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FORH!ORD 

This report is b c ing s ubrni tted for publ ic-,11 iûn in the ProcC"edings 

of the 14th Ei c nnial Confcrcn ce of the In s titute for Briquetting and 

Agglomcration, hcld in Hyannis, Mas s . in August, 1975, in the format 

required by the Institute. Pa rt of the ma t e rial va s pre scnt e d a t the 

Conf e r en ce . 

Th e activi ti cs di sc usscd in th e r e port r e late to th e ne ,._. CA~~iET 

Ene rgy · Rcsea rch Pro g r am Ca rb oni za ti on Proccss in g Ac tivity ( EP?.). Th e 

project \,•as assoc i a t ed \,' ith ba th th e :--: e \,' Cok in g !h th c, cl s (EP2.2) a nd 

Assist a nce to C2nacli ;,n Tndu s try (EP 2 . 5) e l c r,1c nts o f th e Ca rboni zati on 

Proj ect. 



FORHED COKE J\CT1VITIF S \.JITJI C/\NADIM; COALS 

by 
* * W.R. Leeder and B.J.P. Whalley 

ARSTRACT 

Preliminary results from CANN.ET and European fonned coke labora
tory tests suggest that most of Canada's coal, which is located in 
Western Canada, is not suitable as the sole binder in hot briquett
ing. Such coals are more suited to pitch binder proccsses and poss
ibly as a source of char for a hot hriquetting proccss. l!owever, an 
Eastern fluid, high volatile bituminous coal is an excellent binder 
for hot briquetting and it is possible that small coal deposits and 
selected seams of high volatile coal in Western Canada may be of a 
similar quality. In hot bri.uettes made from metallurgical coke 
fin es a nd Canadian anà U.S. coking co a ls, the total dilatation of 
the binder coking coal was found to correlate with the crushing 
strength of the green briquettes. 

INTRODUCTION 

Formed coke is a "preforme d" carbonaceous sDh e rical agglomerate, 
briquette or ex trusion that h as undergone such thermal processings 
as hot briquetting (400-500°c), low t emperatur e heat treating (450-
6000C), carbonization (900-l000°C), oxidation (200-300°C), or som e 
combination of th ese processes . The manufacture of metallurgical 
quality fonned coke h as been inve s tigated for severa l years as an 
alternative to conventional slot-oven coke ·use d in th e iron blast 
furnace. A growing int e rest is being s hown in formed coke process es , 
as indicated by the rec en t development of many pilot plants (1) and 
the announced construction of a comrne rcial-sca le plant by Sumitomo 
Metal in Japan (DKS Process) (2). The reasons for this interest 
include the ability of formed coke processes : to reduce cârbonization 
pollt1tion (1,3,4); to use cheapcr, poor or non-coking coals (1,3,4); 
to b e operated intermittcntly or continuously (1,3); to use finely
sized coa]s re s ulting from coal ben e ficiation, or ground for pip e line 
transportation (4); and to possibly lowe r capital and operational 
cost s (1,5). 

Recent rcsults from full-scale bl;:i.st furn;::ice trials with fonned 
coke have clone much to di s pel doubts about the tcchnical feasibility 
of using it with, or a s a substitute for, conventional metallurgical 

*Rc scarch Scicntlsts, Dcpartment of Energy, Mine s and Resources, 
CANMET, En e rgy Rcseaich L;::iboratories, 555 Booth Street, Ottawa, 
Ontario, KlA OGl, Canada. 
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coke (6,7, 8,9 ,10,11). 

Process Types 

The inajority of formed coke proccsscs can hc cL1ssified into two 
categories based on the type of binder us e d in the spherical ar,glorn
~ration, briquetting or extrusion forming step; 1) coking coal bind
er processes and 2) pitch bindcr processcs. 

The binder in coking coal binder processes is a hituminous coal 
that at ab~ut 450-500°C normally exhibits so-called "fluid or 
plastic" ( rheological) ptupcrties. A fluid high volatile bituminous 
coal is preferred. Typically ti1e formed coke is 20 to 40 percent 
binder coal and the rcm3inder char ( a lm .. •-teE1p e r,, ture carbonized 
coal). Spherical agglome ration, briquetting or extrusion , mixing 
and/or forming steps are clone hot, at a t er.ipe rature that is within 
the softening range of the binder coking coal, so t:,at the plastic 
propertics of the coal c a n b e bes t utilized . AfLer forming, the hot 
formed sph e rical agelametates, briqu e ttes or extrusions that are 
referr2d to as " green", Ciln be l1ea t-tr ea ted to ü 1prove their mechan
ical str·0ngth and/or to carboniz e th e rn (7,9,10). The heat-treating 
n,ay not be n e c es so. ry b e cau se "g rcen 11 ho t-f onned li r iqu e t tes, here-
af ter cal lcd "hot briquettes", ckirged directly to the blast furn a ce 
in som e experimental tri a ls, have coinpared f2 vo u1·Dbly in behaviour 
to coked hot briqu e ttes (6,10). 

The pitch hind c r proccs ses u se coal ~nJ/ or petroleum pitch to 
bind the briqu e tte togc th e r u s ing convent i onal briqu e tting technol
ogy. Th e princip;,1 co,np o n e nt of the hriqu e ttc i.s gcnerally a char , 
coke, non - or slightly-s1-.· 12 lling co;1l, or 2 mixture of tl1ese. The 
rcsultin g green brique tt es are u s 1.1,1lly k at:cd in 2 n oxidizing atmo
sphe re to improve th cir me:ch ,rni cé! l strengt h :irid the n carbonized to 
coke. 

