge. Record the time as a “and the
temperature as .

10.5.4 - For adiabatic calorimeters adjust the jacket tempera-
ture to match that of the calorimeter vessel temperature during
‘the period of the rise. Keep the two temperatures as equal as
possible during the period of rapid rise. Adjust to within
0.01°C when approaching the final stabilization temperature.
Record subsequent readings at intervals no greater than 1 min
until three successive readings do not differ by more than
+0.001°C. Record the first reading after the rate of change has
stabilized as the final temperature ¢, and the time of this reading
as c. For isoperibol calorimeters, when approaching the final
stabilization temperature, record readings until three succes-
sive readings do not differ by more than 0.001°C per min.
Record the first reading after the rate of change has stabilized
as the final temperature as ¢, and the time of this reading as ¢

10.5.5 Open the calorimeter and remave the bomb. Release
the pressure at a uniform rate such that the operation will not
be less than 1 min. Open the bomb and examine the bomb
interior. Discard the test if unburned sample or sooty deposits
are found.

10.6° Thermochemical Corrections (see Appendlx X1):

10.6.1 Acid Correction (see X1.1)—One may use either the
titration (10.6.1.1) or calculated trtratron (10.6.1. 2) procedure
for coal and coke samples.

10.6.1.1 Titration Method—Wash the interior of the bomb
with distilled water containing the titration indicator (see 7.5)
until the washings are free of acid and combine with the rinse

Copyright by ASTM Int'1 (all rights reserved);
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of the capsule. Titrate the washings with the standard solutions
(see 7.6) using a titration mdrcator ora pH or millivolt meter.
The number of millilitres of standard Na,CO; used in the
titration shall be taken as el.

10.6.1.2 Calculated Titration Method—Each calorimeter
system shall be tested at several etiergy levels with benzoic
acid pellets weighing 0.8, 1.0, and 1.2 g. This range corre-
sponds to the optimum energy levels of 5000 through 8000
calories. Two runs shall be made at each weight. Plot millilitres

. of titrant {y) versus temperature rise, degree C (x), for each

calibration and use linear regression to detennme the formula
for the line y = m (¥ + b (see Fig. 1). The resulting formula for
a line is the equation for determining the calculated millilitres
of titrant (el). The calculated titrant = m (x) + b where m and
b have been determined by linear regression. The temperature
rise {x) for each test shall be plotted on the graph to determine
the calculated acid correction (el) or determined from the
equation y = mx + b. Example: i

Sample Measured Temperature
wt., g " Titration Rise (1) .
0.7643 7.8 7.7443
0.8104 70 - 8.2188
1.0392 11.0- 10.5114
1.0506 10.3 10.6420
1.1539 . 10.5 11.6584
1.2562 13.0 . 12.6491
y=mx+b ’ (1)

Using regression analysis, the above data yield the following
data: slope = 1.0826, intercept = ~1.1496, and the equation for
the millilitres of titrant = y = 1.0826x — 1.1496.

With any given temperature rise (x), the value y(el) may be
determined.’

Note 2-—m above represents the slope of the line, whereas in other

- references in this method m represents mass.

% Request Research Report: D05-1028,  Interlaboratory Study for the Use of
Calculated Nitric Acid Correction” available from ASTM Headquarters.
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Note 3—Regression analysis to determire the equation for the millili-
tres of titrant {el) is to be done without forcing the data through zero.

10.6.2 Fuse Correction (see X1.3)—Determine the fuse
correction using one of the two alternatives:

10.6.2.1 Measure the combined pieces of unburned ignition
fuse and subtract from the original length to determine the fuse
consumed in firing according to Eq 2.

e2 = K; X1 )

where: :

e?2 = the correction for the heat of combustion of the firing
fuse,

1 = the length of fuse consumed during combustion,

K, = 0096 J/mm (0.23 cal/mm) for No. 34 B&S gage
Chromel C, - .

K, = 113 J/mm-{0.27 cal/mm) for No. 34 B&S gage iron
wire, and

K; = 0.00 J/mm for platinum or palladium wire provided
the ignition energy is constant.

or; - -

10.6.2.2 Wetgh the combined pieces of unbumed fuse and
subtract from the original weight to determine the weight in
milligrams of the fuse consumed in firing (7). Remove any ball
of oxidized metal from the ends before weighing. ’

2=K,Xm 3
where: .

.e2. = the correctlot\‘for Lhe heat of combustion of the firing
m = Stlesaeweloht mn mgnof fuse consumed during corr‘ttf)txs—.
K, = g%nj/ma (1.4 cal/mg) for No. 34 B&S gage Chromel
Km = ?5 J/mg (1.8 cal/mg) for No. 34 B&S gage iron wire,
K, = gn(?() J/mg for platmum or palladium wire prov1ded

‘ the ignition energy is constant.
" When cotton thread is used, employ the correction in J
recommended by the instrument manufacturer.
10.7 Calculation of thé Corrected Temperature Rise—
Compute the corrected temperature rise, ¢, as follows:

t+C+C+C (4)

= corrected temperature rise, °C;

= initial temperature reading at time of ﬁrm

final temperature reading;

thermometer, emergent stem carrection (see Eq Al.4);
= radiation correction {see Eq Al.2); and

= thermometer seiting correction (see Eq A1.3).

10.7.1 The temperature rise in isoperibol calorlmeters re-
" quire a radiation correction. :

10.7.2 Beckman differential thermometers require a setting
correction and an emergent stem correction.

10.7.3 Solid-stem ASTM Thermometers 56C do not require
emergent stem corrections if afl tests are performed within the
same 5.5°C interval. If the operating temperature range is
beyond this limit, a differential emergent stem correcnon shall
be applied. ‘

Pt
=
&
-
@

~
It

[
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10.8 Calculation of the Heat Capacity—Calculate the heat
capacity (E) of the calorimeter using the following equation:

E={H.Xx m) + el + &2lir (5)
where: -
E = the calorimeter heat capacity, }/°C;
H. = heat of combustion of benzoic acid, as stated in the

certificate, J/g;

m = mass of benzoic acid, g; ‘
el = acid correction from 10.6.1 from either the titration
methad (10.6.1.1) or the calculated titration
- (10.6.1.2);
e2 = fuse correction from 10.6.2, J; and

t = corrected temperature rise from 10.7,°C.

1081 Using the procedures described in 10.1-10.8 com-
plete a total of ten acceptable test runs. An individual test shall
be rejected only if there is evidence of incomplete combustion.

10.8.2 The relative standard deviation of the heat capacity
of ten acceptable test runs shall be 0.15 % or less of the average
energy equivalent. If after considering the possibility of outli-
ers using criterion established in Practice E 178, this limit is
not met, one should review operation of the calorimeter for any
assignable cause which should be corrected before repeating

“the series. Table 1 summarizes a series of heat capacity runs.

This table' would be applicable regardless of the unit of
measure for the heat capacity.

11. Heat Capacity Checks

11.1 The heat capacity value shall be checked a minimum of
once a month, after changing any part of the calorimeter, or
after changing the oxygen supply. Two procedures are avail-
able for heat capacity check: Standard Method and Rolling
Average Method. - )

Note 4—Although it is only required to.check-the heat capacity once a
month, this may be inadequate. A more frequent check of heat capacity
values is recommended for laboratories making a large number of tests on
a daily basis. The frequency of the heat capacity check should be
determined fo minimize the number of tests that would be affected by an

- undetected shift in the heat capacity values.

11.2 Standard Method:
11.2.1 A single new heat capacity test value shall not differ
from the existing heat capacity value by more than +0 17 %. If

TABLE 1 Heat Capacity Runs

Note—Variance = s2 = {Sum Column C - [(Sum Column B)10])/9 = 89.51.
Standard Deviation =s = /s 2=9.46.
Relative Standard Deviation = (s/Average) X 100 = 0.08 %.

Column A Column B

Run ) , Column C
Numoer  MeatCapacty  Difirence Fom - coyumn B2
1 10257.7 +4.2 176
2 10233.3 -4.2 176
"3 .10270.2 ¢ +16.7 2789
4 10 253.5 - 0.0 -0
5 10 245.1 -8.4 708
6 10 249.3 -42 17.8
7 10 240.9 =126 158.8
8 10 288.0 +12.5 156.3
g 10 257.7 +4.2 176
10 10 245.1 . -84 705
SUM -0.2 805.8
AVERAGE E =10 253.5
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this requirement is met, the existing heat capacity value is
acceptable. For example: existing heat capacity value is 2402
cal/°C. 2402 cal/°C X 0.0017 = 4.1 cal/°C. If single test value
is within 4.1 cal/°C of the 2402 cal/°C value, then the ex1stmg
heat capacity value is still acceptable.

11.2.2 If the requirements given in 11.2.1 are not met, an
additional heat capacity test shall be run. The difference
between the two new heat capacity values shall not exceed
0.21 % of the existing heat capacity value. The average of the
two new heat capacity values shall not differ from the existing
heat capacity value by more than =0.13 %. If this requirement
is met, the existing heat capacity value is acceptable.

