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SUMMARY

New separatory tests on sediment characterising the
inshore fifteenth of the King River Delta's total mass
were completed during the year. Results advance understan-
ding gained from similar tests Cities Service ran on

bulk sample in 1975. That sample came from a single point
on the Delta's exposed surface close to the river mouth,
thus was not representative of the deposit's 4nterior and
of fshore parts.

In hew tests contents of Au, Ba, Co, Cu, Fe, and S were mea:-
sured in .products of four types of separation. Gold

was segregated by leaching as well. Overall, the tests
contribute another 140 assay figures to the total of

several thousand obtained previously.

Size tests show that rejecting the coarser half of the
Delta's inshore sediment allows about 85% of its sulphur,
75% of its gold and cobalt and 65% of its barium to be
retained.

Sink fractions of heavy liquid separations,indicating
elemental recovery rates obtainable with refined spiral
or cone systems, confine about the same proportions

of sulphur, gold and cobalt to 14% of the sediments total
mass; such concentrate runs some 20% 5, 1% Ba, 0.5% Cu,
0.05% Co, and 0.55g/tAu.

The copper value,. repréesenting a recovery rate of, say.
45% is encouraging, nearly doubling percentages extracted
in Cities tests. At a final recovery rate of 40% the
Delta would yield copper worth a minimum A$ 187 000 000
at current price and exchange rate.

Sulphide flotation results show that given acceptable
pre-concentrate as headfeed the technigque splits Delta
material effectively.

A 24-hour cyanide 1leach extracted about a quarter of the
geld in sulphide flotation concentrate, and about half
after concentrate was roasted. Thicurea recovered almost
a third of the gold in 3 hours at about 4% C. From Scout
tests alone,the results are promising.

Cottesloe is actively searching for qualified companies
willing to take part in the Delta project. O0f seven
approached during the year, four refused.
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Discussions with others continue.

At present overseas investors are reluctant to sink capital
in ventures in Australia, while within it, local investors
prefer oppwrtunities on the mainland : these are considered
less restrictive and of lower risk than the majority

of projects in Tasmania.

Eleven more candidate companies have been identified

and are to be visited soon should negotiations in progress
come to naught. New candidates use sulphur .in making fert-
ilisers and other chemicals, or produce sulphides. '

One possibility is to combine forces with west Tasmania
mining companies generating waste pyrite. Treatment of
this pyrite with that derived from the King River Delta
could Form the basis of an Australian sulphur production

industry.

ii
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1 TESTS

Cottesloe Corporation commissioned additional -lab study of
samples from the licence area in 1989. DPuring 1990 results
were received. Work was carriedout at Govoernment's ore-
dressing and analytical plant”in Launceston.

Material examined comprises two composite samples prepared
from sediment pumped from boreholes driven inte upper parts
of the easternmost or shoreward third of the King River
Delta. Drilling was undertaken on behalf of Planet Resour-
ces NL of Melbourne by a contractor. Planet was at the time
participating in the Delta project. A map showing location
of the borehole appears gt p8 of the previous annual report
in this series, together with lists showing specific samp-
les making up the composites.

In summary Composite KDY represents the uppermost layer of
the Delta and Composite KDB that below it. These two layers
form the Delta proper, involving none cof the basal material,
barren of mineral-bearing tailings, of which layer 3 is
partly and layer 4 wholly composed. Labh numbers assighed

to KDY and KDB are 900180 and 900181 respectively.

Five categories of tests were run, three physical and two
chemical; notably sizing, separation in heavy liquid,

‘concentration by shaking table, sulphide flotation and

leaching.

Results of tests of the first two categories are shown in
Table 1, those of the following pair in Table 2.

Overall results demonstrate that most useful compeonents of
Delta sediment are distributed unevenly with respect to
masses of its coarser grained and masses of its lower den-
sity fractions. Jseful components tend to ke segregated

in the fine-grained and higher density fractions. This im-
plies that in dredging and treating Delta sediment a first
stage or pre-concentrate may he produced mechanically, a

 fast inexpensive procedure.

Though this liklihood was recognised some time ago the new
results contribute valuablyin confirming it, and in provi-
ding numbers which have wider applicability than early data
based on Cities Services single-site sample. Comments on
each of the five categories of test follow.
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Size distribution

Inspection of the top two sets of figures in Table 1, those
depicting elemental distribution with respect to particle
size, reveals that—but for minor exceptions - contents of
cobalt, gold, barium, iron and sulrhur all increase as size
of host sediment particles decreases. Copper duplicates this
pattern at the lowest end of the particle size range, but
amounts of it present increase progressively above, say,50

to:100 microns.

A size/grade link is particularly evident in the case of
cobalt and sulphur, two elements which distribution figures
indicate occur together. Iron displays a similar pattern,
indicating that cobalt and sulphur occur chiefly in pyrite.
On the basis of past mineralogical work it appears most
excess iron is resident in siderite,limonite and magnetite.
Distribution patterns of gold and barium alsoc resemble each

other though probkably because ©of similarities in mode of
occurrence rather than as a result of a genetic association.

In practical terms the sizing data show that < 180-micron
material, containing 46% of KDY's mass,retains 87.2% of its
sulphur, B1.2% of its cobalt, 73% of its gold, 66.7% of its
iron and 59.9% of its barium. TFor KDB's <« 125-micron mater.
ial figures are : 5,80.8%, Co, 70.8%, Au, 70.1%, Ba,63.4%

Fe, 37.3% in 45.2 % of KDB's mass.

Comparing grade figures of KDY and KDB shows that all in-
vestigated elements except barium reach somewhat higher
levels in KDY than in KDB. 1Increase in KDY relative to

KDB are approximately these : Au 56%, Cu 19%, S 19%,
Co 15%, Fe 9%. These numbers suggest the difference pro-

