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Further work hog been enrrled out on the densificetion of Stoeckton
eoke o oonfirm Allan's wosl: (3), which showed that an accopteble density
pould be obtadned by fine grlnding and bricuetbing, The effect of
parhlole slse on thls densdficotlen hap now been ebulied, |

ihe donsdly of the <7 to 14 B.B. meeh Drastion, frem brigueties
made Lrom 350 megh soke sud hoabed o 1400

% for 13 hours,
42 1o/et’,  This was the smellest partdele pise tested and gve Hhe
Wighest density, The sl specific gruvity of the heated soko was

Found o e indepsndant of particle slae, buk depended saxkedly on whether
the pemple wap from heated powder or heatod Lriguotls.
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in sartnent several projects have been carpded oub to deternive
the oultability of Hew Nealand's Wesh Ocast conls for the mamufastury of
corbon electroden. Interest in the maoulesture of sush elosiwodon in
this oountey has srisen with the pospible utlllsatdon of nomo of the
aountayte eleotrical resourees in eléctrothermal and elsclrolytie procesnesy
for onmmple, the production of sieel, calelum cavblde ov alwdniun,
study has been vesteloted to eole profused £xum Slochion eoal, because
the very low ash sontent of this conl (approxisately 25) shouwld give o
eeko which will easlly meet the sivingont ash specificailona for encde
lé@)ﬁ@ﬁl for aluninium yrodustion, in &&éﬁ%‘,ﬁ,@fz? a lorge supply of this

SR wbely avellsble at low cost, on thewe ip o pepoway £rem ¢lose
%%3 €10 ooal seem 4o the a*am%ay ot Hgakawon, sud this ropeway oo deplgned
gavry Bdety times :&%@ pregont lond,

Bhookiton coal s & high-awelllng eonl, and the ool mwoduped bas e
bull denglty of culy 21282 3&@/@“@3 Bor thip cokie o compare fovowsebly
with the petxolowm coke usually u@@ép s Wulk denelty should be slmllar,
thet dp about 4% /LY, Tork bas therefore been camrled oub on mothods
of inoressing the density of Btookbon coke, Frevious workews (1,2,3)
have tosted o wwbor of metheds of densifylng colw, and the sethod showing
nost promise was in Allan's voport (3). This mothod 4o fo produce dense
cole ehlps by fine grinding the ordglnal ccke, twiquotiing, heating bo
%@@%@; and grushing the briguttes to glve ehips of the sizes required
for the panufecture of the sleotrodes, ‘The ohjest of the experisontal
work dn thies projech wne to dolowmine the sourcsce of thils increass in bulk
denaity, and to £find the relationship betweon the &%ﬁi‘%@ obtained by this
proceas and the Linensss 4o which the 8 grownd,

The balk dennity of o eoke mga% is %m 68 '%;Ew; ik densdty of the
ef 0 +4h 8,8, wesh fractlon us i measived by bopplug o constant volums
in o mossuring eylinder, The fasctors ioflvemping the bull density, ap
moasused in this stondard ponver,uay bes
1. The sizo of the sample in the measguring eylinder,

2, The anownt the oylinder i tapped,
B The retiec of oylinder ddameter o parbtiele dlemoter,
fa win the brlquweties,




Bs  The sypavent denslily of the briguwitte am@h@a whieh ds the
apparent denslly of the ehips,

He. 5 will dopend em

6. Pereamt of plteh, presewe, ond temporabuve of belqietblng.

Te  The bulk denslty of the powder foredng the brigusites,

Ho, 7 will depend on

8,  hend density of coke forming the ;ﬁwﬁ@‘l@m

9. The romber and size of veids in the parideles,

10, The sloe of the pavticles o powder,

1, The celelining bonporatupe,

he fivet factor was inveatigeted by Packer and Flembng (1,2) snd in
this work & 50 ml semple woe tapped o constent volwme in o standaxd

