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PROCFSSIXNG OF COPPER ARD JAUXITE ORFES IiH CHINA

et

Shi baxin

feijing General Research Institute of

Mining & Metallurgy, Beijing, China

china's copper ore resources are videly dispersed, yet relatively concen-
trated mainly in a few provinces.such as Jiangxi, Yunnan, Gansu, Hubei, Anhui
and Shanxi, and Tibet Autonomous Region. Copper ores fall into two principal
caterories, i.e. sulfides and oxides, vith the fir:st ones dominant. The coppef
sulfide ores are in turn divided into four types, namely porohyry, copper con-
tzining pyrite, skarn, and sedimentary-metamorphic copper deposits. The copper
=ining industry as well as other industries has achieved considerable progress
since the founding of New China. Now there are one hundred and so copper mills
overating in the mainland, equipped almost with China-made machines and facili-
ties. Reagents used in mineral processing are also supplied by domestic facto-
ries., Research and design institutions for mining and metallurgy are set up

irectly under the central ministries concerned and in most mineral-producing
nrovinces and autonomous regions to back up the development of copper and other
=ininz industries. Years'efforts have resulted in sustained improvement and mod-
crnization of the techniques applied in copper mills and the mining industry as
a vhole. Despite the ever decreasing copper grade in crude ores, recovery of
copper in concentrates is still kept at an average of 88%.

Thina's alumina 'resourcas are painly found in Guangxi Autonomous Region, Gui-
zaou, ‘enan, Shandong and Shanxi Provinces, which, bascd on different Al/Si ra-
“io, are treated oy Baye; orocess, comoination process or sintering process..
11ong them, there are a large proportion of diaspore-kaolinite type bauxite ores,
Loh e unncesptedle to Rayer process, ani can be treated only by combination
sv sintering process. In order to raise the Al/Si ratio in such ores to render it
snenable to Bayer process, beneficiation tests have been conducted vith more or
lze5 satisfactory results. “owever, operation of such kind has not yet come into

seing,
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f. “lcwsaesic and Tachnoleny

"rorrass hat 2esn made in upgrazding the technology and diversifying the

5 correr minsral proecessing,
.1 Taptisily nelective-nulz flotation

MmlE Mictation Flowsheel was originally practised at Fenghuangsnan Copper
tine, Anhui Province, with bulk flotation of chalcopyrite and pyrite followed
a=ch other. Later on the expansion of grinding section led to

> >

fant onraciic of flotziion Banke, as a rasult production cf pyrite

=z tizmz, vila single copper flotzition circuit opereting. In order
~ reeyrars tne nyr'ie lorn without additional flotatisn equipzent, a partially
SoYorrilue—rutn cierition Slouwsicel hizs bteen zdovled. Ysing the vell selective
srznozloyl fuLyi xaninzte ester(fSHE-43) as collector, a 30%Cu high grade copper
concentrate is first produced with e #0%Cu recovery, followed by bulk flotation
of chalconyrite and cyrite from the tailings, and the bulk concentrate is sent
for further separation. Since the yivld of such bulk concentrate is reduced, the
existing flotation capacity is therefore sufficient for separating chalcopyrite
from pyrite. In this way, while copper flotation metallurgy is kept at the same
level, not oniyv is recovered pyrite and reduced reagent consumption, but silver

recovery ir ihe copper concentrate is raised as well,

-

1.2 Tertizlly bulk-selective flotation

A selective flotation process was acopted at Hongtoushan Copper Mine, Iiao-
ning Province, to récover cnalcopyrite and pyrite. This process appeared un-
acceptadle vith unsatisfactory separation results, because of the close flota-
vility ol chalcopyrite and pyrite and higher consumption of flotation reagents.
later a2 snift vas made to partielly bulk-selective flotation process, i.e, first
ouli flotation of chalcopyrite and pyrite with further separation of these mine-
rels, tfollowed by flotation of sphalerite from the bulk flotation tailings.
shanging over to the nev flowsheet has been raising the recovery of copper from
907 to 937 and that of sulphur in pyrite concentrate by 19%. Additional 0.3%Cu
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incraass in copper recovery has oecen geined after 2 regrind operation added to
the origiral ivo stage grinding and rlotation process. Furthermore, the recovery
of ziac has gone up fron 78% to 837 oving to aerated agitation for oxidizing py-

rile oefore zinc flotation.
1.3 2egrinding of aiddlings end acrated agitation before separation