11.2.3 If the requirements given in 11.2.2 are not met, two
more heat capacity tests shall be run. The range of the four new
test values shall not exceed 0.33 9 of the existing heat capacity
value. The average of the four new heat capacity values shall
not differ from the existing heat capacity value by more than
+0.08 %. If this requirement is met, the emstmg heat capacity
value is acceptable.

11.2.4 If the requirements given in 11.2.3 are not met, a fifth
and sixth heat capacity test shall be run. The range of the six
new test values shall not exceed 0.42 % of the existing heat
capacity value. The average of the six new heat capacity values
shall not differ from the existing heat capacity value by more
than +0.08 %. If these requirements are met, do not change the
existing heat capacity value.

11.2.5 If the requirements given in 11.2.4 are not met, four
more heat capacity tests shall be run. The range of the ten new
test values shall not exceed 0.50 9 of the existing heat capacity

value. The average of the ten new heat capacity values shailnot . -

differ from the existing heat capacity value by more than
+0.04 %. If this requirement is met, the existing heat capacity
value is acceptable.

11.2.6 If requirements given in 11.2.5 are not met, the
average value from the ten new test-values shail be used to
determine a new heat capacity value provided the relative

standard deviation of the ten values does not exceed 0.15 %.

11.2.7 The summary of the numerical requirements at each
step in checking the heat capacity is given in Table 2. _

11.3 Rolling Average Method:

11.3.1 Asingle new heat capacity value shall not differ from
the existing heat capacity value by more than =0.17 %:

11.3.2 Values that serve to confirm existing heat capacity
values will be included with the original 10 calibration tests
until a total of 20 tests are made. These tests will comprise a
database for calculating the mean heat capacity value provided
the relative standard deviation of the 20 values does not exceed -

. TABLE 2 Numerical Réquir;ements

Number of | Maximum Range Maximum Difference
Check Runs {Bamax — EnmmnlE,) X 100 ((Bnav — Ea) Ea) X 100
1 +0.17
2 0.21 +0.13
4 . 033 +0.08
6.~ 042 +0.08
10 050 +0.04

E, is the existing heat capacity value.

E.min IS the minimum reading in group of heat capacity check runs.
E.max IS the maximum reading in a group of heat capacity check runs.
E,. is the average of the group of heat capacity check runs.

6
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0.15 %. Any new calibration check beyond the 20 tests will
réplace the oldest value in the heat capacity database of 20
tests. A maximum relative standard deviation of 0.15 % shall
be maintained for the heat capacity database of 20 tests.
11.3.3 When using a rolling average, the heat capacity data

‘must be continually evaluated for four indications of out-of-

control conditions: first, seven consecutive results are higher
than the mean; second, seven consecutive results are lower
than the mean; third, seven consecutive results are continually
increasing; and fourth, seven consecutive resulis are continu-

ally decreasing.

11.3.4 Qut-of-control trends indicate. that the calorimeter
operation is suspect and causes should be identified. Whether
or not causes are identified, the calorimeter should be recali-
brated according to the procedure in Section 10.

12. Procedure for Coal and Coke Samples
12.1 Weigh 0.8 to 1.2 g of sample into a sample holder.

. Record the weight to the nearest 0.0001 g (see 12.6.3).

- 12.2 Follow the procedures as described in 10.2-10.5 for’
determination of heat capacity. For the calorific value of coke,
it is necessary to use 3-MPa (30-atm) pressure for both

standardization and analysis. The starting temperature for - -

determinations shall be within =0.5°C of that used in the ..
determination of the heat capacity. .
12.2.1 For coke, place a clean combustlon capsule in the

_ center of a guartz disk and press the capsule to make an

impression in the disk. Cut slits from the outside edge of the
disk to the impression. Insert the quartz disk in the combustion
capsule so that the slit portion wilt~cover the-sides of the
capsules.

12.3 Cairy out a moisture determination in accordance with
Test Methad D 3173 or Test Methods D 5142 on a separate
portion of the analysis sample preferably on the same day but
ot more than 24 h apart from the calorific value determination .
sa that reliable corrections to other bases can be made.

12.4 Conduct the sulfur analysis in accordance with Test
Methods D 3177 or D 4239. From the weight % sulfur, calcu-
late the sulfur corrections (see X1.2):

€3 =552 J/g X SX m(13.18 cal/g X 5 X m) 6)
where: - :
e3 = a correction for the difference between the heat of
formatien of H,S0, from SO,- with respect to the
formation of HNOj, J;

S = wt % sulfur’in the sample; and

m = mass of sample from 12.1, g.

12.4.1 When titration method is used (see 10.6.1. l) the
sulfur correction is .

€3 = 55.18 J/g X SX mor (13.18 cal/lg X §X m) )
12.4.2 When the calculated titration mgthod is used (see
10.6.1.2), the sulfur correction is i
63 = 94,51 J/g X SX mor (22.57 cal/g X $X m) 8)
12.5 For eight mesh samples, analyze coals susceptible to
oxidation within 24 h of preparation.

12.6 Coal or coke that do not burn completely can be treated
as follows: . .
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12.6.1 For coke, use a crucible liner of the type recom-
mended in 6.11.

12.6.2 Use a combustion aid such as benzoic acid, ethylene

glycol, mineral oil or 4’ gelatin capsule. A minimum of 0.4 g of

gombustion aid shall be used. Record the weight to the nearest
.0001 g. Calculate the correction for use of & combustion aid
using the following:

ed = Ha X ma

@
where.... - .
ed = correction for use of a combustion aid,
Ha = heat of combustion of the combustion aid J/g (cal/g),-
and
ma = mass of combustion aid, g,

(EEX 0 ~el — 62— e3 — ed]/ m

12.6.3 Vary the mass of the sample to abtain goed ignition
and so that the total heat generated is the same as the heat
generated during calibration.

[

13. Calculation

13.1 Gross Calorific Va]ue~CalcuIate the gross calorific
“value (,,{gross) using the following equation:

Qo foross) = {(eE) ~ el — €2 — &3 — editin {10}
" where:
Q.aqlgross) = gross calerific value at constant volume as
determined, }/g (cal/g):
E, © = the heat capacity of the calonmeter Jrc
_ © (call*C); -
t = corrected tempera[ure rise . accordlng to
1077 C;
el = acid correction according to 10.6.1, J;
e2 = fuse correction according to 10.6.2, J;
23 = sulfur correction determined accordmg to
: 124, I
d = combustion aid correction defermined ac-
cording to 12.6.2, J; and '
m = mass of the sample, g.

13.1.1 See X1:2.3 for an example calculation.

13.2 Net Calorific Value--Calculate the net calorific value
Q,(net) as follows:

0, (net) = Q, (gross) — 215.5 Jig X . (11
or: i .

(dfnet),, = Q. (gross) — 92.67 BuiF > H,) 12
where: .. ‘
2, fnat) = net calorific value, at constant pressure;
Q“;, {gross) = gross calorific value, at constant volume,

as-received basis; and

H,. = total hydrogen, %, as-received basis, where

- hydrogen includes hydrogen in the sample

moisture.

Note 5— Example for covering from the as-determined (air-dried)

Copyright by ASTM Int'l (all rights reserved);

sample basls to the as received net calorific value basis:®

Example;
Calocific value as determined Q.. tgrosst = 31 420 Jfg

Moisture, as determined M, , = 2.13 wt %

Motisture, as received M, = 8,00 wi %

Hydrogen, as determined H_, = 5.00 wt %

Q.. Agross) = Q,,,(gross) x [(100 — M, }/{100 = 3, )} = 31
420 _]ig x [(100 - 8.00)/(100 - 2.13)] = 28 535 J/g -

Hop= [{Hyg - 01118 X M )% §(100 — M, )/{100 —

1+ 01119 M,
- 2.13)
]+ 01119 x 8.0 = 5.37

Q,{ned) = 29 535 Jig -
g = 28 388 /g

M,)
={(5.00 - 0.1119  2.13) x {(100 — 8.00)/{100

(215.5x 5.37) = 29 535 J/g — 1153

14, Repori

14.1 Report the calorific value as Q. (gross) along with the
moisture of the sample as determined M, from 12.3.
14.2 The results of the calorific value can be reported in any

of a number of bases differing in the manner the moisture is

treated. Procedures for converting the value obtained on an

. analysis sample to other bases are described in Practice

7

D 3180,

15, Precision and Bias

151 Precision
15.1.} Manval Adiabatic Calorimeters
. 15.1.3.1 250 pm- (No. 66) Samplés: ~
(1} Repeatability Limit {r}—The value below which the
absolute difference between two test results calculated to a dry
basis {Practice D 3180) of separate and consecutive test deter-
minations, carried out on the same sample of 250 ym (No: 60)
coal and coke in the same laboratory by the same operator
using the same apparatus on samples taken at random from a
single quantity of homogeneous material, may be expected to
occur with a probability of approximately 95 %. Tbe repeat-

.. abiliry limit for this test method is 115 J/g {50 Buu/lb).

