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COKE CARBON FORMS: MICR OSCOPIC CLASSIFICATION 
AND INDUSTRIAL APPLICATIONS 

By: R. J. Gray ( retired) 
K. F. DeVanney 

Abstract 

The renewed worldwide interest in the microscopic study of 
blast-furnace coke has resulted in the emergence of a variety of 
classi fication systems an d criteria for describing coke 
microstructure and particularly coke microtexture or carbon 
forms . This paper briefly reviews the historical work in the 
f iel d of coke petrography and de sc ribes the U. S. Steel coke 
carbon form classification system in detail. Emphasis is placed 
on rela ti ng coal petrographic analysis (coal rank, coal type) to 
the observ able and quantifiable microscopic feat ures of the coke 
produced . Additionally, the methods employ~d by U. S. Steel for 
carbon form analysis and the application of coke petrography to 
plant problem solving is discussed . 

Thi s paper was presentect at the 25th Meeting of North 
Amer ican Coal Petrographers on November 18, 1983, in Merrillville, 
Indi ana, and is being submitted for publ i cation in The 
International Journal of Coal Geology. 
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Introduction 

Cok e is a hlgh-carbon product commonly produced i n 
by-µr od uct cokc ovcns by thc dcstructivc distillation of coal . 
Mos t cokc is uscd in the blast furnace f or th c product ion of i ron. 
ln t hi s process , co ke acts as a fuel and reduct ant, alloys with 
iron, helps support the burden, and provides a venues for gas 
passage within the furnace. 

The chem ic a l and physical propertie s of coke are extremely 
important. Good blast -furnace c oke should ha ve uniform moistu re, 
be low in impurities, relative l y low in reactivity, h igh i n 
st r e ngth, and un ifo rm 1n size. These propert ies are predominately 
c o n t r olled by the proper selection and blending of the coa ls , as 
we l l as the optimization of carbonizati on cond itions, par ticularl y 
coal size , bulk densit y , and oven heating rate. 

Chemic ally, cokes are relatively simp le in compo s it i on 
consisting most ly of carbon wi th some mineral ma t t er and mi nar 
amount s of hydrogen , oxygen, nitrogen, and sulfur. Str uc turally , 
cokes ar e very comp l e x, con s is ti ng o f a wide rang e of pa r e and 
wall s izes and shapes , in addition to fi ss ures . To add t o the 
cok e complex i ty, the wall mat e rial co nsi s ts o f di ff e r ent tex t u r e s 
or carbon forms wi th diff e rent micr c 5cc ~1c p r o p e r t i es whi c h v a ry 
i n optical ani s otropy (crystalli nity ) d e pc nding on th e rank an d 
type of coals u s e d in t he coki ng coai b l e nd . The se p roperties 
det e r mine the relati v e s tre ng t h, reacti v1 ty, a n d bl ast-fu r nac e 
p e r fo r mance of t he coke. 

Rose ( 19 24 ) , Mall ei s ( 19 24 ) , Ramd o hr ( 1928 ) Ho f fm a n et al. 
(1 93 4 ) , Kra j e ws k i (19 48 ) , Abra msk i et a l. ( 19 5 2 ) , a nd othe r s 
d evelope d t echnigues to mi croscopically cha r acteriz e c ok e 
microstructure and mi crotexture by studying coke wal ls , po r es , a nd 
opt ical c rystallinity of coke. 

Since thes e early inves tiga t ions, the industria l in te r est 
in coke microscopy h a s increased . U. S. Stee l devel oped a s y stem 
of coke petrography in the la te 19 5 0 's and related c o ke carbon 
forms and p o r osity to r eactiv i ty (Schapiro et a l ., 1 963) . The 
complete U. s. Steel system o f c o ke petrography wa s p ublished b y 
Gra y (1 976 ) . l n the l9 70' s up t o the pre s ent, nume r o u s 
investigators fr om ac adem i a ( Ma rsh, 19 82 ) , an d nea rl y ever y maJo r 
steel company inte rna tion ally (Pa tr i ck et a l. , 1 9 77) , ( Fuk uyama et 
al. , 1 981 ) ( Vandezande, 1982) (Mitchell et a l. , 1 9 83 ) , (Gi ll, 
1983), have conducted res e arch relating coke micro scopy to coke 
performance in the blast furnace and to fu rthe r understand the 
coai to coke transformation . 

Transformation of Coal to Coke 

Blast-furnace coke is produced by heating c ok ing coal to 
high temperatures in the reducing atmosphere of a coke oven for a n 
adeguate period of time. The coal is heated from the o ven walls 
and exothermic reactions which occur. Volatile vapors and gas are 
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0vo l v0d , c o~l par tic les softcn to varying cxtcnts, changc volume, 
and bo nd t ogc thcr rcso lidify i ng into a semicoke ,residue. This 
transient the rmo - p l astic cycle called the plastic layer migrates 
in ward fr om t he opposi ng heating walls until the layers converge 
at the c e nt er of the charge. Additional heating assures complete 
carbo niz at i on . 

Th e transformation o f coal to coke is an extremely 
complicated and not totally understood phenomena . The unigue 
natu re of cokin g coal itself, coupled with complex chemical a nd 
physic al react ions involving the interactions of solid, liguid, 
and g aseous pha ses at elevated temperatures during carbonization, 
has inspired much research and lead to a numbe r of theories to 
exp l ain the nature of plasticity and coking properties of coal. 

Ma ny of the early studies to explain the behavior of coal 
du ring coking employed solvent extraction experi ments to prove the 
"coki ng " princ i pl e. The developme nt of the trans1ent-fusion 
theor y , the thermobitmen theory, and the metaplast theory greatly 
e nhan ced un dersta nding of the coa l to coke transformation . An 
e xcellen t review of this early work is given by Kirov et . al., 
( 196 7 ) and Van Kr e velen ( 1 95 6). 

Currently , coal sci e ntists generally agree that when the 
pol ymer ic coai fract ion is heated a metaplast is formed which 
se rves t o peptize the coal ma ss. This produces a plastic state 
wh1ch is postu la ted to pass through a liguid crystal state that 
may a r may not prod uce a n ordered mos aic structure as the plastic 
mate ri al 1s tran s for med to semi coke and finally to coke dur ing 
ca rboniz a tion. Marsh et al . , ( 1 9 78 ) have published extensively on 
th is " li g uid cr ys tal " t heor y as app l ied t o the development of 
anisot r opi c properties o f coke . Neavel , (1976) in stud ing the 
re la tio nsh ip b e t ween coal l i quefaction an d plasticit y , described 
the mechanism of coa l plasticity as analogous to a transient 
hy d r o g en - donar liguefaction process. 

