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GUMIARY

The impurities nreaent in South Australian pgraphite
concentrates and various chemical methode for the removal of
thege have been examined, I¢ was found that the best of
thene metﬁoﬁa oould be combined to give & process for the
somplete beneficiation of high grade concentrates, On
examination, the eoonomic aspecta of the proposed provess
indicate that it is capable of being profitably operated on
an industrial sonle. ~ The rasults of this work supnoxt the
olaim that the purity achieved by spplication of the propos-
ed process is higher than that obtained by other methods of
purifioation. The olaims that chemiocal baneficlation
methods reduce graphtté flake oize and that sppreciadble
amounts of reapgents &re adsorbed on graphite during nrosens-
Ang have been disproved. |
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L. INPOUCTION

The difficulty esperienced in Australia in obtaining
graphite for industrisl purposes during the reoent war wzs due
partly to the rectriction of imports from Ceylon, Madagasoar
and the U.%4,A,., whioh normally supplied almoet all the Aup-
tralian requirements, and also to the inability of smnll lbcal
production to satisfy the resulting high demand., This nogition
emphagized the desirability of further development of domestic
rosouroes and drew attention to the naeed for an examination of
the suitability of Australian graphite for various industrial
uges,

Graphite has been found in many pladces in Australia,
tut as far as is knowa only three deposits are large enough to
be of commercial interest. These cccur on Eyre Penincula in
South Australia, at Munglinup and Fendemup in Western Australia,
and at doninavtuo, Jueengland., CGraphite from the lagt-named
deposit is srronecusly desoribed as "amorphous® because it
1acke the iustre and well developed flake form of samples fxom
the other two sources, Although the sises of thess thrae
deposits have not been proven, the fiouth Australian one is
known to be large. Attempts were made %o develop 1% in 1917,
hut thess wars abortive. Mining was reconmenced in 1941 and
Ulsy and Koppio mines are now produoing conosntyates for the
Australian market, Present production from Test Australian
and Jueensland deposits is small, ’
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Concentrates produced by the South Australian mines
mentioned ébon, usually contain 60 to 30 per cent, grarhite,

A product of this quality is unsuitabdle for many uges and is
unlikely to compete sucoessfully with most imported conoeme
trates in peace-time. |

The aims of this investigation, therefore, wers to
assist the industyy in satisfying the special requirements of
various consumers, and to inorease the variety and purity of
products for noat-war trade. It was resalised that competition
in the marketing of high grade produots would be keen, because
Madagagear and Ceylon possess very large graphite zoserves
from shich concentratss valued for their purity and fleke sise
are produced, Graphite mamifactured in U.U.A. by the electro-
thermal process is also sought on acommt of its purity, |
Howsver thare appeared 30 Da & sufficient margin between the
cost of imported material and that produced locally %0 permit
economic proogseing for higher purity.

A drief survey of the indust$yial uses of graphite
end the nature of maderial required for sach of these is given
in Table I, It shows thas many indusyries use finely groumnd
graphite of high purity, Hemwe work on this project ses largely
directed towards the oomplete benefioiation of graphite ooncen-
tratse Dy chemiczl methods and the fines grinding of high grade
conoentyates. It will be seen that the major oonsumer of this
grads in Auptyalia is the dry cell industry, which vooeived a



Particle Sixe

Produnot - Purity
1. PFoundry 40-70% earben Finsly ground.
Yaoings. .
2. PBoiler compounds | waried Finely ground.
Polishes ‘ _
Clutoh faoings
eto. , |
3. Crucidles 90% garbon 20-90 megh, chip
or Tlake,
4. Battery graphite 85% sazrbon, tut 803 mimza 200 mesh.
| bighest purity
« Pmwils As pure as post~ | minus 200 mesh,
4 Pigments. ible and free of | .
‘gritty material
such as pilics, '
6. Carbom brushss  { - legs § mimie 200 mesh,
than 1% of |
Carburisers impurities. »
Powder metallurgy
Eleciro typing. .
7. lubricants 99.9% oarbon (a) Colloidnl

(b) Powlered flake.
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great imnmetus during the war because of thé heavy demand for
poxtabls powsr unite, The atiention vhioh haz recently been

p&id in other mtzieé 340 the processing of high grads natural
graphite has added further interest to the investigation,
American industry has been foremoat in this field and has
devaloped 00lloidal natural graphite ludriosnts and other
producte whioh compete successfully with those produced
art¥ificially.

Part I of this paper deals with the chemioal
beneticiation of 60 0 80 per oent, South Australian _
concentrates $0 produce purer materials suiteble for use in
dry cells nnd for she mamufacture of lubricants, pignensts,

.and eledtrical squipment, suoh as carbon brushos and slectrodes.
Investigation of methods for grinding pure graphits o the
finenesses required by the above uses L5 described in Poxs 11,
The teating in dry cells of graphite samples prepared by
purification and grinding methods desoribed in the pravious
ssctions is treated in Part 1II1, VWork ¢n interlamellay
compounds of oarbon, which are being investignted in connection
with both the fundamental problem of the structure of South
Australian gyaphite and m uses for this material, is reported
in Part IV,



The sources of yaw material ssleoted for this
{nvectigntion were the Uley and Koppio deposita, the ores from
vhioh gontain 15 « 35 per cens. of graphite oarbon.

| rsulwan‘gs) found that Xoppio ore consists sgeen~
tially of graphite and quarts, the graphite flakes varying in
size from 0.5 to 2 mm., and often enclosing cuaris grains,
Oocssionally quaris encloses small gyainsc of graphite.
Smmller amounts of irone~stained biotite and ohlorite, and a
kaolinite minsral are also present, In order to odbtain further
informsation about the nature of the gangue minerals of both
ores, petrographic, I-ray diffraction, and chemioal analyses
were done. Ths effects osused by slow heating over a wide
temperature range were obgerved with the game objeos, The
amounts of fyee ferrio oxids contained in ores, cmmtra»é,
and gangue wers 2190 deternminsd. The rasuits of amynei
-3 0 givﬁn beloy, '

Thin seotions wére prepared £rorm the ores and the
presence of minerals mentioned above wns confirmed, Calolite
was added to the 1ist. |

The photo micropranhe illustrates the intimacy of
granhite and gangue and also the manner in whioh calcite
gerves as & bonding agent in these aggropgates.



Photomicrographs of thin sections of South Australian

graphite oresi- (Magnification 30X).

Fey to lettering.

= Caleite —
= ranhite =

In the photomicrogranphs, these mineyals ap
black, dark grey, and wvhite respectively.

Hematite
marts.



"o, 4. Fopplio Ore -
surface eapping.
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An X-ray examination of $ailings obtained Ly flotation
of Uley ore was psrformed and detected the following wminerals.

L-quarts (coarse) Ye¥e0.0H (Lepidosracits),
faint trnce.
< =¥8,05 {Hematite) Nontmorillonites
L =Fa0, 08 (Goethits) Kaolins
Hioas,

{131) cChemical analvaix ¢~

| The sompositions of Uley and XKoppio ores determined
by chemical analyses ars given in Table 2. A notable feature
of thess ores is that they contain no sulphides. Pyrite (FeSp)
is often found in ores mined in other countries and Zbapiro
and Voulovakr(a}) revors ite oamérmn in Kuretek 7 granphite.

{iy) __Bffacsx of hoat on gangua ainarsig:-
The mineral oomvoeition of gangus senerated fxom Uley
graphite ore by flotation methods was examined by obaerving

 wariztions in ¥ and losses of water uf conetitution csused by

slowly heating this materisl from 100° %o 700%C., Raperimentally
dottr-mad values of ‘; and percentage-1osses in sample weighs
due to dehydration' are plotted against temperature in Figs.

1 and 2 resnectively. Thess data are discussed below.