Sorne choice is a vaiL,b l c in bind l'. r u s 2 gc> :dnce pitch h2s bccn 
uscd as a bindcr supplcmcnt in hot briquettL'.S ;rnd -:oking coals are 
often an additive in pitch-bo und briqu e ttes. 

Gencra. lly high c r qu ;ïlity and, until rccently, th e relativ e low 
deliver ed pricc of U.S. coals h ,1v c tr a dilion,1lly .11él de Canadian 
coking co a ls unattr.1ctiv c for C:in a dj ;rn s t ee l producers. Thus, the 
Canadi .=J11 steel indu s lry face s scvcrAl problc·rns if it is to utili.ze 
Canadian coking coals. Sorr.e of th esc probl ems ma y be overco1;1e by 
using f orrn e d coke p1-oce s s es. 

The coal r eservcs of Car. 3 da, cstir"a tc<l at :ibout 125 billion tons 
( 12 , 13) , a r c fou n d 1w 1 i. n 1 y in t li c \, c s ter n ,:111 d c :1 :; l cr n parts of the 
country wl1 c rcas the 1:1;:ijor s l ccl 111i ll s .:ire c0ntr2lly located. Approx
irnateJ.y 70 pc,rc:ent of th e toté1] L·o ;1 l rc sc rv0 s co n s i st of medium and 
low volatil e bitu rn ino us 'coals l océl tcd along the Rocky Mountains (12, 
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13). from \.Jldch .1bout 12" 
,m c s c s t ce l m 111 s · (1 4 ) . ( 
(it•posits arc rninc.:d in f';c,v,. 
Corporation (DEVCO). Tl1 ·s1 
sc.:rv·e C,rnadi;in nccds, tl1c 
from the west, h,1s dict;1tct: 
million tons per ycar of U; 
mills in Ontario. 
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ion tons p1.•r annum ;1re shippvd to J;ip-
e c:::st c0.1st, hirh vol .itilc coking co.:ll 
•tia by the Cape Br0ton Dcvclopm~nt 
.:.ideg11;,te rcscrvcs of coking coals to 

1 cost of · t r.1ns; 1 0rt;1Uon , c.:specially 
1c current use of apprcximntely 8 
Appalachiim co'. inr, co.,ls by the steel 

Although the dclivered, 0st of Canadian cokinr, coals to _central 
Canada has rccently bc.:come r ·1re competitive i.:ith th.1t of tl1cir U.S. 
countcrparts, quality is sti 11 a concern. The \\cstern C.:inadian 
coals are characterizcd by their high finely disseminated ash content , 
their low sulphur c o ntent• :md by their friabili ty • ..,.hereas the 
eastern coals that occur in much smaller deposits are characterized 
by their low ash, high sulphur .:ind high rnining costs. Bccause of 
their friability, the run-of-mine western coals contain high percent
ages of fines and can be up to 50 percent< 0.42 mm (35 ~esh). The 
fincness of the coal sizcs, although it impro\.·cs .:ish separation, 
causes prob] ems in conventional coke-aven handling, storage and 
charging, and m.1kes these coals more susceptible to oxidation. 
Fonncd coking processes can utilize such sizcs and th c refore would 
seem to be suit2b}e altcrn.1tives to convc-ntional cok~making for 
processing th cs~ coals to coke. 

Signific a nt d epos its of the non-col-.ing li~nite and 'sub-bitumin
ous coals exist in the plains region of Alb e rta and Saskatchewan. 
Al though thes e coals cannot be used in con,:ention;.il coke ov ~· ns , 
i:!C'Onornic inccntivcs rr.ay exist lo use th t2m in formed coke proccsses. 
'They are lcss exp~nsive; they c;,n be strip rninr. d and, bcing gec
~r3!1hirally closcr, \•:ould hav e 101.,• cr tc111 s p,,rt .~ t ion ccsts lo the 
c1::ntral plants th an the Rock.y Mount;iin coals. 

CCP.A/CA~}!ET Forrr: .:>d_ Coke Ohj~c t _iv e s 

The Can a da Cr1ntre for 1·lin c ral .1n<l f.: : ..:-q;y 'f,·cJ.nology (CA~~U-:T), 
formerly kno·wTl as the Mines Br.:inch of the Dep :1rtrr.cnt of Energy, 
Mines and Rcsources , Cana da, hns been int e rested in formed coking 
for many ye.1rs; for example, it coll.1bor.1tcd h'Ïth the C.:inmore Mines 
J.imitcd to d eve lop a formcd coke proccss in the cnrly 1960's ·(15,16). 
It is prc:, sen tly co-opr'.rr! t ing wi th the C.,n;id ian C:nbon i za t ion Rcsc:1 rch 
Association (CCRA), ;in or[;.:-,ni~;1tion whose mcmhers are dr,n,-n frorn the 
major Can.:i<li a n steel and coal produccrs, in a formed coke rcsc.1rch 
program. The major objectives of this progrnm ;ne: 

1. To provide inforinatjon to CCR/,' m~·-1°ber co ;r. p .·,nies .1nd .' other intcr
cstcd oq;anizations ;1bout <..:11rrl'nt tPchnolo ~;y in the field. 

