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1. GENERAL BACKGROUND INFORMATION 

Presently there are over 5 mln cars. 

thousands of aotocycles and other vehicles 

khundreds of 

equipped with 

internal coabustion encines are running in the Islamic 

Republic of Iran CIRI). Annual demand on spark plugs is 

20 mln pieces. 

The production of spark plugs in IRI is organized at 

IAAI plant in Kazvin and turns annually- '2 mln plugs. 

Ceramic part of plugs (insula~ors) is imported from abroad 

(Germany. Yugoslavia etc.). 

As in known the ceramic insulators . for spark plugs in 

the world practice are fabricated from special grades of 

alumina consis~ing 99.6% of Al203 with .,/, -Al203 content as 

high as 95% obtained at alumina refeneries from aluminium 

hydroxide. 

At present there is no special grade alumina production 

in Iran and in the whole neighbourhood while the demand in 

automative industry on special grade alumina is about 3L10u 

tpy and is expected to grow. 

Soviet Union has elaborated an i~dustrial technology of 

special grnde alumina production from standard cell-grade 

alumina containing 99-99.5% of Al203. The Soviet automative 

industry successfully utilizes the special grade alumina 

obtained from more cheap cell-grade alumina to produce high 

quality plugs. 

Thus the technology of special grade alumina production 

from the standard cell-grade alumina. developped in the USSR 

can be transferred to the Islamic Repoublic of Iran thourgh 

UNIDO. 
Considering big demand in the IRI on spark plugs the 

Government of IR! has pas~ed a decision on establishing 

proper production of spark plugs. In order to investigate 

the issue of raw materials for ceramic insulators it was 

decided to undertable an opportunity study of the ptoject. 

It was understood to investigate the adaptability of alumina 

imported by IRI for aluminium production to its conversion 



for production of special grade alumina. to fabricate the 

demonstration lot of spark plugs for testing in Iranian 

automotive industry and to assess approximately the cost of 

construction of plant for special grade alumina. 

In this connection the IRI Government 1laS contacted 

ONIDO with a request to assist in realization of the 

opportunity study. 

This work was awarded to the All-Onion Research aad 

Design Institute of Aluminium. Magnesium and Electrode 

Industry CVAMI) of the Ministry of Hetallurcy of the USSR, 

199026. Leningrad, Sredni prosp~ct. 86. 

2. OBJECTIVES OF THE PROJECT AND FOUNDERS 

2.1. Objectives of the project 

To demonstrate at laboratory level the possibility to 

produce special grade alumina from imported cell-grade 

alumina and fabricate the demonstration lot of insulators 

and spc.rk plugs. 

Basing on results of laboratory and pilot testing to 

present technical data and data on necessary capital 

investme~ts to give the Government the possibility to adopt 

qualified decision on establishment of special grade alumina 

production for fabrication of spark plugs on industrial 

scale. 

On request of Iranian side to undertake additional 

investigations on the possibility to obtain other grades of 

alumina from imported cell-grade alumina to me~t demands of 

other industries. 

2.2. Founders of the 

Development and Renovation 

participation of IAAI. 

project are 

Organization 

the 

CIDRO) 

3. MARKET AND DEMAND ON SPECIAL GRADE ALUMINA 

Iranian 

with 

The demand on special grade alumina for fabrication of 

spark plugs in the Iranian a~tomotive industry in 3000 tpy. 



• 
According to Iranian data there is a demand in IRI on 

special grade alumina for refractories. electrotechnical, 

ratiotechnical and electroni~al industries which is expected 

to increase as much as 20000 tpy. 

Given the absense in the IRI of special grade alumina 

production the said ne~ds are aet through importation. 

Thus the issue of special arade alumina production from 

the cell-grade alumina have to be envisaged in larger 

content to meet needs of other varions industries. 

Presently the IRI imports about 150. thousand tons of 

cell-grade alumina for the only aluminium smelter in the 

country belonging to IRALCO in Arak. In the future the 

expansion of smelter·s capacity will call for import of 

about 300 thousand tons of alumina per year. 

Aside from that the long term plans of the Government 

the construction of a facilities in the IRI to produce 

alumina from the local raw materials <bauxites. nepheline. 

alunite) is planned which will make possible a lGrge scale 

production of special grade alumina a~ one of the abov~ 

facilities. 

The optimum capacity of the planned facility has to be 

determined taking into consideration the demand on special 

grade alumina in- and outside of country. 

The construction of facilities for special grade 

alumina for spark plugs will leave enough time to master its 

production and form corresponding engineerin~ and operating 

personnel. 

4. METHODOLOGY OF PROJECT IMPLEMENTATION 

Starting from the objectives of the project the 

methodology of its implementation foreseen the following 

stages: 

- investigation of physical and chemical properties of 

cell-grade alumina; 

- production of special 

scale and investigation of its 

- production of ceramic 

grade alumina 

properties; 

spark plui 

at laboratory 

insulators for 
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demonstration and assembly of spark plugs: 

- operation testing of plugs in Iranian automative 

industry; 

- study of the possibility of such project in the 

Islamic Republic of Iran basing on results of laboratory and 

pilot testing and on industrial experience of ~pecial grade 

alumina production in the Soviet Union. 

The composition of opportunity atudy corresponds to 

UNIDO recomendations and to Annex to the Contract. 

The presented information is sufficient for well 

founded decision of the Government of Islamic Republic of 

Iran and project founders about establishment of special 

grade alumina production for fabrication of plugs for 

Iranian automotive industry. 

5. LABORATORY ANALYSIS AND INVESTIGATIONS FOR 
PRODUCTION OF SPECIAL GRADE ALUMINA 

F'ROM THE CELL-•:JRADE ALUMINA 

Investigations of physical and chemical 

properties of Iranian alumina 

To investigate the adaptability of Iranian alumina to 

production of special grade alumina the analyses were made 

to determine the content of chemical components, the phase 

and granulometric compositions of alumina were determined as 

well as a specific surface area. Th~ results are given in 

the Table 5.1. The BET method was used for determination of 

the specific. surface area <Soviet made instrument). methods 

of laser-based determjnation of grain size distribution of 

powder materials in suspensions (Granulometer 715 of French 

company Cilas1. X-ray spectral analyses were made with ARL 
quantometer, the petrographic method of phase composition 

determination was carried out with the help of 

metallographic microscope HIN-8 <Soviet made). 

The conclusion of necessity to remove part of alkali 

contained in alumina was made. 

As a rule the alkali.content in special grade alumina 

7 
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Characteristics of alumila recej 

aluminas manufactu~d from 

· Name of sample . 
J, -Al O content, J and' Speci- Vrane 

struct~Jdescription f ic 
a~ea, 
~ /g 

Alumina, cell- J, = 25.3 43.10 
grade Structure is tipical for 

cell-grade alumina 

Special-grade 
! alumina, sinter-

~ • 97.5 
Aggregates of J.. -A12o3 

1.50 

: 1ng temperature 
! 1600°C, 15 min 
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. 

Special-grade 
elumina, sin-
tering tempe­
rature 1J00°c, 
30 min 

with dense stiuc-
ture 

I 
I . 
! . 

J- = 94.0 . 
: J.ggregatos of .iv-Al 0 
• of good recrystal- 2 3 : 
· lizetion, d~eply burned; i 
: of fine grane structure, I 
. unifonn sample low-di.f- I 
: tract ion phase in the ro~ 
; of inclusion in aggrega-

1

, 
' tes, Aggregates Yloth 
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not observed 
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.. 

Special-grade l = 87.~ I 
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alumina, sinter-. Aggregates of J..-Al2o3 I 1ng t 0 =1300°C, ~f gcod recrystal-

I 30 min , lization, fine grane 
structure, low dif.frac-

' tion phase in the f1Jnn I : of inclusion in aggre-
. gates of .L -Al2o3 I 
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Table 5.1 

--· 

Comments 

Sem~le received f:rom Iran 

Sample manufactured in 
"Autoelectronics" research 
institute. Grane composi-
tion determined after gri-. 
nding in vibrating mill 
for two minute&. Was used 
for spark plugs me.nufac-
turing 

-
gample washed by H2so4 solution, mixed 
with AlF3 (0.5%). Prepared 
at V.AMI. Can be used for 
electronics chips manu-
facturing 

Initial alumiL~ mixed 
Vii th complex minere.lizer 
Ytithout washing. Special 
grade alumina of this ty-
pe is used for electro-
ceramics, re.dioceramics, 
special types of refrac-
tor,y 

I !ni tial alum::.na washed by 
hot water, mixed with 
complex mineralizer. Can 

· be used for spark plugs 
manufacturing, electro­
ceramics, radioceramics 
and special refractory 
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for spark plug insulators is limited to 0.1, of Na20. In 

some cases 0.3% of Na20 in admitted. ln alumina imported by 

IRI from Turkey the alkali content is 0.45% which calls for 

its removal till the required level. 

For this end the washing out of soluble alkalis by 

repulpation in thin solution of hydrochloric acid 

(concentration 5 g/l, 5/L = 2:1, washing time 30 min). Also 

the alumina washing with hot water was used, but it proved 

to be less efficient in reducing alkali cintent in alumina. 

The obtained results allow to draw a conclusion that 

the sample of alumina received from IRI is the typical 

cell-grade alumina. The ~ -Al203 content (25.3%) is good 

for its further processing to obtain special alumina. The 

impurities and microimpuriti~s content is als9 within 

limits. 

6. LABORATORY STUDY ON PRODUCTION OF SPECIAL 
GRADE ALUMINA FOR SPARK P~UG INSULATORS 

During laboratory testing the full scope of 

investigations in conversion of cell-grade alumina int~ 

special grade alumina and determination of the latter·s 

properties ~as undertken. 

According VAMI's laboratory methods a portion of 

alumina weighing 100 g was acid washed, dried at 105•c and 

mixed with mineraliser. Commercial grade aluminium fluoride 

was used as a mineraliser. After mixing the s~mple was 

calcined in~ laboratory furnace at 1300° C during 30 min. 

After ~alcination the sample was analysed for Fe203, Na20, 

SiO, specific surface area and grain size distribution of 

monocrystal sizes by fractions. Analytic~! results are given 

in Table 5.1. 

The study of analytical results of low-soda highly 

calcined alumina under laboratory conditions has shown that 

by its main characteristics special alumina produced tram 

Iranian alumina meets the requirements imposed on special 

grade alumina for production of spark plug insulators. 

Specially noted was good ability of alumina to 



recrystallisation under influence of mineraliser. Soda 

content was cut down to 0.06% which corresponds to the most 

stringent requirements of the alumina ceramics p~oducers, 

including those of IC cases. Calcination degree as for .l.­
-Al203 conte~t meets the requirements for spark plug 

insulator production. ,,,.., 

The laboratory methods ot production ot special alumina 

and determination ot its quality is used during 10 years at 

one ot Soviet alumina retineries which produces and 

turnishes the special alumina tor production ot spark plugs. 

~n industrial process in rotarv kilns was elaborated 

tiasinli? on the latioratorv data obta1ned at eJectr1c turnaces, 

1 .r. the corr~c;~ond1ni;! temperature c:ond1tions nre maintained 

ntH1 the meterinJ,? ot m1nPralizers is undPrtaken. 'fhe 

1111t1a1 a1um1n-'1 tor tflt•ricat1on or speci;,t ri111m1nri. :ilP 

tor tnbrir<'ltion 0r sr,Pci<'ll a1um1nct tor two 1ndl'111 compnnJes 

- HAL.cu <'lli•l i\lJ,\i \\"Jth tlh"' us~ or rotnr'· r;1tn.;;; tor 

cri1c1nation. 

