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FOREWORD 

The coal mineral deposits of Pakistan have been exploited for 

many years to some degree. During the p 3t two or more decades 

the Government of Pakistan has recognized the desirability of exploiting 

their known and potential coal deposits in the most economically efficient 

manner. 

As a result, a number of excellent technical coal studies have 

been completed by qualified, expert personnel and laboratories in 

Pakistan, England, Germany, France,. Japan,, the United andStates, 

other countries. 

These studies have considered the geology, mineralogy, mining, 

composition and classification, beneficition, markets and uses, as 

well as the program of development of the industry. Continuous 

investigation on the subject will not exhaust the fruitful possibilities 

of this industry. Sufficient reliable data and information has been 

accumulated in each of the technical areas to provide the greatest 

opportunity for meaningful contributions, under this contract Etudy, 

by providing specific technolopy to initiate a program of filling areas 

to extend previous studies. The ain of the investigative work is 

to assist "ttainin, solutions to permit early widespread commercialization 

of new deposits and to ex:tend the economic mobility of existing deposits. 
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The coals of Pakistan which have been discovered to date are 

bituminous or subbituminu'.s in nature. They are high in both pyritic 

and organic sulfur in comparison to the coals being p-esently utilized for 

metallurgical purposes. The complexity of these impurities is further 

incrt-ased by their fine subdivision and distribution. The ash content 

of these coals is considered high and also well dispersed throughout the coal 

seam. The high volatile matter/content a.,sociated with finely 

dispersed pyrites of microscopic particle size makes many of these coals 

subject'i c,spontaneous combustion in storage under conditions where the 

heat of autooxidation cannot be removed. 

These properties are the principal quality deterrents to the 

widespread use of these coals for the production of metallurgical coke and 

its related by-products required to fulfill the requirements of the 

developing economy of Pakistan. 

Except for coke, the other products from coal are competitive 

generally with petroleum, natural gas and wood as well as agriwastes 

on the farms. At present Pakistan is unable to produce sufficient 

petroleum for its requirements; its wood resources and gas are limited. 

Therefore a strong economic incentive exists to save foreign exchange 
solid 

through the increased usage of/fossil fuels for heat, power generation, 

coke production, etc. 

Before this can be accomplished economically efficient methods 

are required to lower ash and sullur content of these coals and to provide, 

in some instances a smokeless fuel based on Sharigh and Lakhra coals. 
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A ready market exists for coals with improved qualities since
 

presently Pakistan import substantial quantities of coal and coke from
 
(1)
 

the world market. Reported requirements for coal are approx:imately
 

1.4 million metric tons per annum and are estinated to go to 2 million 

tons by 1985. A more recent survey, made in considerable detail,(2) 

projects corsumption betvcen 2.3 and 1.9 million metric tons by 1985 

plus an additional I million tons at Lakhra for power g neration and 

about :milliontons fo" metallurgical purposes. This orovides estimates 

of between 3. 5 and 3. 1 million tons per year by 1985. 

(3) 
Donlestic production for 1973-74 is reported as 1.039 million 

metric tons which constitutes a decline of about 250, 000 tons fr om the 

prior year. Further declines can be expected if technical improvements 

in property nlanagernent, mining, product quality, transport and distribution 

are not made. 

In order to fulfill the economic requirements of Pakistan, to 

conserve its resources, and to provide fuel for its development by the 

1980 decade, an accelerated implementation of the programs for property 

management, exploration, mine development, beneficiation and product 

inprovement, transportation and distribution, marketing and price 

structuring are necessary. 

(1) Energy Resources Survey, Acres International, Toronto, Canada. 

(2) ESSESJAY CONSULT LT'D., Marketing Study of Coal, p. 105 et seq. 

(3) PAKISTAN YEAR 1OtO1K, E. W. Pub. Co. of Lahore (1975) p. 419. 
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The work reported herein has been primarily directed to the 

improvement of product quality by benefic tion for ash and sulfur removal, 

smokeless fue] production, and the upgrading of coals from Sharigh 

and Lakhra for the potential production of liquid products. 
topics: 

Other aspects of related / coking properties, blending with 

other coals, uses in iron ore reduction, and the overview of economic 

considerations are included in order to provide as vide a scope to this 

study as experience will permit. 

The initial point of departure in this program was to review reports 

of previous investigations and other reports in order to avoid duplication 

of effort. During the course of this visit to Pakistan samples of the 

candidate coals and seams were obtained and shipped to the U.S. 

On receipt of these samples, they were a'.alyzcd for u: iformity 

of composition and between seams of each coal after which chemical 

and petrographic analyses were made. A description of this work follows 

in some detail. 



5 

ACKNOWLEDGMENTS 

Our sincerest thanks in appreciation are due to Mr. F. K. 

Khilji, Chairman of Pakistan liner:l Development Corporation, for 

his planning, guidance, and understanding in giving us this opportunity 

to conduct studies on the Sharigh and Lakhra coals of Pakistan. 

Dr. A. A. Malik, Technical Director, has our gratitude and 

appreciation for his hospitality and technical guidance in acquainting 

us with the o.jecti-es of PMDC. 

Without the guidance and understanding of Dr. A. H. Kazmi, 

Chief Geologist, this work would not be possible. 

We are also grateful to Mr. Khurshid Ali Siddiqui, Senior 

Mining Geologist, for his hospitality, technical assistance, and for his 

diligent effort to provide us with reports and documents relative to this 

proj ect. 

Mr. Khalid Aziz, of the Baluchistan District, has earned 

our gratitude for data and discussions relative to his district, and for 

the understanding provided in the laboratories during the course of the 

investigati on. 

Appreciation is also extended to Mr. M. A. Bari , Director, 

PASMIIC and his staff and Dr. A. H. Chotani of PCSIR and his staff. 

We are also grateful to Mr. Mushtaq Ahrnad of Federal Chemical 

and Ceramics Corp. , Ltd. for data relative to Calcium Carbide and data 

related to chumicals, solvents, etc. in Pakistan. 



And last, but not least, to all those personnel too numerous to 

specifically enumerate, who have made our work in Pakistan po.sible 

and productive, we wish to say thank you. 



2-1 

PROJ ECT 012JEC'flVES 

The principal objectives of the expcrinental work reported 

I--i,n were as follows: 

(1) 3 en-ric iati on - .'Conomically viable methods for rc:ducticn of 

ash and sulfur in Sharigh and Lakhra coals. 

Any proposed benefication process considcred must accommodate 

dhe characteristics of the ash and sulfur components, the particle size 

and dispersion of these impurities. The size reduction necessary to 

"unlock" the impurities from the coal is an impo i-ant economic criterion 

with coals of the type occurring in Pakistan. 

Whrcre etrem ly fine grinding becomcs necessary to about 0. 5 microns 

to unlock the i.mpuritie.., the energy and cost of size reduction present 
serious economic barriers. 

Previous benefication studies have been reported, generally on coarse 

coal sizes. In order to complete the subject, separation studies 

herein will concentrate on fine size coals within permissible economic 

ranges of size reduction. 

(2) Cokilng Studies - Coking studies were made on the Sharigh coals 

after benefication with the objective of arriving at possible means for 

improvenent in coke l)ropcrties in the Beehive or Slot oven. 

Blending studies of various coals with Sharigh coal could not be 

con 1 )leted duC to (a) Small samples available (b) blending candidate coals 
it i.s 

have not bCCn selected (3)' niL)c economical, to performo slot oven tests 

(500 lbs char- n d ni nmm) in an (-.perinc1ntal oven in Pakistan. The 

slt. ()v. u -t::-; \ r collsi.(lered I() heI (m) :.;id(' of the scope o.f the ])r.'ograTre 

;ntll i n 1i11 cmu g ,,t i I'M PC and "), L ) . 
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(3) SnI. cbss Form Coal - A method of converting Lakhra and 

Sharigh coals to a snokeless, odorless fuel at economically pernissib.e 

costs would inc:'case the markel; acceptance of these coals for industrial 
of 

heating and don ,estic ,onsurnptiono A type or forn/coke or coal vas 

consideredimore desirable than the present sized product. 

(4) ]conon-1ic U.7!, radi m' - The use of i.akhra coal for thermal power 

generation constitutcs an econom-ically viable product.,) However, the 

d evolatilizat1ion of these coals may providce econonuically more desirable 

liquid and tar fractions vithout affecting the basic economics of the 

thermal plant in which a m'xtu re of coal and char could bc consumed. 

Carbonization studies were undertaken to uncover any possible 

problems which iiglht evolve considering the plan of PASMIC to market 
the coke oven tar products from the steel mill coke plant. 
(5) Solution Processes for Puri fication - nly )ituminous coals 

have been found to be highly soluble (above 85') in coal tar fractions. 

These solutions in nany cases, either with or without ''cutter'' solvent 

to reduce viscosity, may be filtered to remove ash and pyritic sulfur. 

The fi Itered solution is then coked to a volatile content of 14-16 percent 

and then mji-ed wilth a coal. charge for cokingo. Where this has been 

permis sibIe, the coke quality is greatly improved. 

l-Iov,,wer.', these solution processes are applicable only on 

special coal types. 

- L- - P---- -- A--------------- ------­

(1) Lakhr; Power Project - WVADDA. 
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(6) New Prop,'Jtav Prcesses - Many new proprie{tary processes 

have been reported in conjunctioll with the U.S. Energy I e'seairch and 

Development Administrati oil (V 1{ I)A) by organ izat:ions aI:temptinu, to achieve 

financial support f.,xon) tiis ag.ency for further d cv(lopment and possible 

comm erciali:zation. or the sake of c .n'pleteness, many of these 

processes are (uscussed in conjunction vith Sharigh and I.akhra coals. 

- TvO(7) Coal ror:." [he subject has been studied in 

conjunction with Si.arigdh and Lakhra coals in terms of the "State of the 

Art"developments with ie objective of isolating meaningful economically 

feasible experiments to increase liquids from these coals. 

(8) Econonic Aiialvsis - Where possible, preliminary range figures 

are reported for production of smnokeless form coal and methods 

of benefioation where applicable. 
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SUMMAIkY AND CONCLUSIONS 

','he following conclusions result from fhe work reported herein: 

Shariqh Coal 

(1) '['he Shari.gh coal can be used for the production of metallurgical coke 

by klendi ng the washed fractions with other mid-volatile, low-sulfur and 

low-ash coals. 

Strength of Sharigh-derived cokes can be improved by the use of 

small amount of devolatilized coal aggregates or coke "breeze" as4blocking 

agents. " 

(2) An improvement in ash and pyritic sulfur content can be1 made in 

both top and middle seams by coarse crushing the run of mine and screening 

off the fines (which are high in ash and pyrite contunt.. Fine crushing and 

washing the resultant fractions of coarse )prinarymaterial can produce 

sulfur contents as low as 3. 5 percent and ash as low. as 8 percent at sub­

stantial sacrifice in recovery. Washing curves are presented which 

correlate the yields of washed coal against the sulfur and ash content 

as well as the reliability or ease of separation at each specific gravity. 

(3) Petrograpliic analysis shows this coal to be metamorphised with 

rnicron and submi cron particles of pyrites and ash minerals. These 
economically 

particulates are/i mpo 5sil)le to separate by physical means. 

(.) The use of heavry inedia s eparation is not encouraging for the above 
water 

reasons, Fron an econonli.c standpoint, /washing in cyclones or equivalent 

equipinclent appears to be tlhe preferred method. 

http:Shari.gh


(5) The separation of sulfur is difficult from these coals since about 

half of the sulfur occurs a; organic sulfur and half as pyrites. The organic 

sulfur can be partially r(nmored )y steamLreat-ing during col ri.,; tie major
 

portio 1 7 th:]e pyVite:; by washingo Steam treatnmient during coki no can
 

affect thc s:'el gOh and porosity of the coke, thereforev must be carried out
 

with some caution.
 

(6) ' lie Sharigh coal. can 1)e mixed with lime or limestone and a snall 

amount of walhor (In esh sizes of 200 nesh are emloyed) to form a hard 

shippnabl, briquette, Tile quantity of additivu. is based on the molar quantity 

of ,sulfur present in the coal. and lie quauntity of sulfur to be tied up in the 

ash, A molar rp"'o of 200 percn:nt of lim,_ to sulfur appears to cause 

essentially all. the ,.ifur to report '.o the ash. 

The process appears to be economi.ally feasible at this preliminary 

stage and should be cxplored further. to produce industrial and domestic 

fules for market tests. 

(7) Carburization of t:he. Sharigh coal is not recommended for reasons 

of logistics, market (enand s, etc. 

The hyd rogen ation and hydroliquefact.ion of this coal i.s not recomn­

ine ndcd due to the difficulty of dissolution anl colloidizi.og to pertinit filtration 

of the as;h and anr eacted coal fractlions. [he vitrines are mixed with ,t 

.arLe portion of insoluble anrl nondi spi rsib - :,;enilvit'rines , makin, tlii , 

coal. a p)or rav,; nsiteriz for ]ique.factiol troe055.e 5. 

(8) The SI; a ri gh coal is su.l.j cct to spolnaneous Combustlion to some 

degree, however not as readily as I.akhra coal. 

Mining, plans andhal llrlli~lg of thiiS coal should consider this problem 

of jiVimalry imlpjm rtavLc :o 

http:colloidizi.og
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lakhra Coals 

(I) The Lakhra coals can serve as fuel to a thermal power generati.ng 

plant. They n ay b Lurned "ith the addIition of limtVestone to neut-ralize 

the sulfur contenIt of the fuel. The s ]a may be a candidate material 

for feud to a cement: kiln by adju:tin,t4, the I-'03/CaO2 -1zO ratio. 

Cyclone burners have been employed in burning this t;3p e of coal., 

d eveloped 
hence they should bc te ted fo[ this 1purpos, - E:, rience by S ,: P has beCn / 

in direct burninia of low sulfur liAnitic coal in North Dakota, U.S.A 

in two th erm aI] ,ulieratilI.,' units of 23-i NI1W and -138 respectively . 

(2) The CcCni)i 1W para ,eturs app)ear to jut-ify 1,futhier invo;tigation 

of the fea si bilitv of carbl ri:vi.g !,aldh i coal to -m vu fi:-:ed ase:; and tarr c 

liquid s. 'he char can 1)Q fired diretly fro ln t,_ carburi :ze r in cyclone 

burners or in a fluid beid furnace. The production of tar chemical-s by DASi [C 
in -he steel nojil, coke plant hould be considerd in arriving at duci ijons re,ardiu? 

car bo ni- atiol. 
(3) .1.akhra coal can be fo rmled into briquettes with limestone or liime 

to produce a hard rique:te \v]ch on comllustion will report the sulfur 

to the ash in accordance with thC 1m] a] sulfur to lime ratios em'ployed 

A 	 briquette with. clean-ihurning p roperties can be madu from 

41Lakhra coal with a 20 perccent ash con:ent. CosI:s appear to bewashed 

in a ranie lo pe rnt market: developm ent- for industrial and do"c Stic fuels. 

Briquettes caml , :; o red under controlled conditions wi tbout spontaneous 

(-I ) .aldhra (coal can be washed to reduce pyritic sulfur and ash. Washing 

curves are tiven relating recovery of washed product to sulfur and ash 

content at each specific gravity. The difficulty of separation is also known. 

(5) 1 yd roli quefaction ald hydrogcnation processes as weil . as solvent 

vfQing ]proc(.!;::cs u() not appear t:o )e econondically sound with the I alhra 

coals.
 

http:generati.ng


(6) Lakhra coal , pyrophoric and siuIb.)cct to sponlaneous conmbuslion, 

hence the power station should he adiacent to the lineo .urthe rinore, 

the main entries and line developwwnt should he arrangod with suitable 

fire doo is to iso]late any section of the mine as necessary. R emote reading 

t C I)vIe ratIiL C i 1l-StI'll IIiCuts 

/ slmould )w insItalled at strategic locations to monitor conditions and tempera­

tures in the event of a fire. 

Mining plans should consider the spontaneous conbustion problem 

of primary significance in the establishment of methods, machinery, etc. 

IRE COM]Mvi ENDATiONS - The recommendations resulting fron this study 

follow: 

(1) Studies be continued at PCSIR or in PMIDC laboratories on the 

briquetting of .akhra coal with limestone additives in accordance with 

the findings herein and that market studies be made through the introduction 

of this product in the industrial and (onI letic mar'kcto 

Similar studies should be made with thie washod Sharigh coal. 

(2) The l.akhra coal be subJected to carbonixation, as reported herein, 

to produce fuel char and fixed gases for the th,-rmal station and tar liquids 

for the clifemical industry. Further work on recoveries and economic 

parameters is warranted. 

The location of the power generating station might present favorable 

economic factors adjacent to the mine and permit great flexibility in 

develoapment. 

(3) Further eXploratory drilling is recommended for the L.akhra deposits; 

with 	close spacing (na: 1/2 mile centers) with cores taken to crystalline 

rock basement. 



(,1) The addition of limestone to the I akh ra coal is sug ested to report 

th( sulfutr to the ash and avoid corrosion. The addition can be madle to 

provide a Fe20/CaO) -I MgO ratio U of cyclone burnersto permit the t:0tC 
during comlnlustioil. 

The slagged ash should be investigate'd as feed to a cern ent plant. 
in 

The Sharigh coals may be washed/hydroclones to produce a sulitable 
or more 

blendiw stock for slot oven coke production compri:sing up to 10-12/percent 

of the charge, depending on washing and c omposi.tiol of the other coals. 

In general, we recommend the cons ervation of the Sharigll seamn 

coals for use in coking. The binding properti.es of the high #itrine content 

of these coals makes them suitable for the agglomerization of iron ores 

for pe]l (t makilnf and for direct reduIction where sulfur content is considered 
to present lssusr prhl s than in metallurgical cokes. 

Re gul ations for safety, prope rty n-aurag mcn nt, lease hohd ,ng,,s,labor 

rMlati ors, s hipping ammd l marktting of coal in Flal] stan need inmprovile nt 
furtlr 

and/imiplementalion. Ilowever, these valuable minerals will not be 

conserved for the benefit of future generations without strict enforcement 

of eisting as well as new regulationso 

It is strongly recommended that PMDC expand their technical. 

activities in coal processing and preparation either by establishment of 

their own laboratories or in those of PCSIZ. A briquetting press, petro­

graphic laboratory and a 500-pound charg e, moving wall, test slot coke 

oven are necessities along with all the standard laboratory analytical supplies. 

le %.\oi*1 at PCSiR in progress with fixed hed cokin, of Shari gh coal 

and .studiu: of low-teomperature taro be encotragCd and accel.erated. 

purther exploratocy drilling 1be carried on in the Sharigh coal field, 

Yorii aLle drilii ri.s wi.l 1) imostA conomnical and mobile. 

http:properti.es
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RAW liATERIAL RESOURICE ANALYSIS 

SHARIGII AND LAIKIIP]A COAL.. DEPOSI''S 

The carbon content of the earthts crust structure dovn to a depth 

of 5000 Ieters ani:ounts to about 0. 1 percent. Of thi; quantity only about 

one part in 5000 occurs in such form as to be capable of reacting with 

oxygen. Only this ''available' carbon is considered to bu useful from a 

thermodynamic standpoint. Hence the amount of usefulr 'available'' carbon 

in our globe amounts to about one part in twelve million. 

Carxon is among the most important elements and is indispensable 

. :he existence of life; a main source of energy; the basis of foodstuffs, 

fibers, fuels; reductant for iron, aluminum, copper, etc.; fertilizers; 

drugs; dyes; etc. 

Nature has fortunately provided carbon to us in concentrated forms 

as fossil fuels. These fossil fuels were produced as accunalations of 
the 

solar energy over/course of millions of years. These fossil fuels occur 

in either liquid, gaseous or solid states. The former two we cla-qsify as 

pctroleum products, the latter as coal, lignite, peat, etc. The petroleuml 
arise 

fuels are considered to be largely of marine origin while coals / £romi 

plant nlaterials. Gas may be formed by chemical conversion of both plant 

and animal fossil materials. 

In ancient times, the use of coal. was for a long time restricted 

because of the evil-smelling sulfurous fumes emitted during its conibulstion; 

h wever' in a period of 20 generations the coal indus try has develop d t:o 

\o\()']11 :(O1;ullpVti~ol- of .ny 3000 nillin o itons per year or more. 
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Ligeite consumption excecd s 1000 ri] lion tons pe r year in addition, 

The total earth's coal and lignite reserves nr, virtually imjpos.si!)le 

to estimate. Of all the fossil fuelsi estbinates of re:.C;erVC amount to over 

10 x 1012 toils; however, coal. and lignite account for aibout + 92 percent of 

the total tonnage° The imnpori:ant factor is the reatio of coal to petroleum. 

reserves, despite the inherent inaccuracy in the estinates. 

Through the past century the ratio of consumption of coal to pctroleunI 

has chane,1 . The convenience of handling, burning and transport of liquid 

products coupled with the relative moderate cost for exploration and 

production has favored increased consumption of petroleum until the preseant. 

The incrt .sed difficulty and cost of finding new petrocleum deposits, 

particul arly offshore, has once a ga]i1 changed tlhe economic balance in favor 

of solid fuels. Coal reserves can be found at a lower cost than petroleum 

and its reserves can be more accurately estimated than gas or oil. 

The cost of development of self-sufficiency of Pakistan in oil and gas 

could easily e:.xceed Ce 1 lorati on costs of 3. 5 to I bill.ion U. S. dollars or 

more, depeedin. on clapsed Linit! ai d the inflationary framework of costs, 

'Ihe clovelop)i I . ,t andI .xpl rail o, of coal in Paki:stan probably would amnount 

to less than 25 1wcrCunt of thi fi, ,.uJri:o P lative costs of development of 

gas and oil production should be balanced against the cost of development alld 

total ex:plo ration of coal d.eposits. Coal costs can be estima.ted more 

accnrat(cly than petroleunm, 
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The purpose of this comparison is not intended to onfluenc e prog.rams 

for exploration of oil, gas and coal, but rathe r to point out t e value of 

the coal resources of Paki.btan anld the nec essity to pracficC dilig ent 

conservation in the mining recovery, use at maximum economic levels, 

and general importance of solid fossil fuels to the well-being of Pakistan's 

future economic health. 

Classification of Pal.. stan Coals - The coals of Pakistan are chemi.cally 

immature and can be clas sified as subbiturninous (Sharigh) and lignite 

(1Laldira). Both coals arc high in mineral matter (ash) and pyritic and 

organic sulfur. 

'['he Sharigh coals dem(onstrate some coking proper:ies, and were 

sulfur and ash reducced to accuptable values, these coals could become 

candid at charge stocks in najor proportions for production of netallurgical coke,. 

The khra coal border,; on lignite. Many pitch and wax inclusions 

lay bu idcntifiecd in the seam samples, This coal displays no coking qualities. 
L.akvhra 

Generally, th/{coal -!producing areas are located in semiarid zones, hence 

the as-minhed loisture content will be found to be lower than the normal 

linite.s of the \Ves tern Ifemnisp)hcre or Europe. 

The eleental analys,;is of the Lakhra coal approximates (Dry basis ­

aSh free): 

Carbon 70.23 
flyd ro'-en 5.60 
Sul fur 6.50 
Nit ro!sell 1.5 
O::ygcn 17.11 



The coal is pyrcphoric \vllen stored in piles of more t:han one iete 

in height for three weeks° 

GEOLOGY AN'D T.: C 'OINi CS - TSri, li nOusThe pri.ncipal. sU)l)itUl 

coal deposits o.f t:he sou:heast:ern foothills of the central. rviunt n1iranges 

are conlCu rrent with 1hoc one Pala c ('ne ;e(I i e ota ry roK S.
early 

These coal deposil. appear to be a c.Sult of/marie-associated morai.nes 

which have been subjected to considerahc: fresh water lcaching. The marine 

evaporites presently can be found in the Salt range. This leaching, while 

serving to transplant evaporites, also resultcd in the deposition of carl)onates, 

iron, hydrogen sulCid e, etc. In the up]ifted coal seams. 
furil er 

'Tecton C a -fiol fol l b Stifac rasion. has / tilIted lthe coalJv,'dsyr C! beds 

and exposed outc-r,.lp,; va Pious lKhost - Siarigh - 1 rnaipat points in the 

conlfields. Beds arc steply dipping and are stuspected to contain nurnerous 

faults and folds p tesnt~y onMy ])artim, ly i-appedo 

Much geological. invuesl r.iative work has been done in the Khost -
Add itio nal 

Shal: .i'h - I-I rnzli coa.l belt; however, much remains to be done. /detailed 

stratigraphv and tectonics showi.ng major faults, folds, and movement are 

necessarv to fully exploiL Lheve deposits th rough efficient mine and production 

1) 1 armnin11g, 

Ihe geoog'ical are',as. aVUe con:id( :!eed to be beyond the scope o.( this 

study, and v.hi nu1ch consultant) may be available,C da:a (not insipected by tlh e 

norerh, les s ii: a 1- s'ass that: addiotional exploration and core dr.llin, is 

high] y desJi r asl . Al]tnt con .houid 1)c directcd to the deeper e.evat:ions 

to crystallile rokM.'kl Only after such drilling can rcserves I)e 

detc rndncd acc:urat"ly and ;,l 0,conoi.al ])rograni developed. 

http:0,conoi.al
http:showi.ng
http:outc-r,.lp
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The fields of Quetta and Kalat cover an area of between So to 120 

square miles. The range of tlies e figures indicates the reliabilitfy which 

can be placed on the coal reserves of the areao 

'['he outcrop of the tilted and surface eroded bed is about 35 miles 

in lengtlh along the strike from !larnai to Chafrar Rift. Scans range from 

inches to 5 feet or more in thickness. The tiop searns from ],- to 2 feet 

thick, and the nindUle seams are being mined on a commercial scale. The 

bottoi , seam has from time to time! been inincd to shalov.' depth .s Iowever, 

lii itc is known of the beds at ,-rttr depth-I vc believe due to water and 

otl:ier roof and floor prob]em:;. Iit] e data is :rel)orted on roof and floor 

conditions which can be anticipated duri.'ing" minlg of these d epo sits. Reports 

are that the roof and floor consist of 'rj.ab].e -hal-es of greater stability 

than those of the Sor Range. 

isa"khra - This field covers an area of about 80 square miles (see Figure 1). 

The deposits arc of the IRenikat formation of the Palaeocene Era. 

In ieneral, the seam structures are flat to slightly dipping and appear 

to be relatively undistrubed tectonicaliy. At a depth of about 68 to 364 feet 

t:he principal sean varies in thickness from 2. 5 to over 10 feet. 

Since dri.lling and e2:ploration have been carried out in the area, 

suffici ent info lnn.ation is avai lab].e to justify going ahead with preliIinary 

lnin ng p)lans. 

GCeo].o! ical e:,:pi.oration to daie identifies some of the faults, synclines, 

and anticlilI,, i l tin 1p1r1)Ose ed lini n area. PM')C has by Novembe r 17, 

19?15 d n'i led 3; e:pIor;1tory drill holes with an additional 55 proposed and 



4-(
 

an added 2.1 holes to be; drilid. locations to he selected aftc;r ot"....g 

the prior scheduled rid1 drillinglS. This Will p)rovide a dril] hol. [or every 

1 3 square n1mJ. ''he aducuacy of drill holes will depend upon the consistency 

of the data, stratigrapiy and other resillts of the coal anal,sis developed; 

however, it that the spacings be at more Iappears s]-ould no than ni'le 

apart with depthI s to crystalline rocks before final commitments are made. 

R1-ESE'RVE-S A-N'D GC;EO(CAPIIY -..SbWl - Thne coal reserves at Sharigh 

airc re])orted to be 7 million tons. 'T' production of this coal is shown in 

Table 1 which indicate-s that the sales of the coa.l reached a peak in 1969-70. 

The declini . sales of Sharih coal. are an impetus to PMDC to seek new 

markel;s for tlhis coal and to solve problens iln transport, marketing and 

distribution. i4i-:iin Table I are the price levels for this coal, which 

ndic:ate that the price has increased , reflecting th( general wo-].d price 

i.ncrease Cor energy°. 

The qua1 ity of thi s raw coal rak~s it unsuitable for me tall u rgical 

coal uml}::; n,,"v tucli iclues are desi;n,.,i to reduce the sulCur co,1ntent 

a nd inc re',' ., Co,e s trc ,:thb, The pr e nt marl.et fo l.this coal is 

ste~a .:. ! } : : cturim:. In rnar.cthir this coel, solne diffi­

ciilty ,ou~r ,.e:p .' n' d by the li.it l rail capacity \,ithil the 

counl I , It ni iy 11,(1;Ui, e Purcha-s-e of cans if a sig ificant increase 
.
in p ro c l,! of thi: coal is reali, e (I. 



PIi( AN) SAIES 

OF S1hARI ('(;IEL I 2; 'i,:i 1960-611;'l TO 1974-75 

Year Produc't ,iI SaI es 
(Tois) (Towi;) 

1960-61 28,607 22,122 

1961-62 20,841 26,061 

1962-63 20,325 22,189 

1962-6, 25,17 25,668 

1964-6' 27,180 28,195 

1.965-66 38,053 21,, 6If8 

1966-67 31,788 33,004 

1967-68 58,003 45, 498 

1968-69 58,953 55,788 

1.969--70 58,935 58,598 

19 70-71 68,981 43,468 

1971-72 31,153 45,398 

3.972-73 27,658 29,282 

1973-74 28,508 23,151 

1974j-75 38,242 33,658 

AVE'RAC, SELI.I NG PRICE, OF SARI.CII COAL 

1971-72 ..... Rs. 83.09 Per Ton 

1972-73 ....... Rs. 82.72 Per Ton
 

1973-74 ...... ... s. 109.00 Per Toil 

1974-75 ...... .Rs. 248.00 Per Ton 
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The PMIDC cost of mnining of Shari gh coal is reported in Table 2: 

TABLE 2
 

Cost of M~illg Sharigh Coal in
 
Rupec,rs /M et-rc 'on.,l ln of N'line
 

Item Cost 

ForeJi!,,n Supplies 2.50 
Mii n! 'I'sllIbUrs 36.25 

F'u.l 10.00 
Coal (:I'Ltill 38.00 
I'ri It . ne its 6. 74 

peai r,; 5.25 
Pa ci:i 111. 50 
ProdicL n Salarie..s and \Vag es 17.31 
DIep r ecC ,:ion 26. 20 
Amnoi-t i:iaatj/ ll)evo Cost 1. 75 
M/ai ntc, Inanc c 4.30 
Seli, ,..Di) tributiwI 12. 01 

Admiiii strat:ion Cost:
 
Staff 10.35
 
Salaries I 10.
WagC s 63 
Ove rIhcad 14.60 

F'inancia.i 1::iens c:
 
Ilead Offic , 4.40
 
I ,ttrest oi I oc:" l oan 17. 58
 
lntre-sf on ioc,.i1. loan 31.48
 
Trt(rfitt on W\\orIlilun Capital. 1. 74-


Tlol ! Co ;{ 2 I14253. 



Curren: maximun" sales price is fixed for PMIDC at: R/ 300/ton. 

C-IA IA C TE PlS CS ! l)]POSITSJ[T OF"TI 

PM)C properties cover 7 miles of outcrop out of a total of 

35, hence the najor portion of the properties are unlder the control 

of the pIvate sector, consising of owners of either 1in ttcd financial 

resources or those not Wlling to make lar',,, invcs;Inmont: on lheir mining 

properi:ies. 

Thes e operators tend to ''high grade' their propertics, taking the 

most casily mined coal and leaving the remainder, This practice makes 

for low recovery of the ore and makes it virtually impossible to conduct 

secondary mining under econonically viable conditions. 

The product cost of these 'high graded" products is reported 

to be as follows: 

Cost of Contract Mining Shari,,h Coal ex Mine in
 
1up] es _er ]Mi
_tric Ton, Run of n 

It em Cost 

Contract ]Ninin Labor 1R, 50
 
imI)e r.s 35
 

Fuel 12
 
indiiect Cost 30
 
Trans)Ort i:o ripple 15
 

Total IR/ 142 



4- 1
 

conserve this valuable o1 resource, a study isIn order to 

recoin mended to establish methods of mi.ning and rerulations for safety 

to make these resources available to future generations and to improve 

the workin., conditions in the industry. 

than adequateThe land and \ater availabilit-y at the situ are more 

for a preparation plant: and cok.e-making facil.ity al: Sharigh. Three cubic 

feet per second of water are available at Sharigh. 

Prior Studies - Sh ripli C.oal "' 

A riesumn of data from the excellent prior studies of the Sharigh coal 

to purnmit a cOr Yari\Te analysis with the washing, of 
is incldel hire1 

fine size fractions mad e in this study. 

Tihe prior '\vOrl is based on primary crushing the run of mine 

to top size of 25.4 mm followed by s.creening and size reduction. 

Reference: 

Wash"i , b i I. t.'. -"'n;d!Cci:.i ne oof :r:i .! Se". a1n(Iii C1i;ir;,crer.irti ofl 

Middiy_.l ,:,' , ;_ tw, II. 3. Ileinrich and R,. 11. Malik., Coke Resc;,rch 

Section, AU;tralian Irn and SUl PLy. Ltd. , Port Kcinbla, N. W. 1.. 

crAu:;ttr- ,i, 1, 1',mb 1973. 
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TABLI.: 3 -, SiI.E AoAIYSi OF ROY (AS RECEIVED) SHARIGH COALS 

Top Scam Middle Sum 

Size Wt. % Cu;n1.% 1'L Ii % % R t:.Wt. Cum. 

76.2inni 1.6 1.6 0.9 0.9 

50.8mm 20.2 21.8 11.4 12.3 

25. 4 umn 31.8 53.6 38.8 51.1 

12.7mm 18.9 72.5 22.3 73,4 

6.35mm 12.5 85.0 12.6 86.0 

3.02wr, 5.8 90.8 5.7 91.7 

1.68mm 3.1 93.9 2.7 94.4 

0.85m1 2.1 96.0 1.8 96.2 

0.3501rn 1.0 97.0 0.9 97.1 

-0.50m 3.0 2.9 

TABLE 4 - FLOAT/SINK V,'A1,YSIS OF +0.50mm ROY SILARIGIH COALS 

Top Seam Middle Seam 

Relativ YieJd Gu:e. Yield Cum. 
DensiLy Yield % % Yield % 

F 1.30 51.5 51.5 5.0 5.0 

1.35 10.8 62.3 28.0 33.0 

1.40 5.9 68.2 18.2 51.2 

1.45 4.7 72.9 J.0.1 61.3 
1.50 3.8 76.7 6.7 68.0 

1.55 2.6 79.3 4.3 72.3 

1.60 3.1 82.4 3.7 76.0 

1.65 1.6 84.0 3.7 79.7 

1.70 1.2 85.2 2.0 81.7 

S 1.70 14.8 18.3 
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TABLE 5 - SIZE ANOALY ,,1. F() .501m R,' Si IAH ((t COALS CR US I"IEL) TO 

TOP SIZE OF 25. 

Top SeMm Midde Seimn 

Size Wt .7 Cum.,,7 ,'(t . Wt . Cum.7 let:. 

19. 1mm 18.5 18.5 16.1 16.1 

12. 7mm 23.3 41.8 19.6 35.7 

6. 35i::i 26.8 68.6 28.8 64.5
 

3.021mnm 12.7 81.3 15.2 79.7
 

1.68mm 7.8 89.1 8.6 88.3 

0.85 4.9 94.0 5.3 93.6 

0.50mmn 2.2 96.2 2.4 96.0 

-0.50m.n 3.8 4.0 

TABLE 6 - FLOAT/SINK ANALYSIS OF +0.50mm ROM SIldIGIH 

COAS CRUSHED TO TOP SIZE OF 25.4 mm WITH 

RE SULTA .T-0.50inni NATERI AL REMOVED 

Top Se;im Middle Seam 

Relative Cum. Cum. 
Density Yield Z Yield % Yield Z Yield Z 

F 1,30 52.5 52.5 13.1 13.1 

1.35 13.7 66.2 27.8 40.9 

1..,1 4.3 70.5 15.8 56.7 

1.i5 4.0 74.5 9.1. 65.8 

1.50 3.1 77.6 5.2 71.0 

1.55 2.6 80.2 3.9 74.9 

1.60 2.2 82.4 2.5 77.4 

1.65 2.2 8'-.6 2.3 79.7
 

1.70 0.8 85.4 1.5 81.2
 

S 1.70 14.6 18.8
 



4- 13
 

TABLE '7- EXI' CTF 1) SIZIE ANALY SI S OF 1RO. SIIARI(I COALS CRUSIHED
 

TO T'OP SIZE O1.' 25. 4mm (MiIN.i NU' Fl s ES PIOCI.55) 

Top Scam Middle Seam 

Size Wt.X C:1u1. R.t . Wt . % Cumn. % Pet. 