2. To provide sma]l-sc:;1Je form,d coL('n:aking anrl te s ting L1ci]ities 
(or cvalu;iting co.1ls (csp t~C .1lly C,1n:1<li.:ïn oncs) for potcnti.1l u se 
in fonncd cokinp, proc csscs . Thrsc f ;:i r.ilitic,s ;ne intcndcd for 
"scrccning" co.11 hlc!nds for forr.,r•d coke prier to indcpcndent 
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cvalu.:ition by intc:rn.1tionally rcco gnizc:d L1ctlities. 

3. To conduct an Rand D program for invc:stigating v.:irious aspects of 
the formcd coking proccs :::cs ~ind th ei r products. 

This p.:lp e r ,dll di scuss prog r css made to1.,;ard s the last two objC'c
tives. That is, <lL·vclopmcnts in the f orwed coke L1cilities at 

CANHET and two European orga nization s u si n g rr.-1 inly Cnnadian coals 
are considcred. 

LAB0RAT0RY STUDIES 

Labo ra tory-sca l e form e d. coke t es ts u s ing coa ls of int e rest to 
Canadi an coal produccrs and c onsumers have b ec n ca rricd out b o th ~t 
CANHET a nd in Europe. Three Europèan organizations we re chàs en to 
assess th e coals: Bergbau-Forschung (BBF), Eschweiler Berg\..'erks
Verein (EBV ) for hot briquetting an d Houill~res du Bassin du ~ord et 
du Pas- De- Calais (H BNPC ) for a pit c h - bound briquet tin g process . 
Results have been obta ined frorn BBF and HB~PC from cokin g and non
coking coals. 

This section d cscribes th e CAt~1ET fonne d cokin g l abor;:it ory 
f ac i1 i t i es ;rnd • <l~al s wi th CAKMET experimcn t s to cha rac terize scvcr al 
v ariables affect ing the quéllity of CA'.';-:--u::T hot briquettes in oè·dcr to 
relr1t e their rc s ult s to those of other orga,izat:ions. Tn e fin dings 
of preliminary Ci\KMET inves ti ga ti ons into the potentia l use of 
Canadian coals 2s the binder i n hot briquettes a re compared to those 
of th e two Europ~an trials. TI1 e re]ationship b e twcen hot briquette 
coal bind e r petr0graphic an.1lysis and the rcsulting briquette r.ech
anical strcng th is considered . 

CAt\'11:ET As sessrnent of Hot Briquette Strcngth 

Bla s t fu rnacc coke must s.::itisfy both c11c1r.ica l ( s 1Jlphur, ash , etc .) 
and mec11anic a l pa r.:tmc lers. 1-lh il e chl'mic;il ce:ns train ts normal ly can 
b e satisfied by se lccting and blcnJing th e coals to be coked, the 
rn e ch an i c a l · p .1 r él r:i c t cr , r e- f e r r e d t o a s c o k e " s t ab i 1 i t y " i n Ko r th 
America , genc- rally c:,1rn;ot b e reli.-1bly p r cdicted frorn coa l bl cn d 
proµcrtics . Norr.. a lly at l eas t 250 kg of the coa l is carboniz e d and 
JO kg of the rc.:s11lti.ng coke eva 111otcd 11 s ing t 11 e ASTM coke turnb l e 
t est (17). A co~e st;1bility of 55 is acccptcd by at l east one stee l 
industry as the d esi rabl e s trcngt 11 f or convc.:ntion.11 b 1ast furnaccs 
(4). Forme d coke 1:m s t mcct sirnilélr qu::ility st .1nd.1rds if it is to be 
u :,cd a s .:i c o nv c: ntion .1 1 coke s 1ib s t1tute. llowe \'Cr , J .:iboratory fonn c d 
coke st 11 dics non1,1 lly do not pro du cc. cno11 gh briqu ,: ttc.:s to ,carry out 
the AS1}1 Coke Tu rnb l c r 'fes t ;rnd ;in ;llLL•rn ·i tive p ,n.1 ;r. 1~t c r si.Jch as the 
.:iverage cruslijng slrcn[th of scvC'r,1 1 bri<111cttr:s r.. u s t be u sed . 

In thi s p.1p c r on ly the cru s hins strc·nr.th of hot briquette s and 
oxiclizcd pitch b o 1mcl h r i.4tJ1: ltcs -.,i. 11 be u in s id ·rcd in .-iny dct.1il. 
Fully c.:irbo11i.zr-d h o t br,iqt1< : Lt cs ,._,i_ J l 11ot l,c dis c us scd. llu\.: ...: vcr, the 
crushin i; s lr"nGth of a c:1rhoni;:cd ~ù1)d qui1l:i ty hot briq11ctte is oftcn 
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:1bout twice that of the hot briquette (16,19). 