Fulkz [lotation {lowsheet with two st:ze grinding and flétation vas originally
ured a2l “inye Tovper Mine, Mubtel Frovince, to recover chalcopyrite arnd pirite
ni borether at first viin further separation of these mineral - from the bul: can—
ceniratz, Aftervards, & regrinding circuit of middlings froe bulk flotation is
susplemented, and the original parallel separation system of copper fros pyrite
changed into a serial one vith aerated agitation of pulp at higher pt(11.3) for
2 jonger time before their separation,vhich resulting in increesing copper con-
centrate grade from 207Cu to 25%Cu at a 91%Cu recovery.

1.4 Two stage grinding followed by single stage flotation

At Yuoen ¥ill, Yimen Copper ¥ine, Yunnan Province, treating copper ores vith
25-307 oxidation ratio, the original two stage grinding and flotation flowsheet
hes beern turned into a two stage grinding vith single flotation process. The
resuit nae been not only reduced reagent consumption and shorter flotation du-

retion, hut also an increase of copner recovery by 3%, up to 217 at a 2974Cu grade,
$.5 Szparate grinding and flotation of sand and slime

firae, lreated at such copper mills as Tongguanshan, Shizishen and Tongshan,
annii Province contain various awounts of primary slime. Separate Lreatment of
rend and slime fractions afier scrubbing or uasﬁing in the crushing overation
nei bean proved eapsble of improving copper metalluryy. For exznple, senarsle
criwiine and Plotation of csand and glime at Tongshan '"ine has raised iir copper

g - rrer aees >rd
reovrrer on V=10 5%,

Lieg ULotal.on

“anified or branched! (lotation procecss has succesclully been operated at a
nuaner of Pb-72n millc. Tt was tested in coimercial scale at Lwo seclisns o7

wolnye fopoer 111, Jiangxi Province, and setisfactory results were rcrorted.




soanared with the conventionaz: flotation flowsheet, Lhe remified flotation has
rzized copper corcentrat2 grade by 2.45Cu and recovery by 1.7%Cu, vhile reducing

the consumption of xanthzte and ether alcohol by 307 and one stage cleaning.
1.7 Conmbined column and cell flotation

“ince the 60s column flotation has been practised at Chimashan Copper Mine,
ubei Province, with geod resulls recorded tor rougher and scavenger operations.
soxparison tests vere macde at this nine between cell and column flotation at
cleaning stage to identify vhich one could give better cleaning results. Clean-
ing results by column were found worse than those by cell flotation, the reason
iz thet the coarse fraction of copper rough concentrate contains more copper
values than the fine fraction does. After this, flotation cells have been intro-
duced to clean the rough and scavenger concentrates from columns separately, and
the copper concentrate has been upgrading from 24{%Cu to 299Cu vith its recovery

remeined at the came level.
1.8 Alending of different ores

At %aiyin Non-ferrous Metals Co., 5znsu Province, two separate sections wvere

4

un to treal massive and disseminated copper-pyrite ores. A blending operation
~z2e then inserted in the process. A bulk concentrate containing chalcopyrite

znd nyrite is produced at lower p# nulp from disseminated ore, such concentrate
I» then cont Lo the orinding szection Tor macsiva ore. Copper concentrate is ob-
iingd Urom fhe sround product leaving the tailings as pyrite concentrate. A[lend-
ing method is eble to produce from the disseminated ore a pyrite concentrate gra-
ding over 407S at a 50-60%S recovery. In addition, the consumption of collectors
for massive ore flotation can be cut down by one third. '

