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Abstract 

This report has been prepared to describe coal 

properties and their relative importance in fonnulating blends 

for producing high-quality metallurgical coke. 

To qualify as coking coal, the coal must be classified 

bituminous and subclassified between high-volat i le B and low 

volatile in rank. lt must also be agglomerating and have the 

capability to melt when heated. For prime quality, the coal 

should be strongly coking and have a minimum amount of noncarbon 

impurities such as silica, alumina, iron, calcium, sulfur, 

phosphorus, chlorine, sodium, and potassium. To obtain high-

strength coke, the individual coals must be blended to produce 

blends that range in volatile-matter content betwee n 25 and 

32 percent (daf) and in vitrinoid reflectance between 1.1 and 

1.3 percent. Although coke strength improves as the rank of 

the blend increases (as volatile matter decreases and reflectance 

increases), the amount of improvement is controlled by the 

inert-maceral content of the blend and is limite d by ca r boniza­

tion pressure and contraction obtained during coking . 

Few coals have all the properties desirable f o r coke 

making . However, a deficiency in one property of a co al in a 

blend can be offset by an excess of that property in another 
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coal, andas a result, trade-offs can be made in coal select1on 

to formulate satisfactory blends. ln addition, , the strength 

of coke from a particular coal blend ca~ be improved by coal­

preparation and coke-oven-operating practices, such as pulverizing 

the coal to a smaller particle size, decreasing the coking 

rate, or increasing the coal-charge bulk density. 
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Introduction 

Coal is an energy resource composed of a mixture of 

organically derived macerals and associated minerals . Macerals 

are the plant rema i ns that have undergone chem1cal and physical 

changes in response to geologic processes. The kinds and 

amount of each maceral present determine the coa l type. The 

degree of metamorphism or alteration of the macerals establishes 

the coal rank, and the amount and type of minerals aseociated 

with the organic constituent determine the coa l grade . 

Industrial coal petrography deals with the micr o scopic 

determination of how coals differ in type, rank, and grade and 

how these differences affect the utilization of coal . Labora-

tory carbonization testing deals with quantitati vely measuring 

the effect of rank, type, and grade on expansion/ contraction, 

pressure, and coke strength. ln this report, the ranges for 

the coal properties that determine coking characteristics are 

presented for use as a guide in assessing the quality and 

utilization of metallurgical coals . ln addition, their 

relative importance in establishing the criter ia f or sele c ting 

coals in the formulation of blends for the production of high­

qual i ty metallurgical coke is discussed. 

Blast-Furnace-Coke Specifications 

The important coke properties that affect blast­

furnace performance are chemical composition, size, strength, 
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dn d reac t1 ·.i1 c.y. Coke composition is generall y measured 1n 

terms of volatile-matter, ash, sul fur, alkali, a'nd phosphorus 

content s . A good coke has a volatile-m~tter content of lese 

than 1 percent, an ash content of 9.0 percent or less, anda 

sulfur content of 0.8 percent or less. The optimum size of 

blas t -furnace coke should be 3 inches by l inch (76 by 25 mm). 

Coke strength is measured by determining the amount 

of degradation induced by shatter (~STM 03038)
1

)* or by tumbling 

(ASTM D3402 ) . 2 ) The indexes of coke strength from the tumbler 

test are ca lled the stability and hardness factors. The 

stabilit y factor is the most commonly used strength criterion 

employed in the Uni ted States and indicates the tendency of 

the coke to break upon handling and impact. The hardness 

factor indicates the tendency of the coke to abrade into fines 

upon handling. Other s trength tests (Micum, Irsid, JIS, 

Sundg ren ) used thro ughou t the wo rld have been related to the 

ASTM tumbler test. I n g eneral, b l ast-furnace performance 

improves with increased coke stabili ty. This is particularly 

true for l arge-diameter bla st furnaces . 

Coke reactivity tests indicate the rate at which 

carbon is converted t o carbon monoxide by reaction with carbon 

dioxide under specified conditions of temperature and gas 

• See References. 



664 

fl o ~ . Generally, the higher the rank of the coa l bl enà and 

the h1gher the final coking tempera t ure, the lower the react1 v1t y 

of the coke. 

Few coals meet all the requirements t o produce a 

h1 gh-quality coke, so coals must be blended to meet these 

requ1rements. Thus, to evaluate a specific coal for coke 

making, it is important to know what other coals are to be 

used in the blend and how much of each is to be used. Frequen t ly, 

in corrrnercial blends it is economically attractive to include 

coals that do not meet normal metallurgical-coal specifications . 

l n these cases, it is necessary that the other coals in th e 

blend be correspondingly higher in quality or have pro perties 

that compensate for deficiencies in t he poore r coal. 

Coal Properties 

Coa l Rank 

All cok i ng coais posses the unique p r o pert y o f 

so ftening , agglomerating or fusing, and reso l 1d1fyi ng t o f o rm 

a cohe rent, poro u s coke s t ructure during carbon1za t 1o n . The 

class of coals re f erre d to as b1tu minous are t he o n ly coa l s 1n 

the l ignite-to-an thr ac ite ra nk series that po sse s s the s e 

properties. ln adàition, 1t is only the aggl o me ra t 1ng b itumino us 

coa ls that are considered coking and caking. 