CANNET hot bdquctte cn1shing strengths wcre dctcrmincd between 
parnllel pl:itcs closing at a rate of approxir.1:itely 0.127 cm/min. A 
value of 14,000 kPa (kilopascals; PSI x 7 ::: kPa) was c-hosen by the 
.iutht,rs as acceptable cru s hing stn-ngth for the 2. 86 cm diélmeter by 
about 3.15 cm hi gh hot briquettes made under optimal cxperimcntal 
conditions by the CANHET manual batch-opera ted mcthod. This value 
was derived frorn BBF cru s hing strength crite~ia and an earlier 
relationship between briquette crushing strengths and their corrcs
ponding AS111 Turnble Test stability in9ices (18, 20). The acceptable 
level (14,000 k.Pa ) could be altered in the future to reflect new 
evidence. 

CAW.-ŒT Faciliti e s and Proccdures 

CANMET, in co-operation with th e CCRA, is developing laboratory 
and pilot dcvelopmcnt unit facilities with th e objective of provid
ing a means to assess the formed coking potcntial of Canadian coals 
by either hot br i quetting or pitch binding processes. To date the 
principal efforts at CA~~fET have gone into developing laboratory
scale manual batch-operated and automatic continuously operating hot 
briquetting facilities. TI1 ese arc now in opcration . Pilot-scale 
continuous hot briquet ting facilities :,re prc sc ntly nearing comple
tion. 

The manual b;:;tch·-operated facility consists of a rnuffle furn2.ce 
to dry and preher1t a blen<l of the ch a r and bindcr coal, a fluidized 
bed unit to h ea t the blend into the plastic ran ~e of the binder coal 
and a heat ed di e in which the briquet t e is forra ed. Typically 13 and 
7 g of the char and binde r coal are mixed in a beaker and pl3ced in 
a 300°c muffl e furnace for about 30 minutes . Tests have sho1rn that 
oxid a tion of th e bind er coal dri e d in air is 1ninir:1,:1l since briquette 
crushing strcngths dec rc~ sc d only 5 to 10 percont as compared to 
drying in nitras , n. Tn e <lricd, prch e ated blc-nd is pourcd into a hot 
5 cm diameter c1ectricé1lly lieated fluidization uni.t (u sing nitrogc n 
as the fluidizinp, gas) and h ea t e d to about 400 - 450°C. · The mixturc 7 
is tra~sferrcd rr. :,n11.:1lly to a heate d ( 350-4S0°c) tool steel 6.1,5 cin
(1 in.) area c yl indri ca l die and co:np.ictcd u s in g a ma nually operatcd 
press . The die lias b c en constructcd so th ;:i t a briquette js pushc d 
out of the botto;n and is t·c1aoved frorn a slo t by h.1nd. 

The autumat ic contin1101:sl) opcr;:iting facility r.onsists of a 
fl11idizcd h0<l mb:c r --fcr-dcr <lc~cr_ïb c d .1t th e l.i st !BA Confc>rcncc Pl) 
conncctcd to a hl' :t ted 6.45 cm cylinclric:-al die ;md auJ;0r.1,1tic pre ss 
cu s trn:i-1r..1de by !l nvcy :rnd ,'\s so , i.1tes (Ott.1wa, Ont;1rio) frotn a couccpt
ual design of the ;lllthors. 'l11is ;11Jto:r,atic f ;1ci1 ity hcats coal and 
char sizcd from 0.25 to 0.07 mm (ty pically to 300 and 700°c), in 
sep,:ir.1te fluidi zc> d b cds, hcf ore t:r.1nsf c rring thcm to a hcat c d fluid
izcd bcd mi xer . Aftcr 15 se c mi:dng, tl, c blc,nd is transfcrrcd pncu
r~atic.illy to the llovcy pre ss wh c rc it i s 1, o t bri.quetted . TI1is 
fac i 1 i ty is shO\,m schcm,1 t ic.11 ly in fi 6ure 1. I t has a v.:1ri:1b le ra te 
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of production but is curn:ntly producing ;ibout one 20 g briqllvtte 
every 2 min11tcs with an output of ,,hout 150 briquettes rer d;_iy. The 
automatic system has an advantage over the 01,1nual system in bl'ing 
able to produce PJany more briquettes undcr consistent and repc:itable 
experimental conditions. llowcver, it has the tlis;1dv.1ntage at its 

· prescnt state of development 0f using only a r cs trictcd sizc range of 
materials to pen:iit good fluidi zation and pn~llmiitic tran spo rt in the 
system. 

If dcsired, hot briquettes can be h eat-trca t cd (450-6 50°C) or 
carbc,ni ze d (800-900°C) in a specially constn!ct~d 1.07 m high and 
0.20 m diam fluidiz ed s2nd bed. TI1 e bed is h c.1 ted by ex ternal 
electrical heaters and fluidized with nitrogen. Consistent and 
satisfactory heat-trcating re sults . are obtaincd by lowering a 13 cm 
square wire mesh cage (1.2 cm hole s ) containing 5-8 briquettes into 
the hot fluidized sand and then fluidizing the sand 15 seconds in 
every 3 minutes. Intermittent fluidization prevcnts _unnccessary 
agitation of the briquettes but m~intains the t~mpcrature of th e 
sand bed. 

CANNET Results - Hot Briquet t;nr. Va riables 

Laborato ry fo rme d cokïng equip;:icnt , espcci.ally that for hot 
briquetting, is not DVailable in st2ndardized fonn and for th e rnost 
part h ad to be desi.gned a nd huil t as required. I t is well knO\,m 
that the l abora tory-sc a l e equipme nt designed to simulate industri a l 
proces ses is like ly to mea s ure rel,1tive rath e r than absolute effect s 
of variables and , becau se of a lack of uniformi.ty of equipment and 
techniq ue , it is oft e n difficult to rcproduce th e results of experi
ments in other laborator.ies. Bccnuse of this cons.id e ration and th e 
unpredictability of the initial CA~~ET resu l ts , some of the factors 
affecting hot briqu e tting using CAK~ŒT cquip..icnt will be briefly 
consirl e r ed. 