19. ,mm 18 18 16 16 

12. 7mn 22 40 19 35 

6.35mma 26 66 20 63 

3.02 ju 13 79 14 77 

1. 68:u 7 86 9 86 

0.851m 5 91 5 91 

0.501m 2 93 2 93 

-0.50"mn 7 7 7 

TABLE 8 - WASIABILITY DATA OF ROM TOP SEAM CRUSHED TO 

TOP SIZE OF 25. 4mm (-0.50mm No' WASHIED) 

Cure. Cum. Cum. Cur. 
Floats Floats Sinks Sinks 

Relative Yield Ash Yield Ash Yield Ash % 
Density % % % % 

F 1.30 49.0 3.0 49.0 3.0 44.3 30.4 

1.35 12.8 5.8 61.8 3.6 31.5 40.4 

1.40 4.0 11.2 65. 8 4.0 27.5 44.6 

1.415 3.7 14.1 69.5 4.6 23.8 49.4 

1.50 2.9 18,4! 72.4 5.1 20.9 53.6 

1.55 2.4 22.0 74.8 5.7 18.5 57.8
 

1.60 2.1 25.0 76.9 6.2 16.4 62.0
 

1.65 2.1 28.9 79.0 6.8 14.3 66.8 

1.70 0.7 34.0 79.7 7.0 13.6 68.5 

S 1.70 13.6 68.5 93.3 16.0
 

-0.50mm 6.7 40.8 

Total 100.0 17.7
 

http:PIOCI.55
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/ lJ
TABLE 9,- j An I ii DATA oF pE miY .m A ClU,-5] E ) TO TOP1H 


SIZE OF 25. 1 mm (--o. 50 I:m T:(".Ar])) 

Cum. CtInn. Cum. Cum. 

Float F.onat ; Silniks Sinks 

Rel at i c Yield Ash Yield Ash Yield Ash % 
Don s i L.y % %
 

F 1.30 12.2 3.8 12.2 3.8 81.0 24.7
 

1.35 25.9 6.1 38.1 5.4 55.1 33.4 

1.40 14.7 12.1 52.8 7.2 40. 4 41.2.
 

1.45 8.5 16.8 61.3 8.6 31.9 47.6
 

1.50 4.9 20.6 66.2 9.4 27.0 52.6
 

1.55 3.6 24.0 69.8 10.2 23.4 57.0
 

1.60 2.3 28.8 72.1 10.8 21.1 60.0
 

1.65 2.1 33.6 74.2 11.4 19.0 63.0
 

1.70 1.5 36.7 75.7 11.9 17.5 65.2
 

S 1.70 17.5 65.2 93.2 21.9
 

-0.50amm 6.8 37,2
 

Total 100.0" 23.0
 

TABLE 10 - ANALYTICAL DATA OF -0.50mnm FRACTIONS FROM SHARIGHI COAL 

(a) ROM -0.50mm
 
Top Scorm Middle Semn
 

Moisture % (adb) 3.1 2.7
 

Ash % (db) 26.3 28.0
 

VM % (db) 39.3 42.6
 

B.S. Sw. No. 2! 2 

Specific Crntvi.ty 1.56 1.59 

Sulphu, % (dE -4.62 7.47 

(b)~-I0 .. 5 p roduced by subsequent ci:u:;liing of +0.50mm 
,OH fraction to top si:e of 2 5.4mm 

Top ea Middle Seam 

Moisture % (adb) 3.8 2.9 

Ash % (db) 52.5 44.1 

VM % (db) 26.6 32.7 

B.S. Sw. No. 1 1
 

Specific Cr. vi.t y 1.92 1.81. 

Sulplur % (db) 4.43 5.74 

http:Crntvi.ty
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TABLE 11 - AIALYTICAL DATA OF ILOAT/SINK FRACT1O FO, 

+0.5011m O;N SHAI Ci COAlS CPUS IWI) Tq TOP SIZE 

OF 25./4mm PI]OP. 10 IIiWATO 

(a) Top Seam Float/Sink Fy"action 

S 1.30 S 1.35 S 1.40 S 1.45 S 1.50 S 1.55 S 1.60 S 1.65 S 1.70 
F 1.30 F 1.35 F 1.40 F 1.45 F 1.50 F I.55 F 1.60 F 1. 65 F 1.70 

Noit,,i % (adb) 3.4 3.4 3.4 3.4 3.4 3.2 3.2 3.1 3.1. 2.2 

All % (db) 3.0 5.8 11.2 14.1 18,4 22.0 25.0 28.9 34.0 68.5 

VW ,' (dS) 48.0 47.9 45.6 44.1 41.6 40.0 38.6 36.7 35.5 27.8 

B.S. 1;.So 4 4 31, 311 2! 1 1 1 1 < i 

Speci fic n.d n.d n.d n.d n.d n.d n.d n.d n.d 2.45 
Gravi Ly 

(b) Middle Scam 

Moi,';Lure % (adb) 3.5 3.4 3.4 3.4 3.4 3.1 2.'0 2.0 1.9 1.5 

Ash Z (Uh) 3.8 6.1 12.1 16.3 20.6 24.0 28.8 33.6 36.7 65.2 

VI 7 (db) 50.5 50.1 47.8 45.3 42.6 40.8 39.8 38.9 38.2 24.6 

''. No. 31 . 3 3 2! 2 2 1* '1 < 1 
,} i f i c 
,'1i Ly 

n.d n.d n.d n.d n.d n.d n.d n.cd n.d 2.3, 
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TABII 12- ANALYT'ICAL IOTA O1 -25.410.50,m 

S11AIAI (;II C ALS 

F 1.70 (= Clean Coal) 

(a) Prox i lCit. 

ToJLSem Middle Searm 

Moisture Z (adb) 

Ash % (db) 

Min. ..LLr 2 (db) 

Wh (db, Z .M) 

Vol. 1HaLter ± (db) 

Fixed C urln, (dbi 

Carbon DioXid Z (db) 

Total Sulp hur 2 (db) 

Pyritic Sulphur Z (db) 

Phosphoru.; 2: (db) 

Gross Cal. \Wue (MIl/kg, 

Specific Gravity 

db) 

3.3 

7.0 

9.2 

5.2 

45.8 

46.6 

0.58 

4.49 

1.31 

0.004 

30.81 

1.34 

3.0 

11.9 

14.4 

4.6 

46.4 

40.7 

0.98 

7.82 

1.31 

0.012 

28.52 

.1.40 

(b) UitiLianto 

Vol. Matter , (dmmC) 

Vol. atter ++ Z (calc.) 

Carbon % (dmmf) 

ydrogu (dmmf) 

Nitrogen Z (dmmf) 

Sulphur Z (dm:tf) 

O tc (, dif .) 

Gross Cal . Va] (IJ/!Kg, 0ianf) 

Cross Cal Vat' + (M/kcak.) 

49.9 

46.0 

81.5 

5.93 

1.75 

3.34 

7.5 

33.93 

34.02 

53.4 

43.0 

82.5 

5.77 

1.81. 

7.14 

2.8 

33.32 

34. 31 

(c) Laor;n(rv (W rfL-nY i o 

B.S. Swel 

Gray-Ling 

.ing Number 

Coke Type 

4 

F 

4 

F-C 
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TABLE 12 - Cunt .in ua d 

Top Seam Middle Seam 

(c) Labor"L.ry Caruni.sa ion 

Audibu 	rt--Arnu Di 1Lt.yctc r 

Temp. in i :Wvm,ntc G 360 	 355 

Contraction % 	 33 36 

Temp. Max. Contraction 0C 405 	 395 

Dilatation % 	 -17 +37 

Temp. Max. Dilatation C 435 	 445
 

(d) 	 Analysis of Ash (% of Ash) 

SiO 2 28.4 34.9 

Al2 03 12.3 14.1-


T0 2 0.85 0.75
 

Fe2 03 39.4 29.9
 

CaO 10.7 10.0
 

Ngo 1.29 1.52
 

Na20 0.69 0.79
 

K20 0.70 1.50
 

Mn 304 	 0.14 0.17
 

P2 05 0.13 0.25
 

S 2.93 3.38
 

Ignition Loss 	 2.1 2.4
 

(e) 	 Petrographic Analysis (vol %) 

Vitrinite 87 87 

Inertinite 3 1
 

Exni tc 4 1
 

Mine rals 6 11
 

Mean Max. Vitrinite
 
RefJR:LLncc 	 0.53 
 0.48
 

NOTES:
 

( ) adb = air-drid ba;is 
db = dry basis 

dnmif = dry mineral matter free bas;s 

(ii) 	 Vol. MaLta+r Z (db) is correctad for carbon dioxide 

(Iii) 	 Vol. Mat r o (cal c .) and (;ru.s Cal,. Value (Mi/IIg, ca c.) are 

cal]cut A t rding' to Sylur's equation.; from Carbon (dmm.) and 
ilydrz , (o o ) \'.zihw . 

(Iv) 	 O ..', " L (by diff.) , 00 C2-- all (dmmf) valu . 

http:Caruni.sa
http:Labor"L.ry


TABLE 13 - AINALYSI.S OF ASH (',OF ASH) or -0.50mm AND SINKS 1.70 

FRAMiONIS FI,'',I IGII.SIIA COALS 

To) Seim MiIddle Seam 

(1) (2) (3) (1) (2) (3) 

sio 2 37.7 34.3 32.0 25.6 22.6 20.2 

A203 13.0 11.2 i0.0 9.5 8.5 8.0 

TiO2 0.75 0.59 0.48 0.42 0.30 0.25 

F 
C2 

19.8 
15.6 

20.9 
19.6 

22.0 
22.5 

16.9 
26.4 

19.8 
28.7 

21.0 
30.4 

CaO 

Ngo 1.33 1.32 1.32 1.77 1.90 1,94 

Na 2 0.41 0.30 0.23 0.36 0.23 0.22 

K20 1.38 1.20 1.15 1.02 0.73 0.60 

Mn304 0.11 0.10 0.10 0.24 0.27 0.28 

P2 05 0.29 0.35 0.35 1.11 0.95 0.88 

S 3.08 3.27 3.38 3.86 4.65 4.90 

Ignition Loss 6.3 6.3 6.2 12.6 11.8 11.2 

NOTES:
 

(1) -0.50mm fracLion from RO sample.
 

(2) 	 -0.50nvun fraction produced by crushing +0.50mm ROM 
to top size of 25.4mi. 

(3) = 	 Sinks 1. 70 fraction from washing -25.4 +0.5011m coal. 
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TABLE 14 - RESULTS OF coKj~i: SIlIAR ICII CLEAN COALS IN TilE 

25 kg x l50mm TEfST OVEN (95% -3.0mm CRIND, 

790 kg/m 3 DRYB,II, DEE SiT) 

100 
Top Sc,:11 

100 
1.ddIc Seam 

50% Top Seam 
50% Mi ddle 

Con] Clean (,o, 1 C] e a1 C},'11 Seam 

Ash % (db) 7.0 11.9 9.4 

VIm % (db) 46.4 47.4 46.9 

S % (db) 4.49 7.82 6.16 
P % (db) 0.004 0.012 0.008 

B.S. Sw. No. 4 4 4 
0. K. C. T. F F-G F 

A-A Dilatometer -17d. +37dJ. +8d. 
Vitrinitc 2 (vol) 87 87 87 

Coke Dctai]:; 

Yield Z (db) 61.5 60.8 61.1
 

Mean Size (mm) 35.1 49.8 43.5
 
Breeze (Z -25.4mm) 32.7 
 15.3 16.7 

Coke Ash Z (cb) 11.4 19.6 15.4
 
Coke Sulphur Z (db) 3.85 6.37 
 5.03
 

A.S.T.M. Stability 
 8 16 12
 

A.S.T.M. hardness 60 65 62
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TABL " 5 - REULS W COI.NG Sib RI, A i /AETF'OIOLTTAi CLEAN COAL BLENDS 

IN TIE 2-') kg 150mm TIE;T OVEI. (95Z -3.0mm GRINI), 

790 kg/1 3 DR BUil" DE'31.'O 

SharigW* Z 0 85 80 	 75 SpUci 
25 Blend**15 	 20
iuetropoli.Lan % 	 100 

Ash Z (db) 13.1 9.9 10.1 10.3 11.7 

VII z (db) 18.1. 42.6 41.1 39.7 28.5 

S % (db) 0.35 5.29 5.00 4.71 2.54 

P 2 (db) 0.060 0.016 0.018 0.021 0.042 

B.S. 	 S%,. No. 1 4 4 4 21i 

C F F F DC. 	 K. C. T. 

10c. 0 -17d. -22d. -29d. 24c.o.A-A Dil:atto::eL'cr 

Vitrinite Z (vol) 28 78 75 72 51 

Coke DLiR .;
 

Yield Z (db) 82.5 64.4 65.5 66.5 74.9 

olan Slue (i:) 57.3 45.7 47.9 52.8 54.8 

Breeczu (:',' 15.7 12.7 7.4 8.8-25.4.-a) 13.4 

Coke Ash Z (db) 15.9 15.4 15.4 15.5 15.6 

Coke Sulphur ; (db) 0.40 4.44 4.05 3.86 2.01 

A.S.T.I. Stability 	 25 17 19 26 37
 

A.S.T.i. flardn-ss 	 35 57. 57 56 45 

NOTES,
 

(1) 	 Shirlgh coal cons-;isted of 50% Top Seam/50 
Middl.e Scam Clean Coal;. 

(2) 	 Sporcia. Bleiid aulCaUly CoLlnSil; ted Of: 
18.0% Top Seam 
21.02 iliddi.e Scam 
58.50 lltOil i tltan 
2,0% --0,21mm Wwe 

but, for purpo., of cowparl.i<on, may be considered 

equivalnt to 
39Z of 507 '.p Scam/50% liddle Seam 

61% of HMtropol.i tan 



TLE 16(.- I.,ESULT,,OF COKIN SIARI:1 COAL/-C.21mm C 1,KE EZE BLENDS 

IN Till 25 k, : lx0::n TEST OVEN. (95% -3.0mAm GRIND, 

790 kg/m 3 DIRY tUJi: I.Y) 

Sharigh % 95 90 87 

-0.2m:n ,rcuze % 5 10 15 

CharcItai 

Ash % (db) 9.8 10.1 10.4 

VM % (db) 45.0 42.0 39.1 

S % (db) 5.82 5.79 5.75 

P % (db) 0.009 0.011 0.013 

.B.S. Sw. No. 4 4 4
 

G. K. C. T. F F D-F 

A-A Dilatom:cter -28d. 27 .o. 24 . o. 

Vitrinitu % (vol) 83 78 74 

Coke Dotail, 

Yield % (db) 62.6 64.8 67.0 

Mean Size (mm) 4B.9 48.4 48.2 

Breeze (%-25.imm) 15.4 15.8 17.1 

Coke Ash % (db) 15.6 15.6 15.5 

Coke Sulphur % (db) 4.79 4.53 4.20 

A.S.T.M. Stability 11 10 12 

A.S.T.M. Hardncss 63 52 39 

NOTES: 

(1) SharIgh coal consi:sted of 50% Top Seam/50% Middle 
Seam Clean CoaL,. 

(2)** Propurt.iu; of Breeze 

Ash % (db) 16.0 
VM Z (db) 0.3 

Sizing Cum. Z Retained 

0.21 uim 1 
0.35,ui 21 
0.0 75mm 62 
(-0.0 7 i,,) (38) 

http:Propurt.iu


Llaklira Coad - 'I"hu coal. rcseerves at 1 akhra are r epo rte(1 to numb er 

20, 662, 762 tons. The high sulfur, moderately high ash lig_nit~e hjas been 

committe'd to a therna] pow\e plant to be located near llyd erabado This 

plant is proj ected to usc one Vi-l.iion tons of Lakhra coal per year. The 

quality of the coal. is that of a typical high-sulfur, moderately high-ash 

lignite. Details are shown in Tables 17 and ].8. 

The mine should be located in a relatively flat area with ample 

availability for the plant site adjacent to the mine. I'Vater could be brought 

in by pipeline from the Indus River, 

The geology and t(ctonics studies of the Lakhra coal. basin have been 

planned and in fact: partly e:<ectttdo it is reconimended that the propOsed 

drillin- ec.o raitv ,p ro .ram be enlarged, particularly in thc lower 

ho rin:ols A pos:ibi ]ity eisis that niiv: coal structure.s mazty be uncoverled, 

and that these lower zone.'; n y po1S1 : lo( ] metallurgicaledsirable 

p rolertVes than the uppr zone occurrenvces. 

A Ietailed study of thegeology and tectonics of the coal deposits 

in Pakistan is outside the scope of this project. 

Liter;-. tLure R,\, , of the 1,.2 Ph ra Co,' - There has been a very limit:ed 

amount of chen ical invcsti 'oati.on and( few pr)parati.on studies done on the 

laklhra coal, \Vith the c:xcueptio-, of sonic geoloical work and mining 

proposals, the only available detai lc(d ilfornat-lon is shown in the analyses 

oin the folloving pages. 

Thc 1Laklhra dcpno.sit is a lJignite-type coal with a reC.atively low BIT', 

hi li-1o; hi're, colt.nt, and a high, pere entae off sulfur The coal has a 

hig.h vol atI e co ite: nt:. 

http:pr)parati.on
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Analyses iidicate the cevolatilization and cusulfurix-ation of the 

coal s hotld yi .1-ldi, quanti.tius of fix:ed gas, liquids, char and sulfur. 

If there e(re a rtrkut for the sulfur and volatile products, the char 

could be sold to the I)roso.-ed power plant. The power plant is to require 

3, 000 tons per day of Lakhra coal. 



Ref: Polish Consultant's Recrt on ?c'-'er Plnt 

TAT'L-- 17 
AN<ALYSiS O I-tRA COAL 

As Received! Air Moisture Moisture and 
" S"SS_ C":ist S--' 7e Dried F reC s 

:i u819 i0.4 0 -­

14. 19 17.70 19.76 -­
,2.72 33.83 40.00 49.83
 

" arific value BU/!b 7331 91, 10,20 12, 70
°... 0 2012,2770- *7'_" h a < valu. e TU i 6737 8 1 ,8 ,_ ,-0" 

Car*-cn 218.90 36. 07 40.2 50.12 

40.47 50.49 56.35 70.23
 
.- - " 3.26 4.07 4.54
-':! 5.60 

-h 3.75 4.68 5.22 6.50
 
: :igen + Ox-gen 10.14 12 66 14.13 18.61
 

Bulk densit-y of coal 56.56 lbs per cu. ft. 
ecific gravity of coal 0.0556 lbs per cubic inch 

ASE A2ALYSIS Si02 A120 3 N0 CaOFe 2 0 3 SO 3 Therest 

31.20 25.48 24.91 7.0 1.0 8.96 1.45 
Specific gravity of ash 0.1149 lb per square incn 

FUTS:7iLiT7V. OF 4ASj 

to B.S. No.- 1016 
Conditions Reducing Conditions Oxidizinz
 

.... a. -:formation 1490 
 1580
 
Sc1fzeninj spherical 1922 
 2102

Soft-n>' .. ish * rcal 2264 2 '-" 0 

2313 253-

Air Dried -SULPHUR Voisture and Ash Free 

Total PvriticAsh Cc-bustibi_ Organic Total '.riic 0r-a:1 
Suhur SuLphat ,.::fur Sulphur Sulphur Sulahur SuIphur ur SuI 

r. 0.02 0.25 3.50 1.31 6.59 3.33 2.23 



, i S U.S. .. rau C- .rn s 

,.' k"-AS!S1"SLYS!S L-TiYTE 

.. s. .s' >'-;stre 

-_ 

" 
..... 

-.. . 

Carec- Ashis'hur Hydrogen~~~~I'°-, 
Carbcn Nitrc~en Oxygen 

; 

C-.. 

..... 

ici_, Sea A2 

4AF 

31.8 30.0 

43.9 

50.6 

29.2 

42.9 

49.4 

9.0 

13.2 

--

6.8 

4.8 

5.5 

42.1 

61.7 

72.1 

0.8 

1.1 

1.3 

38.0 

14.3 

16.4 

3.3 

4.9 

5.7 

-3 .. 

1 0 

12730 

. 

Ash 

.. 

f"s- a-

Laiian 
Cclliery Seam A-R 

eF 

1_AF 

31.8 30.8 

45.1 

50.6 

30.0 

41.1 

49.4 

7.4 

10.8 

--

6.8 

4.9 

5.4 

43.0 

63.1 

70.7 

0.8 

1.2 

1.3 

38.4 

14.7 

16.6 

3.6 

5.3 

6.0 

7660 

11230 

12590 

Nn-coking. 

Ash fuses at 
26S0-2 730o 

EB.,ring L-16 
Laiiian Seam AD 

NF 

A52.0 

35.7 2-.0 

43.5 

25.8 

40.1 

4.0 

10.5 

16".4 

--

7.0 

4.7 

5.7 

38.7 

60.3 

72.1 

0.7 

1.1 

1.3 

39.3 

11.5 

13.8 

3.8 

6.0 

7.1 

7010 

10010 

1340 

Ash fuses at 
2000-2 390 ° F 

Boring L-25 
La:iiia.n Sea- AD 

N? 

-.­

9.3 40.9 

45 1 

54.0 

34.7 

38.3 

46.0 

15.1 

16.6 

--

5.1 

4.5 

5.3 

53.1 

58.5 

70.2 

1.0 

1.1 

1.3 

18.2 

11.0 

13.3 

7.5 

8.3 

9.9 

9640 

10630 

127L-0 

Sp. Gra-.ity 1. 

As" fuses at 
2250-4300 -­

_I. 



V Sai H2pl 2', ra'2 - Shan ' b Coal 

On Dlceiv1dwr 19, 1975 Air. 1Khurshllid Siddiiqi, Senior Geolopi:pt: 
of the ]"a si:ta.n ,,in(l';d l ' julnt GoporA1'])Ur 1tion and(11,A1)C),

I)i'. \V j]]j, 2 2 '2i- W.W . n T hrC 2n : ] l . v, ]nc .
10 ..,r r2jr c. . , 2-,(;Ld 

went toi ,, I S,,.,i'F0t0 TI Ie 1. 

Shari2 11,,,,, . - ,. fo vH Y il'L . in , :ltLr.i
S1,L
 
linm d W , (af ,t . QU,,tI Wi1:on in 11;h1] ] i n:l:i. p i -o:.:.­
mately 00'! d.,. of, ortli 

The sanqdi:'-'''0p\r'a' ; ]) ,., . id,:-s(.vi" i i imr:]rl sidi(ol2i, 
54r, blu!"n"\ A 1;' Ninu Enghpu , a1mmdMr. So ai
 
ia;Srlt 15'> , -2 ;I
' , nt (Ueoi o,,0t. It:was C-iO'.B l to sa ']d one 
day's Produ2ction fron tu ]nine. 

The r'i11; i: ]pr2'o,,,t]y pro(luc ing 100 tolls of coal pci, day. '17ie 
fo]]ov'i;ng c.v.":; , rodiclon atnd nudflnbLCr of mn.! cars, or t-u):5, 

I (, ']1 nif r.,o . j] Io2S u 2Id sc aht]on-,' vii] theoc alun nt of sanll ](, taIenfrom ;'o,h loca.t "oni nt ,.-.11 

Produ ct.Ion Tubs AIIIountt hOIlc) PoIun;ofof ' 
Lease TO/Dxiy Top liddle Top Middle 

151 40 
 5 None 75 None 

160 30 20 
 10 475 500
 

94 30 15 15 
 475 500
 

TOTAL 100 40 25 
 1025 1000
 

Middle seam was not being ilned. 



Photo 1. Photograph showing (left to right) Mr. Mir, The Mine Foremnm, 

Mr. Siddiqui, and Mr. Mobeen of the IPMDC at Shariigh. 



,? V i - - ­
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Photo 2. Photograph showing ring crusher at Sharigh used to crush coal 

sa ni)les. 



,.........
 

Photo 3. Photographi of alternate shovel method used For sampling coal 

at Sliar igh. 



Photo 4. Photograph showing fabrication of drunms for use in sampling 

program of Shari.gh and Lakhra coals. 

http:Shari.gh
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TI arLI1( ut of tl( ",Saml-liple v,a.S weighted o n tihe production per day. 
Each tub v.'; :; l by it broughts,,lwnp iliovl as was out of the mine 
to give a cw:in , ,ly tl, 1)Jropor \veigllt of saml- e. The top size 
of the coal s aTro:.:iately six inchcs. Each s cam of coal va­

g .1,> :Iba ,g I r,: y. 

The coal wa 2 tvas.pc.,rid to the mine ;Ihopcirca Whc'e it vas re ­
duced to 3/. ''-x 0 in Am1i0 by a ring cru shr. See Poto 2. Each
 
sample of top) u.nd ividl W;ts ands,,m coal kept spaate reduced 
by the alt.r' t:,,sliovc,] met:hed to alp riux.ind tely 120 pounds. See 
Photo 3. 

s 

feet capn tii1 ! lid haJcc] down 'ii g shet,. m' , and a
 
rubbe r I :t -. 1 and labc]:.i. The velded steel irums had been
 

The- sain l,: ,,'t hn put into t.o v.ohed-d - sa/ ir um-l of 1. 2 CubiC 

constru : i 1a raui W, our d':cinn ::pwc'ication,:;. See Photo 4.
 
The purp,-,:., of thW ,.,.,nd eald dru ::was 
to eep tloe coAl 

,from o0;d>2iA,. ; ddithll, ]patin1l of the d112l; , recol­
mended t:o r,.u t.] ] of pAr ]cua ag,
,-r,u NO 


'hC top s1:advi. co:al ,,as2:i t into '( a ( he Middle -.Sam col. 
\Vas put K1in.0 awhar: mate "'P .. 'y d'o OnemCdrum of coal f'om-r 
each sedl: v,'I: r,.Iid .:i]:,. to)Jti],IlnilA C !. fo. lab­
oratory iIc )ri :, Of;of:.;. P": 1: tie tv.o 2:;-1 -: epgarat:C 
Iv.a' to 1iv,, f .M'. Int,: bi e-il Of the. two eam coals: for 
the t'stic' prov me'o 

On cci],..0 r 21 M, sic qui. and Dr. Forn-rian rcturned*to Qu tta, 
There t y imt with the Chief Mining Engineer, Mr. KEhalid Aziz, 

c]:i.JIani providu:dof the (.-Ci',all] District who the foilowing data 
Ol cOA CnAIM] ion. 

Sou rce Tons of Coal. Per Year 

Briquet tin!; lan1 15, 000 
COOt Power Station 50, 000
 
Brick Kii .:in P'unjabZ 62,000
 
Defeinss 
 30, 000
 
tloin& llca ting-
 3,000 
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Suvl i.i' PrO ] a- I ra 

Forelnan returned to E,,araci on Dccemb)er 22l' r. Si(ddiMi Jid )r. 


anc] thtun 1 -ft for2ivIly(,al ,ad on 120C ulO er 26 carry in four peiy
 

drunr; for : y! 1 ni, p0 rpos, 2. At the Lai:hra nin,. ,'ith r. Abdu,;
 

Sattor V , n, 1r juct ,/,na.yr, they r(vicv.'cdl th: s ln' r ­

grapi for U !, f 1, l cay. It v';: (h,.jil(;lW .aiijip ' frunld'y miIned,
0v.in 1, N to 

out of th- 1it. T -cre vwr no faciliticpscoal a; it was: buinq irugfht 

to crushI thuinml, so thu inmu viA] nas samplAed as, mint.d. T op1 s ize 

was aj~pro:':,:,:i u;{ly '. inc s. See Photo 5. 

The lo cationsl; of thl, sanrplc: taken arC shown in the map on the 

following p t_,. These locations M,,oe active mines and are noted 

on the m a,as V\I 1, 11i\1 12, E.I 2 :nd IEi 3. 



1~. 7 -

Photo 5. Photograph showing sealing of sampled coal at Lakhra. 
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PE'FROGIlAIDIY AND PHYSICAL TESTING
 

PIETROGRAP1Y OF SIJARI(;I .LAKHIA COALS
 

1-etro,.rafhic Analysis of Coals 

A detailed petrographic analysis of a coal is of invaluable
 

assistance in determiming
 

* 	 variability of the bed 

* 	 indications of geology and conditions of 
formation 

composition and constitution of the coal 
elements and tei:r origin 

composition and occurrence of the ash 
impurities as well as the pyritic sulfur 
and indications of potmntial benefication 
method 

indication of the coking properties and 
coke charactleristics vhlich may be expected 

indications of improvements in coke properties 
througi blending with coals of variant properties 

possibi]ij:ies for solvolysis and purification 

"Nomenclatur e and Definitions 

The nomenclature employed herein differentiates between rock 

types and the more or less homogeneous constituents which are termed 

ma cra1,-;, 

Macerals can be classified into the following types as employed 

herein, TIhe following are cerived from woody or cortical tissues: 



(1) 	 Vitrinite (Anthlaxlall) - The princip-.1 coal macoral and primary 

constitutent of bright coal. A polished suction pres onts 

a more or less clear picture of the s;truch:uire of the wvoody 

tissue. When structure is apparent the term '"telianite" 

further identifies this form of vitrineo If the vitrine is 

structureless, it is termed ''collinite, ' which is the 

colloidal medium which permeates all bright coals. 

Vitrinite can be identified in transmi.tt:ed li ht: 

from its light to darkcrange-colored translucence; under 

reflected light it is dark to light gray in appearance. 

(2) 	 Fusinite - This maceral is formed in :fossil charcoal. It always 

shows a cellular structure of carbonified cell walls and 

hollow lumens. Cell walls sometimes are crushed. Thin 

sections are completely opaque; polisled faces show a 

strong reflectivity. Physically, fusini Le appears dull 

black, friable and is very hard. 

(3) 	 Semifusinite - This is a transition stage bet-ween vitrinite and fusiniteo 

Its cellular structure is not easily identified; however, 

its reflective power is intermediate between that of fusin 

and vitrine. 

The following macerals originate from plant material other than 

Woody tissues. This group constitutes: 

(4) 	 Exinite - I'Fhe fossil remains of spores and cuticles. The appearance 

of these remains can usually be easily identified, Thit 
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sections slho.w a yellow transiucence, whie polished faces; 

shlo\V a Io\% refleci:vit:y. It gencrally occurs as a niaj or 

constituent in "dull." coals. 

(5) IRusinite -	 The fossil remains of plani: wac , and resins, generally 

shapcd round 	or oval, and occur as inclusions in vitrinite 

of bright coals. .Iransmitted light reveals resinitc a 

strong light yel.ow to orange color; under reflected light 

resinite is dark. 

(6) 	 SclerotiniLe - These are the fossil remains of Cunlga. sc]erotia. The 

morphological appearance of this material is also easy to 

recognize. It 	is opaque and very refflcLive, 

(7) 	 AluinitL - The remains of algal] bodies. This maceral has a character­

istic shape. UInde!r transmi ttUd light, alginite is light 

yellow in color and black by incid ent liht. Bog coal 

contains imuch alginite, 

A macoral whose origjins can,.ot be traced to any specific vegetable 

matter is: 

(8) 	 Mcrimit - This maceral lacks structure and appears to be derived 

from humic mds arising from strongly decayed vegetable 

matter. It is Opaque in t-ransni-itted light with a high 

reflectivit y mo C nearly like fsiniee. Occurs as inclusions 

in "dull.' or 'bright-'' coals a -myraimlar'' mnicrinite or as 

piassiv, nicrinitc as th principal component in durain 

(du]l coal). 
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Micron - In the iden:ification and neasurement of petrographic sc Ai.ons 
-3 

the term one micron indicates a distance of 10 (O0I1) 
--6
 

millimeters or 10 meters. 

Genesis of Macerals - The genesis of the individual macerals will 

be considered in order that the petroeraphic exami.nation which follows 

will reveal as much information as possible 

The woody tissue (,f coal-formin matcrial.s can result in at least 

three or more macerals, viz. vitrinite, fusinit,, semifusinite, and 

possibly micrinite. The difference in end products which result from 

the coalification of similar parent: substances must arise Luin differences 

in the conditions und e r which formation of coals occurred. 

Generally the formation of fusinite is as sociated with coalification 

under dry)or arid, conditions,. 'l'lie similarity between fusain and charcoal 

lend credence to the belief that its formation was due to forest fires, 

or production by an exothermic microbiological process sim'larly leading 

to spontaneous combustion. 

I'here is no question that fusinite was coalified or carburized 

rapidly under dry conditions. 

Vitrinite and it:z occurrence with [usinite leads us to believe that 

it:also was formed under dry conditions such as a swamp with grouir! 

water only sl.ight.Iy below the surface. It can be concluded that the dead 

plant material sank rapidly into the Weak humus soil and became bedded 

in a stagnant water medium. The amount of dis solved oxygen present 

in this medium is too low to support anaerobic bacteria; therefore, in 

this to.xic (to bacteria) media the material is protected from nlicro­

http:sl.ight.Iy


organisllm:1 and becomo es inTUIV11ClLC&d to coal. 

Undt-. \we: Conditions of a s.\'alrip the coal.ification proces s p rocceds 

under siffici.cltl high. round wai: ,rcover so that the o.xyenn-i upply 

replenishdl bIy thu (1rift \vhicII recurs. Under theLse conditions plant 

debri.s is decolnposed to a highu r d egrce, Ieaving only the mnore resistant 

frament . Ulndc r thuse conditions durain is formed with little vitri ite. 

Th durain ,il contain u-iniie, high spore content frol Articulatae, 

a flora or very sw amp soil s. 

The diffcrunceu but\,,cn oncu, rals in coal- arce due to variations 

in the water content of thu swampy soils. 

The putroar-,.hc: analysi. pernits the construction of a s earn 

profil.c which is char ,ci~cr ic of th ( pro,gne si s of :he scai. 

Pet:ro 1'ap Con-l nOl t ," i Cs of Coalscallc :.lI{-io K1+-PVr 1) 

'Fheio rltnc eOf jref. rc rapli .c alaly:sis of a coal. seam. is that 

it permits an undcrstanli-,, of th tVechnological properties whih may be 

anticipated from the coal. 

Maccrals :uchI as fusinlite-, semifusinite at..d micri.iie show the 

behavior of inert substanccs on heating, hence they are sometimes grouped 

as 'inertite'' or ''carb.n.te'' since thuy have a higher fixed carbon content 

than vitri nite. 

Exinite decomposes in heating to a very plastlic melt which distills 

over as tar, liecu e::inite may also be considered as noncoking for this 

r£a'so 1. 

http:carb.n.te
http:putroar-,.hc
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Alginite and Resinite have similar properties, Both possess 

high hydrog en contents and can be grouped as "hydrinite" for this 

reason. 

Vitriite is the most likely coke-forning maccral if its content 

of volatile m-atter lies between 19 and 33 percent. 

Coking coals can be classified by the contents of vitrilnite, 

carbin-ite, and hydrinite, and the plasticity during coking may be anticipated. 

Furthermore, coals may be blended to provide a mbiat-re of these 

constituents to provide orthoflow characteristics in the slot or beehive 

coke oven. 

Petror raphic Analytical Methods 

All petroe raphic analysis was done by reflected light utilizing 

polished microbiocks of parfticulate coal. Microblocks were cast in 

1 1/4 inch diameter molds by mixing 5 grams of riffled -20 mesh coal 

with 6 grams of epoxy and cured at room temperature and pressure. 

Five microblocks were constructed from each sample. Grinding and' 

polishing of the microblncks was achieved by foli,-.:ing ASTM procedure 

D2797-69T ;ection 7, uSing '120, 240, 1400, and 600 grit silicon car­

bide paper.,; for grinding ; and 5 mijjc rotn and 0.05 micron polishing com­

pounds for rough and final polishing respectively. 
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Petrographic analysis consisted of a point count 
 approxima t ion 

of macc.sal composition, and 
a point count appro:imation of pyrite
 

contont and typo.
 

The macral content was determined , ing a 1 X 1 im. grid spacing, 

resulting in appro:.imatei y 200 counts per microblock, or 1000 counts 

per sampl e. Thw a\,c.age maceral compos.t:ion of t]lw sample was dotWay­

mined by avcragin; the maceral countm; of a.l five microblocks. 

Three accual suites 
woru.recogni.e:cd 
in the coals: Vitrinite,
 

Exinito. and Inertinito. The vitrinitu suite 
contains only the maceral 

vitrinite. Vitrinite composes the majority of all coals, and formed
 

from the .oody material Ef the peat tormin; plants. Upon coking the
 

vitrinit, bchmves 
 in two ways. Part of the vitrivllte reacts as volatile 

maLtr, and escapes as a gas. Some of the vitrinite becomes plastic 

and flows during part of the coking cycle. The ratio of these two 

vitrinite types depends mainly on the rank of the coal. Exinite is 

composed of the macerals sporinite, cutinite, alginite, and resinite. 