The deve l opment of basic relationships between c o al 
pet r ography and cokemaking has contributed to the unde rstanding of 
coal an d its t hermal characteris tics. Coal bei ng a heteroge netic 
mixture of inorganic and organic materials is principall y composed 
of optical ly d is tinct entities (macerals) which can b e b roadly 
c a tegori z ed as r eactive (binders) and inerts ( filler s ) dependi ng 
o n their behav i or du ring carbonization. In the rank range of 
coki ng coals , the re a ctive mace rals s often upon h e at ing , b e come 
pl as tic , s erve as a bonding media and yield varying amounts of 
c oke re sidu e and by-product s depending on the rank and spe cific 
reactive ma ce ral type composition. The inert macerals degasi fy 
but remain a lmost structurally unchanged duri ng carbonization. 
The inert constituents wet into the structure to various degrees 
an d may ar may not exhibit some mild an i sotrop i sm depending upon 
t h e ir relative inertness. 
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Th e interaction s between par t icl es or bonding mec hanisms 
wh1 ch occur are also imp o rtant . Nishioka, et al ., (1983) 
described a carbonization model based on bon d i ng mech anisms . The 
co ke - oven ch arg e consist s of in e rt fract i on s , reactiv e fraction s , 
and voidag e . When the coa l s o ft e ns durin g carboniza t i on , thi s 
voidage b e t ween parti c l es te nds to b e fill eà up by th e reactive 
fract i on. Voidage filling is cont r olled predo minate l y by the 
d eg ree of dilatation of the reac t ive fra c t ion and th e bu l k 
àen s ity , si ze and heating rat e of the charged coa l. Insuffi cie nt 
or excessive void filling will produce structurally wea k coke. 

Coal pe t r ogr aphy, therefore, provide s a fram ework for 
studying the behav i or of coking coals and how it r el ates t o c ok e 
ca rbon fo rm s . 

U. S. Steel Carbon Form Classification 

Re la tionship o f Coal Petrography to Coke Petrog ra p hy 

U. S . Stee l has been using a system of coke petrography 
si nc e 1958 to describe c oke mi crostr uc ture i n te r ms of coke wall 
and pare si ze and dis tribut io n a s we l l as c o ke microtextu r e or 
ca r bon f orms c omprising th e coke -wal : m,,terial (Gray , 197 6). Th e 
microstructure of coke is part ial ly c ontrolled by the coal rank 
and type and is i nfluenced b y he at ing ra te , coa l pulve riz a t ion 
l evel s, and c harge bulk density. Coal r a nk and ty pe and blend 
composition reportedly a cco un t for about 8 0 pe rcent of t he cok e 
s t r e ng th characte ristics for we t-cha r ged by-pro duct cokes and the 
remaining 20 p ercent relates to c o al preparation a nd carbonizat ion 
c o ndit ions. The U. S. Steel classification of c arbon forms 
comprising the co ke wall ma te rial is di rect l y related to the 
parent - coal r ank and type. Du e to the importance of rank, type, 
and bl e nd composition relative to coke guali ty a nd performance , 
this p a per will deal with th e subj ect of c o ke carbon for ms (coke 
micro tex ture) and not coke pa re and wall si ze, distribution , and 
associations (coke microstructure) . 

Car bo n f orm identifi c at i on at U. S. Steel is performed by 
mic rosc o p ic examination o f pol ished coke br iguettes or pe l lets 
using polarized reflecte d li ght with a ti nt pl ate and pr e fe r ab ly 
with an a nti fle x o il i mmer sion ob ject i ve. Point co un ti ng 
technigue s are us ed to guant i f y the c a rbo n f o rm s which ar e 
categorized by d iffere nt shapes, sizes, and calo r of i sotropic and 
anistropic domains observed in the coke . Isot ropi c carbon ( poorly 
ordered) has simila r optical properti e s in var ious position s when 
rotated and viewed in polarized light, while anisot r opic carbon 
(well ordered) has optical properties that vary u pon rotati o n . 
The degree of anisotropism and relati ve size and shape of the 
aniso t r o pic domains i n the coke depends on the petrographic rank 
a nd type of the coa ls comprising the coke. 
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Ac~ o r c ,ng to the U. S . Stee l syst e m of coal petrography 
( Schapiro e t al., l 9 60) ( Schapiro et a l. , 1961 ) , the react ive 
entit.ie s 1. n coal ( vitr inite, exini te, resinite, ' and reactive 
semifusin ite ) s o f ten d ur i ng c arbo niza tion and serve as a binder. 
The i ner t en tities ( inert semifusi ni te , ~fusinite , mi c ri nite, 
macrinite , and ine rt odetr i nite) do not soften d uri ng 
carbonizat1on , a nd se rve as a filler which are incorpora ted by 
rea c ti ve enti ti e s or macerals. Coki ng coal ble nds commonl y 
c ontain v1t r 1noiâs r a nging from V- ty p e 7 through V- type 17 
a l thou gh 6 , 18 , 19, and 20 a r e included in the coking coal range. 
As Lh e pare nt coal rank or vitrinite refl ect ance increase s , the 
d e gree o f a nisotropism and d oma i n siz e o f th e carbon f orms 
p rodu c ed also 1ncrease s . Exinit e and some resinite depending on 
r ank, mostly con t ribute to the by-products r ecovered during 
ca rbonizat 1on and i nitial coke pare development . Wi th increased 
rank, the y appe ar to be more anisotropic in the coke than carbon 
from the associated vitrinoids. The i ne r t en tit i es in coke 
generally appea r isotropic alth o ugh some semi-inerts and ine rt s 
e xhibit slight anisotropism wh ich is distinctly diff e rent than the 
a n1sotropi s m from carbonize d vit rinit e. ln addition, th e inert 
e ntities do not develop pores dur ing c arbonizat ion. 

Th is c la ssif i cation of c arbon f orms con sists of two major 
categor i es, binder phase carbon fo rms and f iller pha se c arbon 
f o rms. The me a su ra b l e and desc r iptive criteria for clas s if i cation 
we r e d e ve l ope d from a n t hrathermotic studies which consisted of 
microscopi c o bservations using semicoke and c oke samples produced 
f rom i ndiv i dual coals spa nning the entire coking-coa l rank range. 

Bi nder Pha se Carbon Forms 

Th e b 1nder pha se carbon forms are b ased on the r ank , as 
determined by vitr i nite reflectance , of th e coals used to pro duce 
the c o ke. Th e vitr inoid type (V - t ype ) concep t int r oduced by U. S. 
Steel (Schapiro e t al. , 1960) i s used in correla ting V- types with 
coke carbon fo rms. These b i nder phase c a~bon f orms, ca teg o rized 
by the d omain shape , size , and degree o f an iso tropism are listed 
in Ta ble I and are classified a s follows. 