B0 gl glass messuring oylindor, so the bulk denplly obtedned should be
olese to that of o vopy lovge sasple. The first seotion of the
axperleontal work glves detalls of the prepereiion of pamples, In the
sacond sastdon the Wllk densily of the eoke powdop, Wofore sold after
honting, wes meapured fov fine cobe powders, feswlis frem this purd

of the work thue give the dependense of pwrdlele size on the laobor
mubeved ¥ above, In the thizd seetion of e expemdsental work
{soctden 5.3) the dependénce of the powder slze wsed te fosm the bricuetie
on the ~7 o +44 mesh bulk donsity of the heated and cushod beloweble Ls
glvem, for gonstant tolouetding eonddtions, The briouetiing prossure
chosen, 2000 pai, 1o approxlmaioly the pressure dovelopsd An ccowmereial
pontizvevs trloetting volls.  Yoow {6) has Touwnd the dependence of
brigietiing conditlons on apparent denelty of belousttes. In seotdon 3
an ameminadlon of the ohlp shopes and struoturs ves wede,  This sectlon
e Lrvestigaton polnds & and 5 of the eriginal Mebt, In the last
sastion of the expovdrenteld work the vesl doralty of e verious coke
powders is sasured in vater,




31@% " Coke 1

A cuantlly of ovke, prepare geovworke from Stopkbon
goal = dvive A, for Falwer (L), was passed through the laboretory
Jow omusher t ' slse, and the vesulting orushed coke wap mized in a
deum o gi% o uniform sample, Thie coke wes used for all the

A 323{3 g sample ef‘ coke wak sioved for 10 nin, and the oversize
saterdal ground for 14 min, in the laboretery end mumner sdll and then
pleved agein, ‘This procedure was pepeated wndil the whole semple was
=40 mosh, then -350 mesh, and finally -852 pesh, ‘The matorisl was then
stored as the ~52 wesh semple, A slnilay procedure gave three other
samples with vertloles below the mesh siges given in table I,

B,4,8, magh Ho, in, mlevons
5e

300

200

50

The ssnples were produced with no lower Uwlt to the particle slze beecause

(1) pertioles of plwilar size pack poerly ccmpeved with partleles of
greatly differing slse,

(44) any commereiel process will involve grinding under size zather than
botweon slaes, and

(1d4)particlon of differing sise mey be steucturally or chemloally
ddfterent.,

To avold any of these differences vausing & difference botween mmples,

& portion of the bulk lot was telen end all ¢f this sample was ground to

the vequired sise, 1t was cbeerved that the flrst portion of powder




was very black and ¢lung together like lamp-black or spot, while the
latter portlon of the sample, produced from breaking the havdor pavts
ef the origls 01 oolto, was a davkegray free-flowing powder,
conbrast was quite marked untll all the semples weve mixed thowoughly

Although no lower size limdlt was se$, frequent sleving and Mght
grinding weve used % produce coke with o high proportion of particles
Just under the stated navdwum sise, A sise analysis of the <100 nosh
gomple is glven in table I,

400 8,5, mesh 100 wi ?%
200 20
350 5

A1L soke samples weve drled overnight in an oven at 110% before use,

Be1.2 Pitehs

Yor the monufacture of briguettes, vosl tar plich of eoltenlng poind
75%0 was ueed, This pitoh was obtained by Paluer fyom the Christehurch
Gae Company for his work (L) and Por this work it wos veground by passing
it onge through the luboratory hammer mill, 995 thon passed through the
350 BB, sleve,

542:1 Troatment:
To exanine the effeot of hoating on the bulk density of the oclm
powder, 15 g of powdor of each sawple eize were placed in an alunlme
oruoible end all fowr crusibles heated together to 1400% in the lnboretory
gulfle furnaee, The crucibles vere placed in the oold furnace and e



temperature was thon reised to 1400%C in two hours, The temperaturo
wao hold at 1400% for one hour, and then the furnace wan sllowed to
a0l overnight with the sxuoibles stlll in positlen,

5.2.2 Change in tapped bulk density of powder on healings

The top 4% layer of eoke in each orueible was vejocted ap this may
have been contanineted by oxldaticn in the furnese, The vomainder of
the sample was poured into a standard 25 ml mescuring oylinder and the
volumo noted after tapping wntll nmo further doorease in level was
obssyved, The density was computed from the mess of the sample and
the tapped volume. The bulk densities of the unheated samples were
alao found, using the sere sample size ap the final paaple to edd

mparison,

The densltles obiained ave plobted on graph T, snd schow 2 glight
insresse in donslity fovr Jscreasing particle sise, bubt no slgnificant
shange on hoating, The sample slze was 9 ml,