Tcmper:1ture is a mo s t import;:int v,nL1b l e in l10t briquetting. 
The t ernperat ure ;:ind r a te of lwati ng of tlie ch .:n/binder coal bL:: nd 
affect greatly the plastic prop e rtie s of th e binder coking coal that 
can be rr.easu red with a Giesel er Pln s tornc t e r ( 22) or a Ruhr Dil:1to-
1~eter ( 23) or by -ll~t crmi ning th e co,11 Free S1,,•elling Index (1S1) ( 211 ). 
The influ e nces oÎ hlend hcilting conditi.ons and briguctting tempcr
iltures on th e cru s i1ing s trcngt l1 s of hot briqut::'.t t es r.,ade by the 1~anual 
laborn tory procedure ., ppear in Fi r, ures 2 and 3. The fluid bed is 
u sed not on ly to n C'a t uni formly th e dry 300°C ch.::ir 3nd bind e r coa l 
bl end, h11t it also imp oses a controllab le rate of l1 cn ting up to the 
fltdd r.:rnge of th e bintl e r coal. 'in e. t-:all ter,1p c r.Jture of tl1 e fluid 
bed unit is prc se t u s ing coke fin es tl1at .:1re rc- 111 , ,ved befor'e intro
ducing the blend te b e briquc lt ed. Th e r.,te of li c .:iting of the char 
é:!nd binder coal bl( nd thcn bc•coines a function of the bed wall temp
crature . The t c:,1pc r;iture of th e bl l'nd t.J.'.1S fo11o,Jc d \Jith a thenno
couple so that it could be brirruc:ttc:d at ~ prcclct<: rruined t cmpcr.::i.turc 
or lime . 
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TI1e rc:sults in Figure 2 indic.ne th.:it the bC'st conditions for 
heating a< 0.6 mrn 300°C blPnd of 70 percent by wcight of semi
anthracite char with 30 percent hvb E.:istcrn Canadian coking coal in 

0 
the fluid bC'<l occurrcd whcn the fluid bed ~all ~as at about 470 C. 
This corresponds to the upper end of the Giescler Plastorneter fluid 
range of the binder coal. The best hot briqu~tte strengths occurred 
whcn the softened bindcr and char mixture was rcmoved at :.ibout 435°c, 
which corresponds to the rr.aximum Gicsclcr plastic characteristics of 
the binder coal. The rate of ternperature incrcase at the point of 
maximum crushing strength, while not available from the data in 
Figure 2, was of the order of 40°C/min. A rate of 30°C/min is con
sidered the thrcshold rate to obtain the maxi~um fluid properties 
from a coking coal (25). lt can be concluded, as rnight be expccted , 
that the best hot briquetting results were obtained at conditions 
that allow the maximum plastic properties of the binder coal to be 
attained. 

Figure 3 sho~s how the ternperature of the b r iquetting die 
influences the strength of hot briquettes made from rnetallurgical 
coke fines and E2stern Car.a dian coal (70 and 30 pe rcent by ~cight 
respectively). The best b .~iquetting t emperature \..'as just belo\..· the 
plastic range of the binder coal. There appears to be a r:.inge in 
die t empe rature of approximntely l00°c ovcr which changes of ;i'bout 
10 percent in hot brique tte crushing strengths \h~rc observed. 

The influence of the size consist of the bl ends being hot hriqu
etted has b e~ n s how-n to be important to the r es ulting laboTé,tory
scale briquette crushing strength (19). Since the CAl'.°:'iET autorr.atcd 
laboratory f aci lity is prese ntly re s tricted to using from 0.25 to 
0.07 mm compon en t s , wh er '.è 3S the manual 1~ethod c.,n us e a ,.._•ide size 
range , the influen~e of size consist ~as studied us ing the manual 
me thod. The rcsults appear in Figure 4. Two scr ce ned components of 
rnetallurgical coke, to be r c ferred to as "co~us e " and "fines", were 
blendcd in differ e nt proportions and hot·briquettcd with 30 percen t 
by weight of < 0.6 mm Eastern C;in é! di::rn hvb binder coal. Det;:iils of 
the coke si ze appc ar in Figure 5. The optimum · cr11shing strene,th of 
the hot briquettes corresponded to a coke or char blend containing 
between 20 and 40 p e rcent of the "fines". This range is outlincd· by 
the darkened ;irca in Figure S. The sizE of cr:ar use d in the RBF 
Europcan labora tory hot briquetting stuèy with Can ~dian coals, also 
fell within this enve lop e (18). 