# These anslyses were conduoted by ¥r, J, Cowlsey.
+ mgano '
§# Ratio of inductance to chmic reaiatance.

# Thene wers determined by ¥r. A, J. Oaskin,




* Ney Ore

Conatituent Koppio Ore

810, 58.56 28.88
7105 0.07 ©.07
K105 1,76 4.2
Fe,0; 4.76 11.10
Fe0 0.08 0.03
MnO 0.01 0.03
! Ca0 0.66 20,09
NgO 0.13 1.01
Far0 0.06 . o.11
- K50 0.18 0.25

P05 - -
A0 + 0.82 1.54
H0 - 0.27 0.92
co, 0.74 16.67
805 .11 0.38
¢ (by combustion). 35.60 18.%0
103.81 322_52

® Resmults of analyses conducted by ¥r. J. Cordets.
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P inflectiva of curve L st 23,9 also ovcurs in
curve 2 and iz arzcumed to ve dus to the losa uf ~ater fron
#ibosite since curve 7 may ve amatched —ith that for »re=-
cinitated AL(UR); "hiGh gives “enoulders* ut paue50%5 und at
600%:. The continued loss froa £50-30.°%; sho'm in curve 2 is
conzidered to represent Jehydration of limonite and of
woethite, which +ao deteoted vy Y-ray analysis. .ince the
inflection in curve 1 at 475 to 360%: does not ocour in
curve 2, it is probably due to a phgae change in some form
of ferric ozide, noassitly goethite to hematite »hioh is znown
to occur in the range 325-40:°;. I(nfieotions in voth curves
at soaou are attributed to loss of remaining water from
aluminous minerals. The abgsence of any large inflections in
curve 2 is taken as indiocating the sxtreme fineness of the
gangue minerals in the sample tested. umoothness of the loss
curve in the raage 550-720%; indicates *amorvhous” hydrous
material 1.e. the absence of uny definite hydrater. Surve &
ehows no montmorillonite is prezent; 4indtioations for kaolin
are slight and doubtful., :oth these minerals wore found in
small quantities by L-rpay diffraction anulysis.

gv) Analysis for frec ferric oxide:-

The amounts of frec ferric oxide in South australian
gravhite ores, ooncentrates, and gangue were determined by a
biological method (see p.gg). The materials exumined and the
percentages of free ferric oxide they were found to coutuin

are shown in Table 3,



Samnle

Percentage Weight of
Frse Perric Oxids
found in Sample.

ey Ore
banguc from Ulgy' m"
Koppio Concentrate

Xoppio Ore

16.1
22.9
48,7
29.7

42.7

This material wos prepared by repeated ﬁoating of

tailings obtained during the prepa

ration of conoen-

trates from Uley ore by flotation methods.
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118, Sa dICAL - JaRISTATLON.

The recovery of sraphite from Ausztralian ores by
various ore dressing mcothods suoh as tabiing and flotation
after'gxinding has besn studied Ly blackett und uartre11§3),
yunkin and Hart' 7, and vlante’?! ano fouad that it was
noesible to =roduce concentrates containing 30’0 nmer cent
pranhitic csrbon. rlante succesded in pranaring ovncentrates
containing 42 per cent oarbon, ¥ith recoveriss of 86 ner centg
by flotation methods, but found that to achisve this it ae
necessary to dissolve calcite partially &n the orus by sdding
a 11ttle.d11ute hydrochloric aoid to the flotation cell. This
vrocess is therefore considered to ove 1t3 auvcess partly to
chemical aild. The results of these investigators have bhesn
quoted to indicate the limits of dhysical nothods of enrich~
ment. Concentrates containing ;7.5 ver vent carbon have becn
orepared by vhysical methods but at ths expense of recovery, |
and the flake size of the gravhite which is greatly reduced by
the nrolonged grinding necescary to liverute this mineral.

It is evident therefor: that other methods than
those mentioned above auast be used to raise the grade of
concentrates froa O to L,.5 9er cent. These nethods were
sought by studying chemical treatments desiymed to react
with and.disnolvo out the remaining minersl impuritisas.

‘hapiro and Veselovsky'Z>?) untear to be the only
inveatigators who have conducted extensive teuts; on the en~

richment of ¢rsphite xith the aid of chemical reagents.
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The Xureigk praphite ~hich they tezted Contiine the sume
fmourities as are found in outh Australian ores ap well as
oyrite (Fe”,). Thelr researcies roveanled that roustin:: 4in
air deoonposed pyrite and silicates and reaulted in more
efficient removal of iamnurities by subsgeyuent hydrochlorio
acid fAigestion. They also fouad hydrovhloric ncig to be
suzerior to sulphuric for the nuriose of gungue extraction,
These investigatore renorted caustic sods und ammonium
culphate as being inefficient reagents for removul of janjme
and 8id not find hydrofluorio acid zarticularly cffective for
thig purnose.

Jeveral unidesiratle features of ohemical Leneficite
tion have been sugpested, Ctilweall unq 36narda‘25) ¢Anressed
the vie~ that chemlcal treatment, vesides beiny costly, 'wuld
recult in reduction 4f the flske slze of graphite —<hioh
gnveloped sanpue. A furtier oovjection, voived by “haniro und
Veaelovsky(93) and others wac the adsorption of chemical ro=-
agents on gravhite. 'wvidence in renly tu theze oritioisms i1l
be found in the results 2f this investipgation,

(1) outiine of
- The results of mreliminary exuminuation showed thut

wxoerimental  ork,

t'e ganyue constituents of axraphits ores and concontrates may
be olassifizd accoreing t5 their acid-solublility us 2011078

(u) Calcite, iron oxides, alumina, ialcas, and
olsy minersls.

(b) ‘wuartz and a s@all awount of sone refractory
eilicates. '
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Soluﬁion and ramoval of members of group (a) werse
attempted by acid digestion, .smples of tley and Kopoio
conoentrates were refluxed with hydrochloric and sulphuric
acoids and the effeots of varying scid concentration and
duration of digestion studlied.

Pretreataent of conoentrates to riise the acid
solubility of iron and &luminium compounds wus investigutaed
by roasting semples in air and algo in a reduoing atwosphere,
The relation of acid-solubility to zoasting temperature was
determined. ,

~ Removal of group () impurities by solution or
volatilisation was also sought by heatinz =ith the golid
reagents, ammonium bisulphats, amzoniun bltluortda. and
amaonium chloride.

Methods employed for the removal of silioca were,
refluxing,or autoolaving.ot concentrate sumples with stronp
aqueous oauetic sodu, fusions with s0lid orustio soda und
sodium oarbonste, and evaporation of conoentrates with
hydrofluoric acid.

Nore exacting methods for preparing concantrates
containing less than 1 par cent of imhurities mere also
tested and were based on data obtained from the work outlinead
above. They included cornbined aocid digestion and caustic
autooluving wethode, and also treatment with hydrochlorio and
hy2rofluoric acidas. An active interest =was also taken in the
high temperature chlorination method doveloped by oTagmmrt'14),
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Reference has been made to tae suggestion that
chemioal beneficiation methods raduce the fizke aize of
graphite in treated concentrates. Tals point —as investigated
by studying the size distriéution data of acid tresated ani
untreated concentrates.

aAdsorption of reagents on finely ground graphite,
whioch was also suggested 2s an undoaizaﬁla feature of chemioal
trestment was investigated by determinin: the amount of .
chlorine present in the very fine pure product nroduced by
high temperaturs chlorination, and the amounts of ferric
chloride and chloride jons retained by finely ground concen-
trate »hich had been digested with hydrochloric acid and then
well washed.

(2) Experimental,

(1) Analyses of materials,

inalyses were performed on Uley and Koppio concen-
trates and tlley flotation tailingzs ~hioch were the asterials
selected for exverimental work. Table 4 contains thy results
of these analyces.

(41) Removal of caloite..

The dalcite pregsent in Uley conventrate and Yley
flotation tailings, 74 und 56 per cent respectively was found
to react readily with cold dilute hydrochloric acid ang wss
completely removed by stirring —ith an equivalent amount of

cold 10 per cent acid.



