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INTRODUCTION

In conformity with the Contract XP/CPR/88/043 “Consultations
on alunite procéssing" approved and financed by UNIDO a group of
Soviet experts from All-Upnion Alumiaium and Magnesium Institute
(VAMI) made a visit to Chinese Peopie's Republic from Noverver 23
to December 9, 1988 as UNIDO consultants on subjeot of integrated
processing of CPR alunite ores, includings

JDr.N,A.Keluzhsky = Director of VAMI Institutei
head of group

G.Z.Nesyrov, M.Sce = Chief of laboratory for alunite

processing

V.A,Bronevoy M.Sce =~ chief of laboratory for aluminium
ores

Yu,P.Levashov = Project manager of Kirovabad

alumina complex
Also participated:

Dr.E.Balazs - Senior regional councelleyr for
metaliurgy, UNIDO {Wienna, Austria)

B.E.Yurasov ~ Director of office for UN technicel
assistance, V/0 "Tekhnoexport"

Solution to the problem of the integrated processing of
alunite ores in CPR to produce alumina, potassium sulfate and
sulfuric acid has a peramount importance, since all above pro-
ducts mede from alunite as a results of its integrated processing
by reduction-alkaline process are extremely scarce in CPFR. The
most urgent is the problem of covering the country®s demend for
growing the most valuable agricultural crops (citruss, tes,
tobacco, vegetables, vinegrape, hemp ets)., To satisfy the sharp
shortege in chlorine-free potassium fertilizer CPR at present
has to inport aoout 500,000 tpy of potessium sulfate, with




minimal country's demand being over 1 mln.tpy.

At the seme time CPR possesses vast natural rcserves of alu-
nite ores with high content of potassium sulfate (alunite deposi-
tes in provinces Zhejisng, Anhui, Shandong ead Fujian), based on
which CFR may establish large commerciel production of high-
quality commercial products: alumina; potassium sulfate, sulfuric
acid.

The largest reserves of alunite ores with high content of
potessium sulfatz are concentrated in Pan Shan deposit in Zhejiang
province.

Research connected with development of technology and equip-
ment for integrated processing of alunite including pilot-scale
tests has been conducted inCPR for nearly 30 years, Research
efforts are concentrated in Sha%hai Research Institute for chemi-
cal irndustry and Reseerch Institute of alunite ore in Wenzhou.

At the initial stage the Sha%hai Research Institute conducted
the study for development of the process and equipment for
integrated conversion of alunite ore of Anhui deposit by the
ammonia methnrd,

In 1958 the chemicel plant of nitric fertilizers in Fankino
built a pilot unit for testing the ammonia technology for proces-
sing elunite. Purther research efforts were concentrated at
devel.opment of reduction-alkaline method. In 1965, the pilot
complex was started at the chemical complex in Wenzhou for proe-
cessing of alunite ore from Fan Shan deposit by the reduction<
alkaline method. At present the pilot complex turns out 3000 tpy
of potassium sulfate, 3000 tpy of sulfuric acid and 5000 tpy of

aluminium hydroxide. Howeverﬁ despite of big scope of reaearch
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efforts and significiant progress achieved in recent years in
improvement of technology end equipment, the reduction-alksline
technology of integrated processing of alunite used at Wenzhou
pilot pl:nt 1s insufficiently advanced, production process is note:
for relatively high consumption of energy end fuel’, and relatively
low quality of resulting commercial products. These considerations
prevented the taking of decision on construction of a large commer-
cial plant for integrated processing of alunite ore from Fan Shan
deposit in CPR.

In response to VAMI initiative, UNIDO made & proposal in
1987 to the Chinese counterpart to study a positive experience
of the USSR achieved in the field of commercialisation of the
integrated processing of alunite ores of Zaglik deposit at the
Kiiovebad alumina complex. In 1987 VAMI cearried out the study
for amenebility tests of three samples of alunite ore selected
from Fen Shan deposit followed by release of the Report on results
of the sbove study to Chinese counterpsart,

In Getober 1987, three Chinese specielists of Wenzhou chemi-
cal complex visited VAMI Institute to discuss the results of the
study of the above alunite samples by the Soviet technology.

I, September 1988, a high-level delegation from the Ministry
of chemical industry of CPR again visited VAMI Institute and
Kirovabad alumina complex for familiarisation with echivements
0f the industriel technology for integreted processing of alunite
ore in USSR.

The above meetings and discussions resulted in arising
interest from Chinese specialists in utilisation of Soviet expe~
rience ac a solution to a problem of the integrated processing of

alunite ores in CPR.




The return visit by VAMI experts to CPR as UNIDO consultants
took place, as stated above, from November 23 to December 9, 1988.
The eim and subject of a visit by the Soviet expertss onsite
study of local preveiling conditions in CPR, conducting geologi-
cal prospecting survey and solution to a problem of eeéablishment
of the industrial technology for integrated processing of alunite
oresi discussions with Chinese counterpart and preparation of
the proposals for the conclusion, via UNIDO, of the contracts
for ore sampling, end leboratory end commercial tests by the
Soviet technology of the representative technological samples
of CPR alurite ore in VAMI Institute and Kirovabad alumina
complex which will be used as a basis Br preparation of the
opportunity study of feasibility of industrial processing of
eluniie ores and later to prepere the Feasibility study for
construction of the large industrial plant in CPR for implemen-
tation of integrated processing of alunite ores from Fan Shan
deposit by the Soviet technology. A mission of UNIDO experts in
Beijing met with officiels of Ministry for chemical industry.

In Shagiai the mission visited the Shanhai research institute
for review of organisation of research efforts in the field of
production of mineral fertilizers.