These macerals are composed of the tough oxined of plants or waxes or 

oils produced by plants. isThe coking behavior of these macorals 

very similar. 
They volatilize at relatively l.ow temperature,, and 

escape as gas. The inertinite suite consists of fusin It, semi fusin­

ite, micrinite, and sclerotin:i.e. These maceralsn are all very high 

in fixed carbon, and are inert during coking. These macorals, in
 

the coke, act as aggregate, and the plastic vitrinite forms the binding
 

cement between the aggregate grains. 
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The packinr,, theory between aggregate and cementitious materials 

developed by fbe 0concrete industry1is found to be applicable to coking 

pro-esses, vi:. , "he strongest structures result from a gradation of 

aggregate to provide a si.:e distribution in the aggregate to progressively 

fill the voids between thc.ag" reate Iparticles.'' The fines provide the 

minimum thickness to the continuous c ementitious carbon from the 

vitrinite. 

This forms the theoretical basis for the use of 'coke breezc" 

in the coal. charge t:o produce a stronger and ''blockier'' coke. If too 

Irnuch inert :is employed, the aggregate is not ccmnented by the vitrinite 

and the coke strength is diminished. 

The quantity of teleaite fractine in vitrinite -will son-ctimes 

indicate the adaptability of the coal to be solubilized in tar fractions, 

i.e. for hydro]iiquefaction. lli h telenite contents will prevent colloid 

formation of the coal in the solvent with resultant high viscosities and 

poor filtration characteristics. 



MincrAul ANl',i' - l7yrih,! anl Ash 

A single microblock was randomly selected from each sample for 

pyrite analysis. The pyrite analysis consisted of first: determining
 

the perce Larn 
 of coal exposed on the polished face of the microblock. 

To achi eve this, 1000 points (0.5 >,1mm grid) were counted as either 

coal or epo:.:y. The percent coal cxposed was; calculatcd from this. 

The same microbl.ock was then countcd for pyrite types using a .2 X .2
 

mm. grid spacing until 100 pyrite grains were encountered.
 

Pyrite was 
classified by type, size, maceral association, origin,
 

and proximity to 
the edge of the crtshed coal particle. Four pyrite
 

types were recognized:
 

(1) Massive
 

(2) Patches 

(3) Framboi s
 

(4) Isolated euliedral crystals. 

Massive pyrite types are typically singular irregular grains, 

Size ranges from less than five inicrnns to the 800 micron limit to 

which the coal was crushed ( 20 mesh). Masses are general]y irregular
 

in shape, or cast into con]. cavities or fractures.
 

Patches of discrete euhdral and 
 subhedral pyrite crystals are 

conmon. Crystals with~in the patche.s ave ge 0.5 microns in size.
 

Patches are usually lenticu.a:, but: irregular shapes arc conmmon. 

Maximum patchi dimups;ions range from 2 inicro:;:; to greater than 500 

microns, but average betw.een 10 an( 50 microns, , 

Framboidnl pyrit: , is a srherical.a .caggregateof euhedral to an­

hodral crys tals. The term framboid :is derived from the 
 raspberry­

like" form of the aggregaLte (Va].lnLync, 1963). Crystals making up
 



the framboids are generally 0.5 to 2 microns in size. Framboids 

range in diameter from 4 to greater than 100 microns, but most are 

10 to 50 microns in diameter. 

Isolated cuhedral crystals are dispersed throughout the coals. 

Sizes range fro:-, less. than 0.1 micron to a 10 micron arbitrary upper 

limit which sepairates them from the massive grains. The average 

crystal :i:.e is 0.5 micron. 

Pyrite content, on a volume basis, was calculated from the per­

cent of the polished face which was coal, and the number of counts 

required to achieve 100 pyrite counts. With 100 pyrite grains counted, 

then, the percent of any pyrite type is equaL to the number of times 

the type was encountered. 

hI/ Sanm] c SSeI (eion 

The Sharigh coals have previously been shown to have coking 

properties, Therefore petrographic examination was concentrated 

on these coals, rather than on the Lakhra sanples. 

From each canpisc,- containing the Shari.4top and middl.e seams, 

four random samples were removed. These are later refered to as STS-l 

through STa-.4. nn SMS-] through SMS-4 , and represent t!)e Sharigb top, 

qnd middle, seam's r1pe:-ctively. These samples were used for variability 

studies. These ehlt samples wetre stage ground to -20 mesh for pctro­

graphic analy.s . Each canI .ster was then riffled to obtain another 

sp.lit repre.eltative of the entire sample. These splits were riffled 

to obtain approx.imatly four pounds of each sample to be stage groundi 



V Petrographic Analysis - Results 

A description of the macerals and minerals (by volume) follows 

for the Sharigh top and middle seam- coals, including a disuassion of the 

variability of these constituents within each seam.
 

Sharigh Top Seam - PetrOgra'phic analysis of the Sharigh top seam -


Vitrinitc suite: Vitrinite content ranged from 53.4o to 77.5' in 

the random, uncleaned samples. The vitrinite content aver­

aged 66.3,o (Table 2, p,.,,e. .5-3 ). Vitrinite content increased 

to 89.3) in the co'al cleaned at 1.60 specific gravity. The 

majority of the vitrinite was interspersed with other macerals 

and minerals. Little of the vitrinite occured as 
"purc"
 

bands within the coal, and very few bands thicker than 100
 

micronsAwere noted (Figure 1). 
 The most inti­

mately li::ed maceral within the viLrinite is cutinite 

(Fi~ure f) which commonly occurred as cell 

walls within the vitrinite bands (Figures 3). 1+ and 



reflectance, approximately
The vitrinite has a low 

placing thi:s coal in the high volatile bituminous1. 1A, 

According to this reflectance measurement, approxi­range. 


reacts as volutile matter.
mately 1)0; of the vitrii te 


varied from 1.6A to
Exinite suite: Exinite contenk 

3.2A in the random samples, but averaged 2.30 (Table 2, 

for half of the exinite,e 5 - ). Sporinite accounts 

and cutinite the other half. Spores are generally rare, 

and scattered throughout the c.oal (Figures 6,7, q). 

found within vitrinite as
',.Cuticles are 


as thicker indiviual cuticles (i­previously stated, and 

ure 1.Q). Alginite and resinite were not noted 

in the samples. 

in these
Inertinite suite: Inertinite is very rare 

samples, ranging from 0.41 to 0.7j, and averaging 0.67,, 

(Table 2)0 Semifusinite is the most common of 

in only prevent in arountsthe inertinite macorals, but this 


up to 0.5,, (Figure 1I Pusinite (Figure H)
 

(0.2), and micrinite and sclerotinite
is rare 


were noted only very rarely.
(Figure i) 
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Washing Sharigh top scam at 1, 60 specific gravity can increase 

tle vitrinite 'ontent i. 89. 3 + 101 in He overflow. 

The coking propertic,; oI LIds coal. are based on a plastic-forming 

vitrinite content of 62., 5 + 10"'o. 

Exinite suite an-jounts to 2. 3% which will distill as tars during 

coking. 

Inertinite avera,in, 0. 6% is low in this coal. 

it appears that the coke properties of this coal could ' e improved 

by the blendin,! of a fine particle size inertinite (i. e. coke breeze) to bring 

the latter suite to 8 -- 1.0'",. 

L,.incral matter: Clays are the most common minerals 

present in these samples of the Iharigh top seam. They 

varied from 15.4,' to 30.7'/, but averaged 23.5' (Table 2). 

-The majority of the clay occurs as large, 

nearly pure, grains in the rinus 20 mesh fraction. These 
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probably represcnt fragments of much larger partings in
 

the coal, and their easy removal from the coal by cleaning
 

indicates that this is the case (]igurcs 1 and [A).
 

Thin bands of nearly pure clay are comn:on (Fig­

ure I.) but clays r'e also intimateiy mixed
 

with the vitrinite in thi.n, 1 to 20 micron thic]>,
 

(Figure j6) These layers and ln costiltute 

the major portion of clays remaining in the cleaned coal.
 

Pyrite is ;hc second most common mineral in ,,e Shar­

igh top seam ( 'TJ Pyr'ite ranges ,.-; in
T,). from 2.6,, to 


the random samples, averaaing 5.5;, (Table 2, rcqe S--..) 

Pyrite is reduced in the cleaned coal to 1. ,. ,iite
 

types vary consderably within the random s.. Ii (:ee Qcw§s 5-2­

-I5. -3'- for detailed analysis). Massive p. tA types 

ranEged from 78 to 18[J of the pyrite. Large ( I, .Ir than 

500 microns)) grain; were very pr6minant in ST"-,'? e 

lassive fracture filling !;K't"' (Aigure !5) 

was less than 2,, of the pyrio., 40 .assive 

dendritic pyrite ranged from 25;. of the pyritp : kusple 

STS-1, to 0% of the pyrite in STS-2 "(Figures I1 and 2(.), 

--Patches of discrete crystals made up 61, of
 

the pyrite in T S-3, but only 15% of STS-2. The most com­

mn patches were small lense r, Iss than 30 micronl',in
 

lateral extent (Figure -.l). . Some patches were
 

mixed with fr'amboids (Figure . ....... .and some were
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clearly primary in origin, and replaced, or filled cell
 

walls (Yigure 2-)3 Framboids were nearly con­

stant in occurrence in the four random samples, varying
 

from 1 , to 
7,' of the pyrite. Framboids were scattered
 

throughout the coals, either individually (Figure ;2-)
 

or in clusters (Figure .), 
 Iso­

lated euhedral pyrite crystals were very rare and scattered 

througIhout the coals. They varied from 0/O0 to 6:* of the 

pyrite in the s-amplcs (Figure :4.-), 

Total p yrite was: reduced to 1.0;" in the cleaned STS 

coal, but the relative amounts of the various pyrite types 

remainec the same. This seems to thesupport interpreta­

tion that all of the pyrite types are intimately mixed with 

the coal and are on1,r removed w.hen they become concentra­

ted enou.i-h in the coal to cause a sirnificant increase in 
the specifjc /rarity of the grain. 

Calcite is another common mineral in the random 
sam­

ples. Calcite ranged from 0.4;' to 1.3,' 
in the random
 

samples, and averaged O.7;'. 
 The calcite content is
 

generally the same in all four samples. This mineral 

occurred as fracture fillings within the coal (Figures 

cA& z-7). The fractures vary from less than 

5 micron--; h i ck to much g:reater than 800 microns(. C 

Gyj,:;um .is another common fracture filling mineral in 

these coals. Fracture filling occurrences of gypsum are 



I 
very similar to those of calcite (Figures and q ) 

-Gypstum also occurs as a primary mineral, forming 

as the coal formed, and inmatel mieo. ih it. This-
.t20_jyp5.:._occur, as 0. 10 to 100 micron .....­

--,_ !d ... o _ cron in l ength 

within vJ:i!] ( ur es 3Q andrite i 

Hematite was noted very rarely in these coals, and 

probably results from the oxidation of pyrite. 

VAR~IA 13D1LIiE \VITI-IIN TI-1., . i(llI, TP SLAM - Variabil)tyVA 'w t h'i., --" . 

within the Sharigh top seum is indicated by petro­

graphic analysis. Variations in the composition, and 

macoral, conten t, of the random samples indic-at(s a degree 

of variability perpcndicular to bedding throug.: the seam. 

Some macerals and minerals are bettcr indicators! of the 

variability than others . The major eomponenft, vitrinitc, 

C thndI_Ut~m thevari e Cos i d i_._.: .-t some 2_o "i of 

seam may D. cleaner and beLtl ro con, (bee-a:;.,- of' their 

hig-r vi trinite con Lei .) tho other 2,rt ios:.. V riations 
in mineral content indicate this. .J',matter also rite amounts 

and types vary conid0erably among the four raid . samples 

$r_.j..n ' .t~; ht.port i. Ons f__the__ Shari.gh..t.o .t op. se 

are ,on eer Yte other. frrb frompyn than porti ons. 

Figures 32, 33 and 34, on pa!"es 5-37, 38 and 39, illustrate the varia­

bi iit i es Ci,i.s;cus;s e (. Loreir2¢ :dlor atQr'yo_}{J _isin ec _i ..-ed__ 

dot eniiv. v, '}., w.V O0u'tr'J eOif. _?w,'ui~d/~1 iab i .Cy o 

clean_ coIl t' can i]b .iplementat ionqas-hA . be.l ,)_c(!b he 

P....... i:,,,"i .j u Th of thei .>toc .Jl jJ'..I.!]..L ickncss 
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Sharigh top seam .nd lie n-ethod of mining appear to make this possibility 

only of theo ret) ca. intl: e st. 

The pos'sibility stron-iy cxists that substantial beneficiation through 

lowered ash and ,sonic pyrite content can be effected by screen. the run 

of mine coal at -20 to -40 mnesho The coarse should contain lower ash 

and pyrites contents. A crusLin, and screening section can be devised 

to sequentially crush and screen to discard the -20 mesh fines. 



ShrL ,'ich - icidle 3 earn 

Vitrini Lu suite: Vitrinite content ranges from 49.4'A to 

68.55 in the random uncleaned samples, but aver ged 59.5 

(Table 3, 5-3). Cleanir5 this coal at 1.60 spcci­

fic ravity increased the vitrinite content to 84.7,;,. As 

in the hi:._ top :eam, very li.ttle of the vi-trinite occurs 

as ... puce". ban&,s, and mo t is inmt Aima tc].y int eu:, ers wi Lh 

) ) other maccral,'. and minerals (Fi-ures S3; through 3 

' QcoLI- y cutinite. Vitrinite in th: seam has 

the same ref'lectance, 1.10, as the Sharigh top seam. This 

should indicate a similar behavior upon cok]ir,;. 

Exinite suite: ExAnite content varied from 0.,0 to 

4. 3, and averaged 2. 6 (Table CUtiO 

about of the exinite in thic scam, inaccountp; for 2/3 

contrast to 1/2 of the exinite in the Shar. t p sam. 

The increase in cutinite in this seam is re:ly.wsantel by 

mor cuticles intermixed with the vitrinit e (-'?i.Mures 

'3$, and 39) and the pres.ence of l :, very lar ,o 

cuticles, such as in Figure 40). Sporcs (Fir­

ure WO arc very rare in this coaj. 

Inertinite suite: Inertinite is extremely rare in 

this coa]. Only very rare occurrences were noted in the 

random rai;.nl.e:; , bu L. ., was_ roted in the cl eanoL d coal 

(Table 3). 

ihe addition of coke breeze is also indicated here as in the 

Shar-i oh !;0,Mean 



5-1 

M,i.neral matter: Clays are again the predominant
 

minerals in this coal: as in the Sharigh top scam. Clay
 

content varie from 20.17 to 30.57, and averagecs 27.61. 

As in the ton ,:;eam the majority of the clays are in large 

grains (t,'i{;ur 'q-&) which probably represent 

large clay partings in the coal. This coal can be cleaned 

down to 5.07 clay in a 1.60 specific gravity solution, 

which also indicates that much of the clay is present in 

the seam as large partings. More clay appears to be inti­
mately mied with this coal than thetop sem, howevert 

resultinv in a hi/her clyLy conten.- in the cleined c al 

I1yrite i :,,no the second most common mineral in this 

coal. Variai,:il:ity of pyrite content is small in this seam, 

f-rom 3.0,, to 7 1". A. large portion of this pyrite remains 

in thc cleaned coal, 4..50. The variation in pyrite types 

in this coal is low. ,.awivc pyrite types account for less 

than 33A of the pyrite, ani account for only 10 of the 

pyrite in sampl.e M-.3. Massive dendritic pyrite was half 

of the f; ssive pyrite types in all random samples (Figure 0Q), 

--Large masrsivc grains, Filure LI1i) 

* }and fracture fil l ng pyri te (Figure ,5) 

were rare, but accounted for most of the remaining massive 

pyrite. Most of the pyrite in all of the random samples 

was patcles of discrete crystals. These patches were len­

ticular (Fgure K) or obvious replacements of 
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cell wal.ls (Figurer .-. ,L7 -nd Isolated 

euheodral crys La] repri"s"ent 0., Lo '1l' of the pyrite (Fij-­

ure ) .ramboid,-, are the second most com­

mon pyri. to typ2s in this coal (Figure 50). 

Less r amount.s of massive pyrite types (which are more 

easily cleaned from the coal) and increased amounts of 

patches and framboid ; (which are intimately mixed with the 

coal a nd more diIfi cult to r'er:eove) re,ult in the 8ha"' 

j)1iddle- biI n g mor' _6in ffi cuTl t ocl of. plyritic sul­

fur oven Lih iyh _'h, abqlute amount arc- smaller. 

Ca..ci.te is pr'esent in the Sharigh middle seam coal 

just as it is in the Sharigh top seam coal, in both mode 

of occurrence and quantity. 

Gypsum is very common in the Sharigh middle seam. It 

occurs as fracture fillin; material, and also as primary 

pods within vitrinite. The primary type is more common, 

and more abundant in this coal than in the top seam. It 

also occurn in large pods or lense in the middle seam 

(Figure s) 

lemnatite was aLso rare]y noted 'in this seam. 

VARJTA 1311'J / WITUI'i. 'ChII, Si ARIG- iiDDlLL SEAM - Variability 

withi; W;he ,har.i ,"-maiddl.e seam is indicated by 

petrographic analysis. Variability in maceral composition 

between thr four random samples indicates the same degree 

of variability in this seam, as in the top seam. Vitri.­

niLe anM mineral matter content are the main indicators. 

Pyrite typ s and amounts are less variable in this seam 

thani in , lop ';e:am. 
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CONDITIONS OF' COAL FORMATION - SHARIGII 

Conditins were dry with groundwater below the surface. 

Waters contained Ca lteo 3 )2 which reacted with sulfates and CO 2
 

to produce rnmtamor)hosis gy)sum with calcite in the vitrain lattice. 

Periodically strong wind-borne clays and sands inundated the area 

followed by cycles of growth. This explains the clay bandings. 

Tectonic activity provided sulfurous furneroles permitting waters 

containing 112S to inundate the coal beds, Reactions occurred between 

soluble ferrous salts to provide finely dispersed pyrites as well as organic 

sulfur in the ring bridges in polyaromatic compounds. 
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Individual Sample Petrographic Analysis 

of 

Samples 

STS-I 

STS-2 

STS-3 

STS-4 

ST -1.60 Float 

SMS-I 

SMS-2 

SMS-3
 

SMS-4
 

SMSl.60 Float 



SAMPLE STS-l 

MACERAL ANALYSIS
 

Vitrinite 69.9% Vitrinite suite 69.9%
 

Sporinite 0.8%
 
Cutinite 0.8% Exinite suite 1.6%
 
Alginite 0.0%
 
Resinite 0.0%
 

Fusinite 0.2%
 
Semifusinite 0.5% Inertinite suite 0.7%
 
Micrinite 0.0%
 

Pyrite 4.6%
 
Clay 22.2%
 
Quartz 0.0% Mineral Matter 27.8%
 
Calcite 0.5%
 
Gypsum 0.5%
 

Vitrinite in this sample is of relatively low reflectance(compared to
 
a high volatile coal such as the Pittsburgh in Brooke county). The vitrinite
 
is also impure, and contains many mineral and maceral inclusions on a scale
 
of less than .1 micron to 10 microns.
 

Fusinite content is much lower than the typical coal (1 to 5%)
 
M.ineral matter is main]y clay which 
 occurs hoti as thick(>200 microns)
 

bands and very th in bands in t:he vitrinite.
 
Calcite and Gyp:;um occur as fracture and cleat fillings. Size of these
 

fillings is from caveral mcrons to several hundred microns (up to the 840
 
micron size to which the coal was crushed). 

PYRITE FORM11S ANALYSIS 

Total percent: pyrite (% volume) = 3.69% 

Pyrite easily separated from the coal. 
Massive fracture filling and primary pyrite = 11% 
Size consist of this pyrite is 10 ->200 microns. 

Pyrite not easily separated from the coal. 
Massive dendritic, pitich,,s, frambo]ds and isolated 
crystals intimately associated with the coal = 89% 

Cround to -20 ,1esh only 45/ of the pyrite grains are broken free of the coal 
or expose at the edge of the grains. 

This coal is very hi gh in pyrite. Almost all of this pyrite is intimately 
mixed 'ith the coal or clay. Clay bands contain 21% of the pyrite. Cleaning 
this oal to remove large percentages of the pyrite would be very difficult, 
and thi, will he further inhibit d by the "dirty" nature of the vitrinite. 



SAMPLE srs -2 

MACEPR.AL ANIALYSIS 

VI trlnite 53.4% Vitrinite suite 53.4% 

Sporinite 0.9% 

C~utinite 0.8% Exinite suite 1.7% 
AI.ginite 0.0% 
Resinite 0.0% 

Fusinite 0.1%
 
Se-nifusinite 0.3% Inertinite suite 0.4%
 
H i trin te 0.0%
 

Pyr-Zite 9.9% 

Cly 30.7% 
Qnart.z 0.0% Minera. Matter 44.5%
 
C.alcite .1.3%
 
Gypsum 2.4%
 
1i-'1aa t it e 0.2%
 

Vitrjnit., in this sample is of reflatively low reflectance. 
The vi.rini tc is also impure, and contains many mineral and maceral 
inciunsf Dm; on Lhe scale of less than 0. micron to 10 microns. 

Fisinit, ruLtent is much lower than the typical coal (1-5%). 
Wineral Putter is mainly clay whi ch occurs as thick (>200 

micror, bands, and as very thin bands: in vitrinite. 
Calcite and gyps1 occur as fratLure and cleat fillings. Size 

of th-e f illings is from several microns to several hunderd microns 
(up to the 840 micron size to which the coal was crushed). 

PYRITI: FORMS ANALYSIS 

Tc tal percent pyrite (%volume) = 10.73% 

Pyriut? easily separatd from the coal 
ys:,.e fracture fiing ad i ;im.,ry pyrite 78% 

Si :e cmusist of this pyrite i. 20 -:o greater than 200 microns. 

.yrit(m not e,,! ily separated from the coal. 
Pr. telm r-, framboids, and i [a t i crystals intimately 

mixed "ith ib. coal = 227% 

(;ound to -20 mesh, only 22% of the pyrite grains are broken free of 
the c.1 or v:.:posed at the edge of the grains. 

IA ., coal is ext. renmely high in pyrite. Much of the pyrite is as 
massiv rains, but these too are intimately mixed with the coal. 
Cleani :: tmis coal to remove large percentages of the pyrite would be 
very d ffi cult, and th is will be further inhibited by the "dirty" 
nature of the vitrinitc. 

http:MACEPR.AL


SAMPLE STS-3
 

MACERAL ANALYSIS
 

Vitrinite 64.3% Vitrinite suite 64.3%
 

Sporilnite 1.6%
 
Cutinite 1.6% Exinite suite 3.2%
 
Alginite 0.0%
 
Resinite 0.0%
 

Fusinite 0.1%
 
Semifus;inite 0.2% Inertinite suite 0.4%
 
Micrinite 0.1%
 

Pyrite 5.0%
 
Clay 25.7%
 
Quart:z 0.0% Mineral Matter 32.2%
 
Calcite 0.4%
 
Gypsum 1.1%
 

Vitrinite in this sample is of relatively low reflectance (compared to
 
a high volatile coal such as the Pittsburgh in Brooke county). The vitrinite
 
is also impure, and contains many mineral and maceral inclusions on a scale of
 
less than 0.1 micron to 10 microns.
 

Fusinite conteno is much lower than the typical coal (1 to 5%)
 
Hihcira] tatter is mainly clay which occurs both as thick (>200 micron)
 

bands and ve.ry thin bands in the vitrini te.
 
Calcite and Gypsum occur as fracture and cleat fillings. Size of these
 

fil.lings is from several microns to several hundred microns (up to the 840
 
micron size to which the coal. was crushed). 

PYRITE FORIIS ANALYSIS 

Total percent pyrite (% volume) = 6.31% 

Pyrite easily separated from the coal. 
Massive fracture filling pyrite and patches = 16%
 
Size consist of this pyrite is 20 to>200 microns.
 

Pyrite not easily separated from the coal. 
Massive Oendri pa tchies, framboids and isolatedLic, 

crystals intimately associ at:ed with the coil = 84%
 

Ground to -20 mesh only 32Z of the pyri-te grains are broken free of the coal.
 
or exposed at the edge of the grains
 

This coal is extremely high in pyrite. Almost all of this pyrite is intimately

mixed w.i the coal or clay. 
 Clay bands contain 21Z ot thiL. pyrite. Cleaning
this coal to remove large percentages of the pyrite would he very difficult, 
and this will be further inhibited by the "dirty" nature of the vitrinite. 
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SAMPLE STS-4
 

MACERAL ANALYS IS 

77.5%
Vitrinite 77.5% Vitrinite suite 


Spornit e 2.0%
 
Cutinite 0.9% Exinite suite 2.9%
 

Alginitc- 0.0%
 
Resinite 0.0%
 

Fusinite 0.3%
 
Semifusinite 0.1% Inertinite suite 0.7%
 

Micrinite 0.3%
 

Pyrite 2.6%
 
Clay 15.4%
 
Quartz 0.0% Mineral Matter 19.0%
 

Calcite 0.5%
 
Gypsum 0.5%
 

Vitrinitcr in this sample is of relatively low reflectance (compared to 

a high volati 1e coal such as the Pittsburgh in Brooke county) . The vitrinite 

is a]so impure , and contains many mineral and maceral inclusions on a scale 

of J s, than . 1 micron to 10 microns. 
Fusjnito content is much low;er than that of the typical ccal (1 to 5%). 

Mineral r:.attor is mainly clay which occurs both as thick (>200 microns) 

bands and ver" th in bands in the vitrinite. 
Calcite .:.id Gypsum occur as fracture and cleat fillings. Size of these 

fillings; is f':om several microns to several hunderd microns (up to the 840 

micron size t t-which the coal was crushedl). 

PYRITE FOICIS ANALYSIS 

Total. percent pyrite (% volume) = 4.51% 

Pyrite easily separated from the coal. 
Massive primary and fracture filling,, pyrite = 17% 
Size cor:sist of this pyrite is 20 to >200 microns. 

Pyrite not c.,.Sily sepa rated from the coal., 
Mass!;ve dendri tic, patches, frambolids and isolated 

crystall; intimately associated will' the coal = 83% 

::rnund to -20 nesh only 35, of the pyrite grains are broken free of the coal 
or exposed at the edge of tile grains. 

This co,-I1 is high in pyrite. Almost all of the pyrite is intima tely 
mixed witl the coal or clay. Clay hand; contain 277. of the pyrite. Cleianing 

tilhs coal to re-m(ve large percenta,,es,' of the pyrite would be very difficult, 

and this wLill be further inh ibited by the "dirty" natiure of the vitrinito. 
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SAMPLE STS-1.60 Float
 

MACERAL ANALYSIS 

Vitrinite 89.3% Vitrinite suite 
 89.3%
 

Sporinite 2.0%
 
Cutinite 3.6% Exinite suite 
 5.6%
 
Alginite 0.0%
 
Resinite 0.0%
 

Fusinite 0.0%
 
Seniffusinite 0.2% Inertinite suite 
 0.3%
 
Micrinite 0.0%
 
Sclerotinite 0.1%
 

Pyrite 1.9% 
Clay 3.2% 
Quartz 0.0% Mineral Hatter 5.3% 
Calcite 0.1% 
Gypsum 0.1% 
hlematite 0.0% 

Vitrinite in this sample is of relatively low reflectance. 
The vitrinite is also impure, and contains many mineral and maceral 
inclusions .
 

Inertinite content is extremely low. 
Mineral matter is predominantly clay which is intimately mixed 

with the vitrinite. 
Calcite and gyp.sum occur as minute fracture fillings in vitrinite. 

PYRITE FOR->IS ANALYSIS 

Total percent pyrite (% volume) = 1.52% 

Pyrite easily separated from the coal. 
Massive fracture filling pyrite = 0% 

Pyrite not easily separated from the coal. 
Patches, framo.;i(l;, and iso]ated crystals, plus massive 
dendritic pyrite intimately mixed with the coal = 100% 

Ground to -20 me.ht, on]y 1.7% of the pyrite grains were broken free 
of the coal , or expo:;ed at the edge of the grain.s. 

This coal is ft iI] hi'h I n pyrite , and th)e pyri te remaining is 
all very int imat(- y i ixed with the coal. H;lssive dendritic pyrite
account!; for 332 of fie pvrite, and thi, type of pyrite is us'sually 
very nter;:ix:d the cleaner,'i th 1 por-tion; of the vitrinite. Three 
percent of dIe pyrite is in the remaining clay. 

http:STS-1.60


SAMPLE SMS-1 

MACERAL ANALYSIS 

Vitrinite 68.5% Vitrinite suite 68.5% 

Sporinite 1.2% 

Cutinite 3.1% Exinite suite 4.3% 
Alginite 0.0% 
Resinite 0.0% 

Fusinite 0.0%
 
Seiifusinite 0.0% Inertinite suite 0.0%
 
Micrini te O.0%
 

Pyrite 3.0%
 
Clay 20.1%
 
Quartz 0.0% Mineral tatter 27.3%
 
Calcitc. 0.3%
 
Gypsum 3.8%
 
Hematite O.1% 

Vitrinite in this sample is of relatively low reflectance. 
The vitirinite is; also impure, and contains many mineral and maceral 
inclusions. 

No inertinite is in this sample. 
Mineral matuter is mainly clay which occurs as thick ( >200 microns) 

bands, and very thin bands within th vitrinite. 
CalcIE and gypsum occur as fracture and cleat fillings of less 

than 0.1 micron thickness to greater than 200 microns. Gypsum also 
frequently occurs as pods of primary gypsum which formed along with 
the coal, as such is intimately mixed with the coal. 

PRYITE FORIMS ANALYSIS 

Total percent pyrite (% volume) 3.22% 

Pyrite easily separated from th coal. 
Massive grains of pyrite = 4% 

Pyritc, not esily separated from the coal.. 
Massi\. 1,.ndritLic, patches, framboids, and isolated crystais 

intimately mixd with the coal = 96% 

Ground to -20 mesh, only 10% of the pyrite grains are broken free of 
the coal, or exposed at the edge of the grains. 

This coal is high in pyrite, but very nearly all of this pyrite 
is very int i mately mixed with the coal. Only 11, of the pyri te is 
in clay hand:, and may be removed with thI em upon c leaniin ,. Tie rest 
of Lhe pyrite would be very very difficult to clean from the coal. 



SAMPLE SMS-2 

MACERA, ANALYSIS 

Vitrinite 56.6% Vitrinite suite 
 56.6%
 

Sporinite 0.9%
 
Cutinite 2.4% Exinite suite 3.3%
 
Alginite 0.0%
 
Resinite 0.0%
 

Fusinite 0.0%
 
Semifusinite 0.0% Inertinite suite 
 0.0%
 
Micrinite 0.0%
 

Pyrite 5.4%
 
Clay 30.5%
 
Quartz 0.0% Mineral Matter 40.1%
 
Calcite 0.3%
 
Gypsum 3.9%
 

Vitrinite in this sample is of relatively low reflectance. 
The vitrinite is also impure, and contains many mineral and maceral 
inclusions.
 

No inertinite is pres.ent in this sample.
 
Mineral mattcr is mainly clay, which 
 occurs as thick ( >200 micron) 

bands, and as vry thin bandsi within the vitrin ite. 
Calcite and gypsum occur as fracture and cleat filiings, but most


of the gy,.sum 1.;II)sc, 
 t in the form of primary lenses deposite.,

with the coal, and as a result are int imately mi.xed with the coal.
 
These lens.., vary from 10 to greater 
 then 500 microns in length. 

PYRITE F0IK..S ANALYSIS 

Total percent pyrite (% volume) = 4.14% 

Pyrite ea:sily separated from the coal. 
Massive grains = 2% 

Pyrite not easily separated from the coal. 
Massive dendritic, patches, framboids, and isolated crystals 

intimatel y mix.ed with the coal = 98% 

Ground to -20 meh, onl.y 29% of the pyrit:e grains are broken free of 
the coal , or exposcd at the edge of the grains. 

This co,l is hi-;hI in pyrIte, but very nearly all of this pyrite
is Very int i litlely mi x(d wi.th the coal. . Clay bands and gypsum pods 
conta in 3,. of the pyrite, and th is pyrite nay be removed by cleaning. 
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SAMPIA SMS-3 

MACERAL ANAINYS; 

63.5% Vitrinite suite 63.5%VitriiLite 

Sporinite 0.2% 
Cutinte 2.4% Exinite suite 2.6%
 

Algini te 0.0%
 
Resini tc 
 0.0% 

Fusinite 0.0%
 
Semifusif1itc 0.0% Inertinite suite 0.0%
 

Micrin1ite 0.0%
 

Pyrite 6.2% 
Clay 24.1%
 
Quartz 0.0% Mineral Matter 33.8% 

Calcite 1.3%
 
Gypsum 2.2% 

of relatively low, reflectance.Vitrinite in this sample is 
is also impure, and contains many mineral and maceral 

The v3trinite 

Ainclus i on. 
is present in this sample.No inertAinite 


occurs 
 thick ( >2(0 micron)Mineral matter is mainly clay, which as 
bands within the vi t:r:init .bands, and as very thin 

Calcite and gypsum occur as fracture and cleat fillings, but most 

lenses within the coal. 10 to greater
of the t',,eum occurs as primary 


intimately with the

than 500 miicron" in size. Th:is gypsum is mixed 


coal.
 

PYRITE FORMIS ANIALYSIS 

= 
Total percent pyrite (%volume) 6.50% 

Pyrite easily separated from the coal. 
= Massive grain!, 0% 

Pyrite not easily :,vparated from the coal. 
= 

Patche.s and framboi 100% 

brokenGround to -20 meshi, ily 16% of the pyrite grains are free of
 

the coal , or .. posc d at the edge of the grains.
 

This coal is very high in pyrite, and this pyrite is all inti­
very dificult tomately mixed wi th th, coal, and will he very 


hands coutain 22% of the pyriteu , and this may be
 remove. Clay 

removed by ecaning processes.
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SAMPLE SMS-4
 

MACERA, ANALYSIS
 

Vitrinite 49.4% Vitrinite suite 49.4%
 

Sporinite 0.2%
 
Cutini te 0.3% Exinite suite 0.5%
 
Alginite 0.0%
 
Resinite 0.0Z
 

Fusinite 0.0%
 
Semifusinite 0.0% Inertinite suite 0.0%
 
Micrinite 0.0%
 

Pyrite 7.1%
 
Clay 35.6Z
 
Quartz 0.0% Mineral Matter 49.9%
 
Calcite 0.6%
 
Gypsum 6.6%
 

Vitrinite in this sample is of relatively low reflectance.
 
The vitrinite is also impure, containing many mineral and maceral
 
i..Clusions.
 

No inertinite is in this sample. 
Mineral matter is mainly clay, which occurs as thick ( >200 

micron) bands, and as very thi n hands in vitrinite. 
Gypsum and calcite occur as fracture and cleat fillings, but 

most of the gypsum occurs as primar.y lenses within the cil. 

PYRITE FORMS ANALYSIS 

Total percent pyrite (% volume) = 5.33%
 

Pyrite easily separated from the coal. 
Massive grains = 2Z
 

Pyri te not easily separated from the coal. 
Patches, framboids, isolated cry'stals, and massive dendritic
 

pyrite intimately mixed with the coal = 98%
 

Ground to -20 mesh, only 22% of the pyrite grains are broken free of
 
the coal, or exposed at the edge of the grain.
 

SThI s coal is very high in pyrite, and almo;t all of the pyrite 
is intimately mixed with the coal, and will be very difficult to 
remove. Clay abd gypsum contain 23% of the pyrite, and this pyrite
possibly could be removed by cleaning processes.
 



SAMPLE SMS-1.60 Float 

MACERAi ANALY.; I 

VILrinitc 84.7% Vitrinite suite 84.7% 

Spcrinite 1. 6%
 
Cut inite 2.5% Exinite suite 4j%
 
Alginite 0 0%
 
Resii) te 0.0z
 

Fus inite 0.0%
 
Semifu inito 0.3Z Inertinite suite 0.3%
 
Micrinitl 0.0%
 

Pyrite 4.5Z
 
Clay 5.9%
 
Quar tz 0.0Z Mineral Mat ter 10.8%
 
Cal c ite 0.1%
 
Gyp sum 0.3%
 

Vitr nite in thi:; sample is of relatively low reflectance.
 
Thc vit r iniic i; also impure, contain:ing many mineral and maccral
 
tnclus it, is.
 

.Ineritnin ! is very low in this sample 
Mii ,'vi m'rit er OCcu0rs ma inl].y as clay in very thin bands in the 

vitrin:i t . 
Gypsum and calcite are present as fracture and cleat fillings. 