34243 Pressed domsity of powdess

The densities of the powders wore measured by plecing e welghed
sample {(about B gm) dn the die of the press thet wes later used for
briquottlng, With e pressure of 2000 psi on the powder, the length
the plunger projected from the top of the dle wep messured, ueing en
internsl gevge and a micvometer, Frem this length and the dimensions
of the dle, the velume was caloulated, The densities found are glven
in table 111 and greph XL,

mean perticls size densi ty
Bty mesh unheatbed aiter heating

“'59 "39’%
«~1Q0 1140
w200 1150
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TAPPED BULX DENSITY OF POVDER
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In contraet 1o the rosults for tepped density, these rosulis show
an inorease in Jonsity on heating as well sz an increass for emall sined
froctions, The resvlie frem after heating show o smooih owve while
those fvom bofore heating show 1ittle @h@ﬁ;&ﬁ in donslty for siges down
to 200 mogh, and o large change after thls. The pressed density of
the two samples vas vodetermined, uvsing a ddifferent part of the powldey
sample end o diffevent dle., Both values ave plotted an the graph,

This repeat gives an indication of the acouracy of the methed and
eonfirms the osourrence of high donaliy for the ~350 mesh sample,

Fadat fwﬁ.gm%&ng gonditlong:

A3 bricueties were manufectured by wmixing one pard of plioh with
nine pavbs (by welght) of coke powder with a morter and pestle to give
o free-flowing wixbuce withoub lumps, A new dle wen made to £it in the
hydrauile prose uged by gwevious workers QB?@) About 12 gm of miwtuve
was inserded in thils and the e heated to 153%3 ¢, while the prepsure was
held at 2000 pel, The temperature and pressure weve held constent Lor
at least flve mimutos, The dle wap then aliowed to sool, silll under
pressure, The tempernbure was pmessuved using a thermocouple inserted
in & hole in the plunger of the dle to within 4° of the chavgs.

The carlier bricuettes weve ejected from the dles ab 50%C while the
lettor were ejooted ot 100-120% when the Lriquetts was quite @mmm
28 this teoperature iu above the seftening polnt of the plioh (75 %3,

The offect of ejeotion Gumperature on the dlamoter of the briguetles is
slven in table IV, The internsl dlapstoer of the dls wes 4,0839,

Yemp, at which oy , Inorease in dlemoter
briquette ejected L oueter fron ale

50°% 1,026¢ 003"

110% 1,029" L L0060

In both cases the brdouetie tendsd to stlclk to the pavellel faces
of the dle, Vhen cpld, the briquetites formed were foo hard to e
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seratehed with o fingommedl, o trace of the piteh binder sould be
sosn on exardning them under o mioroscope.

3:5.2 Pffect of heating on briquette dimensions and weights

The briqueties were heated for an hour and e half at 1400% ia
erueibles pocked with powdeved coke, During this trestoent the brlauettes
retained thelr shape end becase wmush bavder, The briovettes decreased
in welght by between 7.5 end 8.2%. They slse decreased in length and
in dlemotor by 464 so thot the deevease in volum was aboub 125, It
was desired to measure the change in density during beating, Wb the
large decresses in both volume and weight vers of the sswe ordey, so that
the deneity change loot slgnificsnce vhen compared with them, lHowevep,
the denglties of some of the briquedtes ave plotted in greph 5,

5.3.3 gtandard Wik density determdnations:

Slxty grams of briqueties of pavrtleles fpom ench sloe renge were
ssde and heatedl al ’31;{3{3@6 for 14 hours, The bricuetles werw crushed
with & heswer and the frastion =7 to +14 mesh sereened out, The bull
donsity of this fraction was detormined in & 50 pl pensusdng cyilnder,
60 gm of briquetles gave approximately 25 gn of thils slse frection vhioh
aftor bedng tapped csoupled & volune of sbout 45 wl, The romults fovr
each slse range ave given in table V and plotted in graph 4.