bably arises from selective removal of low density particles
from upper horizon of that sector of the Delta drilled for
Planet Resources, the sector now normally above sea level.
Periodic flooding of the King River inundates the sector,
stirring up top heorizons and flushing out relatively light-
wveight grains. In dry weather, dust storms develop there,
wind bearing away these grains. Percentage increases above
roughly mabtch densities of mineral species in which the
various elements are likely to occur, gold-partly unlocked-
in rnatiwe state, copper partly in chalcopyrite, sulphur andg
coballk in pyrite, iron partly in siderite.
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TARLE 1
A. Sizing
Req. o 900)180
S{za Fraction 1 Asuays Disctribution 1
Maua yit T
e o Au Ba  re 8 Cu  Co A Ba  Pe S
s+ 250ym 9.1 1814 26 0.1¢ 0.18 4.35% 0.5% 1.4 10.0 19.0 20.7 16.8 §&.2
<250pm + 100um 24.7 1624 26 0.05 0.20 5.04 0.90 23.5 8.4 8.0 19.4 16.-5 6.6
-180um + 75ym 14.8 1477 10) .21 0.27  9.5% 5.15  310.0 46.7 S5I.6 J6.7 41.8 53.2
~ 75um 1.4 2266 214 a.29 0.52 153.2 10.13 1.1 3d4d.9 21.4 23.2 22.9 35.0
Calc. MHead 100.0° (1708) (76) (0.15) (0.25) €7.50303.35) 100.0 100.0 106.0 j00.0 100.0 100.0
Amaay llead 1699 71 0.21 0.26
Reg. Ne 900181
4lza Fraction 1 ASEUYE Distrcibutjon %
Mass e L
Cu Co  _Au W  Fe 5 Cu €0 Au Ba  Fa §
v 212pm 10.1 1670 18 a.05 0.19  5.48  0.66  35.5 17.3 1).9 20.)° 25.5 7.]
-212pm ¢ 125um 247 1215 1z Q.07 0.185 4.89 1.37 21,5 1l.¢ 16.0 16.3 17.2 12.1
“125pm ¢+ Jdum 34.6 1155 94 0.14 0.312 7.9l 4.68  28.1 49.1 44.7 39.3 19.4 47.9
- 38pn 10.6 1993 136 n.26 0.64 11,7 6.04 14,9 21.v 25.4 4.1 17.9 22.4
cale. llgad le0.0  (1419)  €66) (0.11)  (0.28) (6.94) (2.80) 100.0 100.0 100.0 100.0 100.0)0g.¢
Asgay lead 1425 67 D.)2 0,28
B. Heavy liguid separation
leg. Ho ool
1 hasays Distribution %
Producl Mass qrlt 1
cu Co Aw Bs e s €a Ew  Au B ke
L SHK 15.0 5107 02 0.55 0.5 3.1 21 .10 47.6 HS. b 73.4 50.2 67.0 89.4
/L r/r 4l.2 113) 17 0.04 0.15% .20 0.51 52.4 14.4 26.6 4‘}.\!] 131.4 10. 6
‘alc. flead 18,0 YY) 19BIU.12){0.25) (H.05)03.96) 100.0 1n0.0 100.0 Lov.0 160.0 100.0
Hag. Mo yaaial
1 Assdys Distribution T -
2 A=2s EALLS R LALE Lo L S
Product Mass it 1
¢y Lo Auw  Ba Fe S Cu o A b2 Fe -8
HIL S/K 12.2 5329 481 0.57 1,11 12.5 19 .4 2.4 71.3 06,4 44.1 59.6 02.5
WiL FIT 8r.0 981 27 Q.04 0.1Y5 J.0¢C a.47 57.1 du. 13.46 55.¢ 40.4 1.5
Calc. Head IN0.0 C1514) (4010 (u.31) t6.65) {2.86) 1OU.D 1U0.0 lun.u lou. 0 100.0 100.0

33900g
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Barium, believed to occur mainly in minute particles

of barite, is known from previous studies by~.Aberdaref
Elisna to reach its highest concentration in deep-
vater, offshore sectors of the Delta where sediment

is finest grained. KDB material, forming the interior
part of the Delta's shoreward sector, is the ancest-
ral equivalent of sediments of to-day§ deep water toe
and submerged Delta face sampled by Aberdare. The KDB
zone comprises successive foreset beds, progressively
buried as the Delta has.grown and topsel beds, represen-
ted by KDY material, have advanced seaward over the zone.

Heavy .liguid separation

Separations were made in TBE, SG 2.96. Results are near
self explanatory and need little comment. Note that
KDY contains about 37% more dense material than KDB,
roughly what the explanation proposed above requires.

Nolte again the correspon@énce in distribution of cobalt

and sulphur. The sinK fraction, comprising one seventh

the mass of KDY captures 89% of the sulphur and 85% of

the cobalt. About one-eighth of KDB contains 82% of its
sulphur and 71% of its cobalt. 8ink fractions also collect
two-thirds to three-gquarters of gold in the composites.

Grade concentrations effected are noteworthy. Relative
to head wvalues in KDY and KDB, sulphur content rises

5.3 to 6.8 times, cobalt 5.1 to 5.8 times, gold 4.0 to
5.7 times, iron 4.0 to 4.9 times, Ba 2.5 to 3.6 times.

Copper contents of. sinks Trising 2.8 to 2.5 times to

grades of about 0.5% Cu,imply recoveries of some 43

to 47%%,nearly double the unalluring 25% Cities' tests

confined 'to gravity concentrates comprising a similar

one-eighth to one-seventh of their spot samples total

mass. As Cities calculated it could extract the Delta's

copper profitably. even at that depressed recovery rate,

gains apparent in these latest data clearly are significant.

{In total the belta contains at least 160,000 tons of
copper. At a recovery rate of 40%, the current copper

" price of about US$ 1.05/1b, an exchange-rate of A$ 1.00
.=.US8% 0.79, this copper fraction is worth A$ 187 000 000,

minimum.)

Barium contents of sink fractions, indicating that pre-
concentrate totalling a bare seventh of the Delta's
sediment mass will run well over 1% barite deserve mention
too. Ultra fine water-ground barite, which Delta barite
resembles, commands a price of about US$ 150/tonne.
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Table concentrabtion

Results of these tests should show and do resemble those
of heavy 1liquid separations. Examining the figures shows
table concentrates give grades which for Co, Au, Ba, Fe,
and S nearly all exceed those of heavy liguid sink fra-
ctions, primarily because the concentrates represent
smaller percentages of the composites, more exclusive

in composition. However this reduction in mass results
in proportions of the six target elements recovered
being lower than those attained by heavy liquid separation..
Differences are reduced iIf recoveries represented by
table middlings are combined with those of table concen-
trates:; but this increases mass involved to levels well
beyond those of corresponding sink fractions.

Deficiencies in table concentration figures relative
to those of heavy liquid separations commonly result
from entrainment, electrostatic locking,and compara-
tively slow, erratic response of individual particles
to table motion.

In full-scale gravity plant these limitations can be
overcome so that degrees of separation approximating
those obtained employing heavy liquids occur. The main
steps required are prior screening, magnetic and elec-
trostatic separation, then use of banks of cones or
spirals and,last,re-circulation of various products

of roughing stages through cleaning circuits. (Heavy
liguid results of table 1 could be similarly improved
if closer estimates of pre-concentrate recovery rates

ultimately obtainable become needed)

Flotation

Tests were run on the two table concentrates discussed
above. Limited recoveries inherent in those cancentrate$
rhen were carried over into the flotation tests,in turn
distorting results from them. This should be borne in
mind in reviewing Table 2 flolation data. At commercial
Sscale substantial percentages of the elements here re-

"maining in table middlings and tailings would report to

pre-concentrate, permitting greater fractions of Delta
sediment's total sulphide to be recovered in the sub-

sequenlk, flotation step.

This consideration apart, flotation results. of T able 2
demonstrate once more that most valuable elements respond
well to such a second phase of concentration, with over

"B5% of the pyritic cowmponent, some 70% of the cobalt,and

s

55% to B60% of the gold heing confined to about one-twelfth

of headfeed.

Virtually all barite and non-sulphidic ferryginous heavy
minerals are isolated in flotation tailings, together
with approximately 70% of the copper.