I h ~ n e x t c;, t a it P w ri <.. t hi> p n=~ p n r a t i ~-, n o t a I o t n r c; n P c: 1 a I 

alumina tir spark p111gs tabrication. 

Accordin)! to soviet practice the semi-industrial testing 

is undertaken atter lahoratory testing to prove the 

suital"diit,· Cit c•--11 ~rade i\lum1na tor tabrJCi\tinn ot "J>Pc1al 

alumina. This method was proved during the start-up ot a 

sparK plul{ plant usin~ the method or isostatic pn~ss 11re, 

hu1lt by the desis.?n ot british companv Smits. In spite ot 

,11tterP.nce in tne mPtho<1s or special rtlum1ni\ pro<111rtion in 

J>J lflt ele1tric tur11cH:c~ <HH1 the casting m£>thod thf'rP is a 

ri1111 tnF- q11 . .,,l1tv ••t tile· r-f·rdrnJ<<;. 1·1ie multiple t~c,ts rni\c1P. tw 

cow, ;ti low to (1fd1>rm1nf' the s11it<'lt>i I itv ot thP initial 

Calcination process was run in the ammonia furnaces of 

the Avtoelectronika In~titute (ceramics laboratory). Alumina 

was placed in ceramic capsulas without mineralisin• 

additives and pushed throu•h the tunnel furnace at a rate of 

1 capsule per 15 min. Maximum furnace temperature was 

I 0 



At this temperature alumina was held for about 

35 min. Total retention time of a capsule in the furnace was 

5 hrs. 

Calcination 

alumina with 

under the said 

l -Ai203 · content 
• 

monocrystal size being 1.8 micron. 

to 0.05% (see Table 5.1). 

conditions resulted in 

of 97.5% with average 

Na20 content lowered up 

Petrographic investigation of special grade alumina 

produced in VAHI and Avtoelectronica laboratories revealed a 

significant difference in structure of bot~ products. This 

is attributed to addition of mineraliser in the first case. 

Calcination of alumina without mineraliser at higher 

temperature ensures a sufficiently complete phase 

transition, however there are practically no structural 

change in alumina. Table 5-1 demonstrates petrographic 

characteristics of all produced special grade alumina. Table 

also shows the results of laboratory seale calcination of 

the Iranian alumina according to special grade alumina 

~rocess for production of electrical and ratio ceramics. The 

results prove the possibility to produce special grade 

alumina for electrical and radio engineering. 

II 



7. FABRICATION OF DEMONSTRATION SPARK PLUG 

INSULATORS AND ASSEMBLY OF 

DEtt:>NSTRATION SPARK PLUG INSULATORS 

Since only a reduced lot of Iranian alumina (,....30 kg) 

was received for production of ceramics and insulators for 

spark plugs the laboratory technology of ceramics production 

by using the hot casting method of thermoplasti~ slips in 

the metallic moulds which allows operation with limited 

quantity of raw materials. 

The similar process is used together with others under 

industrial conditions for production of spark plug 

insulators and ceramic parts of sophisticated configuration. 

As a feedstock for ceramics the charge mix with spec~al 

grade alumina with 96% of ol-Al203 and m0norrystal s:~e in 

the range of 3.5-4.0 micron and demestic mineralisers 

~helping to reduce the sir.tering temperature): quarty sa~d. 

calcinm carbonate and magnesium hydroxide. 

Charge was dry ground in a vibromil BH-50 (Soviet madel 

using metallic balls with the grinding bodies to material 

ratio being 10 to 1 by weight. Optimum grinding time was 

found. Specific surface area of the resulting powder was 

17500 cm2/g. 

In the process of charge grinding the specific surfac~ 

area of the powder, pressed product density, sintering 

degree of pressed products after each grinding according to 

the methoc elaborated in the sintering laboratory of 

ceramics. 

A casting slip was prepared out of ground powd~r. 

parraf ine, petrolatum. max and oleinic acid after havir.g 

optimum conditions of grinding. The ratio of binding 

components was selected on the basis of size distribution of 

the ground charge. Components ratio of the binder was 

selected on the basis of dispersion degree in vibrovacuum 

mixer at 90-95•c during 1.5 hr Cmixer in based on vibromill 

of domestic productio~ BH-8). 
Moulded insulators and ceramic specimens were treated 



to remove the technological bond by packing with commercial 

(metal-grade) alumina. Boxes with semifabricated products 

and alumina were placed in the chamber furnaces with sellite 

heaters and the calcination was performed according to 

special conditions. The final temperature of the 

technoloaical bond removal was 950-lOOO•c and retention time 

at this temperature was 5 hrs. 

Then insulator moulds and ceraaic specimens were 

treated to remove technological bond by packing with 

commercial grade (cell-grade) alumina. Boxes with 

semi-fabricated and alumina were placed in the chamber 

furnaces jwith sellite heaters and calcination was performed 

ac~ording to special regime. The final temperature of 
• technological bond removal was 950-1000 C and retention time 

in it S hrs. 

Then semi-fabricated pr0ducts deprived of the bond were 

subjected to high temperature calcination in tunnel furna~es 

in protective atmosphere. Special heat treatment conditions 

were selected for ceramics to obtain necessary physical and 

thermal conditions of materials. The calcination temperature 
• was 1680 C, interval between the capsules with insulators 

being 15 min.Retention time at final temperature was 25 min. 

Physical and technical characteristics of the produced 

ceramics and insulators were: 

and 

mechanical strength, kgf /cm2 

electrical strength of insulators. kV 

apparent density, g/cm3 

average crystal size. micron 

amount of glass phase, % 

38 

3.76 

7 
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As a result of the final stage 

assembled spark plugs of two 

we prepared the cores 

types W67D and W7D 

acco1iing to Besch classification which were 3ubmitted to 

the Iranian 5ide for common testing. 

8. RUNNING TESTS OF SPARK PLUG INSULATORS 
IN fRANIAN AUTOMOTIVE INDUSTRY 

According to the Contract on fabrication from Iranian 

I~ 



alumina of spark plug insulators the spark plug insulators 

have to undergo testing in the Iranian automotive industry. 

During dispatchina of Soviet experts to IRI it became 

clear that Iranian side does not possess the equipment for 

plugs testing. The Customer have put forward the request to 

perform the testina of the deaostration spark pluas 

according to Soviet aethods. Laboratory and operation 

testing of deaonstration spark plugs with insulators made. of 

ceramic consisting of special alumina made of cell-grade 

alumina received from Iranian side were carried out using 

equipent and methods of Ceramics Labratory. 

6.1. Testing program 

50 demonstration spark plugs of four types: A14DB. 
A17DB. A14DBP an~ Al7DBP fabricated in plug depar~ment of 

NI IAE. 

Spark plug A14DB based on ceramics from Ir~nian 

alumina - 20 pieces. 

Spark plug Al7DB - based on ceramics from Iranian 

alumina - 20 pieces. 

Spark plug A14DBP based on ceramics from Iranian 

alumina with incorporated interference suppressing resistor 

- 5 pieces. 

Spark plug A17DBP - based on ceramics from Iranian 

alumina with incorporated interference suppressing resistor 

- 5 pieces. 

The testing of demonstration spark plugs was made to 

prove their correspondence to requirements of standards 

OST 37.003.081-87 for spark plugs. Besides, 100 evaluate 

lifetime and stability of incorporated interference 

suppressing resistor. 

Here the following scopH of work was done: 

tegtin1 of continuity of s~ark 

verification of gas leahages, verification of 

and heating verification; 

generation. 

testinj of electrical resistivity ¥alue of the 

interference suppressinl resistor incorporated into the core 

14 



of spark plug, 

4.0-12.0 k Ohm; 

the value which has to be within 

- determination of lifetime -

testing in the motor VAZ-21011 with 

between electrodes and resistor 

100 hrs. 

100 hr of operation 

measurement of gap 

values every 33.66 and 

8. 2. Hethod of testine 

Laboratory testing of spark plugs as · for item l was 

performed according to method as in standard OST 

37.003.081-87 "Spark plugs··, as for item 2 according to 

specification TU : .· .101. 0074083 ··spark plug FE65P and FE65 

PR"", as for iter 3 according to method of selection of 

~?ark plugs for 4 tact carburattor engines .. elaborated by 

NllA. 

8.3. Testing results 

8.3.l. Testing of continuity of spark generation by 

spark plugs as for item 1 has shown that spark plugs have 

performed well. the spark generation was continuous at the 

pressure of gas surrounding plugs electrodes being 8.5 + 0.5 

kg/cffi2. the gap being 0.60 + 0.1 mm. 
8.3.2. Checking of gas leakage through the joints of 

spark plug parts as for item 1 has shown that the spark 

plugs have withstood the testing, the gas leakage was not 

observed with pressure drop 200 + 0.5. 
8.3.3. Checking of burn-off number as for item 1 was 

performed at four Al4DB plugs, numbers 21, 22. 23, 24; four 

Al7DB plugs. number 25, '26, 27, 28 and one spark plug of the 

types Al4DBP and Al7DBP. correspondingly numbers 29 and 30. 

Burn-off numbers of the proved plugs iives the 

following values - N 21 - 15,6; N 22 - 14,7; N 23 14,7: 

N 24 - 14,2; N 25 - 16,l; N 26 - 16.7; N 27 - 18,0; N 28 

17.9; N 29 - 15,1; N 30 - 17,3. 
The obtained results allow to draw conclusion that 

plu's with serial numbers 21, 22, 23, 24, 29 correspond to 
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the spark plugs W8D (R), plugs with serial numbers 25. 26. 

27. 28, 30 correspond to plugs W7D CR) according to Bosch 

companies classification. 

8.3.4. Checking of the heating of the screwed in part 

as per item 1 was performed on three spark Plues from each 

lot. The results showed that spark plucs correspond to 

technical requirement, i.e. have remained tight and assure a 

uninterrupted spark generation. 

8.3.5. Spark plugs of A14DBP and A17DBP types numbers 

29, 31, 32, 33, 34 and 30, 35, 36, 37 and 38. 

N of spark plug Initial rE!'Sistance Resistance after-

sparking 

29 9.2 8.1 

31 8.8 '7 • 
'. u 

32 7 ,., . '- 6.2 

33 8,4 7,7 

34 6,0 5 ,., . '-
3(: 5,7 5. (t 

35 6.1 5.2 

36 7,5 6.2 

37 8,0 7,2 

38 7,5 6.9 

The sparking was performed at a stand with pulse 

voltage amplitude 20 kV and 50 Hz during 1 min. 

8.3.6. Lifetime testing was performed at VAZ 21011 

engine during 100 hours. 

Two types of spa· k plugs were tested: A17DB and Al7DBF. 

four pieces of each type. The results are given in Table. 

N of Initial resis- Resistance Resistance Resistance 

spark tance k Ohm/ after 33hrs after 66 hrs after 100 hrs 

plug gap mm k Ohm/gap mm k Ohm/gap mm k Ohm/gap mm 

25 /0,65 /0,66 /0,66 /0.67 

26 /0,62 /0,62 /0,63 /0,64 

27 /0,62 /0,63 /0,63 /0,64 

28 /0,60 /0,61 /0,62 /0,63 
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30 5,0/0,59 4,6/0,59 ·i,6/0,6(1 4,6/0,60 

35 5,2/0,62 4.1/0,62 5,0/0,62 5.l/O,El3 

36 6.2/0,63 5,6/0,63 5,8/0.63 5,7/0,64 

37 ';,2/0,6! 6,0/0,61 5,4/0,61 5,2/0.62 

'tne testing have shown that the trial spark pluas with 

ceramic insulator from Iranian alumina correspond to 

technical requirements of the standard OST 37. 003. 081-67"" 

Spark plugs'", of the specification TU 37 .101. 0074-83"". Spark 

plugs FE 65P and Fe 65PR. 
By thermal characteristics the spark plug Al4DP 

corresponds to the spark plug W8D, and the spark plug Al7DB 
to the spark plug W7D according to Bosch classification. 