1.9 rementation of cupper ions in grinding process

The massive Cu sulphide ore treated at Rafyin %on-ferrous Metals Co. demons—
trates nigher acidity, natural pY of pulp 4, showing cxidation rate 10-30% and
contsining 1300-2200 mg/1 copper ions. Such ions can be cemented as copper metal
in the grinding process in the absense of lime. After grinding lime is added to
depress pyrite and chalcopyrite and metallic copper are floated. Comp.red with




a: enrs of line 2aded to the yrinding process, it can raise copper reccvery

oy *—17, bul at the expunse of higher grinding medium consumption.
. 1% s5ing loess as adsorbzant

At Raiyin Co., vhen the lead found in the form of anglesite wes over 0.4%
in treating massive copper-pyrite ore of secondary eﬁrichnent, the floteticn
rerformance deterioreted with copper recovery 85ZMax. Aftervards, wvhen loess
is vsed as adsorbent, the negative effect of anglesite is eliminated and the

copoer recovery has gone up to 93%.
2. Zeapent Regimes

In order to improve t%:e performance of mineral processing, considerable ef-

Jorts regarding reagent usage have been made in a number of copper mills.
2.1 Mixed collectors

&t shitouzui Mill, Hubei Province, treating coppe- ore of higher oxidation
rate, a mixed collector of butyl xanthate and sodium nydroxamate(ratio 3:1) is
uced instead of single bulyl xanthate, which has raised not only copper recove-
rv, out copper grade by 3% as well., At Luoxue Mill, treating copper ore of 20~
337 oxidation raztio, a mixed collector of sodium butyl dithiophosphate and bu-

- o7l zenthate(ratio 1:2) is used to replace single butyliihhtﬁatéjiwhich kes
rziced copper grade by 2.85% and copper recovery by 0.75% wnile reducing con-
sumptions of collectors, frothers and sodium sulphide. Another example is Jing~
»s Gopper ill, treating arsenate tyre oxide ore. Among its copper minerals ten-
asntite accounte for 14%, and various copper arsenates 73%. No satisfactory re~
sults can be geined by’Flotation vith sodium sulphide and xanthate. However,
rlotation of such ore can be improved by a combination of butyl xanthate, fatty
acid with C5-9 and diesel oil, and further improved by adding benzothiazole. The
latter reagent regime has gone into commercial experiment, giving a 707Cu reco-

very, and already been used in operation.
2.2 "izod-base xanthate

st Tongkuangyu ’ine, Shanxi Province, mixed-hase xanthate prepared from iso-
rrony], butyl and isorentyl alcohols was tested in copper flotstion pirocess,
much mized=base xanthale exnibits hizher collective povwer than buly] xanthate

c¢ffrring the same metalluriy at its consumption 207 less thnan that of bulyl




rinitate. The mixed-bzze xanthate nov iz used in nroduction, resulting in lover

rearent cost,
2.3 ~lotation at lower alkalinity of pulp and lower consumption of xanthate

&t Baiyin Co. nigher alkalinily of pulvp and higher consumption of xanthate
vere prazctised to treat single disseminatad copoer sulphide ore, vhich led not
s F to higher reagent consuartion bui 21so to considersble loss of pyrite te
Yings. l2ter ihe rlotation reyime is shifted to lover alksalinitiy of
vl wnd lowver zonsusption of xanthate. 2= 5 rae %, 6n tne prezise of -oin-
iining mopper rade at 20%7u 2ned its recovery at 9570y consumption of reagents

szs been reducad while pyrite 2lso recovered.
Z.4 Improvement of {lotation overformance by etinylenediawine phosphate

At Luoxue Copper Mine, Yunnan Province, addition of ethylenediamine phosphate
(56 =/t) has been able to increase total copper recovery by 2.25% at the saze
concentrate grade(24%Cu) coapared with the circuit vithout addition of such
vacsphate. Among others, recovery from oxides has been raised by 9.26%Cu and
thzt from sulphides by 0.42¢Cu; consumption of sodium sulphide and xanthate re-
ducecd by 20-30% and 10-20%, respectively. Similar results heve also been re-

corced in other copper mills such as Yinmin and Tangdan,
2,5 'zing ammonium sulphate as sulficdization promotor