In Zhejiang province in Wenzhou city the mission visited
the Wenzhou chemical complex, reviewed operations cf the pilot
plant for processing of elunite ore, inspected possible sites
for construction of the proposed chemicel complex. The group of
experts also vislted the Fan Shan deposit of alunites, reviewed
alunite mining operations, production of alums, &s well as
familiaresed with the results of prospecting survey at Shuiweiren
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section,

In Hanzhou, in Zhejiand province the mission of UNIDO
experts was received by the Hpad of the provincisl govermment,
Mr.Sheng Culeng and conducted a final discussions with the .
specialists in the Administration of chemical and petrochemical
industry of Zhejieng province,

The preliminary conclusion of the Soviet experts on feasibi-
1ity of establishment of the industrial processing plant for
alunite ores from Fan Shan deposit in CPR and the recommended
program of preparatory works for solution to this prcblem handed
over to Chinese counterpart are annexed as Appendix 5.1,

Protocol of the final discussions conducted with Chinese
specialists in the Administration of chemical end petrocheﬁical
industry of Zhejiang province is given in Apperdix 5.2.

1. STATUS OF GEC-PROSPECTING SURVEY AND PRELIMINARY
ASSESSMENT OF RESERVES AND QUALITY OF FAN SHAN
ALUNITE ORE

Chinese People's Republic possesses vest reserves of alunite
ore in Zhejing and Anhui provinces, as well as in PFujian and
Shandong provinces.

The alunite deposit Fan Shan located in Zhejf?g province
100 ¥m south-west of Wenzhou city is at the most detailed level
of surveying,.

Overall reserves of this deposit are estimated at 300 mln.¢,
with 86 mln.t occurring within the 1limits of Shuiweren section,
which is recommended by Chinese specialists es a raw material




base for the preposed new chemical plant in Wenzhou.

Prosrecting boreholes in number of 182 were sunk et Shuiweren
section to a grid of 400x200 m, 200x200 m, 100x100 m and boreholes
started to be drilled %o a grid of 100x50 m, which corresponds to
the categories of B, C and D adopted in CPR.

The ore body consists of 9 levels with average thickness of
5-7 to 12 ms Overall aversge thickness of alunite ore at this
section is 42 m with overburden thickness (with incorporated
gangue streta ignored) amounting to abt 20 m.

Estimation of reserves end eversge quality of alunite ore
is made separately for lean =nd rich ores under one set of con-
ditions at minimum industriel thickness and maximum thickness of
gangue of 2 m and et cut-off grade: non-alunite A1,04 ~ 5%, alu-
nite content - 20% for lean ores, and 35% for rich ores. For

characteristics of ores refer to Table 1.1,

Table 1=1
o Type of ore
Pgrameter , '
rich ] lean total
Reserves, mln.t f 7040 | 16.0 860
50,5, % 18,1 L 13,9 1744
104, % 18.9 1611 | 18.4
with non-alunite components: f
K0, % 4.33 | 3437 | 41T
NaZO, % 0064 0048 0.61
810,, % 43.4-48,1 44,1=55,8: 50,0
V0, % 0,051 0.044 0.0488
Ge, % 0.0023 0,0023 0.,0023
Alunite, % 46.5 35.7 44.6
xzo ' . .
, % mole | 8145 817 31.8




It was agreed with Chinese counterpart that by the end of
February 1989, they would carry out additional estimation of
reserves and quality of alunite ore at minimum alunite ore
content in individual samples of 37-39=41%.

This estimation will allow determination of possible increase
of everege content of alunite in industrial sample up to 4850%
end magnitude of reduction of reserves of this raw materials;

Due to insufficient representative nature of 3 alunite samp-
les provided earlier for VAMI, it is required to sélect new
samples for bench-scale tests (up to 150=250 kg in weight) and
pilot tests (up to 4,-5,000 t in weight).

Procedure end specifications for selection of these samples
shaell be developed by Soviet experts in cooperation with Chinese
counterpart after estimation of the reserves according to the
ebove additional set of cut-oif conditions.

Owing to thickness of the ore body and overburden, Shuiweren
section may be mired by the open pit method;

Ore delivery to the plant after coarse and medium crushing
at the mine will be by the ropeway system to the sea coast
(abt 7 km) and further b; sea to the plant site (abt 100 lm),

In preparation of t he Feasibility study of construction of
Wenzhou plent for processing alunite ores all sectioms related
to construction of the elunite mine, coarse and medium crushing
plant, and trensport of alunite ore to the plant site (ropeway,
loading-unloading facilities at sea coast, sea cerriers) shall
be prepared by specialised CPR organisations,
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2, ASSESSMENT OF STATE-OF-THE-ARTS OF EQUIPMENT AND
TECHNOLOGY OF PROCESSING OF ALUNITE ORBS IN CFR.,
PROPOSALS ON ABPLICATION OF S@VIET EQUIPMENT AND
TECHNOIOGY FOR INTEGRATED PROCESSING ALUNITE ORES IN CPR

As stated asbove, despite large scope of research efforts and
significant progress achieved recently in improvement of technolo-
gy end equipment the reduction alkaline techmology used for pro-
cessing alunite ores from Fan Shan deposit at present time at
Wenzhou pilot plant is insufficiently advanced, production is
noted for high consumption of fuel, energy, inputs and relatively
low quality of resulting inlermediate products and finished pro-
dusts, Thus, alunite roasting with hot furnacé gases in multifloor
furnace is a low efficient process, which requires high fuel
demand, Fuel consumption per tonne of product when roasting alu-
nite in the multifloor furnace is more than 3 times higher than
that achieved'at Kirovebad elumina complex, when roasting alunite
in the fluidised bed reactors. Thermal decomposition of alunite
et Wenzhou complex is accomplished by the generator gas; As a
result this section, as compared with teclmology of alunite
decomposition by elementexy sulfur used in the USSR, shows low
performance and economic figures.