The electrode wear in lifetime testing meets the 

r~quirements for spark plug valid in the USSR. 

9. TECHNOLOGICAL PROCESS OF SPECIAL GRADE 
ALUMINA PRODUCTION 

9.1. Raw materials 

9.1.1. Cell-grade alumina (imported from Turkeyi 

/, -Al203 content 25% 

Na20 0.45% 

Specific surface area 

Average particle diameter 

43 .1 m2/g 

61.3.Jt 

9.1.~. Aluminium fluoride. Supplied from aluminium 

smelter in Arak. 
9.1.3. Sulphuric acid (imported) H2504 content 98% 

9.1.4. Natural gas 

High heating value 

composition: CH4 - 84% 

C2H6 - 16% 

specific weight 

9. 1. 5. Water (from existing 

Temperature 

Pressure 

9. 1. 6. Power (from existing 

VoJ..tage 380 v 

10370 kcal/m3 

0.65 kg/m3 

system I 
• 15 c 

4 kg/cm2 

network) 
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Frequency 

3 phase 

9.1.7. Water steam (from 

Pressure 

Temperature 

9.2. General flowaheet. 

50 Hz 

existina boiler) 

10 kg/cm2 

25o•c 

(drawing N 1398860,p.1,appendj4 5) 

lhe aeeolv calcined alumina (special alumina) is 

IS 

ornctucP.d at 1250-l]OOo C in rotarv IC~ln b_v ca!cinat1on ot 

cP.I t er~nP ftluminrl wasned with the so1ut1on or ~u1phuric 

ar1n to remove alka11 in the presP.nCP. ot the m1nerat1zer. 

lhP. tn1t1a1 cell erade a1um1na 1s tea rrom tne r~ce1~ing 

r11L en: c.<rfO'w t<>PdPr I. into thP m~x<'r wherP it i" m1xP<1 w1tn 

tn,. <iulpnur1< it•~lt1 ancJ arrl\'P.'i into the tifnK 1 ~<ltl~ppen w1tn 

thP m1xer. 

lhe sulphuric acid 1s pumped through the recPJvPr i4 ~~ 

tne centritu~al pump lb into the receiving tank 17, trom 

wnen~ it is pumpP.tl b.v necess1t\' b\' the p1Jmp IH into the tan" 

19 witn the mixer where the solution ot sulphuric acid is 

preoared. lhe diluted sulphuric acid is pumped bv the pump 

20 throu~h the measuring tank 21 into the tank 3. 

The readv ~I urrv is pumpP.d h_v the p11mp 4 to t hP. 

tlltration tor ~P.paration and washing ot ttif- sf'"diment on the 

t>~nd tilter 5. 

I he used ac i <1 i c, col I Pr t ed in the m 1 xer where t hP. b11rne<1 

llmf'c.t<ine is tf'd tnot. shown in the diagram). Atter mix~n~ 

tll~ rPt'trtion nrodur.ts dre tlown into the second mixPr thP 

o\·ertlow ot wh1rh is d1spo~e<1 ot 1nto the drain, and the 

ltw t'tl11m1n,'\ Wi'l~t1+"d trom thP. ttlkal1 1n the torrr. ot wet 

dt t ht> sdn1e t 1 mP. t>v the reeder .U the m1 nerd Ii 7.P.r. I hP. rP.~<1\' 

mixt11rP. is conv~ved by the teec1er :n into ti-shaped ascen<11n~ 

hr., n r. h .") t t he ~., s <1 u r. t . Her f! t "'k P. 'i p I "'c e t he <1 r v 1 n ii n r 

1n1ti.,I m11tPridls in suspended stc'ltP. ttnd the rect11ct1on or 

thP. tlue ~.,'i temperature. 



fhe dried material is separated trom gases in the 

cvclonP lK ttn~ ttrr1ves by gravitv into rotarv kiln l5 where 

tnP tltf· ht-.;tiniz. calc1natio11 dnt1 recrv1..,,ta.l17.ntiu11 toke~ 

pldt'P.. 

h rttlcinP<l ~oecittl alum1ntt is coated in the drum I t' 

iti ": r n ".;ter sorttvec1 Ci\~P.. l hP. C"l)O I t"?O nrn<lHCl 

tttum1r•"' l"- Tf"1 r1\· pnPumat1c- dPv1ces J"> into tht• .;,ilo 

"'\" 1oa.::11n~ ma1·n1n.-•.;, 41 11 is ror rP~av oronuct. trnm wh~re ,, 

pa~~PO into ba~5 rtnd 5h1pped. 

For rejected aluaina the separate silo is provided which is 
also equipped with loadini aachines. 

Waste ggses froa the kiln after cyclone 28 are dedusted in 

ESP 30 and sent to air by f411 31. The collected dust is 
returned to the process. 

Fuel is burned in discharae part of the kiln in air strellll 
supplied by fan 27. Supply of aineralizer to discharge part 
of the kiln has been provided for in the project. 

Aluaina dust has adsorbtion ability to fluor, which aives 
opportunity to practically fully adsorb f luor f ron waste 
ga3es by circulation. Experience of special alumina 
production in kilns shows that waste a as es 
contains f luor within permissible limits. 

Finished product is sent to 
transportation, then loaded 
consumer. 

9.3. Major process equipaent 

The najor process equipment is: 

- for washina of alkali: 
belt conveyor 

- for calcination: 
rotary kiln 
drua cooler 

electrostatic precipitator 
induced draft fan 

receivina bin 
in sacks and 

sent to air 

by pneumatic 
shipped to 
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I tea Deacription Qty Unit Total 
weight 

1 Conveyor 8•400 aa 1 

2 Screw feeder 160 •• di• 1 620 620 

3 Kixer Y•l a3, 11•1.S kW 2 630 1260 

4,9,11, Acid-proof puap Q•8 a3/h 10 165 1650 

13,18,20 H•30 • <centri:fugal> 

s Belt :fil.tar, F=l.8 a2 1' 1930 1930 

6 Receiver, V•1 a3 1 344 344 

7 Trap Vs0.4 a3 1 200 200 

8 Vacuua puap 0•12 Na3/ain, H=30 kPa 1 1000 1000 

10.12.19 "ixer V•2 a3, N•3 kW 3 1340 4020 

14 Receiver, 500 dia x 6 • 1 540 540 

15 Vacuua puap Q=12 Na3/ain, H=30 kPa 1 1000 1000 

16 Acidproof centrifugal puap Q=40 a3/h 1 630 630 

H=12 a 

17 Tank, 4.5 a dia x 4.5 a 1 4920 4920 

21 "eaauring tank V•0.1 a2/h 1 165 165 

25 Rotary kiln 1600 •• dia, L=20 a 1 20045 2004~ 

26 Drua cooler 1200 •• dia, L=16 a 1 14850 1485( 

27 Fan Q=lOOO a3/b HsS-6 kPa 1 200 200 

28 Cyclone TaN-15, 600 •• dia 1 500 500 

29 Cyclone TaN-15, 400 •• dia 1 260 260 

30 Electrostatic precipitator 1 13900 1390: 

Q=lOOOO a3/b, ts350 deg.C 

31 Fuae exbauat fan l 800 800 

QslOOOO a3/h, H•3-3.5 kPa 

32 Screw conveyor, 200 aa dia, 1 400 400 

33 Weightoaeter, Q=0.4-2 kg/h 2 400 800 

34 Air lift 100 •• dia, Q=3 t/h 2 150 300 

35 Jet puap 100 •• dia 2 250 500 

36 Electric hoist, Q=l t 1 250 250 

37 Screw conveyor, 200 •• dia, 1 1200 1200 
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I tea Deacription Qty Unit Total 
weight 

38 Rotary feeder. 150 •• die. 4 200 800 

~ Bag filter 5•60 a2 2 2060 4120 

40 Fan Q•3500-4800 a3/h. H•2.2 kPa 2 500 1~ 

41 Electric hoiat. Q• 3.2 t 2 650 1300 

42 Begging aachine Q• 200 baga/h 4 800 3200 

44 Bulk aeterial aeter Qs 0.2-2 t/h 1 400 400 

47 Belt coftveyor 8=650 •• 1 1600 1600 



3.4. Process parameters 

Productivity of the unit in special grade alumina 

400 kg/h 

Filter productivity in alumina 

Duration of acid treatment 

Water content in filter cake 

Temperature of alumina discharge 

Stack gases 

cooled special 

grade alumina 

9.5. Product quality 

0,5 kg/h 

40-60 min 

25-:10% 

12so-13oo•c 
.• 250-30u c 

• 80-100 c 

In the process o• high t~mperatur~ processing of 

cell-grade alumina the special grade alumina with the 

following characteristics is obtained: 

J,, -Al203 content 

Na20 content 

Sp~cif ic surface area 

Average particles diameter 

9.6. Main operating performances 

Unit's performances 

Consumption of 

cell-grade alumina 

fuel 

aluminium fluoride 

sulphuric acid 

compressed air 

hot water 

fresh water 

power 

9.7. Capacity and location 

95% 

(I. 1% 

1.0-1.5 m21g 

1.5-2,0.J'f 

3000 tpy 

3600 tpy 

697000 m3/year 

18 tpy 

36 tpy 

4500000 m3/year 

5400 m3/year 

20000 m3/year 

1000000 kWh/year 

The initial capacity of the unit accordina to the 
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Contract was 1000 tpy of special grade alumina. On request 

of Iranian side the capacity was to be expanded to 3000 tpy. 

Two areas were considered for the location of unit: 

- Qazvin in the industrial region of Albar (150 km to 

the west of Tehran) at site of existing spark plug 

production of IAAI; 

- Arak, at site of existing aluminium smelter of 

IRALCO. 

Taking into consideration that the special grade 

alumina production is organized for fabrication of ceramic 

insulators for spark plugs it was decided jointly with 

Iranian side to locate the production unit in Qazvin at the 

site of IIAI spark plug producti0n plant. 

Climatic conditions at the site are: 

maximum temperature 

minimum temperature 

precipitat.ions 3 :)(. m ... : ye<>.r 

duration of heating season 4 month 

The location of the unit at plant si~e is shown on th~ 

drawing N 1398860. p.3 (appendix 7). 

The equipment f lowsheet is exposed on drawings N 

1398860 pp.1-3 (appendixes 5-7). 

9.8. Recommendations for grinding and separation of final 
product 

According to the world 
alumina can be added with 
for pneumatic separation 

improve its properties. 

practice production 
grinding equipment and 
of special alumina, 

of special 
equipment 

which can 

Vibration or jet mills can be used for the purpose . USSR 
has experience to use jet mills for grinding of special 
aluminas. Usina the method special quality alumina with more 

suitable arain size can be produced and shipped. In Germany 
supply vibration mills are used which aives opportunity to 

to customers the product with more stable 1rain 
Besides, preliminary around special quality alumina is 

expensive in case of its sellina in world market. 

size. 
more 
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10. FINANCIAL AND ECONOMIC EVALUATION 

10.1 General 

The eatiaatea baaed on the aajor criteria aaauaptiona 

aubaitted by Cuatoaer <IAAI coapany> in January 1991 <Appendix 2> 

are prepared by application 0£ th• COKFAR prograa. 

The eatiaation reaulta contain: 

- initial and working capital requireaenta; 

- project financing aourcea; 

- production coata; 

- caah £low tablea; 

- loaa and profit account; 

- diacounted cash £low; 

- project balance aheeta. 