From briquetie of Density
wax. particle sige gafee 1b/ou £t

=50 B.8. mesh «53 550
100 56 35,0
=200 ‘ 65 593
«350 +68 B2,8

trdginal ooke 35 £20.6
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These results show o smooth inorease in density es the cole 1ls ground |
progpessively Liner before briquetting and heating,

3.5 Ezemination of briguette structure:

The bricusttes vore examined wnder s metellurglenl microsoope atb
verdovs wagrdficetions,. o sign of the pltch binder could be soon in
the brdouebtes, o notloesble changos in the shape o slze of the
particleoa or in thelr exrengement in the lwdqueites wewe cheerved by
examindng hoated and wiboatad briquoties,

The «7 to +14 posh chips from the briqueties after crudhing were
examined at low mggzimm%imﬂ The ghotograpghs on the nezt two pages
seh pevid tne ohip from the briquettes of each powder
e shown in %Eﬁz yha‘%@gmgm@ The thotegraphs arve both to the some
seale vhich dp glven fron the mp rule as 235 Weee., Thoy wore btalen
with & vemtax camera and o bellows extonsion,

In the photogrephs of the pleces of bwoken brlovetie of the <7 to
+15 megh frootion the inddvideal pertieles woy sleayly be seons Thepe
photogroaphn show the tendency of pavticles of the lapger sise 4o fom
migsety egglonerates glving the particle e rough cutline compared with
the partleles mede fvom the smeller sised miterdal, This mey be dws
40 o higher proportion of piteh 4n some pards of the briquette giving o
higher loenl strength. The elfect of this roughness of the lavger
partdeleos would be to glve o lower bulk demsity when these =7 to +ih
mosh particles wery tapped in o memsuring oylinder,
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3.4 Real Spec:
5.he1  Methods :

The real specific gravity of the coke was determined by the
‘displacement of water. The procedure used was similar to that obtaine&
from Comaleo by Fleming (1) end to B.S. 1016.

The method is as follows.

(1) Clean a 50 ml 8.G. bottle, £ill with di&%illed water and immerse
in a water bath at 20°¢ for one hour.
(2) Weigh bottle filled with distilled water at 20°C, emphy and add 2 gn
of oven~dried coke (ground to -60 B.S, mesh if the sample was not alrveady
less than this), ,
(3) Add 25 ml of distlilled water,and eouple to the bobtle by means of a
short piece of rubber tube, en air condenser 2 £t long and the same
diameter as the bottle neck,
(4) Reflux in & glycerene bath for 30 min,, then wash any soum baak into
the bottle with distilled wateyx,
(5) Imerse in a water bath for one hour and welgh.
(6) The welght of water displaced by the coke then is
wt of sample + wht of botile and waler initially - wh of bobtle,
sample and water finally = W! (say)

1

Then the real specific gravity

bl

3.4,2 Resulbs of realkapesifia gravity determinations:
(a) On initial coke samples

Powdexr size Real gpeeific gravity
«52 B.8, mesh 1. 7%, 1.76
"“’3@9 it ‘1480, 1«79
=200 " 1.87, 1,89
~350 " 1,85, 1,83

These results show a slight increase in specific gravity frem the -50 to
the -200 sample, then a slight drop to the ~350 sample., Real specific
gravity debterminations appeer to be repeateble to within 24,
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(b) Un semples afer belng heated 4 houp &% 1o0% e powdey

Pouder sise feal spesific gravity
52 B8, wogh 2405

00 2,08

=200 f 2,08

350 " 2405

Tasse pesults show the final veal speolfic grevity o be independent of
the particle size heated and to have inereased duvring hesting feom ebout

(¢) on samples ofter being heated 1 hours et 1400°0 es bricuettes
Powder nlze Priquetie fleal speoific
in briqueties ground to grevity
=52 B8, pogh 60 D.8. mesh 2,19
=200 7 60 v 2.18
=350 " -400 . " 2415

Heabing for 1% hours in this sase as cospared with 1 hour in case (b)
was oonsidered to have ne effect on the fMusl seal speeifio gravity
obtained, The heating time wes ineressed for the bricquettes because
larger oxueiblos wewe used and the tme for the centre portlon of them
to reach the requived temperature would therefore Lo sroater, The
vosults show that o givabor resl speelfls gravily was obielned by
briguetiing the powder and heating, then By hesting the powder not
briquetted,

The wresl specifde gr

avities ave plotied w gragh 5,
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The el spoclfic gravity detemsinatlons were yopostebls fo within
2% vith the viperimental teshniase used, The zain Mmitebdon on the
method was that sose of the coke powler always flooted on the water
purface and copseguenbly 1t wes Gifficult 4o st the demslty botile
completely foll of water withoub losing eny of this susponded cole,

As there was only 2 of soke in the density bovhle, the loss of &
gl omount would zesuld in lapge evrors in the value for the fimal
densilty.