ﬁhe main disadvantage of the alunite thermal decomposition
proce@s in use is linked to high cost of generator gas consumed
for thermal decomposition and formation of complex cerbon pro-
ducts:in the reactor; The process is also noted for entrainment
of lafge quantitites of alunite dust from the reactor together
with the exit gas, passivation of aluminium oxide in the reduced
aluni?e end low quality of sulfurous gas leeding to a more
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expensive end complex sulfuric acid production facilities,

The process flowsheet used at the plant for hydrometsllur-
glcal treatment of reduced alunite is not sufficiently developped
either. The plant lacks the process section for conversion of
potassium and sodium sulfates; a mix of potassium and sodium
sulfates is turned out es e finished product with 65% K,50,.
Recovery of aluminium oxide from alunite into product aluminium
hydroxide is below T70%.

Besed on the ebove statements it 1s recommended for the
Ministry of chemical industry of CPR, in order to speed up solu-
tion to the problem of integrated processing o. alunite ores
from Fen Shan deposit, to utilise the achievements of the Soviet
technolcgy and equipme:.t for integrated processing of alunite
ores successfully commerclelised at Kdrovebad alumina complex.

Amenadility estudy of three alunite samples teken from Fan
Shan ceposit prepared earlier proved their suitability for con-
version by the reduction elkeline process in accorcance with
the Soviet technology to produce alumina, potassium sulfate and
sulfuric acid,

Based on expected chemical and mineral composition of alu-
nite ore from Fen Shan deposit end urgent need for establishment
of large-scale production facilities of potessium sulfete in CPR
it is recommended tc use the following process flowsheet for
integrated industrial processing of high-potessium alunite ores
of Fan 8han deposit by the reduction alkaline method (Fig.2.1J.

According to this flowsheet ground alunite ore is roasted
and themmally decomposed in fluidised bed reectors in contact
with elementalysulfur to the following equilibrium reaction:
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K,S0, . A12(SO4)3 . 2810

12

3 + 1.55 K2304 + 3412031-4.5802

The resulting high-grade sulfurous gas (with concentration

of 30-35% 802) is used for economic production of high-grade

sulfuric acid by the double contact and gas absorption diagrem.

(If required, liquid sulfur dioxide may be separated from gas),

Sulfuric scld produced from gas meets the most stringent specifi-

cations for quality of acid under the
STW 534-82, epplied for production o?f

acid in CFR.

industrial standard

commercial-grade sulfuric

Teble 2-1 below shows extract from the above standard

STW 534-82.

P e t—— e - — ————-  ———— e+

Table 2-1
Components Speciel high; 32504
grade
1 11
! !

H2504 min 92.5~98.0 '92.5-98 9Z.5=-98
505, % - .- -
Total solids, % , 0.02 0.03 0.10

Fe, % mex 0,005 | 0,02 -
As, % max 0.0001 ' 04005 -
NBZOB’ % max 0.0001 ! - -
802, % max 0,01 - -
Cl, % max 04001 |- -
Transparency, min 160 ' 150 -

2 4

Hydrometallurgical treatment of reduced alunite is by the

modified Bayer process. Pregnant liquor produced after digestion
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of reduced alunite by recycle spent liquor will be desilicated
in pressure vessels (autoclaves) at 135-150°C down to silica
module of 250=300. Desilicated pregnant liquor is then subjected
to evaporative concentration with separation of potassium sulfa-
tes and sodium by settlement. Concentrated pregnant liquor cleane
from sulfates is subjected to precipitation after dilution with
wash water resulting?from washing alunite mud and product slumi-
nium hydrate. This process results in production of alumina whose
chemical compositioh conforms to Grade 1 of cell-grade alumina
under the standard STW 814=75 of CPR for cell-grade eluminas.
Table 2-2 belowAgives en extract from CPR standard for cell-

grade aluminas,

H
!
{
!

Table 2~2
! Content, lt:$ 7 .
;
0,05 | st0, | rey0, g Na,0 | oI
, S —
I A0, -1 9846 0402 003 ' 0450 . 0.8
II | M1,0, - 2 98.5 | 0.08 | 0.04 | 0.55 | o8
CIIIN A1,04 - 3 98.4 | 04,06 | 0,04 ' 0,60 ! 0.8
| ? ! '
IV K10, - 4 98.3 | 0.08 | 0,05 | 0.60 0.8
Vo A0;-5 98.2 | 0.10 | 0,05 | 0.60 1.0
: \
VI 41,0, - 6 | 97.8 | 0.15 | 0,06 . 0.70 142
! Z

Mix of potassium and sciium sulfates settled from pregnant
liquor during evaporative concentration will be processed into hi;
grede finished potassium sulfate by conversion with caustic potasl

soluticn by the following equilidbrium reactions
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(Na, + xn)aso4 + 2nKoOH K,50, + 2nNaNH

where: n+m = 1

Resulting coarse crystalline finished potassium sulfate
contains over 95% K2$O4, which conforms to Grade 2 of current
CPR specifications for commercial-grade potassium sulfate.

_ Cauctic sode solution produced after conversion of mix of
sulfates with solution of ceustic potash is used at the process
section for hydrometallurgical treatment of reduced alunite as
make-up caustic soda to compensate for chemical and mechenical
losses of soda and for correction of optimum molar ratio of
caustic potash and @oda in pregnant liquor,.

According to a developed mathematical model for determina-
tion of optimum balence of liquors in the process cycle in order
to increase output of finished potassium sulfate, to ensure the
meximum recovery of potessium sulfate from alunite into finished
products and to provide for optimum molar ratio of caustic potash
end soda in pregnant liquor it would be necessary during the
hydrometallurgicel treatment of reduced alunite ores from Fan
Shan deposit to add up to 0.2 t of sodium sulfate per 1 tonne
of finished alumina produced from alunite;