{2) Reproducibility Limit (R}—The value below which the
abselute difference between two test results calculated to a dry
basis {Practice D 3180) carried out in different lahoratories
using samples of 230 pm (No. 60) coal and coke taken at
random from a single quantity of material that is as homoge-
neous as possible, may be expected to occur with a probability
of approximately 95 %. Tbe reproducibility Yimit for this test is
250 J/g {100 Btulb}.

15.1.1.2 2.36 mm (No. 8) Samples.”
(1) Repeatability Limit (r)—The value below whlch the -
absotute difference between two test results calculated to a dry

5 For a comprehensive theoretical dervation of caleulation for converting grass
P

-calarific value at a constant volume to ret calorific value at 1 coustant pressure,

request Research Repout: DU5-1013 or D05-1014 from ASTM Headyuarters,
7 An interlaboratacy swdy..designed consistent with Practice E 691, was con

- ducted in 1983, Eight laborataries padticipated in this study. Supperting dara are

available from ASTM Teadquarers. Request Repart RR:D0S-1015.
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basis (Practice D 3180) of separate and consecutive test deter-
minations, carried out on the same sample, using the same
riffie, determined on a single test specimen of two separate 2.36
mm (No. 8) test units of coal reduced eatirely to 250 ym (No.
60) and prepared from the same bulk sample coal in the same
laboratory by the same operator using the same apparatus on

samples taken at random from a single quantity of homoge-

neous material, may be expected to occur with a probability of
approximately 95 %.

TABLE 3 Ranges and Limits of Repeatability for the Gross
Calorific Yalue of 2.36 mm (No.8) Coal with Manual Adiabatic
Calorimeters

Repeatability
|
Coal Range Limit (r)
Bituminous 29 535 t0 33 720 Jig 160 Jig
(12 700 to 14 500 Btu/ib) (69 Btu/ib)
Subbituminous-Lignite - 20 442 to 29 651 J/ig - 140 Jig
(8790 to 12 750 Btu/lb) (59 Btuilb)

(2) Reproducibility Limit (R)—The value below which the
absolute difference between two test results calculated to a dry
basis (Practice D 3180) carried out in different laboratories
using samples of 2.36 mm (No. 8) coal reduced entirely to 250
pm (No. 60) taken at random from a single quantity of material
that is as homogeneous as possible, may be expected to occur
with a probability of approximately 95 %.

TABLE 4 Ranges and Limits of Reproducibility for the Gross
Calorific Value of 2.36 mm (No.8) Coal with Manual Adiabatic
Calorimeters

Reproducibility

Coal Range Limit (R)
Bituminous 29535 to 33 720 Jig - 249 Jig

. - (12700 to 14 500 Btu/ib) (107 Btu/lb)
Subbituminous-Lignite 20 442 0 29 651 Jig 326 Jg

(8790 to 12 750 Btu/ib) (140 Btuflb)

15.1.2 Automated Calorimeters
15.1.2.1 Microprocessor Controlled Calorimeters®
(1) Precision—The precision of this method for the deter-
mination of caloric value in the analysis sample of coal and
coke is shown in Tables 5 and 6. The precision characterized by

% An inteclaboratory stuilyl designed consistent with Practice E 681, was con-
ducted in 1995. Twelve labs participated in this study. Supporting data are available
from ASTM Headquarters. Request Report RR:D05-1020.
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TABLE 5 Ranges and Limits of Repeatability for the Gross
Calorific Value of 250 pm (No. 60) Coal with Microprocessor
GControlied Calorimeters

Repeatability

Coal

3 Range Limit ()

Bituminous 26280 to 34 190 J/ig 149 Jig .
(11 300 to 14 700 Biu/ib) (84 Btuflb)

Subbituminous-Lignite 21860 to 27 680 Jig 193 J/g
(9400 to 11 900 Btuflb) {83 Btu/ib)

TABLE 6 Ranges and-Limits of Reproducibility for the Gross
Calorific Value of 250 pm {No. §0) Coal with Microprocessor
Controlled Calorimeters

Reproducibility

Coal Range Limit (R)
Bituminous 26280 to 34 190 J/g 258 Jig
(11 300 to 14 700 Btu/ib) ~_. (110 Btwib)
Subbituminous-Lignite 21 860 io 27 680 J/g 381 Jig
(9400 to 11 900 Btu/ib) (184 Biullb)

repeatability (S, r) and reproducibility (S, R) is described in
Table A2.1 in Annex A2. .

(a) Repeatability Limit (r)—250 pm (No. 60) Samples-
the value below which the absolute difference between two test
results calculated to a dry basis (Practice D 3180) of separate
and consecutive test determinations, carried out on the same
sample of 250 pm (No. 60) coal and coke in the same
laboratory-by the same operator using the same apparatus with
the same heat capacity on samples taken at random from a
single quantity of homogeneous material, may be expected to
occur with a probability of approximately 95 %.

(b) Reproducibility Limit (R)—250 pm (No. 60) Samples-
the value below which the absolute difference between two test
results calculated to'a dry basis (Practice D 3180) carried out in

different laboratories using samples of 250 pm (No. 60) coal -

and coke taken at random from a single quantity of material
that is as homogeneous as possible, may be expected to occur

with a probability of approximately 95 %.

Note 6—Calorific values have not been determined for anthracite
coals. ’

Note 7—Precision statements have not Been determined for No. 8 sieve
size coal. o

15.2 Bias—Bias in the determination of the gross calorific
value is eliminated provided samples are treated identically to
the benzoic acid used in the determination of the calorimeter
heat capacity.

16. Keywords

16.1 adiabatic calorimeter; bomb calorimeters; calorific
value; calorimeter; coal; coke; isoperibol bomb calorimeter .
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ANNEXES

{Mandatory Information) - .

Al. THERMOMETRIC CORRECTIONS

Al.l
tions shall be made:

Al.1.1 Calibration Correction, shall be made in accordance
with the calibration cemﬁcate furnished by the calibration
authority.

Al1.1.2 Radiation Correcaons-—Radlanon corrections are
required to calculate heat loss or gain to the isoperibol water
jacket. They are based on the Dickinson formula?® the
Regnault-Pfaundler formula,!® or the U.S. Bureau of Mines
method.!' The same method of determining the radiation
correction shall be used consistently in the determination of
heat capacity and sample measurements.

Al.1.2.1 Dickinson Formula:

C——rlX(b—-a)—-rZX(c-—b) (AL1)
. where:
C, = radiation correction;
rl = rate of rise in temperature per minute in the prelimi-
_ . nary period; ) ’
2 = rate of rise of temperature per minute in the final
period (if temperature is falling, r2 is negative;
ta = firing temperature;
tc = final temperature, being the first temperature after
which the rate of change is constant;
a = time at temperature ¢a, min;
b = time at temperature ta+ 0.60 (fc- ta) min; and
¢ = time at temperature tc, min.-
Al.1.2.2 Regnault-Pfaundler Formula:
' C.=nrl + &3 (A1.2)
where:
C. = radiation correctlon
n = number of minutes in the combustion period,
k=l —2)/ (¢ —7), (AL3)
S=tn— 1+ (M2}t + that" (Al.4)
¢ = average temperature during the preliminary period,

¢ = average temperature during the final period,
rl, r2 see Al1.1.2.1, o

successive temperature recorded during the
combustion period, at 1-min intervals, and

a,e,...in =

? Dickinson, H. C., Bulletin, U.S. Bureau of Standards, Vol. 11, 1951, p. 189.
0 Paundler, L., Annalen der Physik (Leipzig), ANPYA, Vol. 129, 1986, p. 102.

' “Methods of Analyzing & Testing Coat and Coke,” U.S. Burcau of Mines
Bullerin 638, XMBUA, 1967, pp. 16-17.
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Thermometer Corrections—The following correc-
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m—Ll=sum of ¢],2,83...m—1 (AL5)

Al.1.2.3 Bureau of Mines Method—A table of radiation
corrections can be established so that only the initial and final
readings are required to determine. the calorific value of a fuel.
This can be done by carrying out a series of tests using the
procedure described in Section 10, using the following condi- .
tions. Regulate the amount of sample burned so that a series of
determinations is made in which different temperature rises are
obtained. For all determinations, keep the water jacket tem-
peratiire constant, fire the bomb at the same initial temperature,
and have the same time, ¢ — a, elapse (=2 5) between the initial
and final readings. Determine the radiation corrections for each
of the series of temperature rises using the Dickinson method
(see Al.1.2.1), or the Regnault -Pfaundler method (see
A1.1.2.2). These corrections are constant for a given tempera-
ture rise. From the series of readings, a table or graph is plotted
to show radiation correction versus temperature rise. Once the
table or graph is established, the radiation corrections can be
obtained from it until there is a major change in the equipment.