Isot r opi c - Binder pha se ca rbon is produced fr om poo r to 
marginal c oki ng hi gh-vo latile coals with vitrinoid r e fle c tances 
less tha n 0 .8 percent ( V-types 6 and 7). Th ey appear a uniform 
pu rpl e u si ng t he antiflex objective and tint p la te techn1que used 
for carbon for m iden t i fic ation. Upon s tag e rotation in polarized 
ligh t t hey are optically inactive . · Organic inerts ar e not 
included in this group because they are no t binder phase. 
( Figu r e 1.) 

I ncipien t - Binder phase carbon is the beginning of 
rec ogniz a b le anisotrop ism and is produced from fair coking 
h igh -vola tile coals derived from V-type 8 vitrinoids. They appear 
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transitional bctwcen isotropic and ani so tropic wit h do ma1n s 12e s 
of Jcss t han 0 .5 microns in d1ameter, which l b near lhe me asuring 
r esoluti o n of the light mi croscope and mag n1fication used . Thes e 
carbon f o rms still exhibit a purplish hue anda texture with 
incipicnt domains µrescnt but not readily mcRsurable. (Fig ure 1 .) 

Ci rcular Ani sotropi c - Binder phasc ca rbons are dcrived 
from the good to excellent coking high - volatile c oals wi th V-types 
9 , 10, and 11. As the name implies, the doma in s ar e nea rly 
circu lar in shape and are subdivided into three subcategories of 
fine, med ium, and coar se by domain si ze di ameter ranging from 
0.5 to 2.0 microns. The length is essentiall y equal to the width 
of the domains but as the rank approaches t he upper V-type 11 
cate gory the domains begin to elongate as they grade into 
medium-vola tile coal carbon form s. The inter fere nce colors 
produced grade from a predominance of pinkish purple for fine 
circular to blues and yellows for coarse circula r which alternate 
upon s tage rotation , {Figure 1). 

Lenti cula r Anisot ropic - Binder phase carbo n s are produced 
from me dium-volatile coals. The name lenticular implies more 
promine nt lense -shaped domains and they are subdivided i nto three 
s u bc at ego ri es based in part on domain width s ranging from 1 .0 to 
12.0 mi c r o n s and bou nd by lcngth (L) to width (W ) rati o criteria 
of 2W < L 5 4W. The fine, medium, an d coar se breakdown s closely 
corre s pond to parent coal V-types 12, 13, and 14. The 
interf e rence c o lor s vary upon ro t ation and are predominantly 
alternating yellow, blue, and pinkish purp le combinations. 
{Figure 2. ) 

Ribbon Anisotropic - Binder phase carbons are produced 
fr om low-volatile coals. The y a ppea r as ribbon -like domains which 
ar e long and con ti nuous parallel to original coal bedding planes. 
They are subdivi ded on t he basis of domain width (2 .0 t o plus 
25.0 micr o ns) a nd are bound by length (L) to width (W) ratio 
criter ia ( L > 4w ) . Commo nl y the length exceeds t he width by 10 or 
mo r e ti mes. The fine, medium, and coarse breakd own approxi mates 
parent-coal V-type s 15, 16, and 17 and 18. Th e interfere nce 
colors di s2 layed, again, vary upon rot at ion but are p r edom inantly 
alternating yellow, blue , and pi nki sh p urpl e dom ain combinations. 
(Figure 2. ) 

Re lating bi nder p ha se carbon f o rm s t o exac t p ar e n t coal 
V- types is diff icu lt an d not w1 t hout excep tion. The domain width, 
and the l e ngth to width criteria can be affected by a number of 
factors which could lead to misinterpretation . The carbon form 
length (or long dimension) is generally parallel to the bedding 
pla ne o f the o riginal coal particle and th e width (or short 
d1mension ) is at right angles to the bedding plane. The coke 
section being e x amined can intersect the carbon structure in an y 
d i rection; therefore, orientation of the particles must be 
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considered. Additiona lly, higher ran k (especially medium- and 
J ow -vo latilc) coals having vitr ini tc in close association with 
c l ose l y spac ed inert rich microlithotypes can create smaller 
width s and small er ratios of width to length domains than if 
coarser vitrinite is coked . The inerts ' appear to physically 
restrict the complete growth of lenticular and ribbon domains when 
in c lose a ssociat ion with the original inert rich microlithotype. 
The magnitude and dire ction of gas pressure in the plas t ic laye r 
also add s to or restricts higher rank carbon form domain growth. 
The re i s some e vidence that very long coking time, such as 
i nvolved in foundry coke production, dec reases the size of 
anisotropic domains relative t o those produced from similar rank 
coa l s coked unde r by-product c onditi ons (C hampaign, 1984 ). 

Filler Phase Carbon Fo rms 

ln addit ion t o the binde r phase carbon forms de scribed and 
their r e lationship t o parent coal ran k by vit rinoid type, filler 
phase carbons are also related to the macerai composition and 
mineral matt e r con ta ined in the parent coals. These carbon or 
mineral form s refer to ma teriais which do not soften appreciably 
during carbo niza tion and are incorporated b y the reactive entities 
o r

0
b i nde r phase carbons in the coke produced . Filler phase 

ca rbons li sted in Table II are identified by relative appe arance, 
size , calor, and association with other carbon forms and are 
c lassi f ied as follow s . 

Organi c Inerts - Organic inerts are generally isotropic 
and have retained most of their original shape upon carbonization. 
Th ey are subdivided into two types: f ine and coarse, with 50 
microns being the boundary. Thi s size wa s chosen on the basis of 
previous in vest i g a tions which indicated that the averag e coke wall 
size i s about 100 to 150 microns in t hickne s s. Inerts roughly one 
half to one third the coke wall dimension or less ar e easi l y 
i ncorporated into the coke wall str uc ture while large inerts are 
not and cau se i ncreased fissuring, reduced strength, and 
contribute to increased reactivity to carbon dioxide. 

Th e coa r se inerts g r eater than or equal to 50 microns are 
derived from the coal mac e rals semifusi ni te , fusinit e , and 
macrinite. Recognizable inerts less than 50 microns are 
cl assified as fine an d are deri ved from the coal macerals, 
micrinite, macri ni te , and inertodetrinite. The organic inerts 
c ommon ly exhibit a uniform pinkish purple c o lor. Some sem i -inerts 
and inerts appear anisotropic and ar e also subdivi ded on si ze, the 
sarne as the inerts. Coked microlithotypes which are dominated by 
inert macerals, r e tain distinct particle boundaries and appear to 
act as a filler instead of a binder, are kept separate and 
subdivided b y si ze . (Figure 3 . ) 
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Mi s c e llaneo us Inerts - Miscellaneous inerts category 
inc l udes certa1n no nmaceral micr o structures identified in coal 
which bch ave as filler phase carbon forms during carbonization 
(Gr ay , 1982). Specifically these materials are r ecognizabl e in 
coke as ox idized coal, noncoking vitrinite, and brecciated coal. 