Coals are c lassifi ed (ASTM D388 ) a c c ord 1ng t o rank, 

and rank is the most important parameter relat ing to the 
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cokins po te n tial o f coals . Figure 1 compares the r ank group, 

name s, and boundary lines o f the ASTM system with class namee 

. J) 
11nd bound,.ry li nc s of thc intcrnnt1ont1l • ystcm. Dituminous 

coal s are subdivided by rank into high-, rnedium-, and low­

volat1le coals, with the high-volatile bituminous coals sub-

divid ed i nto high-volat1le A, B, and C. ln general, high-

vola ti le C coals are noncoking, high-volatile B coals are 

mar g inal coking, and high-volat1le A coals are coking. The 

medium- volatile bituminous coals and some of the high-volatile 

A-rank coale that are nearer the rnedium-volatile coals in rank 

are g ood coking coals and, like med1um-volatile coals, can be 

used i ndividually to make strong coke. Although low-volatile 

and hi g h-rank medium-volatile coals produce etrong cokes, they 

exert excessive wall pressure during carbonization and canr,ot. 

be coked alone in by-product ovens since they can cause oven 

damage . ln addition, these coals do not contract sufficiently 

durin g coking to p e rmit easy removal frorn the coke ovens. 

Table I gives a range of coking properties of the 

ran ks o f coals (high, med1um, and low volatile ) that are used 

to produc e a coking-coal blend with an acceptable co ke strength. 

These coals are classified by rank according to dry, mineral­

matter-free volatile matter (ASTM D388). 41 
Although volatile 

matter (Property 1, Table I) is a convenient an d universally 

accepted indicator of coal rank, it is one of the least 
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r cpro d'"c 1blc chcm1cd l propert1cs dctcrm1ncd on coai ano 1s 

arfccted by the presence of carbonatcs and chdnqcs 1n pctro­

•Jraph1c compos1t1on. The rank of a coai 1s a lso dctcrmincd 1n 

petrog raph1c analys1s~) by measur1ng the mean max1mum reflectance 

0 1 the vitrinoid maceral, the major react1ve component in coal 

(P rope rty 2, Table 1). The relat1 onship betwecn these two 

ran k parameters, v1trinoid reflectance and volat1le matter, is 

shown 1n Figure 2. 6 ) S1nce the reflectance of vitr 1noids 

1s not 1nfluenced by other coal propcrt1es as volatile matter 

1s, r cf lectance 1s a mo re acc uratc mcasurc of t he relat1ve 

rank d 1fference between coals. 

Reflectance measurements o n 1ndiv1dual v1tr1no1d 

mace rais in bitum1no us c oal may ra ng e from about O.S t o 

2.00 percent reflectance. Vitri noid-reflecta nce mcasurements 

are cl ass 1f1ed 1nto type s, each type represent1ng a re f lectance 

range of 0.10 percent. For example, VB contains all the 

v1t r1noids with a reflectance of 0.80 through 0. 89 per cent. 

Coa ! Type 

ln a dditi o n t o rank, co k i n g coals are a lso selected 

by type or the petrograph1 c react1 ve- and 1nert - ma c eral content. 

The maceral composition is detennined microscop1cally (ASTM 

D2799).
7

) Coals are commonly classified 1n ter ms o f brig ht or 

du l l types. Bright coals are generally cons1dered super ior t o 

dull coals for coke mak1ng. Bright-banded b1t uminous coals 
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~~c r o sco?1cal ly cons1 st of an a bundance of cla r a1n a nd v 1 train, 

and m1c r o scop 1cally the clarain and vitrain contain a predominanc e 

n f th e rc a c t1ve ma ce ra l vi tr ino id and ma y ha ve siqnif ic an t 

amounts of re s ino id a nd e x inoid macerals . The v itrinoid 

maceral s soften and r e s o lidif y to form the cont inuous-bond 

phas e du r i ng carbonization. The exinoids and resino ids p rod uc e 

mos t ly by -products but also con t ri bu te to the bond p has e in 

co ke . Du ll- banded bituminous coa ls ma c roscopicall y consist of 

an a bundance of dur a in, and mic roscopically the durain commo n l y 

conta1n s a greate r abundance of the inert macera ls . Th e 1nert 

macerals d o not s o ften dur i ng carbonization and act as inert 

f1l l er in the coke st ructure. Dull coals can bc used t o a 

l i mi ted exten t in bl ends, particularly when the dull coals 

have good chemi stry or price or some other adva n tage that 

would give a n incentive for including them in blends. 