A1.1.3 Setting Correction

This is necessary for the Beckman thermometer. It shall be
made in accordance with the directions furnished by the
calibration authority.

- Al.1.4 Differential Emergent Stem Correction

The calculation of differential stem correction depends upon
the way the thermometer was calibrated and how it is used.
Two conditions are possible.

Al1.1.4.1 Thermometers Calibrated in Total Immersion and
Used in Partial Immersiorn®

This emergent stem correction is made as follows:

Ce = K(tf— et + ti— L—T) (ALB)

where: ~

Ce = emergent stem correction,

K = 0.000 16 for thermometers calibrated in °C,

L = scale reading to which the thermometer was im-

mersed, '

T = mean temperature of emergent stem,

ti = initial temperature reading, and

tf = final temperature readmg
Example:

A thermometer was immersed to 16°C; its initial reading, &,
was 24.127°C; its final reading, ¢f was 27.876; the mean
temperature of the emergent stem, T, was 26°C.

Ca=0.000 16 X (28 — 24) X (28 + 24 — 16 — 26) = 0.0064°C

(ALT)
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Al.1.4.2 Thermometers Calibrated and Used in Partial
Immersion, But at a Different Temperature Than the Calibrated
Temperature:

Ce= K{(tf~ d)(tc — to) (A1.8)
where: .
- Ce = emergent stem correction,
K = 0.000 16 for thermometers calibrated in °C,
¢ = initial temperature reading,
tf = final temperature reading,

’ D 5865 — 04 T

to = observed stem temperature, and
tc = stem temperature at which the thermometer was
calibrated.
Example:

A thermometer has an initial readmo ti, 27°C; a final
reading, tf 30°C; the observed stem temperature, (o, 28°C; and
the calibration temperature, (¢, 22°C.

Ce=0.000 16 X (30 — 27) X (28 — 22) = 0.003°C  (AL.9)

A2. PRECISION STATISTICS

A2.1 The precision of this test method, characterized by
repeatability (5, r) and reproducibility (Sp, R} has been

TABLE A2.1 Repeatability (S, r) and Reproducibility {Sg, R)
Parameters Used for Calculation of Precision Statement

determined for the following materials as listed in Table A2.1. Material Average - S Sr r R
) 91-2 vb 14473.32 19.95 44.87 55.81 124.98
A2.2 Repeatability Standard Deviation (S,/)—The standard 91-1 hvAb 1471875 2558 4004  71.86 112.02
deviation of test results obtained under repeatability condi- 91-5 hvAb 12027.36 2409 3578 67.41 100.11
tions 89-4 hvCb 1197668 2872  20.74 80.37 83.20
" _ 91-4hvCb 1130364 1409  47.50 39.41 132.91
. o . i 90-1 subB 941821 2010  69.92 56.25  195.65
A2.3 Reproducibility Standard Deviation (Sp)—The stan- - g7 s 1197954 8751 4770 10484 13346
dard deviation of test results obtained under reproducxbllxty . 91-6subA 1139546 2726 5943 76.26 166.28
condltlons 89-6 subC 9981 04 27.50 58.44 76.94 163.51-
. Lignite 965936 3426  57.67 95.85  161.35

. APPENDIX.

(N()ﬂmandatory Informaﬁon) 3 o ’-“ .

X1.1 Energy of Formation of Nitric Acid (HNO,):

X1.1.1 A correction, el, {10.6.1) is applied for the forma—
tion of nitric acid.

X1.1.2 (1) HNO; is formed in the calorimeter by the
following reaction: :

1/2 N, (g) + 5/4 O, (g) + /2 H,0 ()
= HNO; (in' 500 mol H,0)
(X1.1)

X1.1.3  (2) the energy of formation of HNOj; in approxi-

X1. THERMOCHEMICAL CORRECTIONS

. combustion of coal or coke, a part of the correction for H,SO,

mately 500 mol of water under bomb conditions is minus 59.0

kJ/mol (14.09 Kcal/mole).12

X1.1.4 Normal convention assigns a negative value for a
heat of formation that is exothermic. By definition, heat
released from combustion processes are expressed as positive
values. Hence, the negative factors developed for nitric and
sulfuric acid corrections are expressed as positive values in the
calculations. .

X1.1.5 A convenient concentration of Na,CO; is 3.76-g
Na,CO4/L. which gives el = ¥ where V is the volume of
Na,CO; in millilitres. When H,SO, is produced during the

2 Mott, R. A,, and Parker, C., “Studies in Bomb Calorimetry IV——Correcuons
Fuel, FUELB, Vol. 34, 1955, p. 303-318.

O
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is present in the el correction.. The remainder is in the €3
correction (see X1.2).

"X1.2  Energy of Formation of Sulfuric Acid {HZSOQ-By
definition (see Terminology D 121), the gross calorific value is

obtained when the product of the combustion of sulfur in the - - -

sample is SO,(g). However, in actual bomb combustion
processes, all the sulfur is found as H,SO, in the bomb
washings.

X12.1 A correction €3 is applied for the sulfur that is
converted to H,SO,. This correction is based upon the energy
of formation of H,SO, in solutions, such as will be present in
the bomb at the end of a combustion from SO,. This energy is
taken as —297.2 kJ/mol.13 ]

X1.2.2 When the bomb washmgs are titrated, a correction of
2 X 59.7 kJ/mole of sulfur is applied in the el correction so
that the additional correction that is necessary is the difference
in the heats of formation for nitric and sulfuric acid and this
correction is —297.2 - (-2 times 59.7) =-177.8 kJ/mal,
or=-55.45 J/g (13.2. cal/g) of sulfur times the weight of
sample in grams times percent sulfur in sample.

'3 The NBS Tables of Chemical Thermodynamic Properties, Selected Values for
Ingrganic and C, and C; Organi¢ Substances in SI Units, Journal of Phys. Chem.
Ref. Daid, 117 Supplement No. 2, 1985, 392 pp.
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X123 If a 1-g sample is burned, the resulting H,SO,

_condensed with water formed on the walls of the bomb will -

have a ratio of about 15 mol of water to 1 mol of H,SO,. For
this concentration, the energy of the reaction under the condi-
tions of the bomb process is -303 kJ/mole.

SO, (g) + 1120, {g) + H,0 (1) = H,SQ, (in 15 moal of H,0)
x1.2)
X1.2.4 The values above are based on a sample containing
approximately 5 % sulfur and approximately 5 % hydrogen.
The assumption is aiso made that the H,SO, is dissolved
entirely in the water condensed during combustion of the
sample.!4
X1.2.5 For different sample weights or sulfur content, or
both, the resultant normality of acid formed can be different,
and therefore, the normality of titrant must be adjusted accord-

ingly. Basing the calculation upon a sample of comparatively -
large sulfur content reduces the paossible overall errors, be-.

cause, for small percentages of sulfur, the correction is smaller.

X1.3 Fuse Correction—The energy required to melt a ..

platinum or palladium wire is constant for each experiment if
the same amount of platinim or palladium wire is used. As the
energy is small, its effect is essentially cancelled out in the
_ relationship between the standardization experiments and the
calorific value determinations, and it can be neglected.

X1.4 Reporting Results in Other Units:

X1.4.1 The gross calorific vatue can be ex_pressed in joules
per gram, calories per gram, or British thermal units per pound.
The relationships between these units are given in the table
below:

" Mott, R A., and Parker, C., “Studies in Bomb Calorimetry [X—Formation of
Sulfuric Acid,” Fuel, Fuel B, Vol. 37, 1958, p. 371.

1 J/g = 0.430 Btu/ib
1 J/g = 0.239 callg
1 calfg = 1.8 Btu/ib

1 Biu = 1055.06 J
1 calorie IT'5 = 4.1868 J

X1.5 Sample Calculations:

X1.5.1 Heat Capacity

E=[{(HeXm+el+e2l/t ~

He =26 435 J/g,

m =1.0047 g,
" el =43-] acid correction,

e2 = 55-] fuse correction,

t = 2.6006°C,

=[{26 435 J/g < 1.0047 g) + 43 J+55 J]/2 6006°C, and

»E = 102504 J/°C.

: X1.6 Heat of Combustion:
Quac (gross) = [(tE) - el ~ €2~ €3 - ed]/m;
E,=102504 J/°C;
¢t =2417°C;
el = 77-] acid correction;
. €2 = 52-] fuse correction;
€3 =58 X 1.24 % X 0.7423 g, sulfur correction;
ed = 46 025 J/g X 0.2043 g, combustion aid correction;
m =1{.7423 g, mass of sample;
Q,aq = [(10 2504 J/°C X 2.417°C) - 77 J-52 J~-53
J - 9403 J}/0.7423 g; and
Qrng = 20464 Jlg,

'3 Cohen, E. R., and Taylor, B. N., “The 1986 CODATA Recommended Values ~
for the Fundamental Physical Constants,” Journal of Phys. Chem. Ret. Data, Vol 17,
No. 4, 1588, pp. 1795-1803.
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' Designation: D 3177 — 02
J

INTSRNATIONAL

Standard Test Methods for

Total Sulfur in the Analysis Sampile of Coal and Coke?