1

coitemt | (B | it | i
810, 11,32 21.22 22.4
710, 0.03 0.06 -
1507 4.23 .75 4.6
Fe 0, 7.09 2.30 16.9
Fed 0,08 0.22
MnO 0.03 0,01 -
Ca0 14.97 0.76 3.6

. MgO 0.40 0.07 -
Fa,0 0.05 0.06 -

K0 0.00 0.30 -
Py0g - - -

HaO » 0.74 0.70 -

A0 = 0.7 0.23 -

co, 13.15 0.62 24.8

505 0.29 - 0,09 -

C 48.32 _13.40 < 1.0

% 10029 22

# Anzlyses cmtaa'br ¥r, J. Corbets.
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(111) Acid digeation.

(&) Variation of acid stren = Jigestion of lley
and Xoppio sanples was performed under reflux using various
etrengths of hydrochloric and sulphuric acids given below.

TG = 1.4 4 (822T0X. 5:), 1T N, 249 N, 443 ﬁ, od.
HpS04 = 0.8 iy 17 §y 363 4, 646 4, 13,3 4, 26,5 W,
seventy-five mls. of digestion acid wers used for

each 10 gms of sample digested. Thias ratio alloved ut least
100 per cent excess of reapent. The high oaloite content of
1ley concentrate (2G4) neogssitated adding suffioiently con-
centrated acid in the case of hydrochloric aoid &igeutaana to
react with the ocalcite and have a residual acid conventration
of one of the above values. shen sulphurio aoid was used for
digestion, cﬁlctta was first removed from the gunmple by
separate tréatmant *ith an agquivalent amount of 10 per cent
hydrochloric aoid. ISuch measures were not neocessury <with
Yopnio concentrate sinoce the oalcite content is only anj roxi-
mately 1 per cent.

Digestions were of half hour duration. After thiu
period the hot digests were filtered, —wiunhed =ith hot 2 per
cent digestion acid, hot ~ster, and then dried at 110%.
sarbon, iron oxide, alumina, and silloca, were deterained in
the dried samples. From the results of these analyses and
the composition of the original sample, the peroentage lous

of each constituent due to treataent, =as deternined. Thege

dats sre summerized in ¥igs. 3 and 4.
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Diaoubsion of half-hour digeztioin result.:-

The conclusions drawn froa data arei-

1.

2o

4.

Iron-contzaining minerals in Nley and xopnio
concentrates arc more readily removed by hydro-
chloric than by sulphuric acid of the sume
strength,

flyérochloric acid 12 aiao’gupeiiar in it ubility
to remove un to 50 per oent 0f the totul ulumine,
The remsinder responds to treatment teith stiong
(£7 normal) sulvhuric aoid.

Although hydrochlorioc is rure effective than
sulphuric acid of the game normality tho total
lose of iron and alumih& cnuged by digection g
greatér ~hen the lutter is used at high concen-
trations.

The similarity of shape and slope of the curves
cuggeste sinmilar mineral constituents in the
gangues of doth concentrates. The digestion gata
for both ucids shoy that the gangue of Xoppio
conoentzate is slightly less soluble than that of

1"ley concentrate.

(b) zffect of timc on acid digestion efffoiency:~

In thiz series of tests, fized acid concentrations wmere

exployed and the effeots of varying digestion puriods were

exemined, Ceparste sumdles of voth concentrates were digested

for &, 2, and 4 hour neriods, and percentugs losses of .anpue
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impurities were determined from results of analysis porformed
on residues. These data are given in Table §5,

It is evident that prolonging the period of digestion
cauged substantial gains in the efficiency of extraotion in all
cases. The percentage loss figures for the Jigestion of vley
concentrate with 6 N hydrochlorio acid for half an hour were
ferric oxide, $8.7 péti cent loss and alumina 57 per cent loss.
These figures are similar to those achieved by digestion with
1.4 N hydrochloric aoid and for 4 hours. The dependencs of
extraction efficisncy on time ig partiocularly noticeable in
the case of Xop~-io digestions.

| (dv) hoasting of concentrates.

Pre«rc,éstmg as 8 means 0Of increasing the acid-
golubilities of ferric oxide and alumina in graphite concen-
trates was uscd by Shapiro and Veselovaky'23/. 1t was also
studied by Tilley, Millar and Halston'’ !’ in thoir work on
the acid extraction of alumina from bauxite and other alumin-
ous materials. The latter inveatigators wers able to show
that calcination of ciay at temperatures of 5v)1)—900°0 incieaaod
the rate at whioch alumina was dlscolved by aoids, ani also
noted thst the solubility of ferric oxide rosa to a maxiwum
about 550°C then fell as the roasting temperature increased.
ncLeish(u) found that the chemiocal zeaoc$ivity of the ferric
oxide used in towns gas purification increased slightly ~ith
roasting temperatures between 325 and ‘57500 and fell rapvidly
when the temperature of roasting exceeded 460“(). ueuoru%

states that if ferric oxide is roasted avove a certain



Concentrate snd | Digeetion | oTotntage Losses ¥

Digestion Agid. Perioed. 5109 Fe,0; | Aly04
ey .

1.4 ¥ HO1 4 hr. 0 54.0 30.8
' 2 hrs. o 92.2 | 512
4 hrs. 0 96.3 55.0
1.4 ¥ 5,80, 1 2ne o | 363! 21,9
] 2nre. o 43.0 | 44.2

‘ m: 0 52¢6 -
1.4 ¥ HOY - & hy, 0 13.5 3.7
2 hrs. 0 69.6 24.7
4brs, | O 92,6 32.7

1.4 ¥ Hy80, i hr. 0 6.9 -
2hra, | 0 27.0 6.7
4 hrae. 0 50.6 20,6

= Difference Detween the weight of 2 oonstituent found in
the product of treatment and thes amount origimlly pre-
sent in the untreated sample 0f conoentrate, expresced
ag & peroentage of the latter welight. :
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teanersture it eal,{)reacea 506 bascom23 1uss de;d'soludle.
iie notes that thics temperature depeads on the srevious
history of the samile and usually lies fa the range 400=533°0.,
elthough 1t 1y ve ae low as 3757,  4ith rempect tu the
effeoct of N=at on silicates, "icllor aand :"cott‘m) found that
kaolinite ic camnletelﬁ dehydrated at 59000., and ifellor and
f&t&gg‘ 4/ zhowed that thiz resulted 1a the 10:3 of orystalline
form and the anpearance of 4 suvstange ¢onpidered to ve a form
of free alumina. llowever, Gerber's) au:zests that an easily
acid soluvle alumino-silicate remsins fter the loss of <ater
of constitution.

The forepoiny information indivites thut the ronut-
ing temperatures wmhich corresvond to the ontimun actd
golubilities of ferrio oxide and alumina do not coincide.
Therefore information was souiht concerniny the effects of
reduocing conditionsg during x‘aafstmg with the hope thiut the
solubility of ferric oxide mizht ve mo'rmsed 4t temnerstures
=hich czuged the rreatezt incresse in the acid solubility of
alumins,

Locording to “ellor, reduction of huematite by
hydrogen iz complete 'at 5@35)0«3., and more rioid at 6%z,

Thereafter there is little change in the rate of reduction.
The fact thut ferric oxide ia olosely assootluted with graphite

in concentrates sugwests that some reduction by oarbon misnt
occur ~hen theae are rousted. A zurvey of information on this
mnoint 4ndicates thaet in the aleences of vaygen, "Milch would be

the casé in = reducing zoszst, ferric 0zide may be reduced 4o
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ferrosic oxide {?@3.04) oy hzatiagz ~<4th curbon in the tempera-
ture range 40=650°C. vFerrous oaide is Hroduced 'men roasting
temp:ratures lie betwacn 750 ané 850%. o ever, these limits
may vary with the condition of the ferrio oxide, ieduotion of
ferric oxide LY carbon monoxide is claimed to begin ut 23:.%¢.
and to be favoured by the nresence of hydrogen which also
lessens the tendenvy of carbon to sevarsts.

It wag cleur from the above information that the
conditions of roucting ~hich sive the most satisfavtory results
vary with difforent materiala and therefors require to be
determined for each particulur case, _

The experimental determination of the effects of air
roasts and reduoing-roasts on the gaague of Ulay nad Xopoio
graohite concentrates is desorived below.