10.2. Capital requireaents 

10.2.1 Initial capital 

for preliainary estiaate of the capital investaent at this 

project stage in accordance with the Meaorandua of January 17, 

1991 <Appendix 1> it waa assuaed that the aajor procefta equipaent 

for production of special grade aluaina will be iaported froa the 

USSR, and construction will be carried out by Iranian 

organiaationa. The initial capital includes pre-operational 

expenses <project developaent>. 

The coat of the aajor proceaa equipaent ia eatiaated on the 

baaia of the weight and world aarket prices of certain iteaa of 

the equipaent and aachinery available in VAMI end experience in 

iapleaentation of foreign pl~jecta. 

Equipaant inatalletion coat waa eatiaated et 15~ of the 

equipaent coats. 

Civil construction coat eatiaate ia baaed on the quantities 

of worka, type and unit rataa subaitted by Iranian counterpart 

<Appendix 2, para 13.1>. 

Project iapleaentetion coat• include• eatiaated coat• of th• 

engineering, know-how fee, technical 

auperviaion and aiacellenaoua work. 

aaaiatan~e, deaign 
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Contingency at 15% of the eatiaated coata waa ftdded in 

evaluation of capital requireaenta. 

Suaaary eat~aete of the initial capital inveataent ia shown 

in Table 10.1. 

Table 10.1 

Eatiaate of Initial Inveataent Coat 

25 

I tea Deacription Capital requireaenta. US S 000 

1 

1.1 

1.2 

1.3 

2 

2.1 

2.2 

2.3 

3 

3.1 

3.2 

3.3 

4 

5 

Major pr~uction facilities 

Equipaent end aateriala 

with: trenaport 

Equipaent inatallation 

with: t~enaport 

Civil worka 

Total of 1 

Support end euxilie~y 

facilities 

Equipaent end aateriala 

with: tranaport 

Equipaent in6tallation 

with: transport 

Civil works 

Total of 2 

Whole plant coaplex 

Equipaent end aateriala 

with: transport 

Equipaent inatallation 

with: transport 

Civil worka 

Total of 3 

Pre-operational expenaea 

Total of 3+4 

Contingency 

Overall 

Local Foreign Total 

260 

25 

380 

640 

300 

35 

30 

5 

270 

600 

300 

35 

290 

30 

650 

1240 

900 

2140 

320 

2460 

1760 

175 

1760 

1760 

175 

1760 

1760 

265 

2025 

1760 

175 

260 

25 

380 

2400 

300 

35 

30 

5 

270 

600 

2060 

210 

290 

30 

650 

3000 

900 

3900 

585 

4485 



10.2.2. Working capital 

Capital requireaenta for the plant atartup and eatabliahaent 

of required atocka are eatiaeted froa experience on the basis of 

production quenititiea end coata of products et S360,000. 

10.2.3. Total inveataent 

Total capital requireaent for construction of the special 

grade eluaine plant in Iran ia eatiaeted at 84,845,000 'including 

contingency>, with: 

- equipaent and aaterial - S2,370,000; 

- civil work• end equipaent inatellation - Sl,080,000; 

- pre-operational expenses - 81,035,000. 

10.3. Project financing 

In accordance with the aejor criteria aaauaptiona <Appendix 

2, para 12.10 - 12.11> the capital investaent will be financed as 

_follows: 

30~ - local funds; 

70~ long-tera credit <foreign - for •ajor process equip•~nt 

and •ateriala purchase; local - for civil works and equip•ent 

inatallation, etc.> 

Working capital will be funded fro• local funds <25~> and 

long-tera credit <75~> <Appendix 2, para 14.9>. 

Distribution of inveataenta by financing aourcea ia aa 

follows CS 000>: 

a> initial capital; 

- equity - 1345 

- long-tera foreign credit - 2025 

- long-tera local credit - 1115 

b> working capital: 

- equity - 90 

- ahort-tera local credit - 270 

It waa aaauaed that: 

- dividend• on equity are ignored; 
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- £oreign credit will be granted £or 5 yeara at 10~ interest, 

repayaent to atart froa the £irat operating year in equal 

in:tallaenta; 

- long-tera local credit will be granted at 14~ interest, 

repayaent to atart in 12 aontha a£ter atart 0£ the plan~ in equal 

inatallaenta £or 5 yeara <Appendix 2, para 12.10-12.11>; 

- short-tera local credit will be granted for 1 year et 14• 

interest <Appendix 2, para 14.9>. 

10.4. Labour 

In accordance vi th para 8.1, 8.2, 10.2. i2.4 0£ the aajor 

criteria aaauaptiona <Appendix 2> eatiaate 1• a a de 0£ labour 

requireaenta £or production 0£ the planned quantity 0£ special 

grade aluaina in thia Section. 

Nuaber of the ••in production workers <22 persona> ia 

calculated on the basis of the acope 0£ the proposed equipaent 

and operation of the plant Ccontinuoua, three .8-h 

operation>. 

shift 

For aaintenance and saall repair• of the equipaent a repair 

crew of 7 peraons ia provided. It ia aaauaed that scheduled 

repairs and fabrication of apare parta will be effected by 

special aervicea of the plant or aubcontractora. 

Operating personnel of the special grade aluaina plant will 

include an express laboratory ataff <14 people> for raw aaterial 

and finished product quality control.· 

Engineering aup~ort of the special grade aluaina production 

technology will be provided by the plant personnel. 

"anegeaent of the operating personnel for production of 

apecial grade aluaina ia by ahift superintendent Cforeaan>. 

Thua total labour requireaenta are 44 peraona, with 43 

workera. For the aanning table refer to Table 10.2. 
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Table 10.2 

Manning Table of Special Grade Aluaina Plant 

It.ea Profeaaion,, Work Cat. Shift Tot.al Conver.Kan on 

position day I II Ill factor roll 

1 Foreaan 8 • 1 1 1 

a> raw aaterial preparation 

2 Filter operator 8 ··" 1 1 1 3 1.6 5 

3 Puap operator 8 a.w 1 1 1 3 1.6 5 

b) calcination 

4 Calcination 8 a.w 1 1 1 3 1.6 s 
operator 

s Gaa filter 8 a.w 1 1 1 3 1.6 s 
operator 

6 Pneuaatic sys tea 8 a.w 1 1 2 1.17 2 

operator 

Total of aain 

production workers 4 s 5 14 22 

c> aaintenance 

7 Fitter 8 r.w 1 1 1 3 1.6 5 

8 Electrician 8 r.w 1 1 2 1.19 2. 

d> expreaa laboratory 

9 Cheaiat 8 a.w 1 1 1 3 1.6 s 
10 Crystal optic 8 a.w 1 1 1 3 1.6 5 

analyat 

11 Lab aaaiatant 8 a.w 2 2 1.19 2 

12 Quality inapector 8 a.w 1 1 2 1.19 2 

Total of auxiliary 

worker a 3 7 s 15 21 

Total of plant 7 13 10 30 44 

Note: • - auperviaor 

a.w - aain production worker 

r.w - repair work•r 

a.w - auxiliary worker 



10.S. Production costa 

Production coats include the following coat iteas: 

a> raw and other aateriala: 

b> fuel and utilitiea; 

c> labour coat; 

d> aaintenance and repair aeteriala; 

•> plant overheada; 

f> edainiatrative overheada; 

g> financing coata; 

h> depreciation. 
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10.s.1. Costa of raw aaterials, aaterials, fuel and utilities 

These coata have been eatiaeted on the baaia of consuaption 

figures shown in section 9.6 and prices of these iteaa. 

Coat of cell-grade aluaina aay be aaauaed by the average 

world aarket prices including transport charges for delivery to 

tne plant at S300/t, and coat of aluainiua fluoride - at 51260/t. 

Filter cloth coat ia included in the expenaea at S2.5/a2, 

coapressed air - at S0.86/1000 Na3 <based on power costa, powar 

deaand for production of coapresaed air and percentage of power 

coat in the total production coat of coapreaaed air>. 

Costa of sulfuric acid <S93.751t>, natural gaa CS12.S/1000 

Na3>, electric power <S6.25/1000 kWh> and water <812.5/1000 a3> 

were aaauaed in accordance with para 12.1 and 12.2 of the aajor 

criteria aaauaptiona. 

Annual coata of raw aaterial and aateriala aaount to 

Sl,102,800, fuel and utilitiea - 917,200. 

10.5.2. Labour coats 

Average annual salary and wagea of the peraonnel of the plant 

including all beneiita and additives are aaauaed in accordance 

with para 12.5 of the aajor criteria aaauaptiona at 2 aillion 

Reala CS2500> for workera and 4 aillion Real• C95000> for the 

foreaan. 

The annual aalary fund of the peraondel 1• 8112,500. 



10.5.3. "aintenance and repair aateriala 

The coata in accordance with para 12.4 of the aajor criteria 

aaauaptiona were aaauaed at 3~ of the plant inveataent to aaount 

to Sl34,600 per annua. 

10.5.4. Overheada 

In accordance with para 12.9 of the aajor criteria 

aaauaptiona the plant overheada are aaauaed at 15• 0£ the coata 

liated in para 5.1-5.3, which aaounta to S205,100 per year, and 

adainiatrative overhead• <10% 0£ the above coata including plant 

overheada> - S157,200 per annua. 

10.S.5. Financing coata and depreciation 

Costa listed in para 10.S.1-10.5.4 are the operating coats of 

the plant aaounting to Sl,729,400 per annua. 

Be~ides, they include financing costs <interest payaent on 

loaned capital> and depreciation. 

Financing expenses were deterained on the basis of the credit 

teras <see para 10.11, 10.12, 14.8 and 14.9 of the aajor criteria 

aaauaptiona>. 

Depreciation ia calculated in accordance with para 12.7 of 

the aajor criteria aaauaptiona. 

Diatribution of the coata by operating years is shown in 

following Tables <Appendix 3>. 

10.6. Financial and econoaic f igurea 

For calculation of the financing and econoaic 

eatiaate the profitability of the eatabliahaent of 

grade aluaina plant in the Ialaaic Republic of Iran 

data waa aasuaed: 

figures to 

the special 

the following 

a> coat of special grade aluaina for production of spark plug 

inauletora - Sl200/t; 

b> conatruction ti•• of the plant - 1 year; 

c> operating life of the plant - 15 yeara; 



d> plant profit tax was calculated in accordance with para 

14.1 of the aajor criteria aaauaptiona atarting fro• the 5th 

operating year. 

Table• calculated with application 

ahowing the aain financial and econoaic 

Appendix 3. 

of COKFAR prograa 

figure• ere given 

Table 10.3 ahowa auaaary of the baae caae eatiaatea. 

and 

in 

For deaonatration purpoaea Figure 1 ahowa the atructure of 

production coata of the plant, Figure 2 - breakeven point with 

ainiaal level of the capacity utiliaation while aaintaning 

profitable operation of the plant. 