The optimum possibility of supplies of the complex with
sufficient amount of caustic potash is establishment of caustic
potash production at the complex by means of electrolytical
decomposition of potassium chloride solution. Given below in
table 2-3 are the expected balance figures of recovery of mineral
values from raw materials snd inputs into the finished salable
product and quantitetive ratio of resulting finished products
upon the integrated processing of alunite ore of Fan Shan deposit
by the reduction-alkaline method according to the recommended




flowsheete

Tadble 2-3
U 1:“_ n203’ 6, |E0 [Ha0 |1
alu-
asure | .o
1. BEnters the processs
- with elunite (7.0t) | kg t212 | 1330 | 332 | 39 -
= with element
sulphur (0.4 t kg - 1000 | - - -
« with KC). (0.6 t) kg - - 370 |5 280
- with (0.19t] kg - 107 - 83 -
TOTALs 1272 | 2437 | 702 127 280
2. Losses in process
cycle kg 276 | 165 31 90 10
3. Goes into finished
product:
- alumira (1 t) : kg 996 | - 1 3 -
- sulphuric acid
(2.0 t) kg - 1650 = - -
- potassium sulphate -
?1.33 t), K0 - 51% | kg - 622 1670 |44 -
= chlorine kg - - - - -
!
TOTAL 4n finished é
products | kg 996 : 2272 ' 671 47 270
YIEID in finighed i '
product | % 178.0 [93.0 95.5 | 37.0 | 9.5

Table 2-4 shows the expected rates of specific consumption

of raw materials, main materials, fuel, energy and water necessar

for comprehensive processing of alunite by recomendied flow~sgheet,
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Table 2.5 shows the expected annual demand in raw materials,

main materials end utilities for processing of the Fanshan alunite
ore by reduotion-alkaline methoé eccording to recommended flow-
sheet with annual production of 130=140 thousand tonnes of alu—
mina, 170-180 thousand tounes of sulphuric acid a 36=39 thousand
tonnes of chlorine
Table 2-4
No [ Unit of Zxpected
measure procecssing
performance
1 Expected specific consumption of
raw materials, main materisals,
fuel and energys
-~ alunite ore (49% of alunite) t 7.0
., = elementary sulphur t 0.4
- KC1 t 0.6
- Ne,SO, t 0.19
- electric energy kW.h 2500
' -~ steam Geal 4.5
‘ } - tuel (7000 kcal/kg) Toomy ¢| 0445
| - water > 23
' 2 Pinished productss
-~ alumina t 1.0
' | = sulphuric acid t 2.0
' = potassium sulphate t 1.3
| -~ chlorine (gezeous) t 0.28

The annual demend of the complex in raw materials, meain
materials, fuel and energy in given in the Table 2,5.
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Table 2=5
Unit of dmount
measure
1. Output of finished productss

- alumina ' 000 t 130«140
- potassium sulphate - 170-180
- sulphuric acid - 260~280
- chlorine (for production of

aluminium onichloride and

other products) - 36-39

2. Demand in raw materi-ls, main

materiels and utilities:
- alunite ore (49% of alunite) | -"- 910~380
- sulphur " 52=56
- potessium chloride - 78-84
- sodium sulphate Lo 25=27
~ electric energy i 000 kW.h 330000-~350000
-~ steam (7 atm) | 000 Geal 590-630
-~ fuel (7000 kcal/kg) 000 ¢, ¢ 60=~65
- water 000 m’ 3600=3000

The Chinese People's Republic in one of major

consumers

of chemical fertilisers for agricultural purposes. Nevertheless

the consumption of chemical fertilisers per ha of cultivated
land eccording to statistical data for the year 1985 was only
165 kg which 1s 2.5 times less than in Japan and Korea (gee

table 2.6).

The table 2.6 shows the data on fertilisers consumption by

countries of the world in 1985 (in kg per ha of cultivated land)
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taken from the report of UN World Development Banki data on
Chine: -hosphorites development project (1986, Pebruary, p.43).

 — - o - ——

Table 2-6

Countries  Nitrogen |Phospho- |Potassium|Total Ratio

tertili- | rus ferti{fertili-

sers lisers sers
Netherlands 558.0 92.2 134.2  [783.2 | 100166141
Japan 145.9 155.7 128.8 |430.4 | 1003107381
Korea 198.7 | 91.9 1017  [392.4 | 100:46;51
France 127.2 | 77.5 95.2  |300.9 | 100161176
China : 135.6 27.4 4.4 167.4 | 10032013
USSR | 47.2 32.8 29.4  [109.4 | 100369162
Indonesia i €6242 23.9 | 8.5 94,6 : 100337313
UsA . 29.9 19.9 | 24.0 93.8 10014048
India © 33,7 115 & 5.1 50,3 . 100335315
Morocco 16.2 1341 6.3 35.6 2 100381:39
Brezil 1.2 1 173 E 14,0 142.5 . 10031541125

i ’ L,

v

The consumption of chemical mineral fertilisers in CFR in
not the best one, Due to sharp shortage of potassium and partly
phosphorus fertilisers the actual ratio of nitrogen, phosphorus
and potassium fertilisers as main substance is 10012033 ageinst
sientifically justified 1003150320,

Presently 50% of phosphorus fertilisers and 100% of

potassium fertilisers are imported, P
Q.
rd

Due to limited possibility to expani the surface arable
land in CPR the strategy of increasing output of agricultural

products will be based on increment of yield due to increased
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and balanced use of fertilisers especially potassium end phosphoru:

In 1990 the minimum estirmated dcmand in potassium fertilisers
is expected to be 1.76 million tonnes recalculated as E0; ir
1995 the extimated demand in potassium fertilisers recalcnleted
as K0 is to be as big as 3.4 million tonnes. According to
scientific recommendations the demand in non-chlorine potassium
fertilisers used mainly in form of potassium sulphate for cul-
tivetion of the most valuable crops (citruses, tes, tobacco,-veget:
bles, grapes, hemp etc) is - .- not less than 20% of total amount
of consumed potassium fertilizers.

Presently CPR imports annually about 500000 tonnes of potas-
sium sulphate worth over 100 million dollars; In future the
emount of potassium sulphate to be imported will be increasing
if there will not be organised large internal industrial pro-
duction of potassium sulphate.

Due to high rates of development of aluminium production
the CPR needs considersble cmounts of alumina; According to
unofficiel data the import of alumina ia 1987 was 200000 tonnes.
The sulphuric acid demand is not satisfied too.