() Heduciap-ronst :~ 7The materials roasted were
ley concentrate from »hioh calcite had been quantitatively
removed with 10 ner cent. hydrochlorio acid and Xopnio
conoentrate, <tainless steel bLouts each containing 35 g. of
concentrate rere hested in 2 in. diameter drawn steel tubes in
en eleotrio muffle, at the temizratures given velow. In order
to compare the effeots of roastiag on !ley and Koppio concen-
trates, samnles of both were roaated at the sans time in the
same tube. 411l roasts continued for 4 hours after the pre-
seleoted tamperatﬁre wae reuched. Towns gaas, direct from the
maing, was used as a reducing atmosphere and had the follo~inc

comnosition -
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P 73.6 |
Co 16.7 ¢
Co 4eg *
0p 1.3 #
Oniln 4.0 *

‘The temperaturss seleotad for roasting -ere,
30, 499%, 5099, 709°, =nd 6009., contzolled to +ithin

t 109, of the required value. The acids used in digesting
roasted concentrates were .8 N sulphuric acid and 1.4 N
hydrochloric acid.

After a sample had bean roanted 1% -vus asir-washed
aeVbéal times in 3 vacuum desiccator. A 19 fn. sub savnle s
then refluxed »ith 4ilute woid for half an hour. The acid
ingoluble residues remaining after digestion wsre wmushed with
410 mls. of hot dilute (2 per oent.) digestion acid then hot
distilled water. These risidues wore analysed and vereentage
losses of the ganpgue constituents computed. These data are
nresented graphically in #gs. 5 to 7. The amoubt of reduction
of ferric compounde at certain rousting temporatures was
determined by analysis for ferrous iron. fThe results are given
in Table 6.

(b) iossting in sir :« These tests differed from
those just decorived only in ths respect that samples of the
same origingl materials were rousted 4n opnen 2ilica dishes 4n
an electric muffle. An additional raast 7as done at 63,01,
and the roast at 8&@09. wic omitted becsuce aprreciable
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Condentrate Percentage of total
and original F reduced
Roasting Temperature to
Uley conc. (omlcite free)
500°¢ 77.6
700°¢C 100.5
800% 99.%
Koppio conc, A )
. 500% 98.6
700% 99.6
800°%c 100.1

N.B. Before roasting tley cmémtrate (oalcite-free)
oontained 0.08 perxr cent. FeO and Koppio concen-

trate 0.72 per cemt. Fel.
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combustion of graphite ocsurs at this Scapezature. lesults of
these tests are also shomn in #4as. 5 €0 7.

The data in Tabie 7, shoring logaes of ferrio oxide
and alumina ~hich oocurred ~hen uarvasted concentrates were
digested mith the came digestion acids 45 used on roagted
coneentratea. ere civen to 1$dicato the effuct of ruasting on

the acid-s0lubilities Of the above compound:.

The ourves in Figz. 5 t0 7, zhioh indicate the
relation of roasting temperature to ucid-solubility, show that
. the tehpexatnre causing the maximus auxd-éolubility of iron-
cont&inxng compounds in both concentrates 1lies in. the ranpe
4:0=-503°C.  Although air roasting 9ffoots an inoresse in the
: eolﬁbiltty of 1ron»coﬁta1nxhg gompounds, the gﬁin abtained by
a8 réﬁncing réaat is muéh gxeéter. 1nareu@1ng the rousting
temneraturc above 53@06. c&ué@@ a decrsase in acidasalubiiity
of these oompéunﬁa. This 13 true for both rseducing and alr
roacts, but the decrease is greater in the oass of the latter,
Both ty?es of roust raised the acid 30lubility of alumina in
each concentrate and a maximum effect was achleved ~hon roncte
ing teﬁpératurea mere in the ranze H5u0-3i3%i.

Inflexione between 492 and 500%:. 4n all curves
éhoming zlumina losses are'tﬁought to indicate the decomoosi~
tion of silicates. Thic vier 13 sunported by the fzot that
£iltration end washing of residues remalndng after acid
digestion of rozsted concentrates were very much fagster than
when the concentirutss had not been soasted. It &s precumed



o | Pe{:mtage '
' Digestion | Digestion gses
Concentrate : ?go;ied Aoid : 2-‘3203 A1203 ,
Uley conc, (oaloite| 3 hr, 1,4% Hel | 54.0 30.8
free) ]

o *® G, SK ﬁ2$O4 20-5 2500
Kom'}té cong. d 1.48 H01 | 13.5 15,0
K. ' # 0.BR HESB4 | 2.4 13,3
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that the slow filtratiun rate in the iaustter case was due to
colloidal silica resultin, from gecoapusition of atlibates by
the digestion acid. The glightly higher acid soluvility of
alumina after & reducing roast compared with thzt resulting
from an sir roast suggests that the higher solubility of iron-
containing compounds in the former case permitteod freer actid
attack of alusina.

In general the experimental data sho~ that roasting
in e reducing atmosphsre offers the folloving advantages,

1. the optimun acide-solubilities of both ferric oxide wna
alumina are aohleved at the sawe rousting: temperiture,

?. The tize required for aoid digestion to offect high
losses of ferric oxide and alumina is zeduced, ung a
‘greater percentage extraction of alumina is obtained by
.dlgpatian with dilute acids than by any means other than
by digestion with strong sulphuric aoid.

3, The time required for filtration und washing of ucid
digested recicues is greatly reduoced.

4. Culphuric aocid ~hich is less exjensive and nore easily
handled beoomes as afficlient as hydroohloric acid in the
extrsotion of both ferric oxide and alumina,

Alr roasting offers two advantages, nasely the
deconnosition of silicates and the increasing of the acid
solubility of slumina, but its small effect on iron-contsining

mineralc makes it inferior to0 roasting in & reduoing atmosnhers.,
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dote on the cetermiuation of ootimun roucting: temvyuzatures re

The techaique of therzal analysis, as described in
recent ntemture(gm. might L2 of value in detérainin;; the
rozeting temperatures at -~hich gangue minerals undergo ohanges
profitable tu subsequent g0id extraction. Analysis of
concentrate ganpue by methods used to oovserve variations in
the value of ¢ (ratio of inductance €0 ohamic resistance) and
losses of ~uter of conctitution <hich occur when the temperasture
of the gangue is steadily 1ncx~éased. may also be useful in
indicating the tempeczratures at “hich these changes oucur.

[ata obtained by apnlication of these methuds to gangue
separated from Yley graphite ore by flotation ha;w been
discuszed already in the seotion dealing with the noture of
gangue mincrsle (Pe 52 )+ These results are of interest
beoause they show thut there is little difference between the
temperatures at ~hich changes in the structura or composition
of gangue minerals occur and the roasting temper:ture found to
cause maximum increase in acid-solubility of irxon-containing
minersls and alumina.  The difference of ansroximately 50"&;.'
between the temperatures reluting to iron-containing minsruls
io attributed to the uge of large temporature intervals in the
raasting tests »hich were conducted more thun o year before
avnaratus became available for examninstion of gungué winerals
by the nethods mentioned above.

The mineral compozition of gangue, dstermined by
Yeray analysis, can also give an apsroximi:te indication of

optimum roasting temperuture, onroviding the temperatures of
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change or dnoonbosition of the identified minorals and the
relative chemical reaotivitizs of these and their thermal
decomnosition products are known., fThus, the nresence of
goethite, kaolins, and micaz, deteoted in the gangue of ley
ore by X-ray analysis suggested that the optimun rousting
temperature for !'ley concentrate lay between 4x° and 500°%C.
This was found to be the case,

(v) Hesting with Salts.

The treatment 0of concentrates with salts and acid
galts to remove impurities vaa suggested by the process
devised by suchner'® ang the ezperimental work or.ueas‘la)
and others, all of whom were concernad with methods of
gseparating ferric oxide from alumina in the trsatment of
bauxites and clays. Theso investizators studied the solution
of sesquioxides in ammonium bisulphate and their results show
that this oan be readily aohieved by autoolaving at 200°0.
under pressure., The removal of iron impuritics by vulatilising
them as ferric chloride has also received muoh attention from
investicators seeking to produce nure slumina, Their methods
haves been digoussed by Ldeards, frary mand Jerfrias‘a).