5
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TABLE 2
A. Table concentration
Reg. Ho 90U180 '
b1 AGgays Distrivution %
Product Masa qit 1
Cu Co Au Ba Fe 5 Cu Cao Au Ba Fe ]
TC 10.7 3418 570 0.88 0.63 29.9 25.2 20.5 69%.1 41.8 27.13 42. 4 78.8
T M 15.6 14955 56 0.13 w0.27% .21 1.42 1r.2 10.0 9.0 17.2 15.1 6.5
T T 73.7 1505 25 U.15 0.185 4,234 0.68 62.3 20.9 49%.3 55.5% 42.5 14.7
Calc. Head 100.0 (17791 (HB) (0.223(0.25) (7.52) (3.411 104.0 10D.0 100.0 100.0 )OC.O 100.0
Reg. No 4u0181
3 Asaays Distribution %
Product Magq glit %
Cu  Co A Ba  Fe 5t ge A B2 Fe 5
TC 5.0 3HUL] 04 1.17 1.25 40.0 31T.0 11.14 55.4 48.1 23.2: 31.1 67.2
T M 17.9 1991 b5 0.09 0.20 7.99 1.59 25.4 15.6 13.4 20.2 22.4 10.5
TT 7.1 1116 24 0.06 ¢.195 3.8% 0.79 61.%2 29.0 8.5 56.6 46.5 22.1 .
Cale, Head L00.0 (1406 175) «¢0.12) (0.27) (6.138) (2,72 19,0 10%.0 JUL.0 L0QGD.0 100.0 100.0
B. Sulphide flotation
__As3azs % pistribution
Reg. I ) [T EREALE) tu k] A g ha iy Fe L 5 % Cu Co Au Ba Fe 5
anple- ' Flac . Cong A7 LI B B L ST Rt i7u 11y T6 ) 1.1 79.7 545  r.r 4d.7 4g.2
Tlor o Tajls 2l 2% J.00 0.onn? n.ns dan 4.7 12 4B.6 20.7 435 97.1 51.1 190.8
[ ERTY R TPIRY: nn.n (019300003 (%15 lsin (7.2%Y (}.A1 toOD.n 10D.0 100.0 100.0 100.0 10G.0
1 Mlrad 9139 a.9l0 250N 7.5 1.7
20013t 1 Flor . Cunc. T.2m R.A7 0057 n.7| 1nsn 1.2 13.1 28.9 Ry.t 5E.) 2.8 36.2 57.1.
Flors. Tails 97,71 0.3 o0.00) 0.0 2100 4.1 9.19 Thol 359 41.7 9T.@ s).&8 121.9
(R Y TR AT ) Ing.o 10.17100.00R81(0.091 121701 f6.3) (2.80) 100.0 100.0 100.0 100.0 100.0 10D0.0
Amsay Head n.ls 9 yoR reno 6.6 7.A2
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Copper in the latter fractions is believed to exist

mainly in the form of fine sulphide films of second-

ary origin.deposited indiscriminately on both dense

and low densilty particles of all Delta sediment.

It should be possible to strip much of this copper
gquickly, at low cost, by heap. leaching flotation tailings.
The other 30% would be extracted with cobalt and gold

in smelting sulphide flotation concentrate.

Leaching

Teslbs run sc far have focused on recovery of the
sulphide flotation concentrate’s gold alone.

Several tests were made, one set employing cyanide,
the other thiorea which-unlike the former-is
considered safe,both Lo plant operators and the en-
vivoment in general. Results appear in Table 3.

The first cyanide leach,run for 24 hours at room tem-
perature on 50% sclids with 0.2% NaCN and 0.6% Cao0O
extracted approximaltely one-guarter of the gold present.

The second test was run on roasted sulphide, for a like
period,also at room temperature, with 0.4% NaCN an:l
1.2% CaoO. This extracted a third of the gold presgnt
in sulphides of composite KDY, and half that in suliph-

ides of KDB.

The first thicurea leach, run at room temperature for
5 hours, recevered only 7.7% and 3.3% of gold present

in KDY and KDB, respectively.

The second, run for three hours at 45°C, gave better
results, extracting 26% of the gold from KDY and 38%

of gold in KDB : specifications, 750ml water, 30g

sample, 20g/1 HyCSNH2, 4.6g/1 H;504, 6.0 g/1 CusS04.5H;0.

Tesks of the five categories discussed were well run,
lucidly presented and,within limitations of procedures
designed and reguired by Cottesloe, appear accurate.
Results are consistent : calculated grades closely
match those arrived at by direct assay. Lab and staff
responsible are to be complimented.
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TABLE 3 Extraction of gold from sulphide flotation concentrate

KDY KDB AVG
Deltasediment, g/tAu . R
Assay head 0.21 0.12 0.165
Avg of 4 calculated heads 0.165 0.105 0.135
Probable head 0.17 0.11 0.14
Sulphide flotation concentrate
Fracltional head mass, % B.74 7.29 8.01
Flot tail, g/t Au 0.07 0.04 0.05%
Flot.con,g/tAu 0.95 0.71 0.83
Au distribution in flot.con,% 56.5 58.3 57.4
Cyanide leach,% of flot.con.gold extracted
Unroast concentrate 27.5 24.5 26.0
Roast concentrate 36.8 52.0 44 .4
Thiourea leach, % of flot.con.gold extracted
Method A ' 7.7 3.3 5.5
Method B 26.1 3B.1 32.1
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2 SULPHUR

Elemental sulphur recoverable from the Delta‘'s 5 000 000
to 7 000 000 tonhes of pyrite remains the major asset

of the deposit.

Without reserves of brimstone and without natural gas
high in H,S from which elemental sulphur can be derived,
the Commonwealth,along with every other Australasian
country,has to meet needs by importing the commodity

from Canada.

Table 4 l1lists sulphur imports and the value of each.

As Frasch reserves in the U.S dwindled, as oil and gas
costs involved in superheating steam reguired by the
process rose, and as costs of producing sourgas feedstock
increased, sulphur prices soared. Reference to the
table shows the average cost per tonne in 1986 is 750%
above the 1974 figure.

Long term, sulphur prices are likely to continue this
ascent. The search for new reserves of sourgas generally
calls for deeper and deeper drilling. Second, freight
charges continue to rise as vessel and fuel costs climb
Trans-Pacific shipment charges are substantial.

The obvious step is to produce elemental sulphur in
Australia, first for the Nation's own needs, then for
export to neighbouring countries. The former step would
reduce overseas spending : the latter would generate

foreign earnings.

Technology to recover sulphur from pyrite is well estab-
lished and was used in Europe, profitably,sfor decades.
Joint output of the two largest plants , in Norway and
Finland, amounted to over 200 000 tonnes per annum, the
equivalent of about half the guantity Australia imports
from North America each year. (Details of the pair of
procedures employed are given in the 1989/90 Annual Re-

port on R 8804)

Australia's base and precious metal mines yield tens of
thousands of tonnes of pyrite annually and did so in the
past as well. Some of the pyrite is converted into acid,
but the bulk goes to tailing dumps and slime dams . In
other cases it is disposed of underground, backfilling

stopes.



TABLE 4

YEAR

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

Source

AUSTRALIA's SULPHUR IMPORTS

TONNLES

685,282
281,757
205,757
407,675
496,804
436,221
686,865
555,517
458,774
392,581
470,495
392,940
394,101

VALUE A% f'ooo

14,451
7,534
7,408

12,873

16,042

19,042

45,710

42,807

38,925

32,930

39,642

57,863

70,559

33901

A$/TONNE

21.09

179.04

BMR's Annual Mineral Industry Reviews
1977,1980,1983,1986.

10
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Given domestic, NZ and Asian demands for elemental
sulphur, the existence of proven ways of extracting
it from pyrite economically and,third, availgbility
of pyritic concentrate - essentially free of cost -
in dumps and in tailings from operating treatment
plants, Australia's continued purchase of sulphur
abroad is senseless, foreign spending that is

wholly unnecessary. Sulphur should be produced
from waste pyrite in Australia.

