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JXTXODECTIO~ 
The Permian coals of the Fewcestle d i s t r i c t  o f  B.S.W. y ie ld  weak coke, but those 

mined i n  the Southern N.S.T. caalf ie ld  yield qui te  reasonable metallurgical cokes. 
problem has been t o  es tabl ish methods whereby stronger cokes can be made f r o m  these 
coals, par t icular ly  those f r o m  the Newcastle area. 
with t h i s  problem form the subject matter of t h i s  papero 
in  the paper by J. Gregory t o  this Symposium. 

n idng  and transportation of coals,  uscslly t o  washeries; secondly, the washing, 
blending, @ding and delivery af the ground coal t o  the coke ovens’ bunkers; thirdly,  
charging the avens, coking and quenching the  coke; and, f ina l ly ,  delivexy of the coke, 
perhags screened and crushed, to  the b l a s t  furnace, Factors pertinent t o  the qual i ty  
of b l a s t  furnace coke a r i s e  at each stage,  and modification of the processing opera- 
t ions at an e a r l i e r  stage may introduce changes tha t  eventually effect  the qual i ty  of 
the  blast furnace coke. 

Research work can be invalidated by a lack of knoprlodge of such ef fec ts  a t  the 
production sca le  or by a f a i l u r e  t o  reproduce on the smaller research scale,  ccnciitions 
leading t o  nearly similar m t e r i a l s  and processing €or the four  stages in  coke produc- 
tion. In  our caae, the second ( p r e y r a t i o n )  st2ge has presented the most immediate 
poss ib i l i t i es  for plant  developments. 
stage t o  a greater extent than the others. 

2. COAXS AND PROPEKL’IIB 

Our 

Certain aspects of the work concerned 
A re lated as2ect i s  dea l t  with 

There a m  four major phases t o  the production of metallurgical coke, f i r s t l y ,  the  

Our research has thus been concerned with tinis 

A sunmary of the analyt ical  and carbonisation characteris i s of the IJewcastle 
coals is given i n  Table 1. Although Brown, Callcott  and Kirov h? have shown that  
Seyler‘s Chart 47B is applicable t o  Australian coals, the use of Parr’s basis  t o  
express resu l t s  is not sound. 
and, so, N.A. Brom and the wr i te r  have studied the d i rec t  determination of mineral 
matter 
method( 8 . In Table 1, the d.a.f.; Parr and d i r e c t  dmmf ultimate analyses of “f loat”  
and tfsinks” f ract ions of Victoria Tunnel coal a re  compared. 
t i o n  t e s t s  r e f e r  t o  1 6  ash washed c a1 samples. 
t o  that described by Nadziekienicz(39. 

Sone o r  a l l  of the parameters of the laboratory coking t e s t s  of the Fewcastle 
coals have been found t o  depend on the mean p a r t i c l e  s i z e  and the 
on the proportion of mineral matter and on the extent of oxidationf47. A t  present, it 
seems that the r a t e  of oxidation is on f the few character is t ics  of these coals that 
may vary appreciably between the coalsf57. 

Results such 89 those of Table 1 suggeat t h a t  the  br ight  coals of the Newcastle 
coalf ie ld  are unlikely t o  yield good b l a s t  furnace cokes a f t e r  conventional preparation. 
The comon coke strength indices of a steelworks blend of these coals,  and the b e t t e r  
ones made at Por t  Kembla, a r e  given i n  Table 2. 

and quartz. 
p l i e s  of the seams, they a re  consistent. 
matter i n  coal sanples var ies  from S t o  137;. 

The comnonly used dry-ash-free basis  is  even l e s s  sound, 

d of its water of consti tution a f t e r  modifying the C.S.I.R.O. s l o w  combustion 

The laborstorg carbonisa- 
The penetration plastometer is s i d k  

i e dis t r ibut ion,  

The predominant coal minerals( 6, are interlayered montmorillonite-illite, kaolinite, 
The proportions of these minerals depend on the seam and ply; but, f o r  some 

The water of const i tut ion of the mineral 
Much of the mineral matter is f ine ly  
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disseminated in the coals. 
The poss ib i l i ty  of "selective" breakage, of one or another haa been exam- 

b e d .  
'nave not so far substantiated any major "selectivity" in  breakage; but it  -seem possible 
that some differentiation between the minerals and coal nay develop. 
w a s  however, never more than slight f o r  feed s a q l e s  with l e s s  than Z@ ash and most 
probably, arose f r o m  the differences in density affect ing the s ize  c lassi f icat ion 
efficiency of the mill  ra ther  than from appreciable differences between the natures of 
the disintegration patterns f o r  mineral and coal par t ic les  or differences in t h e i r  
respective strengths. 