The organic inert macerais are composed of m1cr i noids, 

fusinoids, and semifusinoids. In North America n coals, 2/ 3 of 

the semifusino id s are c ategorized as inert macerals in h igh ­

vo l at 1le c o al and 4/ 5 are classed as inert macera l s in l o w-

vo lati le coal. The organic inerts will burn in the blast 

furnace. Their inorganic inerts are the ash-forming mater i als 

or mi ne ral matter composed largely of silicon, alum inum, iron , 

calc1um, and alkalies such as sodium and potass1um. The 

i norgan ic inerts wil l not burn in the blast furnace . 
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It has been found by laboratory experimentat1on that 

eac~ ran k of coal (measured by the rcflectance of the vitrin1te) 

has a n optimum inert content for bcst coke strength. Thc 

r e lat1 o n of vitrinoid type to the optimum incrt content is 

sho wn 1n Figure 3. 8
> The ratio of the actual inert content of 

a coal to its opt1mum 1nert content is called the compo s i t 1on-

bala n c e 1ndex . Thus, by de!inition, a composition-balance 

index of 1.0 would give the optimum coke strength for that 

coal. Either an excess ora deficiency of inerts would result 

in decreased strength of coke from a coal of a g1ven rank. 

Howeve r, in the case of coal blends, a defici ency of i nerts in 

one c oal can be at least partly offset by a sur p lus of inerts 

i n another coal, assuming high pulve rization levels a nd proper 

p r oport1oninq and mix1ng. 

The rank of a coal a f fccts to s ome dcq r ee thc amour.t 

of inc res that result in optimum coke strenqth . As the coal 

rank 1ncreases from high volatile to medium and low vol at1l e, 

the o p timum inert content decreases because thc v1tr1 nite 

(pr i nci pal coke-producing maceral) o f the h iq her r ank coals 

cannot assimilate the inerts as well as the lower rank fluid-

type vitrini ce. The optimum amount of inerts for most c oking -

coal b lends with a vitrinoid reflec t ance of 1.3 percen t is 

about 15 percent, whereas the optimum amoun t of ine rts for 

blends wit h a vitr i noid reflectance of 1.2 perce nt is about 
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25 percent. ln general, b l ends w1t h lower ref lect a nce and 

higher G1eseler flu1dity can tolerate and i ncorporate more 

inert materials. 

Coal Fluidity 

Various tests have bee n pro posed t o me asure the 

ab1li t y of coking coals to iricor po rat e 1nerts. Two of the 

most commonly used tests are the Gray King Test ( l50 / R505)
9

) 

and the Roga Test (United Nations Publ. 1956 ll.E . 4, E/ ECE/ 247, 

E/ ECE/ Coal / llO).lO) l n the United States, thc Gieseler plasto ­

meter test (ASTM D2639)ll) is commonly used to measure t he 

plast i c properties of coal during heating (Property 3, Table I ) . 

Co k ing coals soften, then become very flu1d, a nd finall y 

soli dify. Strongl y coking high- and medium-vo la t 1le coals 

become very fluid and ha ve a wide f lu i d range. The fluid 

range 1s defined as the difference betwe en t he sol idi fication 

and s o fteni ng temperature . Poor-coking high- and low- volat ile 

coals have low fluid i ty anda narrow plastic range. 

ln sel ec t ing coking coals for blends, the co a ls 

shou ld have widely o verlapping pla stic ran ges t o ass ure t he 

production of homoge neous coke str uc ture, figur e 4 . 
12

' l n 

addition, many workers in the field insist that t he blend 

f luid i ty should exceed 2000 d i al divi sions per minute. In 

addition, s ome workers believe the coke contraction relates to 

coal fluidity in addi tion to rank . The Arnu or Ruhr d1latometer 

is used widely i n Europe to measure plastic properti es of 
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coa l s ( ISO/ TC/ 27 , Doe. 2 21,l3, l 4 l AFNOR and Dl N 51739 ,l S ; 

r e spec t1 ve ly). These tests are becoming rrore popular 1n the 

Un1t.e d States. 

The free-swelling index (FSI) test (ASTM D720 J 16 ) is 

used to determine the agglorrerating or swel l 1ng p r opert.ies of 

co a l ( P rope rty 4, Table l) . ln this t.est, t.he coke-button 

hei ght is used to judge the caking and swe ll 1ng p ropert i es of 

a c o a l. In general, the FSI of coking coals should exceed a 

cokc-button size of 4; however, t.he better cok 1ng coals ha ve a 

button s i ze in excess of 7 . Australian wo rke rs ha ve shown 

t hat c hanges i n the coke-button s i ze are a fun c tion of ran k 

and t h e proportion of vitrit.e and cl arite present 1n a coal .
17

) 

Ha rdgr o ve Grindab il 1t y lndex 

The Hardgrove grindability index (HGI ) (A STM D4 09 -7l )l B) 

measures the ha rdne ss, stre ngth, and fracture characteristics 

o f c o al . I t is used t o determine the relative grindabilit y o r 

ea s e o f p ulverizatio n of c oals i n comparison with coals c hose n 

as s t a ndards. l n this roethod, a prepareo sample of known 

size-co nsist. recei ves a de f ini te arrount of g r 1nding energy 1n 

a miniature pulverizer and the chan ge i n s1ze- consi st is 

detennined by sieving . The h i gher the index, the e as ier the 

coal is t o pulverize. 