The averege value for the resl specific gravity of the hwoted powder
of 2,00 is iv egreement with Flening's resulds ond with these of Dr Stott
at the Sdhool of Fines, for the temperature uead, T4 hap alsp boen
found at the pohool of Minwe thet the specific gravity ocblained by
heating thls coke is independont of the tlme st the fiml tenperature
for tlmes wp to several hours, Thus the highey velues of specific
svity oblained from the ceushed telouebivs could notd ardee from the
sldghtly longor heating tive, This inorease in density wmast, thevefore,
avise from the briguetidng of the coke befors it was hested, Fiteh is
iepe denge than the chrbon formlng the coke so thet the enly way for the
phiteh o dnerense the zeal densily ds for 44 to £111 cuvitles not £1lled
vith vater in real donslty determdnations. This dmplies that the pitch
diffusas into cavitles thot ave pealed to wmior or that plioh Ywete®
ook particles puch betber then water and is consequently £11ling smaller
sovities than the walor was able Yo, This could also wxplein why no
pibeh van cdhperved soatlog the paridoles of the bwlauetie vhon they were
prasdoed under ¢ wmlorpecope bofore aud al'ter hesting, ¥ith goo
"ratling” or the colie murlese, pevideles seuld be sbuel ot the points
of esontoet rather than turled in o leyer of plich, This effeet of
inoveased resl density on bwlguetdlng way be contwolled by the tnperature
&% which the bricuette in forumed,

From geaph 5 1% esn be sewn that the real specifie gravlty obbained
is independent of the pavrtiele sise heated, Ap the real speeific
grevity 46 o messure of the density of the mlero-strusiure of the soke
1t foliows thet the wlero-slructure doop nob eowe awy more dense when
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hon¥ing emall particles than when heatlng lovger cnos to the sam
terporature,  Consaguently any inerease fn the bulk density of small
peridolos ds greater then the increase of lapger partleles for the

same final temporature is net dus to dfferences in the mluro-strueture
botwesn the two sets of periicles,

An incresss in the mal density of the powder partleles doss not
necesserlly give o corropponding ineresse in the bull donegity of the
powder, althowsh it nay do so.,  The densiiy of the nlovo~gtruotwd may
be dnereased by Anoreasing the slse of the lavger poves and this would
give no inorease in bulk density. Alternatively sore of the pores mey
sollapse on heating %o give a much greater inuresse in bulk density then
expected from renl donslly incveasts, However, the vesulis for bulk
donsi by measured in the dle (gragh 2) all show an inersase, The curve
from of ter heating is much plraighter then the vriginal and ws the
density sin fron 200 to =350 mesh partlcles ls not so marked,

Allan (3) showed that the tapped end pressed bullk dencdiins ave
aluilar for 7 o 1L mesh perbicles, This weport shows, in geaphs
1 and 2, thet for fine powders very different results ave obtained,
the gressed densitles are 100 bigher than the tapped dongiiles, This
may be bocpuse of the seell sasple sise weed, From praph 1 4% ean be
aeon that no inorease in denslly on heating wab nmeesured by tapped
denslides, even though the sase sample size we uced for the detersdnablon
of tapped density before and aftor heatdng. The sonple sise uned vas
sandl, becsuse the smell erucibles used Mimited the amount of ooke that
gould bo heatold dn one mun,  This gave aquite larse evrors In the
deterninatdon of densidy, but pepests of the detersinations were
sufTiolently olose to oviginal values o oonelude that the denaity
inerease, meamred in the dle, did not ccour when measuring the tapped
bulk denslty. Beosuse of thia, tw other sugmpo’lens of the ¢euse of
this increase in denpliy ore made, These ares
(1) Heatiog makes the partlcles more graphite-like in stiveture end this

glves better Lubvleetion betweon particles and thua theoy puok better,
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{2) Heating causes the partleles to become move britile and thus
under pressure suell protuborances are brushed off the perdleles,