Pyrite of Tasmanian origin could form the basis of

such an industry. A jeoint venture with Cottesloe
by West Cerast mining companies producing pyritic
tailings would be a logical start. Resultant pro-

duction would be considerably greater than that
from the Delta alone,and establishing a single,
centralised processing plant, - would permit econo-
mies of scale to be realised.

As Cottesloe determined previously, sulphur recov-
ered from Delta pyrite is sufficient to meet 10

to 15% of Australia's likely annuval demand for the
next twenty years. With input of additional pyrite
from Mt Lyell, Rosebery , Hellyer and Que River it
should be possible to meet about half to two-thirds
of Australia's yearly requirement.

Participants with additional mines in other states
should be able to build on the Tasmanian industry
projected, constructing similar sulphur recovery
units on the mainland - at Broken Hill for instance.

Cottesloe is presently assembling data on all Australian
pyrite reserves of size, with an eye Lo further leasing.
Possibly some mainland reserve may prove superior to the
Delta deposit, because of size , contents of possible
byproducts, lower royalties, proximity to markets and
energy sources,or other factors.

With refervnce to sulphur technology, Cottesloe has
been in contact with a state-run Polish company,
Chemadex. Chemadex develops and builds proccessing
plant and has bheen doing so, with apparent success
for over thirty years. Approximately a quarter of

the 100 projects undertaken to date concern production
or Lreatmank of sulphur compounds. Sixteen involve
treatment of pyrite specifically. FPlants constructed

treat up to 3G60.000 mty.

Cottesloe's particular interest lies in'high temperature
cyclonic furnaces Chemadex designed and now manufactures.
Unlike standard fluidised~ked furnaces the Chemadex
variety handle very fine-grained pyrite, For eguivalent
throughput the latter are much smaller and lighter in

weight, thus less expensive to build, transport, mount,

11
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and house. Alledgedly they cost less to operate too.

In present form the furnaces yield S02'gas, but work is
underway on modifications which will allow half the
sulphur in feedstock to be recovered in elemental state,
as 1t 1s in the Qutokumpu process discussed in our report
last year. B

The Chemadex furnaces also yield clean, high grade iron
oxide cinder. Non-ferrous metals may be recovered from

a vapour phase and from slimes resulting from downstream
treatment of another furnace byproduct.

Chemadex’description of one of these furnaces and the
way in which it operates is attached to this report

as an appendix.

Two of the Company's bhiggest furnaces, type NPC 1800,
would handle 2ll Delta pyrite production, anticipated
to be between 250 000 and 3001000 tennes per year.
These units currently cost approximately A$ 450 000

apiece.

Co-jproduct iron oxide from a west coast pyrite treatment
centre possibly could be absorbed by Savage River Mines

to supplement its waning reserves. In an example cited

by Chemadex,cinder produced from a pyritic charge gf -
fairly typical composition runs 66% combined iron oxides
and 0.8% S, probably suitable for addition to and dilution
by Savage River concentrate. This concentrate assays

6B8.0 Fe and 0.08B% S.

12
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3 PARTICIPATION

Cottesloe and several agents appointed for the purpose
continued efforts in North America, Britain, Australia
and elsewhere to locate qualified companies willing to
join the Delta venture. Seven were approached.

Four of these, specifically a large mining house head-
quartered in Canada, a French oil company, a SE Asian
alluvial minerals group and a New Zealand gold dredging
company ultimately declined to participate.

Discussions continue with each of the remaining three,
an American sulphur producer, a major international
chemicals company, and a US/Australian investment
group with mining interests.

Technical merits of the Delta enterprise are accepted
by almost every company examining the data and concept.
However the risk of possibkle opposition to the project
by Tasmania's more militant enviromentalists proves,
repeatedly, to rank as a deterrent. Potentlial partici-
pants concede that mining the Delta, removing its toxic
coemponents and redistributing cleaned sand and silt on
the floor of. Macguarie will indeed reverse the devasta-
tion caused by Lyell's accumulated spoil and thus ben-
efit the enviroment. However the view persists that the
enviromental lobby, assessing all mining and other in-
dustrial grounds on emotional rather than rational
grounds, would oppose the project. Attitudes towards
such a project in mainland states are considered less
unreasonable, less groundlessly obstructive.

Other factors discouraging participation in the enter-
prise are tax and royalty levels, interest rates
applicable in financing capital construction,and the
present state of Australia's economy. At the moment,
greater returns on avalil able capital can be obtained
via investment in fixed deposit accounts at »anks than
are likely to result from investment in start-up pro-
jects in which initial pay-out generally lies some
years ahead.

In summary, ventures outside Australia,and Tasmania in
particular, are considered more enticing.
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4 PROGRAMME

On the technical front several more tests are to be run.
Sink products cof the TBE separations or,if
insufficient quantities remain, of new such
separations will be

—analysed for contents of Ag,

As, Bi, Ce, €Cd, Cr, Mo, Ni,

Pb, Sb, Se, Zn, and LOI

-sized
Both latter twc steps, the analyses and sizing,
will be repeated on sulphide flotation concen-
trate. .
A bulk sample of Delta sulphide will bhe prepared.
Hydrometallurgical means of recovering elemental
sulphur from Delta pyrite will be investigated.
A small research firm in Canada claims to have
devised and is perfecting a process of this
nature. Pyrite is broken down bacterially.

In continuing the search for suitable partners with whom
to develop and exploit the Delta deposit Cottesloe is
focusing on four groups.

The first comprises those three organisations mentioned
previously with which discussions are in process, THe
chemicals member of this trio is one of the leading
consumers of Australia's imported sulphur, manufacturing
and marketing fertilisers. It has branches in NZ and
the Far East and thus is well set up to export surplus
sulphur which may be produced domestically.

" Companies with west Tasmanian plants yielding waste

pyrite constitute an additional target, perhaps
together with Savage River. Mines/Cleveland Cliffs.

Two other fertiliser companies on the mainland and one
based in the UK comprise a third group of potential
partners.

. The fourth includes four US chemical companies, and

a German one : all have operating branches in
Australia.

14
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1. SUBJECT OF TENDER
Pulfiling the intention of the received letter of inguiry

dated the 10th may 1990 we offer our experience and know-how

| S S S
Naiwisko

in a field of the pyrite combustion in a oyclone furnace toge-
ther with a production of the process gas containing 50, in

iy a shape which enables a production of e.g. sulfuric acid as

well as the iron oxide alloy in a shape of 1liguid.Thia liquid

alloy can be granulated or can be designed for a processing in

which copper and other valuablé components can be recovered,
In accordance with Your letter of inquiry we offer i

a/ delivery of the cyclone furnace itself;

b/ delivery of the complete plant necessary for ths pyrite
combustion and metal recovery,

e/ elaborationlof the technical report in which the results of
Cottlesloe pyrite tests together with a kind of producté and

an outlay analysis are given, -
d/ working out of a hase or technical design and the essentinl

equipment for the complete plant delivery; - |
e/ common building of the pilot plant‘aﬁﬂﬁcommon teste.