This standard is issued under the fixed designation D 3177; the number immediately following the designation indicates the year of
original adoption o, 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 reapprovat.

1. Scope
1.1 These test methods cover two alternative procedures for
the determination of total sulfur in samples of coal and .coke.
Sulfur is included in the ultimate analysis of coal and coke.
1.2 The procedures appear in the following order:

Sections
Method A—Eschka Method 6-9
Method B—Bomb Washing Methed 10 and 11

1.3-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. Specific precau-
* tionary statements are given in Sections 11.1.1-11.1.1.7.

1.4 The values stated in SI units are to be regarded as.the
standard.

2. Referenced Documents

2.1 ASTM Standards: .

D346 Practice for Collection and Preparation of "Coke
Samples for Laboratory Analysis?

D 1193 Specification for Reagent Water®

- D 2013 Practice for Preparing Coal Samples for Anilysis?

D 2015 Test Method for Gross Calorific Value of Coal and
Coke by the Adiabatic Bomb Calorimeter?

D 3173 Test Method for Moisture in the Analysis Sample of
Coal and Coke?

D 3176 Practice for Ultimate Analysxs of Coal and Céke?

D 3180 Practice for Calculating Coal and Coke Analysés
from As-Determined to Different Bases?

D 3286 Test Method for Gross Calorific Value of Coal.and -

Coke by the Isoperibol Bomb Calorimeter?
E 144 Practice for Safe Use of Oxygen Combustzon
"Bombs* -

) ' These test methads are under the jurisdiction of ASTM Comumittee D05 on Coal
- and Coke and are the direct responssb;hty of Subcormnmittee D05.21 on Methods of

Analysis.
" Curzent edition approved September 10, 2002. Published October 2002:Origi-
rally published as D 3177 - 73. Last previous edition D 3177-89 (2002). -

% Annual Book of ASTM Standards, Vol 05.06.

3 Annual Book of ASTM Standards, Vol 11.01.

* Anaual Book of ASTM Standards, Vol 14.04.

3. Summary of Test Methods T T e

3.1 Eschka- Method—A weighed sample and Eschka mix-
ture are intimately mixed and ignited together. The sulfur is
dissolved in hot water and then precipitated from the resulting
solution as barium sulfate (BaSO,). The precipitate is filtered,
ashed, and weighed.

3.2 Bomb Washma Method—Sulfur s prec1p1tated as

‘BaSO, from oxygen- bomb calorimeter washings, and the

precipitate is filtered, ashed, and weighed.

4. Significance and Use

4.1 Determination of sulfur is, by deﬁmtlon part of the
ultimate analysis of coal.

4.2 Sulfur analysis results obtained by these methods are
used to serve a number of interests: evaluation of coal
preparation, evaluation of potential sulfur emissions from coal
combustion or conversion' processes, evaluation of the coal

quality in relation to contract specification, and other purposes
" of commercial or scientific interest.

5. Sample

5.1 The sample shall be the material pulvérized to pass No.
80 (250-ym) sieve in accordance with Method D 2013 or
Method D 346.

5.2 A separate portion of the analysis sample should be .

analyzed for moisture content in accordance with Test Method
D 3173, so that calculation to other than the as- detexmmed
basis can be made. S

. 5.3 Procedures for converting as-determined sulfur values
obtained from the analysis sample to other bases are described
in Practice D 3176 and Method D 3180.

5.4 Standard Reference Material (SRM), such as SRM Nos.
2682 through 2685—Sulfur in Coal® which consist of four
different coals that have been individually crushed and ground
to pass a No. 60 (250-pm) sieve, and bottled in 50-g units, or

- other commercially available reference material coals with a

certified sulfur content of = 0.0xx precision can be. used.
Sulfur values obtained by analyzing these coals, using any of

3 Available from National Institute of Standards and Techrology, Galthersburg,

MDD 20899.

Caopyright @ ASTM intemational, 100 Barr Harbor Drive, PC Box C700, West anshohncken. PA 19428-2959, United States.
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the methods described in this test method, may be used for
checking the accuracy of analytical results.

ALTERNATIVE PROCEDURES
TEST METHOD A—ESCHKA METHOD

6. Apparatus

6.1 Gas (Note 1) or Electric Muffle Furnace, or Burners,
for igniting the sample with the Eschka mixture and for
igniting the barium sulfate (BaSO,).

Note 1—Gas can contain sulfur compounds.

6.2 Crucibles or Capsules—Porcelain capsules, 22 mm (%3
in.) in depth and 44 mm (1% in) in diameter, or porcelain
crucibles of 30-mL capacity, high or low form, or platinum
crucibles of similar size shall be used for ighiting the sample
with the Eschka mixture. Porcelain, platinum, alundum, or

silica crucibles of 10 to 15-ml, capacity, shall be used for
" igniting the BaSOQ,.

7. Réagents

7.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the Commit-
tee on Available Reagents of the American Chemical Society,
where such specifications are available.® Other grades may be
used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the
accuracy of the determination.

7.2 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean reagent water, Type IV,
conforming to Specification D 1193.

1.3 Barium, Chloride Solution (100 g/L)—Dissolve 100 g
of barium chioride (BaCl,-2H,0) and dilute to 1 L with water.

1.4 Eschka Mixture—Thoroughly mix 2 parts by weight of
light calcined magnesium oxide (MgO) with 1 part of anhy—
drous sodium carbonate (Na,CO5). Both materials should be as
free as possible from sulfur. Eschka mixture is also available
commercially. -

1.5 Hydrochloric Acid (1 + 1)—Mlx equa] volumes of con-
_..centrated hydrochloric acid (HCL, sp gr 1.19) and water.

" T8 Hydrochloric Acid (1 +9)—Mix 1 volume of concen-
trated hydrochloric acid (HCL, sp gr 1.19) with 9 volumes of
water.

1.7 Methyl Orange Indicator Sofution (0.2 g/L)—Dissolve
0.02 g of methyl orange in 100 mL of hot water and filter.

7.8 Sodium Carbonate, Saturated Solution—Dissolve ap-
proximately 60 g of crystallized sodium carbonate
{Na,CO3-10H,0) or 22 g of anhydrous sodium carbonate
(Na,COy) in 100 mL of water, using a sufficient excess of
Na ZCO to ensure a saturated solutxon

ﬁRca’g:_m Chemicals, American Chemical Socicty Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Seciety. see Analar Standards for Laboratory
Chcnucals BDH Ltd., Poole, Dorset, UK., and the United States Pharmacopeia
:,"d National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville.
1D
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7.9 Sodium Hydroxide Soluiion (100 g/L)—Dissolve 100 g
of sodium hydroxide (NaOH) in 1 L of water. This solution
may be used in place of the Na,CO, solution.

8. Procedure

8.1 Preparation of Sample and Mixture—Thorcughly mix
on glazed paper approximately 1 g of the sample, weighed to
nearest 0.1 mg and 3 g of Eschka mixture. The amount of .
sample to be taken will depend on the amount of BaCl,
solution required in accordance with 8.3. Transfer to a porce-
lain capsule, or porcelain crucible, or a platinum crucible and
cover with about 1 g of Eschka mixture. :

8.2 Ignition—Heat the crucible over an alcohol, gasoline, or
gas flame as described in 8.2.1, or in a gas or electrically heated
muffle as described in 8.2.2 for coal and in 8.2.3 for coke. The
use of artificial gas for heating the sample and the .Eschka -
mixture is permissible only when the crucibles are heated in a
mufile.

8.2.1 Open Flame—Heat the crucible, placed in a slanting
position on a triangle, over a very low flame to avoid rapid
expulsion of the volatile matter that tends to prevent complete
absorption of the products of combustion of the sulfur. Heat the
crucible slowly for 30 min, gradually increase the temperature,
and occasionally stir until all black particles have disappeared,
which is an indication of the completeness of the procedure.

8.2.2 Muflle (Coal)—Place the crucible in a cold-vented
muffle and gradually raise the temperature to 800 £ 25°C in
about 1 h. Maintain this maximum temperature until, on
stirring, all black particles have disappeared (about 1% h).

8.2.3 Muflle (Coke)—Place the crucible in a warm-vented
muffle (about 200°C) and gradually raise the temperature to
800 = 25°C in about 30 min. Maintain this maximum .
temperature until, on stirring,” all black particles have disap-
peared.

8.3 Subsequent Treatment—Remove the crucible and empty
the contents into a 200-mL beaker and digest with 100 mL of
hot water for Y2 to %1 h, while stirring occasionally. Decant the .
solution through filter paper, retaining as much insoluble

material in beaker as possible. Thoroughly wash the insoluble

maiter in the beaker with hot water. After several washings in
this manner, transfer the insoluble matter to the filter and wash
five times with hot water, keeping the mixture well agitated.