Th e ease o r d i fficu lty o f pulver i z1 ng coal is mostl y 

a function of the coal ra nk ( Property 5 , Table I ) . High-

volati l e coals are difficult to pulverize a nd the indexes vary 
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bec ween abo uc 32 a nd 75 . The l o we r rank h1gh - volac1 le coals 

havc 1ndexes betwee n abo ut 32 a nd 70 and the higher rank 

coal s , between 48 a nd 75. Th e l o wer rank rned1um- volatile 

coals have 1ndexes betwee n about 60 and 90 an d th c h igher rank 

coals, be tween abo ut 80 and 1 35 . The lower rank low-volatile 

coal s have indexes becween abo ut 90 and 120 and the h1gher 

rank coals, betwee n about 85 an d 10 5. At the upper limit of 

medium-volatile coking- coa l r ank, t he indexes start to decrease 

until low va l ues are o btained on noncoking anthracites (20 to 

4 5 r an g e ) . 

Other propertie s of co al such as type of ash and 

petrogra ph ic- ma ceral con ten t a l s o affect the grindability 

1nde x, altho ugh to a lesse r extent than rank . The relation of 

HGI to c o al rank (vo latile matt e r) and type (maceral content ) 

is shown in F igure 5. 19 ) A higher ash content can increase 

or d ecre ase the HGI, depending on the rank of coal and type 

o f a sh; a highe r micr i noid, exinoid, and/or resinoid content 

wil l reduce the HGI. 

The breakage o f co a l an d the ease or dif ficult y of 

pulve r 1zing coa l i s o f considerable importance in coal-washing 

pla n ts and in the p reparation of coal for charging to the coke 

ovens. Coke plants utilize high-volatile, low-volatile, 

and / or medium- vo latile coa ls in the coal blends to obtain 

accep t able coke s trength . Bec ause of the great difference in 



672 

t he HGI, 1t 1& mo st desirable to pulverize eac h coal rank and 

t ype s eparately. One scheme has been proposed 1n wh1ch HGI 

and vo lat1le matter o! the coal are used to predict coke 

stabll 1ty. iO) 

Co a l Grade 

Coking coals are also selected by grade, 1n additi on 

to rank and type (Table II ) . Coal grade p ri nci pally relates 

t.o the c hemistry such as ash, sul!ur, alkali, chloride , a nd 

phosphorus contents. l n addition, the chem i str y of t he ash 

and the ash-!usion characteristics are often dete rm i ned . ln 

gene r al, the ash co n t ent should not e x-:: eed 8 percent, and the 

bet tcr c oal s havc an ash conten t of 6 per cent or less. The 

sul fur content should no t exceed about l perccnt, a nd the 

better coals should have a sulfur content of less than 0.7 per -

cent.. The p hospho r us l1mitations r el ate to the other bu rden 

mater ial s and, for normal blast-furnace operation, the phosphorus 

1n the ho t meta l should not exceed 0.1 percent . U. s. S teel's 

limits for various c hem1cal components of blast-furna c e burdens 

a r e shown 1n Table rr r. 2 1 ) 

If any of the chemica l c o mponents of a prospective 

mat e r i al exceed these limits , the material may still be satis­

facto ry fo r spec ific app lications because it m1 ght be po ssible 

t o blend it with other materials to keep the compositi o n of 

th e en tire burden with in the specif ied limits . 
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The limits for the components 1n Group .1 are based 

on th e chemical specif1cat1ons for resid4al eleme nt s for many 

grades ot steel. ln plants where these steels are not produced, 

s ome except 1ons to these limits would be permitted. 

The l1m1ts for the components 1n Group II are based 

on the max1murn amo unts that can be t o lerated w1thou t encountering 

severe operatinq d1fficult1es or serious env1ronmen tal pollution 

problems. 

The limits for the componen t s in Group III are based 

on amounts in excess of wh ich h1gher than normal operat1nq 

cost would be encountered because of additiona l fuel r e quirements 

or ref1ning times. No limit 1s set fo r mang anc sc becausc t he 

require·ment. s for manga nese d if fer greatly from plant to plant. 

ln gene r al, ali the components in Group III should be as low 

as possi blc. 

The alkal 1es attack a nd break the coke, and also 

cause scabs and other operating problems 1n the blast furnace. 

Therefore , the alkali content should be kept as l o w as po ss 1b le . 

Chlo r ides pass into the coke-plant by-product system and 

require considerabl e water to remove them from the t ars. ln 

addition , chlorides cau se ma in tena nce problems both in the 

coal-preparation plants and coke work s because of thc co rros 1ve 

nature of the compounds containing chlorine. 
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The a s h-so fteni ng tempera~ure for co ~1ns c oals 

should be relatively high (+2300°F) so that the coal ash doe s 

not fuse to the refractory coke-oven lining during carbonization. 