Gypsum a.so occurs as; pods of primaiy mineral in vitLr[nite. 

PYRTt'rE FOkiKIS ANALYSIS 

Total percent pyrite (% volume) = 2.00% 

Pyrite e-.; iiy snparated from the coal. 
None. 

Pyrit u not easily Separated from the 20al. 
Massive dendritic, patches, framboids, and isolated crystals 

lntLimate(ly miix'd with the coal -- 100% 

Gr,, Wn Zto -20 muesi, only 8Z of the pyridte grains are broken free of 
the coa l1, or expo-ued at the ode ti' gralins.rf 

This coi I is Still high in pyrite, and the pyrite rema i.nig is 
very very inti i tly ie:.:cd W iLh the coal. Only 3Z of the pyri te is 
in cloy or gypYnm. Tihe pyrite remain-in)ug in th is coal repcsent; 
the ]arj.e port i, illthat cannlllot be Casily remnloved from this coal. by 
StalldaIrd clcaninlng pj(i,)CeItses. 

http:SMS-1.60
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Point Count
 

Point count maceral approximation, as explained by Chayes,1949", 

consists of examining the entire microblock with a specific grid 

spacing (I X imm. in this retort). The cross hairs of the microscope 

are the intersections of th2 grid, and the microscope stage is advanced 

by steps to , duce the grid. The maceral or mineral falling under 

the crosshairs at each step is identified and counted. The entire 

microblock is traversed in this. manner, -.nd the points tabulated. 

If, for ex.ample, 1000 pol wcre exaiined: and 743 fell on vitrinite, 

the appro>:uiation of the vitrinite content of the microblock woUld 

be 74.3%. The accuracy of th2 approxiimation can be increased by 

counting more points. 
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Table 1, PIll (0) millimeter, and mesh size equivalents. 

Used to conv t from sieve size to 0 units for 

plotting sieve fractions on probability paper. 

Equivalent Equivalent
 

0 Diameter, mm U.S. Standard Tyler Mesh
 
Mesh 

-3.00 8.000 5/16 in. 2 1/2
 

-2.75 6.727 0.265 in. 3
 
3 1/2
-2.50 5.657 3 1/2 


-2.25 4.757 4 4
 

-2.00 4.000 5 	 5
 
6
-1.75 3.364 	 6 

-1.50 2.828 7 7
 

-1.25 2.378 8 8
 

-1.00 2.000 10 9
 
-0.75 1.682 12 10
 

-0.50 1.414 14 12
 
-0.25 1.189 16 14
 
0 1.000 	 18 16
 

0.25 0.841. 	 20 20
 

0.50 0.707 	 25 24
 
0.75 0.595 	 30 28
 
1.00 0.500 	 35 32
 

1.25 0.420 	 40 35
 
1.50 0.354 	 45 42
 
1.75 0.297 	 50 48
 
2.00 0.250 	 60. 60
 
2.25 0.210 	 70 65
 

2.50 0.177 	 80 80
 
2.75 0.149 	 100 100
 
3.00 0.1.25 	 120 115
 

3.25 0.105 	 140 150
 
3.50 0.038 	 170 170
 
3.75 0.074 	 200 200
 
4.00 0.062. 230 250
 
14.25 0.053 	 270 270
 

4.50 0.04t 	 325 325
 
4.75 0.037 	 400 400
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Table 2. Petrographic analysis of Shari4Atop seam random and 

cleaned samples. 

MACIRAL,/ 1,60 
MINERAL STS-l STS-2 STS-3 STS-4 AVERACE FLOAT 

Vitrinite 69.9% 53.4% 64.3% 77.5% 66.3% 89.3% 

Sporinite 0.8 0.9 1.6 2.0 1.3 2.0 

Cutinite 0.8 0.8 1.6 0.9 1.0 3.6 

Ai -,inite 0.0 0.0 0.0 0.0 0.0 0.0 
uj 

Resilnite 0.0 0.0 0.0 0.0 0.0 0.0 

init6 C.2 0.1 0.1 0.3 0.2 0.0 

J Semnifusinite U.5 0.3 0.2 0.1 0.3 0.2 

Mficrinite 0.0 0.0 0.1 0.3 0.1 0.0 

- clcrotilite 0.0 0.0 0.0 0.0 0.0 0,1 

Pyr i t e 4.6 "9.9 5.0 2.6 5.5 1.9 

Clay 22.2 30.7 25.7 15.4 23.5 3.2 

Calcite 0.5 1.3 0.4 0.5 0.7 0.1 

Gypsum 0.5 2.4 1.1 0.5 1.1 0.1 

Bematite 0.0 0.2 0.0 0.0 0.0 0.0 



Table 3. Petrogr:aphic analysis of the Sharighmiddle seam random 
and cle,'ned samples. 

MACERAL/ 1.60 
MINEIRA, SiS-1 S S-2 SMS-3 SMS-4 AVERAGE FLOAT 

Vitrinite 68.5Z 56.6% 63.5Z 49.4% 59.5% 84.7% 

Sporinite 1.2 0.9 0.2 0.2 0.6 1.6 

Cutin ite 3.1 2.4 2.4 0.3 2.0 2.5 

Al.ginLLe 0.0 0.0 0.0 0.0 0.0 0.0 

Resinlite 0.0 0.0 0.0 0.0 0.0 0.0 

Fusinite 0.0 0 0 0.0 0.0 0.0 0.0 

Semifusin i te 0.'0 0.0 0.0 0.0 0.0 0.3 

Micrinite 0.0 0.0 0.0 0.0 0.0 0.0 

Sclrotilnite 0.0 0.0 0.0 0.0 0.0 0.0 

Pyrite 3.0 5.4 6.2 7.1 5.4 4.5 

Clay 20.1 30.5 24.1 35.6 27.6 5.9 

Calcite 0,3 0.3 1.3 0.6 0.6 0.1 

Gypsum 3.8 3.8 2.2 6.6 4.1 0.3 

Hematite 0.1 0.0 0.0 0.0 0.0 0 
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Figure L. 	 Nearly pure vit-rinfte ill tile Sharigk '+o capi. This 
t.ype of ocicUIi-:. was very rare. 

AA 

Figure Z. i i hti t I : t,. vit:-i lite (V)llt 

[; cOIllIliill', t I I'; 1i W;d lc init ;1n pyritewi Lt (C) 
(P). Tlii'. U I.I, .ice of' vittIliiL. C0111110on iln the 
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Figure 3 .	 Vitinite in the Sv++- l ibp seam containing intimately 
mixed4 cutinite(C) 4+In tde form 	 Cof very thin cell walls. 

+ • +, 114 l, 


'Iit 

Figure +. 	 V.trinite (V) Clnti unji-, el sam composed of 
C in c jnitC k In" i;f ,n+ell, ofv,o 
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Figure 6. Vpi L i i ( Ihh.i t iii ) p tir, S), cuticles 
(C) , "1i1 . h,, , iI (-W 11- d i ,;p , l l virr iite (V) . 
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F i gu r e 7 . S p o r i -n i t c : ( S ) h i l , l i l : J ,L ' ~ t ' 
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Figure 7. 1.u i1 it ilt 1~1~-it ,itii v 



Figure . Sporang,ia (reproductive body containing mniy spores) 

(S) in the Sharigktop :cam. 
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Figure 11.. 	 Scni fitinitt, (.,l) n11(i C t,., ilte (V,') ii Lhe Sharightop 
sCIMp). I Lt t t lttti v, ;ir ir t n hi s seam. 

V 

Sc 

1A Sc" 

Figult 12. 	 'Il I .r i t,i, 2) itt J itititL e (V) 

ill t h t,' ; i .1,, . 1,. ( 'l ' ; a l' :I _S O 
',! 'I'I,11 ' ill t 111 ()l;11 , iltld l' '~ ' ' ' t 1 ) e I- ( s L 11n g 



(,lay in 
of clay, containing thin lenses of conlv mate rial 

Figure . C the Sharightop seam. 'lls .large fragment 

(V) and pyr ite (P), probably is from a largtr 
parting in the coal. This type of clay is, easily 
removed by cleaning in n gravity med iun. 

F u. O of +, ,4
-. "r 
•"V.,_V s m ,. + +-':> +.,+ :++:. a:(. +' ... .,o,..+..( .* ",':" 

clay..
 

& F++ ;ic.1- I1)le....~ r+g,m,+ii ,of ci,' in I i .. 
c I"a .. . . .iy 
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Figure JS. A it) icron thtik band of nearly pure clay in vitrinite 
(V) 

PPp 

7 

.TO, 

FIguru 1-. V t I i hwdl :o f clijv (C) in vitriuite. Also in 
thr vitxinit (V) if;framboidal pyri e (Pf) and 

, ci,i,.,,(),p). Thalrigk l)p s ;. . 



Figure 17. A large, greater than 500 micron, grain of pyrice (P) 
in Sharilgtop seam random sample STS-2. 

Figure Massivu fract:ure Hfitting pr i', ( h)in viLrinite in 
ie S-;h: t'ir lg p :;alll. rmiiYoidol p Irt i - A so 

s. er;LOl lough the Vitrin i ; (V) 



Figure .19. Massive d ,edritji l , i[ V r in STS .1. Thisin i t:xii 
type of py nte, formt l25Z of theL pyl-ite in th ; random 

S¢.lnl [ATA
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cystals in vitriniteFigure ,.Patches of discrete 0.5 micron 

patches are lenticularin the Sharightop seam. The 

0 microns parallelwith maximum dmensions of 2 to 

to bedding. 

,Fi. .. ":. 2.; ' . 
~:. ,," ,n ,.,. ~ 

, ... , .. ........

A ". . , . d......!..-

co t i n n.. fr m d (f...Fui g r 2.2 .A. . la. g e 4 0. m i cro n, p a tch. 

to bedding n vitrinite.
The patc is p rallel 

t eam.Sharit hops 



Figure 23. PatLches of primary pyrite which selectively formed
M! It,in vLLriLlte within cells, Lnd did not: form in th 

eIt wall.Is . Sharitop seam. 

whic 

sharigkop seam.. 

Figure 4. 1-1'.iireLhe. of raimary scterdyrtiite thetveyfred 

. . ~ - I _ , ... ­

? - .... , . w. .''> "" 

Figure %.4' nl~iv idal frt mho hi scaittered in vitrinite in the 
Sa,:rili top seam. 
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Figure 2. 	A large, 60 micron, cluster of framboids in vitrinite
 
in the Sharigktop seam.
 

-VIi
 

Figure L6-. Calcite (C) frncture fillings in vitrinilt in the 
SIharig t op scam. The fractures filled bv calcite 
are typically thin, less than 10 microns 



. . t'"k % 

Figure -.	 Calcite containing fragmented vitrinite (V). In
 

the Sharig top seam. Calcite (C).
 

Figure 2-.Fracture filling gypsum (G) in vi~rinite in Sharigk
 

top seam.
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Figure Z. 	 Fracture filling gypsum (G), in vitrinite ir the Sharigk
 
top seam. Zonations indicate the gypsum gre2w from the
 
edges of the fracture toward the interior.
 

4'.­

r.) 

Figure 3. 	 A 50 micron pod of primary gypsum in vitrinite in
 
the Sharigbtop seam. This type of gypsum formed
 
as the coal was deposited, and is intimately mixed
 
within the coal.
 



Figure 31. Pods of primary gypsum in vitrinite in the Sharigk 
top seam. Cypsum (G) of this type is very diffi­
cult to remove by gravity separation.
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Figure 33. 	 VM-rhlL10unc: in pyrite types in th !SharigKcoals. Samples 
STS-1 t"rn SIS-4 and SS-1 thru SMS-4 were random 
samplIes . VI 17iatiL101 in the Sharip %top seam is greater than 
the var iza1.011 in thI e middle seami 
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Figure 34. Variti, 
Samps1( 

; in pyrite content of the 
-thSTS-41 thru SIS-, and S'IS- 1 

Shari'01coals. 
thr SMS-4 were 

random ,SaITpi e s. The pyr ite 
by point cotint: method. The 
cxhibiLed by the Sharigh top 

content 
largest 
scam. 

was determined 
\ ariatcions are 



Figure S. Very pure vitrinite, containing very small clay grains 
in the Sharip~middle seam. This type of vitrinite is 
rare in this seam. 
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Figur e' 3X. A m]I(,,, COM][mi vil r,[[)ilit o< t vI)w i)I t ,'I+..;ml-il >;~ ':riIddl e 

.;, 1;11 . T h i.'; ... 0 1~ni( ) c oll/tai l); m iny t h i l cu tHi -

c's, (C:) '111d l avr-,;,_):- (-)f C'.In (C:I). 
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Figure 37. 	 ViIil i ti it , i',,.:iontu ning very 
thill l , i: ,t i mi :; ,i i it . ,] w Il ls (C). 
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(uLinlte 1-iinFigure 3 C9. (C) in vttrilnit t (V) in L n1 uid le 
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7 AP 

this one (S), v.ery in 
Sharig.middie seam. Here th spoi isolated in 
vitrinite, as is the pyri te Frambo(d (P). 

Figure 	 such as ,Spores, ar rr the 

. . .. ­

S.v 

Figure '12. 	 A l r,,, clay raitl in il i-hai~jmidI a,. he 

cla int tilihis that W tii top scam, W 

fl'< il tle c ' :ll I)", c ic:I.it ill-t, 



Figure +3. 	 Massive dendritic pyrite in vitrinite. This type of 
pyrite was half of the massive pyrite in all random 
samples of Lhe SMS coal. This pyrite type is in­
timately mixed with the coal, and is difficult to 
remove. 
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Figure 44'. A large massive grain of pyrite in the Sharigmiddle 
seam. 



Figure q. 	 Mass rracture filling pyrite in the Sharijmiddle 
seam. 

• 	 .. J 

14' 

Figure 46. 	 Vii-in,,.-; Coris o patches of discre~e ]:y.-LI s in the 
Sliat-,nid Iceam. I'hi, Lpc of pyrite is cxtremely 

diftiricult t:oI-emove b-,y convent:ion l (o,l cleaolng 
p Io c e s. 



vv .'ls of pyrlite which 

in vitrin it,. in the Sharigkmidd.le seam. 
Fitgure: Sma.l. crystaI replaced cell walls 

Fig ure' . In' ic ,.s of disc rte c'rytals [hlat retplaceod cel~l walls 

inlLilt ,haloimfd:dilo~t Renmi. This'- type, of pyrite i.s ,also 

ver,v dlifficutlt: to remt oveo from the_ coal. 

http:Sharigkmidd.le
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Figure 49. 	 Isolated euhedral crystals scattered in vitrinite in
 
the Sharighmiddle seam. This pyrite type represents
 
0% to 11% of the pyrite in the random samples, this
 
pyrite is the most difficult to remove.
 

Figure 50. Franiho Lds .in tLe ,hr hmi.dd l._ se1 'm. 'Ii'his pyrite 
type is the second most common iu thiLs seam. 



Figur, .! 	 A portion of a very l.arge pod of prr-i:;irv ,,vpsulLi in 
the Sharif middle seam. Thi s type ol ,y~~l~ is 
gene~raI 1v (di ffl cu It to remove, howewr , ifFpods 
are largFe ,-noug~h they mavy bro<ak frt-e of the coal[ and 

be cleaned from the Coal. 



PHYSICAL FaS FIe; 

A te.&.s in prgoram w,,as implemented to determine the 

phys.ical pro urties of the C,hari-L and Lukhra coalM The 

areas of testing involved random sam.ling, crushing, screon-. 

ing, and r~neuic separation.
 

Random sampling - In the evaluation of any coal 

rescrve, a knowledge of the variability of each scam with­

in that reserve is very important. For example, if a seam 

has a hi gh variability, one secti n of a mine may produce 

a coal s_{nificantly different in coking propcrties from 

another -cction. In this case the coal froi: the section 

with the better coking properties could be kept apart from 

the reut of the mine's production and either sold separately 

or used in blending with that portion of the mine's pro­

duction used in coking. Also, a knowlcdLe of the varia­

oility of a scam will allow the anticipation of changus in
 

the averaCe characteris bicc of the coal produced as mini; 

progreses.
 

The ideal procedure for determining variaj]blity is 

to sample the entire property by core drillin, along a 

grid iatitern, saced closely enough to allow a complete 

stat,is tical analysis. Steeply dipping seams of course 

pose .peciidrillin,]g problems . However, any ...pi. col­

lecdee by drill, are helpful or, if a drillin_ program 

is not prantical, samples collecte.d from each working sec­

tion of the mine. In cases in which none of the above pro­



con be applied (i.e., only a single, composite
cedures 

sample of the seam is available), the technique of random 

sampling has application. 

Handom s.Vpliny; i s used here in an at tempt to deter­

mine tl,]he Cuoloric coal JircpaFrnlion pot enti.al of the Lharigh 

coals. Four saampls were taken from the STS and OL-- con­

tainer, in such a manner as to infer the variability of
 

each seam. For a detailed discussion of the sampling tech­

nique, Lee the section titled "Wethods, Procedures and
 

Equipment". Briefly, one grab sample was taken from
 

each of four sites in the container, w ithou mixing the 

coal either before or during ampling. Ea h saple was 

tested for giesler plasticity (Table ioC, 11i e5 -go 

Some variation in coking properties was found for 

both coals, especialy the ST5 sarple. This indicates 

that a possibility for exploiting the geological features 

of these sea=s in mining and preparation r.:ay exist. How­

ever, a complete (e].ineation of there coal reserves, by 

the type of drilling program mentioned earlier, would be 

required before a complete evaluation could be made. 

Screening - A screen analysis was made of the s:anples 

as shipped (Tables 7 an1j I0 'mo'f. in order' to 

dotermine if a useful separation could be made on t:. 

basis of s ize alone . All sampla0 were Wet screca, to 

eliminate the uroblem of tic.:inr; or clumuinr. 
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These test: indicate that there is little o.y otity 

for cleani."; the-re coals by size alone. The most 

tant p,ra;.:c ,ers of ah and sulfur contnL, and ap:king pro­

pertie s are not sufficie ntly alte'e0 by si mpe] o,..ig. 

The finer sizes of the ;lit coal did have ro:nMh.: 

better coking properties, but this was offset by the 

accompanying increase in sulfur. 

A second test was devised in order to dotermine if 

grinding the coal before scroenin.0L could effect a useful 

separat ion. The results of thi s tust are ,u;;arize in 

Table nJ, f- o V.- Three tents ,were performed on both 

11I1.13 and JTP .O I'lo at saml.es . A portion of the sample 

was fiWrct analyzud (:indicated as the plus mesh size in 

Tab]. u&,, then ,round by sta;es until approximate ly 

3U; IacLd e, [her a IN, 200 or 325 mesh screen. Each 

test produce: tvwo sua.;ld1es , the plus mesh size or head 

sam]pl e and the minus mesh size. 

The results of this tot were very unusual in com­

parison to Un nd States coals in that in every case the 

finer size fractions were higher in bot ash and sulfur. 

It that, bo th the ash and sulfur content of these 

coals ae C. .y redaecd in size (or li rated) by Li ind­

inj and thcr.fore loth tend to report to the finer size 

fraction . Becau: L: sie. <',ctl"rations. deIj on a difference 

in fri ablity to cu[fect a separation, tW2hi type of process 

appear: to have little apiplication to t,,.,.u couls. 
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'Friability properties are explojited for separation by 
systes in which someC form of size reduction is applied to 
the col, followed by a size separation. The 	 effectiveness 
of size reduction equipment on coal components variu, widely 
between min..imls such as pyri.te and coal 	 maeerals such 	 as 
fusain. This 	 method of sepaatio n is vur'y co st-officjent in 
some 	 instances and therefore Mu 	sal Lion procurs was 
evaluat ed for possible application to akistan coals. Tests 
were 	 perforLmed by crushina and separating{ coal 	 into a num­
ber of sine 	 fractions by scroeninC. L h 	size fraction wa 
anlysnd to determine if a useful separation had been made. 

-etrograp.hy can also provi.de informatjion on mineral 
forms and occurrences which arei imnportan t factors in coal 
separation. In this study part icular attention ,as paid to
pyrLte forms analysis because pyrite remdval appeared to 
offer the most likely means of sulfur reduction in the Sha­

righ 	coals.
 

The effectiveness 
and efficiency of any coal. separation process 
\vill depend on the size of the dispersed ash or pyrites and the particle 
size of the ground coal. The ideal case arises \Vhen the coal particle 

is small-r than the dispersed inmpurity phase.
 

The pyriZeS al n1uch of thee 
 ash is 	 fi nely di.sperscd (about 0. 
micron). The power required to grind th, mine run to this size is uneco­
noniical, It: is therefore anticipatcd that g iinding to noniiinal. sizes will 
only ad irnt partial removal of ash and pyriles regardless of the process 

s el c ed. 

5 

http:provi.de
http:etrograp.hy


waS Impi ica ed to determine the physical propertiesA tentinug progr~lmn 

random sampling,testing includedThe arcas ofcorli]of the SharI nd. 

and pulveriz­
magnetic scparation,ty studiestWa"'hab!lqcrcenillngcrunhfln&' 

determilnationsafter wathabil1ty
fine 'i,-es and blendinging to 

four srmiples (Shar igL, Top
each of thetoiken fromnsai:. Ile wereFour ran1lom 

Afl) to approx i­l 'i13, Laklra - Sample
1ra dg., amk, a - SoaIp u 1 

Seam, Sb 
e- taken in thesampl s were 

o: the coal seam. Th 
1 ';ao:aiplilug throughouItmate rand
 

steel containerfrom the-- round,remnoved50a2J . sma, i- Ir:\.owerefollowitg 

by a metal scoop, approx­
12 inchu dia.'eter by 30 imchc:_3 high)

(approx.tii .].y 

of the coal (at" it w'' shipped) and two 
four inches below the level

iotely 

naples were taken from the 
the rema ining tw i. 

tih perimeter andinches fron 

samples, Th contain-r was 
as te top twothe same areabott:, in relatively 

bottom sam=ples.of the two 
angle to facilitatc the r-ino''al 

tiltud to a 450 

, table titled Random 
of the si:;teen 5arpWe can be foun( in the 

The analyses 

Samples. 

was removed by riffling to 
the four coal samples

A portion of each of 

in a Jaw crusher so that were crushestest. These portionsperform a screen 

Testor 
screen, and ocrcened through a Ty-lab 

100% would pass through a 3/8" 


to retain portions on the fol.,:.ing screens: 3 llesh,
 
screening device ,so as 

Mesh, and a botto:a pan to retain the -100 1'Mh coo 
Mesh, 41 e,,;h, 10014 Mesh, 23 

riffl.ing aId pulveriLed to -60 "....h for 
Each fraction ,,as we!lghed, reduced by 

i:-ay be found in 
analylcal ainalysis. The conclusions of this testing program 


Analyses,
the tabMles under Screen 

to Obtain samples for a 
for screen analysis wan repeated

The procedure 

Each of the four samples were subjected to 1.25, 1.30,
 
washabilty program. 


separa tiobu using perchlorethylene
and 1.60 spectfic gravity1.40, 1.50 

and nap tha (1.00 peciflc gravity) to obtain the 
(1.60 piecific gravity) 



5-"+-)
 

crushed and pulverizedrcquircd gra\vitiss. Each fraction was then weigicd, 

to analyical size and ;ubjected to chemical analy;is. The results of this 

program ay be found under the corresponding coal, under the general heading 

of Vasha:bilifry Study. 

Only the Shari,- ITop Scam and Sharig!i5 ddlc Seam were subjected to a 

agnetic b,,e.ciation procedure. This test was pcrforned using the Frantz 

,sodyn c Searator illustratedSc in the accompanying schematic 

' vii tue: past n cc forward in cin 

5 dIgrL. belo- the horiz-ontal and the lateral inclination at 10 degrees with 

the vertical plane. The attacd vept at a constant Setting of 

7 on a scale of 10. By periolicallya,adjusting the current to 3.5 amps D.C. 

a magneic force field of 10,700 gaussl was maintained throughout the tests. 

Analy:; of these tests can be found in the table entitled Vagnctically 

Treated Sa,"pes. 

A program of fine pulverization of Shnr >Top Seam and Lara Coal -

Sa.. . l was.... initiated to detc;ri,;.Th if any bencficiation could be obtained. 

Three tests were made on each coal by pulverizing the zamples to So percent 

passinz a 100 mesh screen, 80 perccnt passing a 200 mesh screen and 80 percent 

passing a 325 mesh screen. The results of this program are included in the 

table designated Finely Ground Samples. 

The table "',:ashability Blends" includes analyses of analytically ground 

samples fros. th, washability study blended together by weight so as to create 

a coal Washed at the indicated gravity. 

dra:i. v1': of e:.:pI:r the tIn' was set at 

http:detc;ri,;.Th


TABLE 1-

PERCENT SULFUR RET:.NTr.N, ASHi AND 
OF LtL,: AID 

CRUSH1 STRENGTH 
IIA}.1(;I COALS 

ON FIRED PELLETS 

Coal % 
Addition 

7:Suifiu 
Retention 

% Ash Crush Strcgtl 
p1)i 

VIii 100 
150 
200 

100 
150 
200 

48,06 
71.40 

101.5 

53.27 
77.41. 
85.26 

23.20 
28,26 
33.66 

23.03 
28.21 
30.65 

1740 
600 

1130 

109C 
96, 
63C 

100 
150 

200 

100 
150 

200 

-36.96 
69,28 

98.78 

41.1.0 
68,18 

84.36 

29.1) 
34.9 

39.72 

28.94 
33.69 

36.55 

140,) 
1210 

1300 

135' 
121(. 

121( 

STS 100 
150) 
200 

100 
150 
200 

51.59 
71.63 
80.00 

33.15 
46.56 
53.71 

19,54 
24.93 
28.48 

19,85 
21..0 
23.52 

1040 
1060 
1300 

.72C 
92( 
87C 

1,,.,100 
150 
200 

100 
3.50 
200 

51.69 
70.37 
69.03 

43,2S 
46.15 
46.06 

30.31 
36.36 
38.93 

27.31 
30.56 
32.6. 

1620 
1570 
1690 

174C 
121C 
188C 
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RANDOM SA IIPLE'S 

Shari XCoal - Top Scam 

1 2 3 4 

I isture 
h 

3.9 
23.9 
39.6 

36.5 
3 

1TU10,818 

3.9 
25.2 
38.9 

35.9 
3 

10,525 

4.0 
24.0 
39.7 

36.3 
2 

10,728 

3.9 
24".8 
39.0 
36.2 
2 

10,626 

Total S 
SulfateC S 
Pyrite S 
Tota) Inorganic 
Organlic S 

S 

6.84 
0.09 
3.1.1 
3.21 
3.63 

6.82 
0.07 
2.82 
2.89 
3.92 

7,00 
0.07 
3.16 
3.23 
3.77 

6.91 
0.07 
3.14 
3.22 
3.69 

SharigCcal 

I 

- Middle Seam 

2 3 4 

Mois turc 
Ash 
Vill 
FC 
FSI 
BTU 

3.2 
35.2 
39.4 
25.4 

3 
9,161 

3.1 
36.5 
39.2 
24.3 
2 . 
8,9;0 

3.2 
35.5 
39.3 
25.2 

3 
8,976 

3.3 
35.0 
38.8 
26.2 
3 

8,955 

Totail S 
Sul fate S 
Pyrite S 
Total Inorganic 
Organic S 

S 

t 

X 

8.35 
0.25 
3.38 
3.63 
4.72 

8.12 
0.19 
3.11 
3.29 
4.83 

8.52 
0.25 
3.36 
3.61 
4.92 

8.51 
0.25 
3.20 
3.44 
5.08 

Note: Analyses determined on
 

moisture-frec basij
 



Moisture 

Ash " 
I, 
Fc 
FSI 
BTU 


Tota.l S 
Sulfatc S 
Pyrite S 
Total ,,,nic S 
Organic S 

bloisturn, 
,h 

* •
Y,SI 
BTU 


T6fal S 
S6lfate S 
Pyrite S 
Totail Inorganic S 
Organic S 

RAIDO:.I 

Laldra Coal 

1 

29.1 

11.6 

42.2 
46.2 


0 

11,950 


5.50 
0.16 
3.03 
3.19 
2.31 

Laika Coal 

.12 

24.4 
26.1 
39.2 
24.7 
cO. 
9,116 


12.15 
1.20 

6.41 

7.'61 
4%'54 

.,,;..2:P S 

- Sample 

2 

23.2 

30.2 
34.1 
35.7 


0 
7,572 

17.96 
0.47 

12.15 
12.62 


, 5.34 


- Sample 

26.0 
22.8 
38.8 
38.4 

0 
9,665 


9.53 
0.45 

4.64 

5.08 
4.45 

111113
 

WMI
 

3 4 

28.1 29.6
 
14.2 17.8 
42.7 42.8 
.43.1 39.4
 

0 0 
11,044 I0,609 

6.70 4.68 
0.21 0.14 
3.76 1.49 
3.96 1.63 
2.74 3.22 

34
 

27.2 26.7
 
i9.9 15.6
 
40.2 42.4 

.99 42.0 
0.. .0 
9,875 10,800
 

6.77 5.5i 
0.67 0.48 
2.87 2.11
 

.54 2.59 
3.'23 2.92 

.. I, 

Note: AnaIy,;cs d,: tcr incd on 
mois ture-frcc basis 
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SCREEN ANALYSIS 

Sharig!Coal - Top Scam 

+3M 3M x 14.I 141 x 28 28'M x 4811 48M x 100M -100M 

Wt. gs. 
% 1r. 
Moisturc 
Ash 
\'q 
FC 
FSI 
BTU 
Total,-
SulfaLC S 
PyriL: S 
Total I n S 

438 
4.84 
2.9 

26.0 
42.6 
31.4 
2), 

10,676 
8.64 
0.14 
5.00 
5.15 

3.49 

3,270 
36.16 
3.4 

30.1 
37.4 
32.5 
21; 

9,909 
7.40 
0.09 
4.02 
4.11 

3.18 

2,098 
23.20 
3.4 
22.5 
40.4 
37.1 
21 

11,020 
7.22 
0.07 
3.46 
3.53 

3.69 

1,291 
14.28 
C 4 
20.8 
40.3 
38.93-
11,257 

6.89 
0.07 
3.15 
3.22 

3.67 

1,194 
13.21 
3.2 
2.17 

40.2 
38.13 

10,917 
6.63 
0.09 
2.90 
3.00 

3.64 

751 
8.3l 
"3.5 

\28.8 
37.6 
33.63 
'9,844 
7.21 
020 
3.28 
348 

3.73 

Shari"11Coa. - Middle Seam 

+31 3M x 14:-1 14, ",2CM 2,.: 4C. 48Y14 : 10O:' -lO1M 

. , 
7.V;t. 

Moisturu 
A;h 

'C 
SI 
ETU 
Total S 
Sulfatc 3 

i 
t:1 L;'; 

Or,;,ic :3 
laic S 

525 
5.60 

2.6 
35.4 
39.2 
25.4 
2 

9,004 
8.99 
0.18 
4.27 
4.46 
4.54 

3,911 
41.68 

2.5 
39.4 
37.7 
22.9 
2 

8,495 
8.75 
0.14 
4.25 
4.39 
4.36 

1,917 
20.43 

2.5 
"27.8 
*42.4 
29.8 
31-

10,251 
8.53 
.0.17 
-3.18 
3.35 
5.18 

1,135 
12.10 

2.4 
30.4 
41.1 
28.5 
4 
9,761 
'8.39 
0.24 
3.16 
3.39 
5.00 

1,03 
11.07 
2.3 
31.3 
40.8 
27.9 

3 
9,700 
8.21 
0.27 
2.95 
3.21 
4.99 

.'857 

913 
2.6 
36.6 

-38.4 
:25.0 
7.3;.. 
"8,596 
78.11 

. '0.49 
-.3.04 
-3;53 
4.58 

Note: Analy:;es determlied on
 
Moit;Lure-free h:a;is 



SCHE., !',,t1 ...... f 

Lnkra Coal - Saniplc 111''3 

+31M 311 x 1411 14M x 284 2HM x 48.l 48M1 x 100 -100 

128 2,774 272 47 194 124 
7 3,C2 78.38 7.69 1.32 5.48 3.51 
oL: c 22.2 25.7 21.8 19.4 20.2 15.4 

A!; 1" 25.7 25.8 26.9 29.4 30.5 33.2 
VA 140.1 39.6 38.5 36.6 36.5 35.0 
FC 34.2 34.6 34.6 34.0 33.0 31.8 

BTJ; 
0

9,673 
0

9,383 
0'

9,174 8,720 
0 

8,577 
0 

8,142 

To 6.13 6.58 6.68 6.61 6.78 9.12 
Sulfa, S 0.19 0.23 0.23 0.26 0.30 0.55 
Py2.itc S 2.67 3.53 3.30 3.36 3.58 5.33 
Tho'. 1nri,,nic S 2.87 3.76 3.53 3,62 3.88 5.87 

5 3.26 2.8 3.15 2.79 2.89 3.25 

Lal 'aCoal - Saplc U1.1I 
+3>1i 34':+3, 1.4M 14M. x 2CM ' 28:4I x 481.,,,m, 48.. OO48,M %.100DM lO-100111 

Vt, g:n. 137 3,)02 403 16 189 204 
% L. 2.85 77.09 3.39 3.48 3.94 4.25 
1.0 , 24.2 2414. 21.5 17.8 13.3 11.1 
Ash 23.6 23.5; 26'5 30.5 46.9 48.4 
VI 38.1 384. 38.2 36.i 27.1 26.7 
FC 38.3 30.1, 35.3 33.4 26.0 24.9 
'SI '0 0'.. 0' 0 0 ,0 
BTU 9,408K 9,466 p$,399 8,432 6,204 5,987 
Tut ' 3S8.72 8.41 8.87 9.28 8.49 13.83 
Sul 0.30 0.62 1.04 1.03 0.74 0.62 
1- 4.38 4;51 4.28 4.95 5.16 9.87 
'ot Inc gic S 4.68 5,13 5.32 5.99 5.89 10.48 

4.04 3.28 3.54 3.30 2.60 3.34 

Note: Analy;et determined on 
mo'Lturo-frece basis 



TADLE Cj 

)'I h'r1 ,Y C;....C!TD 2 >' ,: 

Sho.ijiCo:1l - Top 

1.60 rloQlc 

Sanm 

XII 

+100 1,cD'a -100 -1-200 lxc;h -200 l'ciih +325 lhoh" '-325 >~o': 

Ash 
Total S 
SulfcaLr' S 

1' ' 
Tot ] .T.tior n.1. S 

0rS:, S 

"7.9 
4.79 
0.0' 

:1 .31
'.5 

3./:4 

5.56 
0.09 

1.83
1.92 

3.74 

7.7 
4.72 
0,04 

1.).9
),.23 

3.49 

10.0 
5.95 

.0.i0 

1.952.05 

3.90 

8.1. 
5.37 
0.07 

1.561 63 

3.74 

11.4 
6.17 
0.13 

1.992.12 

4.05 

U"0 , O1'.rol, Saml 0} 0 0 

7. 

1.60 Float 

II, IIIl. 

h 
Total S 
Su:fe 'S 
, 1 S 

Torlt IL;c'r;nic S ,' 
: 

-i100 

5.42 
.0.23 
*1-.2.51 
2.74 
2.63 

1h ,00l'c.h 

20.23.6. 
6.32 
0.13 
3.21 
3.52 
2.80 

0 Elcch 

19.4 
5.27 
0.26 
2.29 
2.55 
2.72 

-200 i-csh 

24.5 
6.45 
0.27 
3.56 
3.33 
2.62 

+325 sh. 

20.1 
5.143 
0.27 
2.51 
2. 7 
2.65 

25 u'.s 

25.0 
6.50 
0.2'3 
3.50 
3.78 
2.72 

11,I, II, III wci'o gound ro that b07. pwied tho 00, 200, and 325 resh 
S oC'cen, r(-t pc.C(IAcvo1y. 
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TABLE 10
 

07I"SLER III/.ITICITY
 

Maxium RImfcldc I.m.ICIn 

)5uax imtrn 
(.uid. . 00 Mox.:y M

Coa_ , (.DD,' Fluidity 

Sharglallidde Suarm 1 .23 393 


Shar I.gAIiddle Scam 2 100 393 

SharlgfillIiddlc Senrn 3 87 396 

Shrigb idd. ( S 14 123 390 

ShnrigTh'op Sn 1 3 396 

SlLIgATop Seemi; .2 25 396 


Shar )tcT'o' Sa 3 2 5 399 

., -'J,,, ~'....' 4 2 5 399 


Con) ,ICH 0 P ), um(II.DP.M 

~hz~4Wi~cJ ~ S'~*~M 3/,363 

Sh,,igk1(dIc 1:1 14 396 


4 387
,....S 1.2f. 700 

'
.,
S!.r~4r6 i~l 235 38Y339'I;a 2In,:
 

Sh g l.ddle Sc1;n ,x20 235 396 

Shr1. 1114dd I cSnmI -].00"1 82 393 

Shar i Top Saii +31 2 405 

Shari ,Top Sca,:1 2 402 

ShiirigIiTop Sa-a 1?:/Ix2M 3 405 

Shir i- Tc. p Se l 2Vh:(IThS 3.5 

Shar.,g'iop Su :A 48 10C-011 .,399 

,h&.r;Top scci "10,' .3 9366 


s ha.r..i I(Ic m 2 .' 260 


I-


Oc St:art

(1n.D . P. ) 

357 .
 