‘Make the filtrate, amounting to about 250 mL, just neutral to

methy! orange with NaOH or Na,COj; solution; thenadd 1 mL |
of HCL (1+9). Boil and add slowly from a pipet, while
stirring constantly, 10 mL or more of BaCl, solution.. The
BaCl, solution must be in excess. If more than 10 mL of BaCl,
solution is required, reduce the weight of sample to about 0.5
g and repeat the ignition and digestion. Continue boiling for 15
min and allow to stand for at least 2 h, or preferably overnight,
at a temperature just below boiling. Filter through a fine ashless
paper, such as Whatman No. 42 or similar, and wash with hot .
water until 1 drop of silver nitrate (AgNO5) solution produces
no more than a slight opalescence when added to 8 to 10 mL
of filtrate.

8.3.1 PlaCe the wet ﬁlter containing the precipitate of
barium sulfate {BaSO,) in a weighed platinum, porcelain,
silica, or.alundum crucible, fold the paper loosely over the

- precipitate to allow a free access of air but prevent spattering.

Reproduction authorized per License Agreement with (Cementos Lxma S A); Fri Gct 13 16:43: 10 EDT 2000



A8y p 3177 - 02
~ail

Smoke the paper off gradually in a muffle furnace and at no

time allow te-burn with flame. After the paper is practically

consumed, raise the temperature to approximately 800 = 50°C

and heat to constant weight. Weigh the barium sulfate to the
- nearest 0.1 mg.

8.4 Blanks and Corrections—In all cases, a correction must
be applied. The preferred method of correction is by the
analysis of a weighed portion of a standard sulfate using the
prescribed reagents and operations in full compliance with the
standard. It is acceptable but less accurate to make corrections
by running a reagent blank in duplicate using procedures
exactly as described in Section 9 of the standard, using the
same amount of all reagents that were employed in the routine
determination. If the standard sulfate analysis procedure is
carried out once a week, or if a new supply of a reagent is used,
for a series of solutions covering the approximate range of
sulfur concentrations in the samples, add to or subtract from
the weight of BaSO, determined for the sample, the deficiency
or excess found by the approgpriate check determination. This is
more accurate-than the simple reagent blank because, for the
amounts of sulfur in question and the conditions of precipita-

tion prescribed, the solubility error for BaSQ,, is probably the

largest one to be considered. Barium sulfate is soluble” in acids
and pure water, and the solubility limit is reached almost
immediately on contact with the solvent. Hence, if very
high-purity reagents are used or extra precaution is exercised,
there may be no sulfate apparent in the blank. In other words,
the solubility limit for BaSO, has not been reached or, at any
rate, not exceeded; consequently, some sulfate in the sample
can remain.in-solution or redissolve.

9. Calculation
9.1 Calculate the sulfur content as follows:
A X 13.738
Sulfur, %, in the analysis sample = (——B)C———— )
where: -
A grams of BaS0O, precipitated,

B
C

fll b

grams of BaSO, correction, and
grams.of sample used.

TEST METHOD B—BOMB WASHING METHOD®

10. Reagents

10.1 Purity of Reagents—(See 7.1.)

10.2 Purity of Water—(See 7.2.)

10.3 Ammonium Hydroxide (sp gr 0.90)—Concentrated am-
monium hydroxide (NH,OH).

10.4 Hydrochioric Acid (1 + 1)—(See 7.5.)

10.5 Sodiwn - Carbonate Solution—Dissolve 20.90 g of
anhydrous sodium carbonate (Na,CO5) in water and dilute to 1
L. The Na,CQgz should be previously dried for 24 h at 105°C.

7 Journal of the American Chemicat Sociey. JACSA, Vol 32, 1910, p. 588: Vol
33, 1911, p. 828.

8 Selvig, W. A_, and Fieldrer, A. C “Clieck Determinations of Sulfur in Coal and
Coke by. the Eschka, Bomb-Washing and Sodium Peroxide Fusion Methods,”
Industrial and Engineering Chemistry, JECHA, Vol 29, 1927, pp. 729-733.
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10.6 Wash Solution—Dilute 1 mL of a saturated solution of
methyl orange to 1 L with water.

i1. Procedure

11.1 Ignition—Sulfur is determined in the washings from
the oxygen-bomb calorimeter following the calorimetric deter-
mination (Test Method D 2015 or D 3286). The type of bomb,
amount of water in the bomb, oxygen pressure, and amount of
sample taken shall be the same as specified in the calorimetric
determination (Test Method D 2015 or D 3286). The bomb
shall stand in the calorimeter water for not less than 5 min after
firing.
- 11.1.1 Warning—The following precautions are recom-
mended for safe calorimeter operation. Additional precautions
are given in Practice E 144. :

11.1.1.1 The weight of coal or coke sample and the pressure
of the oxygen admitted to the bomb must not exceed the bornb
manufacturer’s recommendations.

11.1.1.2 Carefully inspect bomb parts after each use. Fre-
quently check the threads con the main closure for wear.
Replace cracked or significantly worn parts. Return the bomb
to the manufacturer occasu)nally for mspectlon and possibly
proof firing.

11.1.1.3 Equip the oxygen supply cylinder with an approved
type of safety device, such as a reducing valve, in addition to
the needle valve and pressure gage used in regulating the
oxygen feed to the bomb. Valves, gages, and gaskets must meet
industry safety code: Suitable reducing valves and adaptors for
300 to 500-psi (2070 to 3440 KPa) discharge pressure are
obtainable from commercial sources of compressed gas equip-
ment. Check the pressure gage periodically for accuracy.

11.1.1.4 During ignition of a sample, the operator must not
permit any portion of his body to extend over the calorimeter.

11.1.1.5 Exercise extreme caution when combustion aids
are employed so as not to exceed the bomb,manufacturer’s
recommendations and to avoid damage to the bomb. Do not
fire loose fluffy material, such as unpell'eted benzoic dcid,
unless thoroughly mixed with the sample.

11.1.1.6 Admit oxygen slowly into the bomb so as not to
blow powdered material from the crucible.

11.1.1.7 Do not fire the bomb if it has been filled to greater
than 30 atm (3 MPa) pressure with oxygen, the bomb has been
dropped or turned over after loading, or there is evidence of a
gas leak when the bomb is submerged in the calorimeter water.

11.2 Subsequent Treatment—Remove the bomb from the
calorimeter water and open the valve carefully so as to allow
the gases to escape at an approximately even rate so the
pressure is reduced to atmospheric in not less than ! min.
Bombs equipped with valves other than needle valves, such as
compression valves, shall be provided with a device so the
valve can be controlled to permit a slow and uniform release of -
the gases. Open the bomb and examine the inside for traces of
unburned material or sooty deposit. If these are found, discard .
the determination. Wash carefully all parts of the interior of the
bomb, including the capsule, with a fine jet of water containing
methyl orange (10.6) until no acid reaction is observed. It is
essential. to wash through the valve opening in the case of
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bombs equipped with compression valves, or other types of
valves with large openings, as considerable spray can collect in
such valve openings.

11.3 Collect the washings in a 250- mL beaker and titrate
with standard sodium carbonate solution (10.5) to obtain the
acid correction for the heating value, as specified under the
calorimetric determination Test Method D 2015 or D 3286.
Adjust the pH from 5.5 to 7.0 with dilute NH,OH, heat the

" solution to boiling, and filter through a qualitative paper. Wash
the residue and paper thoroughly five or six times with hot
water. Adjust the acidity of the filtrate and washings, amount-
ing to about 250 mL, precipitate, and determine the sulfur as
specified under the Eschka method, Sections 6-9, inclusive.

Note 2—If the use of 1-g sample weight in the calorimetric determi-
nation praduces an excess amount of sulfate that cannot be precipitated by
the addition of 10 mL of barium chloride solution, either of the following
alternatives may be used: (J) increase the amount of thé baruim chloride
solution from 10 mL in increments of 5 mL up to a maximum of 20 mL

_of solution, or (2 reduce the amount of sarnple from 1 to 0.5 g and add
0.5 g of benzoic acid in order to maintain appropiiate temperature rise so
the precision of the gross calorific value detemunauon is not adversely
affected. .

12. Report
12.1 The percentage sulfur value obtained using any of the
-described methods is on an as-determined basis.
12.2 The results of the sulfur analysis may be reported on
any of a number of bases, differing from each other in the
~manner by which moisture is treated.
12.3 Use the percentage of moisture as determined by Test

Method D 3173 to calculate the as-determined results from the
analysis basis to a dry basis.

12.4 Procedures for converting the value obtained on the
analysis sample to other bases are described in Practices
D 3176 and D 3180.

13. Precision and Bias

13.1 The precision of this test method for the determination .
of Total Sulfur in Coal are shown in Table 1. ,

13.1.1 Repeatability Limit {r)—The value below which the
absolute difference between two test results of separate and
consecutive test determinations carried out on the same
sample, in the same laboratory, by the same operator, using the
same' apparatus on samples taken at random from a single
quantity of homogeneous material, may be expected to occur
with a probability of approximately 95 %.