Oxidized c o al here refers to naturally weath e red coal 
wh ic h is semi- i nert t o inert in the coking process. Th e 
appearance o f severely oxidized coal in coke is isotropic, often 
exhibiti ng crack s unrelated to original coal cleats, l ow edge 
re lief, minimum of dega s ifica t idn pores and softening. It is also 
1 ncorpo rat e d within binder phase carbon forms and behaves more 
typical d f filler phase carbons. A crenulated microtex ture 
commo nl y develops in oxidized coal and even i n some binder phase 
carbon from low-rank coal. Moderate and slight oxidaton 
recogni z e d in coke exhibits carbon forms with lower degrees of 
anisotropism than carbon forms produced from fresh coal. This 
depends on t he r a nk of the coal and degree of oxidation. 

Noncoking vitrinite refers to vitrinoids too high ( abov e 
V- type 1 9 or 1.9% reflectance) or too low (below V-type 5 o r 0.5% 
reflectance) in rank to soften, coke, and contribute as coke 
b inder ph ase . This addi ti onally encompasses inert varieties of 
pse udovitrinit e as described by Benedic t , et al. (1968). 
Pseudovitrinite and vitrinoids too low in rank to coke appear 
isotropic in coke, exhibit a relative lack of pores and little if 
an y softening characteristics. Vitrinoids too high in rank to 
coke appear anisotropic in coke but remain unchanged relative to 
th e shape of the original coal particle with little pore 
deve lopment. Noncoking vitrinite appears as a filler phase 
microtexture in the coke microstructure and is incorporated by 
binder phase carbon forms. 

Brecciated coal is the result of differential movement of 
coal and /or rock / coa! interfaces associated with tectonic 
ac tivity . Brecciated coal is commonly less reactive than 
nonbrecciated coal in the coking process and is recognizable by a 
c o mplex network of fractures. The extent to which brecciated coal 
retains it s iden ti ty in the coke is controlled by the extent of 
brecciation and the fluidity or rheological properties of the coal 
being carbonized. 

Therefore, the miscellaneous inerts recognizable in coke 
(oxidized coal, noncoking vitrinite, and some brecciated coal) are 
materials which behave as filler phase coke carbon forms and are 
th e result of weathering, vitrinite rank outside coking coal 
ranges, and tectonic activity, (Figure 3). 



717 

Ino rganic I nerts - Inorga ni c ine rts are included in t he 
filler pha s e category and consist o f coal derived mi neral mat te r. 
They may b e subdivided by typc (i.e . a s derived from clay, sh ale, 
pyrite etc.) and size , again using 5 0 microns as the b ound ary 
between coarse and fine. In s ome instances, fine mineral matter 
ca n increase coke strength and, in the form of disseminated clays, 
can d ec r ease coke react i vity by forming a n as h barri e r to inhibit 
ga s diffu sion . S i nc e coa r se mineral ma tte r does not contract as 
much as t he binder p hase carbons, it acts as a center for crac k 
development thus r e duci ng stre ng th . Apparently, iron, calcium, 
and alkali elements i ncrease coke r e a ctiv i ty to CO and also 
decrease streng th of coke after r e a ction. The sam~ basic e l ements 
which decrease coal ash fusion temperatures increase coke 
reacti vity . 

Mos t clay-related mineral matt er appears black when using 
oil immersion objectives and is difficult a t times to 
d i ff e rentiat e from pores. Pyrite is a bri g ht light pink using the 
prev iou s ly mentioned tint plate and polarizat ion. It is 
interes ting t o note that the carbon forms su rrou nding pyri te in 
coke often display a lower deg ree of an i sotropism than associ ated 
areas. Th i s i s also true bu t t o a le sser extent for carbon 
assoc i ated with clay, (Figure 3 ). 

Miscella neous Categories 

ln addition to binder and filler phase carbon and mi n e ral 
forms , an additional category of materials observed 
microsc o pical l y i s also gu antified . Th ese are l isted in Table III 
and de ser ibed as follows, ( Figures 3 and 4). 

Depositional Carbons - Depositional ca rbo n s are an 
add it i onal categor y of ma teri als determined. Depo si tiona l carbon 
is deposited on surf aces of cokes near wa l l and roof areas wi t hin 
a coke oven . Carbon deposition in cok e ovens is related to 
te mperat ure conditions in the oven, residence time of th e gases, 
a nd th e guantit y and typ e o f gase s and vapors p r esent. Most 
depositiona l ca rbon forms from cracked hydrocarbons or 
condensation r eactions. Th ey are not directly rela ted to the rank 
and type of the coals carbonized. Th e depositional carbons are 
categorized into three types based on anisotropism and appearance. 
(1 ) Sooty ca rbo n or combustion black is i so trop i c depositional 
ca rbon usually consisting of small do mains (less than 1 micron) 
a nd purple in interference color. (2) Spherulitic carbon or 
the r mal black is spherical or circular anisotropic displaying 
va rying inte rference colors. They commonly display a Brews ter 
c ros s in polarized ligh t . The domains are often less than 2 
mic rons but may exceed 10 microns. (3) Pryolytic depositional 
carbon exhibits ribbon anisotropism and varying interference 
colors. It commonly exceeds 5 microns in short dimension and may 
exceed 100 microns. 
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Additive Carbo n s - Additive carbon s are sometimc s us ed i n 
coking coal ble nds as inert addi t ions l antif1ssurants ) ; t herefore , 
they s ho uld be recognized and counted. Th e most common 
an tifissurants are coke breeze, anthraci te, and petroleum coke. 
Coke breeze should not be included in binder phase categories with 
reference t o its specific domain size and shape because it is an 
inert addjtive. Co/ coking additi ves may mod ify th e binder phase 
an d s hould be analyzed in terms of the size and shape of 
anisotropic carbon forms. 

Any additional observations, if encountered, should be 
noted such as the p resence of green coke , burnt coke, etc., 
(Figures 3 and 4). 