Although coal grade is an 1nherent property of the coal, the· 

grade can be and is established by explorat1o n property evalua­

t1ons and improved to variou& deqrees by benef1c1at 1on plants. 

Coal Ox1dation 

ln addit1on to coal rank, type, and grade, particular 

emphasis is also placed on detecting oxidized coal s1nce 1t 

can adversely affect coal-charge bulk-density control, coal 

flow, coke strength, and coking charact er ist i cs.
22

) The 

extent of coal oxidation can be measured by heating a minus-

100-mesh sample in a caustic solution (N aOH) and recordi ng the 

light transmission of the filtercd solute w1th a spec trophotometer. 

S1nce ox1d1 zed coal is soluble 1n caust1c, thc liqht transm1t­

tance of a coal 1s lowered when oxid1zed coal 1s pre sent. 

Certain blends containing coals with less than 80 perce n t 

transmittance have proved difficult to handle, and control of 

bulk density ha s been a problem. In additi on, some success 

has been achieved in corre l ating the percent and de g ree o f 

oxid i zed particles in d1fferent ranks and types of c oal, as 

determined microscopically, with their light-transmittance 

values. A test for detect1ng ox1dized coal 1s outl : ned ir. 

Table rv . 
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Ca l c ~late d Coke-Stab1lity factor 

Based on data obtained from more than· 300 laboratory 

carbon1zat1on tests on all ranks of coa'ls and coal blends, an 

cxc e li en t cor relation was established between the coke-stability 

f a c to rs determ1ned on coke produced 1n laboratory c arbonization 

tests and those calculated from petrographic composition and 

reflectance analyses on the individual coals used in testing. 

The se tests were conducted w1th sta ndard cond1tions of pulver i­

zat1on of the coals t o 80 perce nt minus 1/8 inch (3.2 rmi), a 

cok 1ng rate of 1.0 3 inches (26 . 2 mm ) per hour, anda bulk 

dens1t y o f about 53.5 pounds per cubic foot (8 57 kg/m 3). 

Two indexes are requ ired to calculate the coke -

stab1l 1ty f a ctor of a c o al . f1rst, thc compos1tion-balanc e 

1ndex which, as discu ssed earlier, is the rat10 of the actual 

de termined tota l inert content of the coal to the opt imwn 

1ne r t co nt ent for be st coke strength for the particular rank 

of the co al as determined by retlectance (Property 6, Table I). 

Second, the rank index, which represents the relative effect 

o f coa l rank on co ke streng th as mea sured on a sca le from 2 t o 

8 (P r ope r ty 7, Table I) . The ra nk i ndex is determ1ned by 

pro portiona lly combining the coking strength of the individual 

vitrin o id s ata given inert level that make up the coal. 

The relation between vitr inoid reflectance types is 

plotted with reference to inert content and rank inde x on 



676 

Fi gure 6 . In general, the rank index increases a s the r e fl ec tance 

of the vi trinoids increases up to 1 . 99 percent (Vitrinoid 19 ) , 

after which the rank index decreases. However, f o r any given 

vitrino id, the rank index is highest at the optirnwn inert 

level, and decreases with an excess or deficiency o f inerts. 

The composition balance index and rank index are used t o predict 

the calculated coke-stability factor from A g ra ph , (Prope rty l, 

Table V), Figure 7. The isostability curves are curves of 

equal stability and are based on the laboratory coke tests on 

blends and individual coals . 5 • 23 ) 

To obtain the coke-stability facto r e xpec ted from a 

given coal ar coa l blend carbonized under plant operat 1ng 

conditions, correct ion s rnust be rnade, tak1ng into account 

those operating factors that were different from the standard 

conditions for which the original correlations were obtained ; 

t hat is, pulverization level, cok i ng rate, and charge bu lk 

density. Because the effects of these three operating variables 

on coke stability are not the sarne for all coal ble nds, labora­

tory carbonization test s rnust be conducted to establish gene ral 

relationships for adjusting to plant conditio ns. 

Generall y , coke strength is increased as the pulveriza­

tion level and bulk density are increased anda s coking rate 

is decreased (Figures 8, 9, 10 ) . ln addit 1on, the lower the 

rank of the blend the la r ger the i ncrease in c oke streng t h for 

each of these operating variables. 
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Coal Ble nds 

On ly about 10 percent of the coking-coal reserves 

are of mediU!ll-volatile rank, 8 percent áre low-volatile, and 

the rema1n1ng 82 percent are high volatile.
24

) Because there 

are 1nsufficient reserves of medium-volatile coals to permit 

the1r exclusive use in coke mak1ng, and because these coals 

exert h1gh pressure and have low contraction and cannot be 

coked 1n slot-type ovens, industry has resorted to blending of 

high-, med 1um-, a nd low-volatile coals . The blends commo nly 

c0n s1st of 60 to 85 percent high- volatile coal with 15 t o 

40 pe r c ent low- and / or medium-volatile coals . 

The rank of the coal blend 1s generally controlled 

t o a volati le matte r o f 25 to 32 percent (daf), which corresponds 

to a vi tr1noid refl e ctance of 1 .1 to 1.3 perc ent . Some experts 

prefer a blend r ef lectance between 1.1 and 1.2 percent. 