2, INTRODUCTION
"CHEMADEX" enterprise from many years develope an activity

in a field of the pyrite combustion improvement.The great ach-
ievmefit is an elaboration of the plant for a production of the
L sulfuric acid using the post-flotation pyrite burned in the ecy-

clone furnace.As a result of this burning process dfie obtains

Podpis also the iron oxide alloy in the shape of liquid.
The scheme of such plant is shown in a figure éncloaed.

Nazwisko
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In order to put this new process into practice the small plant
provided with the cyclone furnace for a production of 80, con-
taining process gas and a granulated iron oxide alloy as well as

the dusts containing vapors of non-ferrous metals was builded.

3, CYICLONE FURNACE ASSIGNMENT
The cyoclone furnace 18 designed for combustion of the post-flo

tation pyrites which are characterized by grains with the con-
siderable size reduction and & substantial content of various
non-ferrous metals,
The pyrite granularity should be contained in the followinf 1limit:
grain with dismeter 2,0 - 0,2 pm in amount max 1,0 - 3,0%
0,2 = 0,03mm in amount max 15,0 -20}0%
0,03 - 0,00mm in emount max 70,0 -80,0%

chemical composition of pyrite :

org. S 39,0 -~ 49,0% -
Zn 0,0 - 1,0% i
Fb 0,0 - .2,0%
Cu 0,0 - . 1;0%
As 0,0 - 6,0%

EE The remainder ! others

The cyclohe furnace can be employed fdr a partial burning of
the pyrite cinders which are waste obtained during tha pyrite
combustion process realized intfluidized furnaces.

As a result of & process realized according to the "CHEMADEX s"
technology of production one obtains the procesa,gaa which con-
¥ains 80, in amount above 11%.This amount of sulfur dioxidq in
sufficient for ensuring the dipfing acid production,

During the pyrite combustion process realized in a cyclons fur-
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nace the nitric oxides are formed.This nitric oxides in conver-
sion on NO, amount altogether: to about 15 mg/m’,In & slightly
aclidified water circulating in a scrubber about 50%‘of No, will
dissolve whereas the remainder amount of NO, will get together
with a gas to a drying-absorption system,If the whole of produ-
ced sulfuric acid will be designed for a ferfil;zer production
- such an amount of NO, is of no importance. However if this
acid 18 designed for other purposes - NO, has to be taken out
with a drying tower system.Then it is necessary to establish
the acid ciroulations by this means that a transfer of & drying
acid into the absorption tower is imposaible,In this case an
acid with concentration 93 ~ 95X,obtained from a drying tower,
contains the whole of the nitrogen dioxide and can be used su-
cecesfully for a fertilizer production.On the other hand the pure
acid with concentration 98,5%,0btained from the abaorptioﬁ pro-
cess,can be used for other purposes.

We antioipate to elaborate in the year 1991 fhe alementar} sul-
phur production technology instead of a H2304dproduction.

4. DRSCRIPTION OF TYPR NPC/RZ 1800/1200 x 2C CYCLONE FURNACE

CONSTRUCTION
The cyélone furnace comnsists of the following principal com-

ponenta:a cyclone chamber;the reaction ¢yclones an a aepaiation

;chamber.'

The schems of a oyclone furnace is shown in the Figil.

. The cyclone chamber 1 ’\a

1/ 18 provided with the outlet connector pipe 2
2/ deBigned for taking in a heated airjthe intlet connector pi-
| pe is situated in the middle of a chamber length and tangen-
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tially to its eircumference.

Under this connector pipe there is situated the connector pipe 3
for the gap type burner provided with an igniter and adapted to
the combustion of a fuel in a suitable form.,During this process
which carries on at temperature up to 1473 °K and with a consi-
derable rapidity there a aslight amount of the nitric oxide 1is
formed.The cyclone chamber is provided with the shaped outlets
which are situated on the ppposite flat walls,This outlets lead
into the two reaction cyclonea 4.Cylindrical parts of this re-
action cyclones adjoin to the ends of the cyclone chamber.

In the middle of the reaction cyclone cover there are éituated
the pipes 5 supplying & crumbled raw material . At their outlets
there are situated concentric compression chambers conneécted
with the connector pipes to the air at an increased pressurs.
Owing to this construction the descending direction of a raw
material displacement in the reaction chambers is ensured. )
The vertical axig of the cyclone chamber is displaced in relat-
ion to the vertioal axes of the reéaction qyélonea thereby the
flbwing gas 18 blown along the tangeﬁtiéilline into the reaction
cyclones gathering a vortex motion in the same time;The swirliné |

gas Atream carries the diapérgated pyrite away and during a des-

. cending vortex motion a fuasion of the pyrite particles and thro-
wing them away take place on the reaction cyclone walls,The 1ig-
id ailoy flows down the walls under its weight and in accor-

dance with a gas flow direction;

At the end of a tapered cone of the éyclone there 1s an oval
opéniﬂg which 18 situated on ends of the separation chamber 6
for each reaction cyclone respectively.This separation chamber

has a shape of a horizontal cylinder.In the middle of its length
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uild alloy drainage situated in the bottom part and with the gas

outlet connector pipe 8 situated in the upper part of chember.

Narwiska

The whole furnace is provided with the manholes and the measu~

ring connector pipes.The furnace has a steel construction,The

SAmene furnace for low capacities is constructed from a water jacket

which is pinned inside and to which a lining is stuck,The fur-
nace for higher capacities has the tube construction similiar

to the hermetic waterwalls construction designed for power boilers,
This tube construction is pinned inside too,

The tube construction affords possibilities for & production

under any pressurse,

The particular principal components of the cyclone furnace are
manufactured beparately and a partitioning is so designed that

a suitable flow of a cooling water is ensured.

%. DESCRIPTION OF PYRITE COMBUSTION TECHNOLOGICAL PROCESS

REALIZED IN CYCLONE FURNACE
The set of the procéaa devices designed for a pyrite roas-

ting with a simultaneous production of a gas containing 50, com;

prides the type NPC/RZ cyclone furnace;the gboling géa piping 9

and a multifunctional fluidizgd cooler 10 thwed in Fig.1,The
--proceas starts from a supplying with the atﬁghpheric alr by

;meaﬁh‘of & compressing blower {1.This air Iléyhrthroughqolia

- of a preheater which is.situatqd'%n the rluidrzéﬁkbed.of the
| | cooler 10.The preheated air:flows‘into the bot%émiﬁeater'and
Fodpte next into the tube heater and wAImB up to a teﬁperature 873°K .
| 1023%k. ﬁ' . “\\E |

5

Afr heated in such a way is supplied 1nto the oyclone chamber

Nazwisko

by means of the gas piping 12.In this. chamber J further heating
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of a gas is_aé{eved through a combustion of an additional fuel.
The swirling mixture of an air and combustion gases reaches the
temperature above 1273°K and 1s supplied along a tangential line
into two reaction cyclones,lIn the same time the pyrite is pour-
ing through an opening5.The streams of hot combustion gases

carry the pyrite away and initiate the essential reaction which
result is a production of a gas containing S0,