13.1.2 Reproducibility Limit (R}—The value below which
the absolute difference between two test results carried out. in
different laboratories, using samples taken at random from a
single quantity of material that is as homogeneous as possible,
may be expected to occur with a probability of approximately
95 %.

13:2 Bias—These are stoichioretric methods that agree
with each other very well when known amounts of solutions or
compounds containing predetermined quantities of sulfur
(preferably as sulfate) are added to blanks determined as
described in 8.4.

TABLE 1 Concentrations Range and Limits for Repeatability and
Reproducibility of Total Sulfur in Coal

Range, i ~ Repeatability Reproducibility
% Limit, r Limit, R
Under 2 0.05 To010
Qver 2 0.10 - 0.20°
Cake 0.03 0.05
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Standard Reference Material® 1004b

Glass Beads - Partide"_Size Distribution

This Standard Reference Material (SRM) is intended prnmanly for use in evaluating and calibrating particle size measurement

" instrumentation covering the 4C pm to 150 pm range. SRM 1004b is one ot a series of SRMS for particle size analysis and Hes
between that of the finer beads of SRM 1003b and the coarser beads of SRM 1017b. SRM 1004b is commonly used in the
evaluation of test sieves in the range from No. 270 (53 um) through No. 120 (125 um). A unit of SRM 1004b consists of a single
bottle containing approximately 43 g of solid spherical borosilicate glass beads.

The certified cumnulative volume (or mass) distribution was determinad using both calibrated scanning electron microscopy (SEM) and
standard sieving procedures on samples chosen nsing a stratified random selection process. The ceriified values are the average of
results from SEM analysss on five bottles. The sieve analyses of ten bottles were used to deterrine the v ﬂﬂub{hf‘y between bottles
as well as for a comparison with the SEM results. . , ] it

Expiration of Certification: The certification for an unused wunit of SRM 1004b 1s deenied o be valid, within the uncertainties
specified, until 1 March 2809, It is expécted that some spheres will be lost with each use. If the unif’s loss exceeds 2 % of the

original mass, or if spillage or contamination occurs, the certification will be nullified and use of the SRM should be discontinued.
SEM Certification Procedure: Sample preparation for the SEM involved both a reduction in mass and a scparation into size
fractions. This was to achieve a representative sunpling of the differert size tractions, and a balanced statistical measure of each size
fraction. The five test bottles were sieved into seven size fractions and then riffle split with a spinning micronifler. Backscatter electron
images were taken at six different magnifications to obtain both adequate coumting statistics and diameter resolation for particles in each
size range. Figure 1 is an example of one of the sieve fraction images. These 2048 by 2048 pixel images of the beads were acquired
~ from the SEM into a computer as greyscale image fikes via a digital interiace. Image analysis software was used Lo oblain the major
and minor diameters of each glass bead based on the assumption of ellipsoidal particle shape. Diameters (in pixels) were converted

- toa particle volume (prolate sphemxd) and pamcle diameter (geometric mean of ngor and minor dxameters) using a micrometer slide

i calibrated at NIST. -

The technical direction, SEM m wburement:,, sieve malysis, and statistical zmalv i"uLm to the certification were provided by LF.
Kelly of the NIST Ceramics Division.

Statistical consultation was provided by KR Eberhardt of the NIST Statistical Engineering Division.

The support aspects mvolved in the pre;maiioﬁ, certification, and issuznce of this SRM were coordinated through the NIST Standard
Reference Materials Program by R.J. Gettings. : - '

Stephen W. Freian, Chief
Ceranies Division

Gaithersburg, MD 20899 ) " Thomas E. Gills, Director
Certificate Issue Date: 2 Mareh 2000 o ‘ - COffice of Measurement Services
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Approximately 4000 beads were measired per tottle.  Particke size distributions describing the percentage of powder volume
represented by particles with diameters less than a given length were caleulated using the weighting factors obtained from the sieving
-results. The SEM results for cumulative mass distribution of the nvc sample bottles are shown in Figuwre 2. Table [ is a listing of
certitied bead diamreter values versus cumulative mass foetion with the mass fraction sequenced from t % to 99 % in 1 % Dicrements.
In that table, each mass fraction value is considerad exact w ilh its uncerainty associaied with the diameter value. At each mass
fraction, the certitied dimneter and the expanded wncertainty define a 95 % prediction iverval. Expanded uncertainties computed
according to the ISO and NIST Guides [1} inchude afowances for measurement miprecision and material variability. The 95 %
prediction mterval at each mass fraction predicts where the true diameter lies for 95 % of the bottles of this SRM.  Additionally, Table
I presents the variables reversed with diamneters sequenced as exact vatues from 40 um to 146 pm and the uncertainties associated
with the certified mass fractions. ' :

Sieve Analysis Procedure: The sigve testing was designed to provide a measure of the between-bottle variability (homogeneity) - -

1d a check for the cedified values. Ten boitles were selected from the total population of hottles using o stratified random sampling
plan. Each of the ten bottles was sieved twice with a randomized run order. This repetition measures repeatability of the technique
and assesses bottle-to-bottle varation in the particle size distribution. Mechanical sieving, usmg a Tyler Ro-Tapl, was done following
recommendations in ASTM STP 447 [2]. The entire bottle of beads was poured onto the top sieve aud the sieves were then shaken
in the Re-Tap for 15 min. Affer the shaking was cornpleted, the stack of sieves was disassembled, and the beads removed from each
sieve and weighed to a precision of 0.01 g. After weighing, all beads were retumed to the ofiginal container and reused in Run 2.
The mass of beads retained on each sieve was used to calculate the mass percent tiner than that sieve. This is the ratio of the mass
of beads passing through a sieve to the total starting mass. For fllustration purposes, the results of replicate sieving for each bottle
(Runs “1” and *2°) are given in Table T as mass percent of beads passing through each successive sieve screen. A graphical
compatison of the mean of the five distributions obtained by QEM analysis with the mean of the twenty sieve analysis distributions is
shown in Flgum 3. The diameter values for the sieve analyses were obtained by usimg the nommai ASTM mesh opemno tor ezch sieve.

Table IV Shm\s an example comparison of the nominal sieve opening with the etfective sieve size opening for sieves used at NIST.
This was determined by matching the mass fraction of beads passinig through each sieve with the values in Table I The coirespouding
diameter from Table I 1s then the effective sieve opening. For example, the average percentage passing the 200 mesh sieve screen
for all bottles tested was 46.2 %. Intélpoiation between the 46 % (74.6 um) and 47 % (756 um) values gives an effective opening
of 74.8 um. This compares with the nominal opering of 73 ym. Each of the effective diameters is well within the ASTM Specification
(3] for permissible variation of average opening Imm the nominal i 1eVe Opening.

Instractions for Use: 'lhe entire bottle wmit of beads should be used m any appln.atmn of tlns SRM. If this i i3 impractical, special

careust be exercised when taking subsamples {rom the SRM bottle. The recommended procedure is to uss a microtitfler to divide
he 43 g sample mto subsamples until a suitable subsample mass is obtained. Betore and alter tht. sieving procedure, weigh the sample

mass to determine the mass of beads lost. -

Using-Calibrated Glass Beads for the Evaluation of the Effective Opening of Test Sieves: The allowed variation in sieve
openings makes it difficult to compare size determinations made with different sets of sieves even thongh each set complies with the
applicable ASTM, ANSI, or ISO test standard. The aperture size of a sieve screen can be determined as the average size of the
openings in the sieve. However, the purpose of a sieve is to measure the size of particles and therefore, it is the effective opening that
must be determined. This effective opening is determined by the size of the calibrated glass spheres that will just puss through the sieve.
This 1 n tum permits the measurement of Ihe particle size of an unknown material that will also just pa&, through the sieve.

The openings of a sieve are not all the same size, and pardcles that are coarser than the m’cra_e opening can pass through the larger
holes.- In addition, the separation achievad by a sieve is not sharp. A few particles capable of passing the sieve are always retained.
Recognizing that the number of particles retained or passed depends on the manner and time of shaking, any measurement of the
effective opéning must iake these variables into account To a large extent, the glass sphere method of calibration antomatically
includes these effects because the sieves are shaken in the same manner, when bem,: calibrated, as when measiifing an unknown
material. : .