The speedy solution of the problem of integrated use of
availedble alunite ores reserves in CPR is the major task of the
national economy for it will permit to organise the large pro-
duction of potassium sulphete, alumina dnd sulphuric acid on

the basis of comprehensive processing of alunite cres,
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3. RECOMMENDED PROGRAM OF PREPARATORY WORK REALISATION
OF WHICH IS NECESSARY TO EXPEDITE TEE INDUSTRIAL
ULILISATIOK OF CJINESE ALUNITE ORES

For solut:ion of this problem the following stages of prepe~
ratory work sre necessarys

3.1{ The geological organisations have to make additional
estimation of reserve by 3.4 variants of conditions in order to
ralse the average quality of alunite ores destinated for indust-
rial processing at future chemical plant (up to 48-50% of analysis
in ore): The engineering organisation of CPR to carry out rough
economical estimation of construction of elunite mine, ropeway
end ore harf.

3.2+ The Soviet experts together with the Chinese colleesgues
have to eleborate methods and specifications for preparation end
delivery VAMI of representative samples of alurite ore in
agreed quantities, obtacned from core samples from geological
survey bYare holes.

3.3. The Chinese experts have to prepare and deliver to VAMI
the representetive samples of alunite ore in accordance with the
method by item 2.2.

3.4; The VAMI experts have to carry out the bench scale
technological testing of representative samples of alunite ores
for the choice of optimum process performances for industrial
testing of large process sample of alunite ore at Kirovabad
elumina integrated plant and to prepare the initial process
data for preliminary feasibility estimation of industrial pro-
cessing of alunite ores of PFanshan deposit, CPR.

3.5« Wenzhou general chemical plant, engineering and other
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special organisations of CPR have to prepare and discuss with
Soviet experts the necessary initial data for preliminary econo-
mic estimation of justifiability of new alunite integrated plant
processing the Fanshan deposit alunite ores in Wenzhou basing
on the questionnaire which will be transmitted to the Chinese
side by VAMI through UNIDO.

3.6 VAMI institute have to prepare the summary report on
preliminary economical assessment of feasibility of new alunite
integrated plant in CPR on the basis of Fanshan deposit alunite
orea gnd submit it to UNIDO and the Chinese side.

3.7. Considering the big labour expenses and time period
for preparetion of large ore sample the Chinese side have to
prepere industrial sample of Fanshan deposit weighing 400025000
tonnes according to method and specifications which must be
elaborated by a team of Soviet experts together with the Chinese
experts without waiting the completion of work by the item 3.6
end to ship the said sample in the USSR to Kirovated alumina
integreted plant.

3.8, VAMI institute and Kiyrovabad alumina integrated plant
have to carry out industrial testing of Chinese alunite ore, to
develop the optimum technological parasmeters of its processing
and submit initial date for elaboration of the FS§ of comnstruction
0f chemical integrated plant in Wenzhou processing the Fanshan
alunite ores,

3¢5¢ The Chinese organisations have to submit to VAMI initial
data necessary for elaboration of the FS according to UNIDO method
end develop the corresponding parts of the FS concerning alunite
mine, sulphuric acid, cauatio', end aluminium exichloride produc;-
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tion, part facilities, HPS end other infrastructure units.

3,10, VAMI institute have to elaborate summary feasibility
report on construction of alunite integrated plant in CPR basing
of Fanshan deposit alunite ores according to UNIDO method and
submiit it to UNIDO and the Chinese side.

The above mentioned work may be carried out according fhe
contract between UNIDO and Technoexport;

In case ths Chinese side takes decision to duild the alunite
integrated plant using VAMI technology the Soviet side will be
ready to discuss with the Chinese side the possible amounts and
conditions of Soviet organisations participation in creation of
chemical integrated plant processing alunite ores in CPR and to
examine the possibility of establishment of Joint Sino-Soviet
venture for processing said ores.

Basing on the results of Soviet experts visit eand with their
participation senior interregional adviser, Metallurgical Section,
UNIDO, Dr., Balazs E. have prepared end submitted to the Chinese
side the draft of the document Justifying the necessity of a
contract among UNIDO and V/O Technoexport concerning participation
of the Soviet experts in comprehensive processing of alunite ore
from Fanshen deposit, CPR.

4, CONCLUSION

4.1« The Chinese People's Republic possesses the large
reserves of alunite ores the comprehensive processing of which
will permit to organise large scale production of potescium
sulphate, alumina and sulphuric acie which are in great demand
in CPR.
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The biggest reserves of alunite ores ere in Zhejiang province
(Fanshan deposit) and in the provinces Anhui, Shandong and Fujian.

The semi-industrial processing of alunite ores is orgenised
at the general chemical plant in Wenzhou with annual ‘um-out:
3000 tonnes of potassium sulphate, 3000 tonnes of sulphuric ecid
and 5000 tonnes of aluminium hydroxide. The equipment tlowésheet
employed at the plant is not perfect, the production is accompa-
nied with considerable material losses and high energy expenses
and the quality of the finished product is low.

4.2. The USSR 18 ¢t he first country in the world to put into
practice the large scale industrial highly efficient comprehenssve
processing of Zaglik alunite ores at’ Kirovabad integrated alumina
plant with high quality end-productss potassium sulphete, sulphu-
ric ecid and elumina. Presently the integrated plant turns out
160000 tonnes of alumina, 170000 tonnes of potassium sulphate
and 355000 tonnes of sulphuric scid. The further expansion of
production is under way., All end products are profitable.