In  shatter, no significant se lec t iv i ty  could be detected. S w h g  hammer m i l l  t e s t s  

The different ia t ion 

5. r n r n & r n L S r n I S  

coals t o  coke wens hes long been known. 
subsequent p i l o t  scale and plant scale  trialsg8T. It was f o b d ,  hovrever, that  p l a t  
henmer mills could not attain the required l e v e l s  of fineness without serious loss in  
output rates .  

The beneficial  effect  on coke s t rength indices of charging f ine ly  ground Newcastle 
f f e c t  wa8 quantitatively established by Thi  

The writer has reported(9) on the early stages of e mathemtical analysis of the 
grinding mechanism of swing bmaer  mills and eqerimental studies using,h.igh speed cine 
photography. lb. hammers at 
11000 ft./min. was very mild: 
c o d o  
c i rcu i t  grinding; and the probabili ty of breakege was approximately proportional to the 
square root of s i z e  f o r  s izes  smaller than 4 in.; constant a t  0.6 f o r  larger  sizes. 
proportion retained above the breaker bar,  f o r  fur ther  breakage, varied as the fourth 
m o t  of par t ic le  size. 
above the point of narrovest gap between hammer end baryacts essent ia l ly  as a means of 
redirecting par t ic les  in to  this zone. The efficiency or" removal of par t ic les  which are 
already suf f ic ien t ly  small, is par t icu lar ly  poor and considerable a t tent ion t o  the design 
of the recesses above breaker bars may be needed before i t  is improved. 

The breakage in a 5 tph t e s t  m i l l  due t o  the impact of 
f o r  exanple, a 5f$ +1 in. product on feeding lCQ$ -2 +1m. 

'Phe passage of the hemners p a s t  a breaker bar  w a s  shown t o  be equivalent to closed 

The 

This work suggested that the re  'on above breaker bars (i.e. 

Fork on this aspect and on the design of  more sui table  screens (gr ids) ,  after the 
breaker bars,  is in hand. 
proportion of very f ine  per t ic lea  i n  the  m i l l  output may b e  achieved. 

Results t o  date  suggest that a considerable reduction in the 

Fig. 1 shows 8 typical path f o r  the  discharge of a Imm paxticle from a model of a 

These photographic s tud ies  showed that the classi f icat ion efficiency w i l l  
hemmer m i l l  f i t t e d  with g r i d s .  
t i p  speeds. 
remain low so long aa the  part,icles must c b i e  substant ia l ly  t h e i r  direct ion of f l ight .  
This  fea ture  also lowers m i l l  capacity; .and increases the percentage of f ines  by 
undesirable fur ther  breakage of par t ic les  already suf f ic ien t ly  small. 

The heater t i p  speed waa  much slower than normal hammer 

One al ternat ive to the use of d i f fe ren t  types of g r i d s  is t o  replace them by 
adjustable breaker bare and recesses that ef f ic ien t ly  redirect  particles.  
nil1 may b e  a step in m i l l  development along these l ines.  
the scavenging efficiency of hammers sweeping p a s t  bars can be dras t ica l ly  improved. 

The Hazemag 
It remains t o  b e  seen wfiether 

An al ternat ive t o  the  improvement of hammer mill grid'systems is the conpling of a 
mill with an external c l a s s i f i e r .  
4. A I R  CLASSIFICATIOII FOR COIClmc 

Screens ae er ternal  classif 'iere f o  hammer mills have been used in Europe to  
prepare coal for charging coke 
benefits  and more f lex ib le  operation mey attend the coupling of a sui table  a i r  C l a s s i f i e r  
with a hammer m i l l .  

It appears possible that some additional 

A small commercial air separator,  made available by courtesy of lnternational 
Combustion Australia Ltd.; w a s  modified a t  the B.E.P. Central Research Laboratories, 
(hereaf ter  CRL). After a number of tr ials snd adjustments, it waa found that, a t  vario- 
se t t ings ,  separations crith the eff ic iencies  shorn In Fig. 2 could be attained; but 
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re l iab le  estimates of the potent ia l  capacit 
eouipment. d convenient cheap u n i t  (Fig. 39 was  made t o  estimate capacity and con fir^^ the 
separation efficiency results 

of such units were not possible with this 

k o m  the  work, the following tentat ive conclusions were d r a m t  
Output ra tes  of about 100 tph (and perhaps more) are feas ib le  with 16 f t .  d ia .  units; 
Part icular  a t tent ion must be paid t o  the evenness of the air dis t r ibu t ion  around the 
coal d i s t r ibu tor  p la te ;  

Total moisture contents up t o  170 can be handled without detectable loss in 
separation efficiency, but the coal should be oi led (about & &./ton) and a special  
scraper device i s  probably essent ia l  t o  prevent build up on t h e  w a l l .  