Experimental -

(a) 3amplés 0f caloite~free i'ley ooncentxate were
heated to 500°C.vith ench of the solid rongents, ammonium
sulphate, samonium bifluoride and amironium chlorids, in the
ratio of 1 concentrate to 2 of rasgent by —waight, until all
the reagent “1ud been fumsd off. products obtalned from these



.
treatments wore digested —itn 1.4 . hiydroohioric woid und 1.4 N
gsulphuric acid for § an hour. The perosntage losses of gangue
constituents caused by the Conbined truutments describen above
~ are ghown in Table U.

{b) ammonium bisulphete vas also ¢cated, but ~ithin
the temperature range 261-235°3.

Two teats ~ore performed uzing mixtures of calcite-
free ':ley concentrate, amronium zulphate, and sulphurioc soid.
In the first, & mixture zac hecated for one hour awl then the
melt =us Qigesteé —ith 1.4 I sulodhuric acid for one hour.
Trestment in the cecond test =a3 the sums s in the first
 except that the mixtur2 was alloved %0 stand 65 hours at roum
- temperature vefore heating. {he ef:eqt of ugeing the mixture
vefore heating was exsmined because Hess'l?) states thut the
extraction of alumina from ¢lay is grenter 1f ouring is ullowed,
netaile of both tests and the results of ash determinations
done on the wached and dried oroducts from each are sumsarized
in Teble U

Attempts wore made t0 heat miztures guntaining
amvonium bisulphate {nrepared by heatiug ammonius sulphate
bvelow 17()"6.) and oculcite-free i7ley conocentrate in seuzled
tubes, but 7ere dizcontinued oming to the diffioculity of
obtaining tubing ~hich —ould rithstand the pressures produced,

| piscuseion - |

Gomperison 0f the data given in Table 7 with thut in
rable 3 showz that the zcidesolubility of alumina present in
caloite~frae "ley concentrate «as inocreansed 811 h8ly by heating



TABLE 8

Losses of Gangue Constituents from calcite-free Uley

conoentrats caused by heating the latter with ammon-

fum chloride, ammonium gulphate, :nd ammonium Bi~

fluoride and digeating the prodncts with dilute neids.

The lossz of iron by volatilization us chloride,nhioh

ocourred vhen the concentrute wns heated with Amrion--
ium chloride is alsc shom.

Pcrécniagc lozses of

Treatnents
3102 F‘zo-; hlzo-s
1. Heating with Ammonium chloride| O 19.8 0
2. Product from heat with
amvonium chloride digested witl
(a) 1.4 ¥ HC) 0 30.9 50.9 |
() 1.4 % 82804 _ o 23.3 44.2
3. Product from heating =ith
emonium sulphats digested
with
(a) 1.4 ¥ HC1 0 8.9 | 43.0
() 1.4 ¥ HyS0, | o 23.9 | 38.7
4. Produst from heating with
ammonium bifluoride digested
with
{a) 1.4 ¥ RC1 W.0.% 47.2{ s8.0
(b) 1.4 ¥ HyBO, ¥.0.% 41.6| 60.6

# The silice content (15.6 per cent. in the originmal concen-
trate) of these two products was (a) 0.33% and (b) ©.31%,
The peroentage losz of silica could not de osloulated
from the content, owing %0 ths conbustion of some
graphits during the heu.%lng prooese.



" Losmes of gsesquioxides which occurred when

TABLE 9

samples

of caloite-free Uley ooncentrate were heaged with
ammonium bigulphate (a mixture of equivalent quan~-

tities of ammonium sulpha

te and oonc, sul

acid) and the melts then digested with ailute

mixture before heating is also shown.

The effect on loss of ageing &

Test [Composition of mixtures|PeriodiAsh content|Sesquioxide
} ¥o. (weight ratio) of of logaeos
Ageing! Products
|Conoentrate : (NH;)280, % %
2 1:2:1,3 Chrs | 25,7 3.0
65' d - 23-5 65.0

# Caloulsted frem ash data and the

original concentrate.

composition of the
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the iatter ~ith amsoniun chloride, am:ionium sulphate, or
anr-onium bifluoride. The test resulta aluo shot that éumonlun
bifluoride removed most of the silica from & concentrate
originally containing 15.6 per cent. of this impurity. 7This

is worthy of note, because, 1f silica haz to D6 removed from
concentrates by volatilization, amronium oifluovride can be

uged ﬁore conveniently than hydrofluoric acid for this nurnoze.
cince the small loss of ferric oxide ae volatilo ohloride
obtuined by hesting the concentrate with ammonium chloride
could have been achieved more 2asily by & 4ilute acid digestion,
this method of removmg iron comhounds is considered unsutis-
feotory. '
| The difference betwesn the sesquioxide lose figures
shown in Table 9 indicates that zgeing mistures Setora heating
is beneficial. liovever, the results shov thut trcutment ~ith
ammonium bisulphate ag described 4n teats is not a very
efficient method of removin: ferrio oxide und alumina,

(vi) Zreatment ¥ith agueous gaustic soda.

The following tests mere designed nrizarily to remove
silion #s soluble sodiua zilicate in a manner similar to that
used in the industrial orepuration of the latter as desuribed iy
rartant2?), thorpe!™® e va12l®),

An aocompsnyinz solution of aluming %0 yield sodiunm
aluminate =sz expeoted aince conditions of troatnent »ere
similur to those of the Hayer onroocess for ths wrodusction of
alusina. ‘lorever, 1% =us realised thut the high silica content
of the gangue nipght lexd to the formation of insoluble sodium

elunino-silicate ga 1t aaes'in that 2200088
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In soms Of the tests descrived belovr, attempts =ore
made to dissolve silice frum Uley concentrate and gangue Ly
digeeting or autoclaving then vith strong caﬁstio soda solution.
In others, thece treatments Twere combined in varigus ways with
dilute hyérochloric scid digestions to take advantage of any
fncreases in the solubility of gangus constituents in une
reagent csused Ly previocus treatment with the other. 7The
t¢ailinge gangue® used in tests ~as obtilnaed Ly repeated
flotation of “iley tailinss snd contained very 1little gravhite.
1t »es used beceuse the effects of treatment oould be easily
seen and were not obacured by graphite as mas the caze ~hen
concentrate was boing treated. 4 comparison of the main
congtituents of tailincsg ganpgue with.those of conventrate

ganpue 8 shown Lelow,

Conatituant fallingsa ganoue goncentrats gangue
2at03 5644 42
6400 284 4347
————" e
102.3 58.2
I e = =g

retaile of Tests.

pigestions with agqueous casustic soda, voaducted ot
atmosphoric prescure, were of 1 hourts duration. The noriod
of refluxiﬁg =ith 4ilute hydrochloric aoid was  an hour in

all cucee.
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samnles of Uley concentrato vere treated as follo's -

Trectment 1,
A4 &2 g. sanple of Uley coucentrate —a: boiled under
reflux =ith 4O mls, of 50 per cent. (v/v) squeous
godium hydroxide {8 13@06.). The mizxture mas
filtered hot znd =ushed —~ith 2 per cent. Jauii, and
then »ith water and finally ~ith a little dilute

hyérochloric aolid to remove excess sodiun hydroxicie,

freatment 2.
A sample przpared as descridbed under Treatment 1 wus
boiled under reflux with 5 per cent. hydrochlorio
acid, filtered, washed and driod as befores.

Treatment 3,
The tro dipestions were as desoribed above, Lut ths

acid treatment wag apnlied fLirst,

Treatment 4. _
Yhe nroduct of Treatazent 3 was refiuxed =ith & per
cent. hydrochlorio acid.

Trestaent 5.