1 : o . . S . .
Certain commercial cquipment, instruments. or materials are identificd 1o specily adequately the experimental procedure. Such

xdentmuuon does not imply ‘—ccanmend:xi;en or endersement by the NIST, nor does it iimply that the matenizls or equipment xdenh’u:d are necessarily
the best available for the purpose. s
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The sieve openings are essentially square allowing particles of imegular shape to pass '{brwoh although one dimension of the mﬁick
is considerably larger than the size of the opening. Therefore, the average dimension of frregular particles that pass a sieve umot
considered equal to the eﬁr.cnvc openmo of the sieve as determined using SRM [004b. S

To evaluate the eﬂecme opening of standard 203 mm (8 in) or J(“ i (I 2 in) diarneter test sieves with this SRM, the entire bottle

- of beads should be poured onto the top sieve screen. The sieves are then shaken in the same manner used in routine analysis. To
prevent blinding (overloading) of a screen, the beads should not be used with a single screen; typically two relief screens are needed
to reduce the mass of beads. An individual screen’s loading should be below six layers of beads atany given time. (For use with 76 *
mm (3 in) test sieves, the mass of beads should be reduced with a spinning niﬂer) -

© Alter shaking, the stack ot sieves is dxsassembled, and the beads are [emoved from each steve and placed into a suitable w el‘th,c '
container. To reduce loss of material during this step, the trzmsfer operation showld utilize a large fimwel or be carried out over clzued
paper to recover any spillage. A sottbrush is 1.setul m removing, the oeada from the sieve and t'mnel -

Each of the sieve tmt.uom is weighed to a precision of at least O 0l g. After “ex_hm:,, alt bedd:. are retumed to the original SRM
bottle and kept for reuse. The mass percent retained on each sieve is used to calculate the mass percent finer as the ratio of the mass
of beads passing through a sieve to the total starting mass. The effective snz'* of the sieve onex'mb is determined by interpoletion
Jbetween the nearest values given in TableT. - - :

~~The above calibration procedure is for use in comparison testing g of sieve results and as a method to systematically mouitor for chzmges
in sieve screens after service. NIST calibrations of wire cloth sieves according to /\STM E 11 specifications are available through
the NIST Calibration Program at (301) 975-3471 or (?O }) 97)—7()0?

REFEREN\,F S -

1] G’z.de to the E\'"re s'won of Omermmry ire Measurement, ISBN 92-67-10188-9 1st Ed. ISO Geneva, Switzerland, (19935,
- seealso Taylor, B, N. and Kuyatt, CE., “Guidelines for Emluannu and Expressing the Uncertainty of NIST Measurement -
Results,” NIST Technical Note 129 Us. Go» emmeut _Pronting Oihw Wishington DC, (1994), av ddable at
http://physics.nist gov/Pubs.. - ’
{21 “Manual on Test Sieving Methoeds,” AS"“\'{ Specm} Technical ?ubucanon 447B P‘nludelphza, PA, (1985).
[3]  ASTME 11-95, Standard Specification for Wire Cloth and Sieves for Testing Purposes, AQTM Annual Beok of thdards
14.02, West Conshohmkcn, PA, (1996). : :

U sers of this SRA f shou[d ensure that the certificate in l/leu pOSSession is cur. rem Tl'zs can be accomplished by contacting
. the SRAM Program at:. Telephone (301) 975- 6”76 (select “Certificates "); Fax (301) 926-4751, e-mail srminfo@inist.gov, or
~ via the [ntemethllp LS FUSE gowsmz . . T . I C C C
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Figure 2. SEM Detenminntion of Size Distnibution for 3 Bostles of SRM 1004b

SRM 1004b . T n Page S ol 9



Table I Certified Diameters {um) Versus Mass Fraction (96)
. & B L7

Mass ~ Diameter  Uncertainty — Mass Diammeter Uncertainly Mass | Dimmeter Uncertainty -
(%) . (%) fmy  (=m) O G Em)
1 3835 Ll 34 66.8 - (3 67 90.3 17
2 407 1.0 735 67.5 13 - 68 909 L7
3 422 C 10 3 68.1 1.3 69 915 17
4 43.6 10 37 688 - 13 70 92.1 1.7
5 44.8 - 09 38 69.3 14 STt 92.8 17
6 439 10 39 700 14 LT 935" 18
7 470 1.0 40 - 70.8 1.4 73 942 18
8 48.0 Y 41 713 14 74 94.8 18
9 488 - 10 42 72.0 14 73 957 IR
10 495 10 43 725 L5 76 - 96.4 18
11 502 0.9 44 73.1. 14 77 97.1 =19
12 50.9 16 - .45 73.8 14 78 98.0 20
13 516 L0 46 74.6 s 79 989 2.0
14 5200 10 47" 75.6 £5 . . 80 - 1002 - 20
15 528 .. .10 48 76.7. 16 - 8L 1012 0 20
16 536 - 10 . 49 775 LS 82 1023 .20
17" 544 - YL 50 784 13 - .83 1036+ 2.0
18 554 - L1 51 79.1 L5 ' 84 1052 .7 ©20 -
19 56.2 S B 52 79.8 15 - 85 107.5 21
20 570 - 11 . 53 806 - 16 - 86 109.6 21
21 577 - L1 54 813 5 - ¢ 87 .- HiL9e 22
22 58.3 W 55 82.1 s - 88 1138 2.3
23 59.0° 11 56 826 1.6 © 89 1159 24
24 597 T 57 83.5 16 90 S T79. 25
25 602 - - L S8 84.1 L6 S S U A 26
26 609 - - 11 .- 39 84.9 16 -9t L1217 26
© 27 61.5 12 60 85.5 17 93 123.6". 2.6,
28 62:1 12 61 83 16 .94 1259 2.6

29 627 1Y 62 - 86.8 16 935 S 1312 29
S. 0300 - 635, - 12 63 - 876 16. . 96 . 1374 3.0
31 644 - - 12 | 64 © 883" 1.6 97 L6 3.1
32 650 .12 63 89.1 a7 98 1452 33
33 7 659 . 13 0 66 . 87 167 T 99 148.4. . 33
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Table [ Certified Mass Fetions (%) Versus Diameter (um)

~ Diameter Mass Uncertainty - Diameter . - Mass Uncertainty

(ur) IECO NNt N R N O S ()
0 .. 16 . 08 ' 9 s 2.1
2 . 28 .. 08" : 9. . 736 21

44 43 .08 e 77.9 2.1

46 62 .. 10 : L1000 T 80.0 19
48 T80 RE S 27816 18

0 -0 107 11 [ { = SRS % I 1.7

52 .. 134 12 . 1060 T g4 - 1.6

54 165 - 1.3 : - 108 - 852 15

56 - 189 14 e 10 864 L4

58 214 15 L -2 872 L3

60 242 - 716 S 880 . 12

62 280 .17 _ . 16 89l S 12

64 306 - 47 ' T £ . 1 S |

66 . 332 - %18 L - 120 1 90.9 10

68 360, 19 . T 122 o922 0.9

00 7392 ’ - .24 . 0932 - ¢ 08

T 418 126 -~ 940 - .07

74 448 128 945 0.6

76 474 130. 948 . 0.6

78 T 492 132, - 951 06

80 - 7 323 R Cow 134T 954 06

‘82 545 ' 136 958 06 -
84 578 138 o 962 0.6

8% . 602 140, 967 0.7 o
88 - 63.6 42 972 08.

9 " - .61 - T4 T o976 09

92 69.9 146 982 1l
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Figure 3. Comparison of SEM and Sieve Data for SRM 1004b.
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Tuble BI. Muass Frection Passing Fech Sieve

LouBorle Numbsr

Sieve-Run /i 20 31 1 3. &/1 6/2 &3 7l ~ &1 |Memn
120-t 9414 | 9408 94.3 9425 1. 944 9 244 9422 9443 Q418 92 13 5425,
120-2 9442 | 9418 1 0416 94,11 939 84.43 94.37 9430 | 9430 | 9416

140-1 8534 | 8512 85.59 8342 85.33 8372 85.43 33.66 85414 8539 9343
146-2 8343 8531 | 355':42 8321 83.23 33.78 83.38 8539 8547 | 8337

L70-1 6529 6333 65.50 64.03 64.53 6557 64.82 66.30 | G6S5.19 65.47 64.68
170-2 6337 | 6439 5491 6498 | 6263 6607 | 6488 6415 63.53 64.20

206-1 4647 | 45.9] 4657 | 4630 | 4566 | 467 4637 | 4683 46.21 46.63 | 42622
2002 MH51 | 4539 4662 | 4600 { 4634 | 4676 | 4617 } 4568 | 4366 § 4617

230-1 | 3115 | 3068 30.77 | 03053 | 3066 30.99 30.96 3160 | 30.73 30.83 30.84
230-2 24.90 3107 ¢ 3104 3000 | 3070 30.85 30.88 31.01 3047 | 307

270-1 . 13.16 1271 1272 1508 12.56 1357 4 1341 { (315 1334 £2.99 12.88
270-2 % 12.50 12.82 i 12.71 | 126871 1242 12,93 12.08 1247 , 12,4 If 12.79

TanteTV. Comparison of Nominal and Efective Steve Openings

‘Sieve No. " Siéve Opening (jm)
. Nomuial |  Efiective
a0 oS3 52
230 ~ 63 ©o&d

200 75 75
170 90 83
140 106 107
o 413 123
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