This process is a two-stage process.In the beginnirng it runs

as a dissooidtion of FeS, and next as an oxidation of Pe and
Sz‘In this stage the process relevant to a burming of sulphur
from the sulfides of non-ferrous metals also ocours which cau-
sea thelr evaporation.As & reault of this process occuring at

a temperature about 2073°K the fused iron oxides and a gas con-
taining vapours of non-ferrous metals as well as their oxides

are obtained.The vortex motion of a gas causes a deposition of
the alloy droplets on the cyclone wall and a flow down into the
separation chamber 6 where a separation of the droplets from

a gas takes place.The separated alloy 18 suppiied from the se-
parﬁtion chamber 6 into a granulatingﬁdeﬁiéd and & gae is sup-
plied into the fluidized cooler 10. |
On thé way a gas i8 cooled in a gas piping 9 and than it is
supplied into the chamber 12 and through the nozzles into the
fluidized bed. '

Thia égs includes the droplets of the iron oxide alloy,the .va-
pburs of non-ferrous metal oxides and 80,4

ihe;fluidized bed consists in part from the quartz Band and in
part f:oﬁ the particles of the congealed iron oxide alloy as well as
the liquefied molacules of thé non-ferrous metal oxides,The in-
creasing in thickness fliidized layer is dﬁainé@ off through the
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connector pipe 13 and makes a dusty product which contains abo-
ut 40% of the non-ferrous metﬁla.The gas cooled to a temperatu-
re about 400°C flows through the connector pipe into a cleaning
and washing complex.The proposed process of a H2304 production
18 Bhowed in the scheme enclosed,

The above mentioned process provides a wet system of the gas
cleaning and the gas cooling together with taking out of the
slimes which are rich in non-ferrous metals,

Afterwards the gas 18 processed by means of a double catalisis
aystem and in the absorption complex takes place the production
of the 94,5 = 98,5% pulfuric scid,The production technology and
the apparatuses of the sulfuric aclid production complex repre-
sent the highest achievmenta of the world engineering and ensu;
re an easy and complete operation,

Realized in the above mentioned way the fusing process of the
pyrite containing 33 - 49% of total S and 5 - 0,0% of a mgiatu-
re 1s characteriged by the following parameters 3

Combustion temperature T = 1870°K - |

Rate of the pyrite combustion in thewtyﬁé’NPc/nz/1aoo/1200 x 2C
furnace respectively: |

Q = 17,1 t/h - 20,0 t/h /referred to dry pyrite/

Puel consumption per kg of dry pyrite:
W = 737,6 kecal/kg -~ 13,4 kcal/kg depending on a sulphur content

[

“Production of a vapour at Rreaéure e.g. p, =7 kG/cm? ¢
P = 32,6 t/h - 37,5 t/h
ALz quantity : V_ = 40,000 Nm>/h

Pressure drop with a gas flow in a furnace : p = 1600 mm H,0

.

Content of 50, in a dry gas
3 = t1,0% - 15,5%
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Production of an iron oxide alloy :

Q = 12,3 t/h - 12,9 t/h |

Produetion of a dry concentrate of non-ferrous metal dusts :

K = 400 kg/h ~ 500 kg/h with a non-ferrous metal oontent depen-
ding on their content in a pyrite,

Content of a total sulphur in an iron oxide alloy is smaller

than 0.’8%-

. Sulfur acid with a concentration 94,5 - 98,5%.

6. ADVANTAGES AND EFFECTS OF 'CHEHADEI'B" PROGES3ING USE

The new manufacturing process 6f the pyrite combustion rea~
lized in a cyclone furnace wad developed for a plant with capa-
city 20 tons of pyrite per hour.Such unit can be used as a moder-
nigation of the existing appropriate fluidized units and simulta-
néoualy can be easily compared from the point of view of the
running pafameters which characterized two k}nda of the process
technology and of the investmen cost éét

imation,

When comparing the investmen costs fﬁf.éhé'diﬂchssed unit,a com-~
parﬁgon of the basié values looks a8 follows: |

Fluidized furnace - dimensions ¢t Dz = 13,0 m,H = 15,0 m,Q=480,0 ¥

Cyclone furnace - dimensions $3,0 x 5,0 m,H = 6,3 m, Q = 45,0t

A smell weight of the cyclone furnace causes both a considera-

" ble saving of its ianstmen quts and reducing its building and

assembly costs.In general the investmen costs in the WCHEMADEX "
cﬁolone process compared with the investmen costhgf the fluldi-
zed process are lower by 10 = 20% depending on an expected way
of a product preparation i.e, if the iron oxide dlloy is granu-.
lated or i received in a shape of ligquid and if concentrate of

‘1liquefisd molecules of the non-ferrous meta) oxides is received
' " Opracowasl Data _
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in a form of a dust or a glime,

The main advantages and effects are obtained in the following

elements of the manufacturing process,

The permanent decrease of the dimensiona.of the flotation pyrite
moleculas related to the flotation process development is con-
ducive to an intensification of the "CHEMADEX 8" processg and
owing to this fact the above mentioned process ensures the uti-
lisation of dusty flotation pyrites manufactured at present and
in future.This feature eliminatea the problems connacted with
the negative results of theée dusty pyrite use in the fluidized
processes, |

The use of the multifunctional fluidized cooler eliminates the
necessity of using a waste-heat boiler which 18 sensitive to |
a content of the arsenic,zinc and lead intensifying a coating
of the vapour pipes with dusts,In the fiuidized cooler the tu-~
bes of the superheater evaporators are immersed in the flyidl—
zed bed.Due to this immersion there occurs a permanent cleaning
of tubes and the liquefying dusts do rnot impend over the conti-
nuous work of the cooler.The immersion"af‘tuhes which receive
heat from the fluidized bed 18 the solution which is sefen ti-
mea}aé intensive than a system used in a waste-heat boiler,

The "CHEMADEX's" cyclone process gives furthermore the effects

in a form of dust and slime obtainment.fthése duste and slime

r

" include non-feérrous metals in the amount dependent on their con-

tent in the pyrite and by the way the all non-ferrous metals
excluding Cu and 20 ~ 30% of zinc contained in th& pyrite are

recovered altogether.

Dusts appear under the various forms,most often as the oxides

and also as the sulfides and the sulfates,The dust received i -
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in a dry form can be used in & fire bridge process or in Dorachl

furnace wheréas slimes which are richer in the selenium can be
used in the hydrometallurgy processes.

Instead of the dusty cinder pyrites produced in the fluidized pro-
cess,from a cyclone furnace flowsa out the liquid iron oxide alloy
which chemical composition depends on the composition of a pyrite.
In our case the alloy will contain total S in max. amount O,8%

and F9304 + F9203 + FeQ = 66,7% while in the case of pyrites which
are richer in FeS, a content of the iron oxides can be as high as
92,0%. _

Depsnding on the purpose and local conditions the alloy can 59 pro-
duced in a form of granules in an appropriate crystallizer in which
the size of the most often obtained granules having a diameter.