354 

360 

354 

369 

3'69 

37b 

378 


360° 
333 


357 

357 

354 

369 

378 

369 

'37,2 

38). 

.. ..
.... . 

0S)p 


C Final 

. (I D.D, 11.1-1) 

420 

414. 
414 

414 

405 

411 

414 


.417. 

399 

41 

399 


420
1'2066
 
426 

417 

414 

411 

414 .. 


411 

41.1 
4.08 


c

R. n
 

63
 
60
 
54
 
60
 
36
 
42
 
36
 
33
 

0, 

3
 
51
 
66
 
63
 
69
 
63
 
45
 
33
 
45
 
39
 
30
 
42
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Phyri 	cal T'ct A;; 

This portion of the research included several phase;: 

a brief s tudy of the possibility of using geologic fac­

tor.o in the mining anO preparat ion of these coals, and 

an evaluatLi on of the po ss l:lii. bie 2 of cloeain.L heu coals 

by ::creennC a nd by :aL nti.c separaion. 3ased on tthis 

work, the fo].iuwing conclusions were reacied. 

(1) 	 The Fossib . ty of u's n ge] ogic l actor"; 
to ilro v VICV': ' tOfM ,: 2 U t" i. 

inin i" ) Ce, uch f 01' <uI resiearch 
and CXw].(a) dri l ling re toaryt WEr rt_.q rCA fllv 

evaluate Ili pnoua:ia], of this procesIs. 

(2) 	 Seu'u.,in, do,:s :ot have a r.o ,':ntia. 
as a "> a Lho uc:.hn.ni .... iVC cUal. 

(3) 	 ],a{'nu ]C 20', na tion 00u0 nut. nj p',atr to be 
uto, .! in ruC:0uci:n. t:'ie :rulsf'n content of' 
tj,-, cou.v, but can 'ebum(. L:'.K ash content. 

http:uc:.hn.ni
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bafnneyt ? Per0 "'-tion 

L:aLsrwti. separation relies on the difference in magncj 

c su cepti _lity of pyrite and coal for a separation of 

the tv., mate:._als. Some form of pre-treatment may be used 

to inen e ti n maaretic propsrties of the pyrite such as 

therr:L! .1ta:::-air treatment. However, some studies have in­

dicatu tht is ua .ccacary.The response of 

coals no mi tr~.ic beneficution is variable, but in many
 

cases ihe sul -r reductilo obtainable is sub tAntial.
 

Althou, I) this nroce.s not
is developed, it i, reasonably
 

well c' tablis -d from bench scale 
 tests and as therefore
 

tested for ap--lication to the Sharigh 
 coalp. N;evertheless, 

the etfectiven Dos of the process is limited o the near
 

re:noval. of pyzatic sulfur, which can be morw 
 eadily achieved 
usinL comNerc: 1! conventiona .Vocesses that are based on 

gravit- separ._ ions. If this process becomes commercial, 

it wil. more tiaan likely find application at the power plant 

rather than ai the mine, since finely pulverized coals are
 

a requ, rement.
 

M.I,..;netc separation 
- The results of the magnetic
 

nep:.rat ion to:.. 
it are shown in Table11, cc . 5--55. Neither 

of. I,he toot cc.. l (KA1:" and T8) ex:hibi L . I..nificant
 

sWlfur reducti Dn after treatment, altlhuu.j i some cases
 

fi.r. 1 a:rge ar n reductions were ach:ieved. However, the
 

use of ':..;{gretic separation for ash reduction would prob._
 

ably nu, be CO. "-efficient.
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DEASIIING F: DESULFURIZATION
 

INTRODUCTION 

Coal is a very heterogen ous material. It is composed 

of a mixture of combustible metamorphosed plant remains, 

seOdnumrntary rock, and va-"ious minerals . These coal compo.­

nents arc pe orally evideii t at a coal face as a b:rnndina or 

layurinL effect and in some caCs aLs a mineral fillinE of 

fractures. DurinL rining, those components are broken up 

and mixed. The purpose of coal cleaning or preazration is 

to unni: the raw coal to produ.e a product for utili.-;ation 

ani a reject, for dip osal. Coal clanirnL in frequently 

directeo at the lowcrina of ash and/or the lowering of sul­

fur, which is a major detriment in Iahistan coals. In some 

cases, coal cleaning is also undertaken to improve coking 

properties. 

Coal preparation techniques exploit some difference in 

physical or cihenmicul properties between the various coal 

Co::Tol(;Lt s to effect a scparation. The propertics which are 

exploitcd in conventional coal preparation are specific 

gravity, surface chu.r:,itry, an l friability. Specific gray­

ity is the ]12 mary (c::l prop,,rty which is exploited by 

co:,mmon :- ratl.ion equij:mcn t uch as dense medium vesnels, 

dunzuso 1.udj , cyclo11(25, 'atter only cyclonc we t concoentting 

tal.s and ji g:_. Ocau~se 2;'ecific ,rax',ty conccntration 

iA CO:oimi (:i prupara t ion, Munsv uu n.1coal ext laboratory 
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specific gT'aviLy separations were performed on the Sharigh 

and LuWLhra coals. These tests were done in the manner of 

a waahability ,tudy in which a coal sample was exposed to 

succcs,vely hilCr specific gravity soluti.ons . The float 

material wa" analyaed at each step and th sink material 

passed on to the ne;:t highehr specific gravity solution. 

The flo:at anid sink ,',ere both analysed after separation at 

the hiL:,ct Lravity used in the test. 

The propcrty of surface chemistry in utilized for 

Separuttion w.Lth var:oun typo a oi' flotai on equipment. TWota­

tion was noL eva!an. Led as a ..pr,.1rtion tec]hniiue for the 

Shari{h aai L:.khru co.ls hecause it is the a.. L commonly 

used of tile con v ut 1:ional sst.ems and thec . 1 vL 

c,l,:1,r, e-o,, not cntire .un-o .. ,Pin 

Tn ip aru two bauic problems involved in the 

use of ]et ation as a 2ejs oration Mochanriz: prite cannot 

be remove uc utni.r hi hl control].ud laborat ry condi­

tions nd n vi, fl ( e nal.y inya minus 28 mc h) sioe coal 

1, K( Vjj,. .. P. I . ... In meo- rn prc tico, only the natural.l0 

OCcu2'V1L :, fi:n' are ever co.sitjred for treatment by flotp­

tion an& th, onl' for ','i:n and clarification purpo.s. 

O. n. qo. ... oii r'.nraP, 


1 n 'i ., p r n c I .,-u, of i.6 i­cu: n c :c k the n .L.r 
It : ] c::: 1 c : ] , :C L i :: ] " " 'e .. .'. . " ' " 

http:natural.l0
http:control].ud
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EIIUODS, ICCEDURES AND EQUIMI,2N
 

W.ash ab 1 1 it 

The coal (after grinding and screening as required)
 

was pl_,cecd in a container h]olding an organic liquid of 

1.25 sp ec ific gravity, mixed with the f].ui i and allowed 

to stid untLil the separa tion wa comlet,e. The sink was 

pau.ed on to a second container holding an orgunic liquid 

with a specific g;ravity of 1.30 and the flout vas collec­

td and stored. This cycle was continued throuagh liquids 

With ravit o of 1. , 1 .50, and 1 .60. After the separa­

tion at ravQty 1.60, both the float and sink were col­

lected. 

All of the coal saMplcs (5 float and 1 sink for each 

teat coal) were rlaced in an air sweep drying oven set 

at; 1500 a ae bxoiont ten;oratture. After drying, the 

samples ,ere crushed in a jaw cru.sher (this step was 

omitted for the finer much cizes) and pulverized to minus 

60 mcsh for anlysis. 
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RF]SUI.'['S ANDF I)ISGLI SSION
 

The pa.,ry dependent criteria of coal separation 

based on specJfic gravity are the amount of yield, and the 

ash anu sul'ur content of the yield. A g;cneral rule is that 

for a given s2inltc-p..s Cravity separation, the reduction 

of ashi ad us.lfur content results in a reduction in yiel. 

IIONeVe0r1, 10r 5 (iv O coal, one "type of ..r ", proc es may 

be much more uff1icient than anocther, espeuiuly at low 

sepa tion Lr'uv.tt,:itA2. Thi.s fact illustrates th( impor­

tance of (e tc:'min. the wahability characteristics of 

the coal to ho s ey L.d . ]io'eveur, it must be realizsed 

that Lh. Np.-.... 3i';" I Ut;;,er in,..ion. a labora ory 
]l~--l b3..... , .........P ,: . . ;.L ...


washah2I bn PWL,Lo(y 'Ly cmuutl ~ 6vcuplI ened by comn­

' 
y ..r Y . .p0n q .f,i in . The fi'Iu.]l in dup­

licat on r.y r;nge Crum Ml when ciuniC pluc 48 mesh 

coal in m:iai (1es, :tointcr;edite whenhevj cyclo ,0 clean.nL;-, 

a full si e rn,n, in a jiQ:, to__r'rt w_ cn c.e .ni-j:-Jnus 4-. 

me h.:_ on e,0.0?ra.. tUhle.2.in_ bvdrnuc].ir(e:: or o 

12V ,,.di.nj,the r, ul{,n of cx/Lenci ve 

w. hil it, n Ludic en, the Lnh.t.... L= uri coas. Each 

.i{uro conla:.; .four curves ln u e.lu' A, i, C, or D. 

Curv ? A is Ln:,.aula Live flout (or yi{eld) ash versus the 

pe eve L , .iLuI. This cuvve can be used eth er to determine 

the aTit"L of .sh1 tL at { . V e y ie(,l.d or vice versa. Curve 1 

http:clean.nL
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is the cumulative float sulfur versus percen, yield and can 

be utiliz:ed in a similar manner to Curve A. Curve C is the 

specific 'Cr'vityof 'earAtion versus the percent yield and 

dcnot (22 the Crcent floAt for a separation at a given gra­

vity. Curve D in a plot of the percent of the raw coal 

which is within ± 0.10 specific gravity of the gravity of 

separation. (noar grayi ty i:a terial). 

The anr:a t of near Cr-vity l at the gravityma crial of 

separation is very important in d .. i.gn inL; a p)reparation 

facility 2 O: 0 tis par (V"'r indicates the difficulty 

of separ.tion at a [-giv:n gravity. For example, lec than 

s( ven ercent of nu.a L'rav ityat (- i-i at h"10 avity of 

sceparatio PRauts Aiple so parat ion. In such at cas5(2lO a 

it is not 'tJcw:."r, to tMili:e a pr'oce.,: \ .... 0ov1id a 

shar -efsornAA.i 1 (:such = e nj mcdia) and a]. val t er proces­

sing may be :a. , cUA. A.ost all water procM. o; where 

a]pplicae, are generally less e'ensJve th.n :eavy md' 

proccssr in terms of co.,t per ton of coal. cussod. A 

general rule which L: .y be ap l.ied is that ',a:i d .ali.ngwith 

condi to=. V.'ia0 there is2unvc~n percent or i>s: near gruvity 

ina tori ",.. :..,, procuwe:.' ,.'s or '","s)' ',',aver (ji tW arc 

irsi.catU , if wute' procesing c,- preovi. .. ,{ficicntly 

low ash j sul fur con tent in the yield arc: the yield is 

satisfa ior','. 'is arbi'rary l;;it of ::ev.. "vi'cent near 

ravi t iLt,.1.LS i.n sometime,s increaed to ,.. jrcent; or 

http:iLt,.1.LS
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.n_ or.'
-
cases8 c](:i Cwrth livLeOr, seVn 

l:i.it :i.s con.islnt wit: pruient en:ineer:ng practice. 

s­

in rare L c e 	 the 

cone.or1ation in the 

sing is the dM'ired gravity of separation. General].y all 

water processep; ME&(to fail below a gravity in the range 

A Jeconnd] 	 une of all water proc 

,Jif 


1.55 and if a lower gravity of separation isof 1.90 to 

r'e-qu c: 8.avy med ia .,auin indicaLuccd 

When hea vy. :Oi i,..utilincd, co m:, d ctrion should be 

given to the p]ra:si8:i.!:ly of reproceeCin, the middling or 

sink portion of'the feed coal. Reproccesing the middl.in.. 

may be c c~-ccl :i.ly t.tive if the firs t grviy of sep­...

rat i.on ',,::,v cr5 l.', cusn . a low yi ead . In such a case, 

tho s C ":i:C2 a. 6u""L; , '  mn,	. . , at ]h;j:':her gravity to 

NO 1 'lc,- of a lo-c Crude, but; quitepronc:; a sconc' 

io csuitable' for cca .. . ORj:K,,, c t commn. an(: 

assures a v cr hi recovury. 

The :Lollowina table titled "iFoten lal for All Water 

Proces:in' " is a1,um:alion of thc projected effects of all 

wa tor prC)'c C:: nhon Lthe ts: coal n.. In a few c:aOr'e0s a realis ­

an( 8.; ,.&[:::c L ',ts a.. notic Io,l( ... } '; . :,CL 

iVON i.n Lhe ta. in gC:,,l, if the. .e., ash, and 

suol f'or vner enn t}: tnbl0 are ace pta~ for a given coal 

0 sh	 ".'bl. con85iCcrcd,sam:i., L]h,,n,]. ;'.at(:' <.,"10"d : , ' e pro­

vid , tat, thcL. 'vi yKof -;OU:M hto:isr above (in the in­

st,' ::c of Oli.:Mtcanlt:.;) 1.(5. If thLe ash or sulfur valocs.: 

http:middl.in


Fot ent fo .,'at er Proc e s ns-' 

icler e o--i Fe rc r; Percent Percent 

Coal.c-,-.rI Si i t4 I 
C 0... D D7 

die Co."-0 
 12.4 .
 
,,iddle C2i 7' 1,.3 7.2 

72 1..3•:: ., , _.. i , 1 I '''U t.0.. C 

11'.- "(.[..2 10.4 2 
1.C' 2 442. 

L -. 62 15.4 2.3 

8 ... 1 12.7 , 
3 . 26.4 .2 

3 14 72 7.0 5 
0T14 28 i~8 . 

2 /8712.0 610 
21015 2 5.8.5 

:.u-:, :: ..:= _e
"62 
 ' 
-:.:: :' : i.5... :_== e r~,I4 iO c
IDtC-
Z0 o-:l '-r:.inertan a,.-rox 2.ately 48 mesh 

rcn-arded a~ ::tec gnr 

http:Coal.c-,-.rI


found on thc LKle are too hjrh or if t, gravity;' is belo 

'
1.65, t] o h ',,mmia proce::ssin2; mayr be MiNIcL ,d. A more 

da il&Cd ev,nt.ion of the results of this washabi:iL stu. 

indicate We]c pv'rmissi )le Paraijiturs of the clcaning process, 1be 

neces sa ry infornnion is incuded in this report to allow a selection 

of the goals and limi tations of the proposed plant to rnake the desired 

s eparati ons 

RECOv~M ENI)A't']ONS AND CONC L1JS1ONS 

A d.s(c,::..t:on of the rceuil:: of the vashab:iJ.iLy studuy
 

.s AW&.e!1U2in titled t:and
ed t e .ection "',oult. ]liscurnion, 

Sufficient SpcifiAc data iS rMUs entCd to dCfij.,, thlei.nts of ash and sulfu 

as a function of yield for the wvasha hility of Shari.g, aid ,alzh ra coals,. 

Once The sllection is nmd, for recovery, then the pCrn-,ssi1l e sulfur 

and ash can e d eternijncd as wcll as the difficiuty of scparation, 
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TA 1, . 2 

FINFLY CGROUUD SAMIPLES 

Sharigo.Coal - Top Seam 

1.60 Float 

II II III 

+100 Mesh -100 M-s h +200 Mesh -200 Mesh +325 Mesh -325 M 

Ash 7.9 9.7 7.7 10.0 8.1 11.4 
Total S 4.79 5.56 4.72 5.95 5.37 6.1 
Sulfsty S 0.04 0.09 0,04 .0.10 0.07 0.1. 
PyrLitc S 1.31 1.83 1.19 1.95 1.56 1.9! 
Total Inorganic S 1.35 1.92 1.23 2.05 1.63 2.1: 
Orgallic S - 3.44 3.74 3.49 3.90 3.74 4.0 

Lakra Coal - Sample 11113 

1.60 FloaL 
IIf. III 

+100 Mesh -100 Mcch +200 Iesh -200 Mesh +325 Mcsh -325 1, 

Ach 20.8 23.6 19.4 24.5 20.1 25.0 
Total S 5.42 6.32 5.27 6.45 5.43 6.5( 
Sulfate S 0.23 0.13 0.26 0.27 0.27 0.2 
Pyrite S 2.51 3.21 2,29 3.56 2.51 3.5( 
Tot.d Inerg;iaric S 2.74 3.52 2.55 3.83 2.78 3.71 

idC 13rg;S m 2.68 2.80 2.72 2.62 2.65 2.7 

Note: Samp]en, I, 1I, III were gound ao that 807 pansed the 100, 200, and 325 mesh 
acrecnn re puc t I vely. 



TABLE-- 3 

scrtion 

S ,e, 2i0 

GraC7t 

.eight 

s 

" ': Ash 

Percent 

Cumaive 
,'ilur".ei,!tA 

:ercent 2er nr 

h,. 
Cuuntv... 

-­

1.25 Ft. 

30.0-!.0 Ft.
'.-0-.50 Pt. 

i.50-1.13 It. 
1.60 -in-

iM3 1.25 Ft. 

Lakhra 1.25-1.30 Ft. 
1.30-! .l Ft. 
1.'0-1.50 Ft. 
1.30-I.60 Ft. 

.60 Sink 

1.25 Ft. 
ShariTh 1.25-1.30 Ft. 

S-.30-1.40 Ft. 
1.4O-1.50 Ft. 
1.50-1.60 Ft. 

1.60 Sink 

184 

778
1"9i 
555 

369 
6.3 

32 

253 
1343 
526 

370 

204 

3109 
874 

946 
!06 

400 
1833 

4.5 

19.236.8
13.5 

9.1 
16.9 

1.8 

8.9 
47.3 
18.5 

13.1 

10. 

41.1 
11.5 

12.5 
5.4 

5.3 
24.2 

5.3 

6.0
8.4

17.9 

40.1 
63.2 

7.1 

9.2 
14.5 
26.9 

41.7 

61.4 

2.1 
' 

9.5 
18.8 

L1.8 
69.2 

3.15 

3.7225.137.85 

11.3 

17.47 

3.24 

3.77 
5.88 
6.79 

'.81 

8.75 

3.82 
5.15 
7.30 

10.50 

10.86 
10.73 

.5 

60.571.0 

83.1 

100.0 

1.8 

10.7 
58.0 
76.5 

89.6 

i00.0 

41.1 
52.6 
65.1 
70.5 

75.8 
100.0 

5.3 

-.49.3 

7. 

21.2 

7.1 

8.8 
13.5 
16.7 

20.4 

24.6 

2.1 
2.6 
3.9 
5.1 

7.6 
22.5 

3 

3.24 

5.'7 
D 

S7 

!. 

4.72 
5.17 

6.81 

-­,ar"gn 
M.iddle 
Scam 

1.25 Ft. 
1.25-1.30 Ft. 
1.39-1.40 Ft. 

".0-.o . 
1.50-1.60 Ft. 

1.60 Sink 

526 
1858 
iL52 
60 v0672 
499 

2394 

6.7 
23.7 
18.5 

6.4 
37.u 

4.4 
L.8 

12.1 

41.7 
68.8 

7.19 
7. 6 
8.71 
8.71 
9.91 
9.95 
8.20 

6.7 
30.4 
47.9 

56.6 
63.0 

100.0 

4.4 
4.7 
7.5 
7..5 
9.7 

13.0 
33.6 

7.19 
7.40 
7.90 

8.17 
8.35 
8.29 
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S,,: .... Ash Su:fur .. .....
 
rip ­ rc PcrcenZ PCrcent __,t rc t 

- C.2 3.9 2 29 2-9 2 4 .. 7 6.71 4!.5 3.4 5.32 
i . 5... 5/ .0 .5.0 

e0,21 .3 J.r. 
5.8 417 103r6. 10.1 6.S330.6-- 69.0 9.20 100.0 28.1 
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-1. 30-1 .-0 F i 0
20 


72 

72 


497 


1.25 


1 3 -. 3J Ft 73 

h 	 . 152 


36 
: . es 


50 


1. 

.. ,22I.. 43
_5. 30 

1 kra37 


2:- 2esh ..Su-i 53: 17 

. - 12 


45 


1.25 	 22 


.0 45 


. Z3-.0
26 

1.S0


1.5:,- :... h l.S 

6 -­

er C-nt e 


1'.A 	 .
 

.. 

,5 


3.9 5 .0 
18.6 5-3 

38.7 8.3
3.8 .3-, 

14 .S 1 .0 
8.5 39.3 

15.5 62.1 

2.1 5.5 

19.0 6.3 
39.6 7.7 

9. 14.8 

16.9 43 7 

13.0 60.4 

6.7 5.5 

26.1 ,. 
2 .4 9.0 

10.3 18.7 

7.3 38.4 

27.2 66.3 

12.5 6.3 


25.4 8.4 
14.7 11.3 


5 6 18.6
4.5 4. 


37.3 7 9 
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-,.. 

.0 
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5.1 

7.8)7 
1 

10 


3.28 


3.85 

4.72 


.70. 

1 .99 

16 .912 


3.79 

2-2 

9 


-
7.99 

±1.32 

15.96 


3.79 


4.4 
5.63 
8.08
10.60 


12.16 

- ,-c, 	 -e. -, 

3).Q.63
 

2 ... 
7 3 1"
 

!00. 	 22.0 

3.9 3.0 
253634
 

61.2 ,.3 

76.0 9.-
SS.5 12.4 

100.0 20.1 

2.1 5.5 

21 1 6.2 

60.7 	 ..
 

0
:" 15.1 
.0
 

0. 0 ?1.0 

6.7 5.5 

32.8 6.8 
552 7.7 

5 59 	 -5
9.2 
72.8 12.3 

10-.0 27.0 

12.5 6.3 


37. 	 /.-

52.6 8.7 

53.2 9.762. 1 


100.0 35.1 

,
 

.3
 

2.97
 

' ­
4. 3
 
5.1.3
 

7.79 

3.28
 

3.79 

L ,
 

3.79 
4.13 

0
5.03 
5.65
 

8.26 

3.79
 

4.21 
2.61 
4.915.3
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TA 1 TE6
 

cu::.:Cu!,:a-iv e C Cu 

r Percent 'ercent erucnt Ter.c't CercntC 
.­ . .­,­ r - - - ._ - n.. 

i. 3 
... 

;, 
Jo5 

-. 7.7 -. =7c 77 
40.4 

73
11.6 46 

30.7 18.0 7.69 71.1 14.4 

La hra -4.­ '- .5 t. -!13.5 Is -01 . 7 .4 ()"17.2 . 134.6 4L.4.!17.i1.$ 

.0 9.6 15.0 3.20 94.2 20.2 
-6 5.O 60.0 .24 100.0 22.5 

5 0.3 6.2 2.66 0.5 6.2. 6 

-. 0 169 7.5 8.0 3.36 S.0 7.9 
.3- - 57 51.0 13.7 5.98 59.0 12.9 

Z. 2' 5 7.02 78.0 16.5 

S 0.7 4.31 90.0 19.7 5.75 

n 26 0.0 62. 8.63 100.0 2".0 6.03 

!.35 t. 3 1.3 5.1 2.78 1.3 5.1 2.78 
S .25-1.30 F-'t. 7 2.9 7.7 3.57 4.2 6.9 3­

i .-- Ft.
1.10-1.30 F. 

9.4093
42 

41.2
17.6 

1i.2
18.9 

4.43
7.43 

45.4
63.0 

10.8 
13.1 

. 
3.19 

-t 1.50-1.60 t. 63 26.5 42.6 6.61 89.5 23.7 

1.60-S-n- 25 10.5 55.8 8..62 100.0 25.4 

t.' 
/ -

4 .7 
-. 

7 23 
n 

.43 
. 

4 .77 .3 
o 43 

1.£5-1.30 Ft. 6 14.0 11.1 4.18 18.7 10.2 3.99 

1.3L-1. 0 Ft. 8 18.6 13.6 4.77 37.3 11.9 3 

2xL;ra .­ 1-.50Ft. 13 30.2 22.4 6.08 67.5 16.6 
-.-. ....--.. 0 Ft. 4 9.3 36.4 5.60 76.8 . . 

.60 Sink 10 23.2 33.3 7.26 100.0 26.9 . i 

1.2 Ft. 23 1.9 7.4 3.51 14.9 7.4 3.51 

1.25-1.30 Ft 37 19.7 11.4 4.29 -­34.6 9.73 

-. 3 15.5 16.9 5.47 60.1 12.7 4.0 

a 1,-± V, F 22 11.7 29.5 5.67 71.8 15.5 ' 

S. ..Y- 0Ft. 26 13.8 49.2 6.11 85., 20.9 4.99 
1.90 27 14.1 Sink58.3 10.30 100.0 26.3 5.75 
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o0_3 

i .'?ik i 30.7 

.1e.0 

1 

. 
. 0 

89 

36.6 

9.7 
15.1 
5.6 

0 

-- 1 

-­
S.3 

9.5 
5.0 

19.9 

0.3F 

0Ft 
Th3 

14 

i0 

i 

--

3 ~ 

47 

12.:v 6 

9 
5.1 

11.9 
13.7 

1 7 

.5--. 3 
3 

15 
13' 

37. 
15.2 
12.3 

5.6 
. 9 

.. , 

. 
- 0.0 

9 . 3. 
30.. 
... 0 

70. O """10.0 

2.1 

3.9 
9. 

. 

3.46 

5., 
7.15 

1 .3 

36.6 

46.3 
61 -
67.0 

70.3 L I0.60 100.0 

5 3 0 5 60. 3 

10.5 
20.1
43.0 

7.97 
10.5 

. 

69.8 
7.8
80.1 

. 100.0 

2.3 
4.3 

d -47.6 
6 01 

I0. 2 
19.7 
57.5 

. 

7 
1 .557 

69 3 
.-

6.3 
100.0 

2 .0 
., 

3. 

4.27 
3 

9.'6.90 

0. C 

1. 

373 
5.5 
65.0 

70.4 
72.3 

1,~t00.0 

-. 0_2.
5.1 

25.9 

2.1 

2.5 

6.6 
25.1 

.7 

3.7
 
4.S
7.3 

19.5 

2.3 
2 .7 

-. 3 

3.7 
'.8 

12.1 
1.59 

2.0 
2.6 
3.5. 

5.0 
5.7 
3.1O 

3.­

.. 

3 

-5
 

6 

5.0
5 

6.73 

" 

4.56 

3.37 

C2 

5. 
. 
. 

4.5 
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Cuulat-ve Cu. I a t i-- ee. .. 

-G-r.r -is Percent P Crc t P 1--C -73r 

22 2 i e2 . 2 

7 

- . 0 

3 
. ... .3 0...1 
t 7 7 

k 297 

0.7 

1 . 5 

3.0. . 

60.6 

-

. 5
1 0 . 5 

2 1 
33.2 

6 3.7 

, 

-

7.1 0 
S . 42 o 

9. 7 

8 . 5 

0.7 
7 
5 . 0 
.0 , 

100.0 

-

57
3%. 68 
i7 5 

.3 

. 

-
' 

.32 

t. 

-. 

16 
70 

331 

0. 
19.1 

8.9 

3.1 

3.9 
i .. 

23.2 

6.27 
7.20 

9.70 

0.4 
16.5 
2.. S. 
. 

3.1 
3.9 

10.23 

6.27 

.18 

7.9 

153 42.2 . . 190.0 35.6 8.32 

7 

. . 
3 

-' 
.2 

' . 

2.2 
37.1 

19.0 
7.3 

- ..3.7 
30.7 

3.2 
4.5 

13.1 
25.0 
34.4 
70.5 

6 -
7.46 
8.93 
i'.3k 

!-. -
8.79 

39.3 
5S.3 
65.6 
69.3 

100.0 

3 . 
-

7.3 
9. 

10.6 
29.0 

. 
7.0 
7.90 
3.17 
3.31 
3.45 

'. 

r Ft. 

Sink 

1 0 
-­ 8 
''9 
6 

---
313 

15.8 
31.3 
11.7 
6.5 
3.8 

30.9 

3. 

6.2 
i .7 
26.0 
36.0 
70.0 

7.03 
.7 

9 .13 
10.26 

10.73 
8.22 

15.8 
47 .1 

58.3 
65 .3 
69.1 

100.0 

3.8 

7.3 
9.1 

10.7 
28.9 

7.03 
7.52 

7. S 
8.0S 

3.22 
8.23 

Sea 

..1 
1.. 

.:0-

-

0, 

309 
i.i6~-o 

59 
-

34 .19 
16.1 
6.5 
5.0 

13.2 
23.1 

". 
7.9 

14.7 
24. 
63. 4 
67.0 

7.i 
8.14 
9.23 

10.17 
8.17 
7.75 

3.13.9 
50.2 
56.7 
61 7 
76.9 

100.0 

6.9 
8.3 

3 7).2 

7.!-1 

7.3 
3.02 
8.05 
-,.9, 
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CONVi; .SIO.N PI{OG:L]SSi,:S 

This portion of 1:he \\,orL i,; colc crl.d with the possible ecolondc 

upgradin.g of the Shar!i,.h and .Lakhra coals. 

TwCo procus: ess 1w'hdcli have been previous ly comrnerci.aliz.cd were 

investigated, i. c. carbonization1 and hydrolictuefaction. 

Research and developinf-lnt effort al. present has resul.tcd in coal 

conversion l occscs of a variety of technique:. T]e state-of-th e-art 

indicaics that the proposed ni(ethods all require substantial funds for 

c omnurere alization and each pl'-es cnts forrnidable technical].pio1).ems 

Tb e. eare di-cus ied ci:: .wh],i'rein this report 

The carhonjzi:'.Hio o of coal i.; an old art which has be en in cororner­

cial production for n-Iny years. It p)s outsI[evelopno unusua ental 

problems 

Pr-scntly plans are bein.g formalized to mine one n'lion tons 

of :.lzkhra coal as fuel to a thermal. unit to generate 250 M1W of electricity. 

If the£,r-nerating, facili:y were locat:ed at the mine :sh,ft, i.t would 

(1) Partly aj].evat( the problem of spontancous combustion, 

(2) Save in hauling and c;.plji:al cost for"a railroad. Water pipelines 

and powter li.nes cost It.s;s than a coal transpo t systel.V) 

(3) Coal could b(: c evolJaliii ,.ud and the offgas anii hot char fed to the 

fUL LC US at fiIC J)po\''V IM'((USC'. 

(.1) i rop I: rli ,,lon(t o di l(i',ng of coal would p rest-; t the nost 

u'comniiicnl nidh]1o fi sll'r in fil1" :; di:;posm:l audh. 

http:comrnerci.aliz.cd
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(5) 1Ijn estone addiitive to lhe coal vould cond il.ion tie ash as a 

possible fWed (1t .rei <,jJto a cemcid kiln. 

(6) The liqud Wind l v ti-1pe1-at1.et'tUF ta:; cII h e PrOCO secd to ben;:ene, 

tolu.er , 1o , l .e ie , \ax, et" to increasc t:]ie econonr-ic recoverynapl %:,: :(: 

of values from tMc adldira coal. 

(7) The planned disposal of products to te po\vcrhoiuse furnace adds 

an important degrec of fl.e ibihity for 1)alancin g the product str eamns from 

a carbonn-iwcr. 

It is with this purpose that carbonization studies were undertakcn° 

In considering a potential carboni.,a:ion process for Lakhra coal it is 

important to take into consideration the production of tar product:s \which 

will be generated from the coke plant to be instal.ed in conj inction wvitbi 

the steel mill operation in Pakistan. The by-products of the coke 1)lant 

may produce all of the tar products required for Pakistan, 

Carbovii :;aij.on - This phase of the res earch p rofran involved in. esti­

gati ng thl e polential for partial dcvolalixi:ation of each of lhe four coal.so 

Each coal was first: examined usiu- th rlno ravi nt:ric analysis to 

det:urynine tlle optimuml ternporaturc o1 devolatl.iza;tion for carl)onization. 

Next , an appara­

tus was., devised (illun brated below) to determine to what 

extent hese coals could be devilatiliv;d and if the resul­

tant coal-char cou.d be briquettcd as fuel. 

http:instal.ed


-.:' -',< VconL 

1. Vaeuu;', pump 

f~h:i.&i:',aed sand baLh 

For these tests , ten gram of the 1.60 float fraction of 

each coal ,wasweighN unand placed in a vacuum rotor Om­

mcde d in a cont ant to,..rature fluidiNed sar! baha.. The 

vacuum -erv,::d two ])urpos:C first, to remove oxyacn from 

the coal to prrvcn comhu:'.i n and second, to remove vola­

tiles as t e' wure giVen off. For each coal, the tempera­

ture was incruaed eraald'l..y until volatiles began to come 

off ac eviar:n ca hy the odor from the pump vent and in some 

canes from th e \v1)l) :::.o: emit Led. When the production 

of volavti.L=. to flinishra, the temperaLure wasenee;:nc, be 

increek :ir].',ty to cnco, r e further releaue. This 

procedureva fol..A until, no HAddiMtiona. ases could be 

rcimov e, . The rotort was then removed from the bath and the 

l02'; d RelC 5 i.no 0, culto are given in the table 

below: 
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Partl.a] Davolatili.a Li on of 1 .60 Float 
Lahl:ir. gund SiJar:i. t Coals 

Original Vol. 
Weighlt; Loss MaL1ter of Volatile Loss 

Coal Ferce 11, 1. 60 ..o I; Percent 

WJ/I 17.71 43.3 40.9 
111>13 15.29 42.1 36.3 
STS 16.70 46.3 36.1 
S],1s 19.12 48.7 39.3 

Devolatili.at ion temperatures were 380 0 C for the Lah­

kra coals WI1 and HIiL,3 and 4100C for tho Shari.h coals. 

The ch-U? remaininE from the devolatilin ;ion tet for each 

coal .. Lhen mixed wiLth calcium hydro::i.e .in the sar:re pro­

portions chosen for the large scale briquettes on the basis 

of compressive strength, i.e. 1 0", stoichiometric calcium 

hydro.',ijde for the Lalhkra coals and 200,, stoichiom;,,etric cal­

cium hydclroxide for the Sharigh coals. The mixtures were 

prepared in a mor,.r and pestel and hand prcssed into pel­

lets usina the same technique as was utilize( in the pre­

liminary briquetting studies. 

Pellets were made for each devolatilized coal but were 

much ,'eal:ur than thoce made with regular coal, These four 

pcllet:: were then burned and an odor emission evalu:tton 

made. \'oI!C b tile odor was sctill apparent althoun ihit m attr 

the ee; lime smell could al:o be discerned. N1o sul.fur 

dioxide odor 'as d,,.c( . It Vas noLed during this, worlk 

that all coas, if expo:;ed to air at 300 0C, would combust 

spont:'eonsly and that the Sharigh coals had a tendency to 

lose vo*]a Lile ma-t t or by coking over a very narro; tempera­

ture V i k 



The ]1()'o\v. 'll,-, is a l"Ca] .Ilvlp.t to 1flic! .0\\'-1:(.flpCrnluru jars 

C01) O5 i ti ll to 1[W C:pecti:,:d fr, nn thu Laklnrat coal: 

Sr-iC (av-il-Vy ci mc' L1ar 60/60 1. 019 

0103oei t illsolulcJ vlal:'er 2.0 

Di stiloatin tpicss1ure 40 mn-i 

s:iH ate 65 

Pitch 33 

.Loss 2 
0 

lTcnm of dcccol-npositLion C 294. 

Specific d.iiillhdte 0. 9630.aviiy 

C), 68o. 

Alay ,<i.; of 1)i::;t:']i:dr. ______ fii. GC_._ 

170 0 C 1.5 .84 
170 - 200 5.4 .918 
200 - 2 10 4.1 .9"30 
210 - 2.10 9.5 .940 
24d.0 - 27-: 17.8 .952 
275 - 350 50 .970 
Resi.ldue 9 
I.os s 2.2 

lhe CcjnS,1-, ioh-n and cupflnt:ity of tar a11(d i: g.;cs will vary 

d.,lpe,:ivnli' on rat. of tni' erature and11e:1iC, I:tcnLof clevO(lrti~izaiton. 