Th e rc5ult s in Figure 4 indicnte that the crushing strength of 
hot briquett es made with 30 perc Pn t Easte rn Canadi~n hvb binder 
coking coal :rnd 100 pe:rcent of the "fine" ch a r (5600 k,Pa ::- 800 PSI) 
is considerably lower Lhan the mnxi;num str1)ni::th obtaincd with the 
optimal blc:nd of the "co ,:H"se" and "fine" sizes (1!1 ,000 kPa). The 
size distribution of the "fines" appr oachcs that of the rr.nterials 
used in 'the auto1r..ïtic labor;itory f;ici lity. This !;uggPsts the mini
mum accep t.:1ble cru s hin g st1·cngth of hot lniquettcs frllm the ;1ut c,;r::,t ic 
l.1h or.1to ry fac il ity .should be nb out 5600 kPa ~dnce the minimum 
ncceptable strength for hot briqur: t tes m:1cie under opt 11:ium candit ions 
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\.Jas consirlc.:rt'd to be 14,000 kl'a. 

Briquctting timc nnd pressure have bc:en shoW'n to affect hot bri
quette ~ru s hing strenith (19,26). Preliminary tests to investigate 
the performance of the autoinated laboratory f.~cllity includcd such 
an investigation. 'The rcsults appcar in Figure 6, \..'here lines of 
equal crusl1ing s tr e ngth arc indicated for given briquetting tiQeS 
and pressures. A blend of 0.25 to 0.07 mrn serni-anthracité char (2.5 
percent volatile mattcr) and E2stern Canadian high volatile bitumin~ 
ous coal was uscd. This blend w2s preheated and ~ix e d at 400 t s

0
c 

in the fluid bed part of the facility, transfE: rred through a hot 
stainless steel tub e so that it arrived at the die at abou t 420°C 
and briquetted with the die internal temp~ra ture at 455 t 10°c. The 
len gth of time n e cessary to achieve an acceptable crushing strength 
of about 5600 kPa for the 0.25 to 0.07 mm material v a ried from ap
proximate ly 10 s•c at 56,000 kPa to 20 s e c at 28,000 kPa. Although 
thesc briquetting tü1 es are unreali sticnl ly lon g when comriared to a 
roll press, th ey indicate the conditions to make a hot briquette of 
acceptable crushing strength with the automated laboratory facility 
and thcs e strengtr1s can pre srnr.ably be correlated to those produced 
in othcr equipment . 

Canaà ian Coal s ;:is J! ot B~uette Bind e rs 

Tests to co1~ s ider th e applicability of C:inadian é'lnd U.S. coals 
to hot brique ttin g were carricd out at CAX-,.·ŒT and under the CCRA 
auspices at BBF in Germa ny (18). Se:veral char cor,ipone!1ts rr.a<le frorn 
sub-bi tuminous , bi tuminous and semi-anthracite \-.!estern Ce:'.1ad L:rn ;:ind 
a high volatile bitwninous Eastern C2 nadian co.11 \..'ere suc ccssfully 
us e d in this BBF study . 

In preliminary CAt'i1·ŒT tests to assess the cffects of bind E:r coal 
rank and types of ch~r, inconsist e nt r esu lts were often found. For 
c- x 11 rn p 1 e , ho t b r i q u e t t e c r u s h in g s t rc· n s L h s c ou 1 d v a r y b y a f a c t o r o f 
t\.,,O in tests u si ng t:he s;-ime E ·istern Canadiiln hvb bitumi.nous binder 
coal with eé'lch of thr ce sim ila rly pr~par c d Weste : n Canadian sub
bituminous coal cha rs. Bccau se of this problcm a procedure "· ,,s 
work c d out to i so lat e the influence of the bindcr coal from the char 
by u s ing a uni.form size consist of ;n c tilll:irgical co~:e fin es as the 
ché'lr compone:nt. With the "char " v ,1ri a ble h c ld const;int , it \,·as · tl1en 
possible to con s ider the quality (cn1 shing strcngth ) of hot briqu
ettes in tcrms of th e bind e r coa l. 

W11il e invcsti,:_:.,ting t11c applic.:ition of Car.:-idian :rnd A:ne rican 
binclcr coals to hot briqu c tting , a mc thod of prt2dict1.ng green bri
quette strcngths by 1:1easuring ,:noth Qr par .-~m e ter such as the micro
scopie composition or dilatation of the binder coal was sough t. TI1e 
fluicl properties of coking coals arc ùet e rmined by that part of the 
coal th.'.l t mel ts whc n the con 1 is hea t c·d. Th e ?:1aj or i ty of the mc l t i ng 
~ Rtcri~l in coal is c~llcd vitrinitc ~nd thi s Ciln be quantit~tivcly 
deterrnincd for a c.:o.'.l l snmp lc usi.ng tl1c p e troiraphic t e cl111iq11e of a 
rcfl cc ted light rnicrosèope. Since vitrinite rcpresents most of the 
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"glue" in a ~;oftc-tied coking cci.11, it Sl'cms rc-.:1son.1'blc thilt a rcl:1t-
1on!;hip should c>:ist bl: t1..· r•c: n the p e rc(:nt.:1gc of vitrjnitc in tiie hot 
briqu e tte binclc:r co~·in1_; çn.11, c·:-:prc•!;sc: d ;.!S n p(:rcc:nt;1r,c of tbc tot;il 
brigu e tte, ;rnd t11e rc-~:ultil:g cn1~;hing stre:ni;th. The rcslllts ;ippcar 
in Fi gu re 7. Usjng d ata fr om l.(:hr. ·111n's report (18) a rcL1tionship 
,..;as found th ,,t is e vidently li,w,1r, pr ov id r~d that thé co.:11s wc-rc not 
oxidized . Fig1Jre 7 sur,i;ests th;-it .:1bl)Ut 22 ;,er c,:nt by \.cight of :i h o t 
b riqu e t t e shou ld be un oxid ize-1 vit ri nit e to y i c ld :,n .:1cc cpt.1b l c c ru s h
ing strcng th. 