& saaple of Yley concentrate from <hich canloite had
been removed by aocid treatment, ~as autoolaved —ith
50 per cent. sodium hyGroxide for 2 hours at 165°%:,
(70 1bs.fec.n.). The digest wac filtered, and the
materinl fn the filter wached as bedlora. The cake on
the filter was theu Givided into $w layers - the top
tvo-thirde (Zamdle H) and the Uottom one-third
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(ssmple 6). This sesaration vas made becsuse &
previous experiment showad & marked segregation of
high ash msterial next to the paver.

Treatment 6.
Gamples 5 und 6 ~erc digested ~ith 5 ner cent.
nydrochloric zoid. |

The products of the six trcatments desoribed were
analysed and the percentage losces of silica, furrioc ozide,
and 2luminas resulting from these trcatments onloulated. The
losses are given in Table 10.

Canples of tallings gangue —ere trsauted by methods
similar to those described alove, The tresutaents und the
locses 0of constituents caused by then are shown in Table 11,

Picscussion. - |

Data obtuined from tests conducted on toth the
concentrate znd tailings gungue show that autoolaving »ith
caustic sode under 70 lbe. pressure 7as more effective in
dissolving silicae than digestion at atmospheric pressure.
Although Qigection of the coaceantrate =ith caustic goda
(Trectment 1, 7Table 14 caused only small mineral losses,
1t 13 evident that thore was an cpsreciavle amount of attack,
because subseuent a20id treatrent romoved much mure silica and
alumina than @id the same acid treatzent of the original sample.
{7h2 c2inz 4a 20id solubility of the mineral constitusnte of
concentrate gangue csuced by thic treatment «reé shown in
Tuble 12). ?311(28) ¢laims that 1naaluble siliciates and



Treatment
smg | Ye0s | A2505
1. 50% NaoR™ 129 o 1.8
2, 504 NaOH®, 51 HCY 40,0 { 7301 85.%
3, 5% HC1, 50% BaoH® 34.0] 7551 69.5
4. 5% HC1, 50% NaOH®, 5% HC1 38.8 | 82.3] 93.2
. 5% HC1, HaOR (autoolaved)

5. 5% ehsg?z of cake T 62,0 | 830} 42.8
Yottom 1/3 of oske 66.4 | 83.7Tl+ 6.0

6. Sample 5 digested with - (s
: 5%“%1 65.0 | 86,7 9.8

flample 6 digested with | -
5%‘%5 v 72.2 88.2 | 92.0

# Digestion at atmospheric preesure.




5% HC1

. Percen - Losses
Trentmente . tage -
510, r:203 M0
1. 5% HOL 0.0 | .8 | 23.3
2. 5% HC1, SU% NaOH 14.4 | 61.0 | 43.4
3. 64 HOL, 50% NaOH®, 57 HOL - - -
4., 5% HC1, 50% EaoH (autoclaved) | 66.7 | 45.6 | 46.5
. 5% HC1, 507 NaCH (autoclaved | |
" 5% | —1, 50% NaOH (autoolavad), 74,0 50‘3 87.0

# Digestions at atmospherioc pressure.




Percentage losses

Treatments ete.

810, 2{03 nao} |
1. 50% NeOH digestion for 1 br. |12.9 | 0 1.8
2, Proauot of 1 digested for § hr.
with 5% HC1 40.0 | 73.0 | 85.3
(A) I-g;n;c csused by soid digeetion {27.1 | 73.0 | 83.5
(B) Lonses caused by } hr. digestion|
of original concentrate with - o
5% HC1 o] 54.0 30.8
Increase in percen anounts of
oxides diseolved Dy 5% HCl after |
?0§ caustic soda Adigestion
A) - ( 27.1 | 19.0 | 52.7

B) :
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alusinates are liable to ve foimed =hen lime 15 used ae a
gettling egent ian the wanufscture of sodium sillcate. (lence
1t is precumed that tae large amount of caloite present in
7ley concentrate favaursa the formation of these insoluble:
compounds during oaustic soda digestion and ¢hut they ware
diesolved by subaeguent ceid trestuent. Cimilurly, the
marked increzse in acid solubility of alumina present in both
the concentrate and toilings ganrsue, after nll caustio soda
trestmente »as thoupht to be due to the formation of sodium
alumino-silicate vhiol is inczolucle in caustic soda solution
but 4z rezdily decompocad vy ac;ds.. ‘“his view, 12 correct,
also expleins vhy silics wes ciszolved or peptized when the
producte of alkall treatments were digeasted —ith hydroohlorio
zcid. the gain in aluming in Cusple 6 (Table 10) wau probably
due to hydrolysis of sodium aluzinate during ashing whioh
ceueed depcsition of aluminz in the lower paret of the filter.

Come incresace In the 2014 solubllity of drone
conteining minerals reculted from coustlc coda treatment, but
this vus not &2 ;reat as woo expected, Tiellor's 1nform::tzon(16)
sné the —ork of Wcteieh(13) on the zotivation of farric oxide
by digestion with agueous caustic sodu supgest thut the
increase should h:ve becn more cubstzintial.

The results of Treatment 5 (Tcbie 1l1) sho~ that
oonsiderably more silicz was dissolved from tallings gengue by
a sstond auteclsving. Literuture (11’ 26, 28; desoribing the

manufacture of sociun cilicate indicates that this »as more
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probably a time effect thaa é cdn33quénea ol adiing frech
reagent,

Test duta sho» that the treatment in rhioh gamples
were gsubjected to roid digesttoﬁ before und after autoclaving,
wag the most effective of those tested and thut it caused
satisfactory minersl losses from 'Nley conoentrate. ovever,
since 1ts application to & low grade concentrate rould probably
result in apprecisble losses of caustio soda owing to the
foimation of incoluble compounds such as sodium alumino-
silicete, 1t secmed deairable that this treautzent should be
used in the final pgriflcation of high grade concentrates
{95 per ce@t. graphite) where it might satiafactorily replace
a léss dezirable hydrofluoric scid process.

(vii) Izeatments with solid sodium hydroxide snd

Zumples of eélciteufreﬁ Uley concentrute —were mixed
with either solid sodium hydroxide, or 00lid sodium carbon:te,
or ith solid eodium carbonate plugs wvorax glass (3 : 1) in the
ratio of 2 partc of reagent to 1 part concaentrate by weight and
'the mixtures were ench heated for one hour at a. tomperature
above the melting poiat of the reagent. after cooliny, the
melts were extracted wmith hit rater and analyses were done on
the washéd‘and éried residuss. ubesasnles of these residues
were digested for half an hour with dilute acids and data for
computing porcentage losses of gangus ere obtalned by analysing
the washed and dried digestion residues, Table 13 1s a
sumanary of treatments and the gangue losses ~hioh they cauged.



TABLE 13

Losses of Oxides from Calcite-free Uley
conoentrate caused dy heating the latter
with solid caustic sods, or solld sodium
oarbonate. Additional lozses cuused by
ascid digestion of the products of these
reatments are 2lso shown.,

Percentage lonses of
Treatnents e
_010p | Pe05ln1z0x |
1. PFusion with ¥aOH at 4509C. |
for one hour - 78.2 1 0.8 58.7
P. TFusion with NaoCO3 at 900°C. '
for one hou:gco) - 41,0 7.4 -
13. Fusion with NasC0; + borax
% s 1) at . for one ,
4. Product of Trestment No. 1
digested for ¥ hour with |
(a) 1.4 ¥ HOL | | 98.8 j99.7 lv9.1
() 1.4 % 32304, o 99.5 [ 96.7 98.9
5. Product of Treatment No, 2
digested for } hour with , |
1.4 ' ml. . ) . 71'2 99.6 9912
{16, Produst of Treatment Fo. 3 : ' |
sted for % hour with _ _
1.4 ¥ HC1, , 94.2 |99.7 99.6
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- piscussion.