{1 = 5 mm can be regulated.The granules of the alloy can be designed
for the utilization in metallurgy as 5 - 10% addition to a sintered
ore.It can be also a sintered product received in a liquid form

and subjected to the necessary metallurgical processes,The produced
dry gas contéina 11,1% of 802 and the drops of the iron oxide alloy
in the amount as low as 5 g/Nm which considarably simplifies a gas
cleaning system and,owing to the minimum oxygen content,restricts

a SO3 forming. |

The dCHEMADEx's" cyclone process allows to utilize the oinder pyritd
from a fluidization process by adding them in an amount 10-20% to
the pgrite containing the total 5 above 45% with a maintenance of
ﬁormal parameters of the SO, production and ensuring the normal

Ta

production of H2504a
The use of the "CHEMADEI'@" cyclone process allows to achieve the
,production costs on the same level as in the fluidization process
however the total profit 18 higher by 33% due to a sale of the iron
oxlde alloy in amount 551 kg/t H2304 and the duat containing 44%

of non-ferrous metals in amount 19 kg/t'H2804‘
AN Opracovn:'al l Data
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T. PROCESSING OF‘ IRON OXIDE A;LO){

_Thg_p&ploynentpf the cypipnd furpaoa for the pyrite roas-
tinglpnablea tq use of the iron oxide alley processing which
1h.thq‘m§at aconomiqa} among auch'produotion technologies in
use to-day. Ag a result of this processing one obtainsi
metalic copper ~ bearing alloy
inoculated cast iron

| residuary slag

dusts | _
The alloy processing consists in using of a notaliurgioal

prdgeusnip order to attain a separation of copper and non-fer-
rous metals by the directly employment of the single-stage
~and better the two-stage reduction of the liquid oxide alloy
in the eleotric furnaces, This oxide alloy in a shaps of liquid
1s drained off continuously from the cyoclone fu;naoa}into'thc
aro-feuistanoi, furnace and‘istixposod to the reduction during:
adding of a limegtono and a quich-coke.
A oconsumption of the sleciric énergy ﬁooqsu;ry for a tempera-
" ture maintenance is 20-40 kwh/t, v |
The metallic alloy obtainoﬁlfrom a slectrical furpﬁoo in the
amourt about 8% of the iron oxido_alloy suppliodoontains
~about 80% of copper and silver included in the supplied
alloy..This alloj is oonsidtreddaa a high quality odpﬁor-bea—
ring r;w matdrinl for the copper—worka¢ Ae a résult of the
mentioned processing one obiains a dust too. This duat ob-
tained in the amount 1,5% of the iron oxide alloy supplied
.8: up to & contents of 5% Zn; 3% As; 0,8% Cu, and 1,5% 8
and can be designed togéther with the dusts from tho.rlui-
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dized cooler for the processing with other metals, A sleg
containing 55-58% of ironm, which includes the minimum
amount.  of Zn and As oin be used as an addition to an iron
er for the 1ronworks or can be oxpouod_to the re¢uotion in
the uecqnd ataa; of the processing realised in an electrical

turnndea ‘
The electrical energy consumption in this furnace is 70-100kWH/%

 and a 1limeatone an well as & quick-coke im used. The product

qhﬁpinod from the goqdnd stage is a slag: containing up to
0,12% Cu and odn be oast or granulated. -

The motalio alloy contlining up to 0.001% Asy 0,04% fn,
0,08% 3, 0, 68% Cu is drained off periodically and formed
as the ingots designed for a incoulated cast iron production,
Th; above mentioned of the motni roooyory‘froh the alloy
has a general feature consisting in th;lptililgtidn.of_fﬁo 1
iron oxide ﬁlloyuin s shape of 11qgi¢¢.This"g;ig;ﬁatonijho
use of ﬁ tqél nooaaaary:orfusion,ofytpat alloy. |

a. OFFERED S1ZE3 OF CYCLONE FUHNACRS

M ¥ *
~ The sizes of the cycloné: furnaco ‘can he worked out or
Beliqtedffor any quantity of thé pyrite in limits from

2;4 t/h to 60;0 t/h, waover weé offer the followina standard

aizes of the furnaces _
a/ t§pe NPC/BOO x 2C/500 oyclone furnace
' clpaoity.Vf- 2,4 tone of pyrité per hour
dimensions. ¢ height h « 1;600 my width 0,8 x 1,2 m
b/ type NPO/1500 x 2¢/1000 oyolone furnsoe with a shell

Y

for a vapour produotion canLii
ogpnoity -‘13,0‘t/h'pyr#ta
d;nonsions h = 4,8 m, width 2,0 x 4,0
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¢/ type NPC/1800 x 2C/12400 cyclone furnace with a shell
for a vapour production
capacity V = 20,0 t/h of pyrite
dimensions h = 6;3 m , width 3,0 x 5,0 m

9, RESEARCH AND TESTS |
If after delivering of the informations You will see that

our tender is interesting,we offer the further co-operation
in order to state the parameters and the production techno-
logy necessary fqr Your raw material precisely and to direct
of the utilization of the product obtained,

To-day we have a pilot plant which capacity is 2 tons of
pyrite pér hour,

The performing of the complete tests necessary for a deter-
mination of the final production technolegy needs about 76 hours
of the plant operation.Taking into consideration appreclable
costs connected with this pperation we propose to realize the
previous Bfage as follows : the elaboration o? a technical ré-
port with regard to the simulated igborptqry tests as well as
the selection of the parameters of %he process technology.

In order to realize this job we have to receive the follo-
wiﬁg.data :
physical and chemical composition of the® pyrite,

size distribution,

intentlons or possibilities of waste processing,
form in which this waste should be prddgpede
Depending on a range .and a quantity of the measurements

the costs of a technical report will amount about 50,000 USD,
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Specitication