Sinc e the effcct s of oxidation on c0.1 l flt1idity c.1nnot as y e t be 
quantificd from a petro ~ r::iphic .::rnalysis, a direct U·st of bindcr coal 
fluid properti e s, s uch as dilatation, ,,;as studied. This propcrty is 
of considerable interest with respect to Ca na dian coals because 
although coking coal Ruhr dilatation r esu lts hav e been found to 
correla te with th eir r csulting coke quality (27), this t es t often 
fail cd to pre dict thi s property for W~stern c~n;-idi.:1n coals. Many 
Wes tern C;:in.:1dian coal samp l ~s th~t hnve n o dilat a tion and th e r efore 
would not b e expected to m.1ke coke , h;-iv e yieldcd e xcellent quality 
.:·• •l~e in a te c hnic;Ü-scale ov e n (28). Since a r e 1;:itionship oft en 
~Y ists bet~ce n the crushing strcng ths of hot 'briqu e ttes and their 
carbonized prori u c t ( coke ), it might b e ex pec t c d that the di l a t ation 
of \~e s t ern C;inadLrn bind e r co3 l s v: ould n ri t hc a p3r,cetcr indicative 
of hot briquette crushing s tr cng th s . 

Prcl imin.:1 ry r csult s from t ests to ex pl ore th e r clationship 
b C'. t1..•e c n C;rn;:idi3 n and /\~H·r ican binclcr coal toull <li J.~tatior.s 3nd 
C.<\\HET rnanually p r0ducc d h o t briquette cn1shir.g st r c>ngth s ;-ippe.:H in 
Fi gure 8. Th,?se briq11.:~ttes t-•erc 1r.,1<le 1,•ith 20 , 30 ;rnd L10 p e rcent of 
< 0. 6 mm bind er coals and a co~c co::i;·,on c·n t '..:hose s ize an 3 lysis fel l 
into th e grcy ;:irea in Figure 6 . The briqu e tt:ing te1:qc:~aturc c ond i-
tion s v:e re op timum for c;:ich b_inJcr coal. Tl1C:c ac:c r.: pt.:;hle crushin g 
strength 1~as c o n s id cr<:d to b e 111,000 kP a . Tn,? tr .::nd in Figure 8 
::i~rC:ccd 1,•ith a s11o1 il ;:ir plot ( Figure 9) d,~ri\'c-d fr c-m d a ta t., k c· n [r om 
t l-ic RBF r e port (J. S). ,\ nu:nb e r of obi;t.;'.L"\' iltioi1S ::irise [ro::i Fi s. ur es 8 
and 9. 

1. Th e r cs •i1t s [nrn both l .1bo r ;itoriPs liad ~ i nil:!r tn:- nd s c v e n th ough 
th e expcci ::ic nt:11. lniqt:c·tting proc,~cl ;1re:s riif:r:red . As well , the 
tot a l dil .::L1tü,n nccL •.-;sa ry ror thl! bind ~ r ccul to give t h e l.1b-'
or:-itory h ot br Lr; u e tt c: ;in a,. -:pt;1ble cr 11sh in g st r e ni;th 1..·.1s 
b e t ,.._. e e n 1 0 0 .1 n d 1 5 0 l' e r c c n t i n b o th 1 a b en .'.l t o r i c s . 

2. '[ne sprL~.1d in L;1c BB J' cn1~;hin g s tr 0ns th rcs 1 il ts in Fi. :.; 11re ') [ or a 

6 iv e n bin,:,,r Cl1-1 l .1nè cu:11 '. ,·nlr':,tion, t; .--is t'.:1 e to ti,c_- u ~~c of di f-
f e r ent ch;1 1· s. T!1c r c· ;ults i n l'i r, 11r e 3 \-:l.vrc th e C/,\~!FT m;1nual 

mcthod was u sc· <l t o 1:, :!k.c l1 o t briq 11 0 t t"L~s 1s·it h a con:, i s t en tly si/.t'd 
rn~tallurgiral Cl1kc as th e c h .,r co,;;i1,' 1~ ,, nt, c: li 1-,i11nt c d this typ e of 
sprc,1 d in r esu l ts . 'l11c d ,•: ;iil cd jnll11 c ncc of r h .,r on hot bri q u-
ette i;trcni.~t h i:; ;rn ;11·(•;1 C.\NI-IFT 1-: i 1 1 c- c,n :-: Lcl.:r in th~ f 11tu1·L~. 
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3. In both studlcs, the rcl.1tionships bt•twccn the tot.il dilatation of 
the U.S. :rnd C.1.1 :1ùi.1.n binder co.ils with ho t hric~uctte crushing 
strl'ngths appc:n to follow the s.:1me trc:nd. It ...,ould sc:cm t11.it the 
Ruhr dilatation of eilher group of co.ils can be useù to predlct 
the ability of any given binder coal to yei]d an acceptable hot 
briquet te cru s hing strcngth a;.d futur e [;tudics sl1ould clarify 
this point ,,.-ith respect to coke hot briquettes. Hiis was not 
expe cted in light of the inability of Ruhr dilatation to predict 
the coking pot c ntial of Western Canadian coking coa ls. 