‘The losses of ferric oxids wnd alumina vaused by
fusion treutments rere gmall compared with those iaochieved by
digesting or autocluving acid treated iJley concentrate with
aqueous caustic sgoda. The silica 1lo3ses ware sliihitly better
then those caused Ly outoolaving only ~when caustic sods was
uged as the»aolid roapent, (lor-gver, lurger lvases of ull
oxides were effected by acid digestion of the products of
fusion treatments than were obtained by acid digestion of
autoclaved conocentrate. Aparoxim&tely 20 por oanﬁ. nore
silica was peptized by the former digeation.

The fluidity of the melts is thought to have had
some influence on the effectivenesz: of the s0lid reagents used,
Comparison of the action of the sodium carbonate plus borax
melt ~ith that of the sodium oarbonafe alone, ~hich was more
vigcous, supports this view.' The caustic aoda fusion =as the
most effective snd 4lso gave the most !1uid melt.

(viil) High purity graphitae,

The methods used to obtain samples Of graphite cone
taining less than 17 of impuritics —ere -

(a) Combined seid treatments, in thich samples were
aslternstely aoid digested 7ith atrong hydrochlorio

| a0id and ovanorated 'vith hydrofivorio soid.

{(b) slternate digestion Of gamdlea =ith strong hydroe-
chloric acid snd autoclavinz with strong agusous

¢auztic zoda. n
iesults of & high tempcrature ohlorinstion nHrocess ars includsd

for comparison.
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(a) Hxdrofluorie seid trestwent i~ Sumples selected
for purification by use of this reagent were -

¥oppio ore, '
Koppio concentrate.

Uley concentrate.

mdngucsr' flake concentrate,

The method of treatment was $0 digest samples with
an excess of strong hydrochloric acid twice, and evaporatse
the digestion zenidue twice with hydrofluoric asid. 'The pro-
et fm this last step was again digostpd with stromg
bydrochloric acid, then filtersd snd washed thoroughly. The
volumes end strengths of reagents used in this treatment are
shown 4in Tabls 14. TYwaporaticns were performed in large
platinum dishes. A Dowmetal contsiner was alsc used in seversl
runs, after preliminary tests had bsen conduoted on his slloy
to determine its suitability for the purpose. The corrosion
resistance of Uowmelal was tesisd by placing disos of the alley
in plagtinum basins with hydrofluoric acid and ewvaporating off
the asid. It was nméury to aopmu the dipos frem the
basins by setting them on bakelits rings, in order to aveid
the hastening of oorrosion by galvanic sction. The meid
strengihs used, and percmtage losses in weight of the dises |
are given in Table 15,

The purity of products obtained by acid treating
samples in the nanner desorided above was determined by ashing.
The ash oontents of samples, determined bVefore and after acid
tzeatment, are shown in Table 16.



TABLE 14

Volwmses and strengths of reagents used

in the combined hydrochloric acid/hydro-

fluoric acid tre:::nt of Uley concen~
e

{ Hydrochloric acid digestions | Hydrofluoric acid evanorations

1. Aoid Strongth - 207 (w/w) | 1, Volume of asid per 100 .
- of samnle - 200 nmlg. i

2. Vol. of acid per 100 gms. | 2. One ml, of 1:1 sul ie

of sample - 200 mis., i acid added to 100
' nls, of HF to be
| evaporated.
3, Duration of Digestion ~ | 3. 40% HF (A.R.) used in
1 hour. treatment of samnles 1,
' 2 and 3%

| 65% HF (Technical gyads)
f sﬁum for sanples 4 and S.

% Sse Table 16.




TABLE 15

Corrosion of Dowmetal Ly h fluoric
scid, gauged by loss in weight of disos
after treatment with this acid.

‘ Averege perccnﬁgc
Teat | Strength of hydrofluoric | lose in weight o
Yo. aoid Dowmatal disos
1 65% ’ 0.1
2 261 . 0.01
3 | 30% | 0.01
4 39% plus 1 ml, cono. - 0.06 (gain)
st&; plus Xoppio + .06 {gain)
concentrate.




TABLE 16

Percentage ash in various graphite ores

and concentrates Defore and after com-

bined hydrochloric scid/hydrofluoric
acid treatment.

ot Seaple a::::fn“‘s'A::::
: Treateent | Treatment

1. | EKoppio ore Jr 64.4 | 0.2

?. | Eopplo conoentrate | 26.6 0.1

3. | Uley concentrate 3.5 | 0.5

4. | Vadagasoar flake | A
_ concentrate ‘ 5.0 c.21

5. . . 5.0 0.24




Discusaion of lDowmefal fents -

The zesults of thagse tegts shown in Table 15 wers
confirmed by the faot that the Dowmetal container used in the
purifiostion of samplas was quite satisfactory, sxcept for one
spot.vwhere pitting became noticeable after it had been im
contact with 40% HF (plus H,90,) for five days.

' (v) Comdbiped acid digestion and susoclay: 1" patoent -
Tests to determine the effectiveness of this treatment were done
on a high grade Uley concentrate vhich contained,

Ca003 4.3 per cent.
810, 5.6 ¢
?3203 2,0 & %
81203 ) 0.5 ‘“ i

Samplos of this material were digested for 1 hour
with either hydrochloric or sulphuric acid, caloite being first
gquantitatively removed defore digestion with the latter. Ths
digested material war filtered, washed with water and then
sutoclaved with 50 per cent, aqueous caustic soda, after which
it was again filtered and washed with water. The fimal stage
of treatment consisted of an scid digestion similar %o that
which bad been performed prior to autoslaving, and was followed
by thorough washing with water.

Details of the trestments and ash oontmts of
sroducts are shown in Table 17.

High tempersture chlorination.

This prooess, which has been desoribed by MoTaggars(14)
is baged on the fact that the oxides of irxon, aluminium and



TABLE 31

Combined acid tion and
”toc::gng tmm ts applied
a grade Uley conoen-
trate. The Purity of Produots
is also shown.
Ro, Aoid T ez cent
Duration { Temp. | Pressuxe Ash in
1bs./98q.in,| Produet
1 20% HC1 2 hrs. |265% 75 0.5
2 L i 180 . 95 0.3
3 v . . . " 1.2
4 10% H,80 4 L i . 0.5
58: ' ™ » 8 " 0.2
6 A 4 6 bl's. " -‘ 0.06

% This sample was all minus 200 B.S.8. mesh.

3 Mcfﬁommctfmmtﬂo. 4 s
again sutoolaved and digasted.
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silicon form volatile chlorides when they are heated at high
temperatures under reducing conditions in the presenve of
chlorine.

Thene oonditions for formetion of volatile chlorides
are obtained when a sample of graphite concentxste is heated in
a stream of chlorine, The highest temperature required is for
the formation of silicon tetrachloride and was found by
voTaggars{14) to be 1300-1400°C for s satisfaotory resosion
rate. However, in order t0 reduce the impurities of a Uley
ocncentrste from 15 per cent. to 0.15 per cent. heating had
%o be continued for 12 hours.

The purest ssmples which this prooess produced
contained 0.12% to 0.7% of impurities, mostly silies, |

The writer took an active interest in thie procens
and prepared & pumder of the Uley cencentrats samplea to whioch
it was applied. The process offers an attractive altarnative
"to hydrofluoric ascid treatment, but appesra to suffer fros the
necessities of using high temperatures and of proto&ung the
#0114 graphite sample-ocontainer from atmospheric oxidation.

Disoussion of methoda.

Since all three methods give nroducts containing
0.2 = 0,54 of impurities, a comparison beiween them is
neoessarily based on theiy cost and oconvenience.

Hydrofluorie acid is & souros of danger o personnel,
Purthermore, apart from platinum, there are no metsrials,
except Dowmetal perhaps, in whioh it may be handled without
corresion problems arising. It is also an expsnsive reagent,
of shich the recovery, although possidle, is difficuls,



36.

High temperature chlorination has two drawbacks.
The first of these is the large smount of energy required to
produce and maintain temperatures of 1300-1400°C in an
industrial furaace, the seocond iz the necessity to operate
this furnace in an inert atmosphers. Again the selid grephite
econtainers mkulh samples -;re heated, orumdle with use and
are too fragile for industrisl handling.