Country

Capacity

Start-up or

MT/year delivery year
1. Deystuif Complex ‘
‘ _ ISMAILA _ _ EGYPT 3,800 1957
2. Phosphorite enrichment plant .
|  M'DILLA- | TUNISIA - 250,000 1967
3. Phosphorite enrichment plant : '
METALOUI TUNISIA 300,000 1967
4. Phthalic anhydride condensation plant
PAPKESZ! HUNGARY 2,000 1987
5. Formalin plant .
NOVI SAD ‘YUG’OSLAVIA 10,000 1967
8. Ethyl oxide and glycol plant .
.PLOCK POLAND 30,000 1968
7. Borax plant -
REKA DEVNIA BULGARIA 10,000 1968
8. Octanol plant ' '
OSWIECIM ) X POLAND 15,000 1968
9. Claus plant
PLOCK POLAND 10,000 1969
10. Carbon black plant ‘ .
JASLO ¢ POLAND 10,000 1969
11, Acid dyestitft plant | ]
ZGIERZ POLAND 2,000 1970
12. Noble stabilizer plant -
BORYSZEW POLAND 300 1870
 13. Fatty acid plant ' ‘
¢~ NOWY DWOR MAZOWIECK1 POLAND, 85,000 1970
14. Gas pyrollysis plant
PLOCK ‘ , : POLAND 86,000 1970
15. Deiergent lant :
- NOWY DWOR MAZOWIECKI : POLAND 24,600 1970
16. Plasticizer plant '
BORYSZEW POLAND 1,000 19?0
17. Lubricant o hydrorefining plant co
_PLOCK - POLAND . 140,000 1970
18. Pesticide piant _ ' .
. SARZYNA ) POLAND 1,000 1970
19. Dipac accelerant plant :
- ZAROW POLAND 260 1970
‘ 20. Deystuff intermediate products plant -
ZGIERZ POLAND i 700 - 1974
21. Helactine dyestuf plant :
ZGIERZ - POLAND 850 1971
22. Cyanuric dyestuff plant o
BYDGOSZCZ POLAND 300 1971
23. 'Dlspersed dye. plant
JASLO FOLAND 3,000 1971
24. Octanol plant _ .
45.000 1971
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28. Octanol/butanocl plant )
PLEVEN BULGARIA 30,000 1971
26. Pyrlte pretreating unit
UVAROVO USSR 800 t/h 1971
27. Pyrite pretrealing unit
KINGISEPP - USSR 900 t’'h 1971
28. Pyrite-based sulphuric acid plant
DOROCGOBUZ ‘ USSR 360,000 1873
29. Phosgene plant _
BYDGOSZCZ POLAND 850 1973
Pyrite-based sulphurie ac:d plant ,
'ROVNE USSR 360,000 1974
31. Pyrite-based sulphurlc ac:d plant -
BALAKOVO USSR 360,000 1974
32. Benzenc-based caprolactam plant
TARNOW POLAND 25,000 1974
33. Cyclohexanone plant : :
PULAWY POLAND 50,000 1876
34. Pyrite-based sulphuric acid plant
- BALAKOVO USSR 360,000 1475
35. Pyrile-based sulphurie acid plant _ B
NOVGOROD USSR 360,000 1975
38. Sodium carbonate plﬁnt o
MERSIN TURKEY 60,000 1975
37. Claus plant - ' ‘
PLOCK _ PQLAND 150,000 1975
38. Soda ash plant .
HALDIA INDIA - 20,000 . 1975
39. Roaster gas-based sulphuric acld plant o o
GLOGOW POLAND - - 180,000 1976
40. Pyrite-based sulphuric acid plant :
‘ BALAKOVO USSR 350,000 1978
41, Pyrlte-‘based sulphuric acld plant -
NOVGOROD . - USSR 360.0_00 1978
42. Pyrite-based sulphurie acid plant _ o
- DJAMBUL ' USSR 360,000 1980
43. Pyrite-based sulphuric acid plant , '
SUMY USSR 380,900 1978
44, Pyrite-based sulphurle acid plant .
TCHEREPOVETS = ' USSR 360,000 -1979
45,  Pyrite-bascd sulphurle acid plant _ .
_MELEUZ USSR 360,000 1983
46. Pyrite-based sulphuric acid plant .
TCHEREPOVETS USSR 360,000 1984
47. Cyclohexanone plant : .
CHEMKO STRAZSKE CZECHOSLOVAKIA 80,000 1984
48. Nitric acid plant
GORAZDE P . YUGOSLAVIA 135,000 1982
49, Phsophogypsum drying , o .
and pellelizing plant USSR 185),000 1982
x
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50. Roaster gas-based sulphurle acld plant
LEGNICA POLAND 100,000 . 1986
51. Roaster gas-based sulphuric acld plant | ,
MIASTECZKO SLASKIE POLAND 180,000 1980
52. Roaster gas-based sulphurle acld plant ~
MURGUL ‘ . TURKEY 98,000 1983
' 53. Pyrite-based sulphuric acid plant -
~ MADEN (start-up) TURKEY 1080
54. Ronster gas-based sulphuric acid plant CZECHOSLOVAKIA 60,000 1086
KROMPACHY 90,000
55. Formalin plani
' NOVI SAD YUGOSLAVIA 18,500 1981
56. Ammonia siorage plant : :
GORAZDE YUGOSLAVIA 2,000 " 1982
57. 3 pumping §tations KUWAIT 1980
58. Maleic acld plant ‘
NOVOMOSKOVSK USSB 24,000 1981
59. Phthalic acid plant ,
TCHERKIESK USSR 25,000, 1981
60. Engineering design services W. GERMANY 1980—1982
81. Electrical precipitators W. GERMANY 1981
'62. Spare parts EGYPT 1082
63. Spare parts INDIA 1982
64. Spare parts . CZECHOSLOVAKIA 1984
65." Animal waste "
utilization plant : P
SKHODER ALBANIA 1,000 1083
66. Reacto'rs tor phthalic anhydride plant:- ROMANIA 1984
¥ o . .
87. Engineering design services AUSTRIA/JORDAN 1982
68. Fertilizer complex .
© AL-KAIM - B .
(start-up and operating) TRAQ 1982 and still
9. Whter glass plant .
KAFR %L’ ZXYAT EGYPT 8,000 . 1988
70. Modernization of nitric acid plant under
: GORAZDE YUGOSLAVIA erection
" 71: Formalin plant ~ - ,
GORAZDEI; , , YUGOSLAVIA 10,000 1987
72. Roaster gas-based sulphuric acid plant ' tinder
BUKOWNO (modernization} POLAND .erection
73. Roast s-based sulphuric acid lant ‘ ' ' 1990 ‘
Jgg%grll‘%a d P . CZECHOSLOVAKIA 73,000 (poatponed
74. Repair of 2 boilers ' ' v
KI{JOMPACHY CZECHOSLOVAKIA 1986
nder
75. Cvclohexanone plant an no 2 ntion
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76. Cyclohexanone plant : under
NOVGCROD USSR 80,000 ereclion
77. Roasler gas-based sulphuric actd plant
SZOPIENICE (modernization) POLAND 1990
8. Oleum plant g “under
) GRODNO USSH o 200,000 erection
79. Oleum plant : under
NOVGOROD Ussi 210,000 erection
80, Pyrite roasting plant 3 _ under
LAC ALBANIA - B0,000 ° erection
81. Catalytic purilication of waste gases
~Swingtherm”
JELENIA GQORA POLAND 2x12.000 m¥h 1986
82. Catalytic purification of waste gases | '
LSwingtherm"”
CZECHOWICE POLAND 2% 4.500 m"h 1988
83. Catalytic purification of waste gases 7
wSwingtherm” i .
NOWY SACZ POLAND ' 2x12.000 m¥h 1988
84. Catalytic purification of waste gases
nowingtherm” under
KRAKOW POLAND 2x 3.000m%h erection
85. Catalylic purification of wasle gnses
,,Swin%)thnrm" _ under .
GORZOW POLAND 1x 6.000 mYh crection
86. Caloination Sectich 3
in the Soda Ash Plant . ) : 1990
NESTEMICE 7 CZECIOSLOVAKIA - : ( postponed)
87. Biine Purification Section Lo _ e
in the Soda Ash Plant under
NESTEMICE CZECHOSLOVAKIA erection
- ! - ' ' : under
88. Polycrystalline Siticon Plant ROMANIA erection
89, Nyaza Salt Mines '
UVINZA , :
(Technlcal services) TANZANIA . 1988 and still
90. ‘Sulphtic Acid Plant ‘ 14,000
and Aluminium Sulphate Plant ETIHIOPIA 13,600 under
NAZARETH ' erection
91. Animal waste utilization Plant ‘ . ~ under
- FIER ALBANIA 1,000 erection
9%2. Animal waste ulilization Plant under
KORCZE ' ALBANIA 1,000 erectlon '
93. Animal waste utilization Plant under
ALBANIA 1,000 erection
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: P Co
94, Englneerind design services AUSTRIA - 1989-1990
ORTNER Géa. m.b.H, - |
(dedusting and ventilation)
P8, WATER GLASS (sodium sllicaté) CZECHOSLOVAKIA 30,000  under
NESTEMICE - ‘ : bnctlo_ll
- 98, LATHES with iparé parta mAQ 2 asté 1990
ind speclat equipment, = ST - .
Al Kalm _
‘97, HODIUM BICARBONATE POLAND 28,000 . undef
. erection

"LZ.Ch." = INOWROCLAW



	Cover
	Summary
	Contents
	Appendix