Thua, the above reaulta indicate the high viability of the 

eatabliahaent of the special grade production facility in Iran 

for fabrication of aperk plug insulators. 
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Table 10.3 

Main £inancial and econoaic figure• of the project 

I tea 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

Description 

Annual output of apecial 

grade aluaine 

Sale• of annual output 

of finiahed product 

Initial capital 

with: local funds 

Unit 

t 

• 000 

• 000 

s 000 

Working capital S 000 

with: local funds S 000 

Interest during construction S 000 

Total personnel aan 

with! workers aan 

Annual labour costs s 000 

Average annual production coats: 

a> total S 000 

with: 

b> operating coats 

c> financing coats 

d> depreciation 

Average annual plant profit! 

s 000 

s 000 

$ 000 

- groaa <para 2-8<b>> S 000 

- net <after tax> S 000 

Payback period of initial year• 

capital with gross profit 

<incl. construction period> 

11 Internal rate of return on: 

- total capital 

- equity 

12 Breakeven point 

" 
" 
" 
t 

Value 

3000 

3600 

4485 

1345 

36() 

90 

198.2 

44 

43 

112.5 

2112.2 

1729.4 

83.8 

299.0 

1870.6 

282.6 

3.4 

31.2 

SS.8 

38 

1140 

34 



10.7. Senaitivity analyaia 

To evaluate atability of the project with respect t~ 

fluctuation of the aajor £actora affecting ita viability <apecial 

grade aluaina pric••• production coat and capital inveataent> 

there waa provided a aenaitivity analyaia. 

Fig. 3 ahowa ita reaulta with d~viation of the above 

paraaetera in range froa •20- to -15~ froa the baae. It waa shown 

that the IRR ataya above the ainiaua peraiaaible level <Appendix 

2. pare 14.13 0£ the aajor criteria aaauaptiona> 0£ 20- in all 

the considered -~aaea except ~or drop in apecial grade aluain& 

price by aore than 10~ of the preaet £igure. 
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IQ.I. PROJECT IMPACT ON NATIONAL ECONOMY 

To assess project iapact on the econoay of the lslaaic 

Republic of Iran eatiaatea of the gross doaestic value added 

product CGDVA>, net doaeatic value added product CNDVA>, net 

national value added product CNNVA>, and undistributed NNVA were 

provided. 

The eatiaatea were provided by aeana of the ECBA aodule of 

the COKFAR prograa on the baais that the plant product will 

replace the currently iaported product. 

The aagnitude of GDVA ia calculated ea a difference between 

Sales revenue and Operating coata leas Wages. 

NOVA was calculated ea a difference between GDVA and 

Depreciation. 

The aagnitude of NNVA is calculated by deducting repatriated 

peyaents fro• NOVA: Interest and Repeyaent on foreign loan. 

Rate of the undistributed NNVA is calculated by deducting 

Labour costs, Interest on local credit and Incoae tax fro• NNVA. 

For results of the calculations refer to Table ID.~. 

The structure of the indicators considered is shown in Fig. 4 

<for the 4th operating yecr> and Fig. 5 <for the 6th operating 

y&ar>. 

Thus, establ1shaent of the special grade aluaina production 

facility in Iran will allow accuaulation of GDVA in aaount of US 

S29.75 aillion, NOVA in aaount of US S25.26 •illion, NNVA in 

aaount of US S22.53 •illion, and undistributed NNVA in aaount of 

US S6.75 aillion. Hence, each dollar invested in the construction 

of the plant will bring the NNVA in aaount of US 

<6.1f: 4.485>. 

The structure of NNVA (% of GOVA> is ea follows: 

GDVA 100 

NOVA 85 

NNVA 76 

Salariea 6 

!ntereat 2 

Tax 45 

Undistributed NNVA 23 

$1.5 
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d> plant profit tax was calculated in 

14.l of the aajor criteria aaauaptiona 

operating year. 

Table• calculated with application 

ahov~ng the aain financial and econoaic 

Appendix 3. 

accordance with 

starting froa the 

of COKFAR prograa 

figure• are given 

Table 10.3 ahowa auaaary of the baa• ca .... tiaatea. 

para 

5th 

and 

in 

For deaonatration purpoaea Figure 1 ahowa the atructure of 

production coat• of the plant, Figure 2 - breakeven point with 

ainiaal level of the capacity utilisation while aaintaning 

profitable operation of the plant. 

Thua, the above reaulta indicate the high viability of the 

eatabliahaent of the special grade production facility in Iran 

for fabrication of apark plug insulators. 
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I tea 

1 

2 

3 

4 

s 
6 

7 

8 

10 

11 

12 

Table 10.3 

"air. financial and econoaic figurea of the project 

Deacription 

Annual output of apecial 

grade aluaina 

Salea of annual output 

of finiahed product 

Initial capital 

with: local fund• 

Working capital 

with: local fund• 

Unit 

• 000 

• 000 

• 000 

• 000 

s 000 

Intereat during conatruction S 000 

Total personnel aan 

with: workers aan 

Annual labour costa $ 000 

Average annual production costs: 

a> total $ 000 

with: 

b> operating coats s 000 

c> financing coata S 000 

d) depreciation S 000 

Average annual plant profit: 

- groaa Cpara 2-8Cb>> s 000 

- net <after tax> 

Payback period of initial 

capital with groaa profit 

Cincl. construction period> 

Internal rate of return on: 

- total capital 

- equity 

Breakeven point 

• 000 

year a 

" 
" 
" 
t 

value 

3000 

3600 

4485 

1345 

360 

90 

198.2 

44 

43 

112.5 

2112.2 

1729.4 

83.8 

299.0 

1870.6 

282.6 

3.4 

31.2 

55.8 

38 

1140 

• 

34 

• 



10.7. Senaitivity analyaia 

To evaluate atability 0£ the project with respect to 

fluctuation of the aajor factor• affecting it• viability <apecial 

grade aluaine pricea, production coat and capital inveataent> 

there waa provided a aenaitivity analyaia. 

Fig. 3 ahowa ita reaulta with deviation of the above 

pereaetera in range froa •20- to -15- froa the be••· It waa ahown 

that the IRR ateya above the ainiaua peraiaaibl• level <Appendix 

2, para 14.13 of the aajor criteria eaauaptiona> of 20- in all 

the considered ceaea except for drop in apecial grade eluaina 

price by aore then 10- of the preaet figure. 
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• 

To aageaa project iapact on th• econoay of th• Ialaaic 

Republic of Iran eatiaatea of th• groaa doaeatic value added 

product <GOVA> • net doaeatic value added product <NOVA>. net 

national value added product <NNVA>. end undiatributed NNVA were 

provided. 

The eatiaatea were provided by aeana of the ECBA aodule 0£ 

the COKFAR prograa on th• baaia that the plant product will 

replace the currently iaported product. 

The aagnitud• of GDVA ia calculated aa e difference between 

Salea revenue and Operating coata leaa Wagea. 

NOVA waa calculated aa a dif£erence between GDVA and 

Depreciation. 

The aagnitude of NNVA ia calculated by deducting repatriated 

payaenta froa NDVA: Interest and Repayaent on foreign loan. 

Rate of the undistributed NNVA ia calculated by deducting 

Labour costa, Interest on local credit and Incoae tax froa NNVA. 

for results of the calculation• refer to Table ID.~. 

The structure of the indicators considered ia shown in fig. 4 

<for the 4th operating year> and fig. S <for the cth operating 

year>. 

Thua, eatabliahaent of the special grade aluaina production 

facility in Iran will ellow accuaulation of GOVA in aaount of US 

S29.75 aillion, NOVA in aaount of US 525.26 aillion, NNVA in 

aaount of US S22.53 aillion, and undiatributed NNVA in aaount of 

US S6.75 aillion. Hence, each dollar invested in the construction 

0£ the plant will bring the NNVA in aaount of US 

( 6. 71' : 4. 485) • 

The atructure of NNVA (% of GDVA> ia aa follows: 

GDVA 100 

NDVA 85 

NNVA 76 

Salariea 6 

Intereat 2 

Tax 45 

Undiatributed NNVA 23 

Sl.5 
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11. CONCLUSIONS 

11.1. Eatabliahaent of the production of special grade 

aluaina for fabrication of apark plug inaulatora with capacity of 

3000 tpy in the Ialaaic Republic of Iran ia a beneficial, highly 

profitable capital inveataent. 

11.2. With the total project capital inveataent of US 

$4,485,000 the average annual groaa prof it will aaount to 

Sl,870,600, which will allow paybeck of the initial capital in 

3.4 years froa start of construction. 

11.3. Profitable operation of the plant ia secured with 

production of at least 1140 tpy of special grade aluaina. 

11.4. Establishment of the p: oduction of special grade 

alumina in the Islamic Republic of Iran will allow in the future 

consideration of construction of the highly profitable large 

scale facility for aeeting demand of various industries in this 

product ard export to the international aarket. 



12. APPENDIXES 
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APPENDIX 1 



Memorandum 

Of stay of V/0 " Technoexport's " team 

in Islamic Republic of Iran. 

(Tehran' January 3-17, 1991) 

Present: 

from Soviet side: 

Dr.S.Sorokine 

G.Kaim 

A.!\emchine 

v.Glazatche\ 

From Iranian side: 

S.Gh.H.Khezri 

Sh.Mashayekhi 

H.tara,.9j- zadeh 

A.Arjangi 

!=' .Heidarpour 

Dr.Ing.r .Moztarzadeh 

UNIOO Project No. XP/IRA/88/0~2 

Contract No 88/139 

Team leader 

V AM I Institute 

Project manager 

\"AM! Institute 

Project Economist 

VAMI Institute 

Ceramics laborator~ man~ge:. 

" Avtoelectronica " ~PO 

Member of boarc. Plants Manager 

I.A.A.I 

Member of board 

I.A.A.I 

R.and D.Manager 

I.A.A.I 

R.and D.Expert 

I.A.A.I 

Commercial Director 

I.A.A.I 

Director 

M£RC 



1. Soviet specialists visited IORO' IAAI' HERC and had discussions 

on the progress of the project. 

Soviet side together with Iranian side discussed the I~terim -

Report and the main concepts of the project concerning both 

special alumina and spark plugs ceramics fabrication. On the 

Basis of additional research data it was confirmed that 

alumina imported from Turkey can be considered as a good 

source of material for production of different types of special 

alumina. Soviet team has also visited IRALCQ Aluminium plant 

in Arak as an alternative site for special alumina production. 

2. According to the Contract Soviet side fabricated 50demons­

tration spark plugs ( types W70 and W8U as per Iranian side 

proposition: from the sample of alumina sent by Iranianside. 

by the terms of Reference for the Co1tractcr these spark plugs 

were to be tested in I.A.A.I. Considering the fact that Iranian 

side is interested mostly in spark plugs ceramics manufacturing. 

attantior was paid to the testing of ceramic properties. Some 

tests were made of the quality of assembled spark plugs with 

the use of bUSCH equipment at IAAI plant in Oazvin.Theseequip­

~e~t is used for assemblence qualit~ contr:l.But due to the 

fact that I.A.A.I does not have all the r~quired facilities 

for spark plugs and ceramics testings it was agreed that 

Soviet side would made all necessary tests at "LABECO"equip­

ment available at Autoelectronics institute in Moscow and 

include the test certificate into the Draft 'inal P.epcrt. 

Simultaneo~sly Iranian side sends samples of the demonst-

ration spark plugs to some other internationally accepted 

spark plugs ceramic manufacturer ror testing in order to 

incluae both certificates into Draft Final Heport. Contractor 

should get the certificate from Iranian sid~not later than 

March 4,1991. 



3. During the soviet team stay Iranian side with consultations from 

soviet side prepared and transfered to Contractor the list of 

• 8asic initial data required for carrying out the investigations 

on opportunity study of special grade alumina production for 

spark plugs ceramic manufacturing. Initially the capacity of the 

plant was determined as 1000 tpy. Iranian side expressed the 

wish to increase the capacity of the plant due to supposed in­

crease of demand for special alumina for spark plugs insulators 

manufacturing. Soviet specialists informed Iranian side that 

the equipment already chosen for the plant makes it possible 

to produce up to 3000 tpy of special alumina. Iranian side 

confirmed the possibility of using this quantity of special 

alumina for manufacturing of spark plugs insulators as well as 

exporting of excessive special alumina. 