It c'n be l31tiuip;.tc(cI Cli, 

' dmiu 70"', ,it thIL clhn 'ft (a :;h iln i 5 u r l'*f 1;,; :s); t:e ,,l] o ,. (Ii . ,. 

(4 t: r I.i' toll ()I* c]t" .'s,,ti ild a)(- u 37- per. long ton (NiA I") or 20-2'7 

for. pr lT',1Xry- c:;Iiiitt . f:]l. te chaP yi.cld \would! 
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'he1(1 a of cari, In:, si Utulvr.nous coals prior to combustion 

in a power 1)ant is not ncw In Germany, l)0\','1r plant-s; have operated 

On I)rO J1coal HilHi.,,nite. for lany years. lic carl,( i aion proce s 

with noncolvin, coals has been invt.,5 ti ga'fed eten;ivel ,by the i.S. Burea u 

of MNin, s employil <, fluidi :;0d bd : about tv, niy years ago. 

Bed tempc rature'- of 500 C are enlployed with a lignite feed of 

minus 840 mesh to yield primary tar, gas a=d char. It has been found 

that a soal.l proces;,si Ri plant to handle up to 50 tons of sulblitUnmiOus 

noncoking coal per hour can be b)uilt at relatively low cost. 

Pioneering work \a.; done by the Al.uminum Company of America 

and Texas Power 6, Light Co. at Rockdale, Texas i.order to solve many 

of the engineering,and upeuraional problrnns. 

Each proposal for a carbonging plant mnat.t be evaluated on its 

particular ci rcunstance.s and econolmics, Many factors affecting such 

reconumendati.onare unlno\vn at pres ent and are outside of the scope of 

this project. 

The \\,ork al: :hC 11ue] and Leather Research Centre under the 

Pakistan Council of Scientific &,.-Industrial Reasearch (PCSJR) should bu 

encouraged, particularly their studies of low-ten[)rature tars and to 

p rovid -addi onal data, 

]Ec__Ollonnlic"]c V-


The ilncenti ve fmr carboni 'zingcoals at a power plaid: is to produce 

a fuel aI Id a tr )y-1)rodl1ct: The value of the tar must pay for its )'gtiratiil,ta l 

t:he los ;;of lwl;tin arnorti,,atior- of and an accop tabl]hg valucs, c apital. assets, 

p rofit ihlCnl i\'c.
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The relative A'io of coAS; btIUveeit tar and cot1 ilndk.:,toA the d(,g'rue 

of Ccono iC c n for' tisincu vu typ'e of procC::s As the cost of coa.l advamces, 

the margins or rofijt IucLretsco 1I7tu fol]ow, il.17orimlila ali)>l1i.C<;: 

P = VT' - C ( - R) 

I :Whore -- I\C-t cost or1 l:)oc :;:-;iIiy and haod1iin" [ut'l to i:le burner -

Includes cru:sl:2,, drying, carlbol~Ization, tar cncricnsing and material
 
hand Jin,_,roni 1,-.,l. i, ed cost of b-.ri' i. iv 'aw coal includi g
 - I Ii . l() 

cVuslti1):,, ptlVul t'¢cT>,:, and haildill!n . 

C Cost of c toa,dclive red to t:he p .oc sin,,n plant. 

1 = htai: ratio, clltrc/coal -: eli: hn{:.I: in "l'ar po lilued 
1101. ,..i 1i codtJ prOC cU 

tari, yit'id, .gtIon; p,:r tl1l. 

EStiin-itu f 1 L , c{ .I z 1ii c (;{:d to Ibe t; o i.ows: 

R A(NIAi' ) l tt.d(.l tt:.; ,-L
rI = tuyl000-


C = 2(0{i 11,; per ]craig t0,O1
 

27 (11. ) gi]l ons Am1 of coal 

V ,, 2. 5 m - nioniuln Ivalur, of tnr. 

then P- VI'-C( - : 25 27.- 200 ( I - 0 

" 1 =' ]. *17/Lo}n, 

not 

a2 tltH'Tho:I s ;ji: , lilt:lw or1 al. 'i.; ':KII eci d to h(! nit 

lh,, 11et co: of rOht;:::d< noti!i in: higter tMiom i. .47 Ibaw-ed on dltc 

hi!j .:r titn 

J.~/ 2,. . vlal I AliiN i c; i.: Ils lin iva lr' i. o th mia y {com "tlli C 

'. Idili!lv ,,f Il, i rI, ,..:;; It,'.'..vnr, ;i {: is railii o] ;rli B lti 1.ol" l~U;tii, l l l l
 
l}<l{' d'\ I II ,I l ''- i ' ; ' ] : , ] li l i' l V t i i t , i {
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l'urth ermurc, consileration shoull be given to the effec(t of this 

typo proces's ol socio- econonic factors, l)alance of payments, etc. for 

Pakistan. 

We therefore reconmend that this work be continued by PMDC. 

1,JQU E--FA C'F' O N 

A large number of coal types in the bituirunous class lend themselves 

to treatment with coal tar solvents, Such treatm ent: at e]evat, d tempera­

tures results in both solution of volatile fractions as well as the ci poly­

merization of vitrines and inerti tes to particles of colloidal size. 

Where s:uch reaction occurs it is possiblc to filte.-r the ash and pyrite 

impuritie from 'ti.e Coal. sols and thus produce a s tecl. for celayed coldin 

which provides ',,Iidvoiatil( cokes, so.veni:s and recycle tars for the 

solution, procc:.e 

Ihis p roc(:S ha's ]b(11 practiced in (;erm)any (Pott-ros ch) Iany 

years ago; how ever, it; alpplication is limited by the nature of the coal. 

and t:he fi I y atd yieldZ'abl.i. of s:ols resulting from lhe dlige stion of 

the finm coal \uill r(cyclu tars 

Mo ific-rJol.oi"f tlh(se solution processes have been reported from 

time to ti 012. (See .Khilt I on the followi.Ug page) 

TY of the twoTe Iiquefuction potential 


Sh'.rijh col wp.'; :Nincd in order to evaluut . their pos­

siOlie uW:e u: um Orga:"ic MhcKcud feedstock. During the 

prel.imi ].-yr E =t, th is" work, no 2ure equj.pment waz::of press, 


ailauoblu. In or'dur to g.in :come :informa-t ion, a ref.u:,:xin ;
 

http:followi.Ug
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Technoiogy 

ADL devclops coal iquefaction rrocess 
Willh oil anld I'lls Irodulhmn thw .S. crackdll ad vo~king; t.) seplr~ 0h 

Sltiw~lyi Ii((ielg, iiaI i~s prduc alsseen hy it:Iny as a vapor From imal (id lsh. it 
tile obvious ossil fruel allertat i\e, 'ile slarts whetn amixture ol'crusihd coal aid 
proilem is I hat coal siffe's;fi'-oa 11t1111-imildly hylrlgl.naf ,'lra'ai solvent 
her of hanldicall. (hiling ringe 150 to 750'0 I")isadded to 

Coal, to' example, enIItain sulflr that t le coking drum as a slurry, Thevol :mod
 
is dilfivult to re'ove,and I hit solvent aire allowed to relct iln
all ilnak(' the drum 
it vir'otni(elltally iindesiril'. At the for alait one hour at about )00psi it 
s;Iwe Iitim., ahotp ItI'I coal can't b., ised to keep tie solven, inliquid ttrt. 1)uring 
fuel allaitt the ext'act io,hot solveil is pasqdmnithih,, or Convenhie'itly he co.
 
('(01', trt('Iititit, ;:t*%, n0l6wAhyltte tsitt ( to""'ttitigthe 

'lhe nnswr ii t) c(nv'ert ('ol intsul. sitlllly heat indmixing act ion. When the 
tr-lrce Iiquid toeIs and chema lfeed- ext raction is ctnileto, the iro tssire 
slocks, it process known ats coal liquetcfa-is reducell to rv'love Ihe solvent andtlight 
liol. Several,roic''ts are undc'r way hydrotam'l, l f'ttrtittns. 
toward this cad, including a t'w verslo Ileating with sol\,t k coatinue i, Itud 
'ronm Arlhur 1).Little Ite., the s c'ontent is ailvved to coke ati :lhg the drun 

° 
ton-Iaed res'earch and consulting firm. ahout I.'FlThis pete,50 re.ults in cot 
Although similar to several ,xi.ting separation of ah lind ilnr'lctct'l miol, 

prN Ms SUnel as II-Coal and syll hoil, whic, acrding to Ieber, is a distinc.t 
AlI)L rsenrt.hers claim their proce,.ss advatn tage over Ile usual ttcvhiical 
ttvet-cties 5) tttiic' majr diffirlties selpmatiin. lydrocarbtotnt vaptor.s pro­
wilI coal liuttlefaction, not Ihe least of' ducc'd by exttact ive coking art cotnti­
which is separatim of' utldiss l',dcoal ilously tratomialed tdtseiprlet lhe ;ol­
and ash front liclid ext rod.., ,'conc'itgto vent frilt i rodults, I"ratintltioll ailst 
AII, chemical Stlti'n se ilats pr.dticts itlt sw cl light-,t'iii'in'r A. I'ac' vs-
IReOW, tihe liqult-'i-IIt proc.ss gets middle-, and hc avyhoiIing.-ranlge prod­
aru d Ihi l bychhht u.cts. and toill,-hilinig.ran;-ehy using ext I-active ol 
coking to ilvit-v' a I hal l of' prodttts (,;tI ha' hydotlrealed hv­set'arititnl anid 
liquids atid Solid:.. At tOwtsa tie , lrrc-l;cd tot low-sull'ur dis illatc, that 
((ling ha- ntiafr tfudtl'aiValI'u, c1vIll hbe liniii-sseI inl prdirudcts Su('h is 
says il , i.ii ,r .lt li'- .,,itlitie ahnd Jet f'el.lhtit lf iuientl 
drogen lil:,, itti, relht ivk-y i-as.v ex- Since the liquelatlioll proc'.-;s ilia,1't 
tlraction o liqltkill' use tl' yet been rl in an(orm(ir- t-o'i,-al-scl, plait, 
cly'a'ail ,equipmen, nooinllud says -lehcr.its ecotitnlica t cl.'.v, Butfil tihm c';il;Il; i,t. lie= hie 


h i~p'h til'icanlt 


f,It €e.xtr,' Th rg, believes it kvill "(1chfnitly\"' ofl'er Sig-
Researd-l &-,rv.',Ieei t.Admifilr-li iotnit nd.'altills over exisling pr. 
is fundiag li' -wilork, and Fotster \Vhlea' lie cites ;mnl (,i'ccsses. ot' fmitlrs, but 
Ener." (rp., Livingslon, N.J., is lover coapitill invesillwint is ie ibiggest 
Sippyilt a pilt plant and tllanpo.c tIo i×ktle',on. J"l ('\triit-tot talkpla( 
test the Imtni;s. ial lIlitch Iitv.-tv- Ili.re t (Ilil1)") Ihait in 

Extr:n li'tv coking uses ut hyldrtgen othript v Ps'av't;.t ,-It(lt0 pisi), limi.+€re,-t tW 
dhoxl.r solvent.h lolder 'ondllls to Io(rIlil nmlting~the ntetct muc.h higth-lre.sutre, 
ierfuorm the, liqiuefaction, rind Ohwn hcl3c, 

Extr' ct~n-xa!:i;, s-:p~:i is key to /'DL p ocoQs 

I lydroctbon 
Coa Fuel gs products 

r.. ............. .... ....l ............'I [.... . .... . (up;to 4;50 'F) 

L _A 

l i I "ti (4150 to 7 ' F 

t'1
 
Product1 coke 

- hcoke 7! o F) 
-,.,, (highler thanl 

30 CFt.titty 5,5. 19 8l. . --- ' . " 

http:proce,.ss
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expeIiTet U:S iEg coal and aMnthrcene oil was carried out 

to see if any coal could be solubili:ed or any sulfur re­

-
moved without destroying the coki ng properties of the coal. 

Euch coal in turn was asded to . fre- amount of anthracene 

oil in th proport.ions cV 20 grams of coal to 120 Crams of 

oil and placed in the reflux aparatr ,. The uild slurr, 

was heat d to 170 (Cat atmospheric pre -sure and hold at 

temperat,.re for 15 minuLes. At 'the end of this time the 

,,'ry wvs, cooled to 100 0 C and vacuum filtered while still 

hot. The filter cake wa v ashd and dried over ntiht and 

analysed for peren t wu'.ar and FSI. It should be pointed 

out th th aLa %was obta'in" usnin raw coal and not 

the 1.60 fla fr;,wt i on. The follo,,. na is a tabulation of 

the d',.t, oh' nd 

I. S in S in Treated FSI
Coal. ]av' CnT Filter ON.w Untr ate(d Treat ed 

VI 7.8,1 7.13 0 0
 
H)3 5.97 5.40 0 0
 
STU 6.81 5.72 4 1
 
SbS 3.2,'- 8.00 '4 1 

This data indicated 'that very little Pulfur reduction 

could be achiv, d and that any coking propcr'ties would i, 

essential.N 02oy. The fi Vr Le'por tion of the reflu:.: 

opera w.l a,'".' d ifrred ;ectro copy inNOW ore.: 

to detel:": ifi.::nn , vol.: t-Ie m , 'Lr al wa di",o.,&d by ".. 

i 

Jii>.3Mi-1sae i:;:]c's ii 4000 .e.ion 

anth ,.-: oil slvnL. T hu infiared sOc=true; of the Lan­

hr 170,,r,,,\'i anr'da H : Jn he 'to 1500 ce.i 

http:temperat,.re
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together w'ith a spectr v,of anthracene oil V.ich was pro­

cssod( th--ouj- the reflu:: oper:.ation as a bl]nk are inclu(dcd 

a.,. C~ Cl and - Un ,ou ely , the 

an Lhb en, oil s(o2ve;1.10 , co: a,,:ins too many infrared bands to 

al.ow any mean in{;ful co.s'arisons betweoen 1 t and the WIl 

and HIi1,3 bands. Hovever, no new bands were noted. This 

would see:n to irdictu that no volatine material was re­

moved from the coal arn': this experiment. The most use­

ful piece of infor::.AsKun L;ained from this work vts that 

tlic t Omp era ture for thbe d]'vola1ii t;ion of these coals 

•
must ecK(,,d 1700 U at ati olsheri pressure. 

A Parr pressure v'essel was used in a second series 

of tests. Sevunty-f.: vs Crams of anthracene oil was aided 

to 25 {r. of ST' coal and the slurry placed in the vessel. 

A mcc] stirrer the in duringena::al kept coal suspen:'ion 

the tc.t. Hcat wan a.lied to the pressure ,-..ulu . 

a pressurQ of 150 piL; was achieved where the pressure 

w\as helC for apiro::imately 10 minutes. The heat was then 

turned of_" and the pressure alloaed to drop natura ly to 

about 90 osig. At thfi s Lime, a release valve was cracked 

to hr ten the pres.sure d op ,whilemain ld nin t enierature 

This war done in an sf':furt to keep the viscosity suffi­

ciently low to permit the rem"oval of ash particles from 

tile Cd's:l we coal mid cl solution by filterino throu.h 

a pre-hue;t",w porce].l-j, buck or funnyl. Wh oA the contents 

of the we.: s s were i:or d intLo the funnel, however, only 

a few 6 - :;F of fi.lti"nte ,; evats L (" beiiore lasso,-Uxra Lb 

lie . an oi! ii'e into tar sub­,o:! Oi m5 :. so.ild]ified a like 

http:s(o2ve;1.10
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stance SC)2j~i.I 01' t(eo filt,(:. cak revcale!d U 'I JOlV(d
 

parkti.cle,2 of coalL and the Lost wns abortud. In a second
 

tcst usir:, L!2 coal the pressure was rajised to 170 Ps:;
 

and the prusr;ur. ble &" off after cool:i.ng5 to 100 psi in an
 

effort to ovurcome the vi.scosity problem, but te ro su.t;
 

wocrco o set.:':: juI:!]y Lb; asa e. 

For the next two tests, a special hot vacuiu, metal.
 

filter appar-itu; was dcvised and fabricatcd in an attermpt
 

to solve the probLem . The devi ce consis ted of a 325 mesh
 

bras cl.oth supported by a 40 mush 83 inch± 'ories Lt'ing
 

sieve. Thin ws placed ovpr ana sl -to a vaciuu,.C':e
 
below. The oppara Lu s vas ietEd to ap.'o;.:,a.tey 500 

prior to usu. The fin,]. ]Y',::sur, reache]d in theIla.; two 

t est (ST:; a od w. and 210 P2 iLg respe:fcct:ively. InS,) 10 

spite of the hi -. -r filturin, te;ei: L',rUS ac rivcd Q',"t 

the W. !.a.fi ," onl r lih tl. :i:povud rc'Lul t, were acm>Lv'. 

ase C\'1 ';2>'nn b.,y LhP brc5:Y"u. of u.ri",,.o q.j coA * a.mulc 

in the t:ar. The ' . .,d too vit_.cou:; to filter 

however, and these tests were also aborted, The vaj'or 

prsu. . curve for anthracancn oil, included as Figu.rc 4) 

f e.c 7-{ -- indc:cates or: molcular structur.-ea brso '.',n of 

at tcLJ o toa~n:n naporosehin those5 obtained in the fi nal, 

test. T 0es' , indi.c n toat a di ffant solvent an!/ 

or the Ased Lio,"., of hyd r,;n r;n and ..-. , pros surr ','o-ld 

pro oml.y )p no ,. .c, ., , or C,:"pl:te liufc t:i on of these 

coals. It waS r:t du,, this wo' that a para.'in-!iA. 

substne's conic rzn from th \'Opo=' V'hM~ oepec when 

bleL;si,; off cec:, P pr('r', pri.or to :ilt ering. Tho qu-n­

tity of this.: me r i ,'cTased to an cst;:i, d qu.rtor 

(r'~l:; in the fi.ial. Lost. 



coN;mTJ S.I)s . The foilowing conclusions relative to their portion 

of thie invTestigLat~io(n a re in ordler. 

(1) The d .polyin eT.im YAW1,;cl les i1 the sols formed from Sharigh 

coals are o[ such sjze as to mke fi1I.ration i rae ti.Ca1.0 

(2) The use- of cutt:er s tocks such as rcycle neutral oil. results in 

the p r cipifat:lo of sohdbdu frac iol:- of th e vi.triICns rnaing the sols 

fgu m -p yr a nd i 0 mp o s si ble1 to filt ur . 

(3) The hi-h 'iscos5;ity of the sols is not reducedcl pp'cciably with 

i lC1'C.;L5t C :i 0 t:(i IliCV] ature'(. 

(.I ) Shari.h c'oatIs a r ]ot cnd1d11ate s for solit[on proces ses on a 

cvellySOMC lLJS (111( the hih ConteILp rac Ljal n VM( Lu elinilte of 

Vhe,'ir 1)itt, 

We rCeCO0Mi CAld no furt:li r effor:t b, c.:pe :dled in this dircc:tion 

for tChC pr'CsCnt and forCueabl fu.etur e, or until ao\:,' teclinirues arc 

di s;covered 



.,~ i~ , . . . • ..i.... 

7r7 

57R. 



F~IG;UREi :. !i'Ab pIE,-Upl-, j1jAiCq .1ON AI1'AiATU" 



1 T1 7t 

.............
T* 	 ilIU 
... : : 	 , 'i.i, 	 ! i 

.. .. .. . ..... ..	 ... . i~ 
.... . .... 


..... ........
 

......
.......	 j..
 
7.:7 

........: ::..; : 

" .	 . . . .%.'.'..... . . ° 7 -

Figure 8. 	 Stc ailiyiFac or Stndrd Cu re PH ()uis pflte 

3c phecelirom nthrobabedito clitygrphaetra 

Fiur hrcoul l t [inl lthich1 I. Tl asteelbl is placed 

ins id wit h the, dL)~a.'I Theld .l.iider is placed into a 
700°O oven fur I iuo:i r md :ig i,,it e eve;-v 5 minutes. 
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PROIDUCTION 01) COKIE" 

COKING TESTS i'O1R SLOT K BE;IINI] OVENS 

The 1:'o ,ertie. within the2 coal which effect coking
vii~r ni tce 

qualit 5 ane/e ru./ank: co:mposition. RIeflectanec .ciJ suremen'os 

of the m&GIi! and top cam indicate thavt both re of high 

volatile b:i1tu:inous rank. Vitrinites of thi: lo,' rank have 

a very vir uo=2 plau;tic Hago:, durin cckin. ",I t le mate'­

al flows wihin the cokce fluring the plastic Lt e, preven­

ting the formation of strona coke. Exinite O;.ined intimately;/ 

with the vitr'inite inceruse . the formation a& n.ize of po'e, 

within the plastic vi trinite. Very few in(w'L in t part i­

cles in the coal reduce coke strength; becni:ne of the ab­

sence of ajgrej!ate mate rial ,,hich trengLh ,s ,u walls and 

reduces fdo:suring. All of thoee factorn ,ov'w>, in com­

bilnation: (1) viscous non-flowing plastJ.i. n .. WL,, (2) 
 nu­

jYI~erous .mail porcs, and (3) lack of aggrcatL to:n.'.tnrial 


form pore w,'alls, produce weak coke. The hi< 
 j'ite and
 

clay percental;es further reduce the quality of coke 
pro­

duced from these couli.
 

coking",tc-tn 


coal b]ien=2 I sted in Table 


c Were performed on coals and 

Z, page 8-19. 1,Megascopic 

dencrijptionn of the cokes are given in Table 1, pagcs 8-17 and 

Is, anc o T; in ':iCureS. .
! The follow­

ir; dicuz;-on:w will evaluate the effects of Pocahontas
 

a tilination3 bl'en: " "vol blends, on coke strenthe. 



liodifications to the stability factors of the TE and 

si"1W coal.; by blendin, FocahicnL.C.ceal. weore very similar 
(Fitaro 9, page 8-20 Stability; facto's of both cokes 

incre::ed nearly linri w,,ith thle addit:ion of !ocahontac" 

coal. ,ro ex m i nint. i{i-,ure 9, it appyears that to achieve 

a coke with stabil ity facuors in excess of 50 for either 

coal, only 20,; or l.s; of SBMp.o~r KTS coal could be blended 

with Iocahcnow:; No. 3 coal. 

ldev oltilid STS coal (47. 2j of the vola­

Vi~c matter rev ) wiLit AS coal 'cusal cd in total loss 

.of stablli[il The stability of cokes produced with 25; 

and 50,, devolAtili',sod coal had a stabliiity factor of 0. 

] .lndinCdevolatili:Md coul (61 .2, of the volatile"- W.,, 

matter removed) resulted Ln a sli.hL decreasc in the sta­

bility factor, but the addition of 50j devolatilized 

coal increuud the stability fa ctor to 38. It appears that 

the addit ion of coul with ,er.. ter than 60 volati].e matter 

removed Pay add strun th to the L"., und probab].y STS, 

cokes, but it appears doubtful that this procedure would 

produce D coke with a favorable stability factor in excess 

of 50. 

Physical aJ)pearances of cokes made from both minus 20 

mesh and mius 8 mesh coals are very similar. The stabil­

ity factor of' thu STU minus 8 mesh coke is slightly lower 

than thc mirinus 20 .esh coke , Tabl e 2, page 8-1,), but with­

in the .. ro L:;L.e range of error of this test. The stability 
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factor of the mnus 3 mesh ,,Scoke is hi her than the 

minu' 20 mesh coke, and may indicat e that this coal could 

produce stronger cokes wit larer size consist. 

The addition of ar, lrctural ti to the coal sic­

nificr.ntl increa.:d the stabilit, factor: of both ]harij]
 

cokes. The increa.e could be caused by tie .ddition of
 

inerts to the coke, but this cannot be coni'iw",d at the
 

level of effort conited to this explorator; study. 

Pe tro:,- "s P: . e Cok:e v,."JsA"n.n]k 


In oL('er to moro fully und, rstand the coking problems 

-
of the Sharg: coals, polished sectionc of top.and middle 

sc:am cokes, and their blends were examined. 

Cokcs are either isotropic or anisotrKic. The Poca­

hontas No. 3 coke (Figur'es 11 and 12). is aniso­

tropic, as is the iittsLurh:h coke ( :L ui. 13 and 14.). 

,BothLhar :;h cokes are isotropic (V ,auvs 15 and 

16. , The viscosity of isotropic co.e, duringL 

the plastic state, is very high, and as a result very little 

flowage takes place throughout the plastic stage. Strongi 

evidence for the high viscosity is found in these co]er;. 

Anular coal. fra.i.c.ntr: are represented by subangular coke 

in .whjc: yy'little coalrscence or deformation of the 

grains has tak~en p.a.ce (F i. gure 17). Virtually 

und:i'.turb .d audd i. ag in c].ay fragments within the coke, even 

though the vitrinite be'tween thoe bands has passe through 



the pla-tic stage, :is anot;her item of evidence (Figures 18 

and 19). Pyrite lineations within the coke 

u'p.;,resenting their ori{;iii]l oricitatio.. in the coal is 

also noted (F:iure 20). 

In addit i.on to the plastic stare of the coke being 

vary viscous.J , clay laninU.ioLLO.a within the coke defcuims 

pores and pjorvnts coalescene., of small pores to form lar­

ger ones (,'igure 21). Porcs %%'ithin the por­

tions of the coke which are free of clay are small and 

spherical (Figure 22) as opposed to the irreigu­

lar pores of the more fluid Pocahontas coke (Figure 23). 

Br i . PocaLhont.s coal with either Sharig.C.1 coal 

6os noL result in the mod ification of the plust sc proper­

ties of either coke type, nor is there a m.ixing of the coke 

types. The hi. vi scosiLty of the Wharigh cokes does not 

allow [hem to blond whi t h & locah)n tas coke , and both 

rem)in us se)arate entities within the coke (Fig-ures 24 

through 27). 

Petroqg,,rajhi ic analysis of the dovolatilized coals re­

vealed that these were actually isotropic coke grains which 

were roun'.d(d, but not bound togethr ((Fure 28). 

Coes contai,,in Itc devohati.i:;( coal di"splay very 

sli .g't u ta around L dcevolati.].i:'ed grains.opi=;Po 
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Cohen.Ithe con.,L~in; 

t 
tile agricu].tural lime no 

part ici cl eould be ,ouitively iden ifiedM as the lime or : 

product of the 	hoaed lime. Petrograj 1 c examination did", 
not revcal the rc."on;: for the hi 1 jer stability factors 

of these cohen. 

Pyr:ite remains in the cokes of both Sh'righ scams in 

high conc'ntrnt ions. Clay also inu not altered" by the col:­

ing proces', and remanains in the coke. These two factor; 

result in the ,aiLth coke M-C h iah in both ulfur and 
ash. The pyrite is as intI .. uly mixed with the coke as 

it was in the coal, and probaoly cannot easily be removed. 

PC..19 r/ f1 

a..pl. ve.nccn -Prom: each can::iL.ter containing the 
ShariLh top aod middle scams four r.n..,:: Cn.... were 

reioved, 
These are reforgarA 

to as T -1 throuh ST2-" and, 1k>1 throuLh SES-4i 

and rep ;res ent the h 	 ri . gh top and , 

These amiples 

camOs respcl tively. 

wer'e usccd for variability stuci.s. Those0
 

eight sam.ic were stageground -to 20 mesh, for 
petrographic anayAs . Each canni ster was then liff'led 

to obtain another split rt eof thle entire a, 

plu. These pLits were riffled to obtain ap.roi.mately 

four pounds of each ,ample to be ground in stages to mi­

nus 20 mesh, cleaned in a 1.60 specific gravity solution, 

ng 
tion of the ori . Pni.f'fl{; split , round in Sa.es 

and cobid in the smAll scale co.L tests. A small por­

to mirnu. A much, cleaned in a 1.60 sSpecific gra vity solu­

tio}n, and us'l in one caking test Ak s all portion of 

the Soned, minus 20 mesh, coal was removed for potro­

gl']) C: Nin lyi' . 
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Petrora]p1hic annlytical methods - All petrographic
 
"
 analysis was done by reflected ii tt iflL pished 

icrobiock of par iculatUL coa.l. Eicyoblo&3 were cast 

in 1 1/4 inch dianter molds by mixinV 5 gran:.2 of rifflce 

minus 20 me=h coal vith (. grw. of epo2xy an: cured at rooem 

temperature and prc.Esure. Five micro lochr were cons t ru ,.J 

from each sample. Crindin .:and poishir, of the micro­

blocks was achieved by follow.inL AL procedur D2797-69T 

section 7, using 120, 240, 400, and 600 grit silicon car­

bide papers for grindiin; and 5 micron and 0.05 micron 

polishinE"compounds for rouLh and final polishing re spec­

tively. 

P]etro gralhic ail:i.s consisted of a point count 

approxdntatio:-i of macral copos.Ltion , and 

a point count approximat,ion of pyrite content and type. 

The macera,1 content wa act ei'mincd using a 1 x 1 mm. 

grid spacing, resulting in appro:.: im.Lely 200 counts per 

microblock , or 1000 counts per sample. The average mac­

eral componition of the sample was determined by averaging 

the macral counts of all five microblocks. 

A single ricv .'ocklwar randomly selccted from each 

sample fu r py ritc analyrsin. The pyrite analysis con­

siteu of MP1'vrt d eteriin, the overcuntoe of coal exposed 

on the ]oli sne( face of the micrIoblock. To achieve this, 

1000 points (0.5 x 1 mm grid) were counted as either coal 

or epo::y. The percent coal ex.nosed was calculated from 
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this. The same microblock was then counted for pyrite
 

types sing a .2 x .2 mm grid .pacing until 100 pyrite 

grains \ero encountered. 

Pyrite content, on a volume basis, was calculated from 

the 	percent of the p.olis.hed ace which was coal, and the 

number of couns rqu ira to ach3,ieve 100 yr to coLa-hr. 

With 100 pyrite Crai couI tA, the percen L of any pyrite 

type in cqunl to the nur.ber of times the type was encount­

Sm~all vciln co~inr' test!s
 

Sn~u].l ca.e co:kin:) tAe.t wore carried out on samplJ.es
 

of the Wa].ritj: LoDa: i:dGa wIe::s, blonds of these coals 

with dovolatilizAed Sharigh coals and Pocahontas No. 3 coal, 

and 	Pocahoi,, No. 3 and Pittsburgh coals of known stabil­

ity 	factor.
 

Tha caking tests were carried out in a coking appia­

ratus which held three cylinders into which the coal charge 

was placed (Figure I. cylin6 er- are 11The 

7/8 inches (4.5 cm) in diameter, and 1 1/2 inches (3.7 cm) 

high. They are covered, on top and bottom, by a 3/16 inch 

(1 cm) thick asbe Los plate and a 1/16 inch (0.5 cm) thic]k 

steel :laa. The asbestos and steel plates are 3 inches 

(7.5 c:) vae an& 3 1/2 inches (8.7 cm) long. The three 

cokinr cy]i ad i.s , vith plates in place, are bolted butwean 

two 3/16 (1 cm) thick by 11 1/2 inch (29.2 cm) long addi­

tional 	 tel plateas to control the swelling pressure.erhn( 

by the coal (]i luru 2), 

http:samplJ.es
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With the bottom p].ates and cylinders in place, the 

coal clharge ws poured into the cylinder5:. The cyli ner 

side, were gently tappc to assure cor:nnac; ion of the 

c]ac n.-. more coal added as needed. The weight of the 

coal chare vas determined by wcij in: coal bofore and 

after t}e cylinduc < werO eriolLed ; th< dA fhor'nce being tll, 

wei {ht of Lht. co: (l in the cli mdnr. The Lo) p-leto r were 

then p0-onitioned and the boltst LihL ened so that the cy]in­

dor wore held ti hLly in place. The cok ing appaxit=, 

contain.n the Lhre c coking cylindcrs, Vts then placed 

into a vacuum chamber (V ii .ilure 3). Air 

was evacuated from the chaw:ber', and replaced by ni.trogen 

from a com:prc:ssed cylinder (N in Figure 3). 

Thu rr:ovai of air, and replacement by nitrogen was re­

peated three times to a<sure the removal of all oxygen 

from the coking cylinders. The coking apparatus was then 

quickly placed into a 10100C, nitrogen filled, preheated 

oven (0 in Figure 3). The oven used was a 

LindburL. ]Eovi-DuLy with progra:mmable temperature control 

(i in iC'urc z )4 Inside this oven, a sma].,< 

col.:inC ,:ber wa< conntrucLed of firebrick ( ,igure 5). 

Ti,,? inner dimeneionc of the ch]a:bcr were 

just laru enou;]h to occor:umod.t.e the coking apparatus. 

Nitrogen was fed into the chw:aber, nder slighL pressure 

throu/h a 1/4 inch coppcr pipe (Q in Figure 5 ).5 

, 
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A t]ie;i:mocouple, connected to a chart, recorder' was also 

pluced inside the cokin- chl.mboer. The tei:mcr-ature ins ide 

the cha.:,be1 wS mon tored on a1 chart, recwVllc]:. (C in ,'iLvuro .). 

,T. COLLH( ipaiittu FL;al:.edin the OVen 

for an nddi inal tvo hou,-: ;.f.t th] ch:'. U r.L,uj',o.ud to
 

101 11)0 C. Usually the total time in the oven was 1/2
 

hOUs . Af'te the pres;cribe.( cok.liil tilme , the ap-. 'ratus,.
 

nov ",t 1010 0 C, \'' uic].tly rov, oven, uand atr
fom th .An
 

plicd in the vacuu:.: o:h',.ben' to cool. T] : air re.....ov..
 

pro c CtI51' (9 1o]. 0 .111o' th,11h c, . .(ed, the
,',S , [, : nitr ' fill 

chas:hLor as theapa aj._-us coCle Cool)!Jn£ L1e} ie rlly Lock 

Si x hI ou1"., aft v.hi ch the bolts v,,ocr loosened aind the 

cylindr:: ca full.., re;ioved from the apparatu:. Tho coke 

m,osr vitely1 reoved roi; the cylinders ai w,eiL;seu 

before asorb.in[; iture. The cylindricul cokie v,,as tien 

cut vertic.ally on a dry (1 w;ont bl. e sav. One half ,as 

pho'.,o raK c}d ai"' (d tails of zonaL too s and pores note(d. 

Bot,, h lwvee then recombine] for the strenit', test. 

The coke ( "l... is de terminedstrengthl ,Uability Factor) 

uy Z c;ard--rove me The iso.ified Grindabili ty tlod . coke 

Li rt crushe}(d in i!-1e: (-r(inin.'; rachine to 10 x 60 

me:.sl... L2e . r:i-,,, to crushi fu]. not over anti 

cre(t, ].a e L. ,.1f,; of ,-s To ; the removal ofl j.I , 'T' 

ill fines, the 10 , 60 fracction was pla-ced on a 60 

me11', crect onIIeallnaia shaker 5I in -lp cal for minutes 

Ten grw:.s ( -0.0005 c£;;) of 10 x 60 mesh coke vas then 

for tI'ineab]i.\ve i.,]CJ the t , toe:.t 

http:asorb.in
http:re.....ov
http:uj',o.ud


of coke Otrcn g t
Thc modified ltardgrove-machine method 

on AT] tet 1)405 -71 , and con istdmea:3uremen L ;.an based 

cight 1 inch d:i.azet cr
of grinidinr the coke with a ring of 

for 60-+..25steel balls under a 64 pound (29 kg) load 

revolu tions at 20 r.p.i:;. (Figure 6). 

, was pluced
The crushed cOk., r ' ,,uved from the Tuchino 

and 20i0 ieves, and wieve­on a oeric. of 60, 100, 

10 minutce' on the Roto-Tap mcchanical shaker. The
for 

weight of the coke in the +60, 60 x 100, 100 x 200, and 

minus 200 mree.h fraction" were very carefully measured, 

and the wei;-t percent of the original 10 g r s in each 

ige fraction calcu.la ed. Thu sieve sizes \w're convci'tuC 

to phi (0) units (Table 1, pagc 5-34) ind the cumulative 

weight percente (excl.uding the minus 200 mesh fraction) 

were plotted on prob.bility paper as in .ji/g;ure 7, page 8-15. 

A straight line was dra',n through the three 4ointc. 