Since this work was based on a 2'6'l dia. un i t  and used feed ra tes  of up t o  20 tph, 

a) 
b)  

(c ]  Coals containing 2 in. lumps c a n b e  handled; 
(d  

it is far f r o m  f u l l y  developed as pract ical  plant. 
possible a l ternat ives  t o  the use of external screens tha t  could be used to  control the 
sizing of system outputs. 
than screen and m i l l  o r  normal mill  systems f o r  the preparation of charges to  plant coke 
ovens. 

preparation of coking coals has been publishedflly. It seem8 tha t  the system used by 
Iazovskii e t  al. ie l i k e l y  t o  be more eas i ly  developed t o  f u l l  plant sca le  than the 
external air  separator technique. 

However, it does seem one of the 

Such pneumatic controls may prove more s tab le  and consistent 

SFnce thie work on an a i r  c l a s s i f i e r  was om le ted,  an a r t i c l e  on the pneumatic 

The 2'6" dia. separators did not break the feed coal t o  any appreciable extent, but 
corresponding s tudies  with a swl laboratory air separator showed that considerable 
breakage occurred when feeding -& in. coal. 
unit in preparing coal f o r  small scale  coking tes ts .  

This feature  has prevented the use of t h i s  

5. BULK DENSITY IWD SIZE SEGKEATION 4 

The influences of surface moisture and par t ic le  s i z e  on the bulk density of part- 
i cu la te  materials a re  well known. 
three factors  become especially important where, one and perhaps more of the factors  
strongly a f fec t  coke strength. 
Box Test)  and fineness (7; -18 BSS) f o r  Newcastle coals tes ted at the B.H.P. steelwozks. 
Total moisture was f a i r l y  constant. Fig. 5 shows the corresponding re la t ion  between 
fineness and the R o s i n - P d e r  dis t r ibut ion coefficient. 
of cokes from the coals increased by 5 
1% in  coal fineness. 
segregation of par t ic les  with respect t o  s i z e  in the coke ovens. 

B u l k  density t e s t s  with air dried -& in. coal have shown evidence suggesting a 
dependence of bulk density on feed r a t e  and accompanying changes i n  s i z e  segregation. 
Fig. 6 shows the '*herringbone** s e  egation pat tern deveJoped on allowing randomly mixed 
coal ( la rge)  and limestone ( f i n e s y t o  gravi ta te  through various rectangular s lo t s .  The 
bulk density of the discharged material  did not depend on the feed r a t e  (i.e. s l o t  width). 
It has not been possible t o  generalise these and other observations as regards segrega- 
t i o n  in coke avena, but "herringbone" segregation may occur in large ovens. 

C.B.L.ts 15 lb. coke oven (see l a t e r ) .  
f r o m  segregated and non-segregated charges were almost ident ical ;  but t h e  textures of 
coarse and f ine  bands were clear ly  d is t inc t .  
on these indices, work t o  elucidate the apparent paradox is  being carr ied out. 

In coking practice,  the in te r re la t ions  between these 

Fig. 4 shows the relationship between bulk density (ASThl 

S tab i l i ty  and hardness indices 
3 and 2 2 1  units, respectively, f o r  every extra  

Another fac tor  m y  a lso  have entered into t h e  complex of relations:  

A d i r e c t  assessment of the effect  of segregation on coke strength was attempted with 
The s t a b i l i t y  and hardness indices of the cokes 

In view of the marked ef fec t  of coal s i z e  

6. TBE USE OF 15 lb.  TESTING OPElJS 
Pi lo t  (850 lb.) coke Ovens a re  used a t  the Newcastle and Port  Q&la steelworks' 

research departments, but the associated coal preparation f a c i l i t i e s ( 1 2 )  coking uni t s  
a re  too large for the Central Research Laboratories. Small t es t ing  ovens@? (Figs. 7, 8) 
t h a t  coke 15 lb. of coal, have therefore been developed. 
preparation methods are eas i ly  studied and factors  that normally in te rac t  (e.g, fineness 

A t  t h i s  scale ,  many different  
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and bulk density),  can b e  controlled independently of  each other. 
a l s o ,  provide aa easy m e a n s  of c w i n g  out preliminqy snrpeya pr ior  t o  confirmation of 
important observations at the  steelworks. 