4,3+ The preliminary investigations in VAMI consisting in
process testing of three alunite ore samples from Fanshan deposit,
CPR, proved their suitebility for comprehensive processing by
Sdviet technology with high economic perrormances;

4;4. To accelerate the solution of the problem of comprehen-
sive processing of Chinese alunite ores it is necessary to carry
out the preparatory work programme comprising the detailed procecs
end industrial testing of representetive samples of Fanshan deposi
alunite ores and using it as a base elaborate the FS on construc-
tion of industrial integrated plant for processing of alunite ores

The comprehensive programme of preparatory work is busmitted
to the Chinese side aud UNIDo;




PRELIMINARY CONCLUION

of UNIDO consultents -~ Soviet experts of VAMI (Leningrad)
on feasibility of industrisl processing of Fan Shan
alunites, CPR

1. Alunite oré is a valuasble raw material for chemical and
metallurgical industries,

The USSR was the first country in the world to commercialise
a highly efficient integruted process for conversion of Zaglik
alunites (Azerbaijan SSR) at Kirovabad alumina complex to produce
high quality products: alumina, potassium sulfate and sulfuric
acid,

At present the plant turns out 160000 t o7 alumina,

170000 t of potassium sulfate and 355000 t of sulfuric acid out
of alunites eech year,

The third process line is being built at the plant (the
third stage) and after coming on streem it will increase ocutput
of salumina from elunites to 210000 t, potassium sulfate - to
250000 t, sulfuric acid - to 450000 t per ennum,

Profitability of the plant by all types of the products
from alunites amounts to over 25%.

Quality of alumina, potassium sulfate and sulfuric acid
produced conform to the highest standards currently in effect
in CPR.

The USSR is also engaged in preliminary ectivities on con-
struction of the second industrial complex for processing alunite
ore from Begansk deposit in Ukraine,

A license on roar-ing and reduction of alunite ores was

851d to USA. Under the UNIDO contract VAMI carried out the




technological project opportunty study of Iranian alunites with
results being used for preparation of Feasibility Report Zfor
construction of the industria) complex for integrated conversion
of Taikent alunites (Iren).

2+ CPR has large deposits of elunite ores. The most signi-
ficant reserves of alunites are those of Fan Shan deposit in
province of Zhejiang. There are also slunites deposits in pro-
vinces Anhui, Shandong and Fujian,

Research and tests of integrated conversion on Fan Shan
deposit alunites are being carried out in CPR since 1958,

In 1965, a pilot plant for processing alunite ores was
started at the Wenzhou chemical complex, which after modernisation
and expansion currently turns out 3000 t of potassium sulfate,
3000 t of sulfuric acid and ebout 5000 t of aluminium hydroxide
per year, Despite of recent progress, the process flowsheet used
at tie plant for integrated processing of alunite ores is unsuf-
ficiently edver.ceg.

3. The Soviet technology and equipment as commercialised at
Kirovabad elumina complex is recommended for integrated proces-
sing Fan Shan alunites. It would be expedient to build en indust-
rial plant (hereinafter "alunite complex") in Wenzhou or the
basis of Fan Shan alunite depocit to implement integrated proces-

sing of alunite ores with the following output per annum:

alumine 130-140 thousend tonnes,
potassium sulfate 170-180 - .
sulfuric acid 260~280 - " -

The optimum capacity of the proposed sluniie complex will

be determined at the siage of prepuretisin - f Pensibility Seport,




The alunite complex will comprise the following

1+ The elunite mine in Fern Shen with capecity ebt 1 mln.t of
ore per annum with a warf for ore shipment to Wenzhou,

2. The chemical complex in Wenzhou for processing alunite
ores including:

alumine production facility;

potassium sulfate production facility;

sulfuric acid production facility;

caustic potash production facility (by electrolysis of
potassium chloride).

3, Thermal power plant (TPP) or boiler house,

4, General plant support fecilities,

5¢ Port fecilities for receiving ore, sulfur, potassium
chloride and other materisls, es well as for shipment of the
alunite complex product*s,

Expected consumption factors of raw materials, inputs and
utilities for integrated processing of elunite ores with elunite

content in the ore being 49% are shown in Table 1,

Table 1
[ ) T T 4
Description . Unit of | Expected
measure figures
b e — I ———
1. Expected consumption factors of raw |
materials, inputs, fuel and power:
- elunite ore (49% of elunite) A - 740
- elementel sulfur t 0.4
- KC1 t 046
~ electric power kWh 2500




‘ Description Unit of Expected
: measure figures
- gteam ( Gecal 4,5
- fuel (7000 kcal/kg) ) i t 0.45
- water ! m3 23

2. Pinished products:

~ alumine t 1.0
- sulfuric ecid t 2,0
- potassium sulfete t 1.3
- chlorine gas [} 0.28

- —y— i e e e e e -

For annuel demand of rew materiels, inputs end utilities by

the alunite complex refer to Table 2.

Table 2
{ Description f Unit of | Quantity
' measure
1 Output of finished products:
! ~ alumina 000 t © 130-140
; - potassium sulfate 000 t ; 170-180
- sulfuric acid ;000 t E 260~280
- Chlorine (for production cf § i
aluminium oxychloride, etc.) ;000 t . 36-39
2. Demand for raw materisls, inputs é !
and utilities: ; !
i - alunite ore (49% of alunite) 000 t ; 910~980
- sulfur 000t | 52-56
- potassium chloride 000 ¢ 78~84
- godium sulfate 000 t 25-~27




—-

|

 Pescription Unit of | Quantity
o meesure
- electric power MWh 330000-350000
- steam (7 atm abs) Geal 590=630
- fuel (7000 kcal/kg) 000 t 60-65
- water 000 m> 3600~-4000

The finished products produced by the alunite complex (alumine.
potessiur fulfate, sulfuric acid, possibly aluminium oxychloride)
are in short supply in CPR, and as such can be efficiontly used
in CPR economy and exported to other countries of the world.
Resides, e steblishment of the facility at the alunite complex for
production of chlorire-free potessium fertilizer (potassium sulfete
will ellow the import needs to be significantly reduced,

44 According to the Soviet consultants the following prepera-
tory steps should be taken to advence solution to the probdlew of
the integrated processing of the Fan Shan alunites:

4,1, The CPR geological organisations gre to additiomally
estimate the reserves based on 3 to 4 cut-off grades to improve
the average quality of alunite ore to be processed at the pruposed
alunite complex (to 49-50% of alunite content in ore)., The engi-
neering organisations are to prepare preliminary feasibility study
for construction of the alunite complex, ropeway and sea port
facilities,