The size at which the line rc~sed the 30 t purcctile 

an& w. .ucf, .... to 

standard curvP ( ;uro z9, page 8-21.) to determine the 

stability factor of the coke. The 30tA percentile was 

cho en because of the low slope of the resu.tinLg stan­

da:od Cure\' Vi. c m' Inmi eE error fro: inaccuratte .easure-

MontOs, and because the line need not be extrapolatcd far 

beyond the three mra.ured mointc. 

w determi.nd, this a. t . the 

http:determi.nd
http:calcu.la


K~eind, of coal containinL 0evol.ti].ived =T' and ,.. 

c: :ied to det ermine if thin procedure couldcoal.ov'O 

li(o . '-L&pro .co bett.er BTS and SES co' 0. 


were yrodu d' in ai1 inch innr =Wr:,:;t.(2. 5 cm) 14 inch
 

,inderLw c:aps scr ,',d to each end 

3, Chapte r 7). The cna. Co,ntained 3/2 inch (1 cm) 

(3 .6 ci..) lo,, cyl ,\ h 

(Yu{':.no 

thefCwda(i u : Ivi 1J.(L" cVred with ccr'een. One cup was fitted 

whi ch in turn wasC connoctedwiLh a 3/3 inch (1 cm) pipe 

to a 1/4 inch (0.6 cm) cop.,' tube coinected to a comrL s.u2tO 

of coal werenit;rogen cylinder . Appro :.:ima tuly 50 ,r :; 

intoLthe cylinder , and a 3/4 inch (2 cm) diaioeterplaced 

stool bal. Y=,2: added. Theo caps\we.re t igTht ly fitted, and 

St roon was pumped throu ,h the cylinder to remove all air. 

The ent i re aplara Luo was then placed in a 700 C ni troen 

filled, preheated oven for 1 hour. The cylinder was ro­

moved aL; 5 minute intervals and very vioorously chaken 

6uch that thu stcl ball broku up any a_;{lamoeratiofl which 

was bch nninr to form, and to red:i.stribute the coal in the 

cylinder 2o that no coul was continuously exposed to the 

hot walls of the cylinder. The time and temperature of 

this excri,'ment '''as determined by trial and error. After' 

I hour the cyli nder was removed from the oven and quenched 

with v,'aLea. Ni Lro :n flowed tirough the cyl injor throughi­

out the entire process until the cylinder was coo].. After 

http:Yu{':.no


coolingj, the coal wa2 reuinoved from the cylindur and weiged. 

The prOculL volatile matt er removed \was ba:.:t on [he w..ght 

loss duri a 4 1/, hour coij:Jg cycle. A coa. had 47 2,' 

of the volatile Battar removud, and ". :i Ci, .2, of the 

volatile matter r mov by the ]procc.a:n. Thu coal vas ro­

ground to paus a 20 mesh sieve before being blundod with 

the '-T2 an , co: t. 

Yercjr.rh:ic anA. i of the ,hariL; ,) andtop ( ETC"i. 

mid:l( 2e= (= ) P" scale cokin. tes-tc of th ce coals, 

and putro;M'/.c ;,a.lyc.. of ihu cokc'. of tho.c coal.C ev'eQ 

the folila, ON.t of coaoclu:...o
 
FOQ....... r jU io .o of. cuc Scf varies.. 

( 1 w) 1'-,' 0 i"::27A;IT'L ( UO2 ...Woe: c 	 I oi SOL& V",,. 

recuic., i': ,: o)"E i c 'OO va. -tion 
of tL( U ., O.N A..n 0 Arso. : SO ,.... 
both .:nrv:-. .' n *. 1 Illto t H AE. 

(2) 	ViLrOU in b-oth ,,,m.',' h= a ref..ctunco of 
ap .:i.. :... 1 . 1 / tdicg n't e..u,.h 
are of " . " ; lv. volt.e bi .nou 
r'ank , 18 i~uh 12 8 loJc Lkc (cuairo1.cts are
 
COiCryC".. 

(3) Th]e IW, },: ic 	 of Lheowe coul.snjh-, r:on.jus:iti:on 

is poor or ('01,;. pu'Porc, bea e: 

a. 	 of L;l ov, qu.i ' of thu vitriniteb. 	 t Ii ;: .. i, ,i ;i.:ji.i Lic:; (cutini te 
and ctl.:,) v .';1L t., vAit"ilii L., cau :Lng; 

c. 	 the "y 1).:ucv'\ .L Of ia-.", ralcs 
to P12 ')'.. ; . L:tto i] in the coke) 

d. 	 hi1, .uAuh. or clay,, inhd ,yti.,&, even in
* th 	 c u ] .... :an .( • 



fro I' I : co:0 1 r( ]. Ui.'" :" .,I) i t > oo I -1 

but UPn KnX inth cbQ.. nim PIQUl morL 

(5) 	 CHU i LQWA nun verg WOMAYLL:~ ixe~d 
with~ L; con! an of Lch vciV Pil rise, 

i:LUnbi1 fucLor: 

EL~L ce:'uK ur 13 anLd 14; resec'CLivuiy.
 

(6) 	 Es;Linu ~ly fur' the KT n 

(7) 	 hlu:.: _ or M. coals with Fuc;::0( . 
No.3 co ! .u(WULX; an (0 t' tLW2 Lhi ity 

factor in uc of 53~ if lc Lthan 20, of 
eihrWK v coal is MlL A 

. tn 	 thn rtbl~ityIL1w may i joUl L o ir~cV'u'c 

coalt: Whc C (un hikyAVM 	 IA 

bililtyI 

(9) 	 The WM02 of 3II wrcl llietobt 

WWI cc : buoi' oc C:K1L;: iecl''' LIC 

(10) 	 i >.a rop cue(0 )F (0; i .. : Ui. . Coalui2 

w~n;Vt i. U, :M JAd not U:2. ic' 1L lOa 
to jf'~P-;int in~ boU n0:0AWL of ;%:------s. 

.C.. 

(11) 	 hlut:::: ;oloci'n~ oa woit Li>..WlI :v< c oaUl-

OLhb,,
pr~.:i 	 o CMA Wrre~.;s Li> coA 
SKAi: ,::C:1 rn.1 trn.;c of AC..."2 coke> 

wihi 	 kUA ih K Lij i (:0o, q.::not by 

PUPPUS 	 Lif K iihI coal Apt IV 

(12) 	 :;,v: no "il n OL VO:LOUL .w n!" th(,NIM A 
coking j'MUCUPPY 'bt ruul wi..1V'thin the cok~er. 
d3ucina a cok very'- 1ia in 'lfur an ash.su 




ReatIon,;Ihiy: of Larera To'0M io)11 id ol i , ropcric ,. 

The propurties vit:hin the coal. Ghich rffect coking quality are 

ran: and co:m ni.tLIon. Reflectanco :ea:.ent,; of the middl, and top 

s;eams Indicae t:hat beth are of H.igh Volatile Bit uminous rank. Vitri.­

nLite of this l:ow rank have a very viscous plas;t-.cSc during colLn. 

Little material flows within the c.e during the plastic stnage, prevent­

ing the formation of strong coke. ExInite mix.:(l intirately with the 

vItrinhte increase the formation and sine of pores withjin the plastic 

vi tr.inite. Very fe., inertinite part ic.u:; in the coal reduc: coke 

strength, becaume of the absence of ago.at',2 ratiurJ.i;al. which sstrengLhlen; 

pore walls. Al.l of these fac tors working ill co:;binati.Ol: (.) viscous 

non-flowing plastic stage, (2) numerous sma]l pores, and (3) lack of 

aggregate material to form pore walls, produce very weak coke. The 

high pyrite and clay percentgs furthcr reduce the usefulness of coke 

produced from these coal. 

A po.s;-s'-iluy e:n.:ist:s iat dic strength of the cokes derived from 

Sharigh coals ,inayhe i ml)r, cd tlhrough the addition of a "blocki.ng agent'' 

to til. col:i 11:, charae. 

An efLcti%,e ''blocking agunt' can result fromi the adlmixture of 

small quantities of coke breeze to the coal charge. 

http:blocki.ng
http:co:;binati.Ol


Figure 1. 	'rhc small scale coking apparatus with the top plate re­
moved 'o show the three cylinders into which the coal 
is charL-ed. 

Figure 2. The sma.11- scal.c c.okhig apparatus with the top plate 
bolted in place, and ready to be placed in the oven. 
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Figure 3. The small scale coking test oven (0), nitrogen cylinder 
(N), and vacuum chamber (V) used in the small scale 
coking tests. 

Figure 4. The simill sa1 e coking test area with the coking oven 
(M), nitrogen ci,-linder (N), vacuum chamber (V) for 
oxygen removal prioiC to coking and cooling, program­
Tnbib.e temperatire controller for the oven (1), and a 
charL rcorder attached to the thermocouple inside the 
cokin, chamber inside the oven (C). 
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Figure 5. 	 Coking ,chamber buil.t inside the Lhndbe', Hlevi-Duty oven. 
Nitrogen e2nte rst lthe chamber uinder s] iglL pressure through 
a 1/4 inchi copper pipe (N). A thermocouple is in the 
top of tChe cliambe r (hidden from view). The chamber is 
constructed of ftirebrick. 

,,~~~~~~~~~I~~.~ l .. ,;-. ........
.. ........ t , 
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Figure o i, 5lrI , ci d Iit iiiciu In ii ed to crush the 

IO(6) th coke in tho Ot or coke stengLth (Stabil-
i.Yv "I t r). 
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Table 1. egaicopic 0 cyr:iptjoii: 'if.tr u~cl in So small scace cokc,; Jllus-F OY" CK. 4 .Lh" A; 

C O A L .O R C O A LdDU N.. F i t 

iocat 
PittLsburgh A 

Poca nt'is No.3 B 

Pocahonm .s2,%-Pittsburgh 75?2 C 

Sharigo-top scam (STS) D 


& 

E 

STS 90% - Pocahont's Ne .3 10? F 

SJS 751 - Pocahunt.:s No.3 25Z G 

STS 75% - STS devoI.nt~iJ.i:cd 11 
25/ 


STS 50Z - STS devol.aLiied I 
50% 

STS 70Z - iS d 'volacili(,d J 
20% - Pocahonta:s N.3 10 

SS 97" Agricul.tural K 
1.iim e 3c 

:s c c C c t ur is' ,i th, LJc.,'; 

ion 
1', .1N;e central.cavit:y, titil
frag.i]p Invo( smils, m u![rtavvlo,, 

M .n Ihii(. of (1(:i c fl pi 

Stre '', t ....O .( 1 Ofl',C. , 

of coe (Cor:.)a, Panenonttiof
 
thin wal b, (rw;, ver:'y fc. frac­
ture: , 1 an':::t,t
t.L] i 

Stre,,,, unir;., [,ref sro nd
a".. nl .1 
hic. i'Lnw, :,... cent " 1 C V.Ity, 

' y'Stre ', d n:., ndl.r fr.ictircd, 
p)O'' ric ' ,'d K to riP::.i.
 
centra' ' , ' , thinv pore V J.*
 

St: aI,d. :'-m,c'r; "1vfv;-cticid, 
p rar:J::Ci,= '='=======i.,',: to p;i l
 
cent r,]. ckv:i t',', tnhi.11 ' ''. .1_ P.
 

St:rS,an , " ,, veryQf .fQ)xet:ircsm,
 

pore SPU i '-Puw :. iK.:: d (1 1 )ll
 
COMML ; C tin .1 1i"res,
CeN'.': , 

Stron,, deosc', very f, '',:c:, 
small]. P]ou wic.h 
 i .cr1 C;.;lhtly 

1
ill i; t:io ::'',n n "-,:'] , It)a].
 

cav[ty' thi*cn ,,r 1.1
 

Stron;,, cvc' f f ra:.:irr,
 
small porw:; Wd,- incrue ''very
 
sligli y in to very p::.v .i.:'n 

central (::v L,:y,Lii,1 \'.'1.i,(d pore,,;.
 

Strot;, .n ',:, : f:, 'Ur ,,
 
small. pir.:: c.ii c'i VI i '':::.c' sivye
.i :in 

fi'n'var'(d tO W1 1,ii.C -'III
V"I1. ( avi t y ,
 
thin 1.111 I vt)
:;.
 

Stron', den:,:, fr;n:-Lured, 2:m.
 
thiec: do:n.' cake env,, I pa , modern te
 
p0.: ize 
 .. t to mod­
er nt e.ly l.arg:e c u'nL y;al ca vi ty , thinj
 
pore wall.].;
 



Table 1. (cont:ilnued) 

Shari.,§top scam 1/SXO L Stronn, d n a , fractu"Are, 2mm. LhiclE 
outer c'e-,c nlve'lpe , largO pore ;izc 
(rmvm.) Inur.:;i:lu, .in.:iill to largl' 

central cavit.1t: v: e\cr'y t:li:n polo 

walls. 

-1, Frag i ,, v. - l , prc ( .),
Sharig.-iddI c seam (S.S) 

very t:ij . , , , ' 
irre ul:, f : .L :.': , : ].?It 

We igh t:, C,yr!n n:,d. to ,f7il CY .]IN.dr. 

,r. (nVery f' 'r 1 p
SMS 90Z - Pocahontas No3 101 N 	 c p, ,c wLw a.: ,3Sml. ) , v , '"th i n r K-,!,[ 	 l l s< 

large :,: .: , v'_-y r ,gu--
I ay fi;:pw : ": ( :iy m:d"2 to fi ll. 

cokhia' r,'. 

0 Fr-g;il , , w.eig'.ht, largo 	pore';
SI.S 75% - Pocaliontas No.3 25' 

(]L.h,), ','e Cy tla por, vai.:, pore 

,;i in;.ird to 1. 'o cCnl­

tral c(',, ', did not fill.c11i3,e . 
s vi: 11 p'n . m, 

SMS 75Z - SMS dCvolvniLlizd P Very f I 1N,,mauny irrc,:.,U! frac­

25Z tul'', ;r, 1jq'vn S:L, (1-2M.), 
very port, .78.. \IL'y light1 , '~oY' , 

we2I~I~L , !i" to fill.,,'r c:iplnl 
cylindc .:
 

SMS 50Z - SMS devolatilizcd Q t. c',::: , 1.rm,,e pore ,-::e (1-­

50Z 2 na.), pa:' S : incre :C , in:aird 
to a zone of ] r., pores , thLin pore 

walls, did nut e.cpanc to fill. cyl­
inder.
 

SMS 97Z -	 R i. Lbt g.'e.Agricultural Very fr-gl .e, 'ht, very
 
< 


limo 3 	 large rop.il Ic (]-Ory:n.), very 

thin frv,,il, por, %,:ail 1;, many i:rc!g­

tlar fIb;.v't 1',:;, e.p;red to fill, 

cokl:i.,p c i ,:v1ur. 

Shari',,n:iddle s am 1/8X0 S Very frWil, lih't ..iglt, very 
' 
large pit.9l (1--3Iii. I, very frac il.e 

p lo wall o ain)1l y ' i lal r at iue<,
expalnded t~o fil.]] cy]Jndor. 

http:w.eig'.ht


Table 2. Stability factors and yields of small scale cokes. 

COAL OiR 	 COAL BLE,71) STABI]iI:
FACTOR YIED 

Pi~vhu ph 	 . ... 58.7%/1... ... . -131 
Pocaona No, 3.........6 / 611 

. ..............................	 /4 148,"
'SL['12 .: i...7$. P ceo., n310 * lo ] 5" 3 58.1i> 

ShS 	 (STS ...................... ( 54 .3."
STS. . .. . . . .. . ... . 112 i 1)62 
' Sh ': , r ",:: (,T -] .. . ............ 0 59t. Y : 


STS Y0"o: . .......... 18 62.77,..... 


STS 7' SVC.LM Nu.3 1].......3 60. 
SSt W ! , v :'. 1 ,,, . , 2 '. ".': w , 3g 5 9 
ST', ...... . ............. . 9 59 . W ": 
S I}. " .....(: .. ....... .... .. .. . J. /10 . 1 
SMS, 5W,' 10' 50 .. . ..... )........... . . .39 6 2
 
S'1 'C.'1 
S' '; /.... 	 I 5 0 
Fill .,S 9 ",: -,::!.: l) ' .	 ,' 4 5 .]."i., ;,, i .3,.0 . . . . . . . . . . . . .. 3 


IS. .. .... ......................................... .' 502/
5) <.59)... 	 . . 1 ! .li;l .. . . .. .3 4t. 0()i; 

• STi -- , , ,, s.;ir'. dew-,] I L:'o co'. 
S' . . 

Ii Only 8 (Jf W'( snmp 14' biI' v i isutirc 
SMSD 7, '1... i dl i,:o],.i.nJ:, c ,:,. 

',:., of 1hn , a-I1\ n 
tho.';t .,I ;y fuctor . 'Thiis r:::; tIto : \'.;."." ,11I:ficgirit]y 
rcduccd the ;tc'n t1Lh rp.'.:urc,:. To aClei'<V cCiI i 1 
resunk; the 27iCOl::;lC( 1.0 .;ra:; iust be usvd. 

NO.T: 	 Pr( Ani,";; -,(lt Vith SU1A;Ol.. other :111 naLviJral 
Coal, uh a a,. tou i,li" ;lud devoa t 0 illUd cOO, 
E;li k]111 >, eiv.,,C.d w h t ,> n l (-,:e I.:] [. ;]~: 	 '~~l ] 

n p nic, a un : to lare o)t:1 de' th, .d i, ,oxvn fega.-eiblc 
W;,ith4 cLI U.F in tis t,'r of i0norwhir 



Pi u ;sh.-ur gh 75Z
r J 

Po~cahontas No.1 25Z
 

P i ILt sh u,g, Po c alhon t a sN .3 

V. 
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.:
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t o p s e a m S T S 9 0 Z 
r hj I p ,wI I t' Sla r i 

Pocah1ontIas No.3 I]0
 

. ... '
 
: ." .' -" %
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II i F" 

:t* ,, ; ry idr .4/ si's mly C a.t ,a. i I 1! 


-(q n l c ]o w fe,. \ tu il Si e
 
i to.,~l~ q ( 


pr d c d b c ti,, l~he4ok

C, C,.'- h 4 

"['t e -s~"4'ic vtp j,, 
! y l'li:lt 4v.Cc 




SI lI~IIid I,- Seam 	 SMS 90% SMS 75% 
Pocahontas No.3 10% Pocahontas No.3 25% 

z! 

S>1 /N SMS 50% SMS 97% 
>;I) .'i" SMSD 50% Agricultural lime 

3% 

S 	 "1" i I IIIi I s am
 
Fgre i 0Ath e 


Figure ? co)nLinued. Actual ize. 
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Figure L. Pocaloi 1.as No. 3 coke examined with plane (polarized in 
one direcckion) I [gjt. This coke clearly shows patterns 
oA Flow dt riii., the plastic stage. Note the sphere of 

mi,1 ti i (imLevt in pore walli mi (c) the (ii). 

V"
 

Figure 1Z. The k,. win ,xiamined w ih crossed polarizingh1,oimh e.l, 

fr c:-s,:.;- ( I n kol_, ), Examining the coke in this 
Way! show -; I.h- ni ro.-opism (-I this coke. Note the 

i~oio top, 1im ,mdcr crossed nicols) nLtUre of the 
imim - it. (-I) in th, pore, wa l . Also not:e the large 

(' t h ' COPL-, 



~/ 

• £ 

4'\ 

Figure 13. Pittshurgl coke examined with plane light showing 
walls and small pores. Inertinite is in the left 
or Lhe photograpli (T). 

thick 
part 

. - . 

AA 

' .! . • . 

Figure ]iq- Pittsburgh coke examined with crossed nicols. Note the 
much smaller anisotropic texture, as compared to the 
Pocahon t as coke. 



Figure/1. 	 Shari : Lop seam coke examinud with plane light. 
The coke (C) is Iacking in internal structure except 
for occasional pyrite (11y) and clay. Pores (P) are 
small, and pore walls are thin. 

.. V::,,' 	 ,..a... 

Figure 16. Shar Itop seam coke examined with crossed nicols. 

The coke, 1 - ars dark because of its isotropic 
na tlre. 



d.~ 

Figure 17. 	 Sha -OAtop se-am coke with ai k-,mp;i m ins only 
s Iightly coalesced. Tluse grai ns probably were 
illigUlir grains of coal hc ore ohIn and the viscous 
nature Of thc Sh,'lighc!a.p pkAi. stage did n()L allow 
fIowage. 'lTlis is one. indication of the viscous 
nature of Che, Sig-coa! plast ic stal. 

4" 

.44 

Figure 1. 	 Clay bands In the 'r-i<.. 'itic, bands have not 
been distorted, eVen thog th victiiic ehtween 
bands has passed t -ougi h,, p I st ic sta 'e'.This 
is al.so evidence of he i.h Ily vi cui;i als of thetue 
Sharighcoanl p lastic st'ig 



i .ii
Figure 1 	 ( la y hands Shnai-
shape of tHie or l inal 
within the clay, and 

coke. The bat.ds outline the 
coal grain. Coke bands occur 

represent vitrinite in the original 
coal. The clay has not been deformed by flowage 
du ring tLhe plastic stagi_. 

'ivANp 

..
 

TIH i-
I I t Ie de.formation o thesesse Ienses d LC to owage. 
Note alzo the smrill pores witLhin the restricted area 

Figure 20. 	 I y itu l,,n',e withif the Sharigtlcolw. o ha, been 

1bet w re the 	 pyrite l21ses. 



Figuru Iue;11 pii- itns ofi ickei~cokis fShar ij 
11."hi(1h14 th l (.I, Iii okimtd is cokcolit 

prl ii I v i t r in i 1 il ' krpusJ Lht ciit [cles and 
i:;I cd pv I ­
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Figure i i , ill Pocatholas No. J coiL-. pit) rcs are more 

i 1W,!uI r , 1,1 rgur, :ind have thinner wals than the 

.r i4t eles (Figure 75). 

P 

t,q 

i , t. I i , ' i .; t ,i i ls 

t ii, I , <L,'i .: ' r 'L" ; 



Figure Thhe. coo ;aL be tween Shari glcoke (S) a1d Pocahontas 
coke (P) in n biend. Tbhis pliotogra pli covers t:he same 
area as fiKl5ure 77. Note the shar'p t r,,it ion from 
SharigiBcokc, to P'ocahontas coke. No intci-nniLng is 
evident alt: ill , bhL there does atppecl tc be a thin 
( 2-) micron) : [onewhich anisotropic coke withLo in 
vevry sma I L text Lre is present:. 

~ S i 

Figure . i ii o 'I" l)Io L Cis ( ') ',d( d a ofA c c.kI, i in 1 i n 111Ss 
I t( (5). There is no i.tt'ni.x iog,, btt the'tlg-iii (Ike 
," i ol,, doc's seem to have tI Ow(,d around the Poca­

flooll ' cokt 'Io evidence is av'ai iiih]he to determine 
[i fe pl. ist ic ;ta;ge fo., the Shari ,h ,h occured at 
if iei I mijo raTtri' ( Itlerefor( -timnme) ais thC plast:,h 

!-; I' I or [ht, P'ocallollta C ; I . 
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Figure 27. 	 An angular grain of Pocahontas coke (P) bound to a 

grain of Shari-+coke (S) as revealed with crossed 

nicols. The boundary between the two coke types 
is extremely sharp. 

Figure 2S. 	 ) vo It i i 1.d Shar ik top seam coal. TIh2 grain is 
-'u-eat]y runded, but not coa.lc,;ced with other 
gra ins, a1!-; i't would h( i1n coke. The grain is iso­

tropic, and very bright. More like coke tian coal. 
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Figure 2). Stabl i it:y F:actor St: andia rd Curve. PHI 
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GIESLER PLASTICITY
 

Random Simp ],! 

11a? imui 


Fluidity °C C"hax. 

( .D .11.) F luiditv 

123 393 


00 393 

87 396 


123 390 

3 396 


2.5 396 

2.5 399 

2.5 399 


Screen Samples
 

Max imum
 
Fluidity 0C .
 

(D. D.P..) FluYdty 

5 384 

14 396 


700 387 

260 393 

235 396 

82 393 


2 405 

2 402 

3 405 


3.5 399 

4 399 

3 399 


0C Start 


(1 1).D.P.M. 

357 


354 

360 

354 

369 

369 

378 

378 


OCC Start 


(1 D.D.P.4 

363 

360 

333 

357 

357 

354 

369 

378 

369 

372 

381 

*366 


O 


C Final
 

(1 D.D.P.. 

420 


414 

414 

414 

405 

411 

414 

411 


0C Final 

(1 D.D.P.4. 

399 

411 

399 

420 

426 

417 

414 

411 

414 

411 

411 

408 


O
 

Rn ,
 

63
 
60
 
54
 
60
 
36
 
42
 
36
 
33
 

0C
 
R_
 

36
 
51
 
66
 
63
 
69
 
63
 
45
 
33
 
45
 
39
 
30
 
42
 

Coal 

Shar+i_? 1,id"Ile 
S.h.ar 1, dI 
Shar,:i:,dle 
Sha:rl 20ddle 

Oid ].c 
Shar i'n ddI] 

Coal Sawple 

Sharv' Middle Se:am 1 


Shar IKI,iddi e Scam 2 

Sharlgwiddle Seam 3 


Shar i .2, ddle Seam 14 

Shor < op Seam 1 

shar!Si,'p Senm 2 

SharigTop Seam 3 

SharlgTop Sem 4 


Sharj§,7,p Seam 
Shari,h Tp Seam 
Shar gTop Seam 
SharigTop Seam 
SharigTop Seam 
SharigtTop Seam 

Size 

Fraction 

Sea ,-,+3. 
Scam 

Seam 

Scam 

Seam 
Seam 


-.
MAX 

I &A: 
28,,UJ., 

48,U1OC~i 

-lO01, 
+311 

3Mx141 
I4Mx2SM 
28M48N 
48Mx1OOM 
-A0M 




PROPOSED SITARIGIT COKE 

The review%. of the vork done on the Shaligh Goal.soved that, 
in cith,.'r the raw coal form or as a cI Can coal, it was not enrtr1ely suitable 
for coh-e beccause of its high sul fur co70nten t and \a eak c1cc produced . 
CleaIni. , of thuc cal C'n; ,ivc a :irnificant sulfur reduction if 
l.OVe, I "e ne'\(i\ a,,- ( p(til)] vt 

ri']; (\' .h cohinr:, ,:]h r::cteri.;tics of the Siarigh
 
coal i: lici that LrndiW w... ithi a uit,,le b]i.ndincoil would be
 
neces, ry to produc a sat i fi ctoury produ Ct for rise5 ill either .steel
 
m ills ( - r n i]::..
 

A pro.i .,A {o (A v," the Shsrirk c oa ; to bechivc co!' vas 01).,.rved 
at Si, y a d i.z . -ovnin v i-t: o 6. The co e_ v', n:hi,,-:; ob:e'vcd 

r .neat! : 0\' w,,. ws. \veah. IndicAtijOn were' also tha,.t it had 
a hijl, UoIls content,. Even with tAu addition of a si'MnificOt an ount 

110! ~i(V 
low MoAI!/in the finial product to n1iLMe arhe t require'inunts. This 
statUe1,1 nt it: based on our tWd:; on the Sharigh coal. 

Of JOW-' :TIM r'Wndi-l Coal, ANi: 11i'0,Awh (:0112 nR surri.nently 

Anotliez pos;soibil isy thant may have incrit is Dr. Chota ni's v,'or].: at 

the PC l1u i:: he fixed bed reactor. During our review of this 
work isn ka rn:- i, Dr. C]otani indicated that he had had success in 
reduci ,h0A1 contrit by 40 p,, cent. The coke produced, 
)I c, -- low,]v r in '-ulur (1 1 t]hat fron a buehive oven, 

: ', P the crfore'e, s;ugge:te(d that if hi; in­,.vI. ) i -;, 
v :;ti A' , art, to uoi0 imoe, lie :;ould Iliv :;tigato blelndinp"the 
S]oai:'. ',ibI h1: oul,-,f r coa] : lo alchieve a suitablc.. coke 
prodo. .'ihI . d a.t (! s;tr ,1l 1 f,,r uti i:: tion in the st eC m ill and 

i1i~',' rl III t,.ic !'oL C(: issu, c 0fo 1I' h 1)with'h su..estc&d 

To tlli: t'nd ahln:ear, in x-uiMAit A which follows.two offered 
Ca're: I .Sulo that the coal K:: cleaned at 1. 7 specific grivity; 
Ca::e lI .hov an opii ,, c, v.'ith a. siilifi'ant sulfur reduction, 
and the coal cleaned at 1. 5 specific gravity. Case 11 indicate; that 



if the:, strength characte risticS are ruct, the sulfur content might 

be W:tliln an ac ceptable ran ,e :so that it could be Imarket:ed to the 

sugar milL;, 

l alt 

in the linite.d t;, i!;to attemp)t io idunlti y a coal vhich might: 

meet tl e u(cific:i ion: for bendinL., \Vitl the $ righ coals to 

malaz(: a Pl-utall coke wlc c Ikc- olitas 'o. 3. 

At this point w, d aL(IV. on our acl;];, for our vork here 

1)] clidip. ,,'.tit] 

The specifica;ti,:i; for hecddve and imuta,]u ugica] coke uised in 

Paki:;tan :arc .'o\%fm hi I liikit A, Specification.; for the iron oru, 

and c:oking coal are. .'shuv.nin ":hlit 3, 



. : .., ~~~ ~ ! "-ttL-% :.~ ~ ~ W Pr , li:!~ t ~.. :,i . ~% , : ~ 

2,, 

Oven at Sh~arigh.Photo 6. Phiotograph of Beehlive Coke 



EXj ITPI'T A 

FIX F,1) 1 1" ,1{7 0lN I .P.D1'iT(P1) ( 212 CO] I: 
AN>1) IPI )l CK'VV(KII{ <iN l.1l ,I(IlI (C(OAl 

Vo ].t i.] ,,
I;]i d(C( ' ll 


20001! (di\ )
 
107: 	 :;h (dry)
 
J, SuJf It (dr') /40% of ToLal Sulfur
 

25 (dv) 

Y.,, L ,1v' 1iv1 .id(dry) 

~dI 1 	 :. ./22c(::Iiea 	 2 

200) (, y) 	 IncIud-os ]-;r :0 
9.57 A, (d7-,) 	 73. 8" Sul fur 

5.15. I yr:l (dry 2. 7] ,,SuIfur 

110.9": V'I (dU ) 14.32';:' Ash 

6.1 17 Yield,]: i 

Cle;ilIt'd IL .1.7() S.;.
 
(Table X)
 

CASE I 

Vo.ati ].es
]
B;]u'tid (,,,u

20(0W. (dix-,.) 	 A 

](!: ,,:ii (dry)
]7 Sid.H'tr (dry) 

2 :", . (dry) 	 40% of ToLal Sulfur 

,/5,: C-I'. Yi'ldU (dry) 

Slarigh Coal 	 'i:-:c'd Ibed 
20 : (dry) 	 .. . . . 2722; Coke

(. (tincludcs e7a. -ry) 	 b uec-,"' 

,2 4. O,, E;u~(dr, 	 601 Sulfur 
2.2Z Sulfur
'. v:I (Irv) 

6.1..17 C(2uk YieI U12.67Z 	 Ash 

CASE 1.1. 

From Data in ;Ieih i.liLv ,i(:in ; (I; ;ic ti cs of Top Sehari.h1-11d fe am 

and lidde Cn[ b lieini -nd Ha.ik November 1973. 



SI: , ­

, l (II JL I\ III I.,(IA 
P --U] i -.l ( c rl, c i Co--cCI I';ii KT C}-l-< i i 

111 hI'llu 'licl',euhi v Rfg :, C I I Ie c 

--- ------- s - - - - -. ­

(dry .:'i'; 

5,Z aIi(d he %.:(i f it: 

>I iu t re 2- 3 3-6j propwr L i ..,i I 1 1 . 
hic t 'd I I-,,a I 1 1 ... , i?: t . 

V AILi IC 2-32 [1-1.57 0. 80 11 1.:.i mm i1 1V , r ,C 

0.9-I .(15,1 
(i r ,r i ed Im) i s) 0. '' j I r 

F ::cd Clrb • 5 87/, t1 ii mum 7 

(Iv>' di f5t c) rir'( d b;Ii .) 

,-iat t. r Le-L --- 8.1-8/i) 

io,! ,1.cma,; tLlwmn. 
T. U 8500/9000 t12500 (­

SCl,e iwt ovt, " 60 ,m niot-

So zC ILt110 10 7I ) tv,,c1) 1 40I111 and up .,i 11, 

- /~mm~*:i4 i ~'m; IpI~vILi 1I nnl.Lounti L Lo 851,;.: mi i:: . 
.manl.i " 40-60!1m :1id I It 1.' 

I10t: (': L.- (d i ) 2 

n; Lhe i 1i du 1:i n .lasL 5 wereR 

Beel i ,'., Cuke Po] ili C:ok u Chii ies (ok 
y Sc.1.1 in11 IPr i ce Se l.l i n Pr io Se I I i Pr i c. 

Per 1.'Im Per L/Tn Per l/'lu 

'lh I alided 11d e.l. p1ri cL,; Ll I( year; 

2,i2/- 520/- 333/­

)/ !71 In imprt. -- 390/-­

5/472 -13/- /3/- 413/­

6 71/ (,,1, clecIoun L 
7/71 .-do- rx, is il ;,; ;I Seq 1e.1 

.o ( v;I IIIII i (n) 

1/id -c- . 1278/20 

8/ ':' -d - .1Y712­

2/75 -do- .. 1760/­

"', 1]nfollInmlt i (,I, r' I P ik i ; in -d.1 l 01 CO 'Illo Ifl l l:II u ;II L iu C I Cit,i flIn 



1s\1S]I&C IF M(A '1'I)s '( )I. I IC TRON OR, 

- Si.z:e of SiAL - J-" mnBelow 6 

- Siuof .lump r-. 30 mm - 6 mm 

- Ikir,'hbt Ii i: i.t un content of
 
Vnri'.ou0 lC ui'; t. IL[ U(Af.l 
LH;
 

Per] rd(ii t 

ToLal. I run 60.0 (m1ii.) 

I'h u:.phor L,11!; 0.1 (ax.,) 

Sulph1ur 0.05 (max.) 

2'r,'. : 0.00. (max.) 

CIP'"0.0(Fl (m&.:. ) 

Xi ;.ne":u 2.0 (m:.:.) 

S..1 c 8.0 (ma.) 

' itt n.i.u::1 di.%i(.](0 . ]. (n:,..) 

S'EC I F1 CAlI (:S FR 

I'A\ ,.1 C.n]! I1:(;C COI, 

of coal. ]',..
- SIZe vlu 50 Mu 

- l])c:; 1 ';il C ( .n'1,lI .lil ,, n L of 
V'a'i i eI:; L I ti h1nLI, 

Hoit urc 5.o (arounid) 

Vlat i .t,:; 28.0 (ma:.:.) 

Akoh C-,n tci 10.0 (ma:.:.) 

,,u] pIlnir 0.8 (ma:.:.) 

http:Vnri'.ou


;NG SMlilt] QI 1; 'TI FOR ELESS FU EL 

!(al rUj iJon ', I wil cu evaluatedcA final iai,'a e ',, 

involvc(', botih convent aa,].o and unconventional aspect e. The 

purpose of tL " eypte. was to produce a ,et-,u.llin, 

umokelc :: , brique e ul iquar tting{ of coal is a well. 

duveloCQ i-proce:; :iC,fvolvi,":n crushing the coal, mix:ing; it with 

a bindr and preu:ein- it into briquct L -s. Hlov:evor, simple 
bri tl-" au ,.i.] l not redOucC 2no:e and odor emi;ions. 

in o r Lo r'ucu .cp..on, thu Eul'""r coantet of th, coal 

w 10',',' (0 .t :_('2."ti : a1nd liLO wan addedU befor'e2 W02', 

briaq"PA. Wo ret'Lain the rL'uinWI: sulfur. 

The p i:..y purposeo of thi:; study is to reduce the a] h 

and sulfu.r cuntent of the LW.-.a a.nd 2harigh co alc ncualh 

.to pro, c hip;' ,::.d fuel euch as would be required for 

pov'er piAt - c,::,rC.ict and ,t: ;1Lc~.l appiicutioln .=6 l 

Ilovver, oat Ment-ion w:: given to the poss:i.ility of 

us in, thoe cOl aS: an or'>l.ic chemical fccistock. This 

work inv1v & hoth dcuva;l;.tiii:o.t:ion studice usAr. a flui­1 

. . .arrdized We a, liqui.L lcLa:ion studi(s, in a pressure vessel. 