Both sides agreed that the economic calculations of the plant 

construction cost will be made by adoption that the supply of 

equipment will be m3de b~ soviet side. 

4. Iranian side informed the soviet side that in future the demand 

for special alumina in Iran may inerease for the use in developing 

electric, refractory, microelectonics industries. Approximate 

demand in special alumina in Iran may be about 20000 tpy for 

manufacturing of different types of ceramics. Soviet side has 

informed Iranian side that this problem may be the subject of 

another contract. 

S. During the discussions held in MERC Iranian side informed soviet 

side about it's intentions to developt the research works in 

the field of special alumina production. Soviet side is ready 

to provide a help in establishing of research work concerning 

this problem. 

r 



c.· 

Soviet specialists express their gratitude to IAAI's management 

for great help in work and their wor• hospitatity. 

fro• Iranian side: Fro• Soviet side: 

Sh. Mamayekhi Dr. S •. Sorokine 

Member of Board T 

A. Arjangi 

Project Manager 



APPEKDIX 2 



Basic Initial Data 

Required for carrying out the investigation·s 

on possibility study of special Alumina 

production. for Insulators of Spark Plugs 

in Islamic Republic of Iran. 

UNIDO Project No. XP/IRA/88/062 

Contract No.: 88/139 

1) 

1.1 

1.2 

1.3 

I.l 

1.5 

1.6 

1.7 

1.8 

2) 

2.1.-2.2. 

2.3 

2.4 

Qazvin - lndust!"ial Regicn Aibors • 1S0kr:: '.\est frorr: 

Tei1ran). The Site of Spark Plugs Fabrication Plant. 

Capacity of the plant - 3000 type of special alumina. 

Alternative site is Arak Aluminium Plant. 

To be prepared for the next stage of project. 

Maximum seismisity of the region is 7 .3 points of Richter 

sea le. 

See annex. 1. 

The site is plane. Height at the sea level is lOOOm. 

To be done according to the Soviet Standards. 

CliE!~~~c_-~~~--~~~~~~rol~g!£~~-~~1~--~-_t"_t:.&_~o-~. 

Maximum temperature + 40°c, minimum - 2s0c. 

Precipitation,, annual rain amounts to JOOmm 

relative hurr1idity of Air: varries from 10~ to 100~ 

during the year. 

--
--··-- .. ·-----~------------------



2.5 

2.6 

2.7 

3) 

3.1 

J.2 

3.3 

J.4 

4) 

4 .1 

4 .2-4 .J 

4.4 

4.5 

5) 

5.1 

5.2 

6. 

6.1 

Not required. 

0 0 Prevailing winds - south east 120 -150 

Duration of heating season - I.. months 

From the existing pipelines and sources of IAAI plant. 

Clean 

15°C 

4kglcm2 

From the existing power supply sources of lAAl planL · 

Not required. 

J80r , 50Hz , three fases current. 

Not required. 

It is required to install additional compressor. 

Existing boiler plant. 

Steam parameters: Pressure - 10kg/cm2 

Temprerature - 250°c 

Alumina from Turkey (sa11e quality as for Laboratory Tests. 

- 2-



6.2 

6.3 

6.4 

7) 

7 .1 

7.2 

7.3 

8) 

8.1-8.2 

9) 

9.1-9 .2 

AlF 3 of the same quality as used at Arak Aluminium 

Plant. 

Natural Gas from existing ~ipeline alumina from Turkey, 

AlF3 and H2SoL from the internal market. 

Density : 0.65kg/M3 

G['oss Calo['ific value of Gas · 10370 kcal/m 3 

Chemical composition : CH
4 

- 84% 

c2H6 - 16% 
ac 

Critical point 380.97 , Critical Pressure ~73.27psi. 

5-7% damp. 

All kinds .Jf Raw ~{aterials are delivered by Lcr:-ies. 

Will be needed for the :"lext stage of project. 

~ot required. 

Workforces 

Necessary man power and qualified personnel are 

locally available. 

Rotary Kiln - ln the open air, its hot and cold ends -

in the buildings. 

Foundations to be made of concrete, ribbon type, 

Walls - from the Bricks, 

~cofs from Asbestos - Cement sheets 

- 3 -



10) 

• 10.1 

10.2 

11) 

11.1 

12) 

12. l 

12.2 

Spare parts mainly to be supplied by Iranian side form 

the market inside the country. 

Repair service to be done by the means of IAAI plant 

with the help of special repair organizations. 

Patents 

Not required at the present stage. 

All prices used in calculations to be considered by ~r:.e 

same. on the 1991.01.01 in Iranian Rials. The exchang 

rate - 800Rials for One( 1 )USS. Prices for raw materia:s 

and constr<lction materia~s are shown in item 12.2 (including 

tran'Sportation costs to the site). 

To adopt the following prices for raw materials, construction 

materials, gas and enerergy: 

- Metallugical Alumina, Rials per ton - International price 

Aluminium Flouo'dde Rials per ton 

- Sulfuric Acid, 98%J.i
2

So
4 

, per kg 

- Natural Gas., Rials per m3 

- Electric Power, Rials/kwt. h 

- Technical Water, Rials/m3 

International price 

- Rls75.-

- RlslO.-

RlsS.­

- RlslO.-

The costs of steam, compressed air and filter cloth to be 

adopted by contractor's experts. 

- 4 -



• 

12.J Included in prices of mat~rials ( see item 12.2). 

12.4 250 working days in a year, 4£ hours per week, 8 hours 

per shift, day-off an fridays, on thursdays-4 hours of 

work. Duration of leaves-JO days/ year 

12.5 Average wages for workers, (2) Million Rials per year, 

for Engineers, (4)Million Rials per year(including all 

additional payments and bonesses). 

12. I; Included in average wages (see item 12.5). 

12.7 Fi~ed assets are stated at cost, after deduction of 

accumulated depreciation which is computed at 

annual rates. 

Asset Rate Basis 
----

Plant and building B~ Reducing balance 

Machinery 12.5~ Straight line 

Transport 35~ Reducing balance 

Preproduction costs ~o betransfered on the costs of equipment,trans-

port and buildings and to be depreciated by the corresponsent rates. 

12.8 Routin repair and maintanance of equipment and installa-

tions to be taken as (3~) of all investment costs. 

12.9 Rates of administrative charges - (10~ ), other overheads 

(15~) 6f production costs of the plant ( not including 

depreciation). 

12.10-12.11 Duration of construction- (1) one year, start up in the 

beginning of the second year. (30~) of capital require-

mint will be covered by internal sources(70~) - by the , 
long term credits: 

- Internal credit for civil engineering and otheer 

expenditures. 

-5-



• - External er-edit for- hying equipment . 

/ol•Jme and conditions of external (foreign) er-edit to be adooted !>y 

:on tractor, s experts • 

• ;aernal long term loan will be taken for period of 5-7 year-s with 

repayment of ( 14~) of interest per year. Repayment will be made by 

equal parts ( 12) months after the start-up. 

12.11-12. l3 Not required. 

12.14 In accordance with UNIDO,s Manual for preapration of 

13) 

13. l 

13.2 

13.3 
13 '1 
13.; -13.8 

14) 

14 .1 

feasibility study. 

For evaluation of constaruction and installation cost the 

following data to be adopted (in Rials); 

... Steel Structur-es , (I )One Ton : RlsSl0,000.-

- Installation of platforms and guards, One Ton: Rls700,000.-

- Installation of steel inserts, (l)One Ten: 

- Concrete, lm3 

-Concrete paving SOmm thick, 1 m2 

-~rickwork of walls, lm3 

See item 13.1 

Rls540,000.-

Rlsl3,5uO.-

Rls925.­

Rls23 ,500. -

To be determined by Contractor's experts 
~';ft ie /.de.r1>..11~,,/. (11 ~ hi,..f .rt.;;;~ 1f rr,i,;cf 
Should be considered in item 13.3. 

Economic Evaluation --- ------ - ------
- Demand of special alumina for spark plugs insulators will 

be about(3000)t/year.At present Iran is importing ins1Jlators 

- 6 -



14.2 

14.3 

14.4-14.5 

14.6 

14.7 

14.8 

14.9 

t' rom Germany < LY the p:· i ( i:o of' 14 US cenls/ 1 p i ece > 
. .. 

a··. l I f(•IT· "t"•J0•'"1·~ 1 =•'' "c-· =---·-- .. ' T 1 
' ~ .. ; i_ -, ,- ~,-.;.. = . ! ~ 1 .=ac- .=. ) 

- • • ·• ~· 1 •• - - • • 

( 3000' ton per year. 

Not less than 1200US$ per ton of special alumina. 

Included in finiished product price. 

(15) years 

Duration of construction is One year. 

Interests during construction period ~re capitalized 

(added to the sum of debt) and repayed together with 

the total debt. 

(25%) of working capital is financed by internal investments 

the other part of it - by the short-term loan (IL.% per yer). 

lL..10 Not required. 

lL..11 In IR! taxation is made in percents of the Total Net Income 

of Company by progressive seale: 

Annual Net Incom(?, 
In ~illior. Rials -------------------

up to 0.20 
0.2 0.L.0 
0. L. 0. 70 
0.7 1.1 
1.1 1.6 
1.6 2 .2 
2.2 2.8 
2.8 3.6 
3.6 4.4 
4 .I. 5.4 
5.4 6.4 
6.4 8.0 
8.0 10.0 