The acid treatment and sutoslaving method presenis
11ttle diffioulty. It employs vobust standard equipment and
consumes only & reasonable smount of energy in heating.
Apother advantage of this process ig that ceustic sods used
in autoolaving say be readily regensrated. Furthermsre the
test data show that 4% is capabdle of yielding the purest
produets. |

(4x) Summar

dats.

In order to obtain & ready comparison, ths highest
percentags extractions of gangue constituents achieved by
various methods of beneficiation are given in Table 18, Some
gemeral oonclusions drewn from these data are:-

1. Prolonged digestion time or high concentrasion were
required for the extraction of subatantisl amounts of gangue
from both Uley and Keppio concentrates by acid digestion methods.
Even then, only high concentrations of sulphuric acid removed
nore than 50 per cent. of the alumina in either concentrate.

2. Dretreating conoentrates by roasting them in a
reducing atmosphere enadled dilute acids t0 effect gangue
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MctmwuwhsGdMimatw constituents
fyem Uloy sad Keppis cmosntirates achioved 3y various methods of bemeficiation.

' Percentngs losees |
itsthods of Dbensficistion ey cenc. Yeppis ceno.
. _ 30a{Fe03 | Alo03 [3402 031
1. 4034 digestion - {a) % he. digestion with (1) ' 6.4 u, 2C1 0 98#0 54‘6 o 59-2 n.3
() 4 br. Hawotiom wir  (3) 1.4 %, KO 0 93] Boj0 | 92.6f 327
| (13) 1.4 W, Hy%04 o [526] 35.5{0 | 50.6] 20.6
2. Redueing roest at 5007C. and ¢ hr. digestion of the predact with : i
- (5) 14W B2 0 iM0: S50 | 93.0¢ 600
(11) 1.4 %, Ho%04 192,07 1.5 {0 | 93.0; €o.0
3. Heating with NB,/-HF} profnet digesied vith (1) 1.4 N, ¥CX 9.5 "»41.2 58.0 | » - -
'ti) 1-4 3, I{zSOa . ”05 :a‘ﬂs &.6 - - -
4. Ome hr. digestion with 107 #.904/6 hrs. suloclaving with %07 agueons NaOH a$
1 hr. digestion with fs?o ﬁiﬂ%. spplied g.:n 81.67 conoemtmte. 199.0 199.0 9.4 |~ - -
t-cruhg TM
0.0‘ﬂ ,
5. Fasiem with 20144 WAOI§ produst digested with (1) 1.4 X, ACL 9.8 ';99.7 § 91le | « | -
(11) 1.4 ¥, Ees0, kas.s l96.7 % 999 f- | - | -
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losses oomparable with, snd in some osses Detter than, losses
m by treatnent of the original concentrates with strong
acids, or by prolonged dilute acid digestions,

3. Remowal of silica by ocombined autoolaving with strong
osustic soda and aoid digestion was less efficient than by
fusion with solid osustic sods., The latter also resulted in
higher losses of ferric oxide and alumina by subsequent asid
digestion. However, vhen the former method wes spplied %o
conoentrates oontaining approximately 10 per cemt. of impurities
instead of 30 par cent., and when the conoentration of digestion
acid and temperaturs of autoolaving were raised, it sppeared to
be very effeotive, especially when the period of autoclaving
was also increased. |

4. Sulphurie acid was equal to hydroohloric acid in ite
ability to remove gungus faom mtxatu_g which had been either
roasted in a reduoing atmosphere or subjected to the caustic
s0da treatments desoribed above,

The following tests toio performed to ascersain
whether removal of gangue fxom Uley concentrate by chemiosl
treatment would redunoe the size of graphite flskes snelonsing

gangus minerals.

Sising testa were done on ths untreatsd concentrate
and on a suplc'ot the azme concentrate, whioch had deen digested
with 10 per oent. hydrochloric acid, trested wiih hydrxofiuvorie
scid to remove silioa then digested with more 10 per cent.
hydrochloric asid and finally washed,
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Table 19 contains distridution data obtainsd from the
zesults of these tests. |

Discussion :~-

Reference to Fig. 8 shows that the carbem distribusion
graphs for both treated and untreated samples of the concentrate
‘were almost identical in shape, and, although not coinoident,
displacement of the graph of treated material to the lefi, that
is towards smaller particle size, was small,

Since the distribution curve of graphite in the
trented sample is situated in a region of finer sizes compared
with that of graphite in the untreated semple, it seeme that
flske size has been reduced. It should be noted however that
in the oass bt the untreated sample, composite parsioles of
graphite and gangue are retained on the soreens. Ag the
graphite flakes are swaller than the composite particles they
will pass through the soreen mesh when composite partiolea are
broksn up by agid trestment. The difference of *percentage
aimug fraction" shown ‘o} diatance between curves at the geme
particle size thexefore indicates the maximm reduction of
flake size. Since composits particles are known to exist in
abundance, reduction of flake size must be very small im spite
of the drastic treaiment,

(x1) Msorolien of zeegents on sxephits.

Shapire and Veseloveky(?3? olaim that graphite
adesorbed reagents and s2lts from solution during the trestment
~ of conoentzates and ores, was investigated by the methods
descxided delow,



TABLE 19

Size distridution of graphite in Uley
oconocentrate before and after acid

treatment.

Sereen sise

Porm:ic weights of grephite

Treated cono.

96.0
67.8
53.1
29.4
19.2
9.8

4.6

Soxesn| Aperturs | Untreated oconc.
B, 8,5, 1 oo, , :
25 | 0.600
52 | 0.294
1?2 6.211
100 | 0.153
150 0.104
200 0.076
300 0.053

96.7
74.8
60.8
373
27.2
14.4
6.6

& Oreaphite distribusion dass was obtained from
resuits of ash determinations dones on each .

screen fraction.
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A sawple of finely ground Uley somcentrate was
digested with an acid mixture which previocus tests had shown
40 Ve capsble of effecting the ocomplete soiution of iren-

" containing gangue minersls. The digeet was Tiltsred and washed
thoroughly and iron dissclved in the coabined filtrates and
waghings was determined. A sample of ash, cbizined from another
poxtion of the same ooncentrate, was acid treated md' analysed
by the same methods. It was argued that, if the amounts of irem
determined by both analyses were not equal shen expreansd as
peraentages of the sample m.gm of oconcantrate used in mh
case, then some dissolved iron mst have been adsorbed and
Tetained by graphite when the first acld digest wes filtered
and washed, | .

Graphite residues obtained fxom Uley concentrate by
the acid treatment described above, were tested to mes if they
had adsorded chloride ions during mgmm and retained these
auring washing. |

Samples of & finely ground graphite concentrate which
hed been purified by high tempersture ohlo:na;tion were also
tested to determine how much chlorine this materisl may have
sdeorbed during trestment.

Details of these investigationa are given balow,

(a) Adearniion of farric ions'- Three sumles which
had been prepared from Uley concentrate were ground until 90
rer oent. of sach pansed through a 200 mash B.L.B. soreen, and
were then digested with a mixture of reagents given helow,
iuantities indicats the amounts used in the treatment of 5 g.

oconcsntrate samples.
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Hydzochloric asia 6x 50 mls.
Stannous Chloride (40 gus tin/l.) iml,
tmmoniom flueride (30* agqueous solution) 2 als.

The last two resgenis wers included %o snsurs the
releass of {yon from silicates and ths xapid A-nlntion of
slowly solutle ferric oxide, .

After digestion for 1 hour at boiling point residues
were filtered off and washed alternately with hot 2N hydrxo-
chloric acid and hot distilled water until 500 mis, of the
former and one and a half litres of the latter had been
consumed in the process. Iron in the combined filtrates and
wmashings was determined volumetrically. A simllar get of
samples were anclysed for iron acoording §o the standard
procedure for silicate yooks affer the removal of carbon by
ashing, 7The same method and reangenis were used to determine
iron in both sets of determinutions. {(Uee section on
analytiocal nrooedures).

Table 20 contains the resulis of this test.

These data indicate that, 1f adsorption of ferrie
or ferr