4,2, The Soviet experts in cooperation with Chinese experts
ere to develop the procedure and specificationa for selection and

delivery of the representative samples to the VAMI Institute in




agreed-upon quantity for bench-scale technological tests,

4.3+ The Chinese experts are to select and deliver to VAMI
the representative samples of ore in accordance with the procedure
under para 4.2,

4.4, The VAMI experts are to carry out a detailed bench-scale
test of the representative ore samples and to develop the optimum
process conditions for industrial tests of a largé technological
sample of ore at the Kirovabad alumina complex, as well as to
prepare the initial technological figures for preparstion of the
opportunity study of construction of the fecility for processing
elunite ores in CPR conditions,

4,5 The chemical plant in Wenghou, design and other specia-
lised organisations in CPR are to prepare and coordinate with
Soviet experts the required initial deta for the opportunity
study of construction of the alunite complex for processing of
elunite ores in Wenzhou in accordance with the quastionnaire
which will be released to CPFR via UNIDO,

4,6, VAMI institute is to prepare the report on opportunity
study of construction of the alunite complex in CPR based on
alunite ores of the Fan Shan deposit and to release it to UNIDO
and CFR,

4.7. Taking into consideration vast labour requirements and
time required for selection of large-tonnage ore sample, without
waiting for completion of works under para 4,6, CPR is to start
with selection of industrial technological sample from Fan Shan
deposit in quantity of 4000-5000 * according to the procedure and
specifications to be developed by Soviet counterpart in coopera-
tion with the Chinese experts, as well as to ship the above sample
to the Kirovabad alumina complex, USSR,
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4.8, VAMI Institute and Kirovabad Alumina Pyant are to run
the industrial test of CPR alunite ores, work out optimum process
conditions and provide besic data at input for preparation of the
Feasibility Study (FS) of construction of the chemical complex in
Wenzhou for processing alunite ores from Fan Shan deposit,

4.9, The Chinese counterpart is to release to VAMI the
required basic data for preparation of FS for the alunite mine,
production facility of sul’uric acid, caustic potash, sluminium
oxy :hloride, port facilities, TPP and other infrastructure faci-
lities,

4.10; VAMI is to prepare the overall PS for construction of
the alunite cowplex in CPR based on use of alunite ores of Fan-
Shan deposit in accordance with UNIDO methodology end release
it to UNIDC and CPR,

The above services may be provided by VAMI Institute under
a contract between UNIDC and Technoexport,

If the Chinese counterpart tekes a decision on construction
of the alunite complex based on VAMI technology, the Soviet coun-
terpart is prepared to discuss with the Chinese counterpart the
possible scope and conditions for participation of the Soviet
organisations in implementation and establishment of the chemical
complex for processing alunite ores in CPR, amd also conditions
of establishment of a joint Sino-Soviet plant for processing
these ores,

Head of Soviet mission under
UNIDO contract Dr.N.A.Kaluzhsky,
Director of VAMI Institute

Hangzhou
December 5, 1988




> PROTOCOL

of discussions in the Bureau of chemical and petrochemical
industry of Zhejiang province about comprehensive processing
of alunite ores from Fanshan deposit, CPR

Hengzhou December 5-~6, 1988
Participants:
Dr.Balazs B, - senior interregional sdviser for

metallurgy, UNIDO
UNIDO consultants from the USSR according to the Contract
N° XP/CPR/88/143

Kalughsky N.A, ~ dead of consultantsgroup, D.Sc,,
director of the VAMI institute, Leningrad
Yurassov B.J. - head of UN technical assistance department

of V/0 "Technoexport™

Nagssyrov G.Z, - head of alunite processing laboratory,
VAMI, Cand.Sc.

Bronevoy V,A. - head of aluminium raw materials
laboratory, VAMI, Cand,Sc,

Levashov Y.P, - chief project engineer of Kirov-bad
alumina integrated plant

Cei Huilin - deputy director of Foreign affairs
Department of Ministry of Chemical
Industry, CPR

Zheng Youzhu - senior engineer of the Foreign Affairs
Departmént of the Mjnistry of Chemical
Industry, CPR

Liu Aihue - deputy director of department for 1ntro-
duciion vi foreign capital of Zhejiuug
provincial planning and economy

committee
 J
Shen Peiyong -~ deputy chief of divinion of Zhejiang
provincial science and technology
\ commission
Chen Haiqing - director of petroleum and chemical

industry bureau of Zhejiang province

Ma Xiangbing - senior councellor for technology,
petroleum and chemical industry bureav
of Zhejiang province




Wang Peide - vice-mayor, Wenthou

Liu Zhiming ~ director of Wenzhou general
chemical works

QOiu Xinmieo - - general engineer of Wenzhou general
chemical works

1¢ In accordance with t he Contract XP/CPR/88/143 "Consul-
tations of alunite processing" approved and financed by the UNIDO
the consultants group including Dr.Balazs B, the senior inter-
regional advisor for metallurgy (UNIDO) and the team of Soviet
technicians from the VAMI (Leningrad) headed by director of the
Ipstitute D, Sc. Kaluzhsky N.A, visited CPR from November 24
to December,

The UNIDO consultants froup has met in Beijing the officials
of the Ministry of chemical and petrochemical industry of CPR.
I, Zhejiang province the UNIDO group was received by the Head
of the province government Sheng Culeng and had informal talks
with Chinese specialists in the Buresu of chemical and
petrochemical industry of Zhejiang province. In Wenzhou the
group was received by the Mayor lLiu Shiseng, visited Wenzhou
general c hemical plant, came acquainted with the pilot plant
processing the alunite ore from Fanshan deposit, visited possible
construction sites for future chemical plant in the new EBastern
region of city, The group visited the Fanshan alunite deposit;
got acquatnted wi‘h organisation of alunite mining, with indust-
rial alum production as well es with some results of survey
at Shuiweisheng region,