1-ihen a blend is on the l o wer vo l atile end of the range (h1gher 

reflec tance), it is necessary to operate at lower bulk densities 

and po ss i bly lower coking rates than when the blend contains 

higher volat ile matter. This precaution is taken to avoid 

h1g h pressu re and insufficient contraction dur1ng c arbonization. 

The r e lation of reflectance of vitrinoids to coke stability, 

expansion/ contraction, and pressure for individual coals is 

shown 1n Figure 11. 
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Vc l u:,-,e Chu n9 e During Carboni2at1on 

To assure easy pushing of the coke from the ovens at 

the rnd o f the cok1nq cycle, the coke must contra c t away from 

t.he oven walls. 

The volume-change characterist1cs of coal s and coal 

blend s are determin e d quantitat1vely 1n the sole-heated oven 

(ASTM D2014). 25 ) ln t.his method, a known we1gh t and t.h1ckness 

of coal is heated from the bottom surface of the c harge while 

a spec1fied force 1s app lied to the top by a p1sto n . At the 

end of the test., the thickness of the coke is measured by 

rec o r d 1ng the final pos1t1on of the p1 s ton . 

Exper 1ence has show n thilt the rank oi thr coa i 

blend, coal-charge bulk den sity , plast1c prope rt1 es, and total 

1nert co ntent of the coa l charge control the volume-change 

charac t eristics of coals. Table V, P roperty 2 , shows the 

expans1on/contraction c haracteristi c s of individ u a l hi gh-A, 

med 1um-, and low-volatile rank coais. High-vo l at 1le cok1n g 

coals c ontract s1 gnificant.l y whe n carbon1 zed al o ne . Medium-

volatile coals at the low e nd of the rank s c al e con tract 

suff1ciently, but at the upper end of th e scal e t hey exh1bit 

expans1on and normally ca nnot be used alone t o p r od uce coke . 

:.,Ow- vo latile coals are normally expand1ng and canno t be useà 

alone t o produce coke because the y canno t be pu shed from the 

ovens. The general relation of volume change t o individual 
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c o al r e flectance ( rank ) is shown 1n Figure 12
26 1 

and th e 

general relation of blend-coal reflectance to volume change is 

shown 1n r,gure ll . To make acceptable ~strength (stabil1ty ) 

c ok e , med1um- and/or low-volatile coais that can be used are 

l 1m1ted by both the e xpans1on/contraction and the coking­

pressure properties of the blend. 

ln addition to the coals used in a blend, the bulk 

dens 1 t y o f the coa l charge in the o v en has a signif1cant 

ef fe c t on the expans1on / contraction properties of coals during 

c o k1 ng. As bulk density is increased, contracting coals 

become l e ss c ontra c t ing and expanding coals b c come roore expanding. 

Therefo r e , a sl1ght ly expanding coal ata higher bulk dens1ty 

c ~n b c mad e to c ontra c t with i n 1,m1ts by reduc 1n y bulk dens1ty. 

The ex pans1 o n/ contract1on p ropert1es o f coals are 

a l s o a f f e c ted b y th e 1 r fluidity and total inert content. With 

coa l s o f a given r ank ( ref l ectance), tho se wit:h h1gher 1.nert 

conten tor lower flu i di ty will contract less or expand less 

t han co a i s wit:h lower inert:s or higher flu1.d1t y in somewhat: 

t he sarne ma nner . 

l n est a bl i sh ing the required contraction of coal 

blends f o r the vario us coke plants, several factors have to be 

c o ns 1de red . Amon g these factors are ( 1 ) the c ond1tion of the 

coke o vens and the amount of carbon on the wa l ls, (2) the 

amoun t o f oven taper f rom pusher side to coke side, (3) the 
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coal segregation experienced dur1n g handl 1ng and charg1ng thc 

oven, (4) the capability of the facilities to accurately 

proportion the various coal& used in the blends, (5) the 

capabil1ty of the facilit1es to control bulk dens1ty by either 

011 o r water add1tion to the coal charge, and (ó) the variability 

1n rank of the coals used, espec1ally the low-volatile coals. 

Where most of the above factors are favorable, a smaller 

safety factor 1s used. ln plants where most of the factors 

are unfavorable, larger safety factors are used wh1ch result 

in the necessity to use lower coal bulk densities with a 

resulting loss of coke production . The actual contraction 

required for each plant 1s based mostly o n pas t experience 

w1th hard pushes and stickers. Most planta requi r e between 5 

and 12 percent contract1on of the charge for easy pushing of 

the coke. 

Cok 1n~ Pressure 

Coking pre ssure res u lts from the gas p r e ssu re de ve l oped 

1n the coal plastic l aye r and on the coal sid e of t he plast1 c 

layer duri ng carbon1za t 1on . This gas pressure 1s related to 

the permeability of the plast1 c layer a nd the evolut1on of 

gases. The pressure is exerted from the plast ic layer through 

the co ke to the oven walls. Coking pressures are determ l ned 

1n 30- o r 500-pound experimenta l pilot-scale tes t ovens con ­

taining a movable wall on which the total for ce is measured . 
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These coking pressures have been related to commercial ovens 

thr ough the gas pressures developed in both types of ovens. 