The correlation of the cokes from the smell mens with those from plant and p i l o t  
wens is  not yet  completed; but  appears good (Fig. 9). 
coke qua l i t i es  fron those of 1 5  l b .  Oven cokes, a l s o ,  necessitates a sisilar dependence 
of coke qua l i t i es  on various factors .  

preparation factors  bas separated the re la t ive  significance of coal fineness and chsrge 
density,  as well as confir5ing the usefulness of this small t e s t  f o r  complex blending. 
studies.  

Fig. 10. 
ash variance (between sanples w i t h i n  coals) of O.l@ (15 deg. freedom), to have been 
sat isfactory.  
The main advantages of the preparation methods were: 
the  easy prevention of oxidation during storage, and the ease of dewatering coal stunples 
before blending. 

variances in Table 4. 
Further evidence for the adequateness of the overall  reproducibility of the coke tes t s ,  
is shorn in Table 5. 
t e s t  t o  t e s t ) ,  that greater control over the rate of heating 2nd the w a l l  teqerature-  
time relat ionship is desirable. 

Apart f r o m  coking time (possibly a measure of heating ra tes ) ,  other variables were not 
s ignif icant  by v i r t u e  of e i t h e r  t h e i r  comparative constancy or not influencing coke 
qua l i t i es .  

charge density) are similar 
t o  those obse e during plant  and pilot-ecale coking t e s t s ) .  They also agree with the 

percent of coal fineness ($ -18 mesh) l e a d s  t o  an increase of about s t a b i l i t y  units f o r  
higher v o l a t i l e  blends of both Australian and American coals. 

The very close equivalence of the qua l i t i es  of the cokes from the  four blends 
confirms the obvious deduction from Table 1: the Eewcastle coals .SJX too alike f o r  blend 
proportions t o  be very important. 
provided the percentages of ash for all components are reasonably close. 

Newcastle coals,  some modificationa of  the ASTdd tumbler t e s t  have been adopted. 
is the  same as the ASTU &rum except its length is 6 inso 
9@ -3'' +2" and l@ -2" +I%' and the weight of the coke feed is 3 1/3 e. 
that these changes do not s ign i f icant ly  a f fec t  the s t a b i l i t y  and hardness indices for 
cokes from the Newcastle and Port Kembla steelivorks; but, for run -o f -whar f '  coke, the 
reproducibil i ty is worse than when using the  standard t e s t .  
cokes fron duplicate oven t e s t s  appears b e t t e r  than is obtainable with 3 1/3 Kg samples 
of run-of-rsharf coke, 

The 15 lb-  oven studies,  which have involved well over 100 runs in recent months 
indicate  the u t i l i t y  of small avens. Firs t ly ,  they have shown that smell scale  prepare- 
t ions can be closely controlled and that the greater  independence between preparation 
fac tors ,  achievable with small scale work, can lead t o  results that f a c i l i t a t e  the 
appreciation of resu l t s  gathered by p i lo t  o r  p l a n t  scale work. 
shown that with proper control, 15 lb. ovens can be used for preliminary studies and, in 
the  future,  they may enable the  r e s t r i c t i o n  of 850 lb.  ovens to work immediately pr ior  to 

These s m a l l  ovens, 

The re l iab le  prediction of p l m t  

A s e r i e s  of 15 lb. oven t e s t s  t o  evaluate blending effects  and those of cer ta in  

The preparation o f  three blends (Table 3) of e i ther  8 o r  7 coals is outlfned fn 
The reproducibil i ty of the  preparation of the coals '  samples is shorn, 3g the 

Average ash percentages of washed coals correspond t o  those of Table 1. 
reduction in amonnts of c o d  &e& 

The high reproducibil i ty of t h e  character is t ics  of oven charges is shown by the 
Rotary sample dividers (20 and 100 lb.  capacity) were used. 

It appears f ron the significance of c o w  time variations ( 2  hr. 

The separate effects  of f ineness  and charge density are i l l u s t r a t e d  by Fig. 11. 