In Shanghai the group visited the Shanghai chemical industry
research institute, Ip Wenzhou the Soviet and Chineese specialists

exchanged experience on alunite ores processing in the USSR and




CPR and discussed these matters,

The visit of Soviet team in CPR was preceded by two visi
of Chineese specialists to the USSR, organised and financed by
UNIDO (October 1987 and September 1988) as well a#$ iaboratory
testing of three chine se alunite ore samples in VAMI,

2. Soviet specielists have appreciated the considerable
amount of work carried out in CPFR on industrial implementation
of comprehensive treatrent of alunite ores from Fanshan
deposit, Presently at pilot plant of Wenzhou general chemical
plant 3000 tonners of potassium sulphate, 3000 tonnes of sulphuric
acid and about 5000 tonnes of aluminium hydroxide are produced.
At Panshan mine industrial production of alums in organized,

In spite of successful production the equipment flow-sheet of
alunite processing used at Wenzhou plent in far from being
perfect,

3. After acquaintance with survey data on Fanshan alunite
deposit the Soviet specimlists think it possible to create large
industriel enterprise besing on alunites from this deposit with
annual production:

alumina 130=»140 thousand tonnes

potassium sulphate  170-180 thousand tonnes

sulphuric acid 260-280 thousand tonnes

The reserves of Fansha: deposit make possible eventual
expansion of this production, The optimum capacity of future,
its supply with sulphur, caustic soda and other raw materials;
energy and utilities, as well as other problems must be carefully
examined at the stage of FS on construction of the plant with

somprehensive processing of alunite oreu;




This needs considerabdle preparatory work in detailing alu-

nite are reserves at Fanshan, in determination of optimum con-
ditions, choice and laboretory testing of representative samples
of ore the results of which will serve as a base for preliminary
report on process and economical feasibility of large scale
alunite ores processing in CPR. Alongside with this the mining
of process ore lot of 4000 tonnes should be organised and its
industriel testing at Kirovabad general alumina plant should be
carried out together with Chinese specialists. After that in
cooperation with Chinese specialists the PS on construction of
industriel enterprise in CPR for comprehensive processing of
alunite ores from Fanshan deposit should be elaborated, The pre-
liminary conclusion of Soviet consultants of UNIDO on viability
of industrisl processing of Fenshan alunite ores in CPR is
annexed to the present protocol,

4, V/0 "Technoexport" and VAMI institute have agreed to
participate in all preparatory work for industrial processing
of Fanshan alunite ores,

Soviet specialists have informed Chinese side about readi-
ness of the USSR Ministry of non-ferrous metals to discuss with
the Chinese side the participation of Soviet enterprises amd
bodies in construction of future general chemical plant including
the establishment of joint Sino-Soviet venture for comprehensive
processing of alunite ores in CPR,

5¢ The Chinese side finds necessary to carry out following
work before elaboration of the PS on construction of plant with
comprehensive alunite ore processing,

5¢.1¢ Additional calculation of reserves and quality of ore




to determine the optimum elunite content, Chinese geologists
have carried out big amount of fruitful work, but only one limit
content value = 13,5% was used, Chinese geologists have
agreed with the propcsal of Soviet specialists to carry out
additional calculations for four other variants, correspondingly,
13,6%, 14.5%, 15.3% and 16% in order to choose optimum veriant

of reserve estimation and using this as the base take correctly
the representative samples,

Chinese side expressed a wish that Soviet specislists take
part in this work together with Chinese specialits financing of
the said work being UNIDO'g responsidbility,

The results of the work have to be handed over to the
Chineae side,

5.2+ The obtained samples must be carefully investigeted
in the USSR in order to determine all necessary operetional con-~
ditions and parameters for processing of Chinese alunite ores
from Fanshan deposit, Financial coverage of this work has to be
done through the UNDP in UNIDO,

To justify the necéssity of industrial technological testing
of alunite ore * the repoxt have to be based on the results
of industrial testing of alunite ore,

Chinese specialists must participate in taking of industrial
sample and in its testing at Kirovabad alumine complex, The fi-
nancing of this work is to be settled with UNDP,

After elaboration of the PS with convineing positive results
and prove of viability of plant constfuction further solution of
this problem has to be reported to Chﬁnese authorities,

6 The UNIDO representative expl;ined that in caese the




Government of Zhejiang province adress such a request through
authorised government institutions of CPR and UNDP to UNIDO and
UNIDO will be ready to examine the possibility of financing these
works enumerated in items 4.2, -  :, 4.4 and 4.6 of Conclusion

of the group of Soviet experts. The draft of such request made
on UNIDO proforma was prgpared in English and left in the Bureau
of chemical and petrochemical industry of Zhejiang provinge; the
copy will be transmitted to UNDP and UNIDO adviser in Beijing. Wit!
thet the UNIDO representetive means that the Chinese side while
adressing UNIDO initiateé& preliminary introduction of project
comprising the work corresponding to items 4,7-4,10 of Soviet
consultants conclusion into the programme of UNDP assistance to
CPR for the next 5 year period starting in 1990 in case the
results of preliminary economic assessment be found satisfactory
by UNIBO and Chinese side,

7. Due to the fact that the comprehensive processing of
alunites is a major task and needs considerable capitel invest-
ments the representative of the Ministry of chemical industry of
CPR and relevant institutions of Zhejieng province will report
to higher authorities of CPR on the proposal of Soviet experts
and UNIDO representative for the programme of preliminary work.
If the decision be positive the Chinese side will instantly |
adress UNIDO gnd UNDP with request for allotment of funds for

financing work by this programme,

8. The UNIDO representative and Soviet experts expressed thei:
cordial gratitude for friendly talks and hospitality to the heads
of Chinese organizations and to Chinese specialists,

Por Chinese side For UNIDO Por Soviet side
Ce Huilin Dr.Balazs Dr.Kaluzhsky N, A,
Chen Hegin Jyrassov B,E,