4. Most Western Canadian bituminous coals arc of medium or low vol
atile rank and their total dil ~tation s ~rc norm~lly less th a n 
100 percent. From Figures 8 and 9 it can be secn that they 
would yield an unaccept0ble quality hot briquette if used as the 
sol e b inder. Pitch or tar additions Day be nec essa ry to improve 
the binding prop e rties of these low fluid coals in hot briqu e ttes. 
Such a n attempt was made in the BBF l ~boratory-sca le studies but 
it met with littl e , if any, success (18). Such additions may be 
more beneficial on a l arger pilot plant sca l c ~here there is more 
careful control over such experim6ntal variables as the mixing 
and curing of the char and softened coal mixture. It mav be con
·cluded that most \,' es t ern Canadian biturninous coals \..JOuld be un

suitable as the so l e binding agent in hot briquettes, although 
th ey ma y be util ized as the char componc:nt. Select se3ms of 
higher fluid hvb coals do exist in Wester~ Canada and it is 
possible these could be used as a hot brique tte binder. 

Pitch Binder Tests 

Pitch- bound briquette t ests carricd out at 1-iFl?\?C usi.n!; the s:me 
coals as in the RBF hot briquetting t e sts , gave q11ite c1iffcrent 
rcsult s (29). 11 8NPC r~,1kes briquettes with a pitch binde:r ;i nd a blend 
of cokin g coa l with a larger protion of a lo~- or non- s wclli.ng coal. 
The briq ue tt es are thcn oxidized and tH!.1t tr <' -" të·d to :irnprove t11 ei. r 
rnech;mical and hi.gh tc·mp c rat ure prop,' rt:if's . ·:-h c rr· s ults of tl,c HS!\P C 
laboratory tests 2 pp,;,•r in Table 1 (29). C.e;1 c rally, bric;ucltes made 
from a fluid co::il ar; indicated by its hish FSI ( e .g. 6!) ·..,rere poor. 
Coa ls with low or no FSI t ended to yicld acceptable oxidized briqu
ettes. The East0rn Canadi.an coal that gave the bcst r csults as a hot 
briquetting hintlvr co;i l could only be tol e ratcd in very limitcd 
portion s in th e lli)~PC ble11d and probably shou ld not be used at all. 
'Thcse conc lu s i ons ;ire tentative since th e tr ea t r;.c nt of the briqu e tt es 
includ ed only oxida ti on é! nd nota final hi gh tcmperature tr eatmen t. 

SUH'.-1.\RY A!\D co:-;cLI.JSlO':S 

1. CAl\"?1 ET 11.1 s dev•.~ lopc·d L·,boratory-scalc hot bri,1uctti.ng facilitics 
and procr:durcs that m::ike h ot bririu,!tli~s with cn1 s hin g strc ngths 
similé'!, to tho:c;c found in othcr lnbor:1toriL'S. Th e i.nflu,' nce of 
such v.,ri.,blcs ."l s tcmpcr.1.ture conditions , c h :ir s1ze , briqurtting 
pres s ure :1nd t i,nc: on b i rqucttc str(: 11 ;;tl1 correspond s to the r,:: s111 ts 
fro m othe r orr,:,n i z:1 t ions. 
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2. Canadian coals were used at CANMET and in Europcan laboratorlcs to 
dctermlne how they might be uscd in formed coke processcs. Preli
rninary hot ùriquetting re s ult s from CANXET and BBF indicate a 
similar relationship betwccn the binder coal total Ruhr dilatat
ion and the resulting briquette crushing strength. Binder coals 
with total Ruhr dilatations of less than about 100-150 percent 
yield e d unacc E:ptable hot briquettes. This includes the major ity 
of Canada's coals that are of low and medium volatile bitum~nous 
rank located in or near the Rocky Mountains. Acceptable hot 
briquettes may be made on a comroercial-scale with some of these 
low fluid coa l s if tar or pitch additives are u sed as well. In 
the dilatation versus crushing stréngth rel at ion s hip, it was also 
noted tha t the Canadian and U.S. binder coking coals behaved 
similarly. The Eastern Canadian highly fluid, high volatile 
coking coa l has been shown to be an excellent binder coal for hot 
briquetting and it is poss ible that selected seams of Western 
Can a dian high volatile coal c a n be us e d to make hot briquettes of 
acceptable quality. Acc ep table char for hot briquettes can be 
mad e frorn Ca n ad ian coals. Prelimina ry laboratory pitch-bound 
formed coke t es ts carried out at HBNPC indica t e d th:\t the low or 
non-swe lling ; :cstern Canadia n coals were suited to this type of 
process. Use o f l a r ge perccntages of the high e r swelling medium 
or high v ola: le bituininous Canadian coal gave poor quality 
oxidi zed brjG~ettes . 

3. Quan titat ive relationships b ctween hot briqu e tte crushing strength 
and standard laboratory tests of coking coal properties , such as 
the unoxidized binder coal vitrinite content or total dil a t a tion, 
should eliminate much expe n sive :=: nd t ime-consuming cx~H~rimental 
work in select ing co:lls for f orrn c d coke produ ction. 
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