The ef fec ts  of the controlled fac tors  (coal fineness 

trends deduced 7 8 7  from cer ta in  American studies. As a rough d e ,  each additional one 

This posit ion appears t o  apply at the steelworks, 

Since the 15 lb.  oven yields  only about 10 l b .  of coke fnsm the high v o l a t i l e  
The dnun 

The coke charged t o  the drnm is 
Result8 show 

The reproducibil i ty using 

SecondI.7, they have 
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Seam 

Borehole; Dudley 
Victoria Tunnel 
Young W a l l s  end 

plant trials. 
preparation and charging, and, on (b), a controlled coking programme appropriate t o  the 
'type of coal e.g. high or l o w  vola t i le .  
specif ic  needs than those of Price e t  d ( 1 3 ) ;  but there  i s  a large measure of agreement. 
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The successful use of these ovens depends on, ( a ) ,  proper control  aver 

Our obsemations i n  this regard suggest some l e s s  
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c 72 H $  a $  S $ (org) 0 + Errors 
83.5 5.6 2.1 0.45 8 -35 
84-85 5.55 2.15 0.4 7 e05 
84.4 5.55 2.2 0.4 7.45 

TA3JX 1 1  CHARACTFRISTICS OF FTEVCdSlT,E COAIS,  NORTHERN E.S.V. 
COAL3 SEWS: Borehole, Victoria Tunnel, Young %llsend, kdley. 
COLLIERIES8 Burwood, John Darl ing,  Stockton Borehole, Lambton. 
SIZE GRBDIITG M BWFORU BREAKER8 0.746;<1.06 in.; n - 0.75 2 0.05 (Rosin-LRamnl.er 4.) 

b 
/ 
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I n i t i a l  loveo 38OoC I n i t i a l  Xove. 
-3s i o n  415% hiax. Contraction 
Log. !.IEI.x. Fluidi ty  2 e'i-3 e 0  ?-Lax. Contraction 
-€kxe Fluid i ty  435% KLte Dilation 
Bes o l id i f ica t ion  46.5':: Dlt. Dilation 

P D E T R U I O N  PLaSTOl.ETT2 (0.6 @/cn2) 

Layer Thickness 25 inn Top Temps. s30°c 
Shrinkage 22 mm Bottom Tenps. 4 4 0 O c  

COXPARISON 3F BASES FOR FLOATS SI3 SIRES (Victoria Tunnel Seam) 

I 
~ ~ 

Coke 

Newcas t l e  

d v  
BASIS 70 Ash 

Floats daf 11 r2  
Parr dnnf 
Direct dranf 

sinks daf 51 .a 
P a r r  dmnf 
Diroc t dmnf I 

~ 

Percentage Index 
+l&h. Siiatter I +lin.  S t a b i l i t y  +&in. Hardness 

i 

(Northern N.S .T. C o a l s )  73 18 

12.5 
12.1 - 

63 

58-2 
56.4 

Port  Kezbls 
(Sonthem ;i.S C o a l s )  e5 

*$ 
38.3 
58 .I 
58.3 

4 5  60 

41 .a 
5594 
38.4 

10 E! hG si I W3rrOl 

83.5 5.52 1.96 0.36 8.49 
8 4 3  5.48 1.38 0.36 7.31 

76.4 5.50 1 . a  0.40 i 5 . a ~  
88.1 5.17 2 ~ 2  0.38 4-21 

84.5 5.49 1.38 0.40 7.67 

84-1  5.50 2 * S  0.37 7.75 

396'C 
3% 

438OC 
402 

465OC 
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Ash 3 (d.b.) 

Varimce .04 
Deg. Freedom 60 

Koisture $ 7; -18 BSS Charge Densi ty  
(total) ( lbs ./c .f t . ) 

06 2 1/4 
49 20 30 

TABLE 5: ANALYSIS VARIANCE OF FACTORIAL DESIGN FOR TESTS OF' !iTO BLENOS 

Factorst a, 43$ and 7% -18 BSS; 4 37, 43, 49 lbs./cft; wen No.1 & 2, &, Blend 2 & 3 

Stability Index 
1Jea.n Square 

19,136.55 

0.04 
8.7 
7.2 
73.6 
17 e 9  

19,755.17 

444.6 ' ( s i g )  

2,565; 10 d.f. 

1 Hardness Index 
Uem Souare 

2470.5 
313.2 S i g  
194.6 Sig 
2.0 
2.87 
0.c1 

m.s * 

1.91 
3018 -41 

Effect 

Grand Eean 
Fineness (A) 

Res M/B 
T o t a l  

- NOTE2 Mean. square of each interaction (e.g. B I D )  was estimated separately and unless 
specified w a ~  not signFficant at IO$ level. 

* IY c o w  time significant, at + level; reduced res. 4 s  is given and mean 
squares of other effect carried to average time. 
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FIG. 6. Sqrqohon &!ferns. Dicharge Apertures a=d': b$, c=I:' 

Fie. Z Coke From 1'5''. Oven. 
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fiG. 8. I 5 h  2sf Coke Oven 
a. Assembled Om. 
b. Oven Chombpr 
c. ~ / Z O  Stornlers Sted Refort. 
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-1GlO.PROCEDURE: PREPARATION BLEND OF 8 COALS. 
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