At lengtianba Copper Mire, Yunnan Province, where copper ores exaitit a 77

czization ratio, ammonium sulphate is used as sulfidization promotfor, resulting

ir increases of concentrate grade by 27Cu and recovery by 5%Cu respectively.
2.4 Neoressing carbonaceous ganpue by ferrochrome liznin

At Hujiayu Copper }ill, Shanxi Province, where ores treated contain fine-
rraired carbonaceous gangue minerals, lcading to a copner concentrate with
2isner silicon content and a sticky froth, when 40 g/t ferrochrome lignin is
2iied in the cleaning stage as gangue depressant, concentrate grade is gone up
Trom 25%Cu to 26.6%Cu and moisture in copper concentra‘.z also reduced.
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2.7 Upsrading copper concentrate by sodium humate

Topper ores irealed at Lanniping Mine are oxicized in a 237 ratio. Depress-
ins gangue zinerals by 148 #/t sodium humate has upgraded the concentrate by

Wy
Ji8u.,

3. fonmbined Methods

Sozme difficult copper ores , refractory or even uiacceptable to sinzle wene-

ficiation method, can be more effectively treated by combined methods of bene-

ficiaiion with pyro- or hydro-metallurgy, A few examples are cited as below.
I.% Zingle stage segrezation-flotation

fopper ores treated at Snilu Copper iine, Guangdongz Province, contain 40-50%
cenentsd copper, which disseminated in clay, ferro-manganese nodule, etc., and
are hizh in calcium and magnesium. As a result, such ores are difficult to treat
by single beneficiation or acid leaching method to recover copper values, Since
the 70s a process of single stage segregation followed by flotation has been used
tc reccver coprer. After treating a feed of 2.87%Cu at segregation temperature

750-3 50 for 20-25 min., a concentrate of 30%Cu is floated at a 82%Cu recovery.

3.2 Acid leaching-extraction-flotation

fopper ores treated at Yongping ¥ine, Jiangxi Province, are oxidized in a
13-30" ratio, with copper oxidation rate in slime reaching 44%. A process of
ors wasning before separate treatment of sand and slime is adopted to recover
coprer minerals, i.e. sand is directly sent to flotation while slime to acid
1eaching~deuaterinv-flotation circuit. The leach liquor is extracted with

=510 extractant to recover copper values, which are then stripned oefore elec-
‘rovinning. This technology now is ir trial production stage,

2.3 “ecoverini copper from converter slag
“lolzlion process is practised at Guixi smeltery, Jiangxi Province to recover

. ! '3 . .
wnrer o vrluer Srom bbe converter slarg. Tvo stare #rinding is used for the 4.57nu
‘ ¥

raavertar gla, 2{ter rlov cooliny; for 40=90 min, The feed is ground to 907-325
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zech uwnile middlings sround to 50%-20p. A 357Cu concentrate is obtained at a

recovery of 92%Cu,
3.4 Flotation nf anode slime

A flotation process is used at Yunnan Smeltery to treat copper ancde slime.
Tan arode slime is first treated with sodium chlorz=i to remove copnber and se-
lenium, then repulrad to acid level and sent to 2 flotztion column to recover
rrucicus metals by a2dding xanthale 2s sollector and sodium nexametaphoschate as

gonrazsant for gansue znd lecd, ™he recovery sf rold and silyver reaches 5-0%°,

I zunition, a 407Pb concentrate is zainedé from the gold % silver [lotuiise

t=ilinss gt & recovery of 80%Pb. The total recovery of Autidsz is 997.

4. *lotation Machines

Apart froz ihe revamping and modification of out-of-date A& type cells zs
vell as the development and introduction of flotation columns, a number of
new types of flotation cells have been stidied, manufuctured and put into ope-

ration.

;-
L. 8

CHP-X14 type air-blowing mechanical flotation cell with 14 m3 active volunme

TCompare:? with 6A'type cell, CHF-X14 type cell can raise copper recovery by
1~27, and reduce energy consumptioon and floor space by 15% and 617, respectively,
Its veriations include CHP-7(7 m3), and CHP-3.5(3.5 mJ). Similar types are
1I0-80(8 m3), XJC-40(4 m3) and XJC-20(2 m3). At present 400 and more single
CH¥-Y14 cells have heen put into operation in China.