Methods of Coke Microscopic Analysis of Carbon Forms 

For a complete microscopic characterization, all carbon 
form categories lbinder phase, filler ph ase, miscellaneous) must 
b c g uantified . The problem being investigated will d i ctate the 
de gree of detail required. The counting schemes and 
cla ssi fication categories can be modified for each different 
objec tive or problem. For the carbon f orm studies p e rf o rmed at 
U. S . Steel, at least two loose-mount minus 8-mesh particle size 
coke pellets are made, ground, and polished for microscopic 
analysis. A rcf l ected light mi croscope with total magn ifi cation 
of 500 times is used with an antiflex 40X oil immersion objective 
anda quartz or gypsum tint plate to add color to the ca rbon-form 
textures. A calibrated whipple disc is inserted in one of the 
occular s to enable domain and particle size measurements as wel l 
as for identifying reference points for point counting in the 
f ie l d of view. Fi ve points per field are identified an d a llocated 
to the app ropriate category on a mechanical counter. The fie ld to 
f 1eld and line to line distance is one (l l mm ogtai ned by a click 
stop controlled mechanical stage capabl e of 360 r otation. The 
standard prac t ice to characterize coke carbon form s at U. S. Steel 
consists of two separate counting techniques; 11 ) binder - phase 
count , and 12) total coke carbon form coun t. 

The binder phase count c onsists of counting 100 0 poin ts 
(500 points on eac h of t wo pellets ) . Each point o bs er ve d is 
allocated into one o f the binder phase categories prev iously 
described and listed in Table I. When filler phase carbons are 
encountered during a binder phase count, they are as signed to the 
binder phase carbon form category in wh ich they are incorpo r ated. 
For comp lex cokes composed of high-, medium-, and low - vol atile 
coals, 20 00 counts (1000 per pellet) are r equired . The v alues 
resulting from this type of count equal 10 0 percent in terms of 
volume percent binder phase carbon forms. An example is given in 
Table IV-A. 
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The next counti ng technique is a total coke carbon form 
count. Using the sarne polished pellets, another 1000 points (500 
points on each pellet) are counted. This separate counting 
technique is made to determine the volume percentage of the binder 
phase, filler phase, and miscellaneous categories including 
depositioned carbons. Since the detail eá binder phase categories 
were already subdivided in the binder phase count, only one 
category is carried for all binder phase points encountered. 
filler ph as e , and miscellaneous categories are subdivided by 

The 
type 
III. and size as previous ly described and l isted in Tables II and 

The values resulting from this count repre se nt 100 percen t in 
terms of tota l coke carbon and mineral forms with no breakdown of 
the binder phase category. An example of this total coke count is 
given in Table IV-B. 

Coke petrographic results are reported by mathematically 
combining the detailed binder p hase count and total cok e carbon 
form count. This is performed by prorating the binder phase 
carbon forms determined from the binder phase count in Table IV-A 
into the total carbon an d mineral form count in Table IV-B. The 
filler phase and mi scellaneous materi al s remain unchanged and 
equal 100 percent when summed with the prora ted binder phase 
valu e s a s lis ted in Table V. This type of analyses serves to 
charact e rize the coke and identify plant problems associated with 
the quality of the coals charged , coal blend proportions, 
coke-pushing difficulties , coke reactivity to co 2 , and oven 
heating. 

Applications of Coke Microscopic Analys is of Carbon Forms 

Coal Blend Proportions 

It is common practice in the Un ited States to blend 
high -vo latile and low-volatile coals to produce a medium-volatile 
rank blend for coke proàuction. The use of true medium-volatile 
coal alone ar in l arge percentages is limited by availability and 
cost. High - volatile / low-volatile coal blends must be carefully 
proportioned and monitored because excessive amounts of 
high-vol atile coal will reduce coke strength and excessive amounts 
of low-volati l e coal can generate wall-damaging pressures and 
cause coke-pushing problems. 

Since the classification of carbon forms is related to the 
ra nk and type of coals used to produce the coke, post mortem 
observation of cokes ca n enable estimations of the individual 
coal"s quality and the coal blend proportions charged to produce 
the coke, as well as indicating the carbonization conditions. 
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Coal blend proportions have been traced to numerous c o ke 
pl~ n t problem ~ s uch as poor strength, inadequate or excessive 
ch~rg c c o n t ra c tion , exces si ve wa ll pressu re, excessive c arbon 
dcpo s ition , etc. for estimating the original coal blend 
proµortions from the binder pha se coke carbon form c ount resu lts , 
the vaiuc s are converted from volume percent coke to weight 
p e rce nt coai ba sed o n differing yields for v a rying ranks of coal. 
This conver s ion, usi ng yields calculated from coal vitrinite 
reflectances , is given in Table VI. Once this information is 
avai labl e , a number of estimations can be made r el ative to the 
r ank ar. d amounts of individui a l coals u sed in producing the coke. 

Coke -Pushing Problems 

Periodically pullbacks, hardpushes, a n d stickers occur at 
coke plants . Usi ng coke petrographic anal ysis , the cause of many 
s tickers can be e xp lained, Table VII. ln Case I, th e la rge 
percentage of "green" o r under -carbonized coke wa s r esponsible for 
th e s ticker , since incompletely coked charges have not undergone 
final contraction. Case II illustrates an instance of too much 
l ow-volatiic coal (ribbon ca r bon forms) wh ich caus ed a decrea se 
in bl c nd contraction , s ince low-volatilc coal yields more coke and 
le s s contract i on than high-volatile coa ls. Ca se III is an example 
of e xcessive amounts of depositional carbons indicative of 
ove rheating problems or short c hargin g practice . Ove r heated wal l s 
a nd tunnel h e ads crack more carbon, form ing more depos itional 
carbon thus changi ng the effect ive oven volume . Gen e r a lly, the 
t ot a l pyrolytic carbon is less than 1 pe r cent and def1nitel y less 
than 2 percent i n cokes produced at 1-inch-per-ho ur (+ 0. 1 -i n. / hr) 
cok i ng rates. Deposited carbon limi ts the effective oven 
dime nsions whi ch may req uire more contracting b lends to be 
charged. The ove r heating indicate s the coke was heated too fast 
( at too high a tempe r ature) c au sing increased fissuring and 
we à ging o f coke mass against t h e oven walls. Separate coke 
samp les from different localities within the oven (wall, sponge, 
a nd tunnel -head coke samples ) can b e o b served microscopic a lly to 
cha racterize problems associated with d ep o si ti o nal c arbon and 
battery operation . Case IV iilusira tes a sticker as soci ated with 
above target amounts of poor coking, low ra n k hi gh - volatiie coai . 
In this situation, the blend h ad insuff i cient c ontraction dueto 
the high-volatile coais 1nabil 1 ty to p rovi de the requ : r ed 
contraction neces s ary for a normal push. Additi on 3 l ly, poor 
coking high-v o latile coa i s produce weak and fissured coke which 
collapses against the walls wh en pushed. 