/\ ( ter th<' <:tMI hll& bC<'ll ch.ir<,<'d l<> tia· <>ve ns, thc 

heat front generated by the walls on each side o f the ovens at 

temperatures of about 2400ºF moves into the coal mass which 

starts to become plastic. At the sarne time, gases are being 

driven out of the coal between the plastic fronts coming from 

both sides of the oven. The gases are partly prevented from 

e scaping through the plastic fronts, and pressure starts to 

build up in the envelope between the two plast1c fronts, 

exerting pressure on the oven walls. A peak pressure occurs 

as the two plast1c fronts meet, wh1ch occurs after about 

12 hours through an 18-hour coking time . The pre ssure then 

decreases because the pla stic mass has solidified, permitting 

the ga s es to escape through thc cracks and fissures. A peak 

pressure does not occu r if a plastic envelope does not forro or 

if the pla stic layer is very permeable. 

The ran k of the coal primarily determ ine s the coking­

pressure character1st1cs of the coal, as shown 1n Table V, 

Proper ty J. 

The bulk density of the coal charge has a significant 

effect on the coking pressure because, as the bulk density 

increases there is more coal per cubic foot of oven volume, 

which means the coal is packed tighter in the oven . The 
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plastic mass is then less permeable togas flow, and the 

pressure builds up to a greater degree than at lower bulk 

dens1t1es. Figure 14 shows the general relat1on of bulk 

dens1ty to pressure. 

Total inert content of the coalhas an effect on 

pre ssure. The general relation of pressure to v1tr1no1d 

reflectance (rank) and inert levcl of the coal 1s shown in 

Figures 15
27

) and 16.
28

) With coal of a given rank, the 

pressure exerted is less with a high inert content than with a 

low inert content at the sarne coal bulk densit y . This can be 

explai ned by the fact that the 1nerts do not be c ome pl asti c 

and a n 1nc rease in 1nerts simply reduces the amount of material 

1n thc coal that becomcs plastic during cokinq. l n add1t 1on, 

thc incrt content affects the coal plastic properties wh1ch 

havc a great influence on coking pressure. 

The coking rate used w1th a given coal bl en d will 

affect the coking pressure; however, various coals and blends 

respo nd differently and the relat,onship betwee n co kin g rat e 

and cok ing pressure must be determ1ned from labora to r y c arboni z a ­

t1on test s . 

Most cok e oven s a r designed to wi ths tanà l ate r al 

pressure of 2 pound per square inch (psi) (14.0 6 kN/ m2 ) o r 

more. To assure that ovens are not damaged by excess1ve 

pressure, the sarne factors listed for contracti on of coal 
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blend s must be cons1dered . Most coal blends are designed to 

. 2 
exert no more than about 0 . 5 to 1.5 psi (3.515 to 10.55 kN/m l 

at the normal operating conditions. 

Conclusions 

In c onc lus ion, to qual1fy as coking coal , the coal 

must be c lassif1 ed bituminous and subclassif1cd bctwcen h igh -

volatile B and low vo latile in rank . It must also be agglom-

erat1 ng , and have the capabil1ty of melting when heated. For 

prime qua l i ty, the coal sho uld have a mi nimum amount o f no ncarbon 

1mpur1ti es such as silica, alum i na, iron, calcium, sulfur , 

phosphorus, chlori ne, sod 1um , and potassium . To obtain high­

st r ength coke, the indi vi d ua l coa ls must be b lended to produce 

b lends that range in volat 1le -ma t ter c onten t between 25 and 

32 perccnt ldaf) and in v1 trinoid r e fle c tanc e betwee n 1.1 and 

1.3 percent. Although coke strength imp roves as the rank o f 

the blend 1ncreases (as vol atile matter decrea s e s and r ef lectance 

1nc reases), the amount of improvement i s affected by t he 

i ner t -mace ral content of the blend and is limited by carboniza­

tion pressure and contraction obtained during cok1ng . 

Few coals have all the propert1es des ira ble for coke 

maki ng . However, a deficiency in one property of a coal in a 

b lend can be offset by an excess of that property i n another 

coal , andas a result, trade-offs can be made in coal selec tion 

to f ormulate satisfactory blends. ln ad_dit1on, the strength 
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of coke from a particular coal blend can be ,mproved by coa] 

preparation and coke-oven operatinq practices such as pulver,zing 

the coal to a sn,allcr particle si:tc, decreasing the cokinq 

rate, or increasing the coal-charge bulk density. 
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Table II 