4.2 1J7-20 type self-aerating mechanical flotation cell with 20 m3 active volume

It offers an increase of 0,95-3,76%Cu recovery, and reductions of energy con-
sunption, wear parts and floor space by 39%, 60% and 427, respectiveiy, comnared
vith 74 type cell, Modifications are JIP-16(16 m3), JIP-8(8 m3) and JIF-4(4 m3)
cells, end similar types are XJn-160(16 m3), XJo-80(8 m3), XJQ=40(4 m3) end
LI=20(2 m3). For the time being there are 500 and more JJF type cells operating
at Chinats mines, -




«.1 7¥7_1A “ype air-bloving mechaniczl flotation cell

2ita an active volume of 16 m3, it is capable of increasing copber recovery
by 1.229Cu, reducing energy consumplion oy 447, and prolonging Lhé life of spare
parts by tnree times, compared with 6& type cell. Its family nenbers include
ire—38(38 n3 novw in trial production), XYF-8(8 n3) and KYF-4(4 m3) and Bo-XKJ#®

tyoe iz a similar one,
nob S?=10 type self-aerating mechanical flotetion cell vith 10 m3 active vclume

Compared vith 63 iype flotation cell, it can raise copper and zinc recoverics

in the bulk Cu-“n concentrate by 1.27%Cu and 1.26%7n, and reduce the energy con-

p.a.

on by 11.5%. Combined units with SF type cell for suction and JJF type celi

for direct flow have been in operation. Its variations include SF-8(8 n3) and

Compared with 64 type cell, it cen increase copper recovery by 3% and reduce

enargy consumption by 15%.
4.5 Cyclo-jet type flotation cell

with an active volume of 2.7 m3, it can upgrade a copper concentrate by 1%Cu
vaon cell volume needed is only 30-60% that of 5A type cell.

BCESSTHG 07 SAUXITE RESOURCES

taina's 2luminium resources encompass a large proportion of diaspore-kaolinite
tyse bauxite ores with 41/Si ratio of 4 or 6:1, containing higher silica. The
major aluminium ninerals are diaspore and kaolinite. Flotation tests-wvere run on
such bauxite ores. The diaspore shows dod flotability and considerable difference
in flotability from kaolinite; it is also easy tc scparate it from quartz. Re-
sults of flotation tests on bauxite ores ground to 95-97%-200 mesh, using oxi-
3i2ed paraffin vax soad and tall oi) as collector and sodium hexametapnospnate

~r» arpmonium humate as depressant, arc'nivan in the following tab}e




Table —— Flotation Results on Samples of Bauxite Ores

- - —
41203, % §i0,, % Al:Si Al1,03 Recovery

ore conc, tail. ore conc. tail. { ore conc. [in Concentrate

ooty 165,04 7625 55.96 | 13.07 7.85 23.175.10 8.41 | 71.12

PROSURRy 164.27 T1.34 50.23|13.97 7.73 26.35) 4.60 9.23 73.81

Pingeuo,

e’ 152,33 55,13 34,40 9.05 6.13 22.81|5.78 9.13 | es.50

JIANSAONZ. £6.80 70.49 55.80 | 12.23 8.71 23.10|5.47 8.09 | 79.61

Suirhou

Figures in the above table demonstrate the possibility of processing hauxite
ores, since the A1/Si ratio can be enhanced from about 5:1 to 8 or 9:1, and the
recovery of Al03 can reach 71-88%. 'lowever, due to the presence of large quan-
tity of kaolinite, high alumina tailinss result. Therefore, comrrehenzive utili-
zztion of such tailings should be put on the agenda. Studies have shown that such
tailings may go into making refractory material, building material, cement ingre-
dient, dricks, etc. The additional problem is the difficulty with concentrate de-
wanering, caused by fine grinding, As a result, processing of bsuxite ores is

now still in a stage of further investigation and comparison,
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