Other exampl e s not illu st rated, whi c h have bee n identified 
by cok e mic roscopy t o cause st icke r s, are inc r eased c o arse inert s 
(f r om filler ph a se) and t h e presence of low- f usion t emperature 
mineral ma tter. Add itionall y , sticker s can be caused in part by a 
change in the blend proportions and volatilit y of the coal blend 
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1ts~l f. lllgh c r vo latilc, morr contract ing blrnd s ma y build up 
c arbon abovc lhe coai line form ing a ca rbon s klrt i n thc ovcn as 
well as a thicker, nonuniform wall carbon buildup. When a change 
to a lower volatil e , less contracting bl~nd is made, a hardpush or 
st ic ker ma y resul t because of the pre v ious carbon bu i ldup. This 
skirt-carbon migration and wall-carbon buildup is best detected by 
observations and me a su rements no t reguiring a carbo n form 
analysis. 

Reactivity of Carbon Forms 

Th e coke reactivity to co 2 at elevated temperat ures can be 
es timated from carbon form analysis because each carbon f o rm 
ex hib it s a differing relative r e activity (Sch a pi ro et al., 1963 ). 
Fo r high -volati le - coal derived binder phase carbons, the isotropic 
ca rbon exhibits ve ry h igh reactivity , incipient is high to 
in t e rmedi ate, a nd circular anisotropic carbon forms are 
i ntermediate to low in reactivity. The medium-vo la t ile c o als 
produce l enticula r an istropic c arbons wh i c h yield the l o west 
reacLivity value s . Low-vola tile coal s produce ribbon anisotropic 
ca rbon s which are low to intermediate . Filler phase carbons 
consisting of organi c iner ts , ino rgan ic inerts, oxidi z ed a nd some 
brecc iated coal all yield high reactivities. The smaller si ze 
filler carbon is less react i ve t han coarse size since it is 
enveloped in the binder phas e and thickens c oke walls . The 
depo s itional and additive carbons a re variabl e depending on the 
Lype . Pyrolytic depositional carbon is ve ry res istant to co2 reactivity. 

It shoul d be noted t ha t th e reactivity tests me as ure the 
weight loss of coke to when sub jecte d t o co 2 gas at elevated 
temperatures which may be simila r to the mechanisms above the 
cohesive zone in the blast furnace. Th e att a c k on blast-furnace 
t uyer e coke is substan tially dif feren t than that of cokes o bserved 
under the microscope after coke reac tivity testing. Tuye r e coke 
sample s appear t o have t he organic inerts completely intac t and 
t he binder phases a r e in ten sel y r eacted. Th e opposit e has been 
o bs e r ved for c oke sampl es after reacti vity testing. 

Concl usion s 

The tech n igues discussed in this paper are not inclusive 
o f the e n tire U. S. Steel system of coke pe t r ography. Coke 
microst ructural studies (pa r e size , shape, distribution, and wall 
th ickness ) , macrostructural studies ( fissure description), coke 
re fl ect ance and bi-reflectance measurement s should also be 
i ncluded in an y detailed c oke c haracterization . These studies 
reguire different eguipment for measurements, different 
technigues, and d i fferent samples. Th e carbon form classification 
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dcvcl opcd and used by U. S. Stccl Corpora tion has b ecn e mp loyed 
succc ssf ully t o microscopicall y c haracte~ ize coke and under st and 
it s relationship to parent coal rank and type. The t e chn1que has 
enabled the solving of many coke plant problems such as post 
mortem dcterminations of blend proportions, individual coal 
q u~lity containcd in a coke, cokc-pushing diff i culties, and oven 
h ea t1ng problems. Carbon form analysis also provides an avenue 
for studying coke reactivity to co2 and cokes role in the blast 
furnace. 

"The ma te rial in this paper is intended for general inforrnation 
only. Any use of this material in relation to any specific 
application should be based on independent exarnination and 
verification of its unrestricted availability for such use, anda 
determination of suitability for the application by professionally 
qualif1ed personnel. No license under any United States Steel 
Corporation patents or other proprietary interest is implied by 
the public a tion of thiE paper. Those making use of or relying 
upo n the material assume all risks and liability arising frorn such 
use ar reliance." 



723 

Abramsk i , C ., an d MacKowsky, M. 
I nvestigation s of Polish Coke 
Es ti mati on of Coke Structure. 

T . , 1 952. Micro scopic 
Samples for Quantitative 

d er Mi kroscopi c i n der Techni k. 
2, PP. 3 8 5- 4 O 9 . 

in: H . , Freund (Editor ) , Ha ndb uch 
Umchor-Verlog, Frankfort, Vol. 

Bendic t , L. G,, Th o mpson , R. R., Shi go , III, J. J . and Aikman, 
R, P. , 1968. Pseudo v itrinite in Ap lachian Coki ng Coal s , Fuel, 
47: 125 -143. 

"(P. E . Champagne, personal communications, 1984)." 

Fukuya ma , T .. Funabiki, Y, an d Itagak, S., 1981. Estimation of 
Cok e Propertie s Using Petrographic Analysi s of Semi-Coke. Japan 
Fu e l Society, 60: 174-182. 

" ( W. w. Gil 1, perso nal communi cati on s , 1983)," 

Gra y, R. J., 1976 . A System of Coke Petrograph y . Illino i s Mining 
Ins tit u te Proceedings, pp. 20 -4 7. 

Gray, R. J ., 198 2, A Petrologic Metho d of Analyis on Nonmaceral 
Microst ructure s in Coal. In t. J. Coal Geol., 2 : 77-95. 

Hoff man, H. and Kuhlwein, F., 1934. Rohstoff liche and 
Ver kok ung- Stec hnische Untersuchunger and Saarkohlen. Gluckauf, 
71: 625-657. 

Kirov, N. Y. and Stephens, J. N., 1967. Physical Aspect s of Coal 
Ca rboniza tion. The University of New So uth Wales, Sydney, 221 pp. 

Krajewski, J., 1948 . Microscopic Research on the Structure o f Coke 
Produced from Various Polish Coals. (Translated from Polish ) 
Biulety n Instytutu Naukowa-Badawzego Przemyslu Wegiowego, Report 
No. 37, pp. l-25. 

Mallei s , O.O. , 1924. Bv-Product Coke Cell Struc t ure. 
and Engineering Chemistry, 16: 901-904. 

Industrial 

Mar sh , H,, 1982 , Metallurgica l Coke : Formation , Structure, an d 
Properties. ( AIME) Ironmaking Proceedings, 41: 2-11. 

Marsh, H., and Smith, J . , 1978. Th e Formation and Properties of 
Anisotrop ic Cokes from Coals and Coal Deriva t ives Studies by 
Optical and Scanning Elect ron Microscopy, ln : C. Karr, Jr . 
(Edi tor), Analytical Methods for Coal and Coal Products, Vol. II, 
Chapter 30, Academic Press, Inc., New York . 