Chemistry of Coking-Coal Blends 

Ash, \ 

Sulfur, \ 

Potassium and Sodium Oxide&, \ of ash 

Ash-Fusion Temperature, •F 

Phosphorus*, \ 

Good 

< 6. O 

<0.7 

< 1. o 

>2500 

<0.01 

l\cceptable 

"'ª· o 

"-l. O 

< 3. O 

2300 

<0.03 
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Table III 

Proposed L1m1ts for Var1ous Chcmic,11 Compo nvnts o f 
9la st-Furnace Uurdcns Includ1n9 Ore, Stonc, Jnd Cokc 

Max i mum Amount of 
Maxi mum Ratio of Component Expressed 

ComEonent ComEonent to Fe as lb Eer ton Fe 

Group 1 Cu 0.0001 0.2 
Ni + Co 0.0004 0.8 

Mo 0.0003 0.6 
Sn 0.00015 o.) 
Cr 0.0004 0.8 
V 0.0001 0.2 

Group I l Zn 0.0004 0.8 
Pb 0.0008 1. 6 

Tio2 0.01 20.0 
Na20 + K20 0.002 4. 0 

As 0 .0 001 0.2 
Sb 0.0001 0.2 
p 0.002 4 . O 
s 0.001 2.0 
Cl 0.0001 0.2 
F 0. 0002 0. 4 

Group III Si02 O. 1 200.0 
Al20J O. 04 8 O. O 

Mn (Each application must be con sidered 

Group I - Limi t s for the components are based o n the c hemical 
spec ifications for residual elements f o r many grades 
of steel. 

Group II - Limits f or the components are ba sed o n the max1mum 
amounts that can be tolerated without encountering 
severe operating difficulties or ser1ous environ­
mental pollution problems. 

Group III - Limits for the compo nents are based o n amounts in 
excess of which higher than normal operating cost 
would be encountered becaus e of additional fuel 
reguirements or refining times . 

separately) 
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Table IV 

Determination of Oxidized Coal 

This test is used as a quick method to determine the amount of 
oxidized coal present in a sample. Oxidized coal is soluble in 
caustic, and results in a brown solution. This discoloration is 
p roporti o nal t o the amount of oxidized coal. It should be noted 
thnt according to coal petrography, this method will detect 
oxidized coal that is greater than 2 to 5 percent, dependin g upon 
the c o al type. It has been Clairton's experience that coals with 
less than 80 percent transmittance will present coal handling 
problems. 

REAGENTS ANO MATERIALS : 

l. l N NaOH 
2. 20 percent s o lut1 o n of Tergitol TMN in ethanol 
J . 250 ml beakers 
4. J4 0 and 142 Whatman filter paper 
5 . 60º glass funnels 
6. Spec trophotometer (Bausch & Lomb Spectroni c 20) (Fisher Scientific 

17-143-1 ) 
7 . Hot plate 
8 . J / 4- inch test-tube-type cells 
9 . 100 ml gradua t e cylinder 

10 . Thermometer 

PROCEDURE: 

1 . Add l gr am of c o al sample that has been prepared to 100 percent 
mi nus 60 mesh t o 100 ml of l normal llaOH. 

2. Add l drop of Tergitol 

3 . Stir the coal and c austic ; t hen heat on a hot plate at 85 + 2ºC 
fo r 1 hour. Periodically stir the slurry as the s o l u t io n is heating . 

4. Filter the slu rry thro ugh 140 and 589 filter papers . Th1s double 
filtratio n is done in one operation with the t40 paper on top of 
the 589 paper 

5 . Bring the volume of the f 1 ltrate to 80 ml, using distilled water. 

6 . Measur e the percent transmittance at 520 nm, using a blank of l N 
NaOH that has had the sarne treatment as the samples to set 100 
perce nt transmittance. 

7. Re port results in percent transmittance. 



Property 

Calculated Stabillt y 
Factor 

Volume Change (+ expansion 
- contraction) at 52 lb/ft~ 
(83) Kg / ml ) dry ovcn bul k 
dens i t y 

Cok1ng Preaaure, pai 
@ 52 lb/ ft3 (83) Kg/ m)) 

dry ovcn bulk den s i ty 

Tdble V 

Cuk.11 ,g Cha r a c.: t (·r1 s ti cs o f Diffe rcnt ~nks of Coa i 

Coal Classification 
High Volat ile-A Medium Volatlle 

Rank Rank 
Lov Low 

, 35 ) 5 to 58 40 to 65 50 to 65 

-5 a, -)O -10 to -25 O to -14 -5 to +10 

<1.0 0.5to2.2 1.0 to 5 .0 2.0 to 10 .0 

Low Vola t Ue 
Rank 

50 to 65 20 to 60 

-2 a, +10 +4 to +)O 

5. O to 15 . O l O to )ú 



.,,. 
dt-11,J,c.~ ,_ .... 

!l........., t, ................. _..... ., .......... ...,_ .. a\flf ,.,.S-"'\ e-, .. ,--~ ..... 
M•_.,...,__.,....._._._,.,..~.......,...,w""" .... ~ 

Figure 1. Comparleon of Cla1e Numbere and Boundary Llnes of Inttrnatlonal System with Group NamPs 
and Boundary tine& of ASTM Syotem 
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