10.0 12.2 
12.2 15.0 
15 .0 18.0 
18.0 21.2 
21.2 25.0 

more than 25.0 

-7-

Rates of Tax 

~~~- .E~~~~r:!!l 

12.0 
IL. .0 
16.0 
18.0 
20.0 
23.0 
26.0 
29.0 
32.0 
35.0 
38.0 
41.0 
lS.O 
l9.5 
51. .0 
59.0 
6L. .o 
69.0 
75.0 



Company is free from taxes during first (4) years of operation due to 

producidng not finished product but semy-product. 

14l2 Working capital is transfered into liquidation cost. 

14.13 

15). 

A.Arjangi 

Consideing that mean interest rate in Iranian Banks 

is ( 14%) discount rate to be adopted at the level of (20%) 

Initial data for investiment cost to be prepared for the 

next stage of the project. 

Research & Development expert 
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f ABLIS 

REIATING FINANCIAL >JID ECONOMIC EVALUATION 
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fiJM 111ttl: 
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\Ital 111t\I: 

ITUI 
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1.517 I ftrtila 
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It; ?met: ia:-..e 11 • 2UG I : m~.iiG 

:a:ma: i&~ :f imr11: ~l.r. i 
i~mn ~a e1;ii:1:: ~U3 i 
ietun JD equm:: 55.~ i 

Index of Schedules 

!:ta: i~i t~a: ::1t!;1t~t 
~~·.i: ::ve!~•~:~ !w!::r ;~=e~c~:oe 
!r, ~,: ?f'Oeli"~ot com 
lm:11.1 ~p:ta: rt~11irt1m1 

~hf :ii ~&b:es 
P!cj~ctea kuce 
let inctft 1tatt1nt 
5ource of fi..-:e 

:.x 

6 •. ~~ 
JOW.ric 
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s:u: 
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------------·----··-------------------------------------------------- Cllhl 2.1 - Ull. Ullllilll. U.tl -

Total Initial Inveataent ii IS I·• 

Tm ............... . 

rm :1,ntlfl: coeu 
;a4, fi;t ~?lfltiO&. 0Hf;-l!19fl! 0.00 
lliltilCI ui cifii IGrb • . . . . IC.00 
1um.,., ud ltffict flcilitia . 1.00 
1~1tte fiJM wets . . . . . 0.00 
Plut iN~:i»n ud tt•iillf•t . . . 3505.00 

T1tal filM ilftlllllt CllU . . . . 4415.ID 

~...-ti• eatital fQIMituta. 116.11 •t IDl'llic Clfitll . . . • . . . . 0.11 

Total ilitial i11Htlt1t ~ta . . • 4671.I 

Of it f ort!p. ii I . . . . . . . . 4B2 
------... ------· -- -------...... ----------------------------------.... --------------------------------------·-----·------------------------



Total Current Investaent ii QS S ·~ 

!!!? ............... . 

=~:.:::~: =-- ........ ;::i~ 
l.:i::1..., c: ~~~;:~ :i:'.~::::.: 
:c~1ir~r1:te ::1!: c.:!:.: ... -· . . . -r.u-;. u:::r.en u-: ~;;:~~:: 

;!!~!".liut:in ciai::iis u;.ea:i~s. 
~rllic a~i:1: ......... . 

.. : . 

0.00 

• 

--- .. -------------·-· -- .... ------------·-- ---- -- ---·--------------· ---·-- ..... ---------------------------- ........... -----------·--- ---· ........................ ... 



---------------------------------------------------------------------------------- alfl 2.1 - 1111. UlllGIAI. 1.S.S.I. --

Total Production Coate ii IS 1 ·• 

!ear _ . 

: of IGI. ca;i1ei:1 1s~1c:e tN~c:l. 
h1 ll:trill 1 . 
oiitr ns a:tria~a _ 
ltilitin . _ . - - - _ 
btrcr .... - . . . . 
i.liov. i!rtet - . - . . 
Itta!:-. 11i1teauce . 
$tlrtl ..... ··-·--
•artorr ..me.a - . . -.. 

ftctorf COIU • • • • • - • • 
Mlili1tratift onnub . . 
!liir. C".ltl. ales u: di1~ri;.tioa 
Direct tCIU. aL!! ui iistribi;;;:: 
:lrtrteiatiOI . . . . . . . . 
Jiaa:icial com 

2 

!OC.00 
l~.00 

:.ao 
0.00 

11.%0 
llt50 
!3UO 

l.M 
15.10 

1Sl2.20 
151.20 

0.00 
0.00 

~-40 
lM.50 

3 

100.IO 
1080.10 

2:.10 
0.00 

11.20 
U2.5G 
13UO 
1.• 

15.11 

1512.20 
151.20 

1.10 
uo 

546.M 
318.10 

i:94. !4 

4 

100.00 
lOIUO 

%2.10 
I.II 

17.%0 
112.50 
13UO 
I.• 

215.11 

1512.%1 
157.20 

1.00 
O.IO 

51UO 
246.38 

s 

IOI.DO 
lOllG .IO 

22.IG 
1.00 

11.%0 
112.SO 
13UO 
I.• 

215.10 

1512.%0 
m.20 

O.IC 
. 0.00 

493.21 
174.&6 

i391.26 

' 
100.0C 

lOI0.00 
22.• 
uo 

17.%0 
112.SC 
13UO 

I.II 
205.11 

1512.ZC 
157.%0 
uo 
O.OG 

482.?5 
102.94 

23!5.09 

7 

lr.G.00 
lote.IO 

?l.10 
uo 

17.10 
nuo 
i3UO 

••• 205.10 

151%.10 
157.20 

0.00 
0.00 

41:.'15 
31.n 

___ ... _________ -------··----- ........................................ -·------------ ·-------·----- -------·------------------- -------· ,._____ -----·------- -------------- -------------- --------------
~!:5 Pf!' e:: : si~:t i'!'t-;~:: ' 
c: i~ :,~t:~. ' -
· · :: n~:1b:t.i . . .. .. 
. ::a~ .i!>.ilir . 

uo 

c:.5£ 
:::.:v 

O.IE 
59.!5 

0.83 
~HO 
5:.~ 

!!:.~ 

a.Sf 
~-54 
:-4.91.: . ·". ' .. . ....... "" 

0.77 
59.65 
5U4 

-·-····-········-· . ... . . . -···· .... . ............... ··- ... ····-·-- : .:_:::: ~~: ~!n::_a: 

Total Prociuctior. C-Js:s :: ~:s·~;: 

!til.~ . . • • . . . . . . . . . . . . ~ 

i .:;f 3~:a. :a;•c::y ;;:r:t t~:e-.. :: . 
!s• 1::c~:a: : .......... . 
: ~:€'!' !':• 1;·~:;a:: ... . 
~=:~!~:t: ............. . 
in~!'i! .............. . 
::.:c:~. o!m-: .......... . 
it;i:~. 1a::mu:t ....... . 
.if!~! . - ........... . 
11:~:~ -~m:~·;, ........ . 

A:a::.::~:::;~ -:V~!':~:!! ..... . 
. . 
.:::!'.;:::: . .ii .. ~:!.::::.::~ .. :~:::: 

.t;r~::::::: ........... . 
1:!u~:1: m:s ......... . 

!ml prcm;ioa :om . . . . . . ... 

::·:_x 

. .. ;,· 

'l ....... 

''·"'· ';".;. .. . ........ .. 

r:.:: 

:~·UC 

., .. .. _ .... 

• ., ':fl 

!:: . )!: 
::it.&-: 

:c~. :o 

•:."' "'"' .... :. .. :. 

~.w 

4~:0. )t 
O.ot 

io-i: !6 

!':lC.X ·~r 'f ... ~. J .. 

:~t:· _j~ 1~;• 'Ii 
•• .1 ... .... 

2:.@: 2:J~ 

u.OC .:.oc 
17.~ :1 .r ... ,, :::.5( ~! •. .IV 

~34.&; !JU~ 
:.0\ :.~ 

m.:o ==~. :c 

:~~:.:: ., .. .. . ... ' ... . 
.. ·}'. 
~:. ilG u.: 
~-~ cu: 
u.oo O.~ 

:i9t n 
........................ .............................. .. ............................................ .. 

1:,,m ~!' ·.:it . ;:~c:• ~!'~a;c: 
Of it fo!'fiC:. S ......•... 
0! :: m:a:le.l ......... . 
~ l:ll :ibvUt ........... . 

.. .. . .. .. .. .. ... .. ... ... .... .. .. .. .. .. .. .. .. .. ........ .. .. .. .. ....... .. .. .. .... .. .. ...... -- ............. . 
U3 
~u: 
~~.1~ 

::: .5~ 

C.73 
60.~ 

60.:3 
:;~.)U 

0.60 
61.23 
73.~ 

ili.SG 

U9 
61.95 
'4.!S 

:!UO 

U5 
:£.7~ 
:.r .56 

:::.sc 

.................................................... --. ---......................................................................................................................................................................... -.................. . 



-----------·---·-------------------------------------------------------------------- ....,_ 6.1 - ... ,. ~ • .........,. •••••••• 

Source of Finance. construct ion ii iS I ·ooc 

Year •••••.••.•.••. 

l .. i~J. G:fa&!J .. :43UC 
lt11itJ. pn!ernct. C.00 
aifas. uua . UG 

• 
!Ma I. fortip . zc~.oo 

!.Ill I. fottip .. 0.00 
' • f -iMI 1. •• ~rtiCI . 0.00 
Liu I. Jal.. .. lll5.00 
Liu I. local .... 100.00 
J.oaC. loui .... 0.00 

--------------
Tot.1 lou ........ 3!40.00 

Carmt li1;:Ht:es 0.00 
SW cwerdtaf: .•.• 0.00 

~oul ru:s . .. . . . . 4m.oo 
-----··------·---------------------------------·-·--·----------------·--·----··-------·-------·--··--·---·------·-----·------------



--- --- --· ----- --------

Source of finance. production ii IS I ·ooc 

!nr ·············· 2 3 4- 6 T 

hti tJ. ordiU.."f •• O.~ C.CC O.OG uo 
lttitJ, prtftttlCf. o.~ O.OG Ci.OC 0.00 
S.Dlidiu. cruta . 0.00 0.00 UC 0.00 

• 
Leu l. fottip . -405.ric -405.0C -405.JO 0.00 
Lou !. fo!'fip .. 0.00 0.00 U1i O.OC 
Lou C. !Gttip . 0.00 9.00 0.00 c.~ 

Liil l. local.. .. .... -223.00 -223.00 -223.00 
Lou I. loci!.. .. 170.00 -210.00 0.00 uo 
Lou C. locaL .. 0.00 0.00 0.00 O.GC 

-------------- ------------- ------------- -------------
Tctal loe ........ -2~.00 ·9.00 ·628.00 -223.00 

eir~:s: !!1bi:ities C.OC o.~ Ut 0.00 
!lei m~af: .... UC O.:IO C.00 c.oe 

-------------- -------------- ---------- ---- --------------
~o~i fui! ....... -z~.OC ·!3E.YC -£:~.OC -~3-~ 

• 



• 

Ca&hflov Tables. construction ii ~ S ·~ 

!tar ........ . 

t:c.:ial r!H;;r:u . 

s.:ra. lft of ~ . . 

Toul uata .... 
Operatiq coata . • • 
Con of f ilutt . . . 
ifF1J1H' 
Colrp.:me tu 
fa:~flil ~i~ . . . 

).rthlS i ttfki: l . 
t:.:11::a!fd eask ha:mt 

!!![et. lxa! ... . 
);:::.:.. l!Y.i: ... . 
5~r:~ I 4f:i~:: : . 
:~!:~'- =~~:p ..... 

k :::::::; ..... 
• ;J ~::·: =~· ::.:::~:;; 

4€'!5.0C 
C.00 

4671.30 

4415.:IO 
0.00 

186.30 
O.~ 

0.00 
0.00 

:65:~ .oc 
:;4~ .~S 

!04.95 
~':~.~ 
, ·"r _., 