Mitchell, G. D., and Benedict, L. G., 1983. The Use of Coke 
Petrography as a Measure of the Behavior and Quality of Coke. 
(AIME) Ironmaking Proceedings, 42: 347-35 6. 



7 24 

Neavcl , R . C . , 1 9 7 6 . Co a] Plas t.ici t y Mecha n i sm : Infe r ence s From 
1., ucf~c t 1on Stud1cs. Procccd1 ngs of th e Coal Agglomerat1on a nd 
Convrrs 1o n Sympos1um sponsore d by the West V1rg 1nia Geological 
Survcy and Coal Resear c h Bureau , West Virgín i a University pp . 
121 - 133. 

Nishioka , K., Yo s h i da, S ., and Hariki , M., 1983. A Carbonizat i on 
Mo del Based on Coking Mechan 1sm . (AIME ) Ironmaking Proc eedings, 
42: 20 7 - 2 18. 

Patr ick, J . ~- . Sims , M. J. , an d Stacey , A . 
Charact c r1 z ation of the Tex ture o f Coke. 
109 : 1 37 - 1 4 3. 

E ., 19 77. Qua ntita tive 
Jo urnal of Mi croscopy , 

Pat r ick , J. W. , Sh aw, F . H., an d Willmers, R. R., 1977 . Microscopi c 
Ex a m1n ation of Pc lis he d Coke Su rf aces Etched by Ionic Bombardment. 
Fu e l, 56: 81 - 88. 

Ramdohr , P . , 1~28. Mik roskopi sche Beobachtungen an Graphiten und 
Ko kse n, Arch Ei sc nhutton Wesson, pp. 6 09 -61 3. 

Rose , li. J ., 1 924. 
AIME t. r ans ac t ion s 

Se l ection of Coal s f or th e Ma nuf act u re of Co ke . 
74: 600 - 6 39 . 

Schapiro , N. and Gra y, R . J . , 1 960 . 
Ap p l1 ca b le to Coals of all Ranks. 
Proceed ings , 68th Year, pp 83 - 97. 

Petrographi c Classifi ca t ion 
Ill i nois Mining Institute 

Schapiro , N. a nd Gra; , R. J., 1963. Relat ion o f Coke Structure t o 
Reacti v ity . Bl ast Furnace a n d Steel Plan t, April, p p 273 -280. 

Sc hap : r o , N. , Gra y , R . J., an d Eusne r, G., 1 961. Recent 
Developmen ts i n Coa l Petro graph y . (AIME) Bl as t Fur na c e , Coke 
Ovens , and Raw Mat e rials Proceeding s, pp 8 9 -1 09 . 

Vanàezar.de , J ., 
P rope rties. 

1982. Correlation of Coke Mi crostruct u re and 
( AIME I I ro nmak ing Proceedings, 41: 1 2 -2 3. 

Van Kre v c! e n , D. w., Hu n tjens , F. J ., and Dormans , H . N.M. , 1956. 
Chcmic al St ructu r e and Propert1es of Co al , XVI - Plastic Behav i o r 
on Heating. Fue l , 35: 327-436. 



Binder Phase 

Isotropic 

I ncipient (Anisotropic) 

Circular (Anisotropi c ) 

Fine Circular 
Medium Circular 
Coarse Circular 

Lenticular (Anisotroeic ) 

Fine Lenticular 
Medium Lent icular 
Coarse Lenticular 

Ri bbo n (Anisotroeic) 

Fi ne Ribbon 
Medi um Ribbon 
Coarse Ribbon 

L Length of Carbo n Form 
1-1 Width o f Carbon F"orm 

Tabl e I 

Cok e Binder Pha se Ca rbon Form Cl ass ificati on 

Domain Dimensions 
Width Length to Width 

( i n mi c r o ns ) Re lation 

o. o Non e 

0.5 L w 

0 .5 - 1.0 L w 
l.O - 1. 5 L w 
1. 5 - 2. O L < 2W 

1.0 - 3. O L ~ 2W , L< 4W 
3 . 0 - 8.0 L > 2W, L< 4W 
8 . 0 - 12.0 L> 2W , L~ 4W 

2 . O - 12.0 L > 4W 
1 2.0 - 25.0 L > 4W 
25 .0 + L 4W 

Domain ( Long Dimensio n ) 
Domain (Sh o rt Dime ns ion) 

Par e nt Coal 
Vitrinoid Type 

6,7 

8 

9 
10 
11 

12 
13 
14 

15 
l 6 
17, 18 

Bituminou s Coa l 
(Volatility) 

High 

High 

High 
High 

High to Medium 

High to Medium 
Medi um 

Medium to Low 

Medium to Low 
Low 
Low 

-.J 

"' UI 



Table II 

Cok e Fille r Phase Carbo n Form Classification 

Fille r Phase 

Organic Ine r ts 

Fine 
Coarse* 

Miscellaneous Iner ts 

Oxidized Coal (Coke) 
Brecciated Coa l (Coke) 
Noncoking Vi tri nit e (Coke) 

Inorganic Inerts 

Fine 
Coarse 

Size (in microns) 

-< 50 
~ 50 

-< 50 
~ 50 

Precur so r Mate rial 

Micrinite, Macrinite, In e rtodetrinite 
Semifusin ite, Fusini te , Macrini te 

Oxidized Coal 
Brecciated Coal 
Vitrinite too h i gh or low in rank 

Various Ty pes of Mineral Matter 

Coa l Mineral Matter and Bone Coal 
Co al Mineral Matter and Bone Coal 

*Includes coarse in e r t -rich microli t hotypes which re ta in distinct particle boundarie s and 
appear to a c t as filler inste ad o f binde r phase. These are kept separat e during 
micro scopic anal ysis . 
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Tablc III 

Misccllaneous Categorics Quantificd in Carbon Form Analysis 

De posi tional Carbon 

Sooty Carbon (combustion black) 
Spherulitic Carbon (thermal black) 
Pyrolytic Carbon 

Addit ive Carbons 

Coke Breeze 
Anthracite 
Petroleum Coke 
Others 

Miscellaneous Observations* 

"Green" Coke 
Burnt or Reacted Coke 
Others 

*Miscellaneous observations can be quantified or 
presence can be indicated as rare or abundant. 
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Tabl e IV 

Co kc Carbon Fo rm Analy sis Examµlc 

A - BIN DER PHASE COU NT 

I s otropic 
In c ip ien t 
Circ ul ar (Fine) 
Circula r ( Me di um) 
Circul ar ( Coarse) 
Le nticular (Fine) 
Lenticular (Med ium) 
Lenticular (Coarse ) 
Ri bbon ( Fine) 
Ri bbon ( Medium) 
Ribbon (Coarse) 