Succnf, duvo..tai woui.:;.t2produce chn.r which could,ocld a 

be br.iqup.,.t c i to ,roduc, aan cce tab.u]. o fuel . Liqui faction 

.i.ne a co'vu'irion p2rcc:;:" v ich al.so hate a good ,ont t ial for 

pro duciEC. a.n a.cceptable fuel. 

http:woui.:;.t2
http:or'>l.ic


Briqvuett - and ,m.1.,ls.; ThQI 

The ec,221 bi. i. .,y:of Jiproduc 1 ,1?, a. sweet (eg. non-acid) 

smelling, .moel el ' and easily hriquetted fuel from two 

samples of Lakhr's, coal (E'TI and HIIM-3) and two samples of 

Sharigh coal (SOTS and b,) was xain 1. It was found by 

mixing either lime or calcium carbonate with each of the 

coals that the desired pmoduct could be obtained. A 100 

percent stoi.chio: etr'ic addit.ion of lime ba sed on the sulfur 

content of Lahra coals und oetricthe 200 percent stoichiom. 

addition of ime based on the Yulfur content of the ,hariah 

coals was found to be the optimum mix proportions. 

A partial devolatilization of each of the coals was 

also carried out in order to determine the potential of 

each of these co'l' for organic chemical feedstocks with 

the resultant cAridue bein used in the production of a 

sweet (eg. non-acid) smelling, smokeless and easily bri­

quetted fuel. It was found that all four samples could 
of the original 

be partially devo.atilized to Y percent/or less volatile 

matter and th. rel tant rcsidu, briquctted into the desired 

fuel. 'i'h- qar. mfi.. prop(1rt.>n.- of 100 percent stOiAhio­

metric f , tv1h1 ,kr.and 20U Sharigh wasQr .n.cent for the 

used. The resu ta:nt pellet s we considerably weaker in 

strength the a to non-devol at ilized coals bit still acceptable 

as an article of commerce, 



!"l.IU'"TIM:. - In order to 
du tLrmino w,,ha L addition of 

1lime or lijmes tone m.L ht produce the desired ,ei,- s!:mellini;. 

oa::ily 'I.L.'u, fu,l, stoichiom;etric cal.culaLions were 

perfo)n.o u.:., L, sulfur coYorn t of the flout1.60 frac­

tion of each conl : the basis for computation. The follow­

.i. .
ilJ ; 2' ut I assu .. : 

CaO + + 1/2 02SO 2 0 L>,(4
 

Su.fu' Valu;s are.,.vn belo,:
 

Lai.,r.-, Cowl harih Coal 
ul.ur 7 (4 1. 60 loat 

58•1-S*' ,1 5.56, 
MI"i3 5.65 SLM 8.35 

Duo to thichi oslfur and ash content of these coals, 

it Was Otowx.... tUK, ,,:]tions.; of hydrated lime (Ca(Oh)2) 

un6li:. ::: &<.(CCO 3 ) shou1ld b; O-it .o a mini'w. in­as 


cruu.; c ash csH directly r;ulL from such add it 
 ion 

As...... ".W aton Lo uri h coal. (...71, 6 . 

sul.furi') in dou lec : .a.ntityt' cortically noud to 

convert all the sulfur to sulfa Lus, i.e., 200, stoichio­

metri.c , resalkL in an ash .Lncrcaw a of at 1least 54~0 poun:; 

per top:, cff' cLin,,,; an incroase from 13,1 ash to nearly 41. 

It shi;l. be puinLed u hL, tEM coal at 8."35" sulur R; 
the il .Lw, l..ulr' coal of th:o tested and therefore 

2"o( nirY-; ,tu=l'mU Jli Tpoli 5 

maim:: :mu ......o". . of 

This:;eLxOne.OLei: (-r"p 0 (;Int the 

tOli ac tu1 e to ll y adde d for tbi. tost­

1n6 1rorr :,. 

http:are.,.vn


Since the coals to be teste, v,re all high in ash
 

(seo table below), iL was de,Lemipw that a specific graV­

ity separat ion at 1.60 would yiclid much lower ash valucs
 

Lakhra Coal Sharigh Coal
 
Ash content 0 as received 

WI 21. - STS 22.5 

hI 3 24.6 SIAS 33.6 

at reasonable recovery rates (See Yashability Section). 

Ash values werc reduced as shown helow: 

Lakhra Coal Sharigh Coal 
Ash contenL AS 1.60 float 

WELI 12.7 STS 7.6 

Mh1,3 20.4 S11S 13.0 

Experience has shown that, 100i stoichiometric addi­

tions, of sulfur sorbents seldom follow the theoretical
 

postulates Ma that most coals, depending on firing condi­

tions, sulfur breakdown and othr parameters-, often require
 

twice or more of the theoretical quantity of lime or lime­

stone to achieve the desired level of sulfur catture. For
 

these reasons, stoichiometric levels of additiun for both 

lime and liiestoie of 100Y 150 r in 200,0 were chosen for the 

injtial ,tw-, u ing u pre% and din to make individual pel­

lets. The de iree proportiren r '(al and cithcr limestone 

or lime verc nixed, placed in the die, and prcrsure applied
 

to form the pellet.
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In order to deteArWile how strong the compacted pellet; 

,reLtf•. P an- a guidelinc in selecting o])Lii:um 1line or lime­

stono Cuflt(UL _ufor ful.l si br:i au et" , c omro] ivo cruLh 

strengthns were do Lc ";:ined for one pellet from each mixture 

u.. in g a universal test: ing machine. 

The table below given the reulQt of this test: 
CPO;0

Cr'ush 2,t0ei',60 
~ C'znCruMn 

UIS[,rennTti_ 
ill 1"(A for in ]'ifor 

Prc o&S toi0 j,,,; ]-lydrnito iJI1.:o!-'C).)C( Lii;.(,s;o.. ... c 

Co,.. Lc v cl Ad i , A6 d 1 t , 

Lakha 
'''NEI 	 1O 1740 1090 

150 600 960 
20b 1130 630 

]111,3 	 100 1400 1350 
150 1210 1210 
200 1300 	 1210 

OS; 	 10j 10,10 720 
150 1060 920 
200 1300 	 870 

St,;s 	 100 1620 1740 
150 1570 1210 
200 1690 1880 

Calcium .yd rou: u adlition: = shown in the table 

re;ulted in pellot, -;onat - cee'd -n" 1000 psi in over' 

caV; tub on(. A crush] utrerh tm of 750 ps i gConorally indi-

CWoo(.u)f'iciC:, s, CtruL',t to be hand ed and Pranoupor [,cc] 

orr:t'lly ;,i Uout e.:CRrL::.iv' broa:.;e or dun t;in,;. 

_ .x' U pvrfPurnmd pla.cin; hodOdol or no i n o w o 	 by cru 

pulio t; of tLe L,y-four coal. mix ture on a i chrome 

http:e.:CRrL::.iv


screen one at a time and igniting the coal with a fisher 

burner, I.-ven though two people participated in the test, 

I)o sraell of' sulfur dioxide wa,, specifically noted for any 

of the "twenty-four mixtures. A volatile matter odor was 

discerned for all coal;, however, and was noticeably stronger 

in the Lharigh coal;, A sweet smell, characteristic of 

heated ine,; va, noticedi to varying degrees for all of the 

mi t u, es,, As a rule, the La:hra )llet s were harder to 

ignitc, as were those of incre.nKA; lime or limestone con­

tent, although all pellets ngaited. When utreated coals 

were burned, a sulfurous odor was discerned. The subjec­

tive nature of such a test does not accurately allow for 

the de.ree of odor or quantity of sulfur dioxide released 

upon comhu, tion. To better doter'nine to what degree a 

"swee1, sml..in'' fuel could bo. produced, a test wac devised 

in whirb sulfur analyses were performed on the pellets 

before, and the ash after, the carbon was burned off in a 

furnace. Using this approach, the percent of sulfur 

reto i.ned ,und that which Yncirectly evolved (prohably as 

sulfar di.o;xi.de) can be accurate 1;,' determined. 

After combustion, the ash residues vere carefully 

weiyghCdt tken analysed for sulfur content. By co:. aring 

Wt'1;. weight of sulfur in the unburned pellet with ti n weight 

of sulfur in the ash, the percentage of sulfur retained in 

Lhc ash can be determined. 

http:di.o;xi.de
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Sulfur retention values for all four coals are given 

in the tab.e 	below: 

Sulfur Retention 

Stoichiometric Sulfur Retention ; 
Coal Addition ,_ Calcium Hydroxide Calcium Carbonate 

YIMI 	 100 48.06 53.27
 
150 71.40 77.41
 
200 101.50 	 85.26 

HI,3 	 100 36.96 41.10
 
150 69.28 68.18
 
200 98.78 84.36
 

STS 	 100 51.59 33.15
 
150 71.63 46.56
 
200 80.00 53-71 

SIS 100 51.69 43.28 
150 70.37 46.15 
200 69.08 46.06 

As can be seen from the table, in nearly every case, 

the percent sulfur retained varies as the amount of sulfur 

sorbent added. In the case of the Lakhra coals., all or 

nearly all o! the sulfur present was retained in the ash 

when 200;, stoichion:etric calcium hydroxide was added, 101.50' 

for Vi,;l and 98.78; for 1J3. In most cases calcium hydro­

xMde was more effective in retaining sulfur. Exceptions 

are noted with lower stoiehiometric levels of addition in 

the bakhra coals where calcium carbonate was slightly more 

reac tive., 

Ash pecentages were also determined during the pel-­

let combustion tests and are given below: 



9.
 

Percent Ash
 

Ash 2
Stoichiumetric 

Coal Addition Calcium Hydroxide Calcium Carbonate 

"110I 0 12.70 12.70 
100 23.20 23.03 
150 28.26 28.21 
200 33.66 30.65 

20.40 20.401I113 0 
100 29.11 28.94 
150 34.98 33.69
 
200 39.72 36.55 

STS 0 7.60 7.60 
100 19.54 19.85
 
150 24.93 21.10 
200 28.48 23.52
 

SI;IS 0 13.00 13.00 
100 30.31 27.31 
150 36.36 30.56 
200 38.93 32.61 

As can be seen from the table, the pcrcentaie of ash
 

increas.es as the smount of sorbent added increases. Also, 

calciui.- cuibonu',te, in almost every case produced less resi­

due than calcium hydro.:iQe at the same stoichio::Ietric level 

of addition.
 

The primary considcration in aht emptinE to produce 

briquettes from treated rixtures of the four coals examined 

was strnLth. It was determiued n.uom the comprens.ve 

strength data gathered on the pellt: that the 100/,0 stui­

chiometric ca].icuii hydroxide min:turps would give the best 

results for the LukLra coals while 20 stoichiometic 

calcium hyiroxide ixtures were chosen for the Sharih coals. 

The production of briquettes from all stoichiometric mixtures 

http:comprens.ve
http:increas.es
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was prccludcd by the insufficient qtantity of sample avail­

able.
 

For the briquettina tests, additional samples of 'each 

coal ir: l: rger (13-20 pound) quantities were obtained as 

before by :r ff7i n_,, cruhing, washing at 1.60 gravity in 

perchlo-re , dVJ . n pulveri:ing. Preparation of 

the briqupni_ 7 mA::turcs, however, required the use of a 

muller tyjA! mixer. This typo of mixer gives complete, 

thorouf.I: miA-::jL by a grinding, smearing and spatulating 

action-


Nearly all of the briquettes produced exhibited crack­

ing.- alcn, the ::ij.dlinc. This occurs as a moisture release 

subseqt;een t o briquett ,ir..and if more sample were avail­

able could mac:,t likely be eliminated by varying water con­

tent, roll ap:;ed, and pressure release parameters. The 

briquet-es produced appear to have good structural integ­

rity and m,36cr-ate strength. Samples of briquettes produced 

are ava ilable for inspection. It was noted durinE the bri­

quettin, run that the slightly coarser 2harigh coals 

(which iver o troublesome on the hand pellet press) actually 

made briqucttes more readily than the Lakhra coals. 

The special, steel druL containing the 

four coais were opened and the entire con'. tw of each 



(approximately 10 pounds) were riffled through a sample 

splitting device until approximately two pound samples of' 

each coal were obtained . A coating of fine white preci­

pitate was noted on the coal p:Articles as the Lakhra coal 

containers were opened; in addi on, some rusting of the 

Lakhra containers was noted. The containers of Sharigh 

coal apea ed normal. The relatively high moisture con­

tent of the Lakhra samples was apparently the cause of 

the oxidation. Mboisture values for the four coals are 

reported below: 

Lakhra Coal Sharigh Coal 

WNI 26.08 STS 3.93 
111,3 27.50 SIS 3.20 

Following riffling, the samples were crushed in a 

jaw crusher (top size 1/2 inch) then in a roll crusher 

(top size 1/4 inch) before beng placed in a drying oven 

at 110 0 P overnight. 

The roll crushed, oven dried samples were separated 

at 1.60 using perchiorethylene as the heavy media. The 

float fraction for each coal was then dried and pulverized 

to app~roximately min> s 200 mesh U.S .S (United State Sieve) 

Durin/, pulveri'.ration, it was noted that the Sharigh coals 

produced a coarses product th.,.n the LakIra coals, were 

considerably haruer to .rind and left a slight woody fiber 

residue in the pulverizer (as if a woodon matchdt:ick had 



fallen into the u;aimlc). However, no such contamination
 

had been observed.
 

While crushing the two pound sample of Sharih middle 

seam coal, a sulfur ball measuring about 1 inch in dia­

meter was encountered when it jamed the roll crusher. 

It was runov& sr Fro'n M sampe(. Upon crushing the S.S 

coal a distinct odor of Iiyerogon sulfido was noted. The 

odor seemed strongest, when coarser fractions of the coal. 

were crushed and much less noticeable during pulverization. 

During the preparation of the Lakhra coals it was 

noted that (aithou;h the coals seemed dry to the touch and, 

in a 1/4 inch by zero size were pourablic and dusting) when 

pulverized they released water causing; mild caking of the 

product. Care was taken with these coals that complete 

water removal was achieved. This was done by drying the 

samples for 24 hours at 115°OV. 

Reagent grades of calcium hydroxide and calcium car­

bonate were used in treating the coals to reduce the pos­

sibility of interference or decreaseH reactivity caused 

by impurities, Ten gram mixtures of pulverized coal and 

sulfur sorbent (cDlcium carbonate or :.6'droxide) were pire­

pared, six mixes ior each coal, a to,: I of 24 mixes. An 

analyt:ical balance accura'L to 0.000i Cram was used to 

assure accuracy ans mixina was perfo ,,d using an auto­

matic mortar and pest el, Each sampl, "as mixed for 20 



minute,.F to insure even distribution of the lime or lime­

stone and the coal. Then, five one gram portions of each 

mixture were placed in a die and hand prewed into a pel­

let using a hydraulic pellet pres (Figure 5, Chapter 7 ) 

Forming load.; of one ton, maintained for approximately 

thirty wcom];,used mixtLures of Lakhra- coals, whileere on 

Shari H! coaIl' reQUrJed a load of appro.imately 1.6 ton 

to produce a "good& pellet. The size of the pellets pro­

duced were about 1/2 inch in diameter (surface area 

0.204 in 2 ) as indicated in Figure 6, Chapter 7. Forming 

pressure for the Lakhra coal pellets was approximately 

9800 pci; for the Whariah, 15,680 psi. 

The addition of some quantity of water is generally 

needed to -roduce a good strong briquette. For these 

small pellen, however, it was, found that a dry mixture 

gave better results. The Lakhra coals formed pellets 

quite readily, were easy to remove from the die and smooth 

texture.ed The Sharigh coals however, in addition to 

requirina tWe higher for'.-ing pri, sure meintioned earlier, 

w'ere very I f'ceult to press Fi,, the d:ie and had a more 

coarse te.xire,. This is, perhn,;s , a result of the larger 

DD.Vt iLci. I.' of the Sharih co,"Is caused by the difference 

in hardneur and grindabi_ ty menlioned previously. 

One of the five pellets for each of the twenty-four 

mixtures was analyze(d for sulfur content using a LEC' 
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sulfur anai.ynci and another placed in an electric muffle 

furnace at 1550°P for approximately one hour. Each pel­

let was carefully weighed and then placed on a nichrome 

wire screen over a platinum bowl to catch any ash parti­

clew which might fall throuCh: the screen. An oxidini• 

atmosp.ere was maintalned in the furnace by circulatinL 

air to insure complete carbon burnoff. The Lkhra pel­

lets burned evenly and produced a hard fired ash pellet. 

Although without structural strength, these pellets pro­

duced no fine ash and could be picked cleanly off the 

screen without breAkae or dusting. The Shari.gh pellets, 

however, bar.:d violently for the first few noments after 

being place! in the hot furnace. The rapid escape of vola­

tiles from thece coals was in some caces violent enough 

to lift the pellet completely off the screen requiring 

additional tecsts to insure that all the ash remained on 

the ,crcen or in the bowl. In contrast to the L,.hra 

coal pelletK, the fired pellets of the 05T, coal were 

extremely po'd ery and friable. The bloated shape of one 

fired pellet 1 limestone ,LS) indica~j(100 ,stoichiometric 

very well the effect of rapid volatile matter release. 

For the .- coal, cale.i.ui..i hydroxide was more effective in 

daumpening the s'elli nc effect. 

In th hr iquet t inC tests , calcitu hydroxide ,;as first 

dry iixed for fiftc en minutes with the coal, then water 

http:cale.i.ui
http:Shari.gh


was added anEd n for an additional twontyi:;i ,:i , continued 

minutes. The (qtantity of water necce,,.;ary wac, detcrmin :d 

by adding ;nJ.) quantities of water and mi..ing until the 

de: ired consistency (determined by squeezing the mixture 

in the hand) was achieved. Variation" in the rate of 

feed and the mll eed of the briquet n, machine (pic­

ture d in .Fia 7, Chapter 7, and Fi ure 1, this chapter)were hcn in.tvc,' ure 

order to produce r;oo briquettes. 3riquettes produced 

are illu.trated is u.i.cures Z hrou{;h 5). 
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TABLE 1 

PERCENT SULFUR RETENTION, 
OF LA 

ASH AND CRUSH STRENGTH 
IRA AD SllAR'IGlI COALS 

ON FIRED PELLETS 

)al % StoichiomCtric 
Addition 

Lime, LimesLon 

% Sulfur 
Retention 

Lime, Limes tone Lime, 

% Ash 

Limes tone 

Crush Strength 
psi 

Lime, Limes tone 

i. 100 

150 
200 

i00 

150 
200 

48.06 

71.40 
101.5 

53.27 

77.41 
85.26 

23.20 

28.26 
33.66 

23.03 

28.21 
30.65 

1740 

600 
1130 

1090 

960 
630 

M-3 100 

150 

200 

100 

150 

200 

36.96 

69.28 

98.78 

41.10 

68.18 

84.36 

29.11 

34.98 

39.72 

28.94 

33.69 

36.55 

1400 

1210 

1300 

1350 

1210 

1210 

S 100 

150 
200 

100 

150 
200 

51.59 

71.63 
80.00 

33.15 

46.56 
53.71 

19.54 

24.93 
28.48 

19.85 

21.10 
23.52 

1040 

1060 
1300 

720 

920 
870 

S 100 
150 
200 

100 
150 
200 

51.69 
70.37 
69.08 

43.28 
46. 
46.Gu 

30.31 
36.36 
38.93 

27.31 
30.56 
32.61 

1620 
1570 
1690 

1740 
1210 
1880 
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FLOW DIAGPIAM - A block flow diagram for a briquctting plant is shown 

in Figure 6. It is applicable to both Sharigh and La.hra coals. 

ESTIMATED CAPITAI. COSTS - The estimated guideline to capital costs 

for a briquettin!, plant to produce 100, 000 long tons per year of briquettes 

is estimated to be as follows. 

Item Desc rintion U.S. Dollars Pakistan Rupees 

I Flotation $ 250, 000 Rj 2, 500, 000 
2 Drier i' Conveyors 500, 000 
3 Mill c' Screening, Plant 200, 000 200 000 
4 Limestone Mill & Screen 150, 0O0 150, 000 
5 Mix !\Iulle1 100, 000 200, 000 
6 Presses Conveyors 100, 000 500, 000 
7 Packer 25,000 100, 000 
8 
9 

Site Preparation 
3uildings_ 

: R.R. 1, 500, 000 
2,000,000 

Total $ 8Z5,000 R 1 7,650,000 
Engineering & Contingency 200, 000 1, 191, 000 

$1,000,000 R, 8,841,000 

Total. cost would approximate U. S. $1, 000, 000 and R/ S. 8 million. 

Depreciation on a straight-line basis over 15 Years would thus be about: 

U.S. $ . 6 7/ton and RV, 5. 87/ton. 

Direct Operation costs per ton of briquettes would be approximately 

as 	follows. 
@100 % (1200% 

Raw Maierials: Ri/ton Ri/ton 

Coal: I/ 2.00/.6 =334 
less Credit: R/ 200 x 7000 x .4 =_5111000 Subtotal 283 283 

400 

Limestone: ], 40/ton 2 2.{ 7.2" - 14.4 
Subtotal - Paw Materials 290. 297. 
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@100% 	 @2 00% 
R/Iton 	 Rj/ton 

Direct Labor 50 50
 
Maintcnanc(:e: Repair 10 10
 
Supervision 50 50
 
Power & Fuel 100 100
 

Subtotal - Conversion 210 210
 

Total Cost 500 500
 

Depreciation , Overhead:
 
Depreciation - portion of U.S. 6. 7 6.7
 

6.0 6.o 
Subtotal - Depreciation 12. 7 12. 7 

Finance Cost Averap:,:
 
Ri I18.8 x 10 6(6'o = 1. 128 x 10 per year
 

per ton = 11.3 11. 3
 

Administration 	 10 10 
Subtotal- Overhead 34 34 

0@1100% Total Cost Each Plant: R/ 534/ton - 2240 - R/ 4.53 

2640 
541/ox 2240300- iR/39 398uu~ 

These range 	figures serve to illustrate the cost of this product. 

It is our recommendation that a pilot plant operation be initiated 

to extract the reliability of the data; to supply market samples and to 

train personnel 

A range of p'roducts is possible depending on the sulfur and ash 

content of the coal and the desired stabilization. 

@2 00%- r 	 54/ton %30-10 

CONC]LUSIONS - Experim ental work was completed on briquetting, 

through a 111111i'' pilot pliant stage with both Sharigh and Lakhra coals. 

The lo"J stics:. of shippiii, largle amounts of coal did not permit a larger 

production. I Iowevcr, past experience has inlicated the reproducibility 

of the process in commercial equipment. 
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A satisfactor briquette can I)- produced with an amount of limestone 

addition (or lime) to neutralize all or as much of the sulfur n the coal 

as desired. 

The effects of slow ignition of the high limestone-bearin' briquettes 

can be improved, if desired, by the addition of about 0. 5"0 of soda ash 

to the mix, 

The briquetting of devolatilized coal chars is not reconnmended 

because of low strength, higher ash content, and poor burning character­

istics resulting from the lines tone additions. 

RECOMNMENDAT IONS - It is recommended that trial runs of these 

briquettes be made in the Quetta briquette plant if the presses are 

suitable. If this is not possible, then a pilot plant operation be established, 

using a commercial-sized press. This can later be enlarged to a 

comm ercial plant, This will permnit market penetration, establishment 

of prices, training of personnel, etc. 
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STATE OF ART - COAL PROC.E-SSES 

CANDIDATE ]"]-OC]SSES FOR IMPR OVE1\4 E NT OF COAL PURITY 

presc.,tJiy, ieports are received of a variety of process,: es said 

to Ie effective for the renoval of su..'tr, ash, ctco Sonic of these 

ssed hercin for compJ.einess of 

These processes are all of a proprict,-ry n.atlure and arc rot now, 

or nay never be, ready for commecrcial app.cillion; thl.er fore, testin" 

proc'.sses aye 5c our CvAua.tion, 

of the S)aric]! aId Lakhra coals wvas not considered to be productive 

of 3neaninc~ful results. 

This procosc utilies a chemical leach with aqueous 

ferric zulfate at temperatures of between 50 and 1300C. 

The leach i c repnorte& to only affect the pyrite in the coal. 

The producLK; of the 1Gictaoeun are dissolved ferrous sulfate, 

sulfuric .acid :nd preciritatcd free sulfur. The leach solu­

tion is', re;cno:'atdLby oxidatip with air and precipitated 

free sulfur is either wMahed out with a solvent or removed 

by dislialtuion. 
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Questions such as reagent losses, effect on coking prof­

orti es, Nnd capacity are yet to be answered. Iorcover, 

this procex2; only attacks pyrit.e, which for the iukistan 

coals stud:ed, would not be sufficient for the removal of
 

sulfur auc-us. much sulfur"occurs in the difficult to r'move 

organic form. 

]Battelle _Ti'oc ", 

Ihs process also involves leaching. Raw coal is 

ground and miied with an aqueous solution of up to 10-isodiulm 

hduro:..i and ,a',out, 2 calcium hydrox.de. The slurry is 

pumped into p.ressure vessels , where it is held for about 30 

minutes at p)ressureC between 350 and 2500 psi and tempera­
00
 

tures between 22 0 anGd 350 C. The liquid is then removed by 

filtrat i on and the coal] in washed and dried. 

This process is limited by the same factors which limit 

the TRW process for application to the test coals except 

that it is reported to be capable of removing organic sul­

fur. Howcver, it is believed that this is achieved as a 

tradeoff to a subs tant ial loss in coking properties and cost. 

Mi sCl, O;.: (e::si calCo.... , C 

A number of chemical agents have been considered for' 

the desulfuri:ation of coal. Aqueous solutions con taining 

dss].vd oxy gcn, nitric acid, chlorine, hydrofluoric acid, 

caustic, or molten caustic have all been reported as success­

ful o:I leaching agents for sulfur removal. These pro­

cesses are all. still experimental, generally involve the
 

ue of expe nsivve chemicals and in some cases destroy the 

coal 's cM n:a projpr'Lies awd in gen, ral cannor bejustif iud ec(1OiCaL 

http:hydrox.de


Si di :; a: A " :.."0 

Chorine gar, nitrogen oxides, and hydrogen peroxide 

have all becn conuidered as sulfur removal agents. Treat­

me t \i.th hlornc gas J.irolves suspendinE coal particles 

i.n wa'tor and then bubblingaas through the mi xture. ThQi'e 

treatme o, does reduce the sulu'r cont ent of che coal, but 

ha,, ?n -L:.a\'ovrabI_ cffect on coking I.roacrti . The nitro­

V,on oxide treatment is carried out on a flu idi ed bed reac-­

tor at atm o yerie .re.ur..., follo6 by u soi._ hydroxide 

l.each. The trcatmcnt with hydrogen peroxi.de involves sus­

pending the coal in a 3 percent hydroen perox.d solution. 

All inorganic sulfur can be removed by this treatment with-.. 

out affecting the coking pro]pertiesc. of the coal. These pro.­

c are fi'ectic, only:, on pyritic and.sses primarily .ulfur 

require the use of .,,enuivc. che:.. aly. A great deal of 

further research, especial].ly in recyc.inC systems, is re­

quired before any of these systcms can be considered for 

commercial application. 

Thermal. 

Thern.l sroceases genera..ly remove sulfur by their high 

temperatures ; however, chemical agents may be used. Steam­

air treatment has also been considered and appears to be the 

least expensive of the thermal processes. These processes 

are still experimental and m:y prove too costly for commer­

cial application. 

http:especial].ly
http:peroxi.de


10-


Bacterial Action 

Iron oxidisina bacteria have been found to aid in sul­

fur removal. Ferric ions oxidize pyrite (allowin, it to go 

into solution) and are themselves reduced to the ferrous 

The bact theeria catalyze reactionstate (,eyr lrocest). 

to ferric iron by takingby oxdi ni, the ferrous iron back 

The present stage ofon an eectron as an energy source. 

too long an exposuredeveloapv-a of this )rocess requircs 


time of the coal to the bacteria to be practical. Aluo,
 

this proc a:: only removes pyritic sulfur.
 

Chemr:i c:tl] Co:.iuuti :]on
 

This process involves chemically induced breakage of 

coal. The chemiical compounds or comminution agents (such 

as liquid ammonia and methanol) induce brakage selectively 

alon boundaries previou 1 .y weakened by the infiltration of 

mineral constituents such as pyriti. This results in frag­

mented coal which has been liberated from entrained pyrites 

and a. The .yrites could t-he be removed by convention:.Li 

gravity sewr'ration. 

Thi, process is in effect a substitute for the crushing,; 

and gi inding step in conventional coal cleaninC. Because 

a conventional plant must still be operated when using this 

pro,<;<..',; the net effect of this treatment: is to appro:.:imat.ly 

double the cost of coal treatment (co:.arc. w.oconvvnnLi onal 

treatm,,t alone) in ord r to obtain an u:: Pet undeLon:;tratd 

ip'ovrmi:t in "A:: and sAulfu ru'',oval. 

http:appro:.:imat.ly
http:convention:.Li
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Two-S m - o t i r-n 


Thi.; pr consists of a firot-M;
usoC&i. ago coal flotation 

step to ru::o- coarv: z pyrit 6ndother refuse. The cMun,,"n 

coal :is the n S t flotation stop (after,asud into a 


treatment with a coal delprc.ucant, H-pyrite col. cct.or and a
 

frother) to selectively flout the rema&0:i.ni. pyri.Lc Thi:
 

process can only be a ylied for yr to removal, W d
w.ou:' 


require that the entire run of mine con.!, be fincly ground.
 

CuAL ,IQuLP ,.. jI)IOC;vNTiON The hydrogenaiiun ofO):TTO> . 

Sliarigh. and La.:hra coals presents son probl.ns ass ocjatc(u wi.th the 

high organic sulfur contens o " these coals, The life of an a)pHcable 

cai.at]yst would be severely affectcd by these constI:tuents, 

The past economnc prospectu s of coal }lydrogonc:n t.ovn promcss c: S 

has been poor. The oly ; procusses .er practiced in ('ern any0 ucce.s s hi] 

during World Var 11 to produce liquid fuels. The econonic factors under 

those conditions were ininatur al, 

The innst not(eworl.hy attenpt: at hydrogenation was made by 

Uiio]3 Carbi-de Corp. durn, ]1950-60 decade in he United States. hcports 

i;hOw economic operating losses of mu)tirnil.lions of dollars until the 

abandonment of the project. 

The pr csent State of the Art covers many processes which can be 

clai;:ifi ed as: 

http:not(eworl.hy
http:probl.ns
http:rema&0:i.ni
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(1) Hydroliquefaction Solvent refined coal 

(a) Noncatalytic Coke 

(b) Catalytic SyntlhoiI, If-Coal 

(2) xtraction: Donor Solvent CSF, Fxxon 

(3) Pyrolysis 

(a) Direct COEI), Garrett 

(b) Hydropyr'olysis Coalcon, Clean Coke 

(4) Indirect Iiquefaction Fischer .Iropsch 

A brief description of each process follows. Our comments re the 

applicability to PIi)C coals is also included. 

(1) 1lfjlro]i (ct.faction (Figure 1) - Ground coal is slurred into a 

recycle tar-derived solvent and mi-edc with a hydrogen containing gas. 

qe lmi:: is subject to elevated teliipcicature- and pressures. 

The reaction can be noncatalytic for certain coals will react 

with hydrogen at pressures which are fEaLsiblA, GUJInilly, 11,ust coals 

require a catalyst of somie kind, be it an ash constituent or a true catalvst. 

Products are recovered flash sulfuration at lowered pr s.surcs, 

foll owed by filtration for ash and unreacted coal fractions. 

These processes are not readily applicall.e to Sharigh or Lakhra 

coals since treated liquid sturries containiiiii, fusains, etc. are not 

1 eadily filtered. These fractiions are not anenal~ t,. reaction with 

hydrogen nor can they be colloidizecd 
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In fe.c ..rlI t1 C! eco1)() : o! i]) n; ;i: C!;': i. not 1A e,: favo 

unless the size of the operation can produce lijquid and g'aseous rucls 

at competitive costs, T]'his criterion can.jot he ne11 in P;,I.,' an. In 

sumnlary, coal can be liqucefi'ud on an 310i15iutriaJ .sc01lt. ; 0Wo\'Cle, the 

proccss is not coiiider.d ecoiorncally fm. .bie untiJ. such time. as 

pet oi cur'. co..s -ec eraii! over 

l.a,s of 1. rg c f:'rat. dC :: :b'C:ILt are 1eclLu'red° 

}lydrogcn.:. t on iW not reconurnrmd cd as a viablu proceos br 

Palvil an at fi:; 1.i11c 

(2) ixt_:_(-. o - Donor Solvent Processes - This process rescmbles 

the ],yd , t~n i.n al \Wf-ys except tjoa.: a hydrogenioiuffcl5 141procespes dono r 

solvtrit i: iru'd in place o0 elom.nt'l hydrogn. Ahe recycle Eolvent 

is hydrcroC oated n:l us d to slnrry the incoin.ng coal. 

The proccs i:; not ap])licable to the Shari,,,h or Lakhra coa.s 

for r-Casons s tatd above. 

(3) : - Tyroivs. to )roduce char, ,fixedThis process carbonizes coal 

gases, and tar liquids. The tars are hydrotreated to produce low sulfur 

liquids. T1e char is reacted with steam Ad oxyg.(en or air to produce 

a synthesis gas. 

The synthesis ga.s can be used for p.ower .generation, SN!'., for 

productlion of liquids via Fischer-Tropsch technology or for production 

of ammonia or nletl:anol. 

http:incoin.ng
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The poS sibility for tar liquids recovery by decarbonization of 

Lakhra coal has been d scussed previously in this report. 

(4) bidirtetel jjuef n - These )rocCsses are based on the 

production of a svnth esis gas from coal, by reaction \vit] steam and 

oxygen or air, purificat:ion of the syn gas and conversion to a liquid 

in a cat lytic converter, The Fischer-'Tropsch process characterizcs 

these processes Inprovements currently permiit operation of the 

converter at 25 - 30 atmospheres. 

Installations of this type require large capacities before they 

can become econonically feasible. 

Recent cstimate.; of costs for a Fischcr-Tropsch plant consuming 

4.200 mtpd of hi,_.h sulfur coal to produce SK( ;, fuel oils, fuel gas, wax 

and sulfur iid i.cate a capital cost of U . $26o(1asis 1973 values) and 

a production cost of U. S. $ .4. 85 per NI,4 13T1'1 basis (5/35 debt equity 

at 9(% interest. "l'hese values do not include the part of the mine. 

CURR EN' DEVELOPMENI'S - A summary of current developments 

in the U.S. follows: 

Ilyd ro0.ique faction 

SRC - Pilot plant for solvent refined coals at l.Fort Lewis, 

Washington to treat .15 tpd in operati.on since 1974 

by Piltts;1)u rgli , Ni dway Mining Co. (division of 

Gulf Oil Co. 

Now bc.i.ng: updated t:o recycle ash fo. p'udo-catalytic 

effects. Will i r muc 2750 metric tons of productc for 

funlctionlal tes;fil!, il a 22 M,, boil, r. 

http:operati.on
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S]HC - 3.ectric vo, l Q-eliclhe 3n i isS otnenpe oa tonVA.,, 5 

per day S]C plant for ]-.RDA at Wi]lsoiivilc, Ala)ama, 

In a .relai:ed program l.roj. jigrte is opermati.q an SIc tinit 

t:o p'oc :S n 1:p, of ..... ,ie at.:hce U ni-vcr; t , of North. Dakota. 

U.S. Stccl is oei-rating a sinilar unit: at Mlonro cville, Pennsyl.­

vania as )par of ti].i.a- c] colzC pr oj cc:, 

A catalytic hydroponation :un.t is beig op.catcd at LP,1DA 

Pitl",,b.'gh Energy Rescarh Center at: J? -t .c:cton, Pa. 

]E-xtr c, cU; oi,. 

CS,'F)or Solvent: E-:traction pilot pl.ant at Crsap, West Virginia 

vas de. -,ecd to p'AcesS 25 nQCnupd of co1.1, It ope"ated braet"Ieon 

1966 to 1970. NIcelianical a:idl nalerialsn]. of constrtuctiA . Firob],'ii, 

have been solved and the pilcdc plant is now being reacti\ated. 

1 3 rrolvSi s 

The CO]ED Process, a muitistep pyrolysis process pilot plant 

has been operated succ essfuilv by F'M C Corp. at Pr:iceton, New 

Tersey from 1970 tUhrou:h the first ha]f of 19'75. It w (dsigned 

to process 33 tons per day. A coneCept.a1l ii..sign of a comnmercial 

plant has been nadc cn1-Ioyi Jm. t]ij.s technol OV to produce a 

syncrude anl fuel1 for a power l.ant. 
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employinig a variety of tuchniques such as fluidiz'ation, pressure 

pyrolysis , flock py'olysis, etc. 'llesC may be identified as 

Coalcon p'ocess, Garrett flock pyrolysis process, etc. 

Other p rro]ys s p roc ess are under d evelopnent by ER'Di 

Presently there are also numerous Conseptual Designs based 

on a wide variety of adoptions of the above processes. 

It will be m.ny years before flH:se conceptual designs and processes 

will become comnmercially proven, and large amounts of funding 

will be required to arrive at this point, 