The depréanse in volump of o brlouetie was found to be of the swne
magnitude as the decreass in volume of & lapge plece of cole fozmed ab
900% and heated to 14005 in en dnert atmosphere, This volume ohenge
was therefore consldered to be fwom the uswel denslfication process
that osours on heating coke, That this volune change doponds om the
soke partdeles o confiymed by Yeow who found no ehenge in volume on
heating briquttes to this temperature of 1400%C when his briquebtes wewe
made from ooke previously heated bo 100°% , then ground, Yeow found
that the lose in welght on hesting a briquette was L for a vange of
partiole siges and proportions of pitoh, The lods in wolght in the
expordments in scotlon 3,35 was 5%, and so the edditlomnld L4 sust resuld
from volatiles belng dviven frem the ocoke., This shows the indtlal coke
sontained ¢ high proportion of tar,

The bloauetios formed in these exporiments wm strong, This ip in
sontrest 4o Allen's roport where he astated his bricueties ware sof't and
could eandly be seretehed with & flngornail (5, p.12), The only
Giffezense in g:»me&m which ecould ascount for this havdness 18 that in
Pis work the briguebting tempovature was 150-160°0 while Allen used
100105, 1t 1e sugopated that the atrength of brlawiltes formed ot
differont tomperatures bo studled, as steong briguetben will glve gronter
strength G0 the final electrodes. It was foumd that slight oxidotion
thirdng heabing produced sof't briqueties as this osourred in one furnace
un end the affected bricuettes weve rejeoted, The most satdsfentory
mothod of erushing the briquetivs was to place them in o sheel tway and
pound then with 8 three~-pound hammer, Froquent sleving sorked the =7
sesh fragtion for bulk denslly detersdnnticns, The bwlquetiss wore not
damaged by belng dropped vn the foor.

Graph &, the grah of stondard bulk density, shows o omooth inorense
in the denglty of the =7 to +14 nmosh fraction with decrensing parbisle
size in the briquette, 'The partiecle alse il plotted on a log sonle,
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» ghowe no elgn of tending to & mazimum deneliy for tmall
savtlele sizes, This ghows thot dn the slse pange congidered theve
4o po oritiesl plse bolow which further densification doos nel vsour,
The finsl volue of 42 Ib/ou.ft for ~350 mesh eoke 1o higher than the
velue of 40 1b/£% obteined by Allan, perhaps bocause the brloueties
orushad in this oase were some ¥ move dense then his. A slightly
levgor somple size was elso wsed, 'The lower end of pragh 4 sppoars
o tond to Floming's value of 30 1b/ou,f% froa Wwiguettes made of =7
mesh Stockton coke, '

The expericents carwled out show the min densification of the
goke in the precess lnvestigbed vesurred durlng the Cine meindlag and
briguetting, This density lncrease ds greater fov sesller pnrbleles,
Heating the ocoke prodiwed an inerease in reel density which gave less
ineresne in the appavent brlonebtte density.,  This in durn gve an
inorease in the <7 to +ih oeeh bull density, This incvesss in denslly
for heating is eclusst independent of perticle sine, IV s not completely
irdependent, probably bocmuse of the inflwence of hesting on parblele
packing thyough particle shape and lubrication,
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It has boon eonfirmed that high denalty ocke nay Yo producsd by
the fine grindivng, brlovetting end heatdng of eole fron Stogkion Ho. 2 -
drdve A ecal, The velotlenship botwoen the partlcln slde nnd the
Pinal bulk density produced has bewn shom o be o smooth curve yecohing
L2 Ab/en 0t for =350 nesh eoke powder and with wo sl of en Uppew
Liedt to bulk denalty for particles of mmeller slsse,

1t wae also found that the brlaettes produced with 107 plbeh
were extracrdinarlly etrons. The pepl specifis pravity of the coke
wos Pound to be independent of the vavticle sisze heated, However, the
veal ppetifisc gravity oblained after heating the Wricueties wasn preéenter
than that obltalned alter woting the povdered eoie Yo the same
tenporature, The gesson for this effect 16 not mown,  The bulk
density of coke powder hes heon found to dnorense with dsoreasing
parblele size as woll g Buelng heating ot hish temperatures , when
mpesurcd ot wressure in e die.
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