Total 

B - TOTAL CAR BON ANO MINERAL FORM COUNT 

Binder Phase Carbons 
Filler Phase 

Organic Iner ts (Fine) 
Organic Inerts (Coarse) 
Miscellaneous Inerts (by type) 
Inorganic Inerts, Fine (by type) 
Inorganic Inerts, Coarse (by type) 

Miscellaneous Materiais 
Depositional Carbon (by type) 
Additives (by type) 
Other Obser vations (by type + abundance) 

Total 

( Vol ume, % ) 

l. 4 
3.8 

22 .4 
33.l 
10.7 

2.0 
o.o 
4 . 2 
5.6 

11. 2 
5.6 

1 00 . 0 

(Vo lume, % ) 

79.8 

4 .8 
1 0 .6 
o.o 
2 . 2 
2 . 2 

0 .4 
o. o 

100.0 
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Table V 

Combineà Binder, Filler, and Miscellaneous Cok·e Carbon Forms 
(Volume, %) 

BINDER PHASE 

FILLER PHASE 

MI SCELLANEOUS 

Isotropic 
Incipient 
Circular (Fine) 
Circular (Medium) 
Circular (Coarse) 
Lenticular (Fine ) 
Lenticular (Medium) 
Lenticular (Coar se) 
Ribbon (Fine) 
Ribbon (Me dium) 
Ribbon (Coarse) 

Total Binder Phase 

Organic Inerts (Fine) 
Organic Inerts (Coarse ) 
Miscellaneous Inerts 
Inorganic Inerts ( Fine ) 
Inorganic Inerts (Coarse) 

Total Filler Phase 

Depos itional Carbon 
Additive Carbons 
Miscellaneous 

Total Miscellaneous Materials 

Total Carbon Forms Analysis 

1. 1 
3. O 

17 . 9 
26 . 4 
8.5 
1. 6 
o.o 
3. 4 
4. 5 
8.9 
4. 5 

79.8 

4.8 
10.6 
o.o 
2.2 
2. 2 

19 . 8 

0.4 
o.o 

0.4 

100.0 



Ta ble VI 

~X.'1"2P...!!:'._of E: s tim.1ting Coa l Bl c nd Proportions From Coke Carbon Forms 

(A ) (B ) (D) 

Bi ndt· r Ph a s 1..• Co ke Pa rC'nl Coa i (C) Cokc to Coa ! 
C,1r bon Fo rm s (Volume , 7. ) ( R m;ix) :, 1 Co kc Y i e 1 d''2 Co nversion ,, 3 

o 

lsotr opi c 1. 4 o. 70 61. 2 2. 3 

1 n c ip i(,nt ) . 8 0.8 5 64. 7 5.9 

Circular 
Anisotropic (fine ) 22.4 0.95 67 .o JJ .4 

(Hedium) 3). 1 1.05 69.4 47. 7 
(Coar sr) 10 . 7 1. 1 5 71. 7 14.9 

Le nticular 
Anisotropic (fine) 2 . 0 1. 25 1) . 8 2 . 7 

(Hedium) o.o 1. )5 75.6 o.o 
(Coarse) 4 . 2 1. 4 5 77 . 4 5.) 

Rlbbon 
Anisotropic ( fi nc) 5 .6 1. 55 79.2 7.1 

(lfodi um) li . 2 1.65 80.9 lJ.8 
(Coars e ) 5. 6 1. 7 5 82 . 7 6.8 

Total 100 . 0 IH .9 

"!. R maximum ref e rs t o mean max imum v itrinoid re f lectance ( in oil) 

*2. 

·:,3. 

-:, 4 

o 

Calculation of coke yield fr om estimated parent 
lf R max < 1.2% th cn Co ke Yicld • 44 ,9 2 • 23.27 

o 
lf R max ~ 1.2% t hc n Co kr Yi c l d = 51 . 4) ' • 17.89 

Column A Valu c s ~ (coJumn C Values) 
• 100 

Co lumn D Value s.:.. ( Ca lumn D Total) 
. 100 

coa l R max 
(R max1 

o 
( R max ) 

for c ;irbon forms 

( E) 

Coa ! Weight, 

1.6 

4.2 

23.8 
)4. 1 
10. 7 

1. 9 
o.o 
) . 8 

5. 1 
9.9 
4. 9 

100.0 

% ·, 4 

lligh Vo l ati le 
Coa ! 
76. 3•,. 

Low Volatil e 
Coai 
2 3 . 7'1. 

-.J 
w 
o 



Cause 

Case 1 Excessive Amounts o[ 
Under-Carbonized Coke 

Case 11 - Excessive Hedium and 
Low-Volatile Coai 

1 .ase 111 - Excessive Oven Wal 1 
Temperatures 

Case IV - Excess i ve Amounts o[ 
Poor Coking Coais 

( ) Target Percentage 

Table VII 

Use of Cokc Petrography to Explain Cause of Coke -Ov en Sti c kcrs 
Binder Phase Carbon Forms Volume,% 

lsotropic Le nticular Miscellaneous Carbon forms (Volume, %' 
and Circular and 

lnc iplent Anisotroe:ic Ribbon Anisotropic 
Oepositional Ca rbon 

(Pyrolytlc) Grcen Coke 

7. 2 59.6 J),0 

1.) 35.J (63.4 

5.4 59 . 4 3 5 . 2 

B 4l.2 23. 3 

()2) 0.2 

(38) 1 0.8 

()3) 

(28) 0.4 

Abundant 
~l7t 

Not Present 

Tr.1 ce 

Not Prescnt 
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Isotropic (PHV) 

Fine to Me dium Circular Anisotropic 
( IHV) 
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;k ' 

Incipient Anisotropic (FHV) 

I 

Medium to Coarse Circular 
Anisotropic (GHV) 

Figure 1. Binder Phase Coke Carbon Forms Produced From 
High-Volatile Coals (400x , reflected l ight). 
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Fine to Medium Lenticular Anisotropic 
( PMV) 

Medium to Coarse Lenticular 
Anistropic (GMV) 

Fi gure 2 . 

Ribbon Anistropic 
( LV) 

Binder Phase Coke Carbon Forms Produced Fro m Medium 
and Low-Volatil e Coals (400x, reflected light) . 
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Coarse and Fine Organi c Inert s 

Oxidized Coal in Co ke 

Coarse Inorganic Materia l With 
Organic Material (Coked Bony Coal) 

Green and Normal Coke 

Figure J . Filler P h ase and Misce ll a neous Cok e Carbon and Mineral 
Fo rms ( 400x , r e flected light). 
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De positional Carbons - Spherulytic, Pyrolytic Type s 

Partially Burned or Reacted Coke 

Figure 4. Additional Miscellaneous Coke Carbon Forms 
(400x, reflected light). 