... ·: 
.J ... .... 

. -: . > :: ! ; ·_:. : 



• 

Cashflo" tables. production it IS 1 ·000 

!!Ir ........ . 2 3 4 s ' 7 

3600.0G 3600.00 :i600.0C 
-·------------ ----·--------- __________ ,.. ___ 

---------··-·· --··---------· ---·--·-·-----
r::uc;1: rt50'1ttl l7UC 0.00 no 0.00 0.00 c.oc 
Ji:u. Dtt of tu 3600.00 3600.00 3600.00 3000.00 3600.00 3000.0G 

294t50 2603. 71 3416.06 2993.13 
------·-----·- ··------------ ----·--------- ----·--------- ·····----·---- --------------

!eti; wett 
CpmtilC eostJ . 
Coat of fillKf 
i.e;.11m . . . 
~rp1mtt tu 
~!,ide1ds P1ii 

;iirt:i;, Gffa!t I 

·~a~:•tea mi: ba:u~t 

.a! .. ;;. focal .. 
,•.i::.~1. l!!o~.: 

.:: .:;. ::~!:~ 
·-~~= .. ~·- f~·tt=~ 

36UO 
!729.40 
384.SG 
tC~.CC 

C.00 
0.00 

83:.iO 
e:4.ev 

j7".'[ .JC 
~:~_5J 

:·:~~.4: 
:; . 

. : ..... 
• .... I : 

-· ~ - '"! • 

0.00 
1729.40 
llUO 
!98.00 

0.00 
0.00 

65(.50 
IS49.~ 

36<'.lC.OO 
:::s.so 
:J:uo 

0.00 
1729.40 
246.38 
m.oo 

0.00 
0.00 

99Ui 
2545.52 

JE.)~.00 

S7U2 
'~::. E~ 

:. Y; 
:K~.4{ 

. :~:: .t 

·=- .. t" 
... • • J .. 

uo 
ms.co 
17U6 
~-~ 

0.00 
0.00 

1067 .94 
36i3.46 

3600.00 
947.16 
:~~J~ 

u: 
:~~4.i( 

·=·· .. •... > . .... 
-· •. 1. 

0.00 
1729.40 
102.94 
621.00 
955. T2 

D.00 

-18U4 
3797.40 

3600.00 
18i:.6E 
:m.34 

UC 
:~u~ 

. ::H.r 

tue 
;:::.:: 

O.°' 
1729.40 

31.22 
223.0C 

1005.51 
0.00 

60t87 
4404.27 

3600.0C 
:B~U3 
:1v:. 7" 

UC 
• '\,~g "'" 
··~-~~ 

···········---·-···-·-··- ................... .. ~::: :.: - J!!~. j~)~\: .... ;.:.! .... . 

Cashflow tables. production:: ~; S ·;:: 

::..~:. ::: .. :u 

..... -~===~~ 

'.!!::;. >:t: 
w:::~11 .. m. 
;u~;.~s 1 dt:i.::t , 
:nL:t. ::r~:c: 
A;::.;•. :~re:4~ 

:\lr;:~: l~~:.::: 

, ...... .. . 

.... :~ 
·":. L 

.. ~.. . . 
.. >~ 

:~· •,: 
'.J\. •• ,. ...... ,..,. 

: • .:t .... 

'.' .. '. ..... ... :: .~·. 

:c.:: 
r . . ,... ·r , ...... 

r .. • r ., 
• :l: ... 

uo 

··: .. ............ 

~:u~ 

5C5L4 

36~UC 
1~8!.:6 
:9!U2 

uo 
;~~Uu 

· lG~.~- 3.: 

8!U2 

,· .1,", 

···" 

::~: .:: 

"4 •. 
~.: ·"· 

' .. 
Ii. J'I 

:v9e.i 

. 
1. •••••• 

..:~·- . .. ·. 

::t~: 
?!OU6 

)6.)'; .o:: 
!97U~ 

1m.~: 
'i.M 

:osuu 

e.x 

::4:.j: 
~-~~ 

~:u: 
n~U7 

36-?UC 
1976.49 
16:3.5; 

0. J-0 

;J9UO 

524. :: 

.. , .. . 
;';-..... . 

't1~'!:, ~' 
"""··""" 

I~•.~:~ 

:·::.r 

.. v 

::u: 
a:~t~ 

:623.!! 
0.00 

;o9Uil 
-:~~UC 



&Oe.2( 7639.07 1163.R 

Speci1i Grade l!a:U Plot ii Iru --- !9Sl. ftel'WJ 



Cashflow tablee. production ~t 115 S ·xc 

!ur ........ . 

• bu:;a: m::·~m 
S.:tt. aet of w 

!otll UHU • • 

~ratil& eottl . 
Coat of !illlC! . . 
leptJltl\ .. 
tol'IOn;e tu 
DiriHau ptid 

::il!'E:;;s ' d!~icit 
~..;1;:at~: :ast ~:i!:! 

;,f:cv. :oca: 
Oil t !: ;1. .~~ !. 

j~;:~s \ :,::ci: 
::!:cs. f·:rtig: 

k :!:::.:• 

15 !6 

---------·--·- ----·--------- -·-------·---· 
o.oc 

3COC.OC 
0.00 

~~-00 

O.OC 
36-JC.OG 

..................................... -------··----- ..................................... ... 

o.oc 
1'29.4C 

C.00 
o.oc 

l~S.99 
0.00 

5i4.6l 
3e·:. :9 

:~'!;_4: 

:~:~j: 

... . .. -.· ... -.... 

0.00 
1729.40 

0.00 
o.oc 

l34B9 
0.00 

5:u1 
;:r;HO 

~.00 

-.... :: .:·. 

:J.~: 

U(. 

1m.4~ 

O.OC 
0.0i! 

l~:.25 
o.~ 

~C:(r.)j 
•Qt• ~, 
~1,1 ..... ·..: 

·:.x 

:~:. :: 
...... -

:J •. :'.~: ·~· ·::::.:; 
- --. --........ ---- . ---- .. -...... --- -- -----... -. - . -- - .... -. ---- . -. - - --. -.. -- -. ---. --.. --- ---- ----------.. -.. -- . - -- -.. -- -------. 



• 

Cashflow Discounting: 

a· Ir•~ :1 ;-d ~'~!J! ltt i1cc1r Eo•: 
Jr: ;.r!!~:: 11~~' ----·········· !4:.5€ !~ 
:::e~~- ia:t 'l! i!:m <ii!:! . . s~.~~ 1 

~1 le: tr:i ;ems ht :ast r!:iin: 
ltt r.esec: n:ue ............. . 
~:i:eraal i.a:e ~! iet;irn ';iil2 l .. 

Ci ;~:mi~ U:t of ie:lil'D 01 tctil iCl!!~ltlt: 

:~!U4 it 
5tt4 1 

let jlre~at n:11t . . . . . . . . . . . . . . l~SHe a~ 
:~:~!~a~ ia~f o! i'~t!I ~ :ii Z!.:~ 1 

le: lier~ : 1,11i:r Piid plu rmma 

~.on 

---. --.... -..... --------------- ... ----------------·--. -- ... ----... --- ... ----- -------- .... -... ---------------- ... ·---------------- -----------------



• 

----------- --------------------------------------- WIOfD& '·' - 11111, ~ ......... ~ • ., .... --

Net Income Statement ia USS ·ooc 

!tu ................ . ' . 3 

... ,, ..•. n:ts. =~: .. sa:ts tu 3t·LOC 360C.OC 
~l~: w:!=:t ~~!~I. !ncl. u:~2 ~u. 13!E.01 13!E.O: 

-------------- --------·---·-
luae:t m(:n ::~.39 22!3.99 
Aa I of to ta: sa:t! 6~.44 6~.« 

J;:-v:~:iU .;~s:.s. :nc:. if-.~e~:!:::e 
. ...... ~ ... 
.,.I.:•.:.·~ se.us 

................................. ---·--·-------
Opera:iona: H~CiD !274.1/J lr.3.96 
&! I o! tou; n:es ;5.:JS 36.78 

Ccst o! !imct .......... . 318.10 
-------------- ------ --------

Grm pN!it ............ . ,;.- '~· v ... ~. -..: lOOUE 
A:: :m~!! . . . . . . . . . . . . . . 0.% 0.00 . . . ,. 
;U!U (ro.:: ........... . 6-~UO 100U6 

·' r.· C.00 \..\.'\. !ax ................ . 
-------------- ·-·-·---·----· 

J-:: ~~·:'.:; ............. . .. -
\ m:.e6 --··. 

:-:v:.:.:::: ?ai.: . - ......... . .. :.~C ... .. 1~~= J6 ~:!:::~:!·.;:~: ;·~:::~ ........ . . ':: . :f ~:: - ........... 

; .. '" .:~ . . 
~" ; ~ '..:. . . ; ......... --. . . . . : . ::. -:-: .. 

.. 
.:.~ . . . 

\-. -" ; - : : ~ .;. : .. ~ -': 

s 

~:.oc 3tX.X 
!3!6.01 !j!U! 

----·-------·- ----·-------·-
Z2SZ .. 99 2:83.99 

63.44 ~.H 

925.99 3tU~ 

----------·--- --------------
1358.00 1377 .40 

37. 72 38.:6 

'46.38 174.66 
-------------- ----·------·--· 

lli1.E: 120~.74 
0.00 0.00 

l!!!. 6~ !2C:. 74 
UC Ut 

------------·- ----·-··------
1··· t' -. .;. ... ..,_ 1:0:. "4 

.. " ;...iJ\I ~"-. ... r•· .,,,,, ."4 ........ . : .. .:: ..:1. -- 1 .... : 

.. ,. 4: -- -.. .. : ' t 
~ 

! 

6 

3~~.oc 

131E.Ol ..... ____________ 

~.9S 
~.« 

896. !4 

1381.85 
3U5 

ic:.94 
·-------------

!284.S: 
c.oc 

:zets: 
3~~· .7: 

--------------
3::. :: 

';.'.'1. 

~?':. '" .j: 
1; •.· .. 
'· .. 

.. .. 
~- , . 
: : ~ 

·-.. 

~: <.;,. :- ~ . : ; . 1.:: : . :: : . : :: :: -- . :: -- - : ' ... :~: 



-------------------------------------------------- --------------·------------------- amfll 2.1 - 11111. !.D~KllD". l.S.S.I. -----

Net Income Statement i• US 1 ·000 

!~~! . 7 8 9 lG 1: 

:~:a: H:es. ;1~ i .. ~-~= ~ lt;..:.oc ~.JI: ~UG ~-~ *·U< 
:..t~!: nr:1: ;t :cs:!. lt: ... aa:u w. l~~U! 131&.Cl i316.0l 1316.G! !31€ .J: 

_________ ... __ ..,_ -------------- .................................... ........................................ --------------
t ia!'iao:e IU&ia ~8~.9S :Z~.9S "8:.99 ~~.99 :a~ .. 9S 

I! I of tm1 11:!1 . ~.44 63.44 63.ff &Hf ~.44 

1:-t-•l!':at:e eosts. i1:l. de~mia!io1 89Uf Ma.Sl 812.47 418. 7: f7U2 
-------------- -------------- ------------- -------------- --------------

jpfra:ioaa: w1:1 . . . 1~7.a5 1395.f! lfl!.~ 180U7 1805.27 
h I of '°:al n!ee .. 38.55 38.T6 39.21 S0.15 ~.15 

Cc!~ Jf f!~me . . . . . . . . . . . 3U2 0.00 0.00 0.00 0.00 
----------·--- --------·---·- ....................................... -----------·-- .. ................................... 

St'(I!! p~fi~ - 1~6.63 1335.48 !4;!.5Z 18C5.Z7 :5il5 .27 
&:~~liaam . G.00 0.00 0.00 0.0(, G.Ot 
~:11:.:t ;·r:!!: :J5US m:.4~ :cu: ~~o~ .z~ :5~5.2~ 

~u - :oou1 10:i8.~ !C5Ue ~34U~ !~5.9S 

s~: sr:·!:: . - ........... . 

r1 "· .• v .. U-0 UC \. .~{ 
3=~-~~ ~~'. .84 4::0.ZE· 4:~. :e 
::4~.~~ :;~:~ .e~ ~: :~.:"' ~:::.H 

.. - ~~ 
... ;· ·; 

~-. ""' . .:.. .. ·· ..... ..· ..... : ... , ... . .. -... ~. 
., .. . -. - ~; : ~: : .. . 

- .. . . 
. ;-: -~ .. .. :i:~ : .. l . .:; ·.=.:: ~= .::: --- -=~-- ".:"? 



------------· -----------····-·--------·-····-----------··---··--------------·-···---- alll&I 2.1 - IMI. LDIIGl&D. l.S. ti. -·--· 

Net Income Stateaent ii IS I ·ooo 

!ear . . . . . . . . . . . . . . . . . 12 

fJ~! n~et. i•~!. !!:tr tu . . . . . 360~.00 
'.lu: nriah!e costs. :ae:. st:~! tu. 1316.01 

Tuiab!e wail . . . . . . . . . . . 2283.99 
As I of to~l Nles . . . . . . . . . 63.44 

~ i· l . .. ,...ra iou. 1Uf11 . • . . . . . . . • • 

As l of total Nles . . . . . . . . . 

Colt of !iwce .......... . 

1805.27 
50.15 

0.00 

Gross profit . . . . . . . . . . . . . 1805.27 
&llo;um . . . . . . . . . . . . . . 0.00 
~m:.:e profi: . . . . . . . . . . . . :S:S.27 
Tu . . . . . . • . . . . . . . . . . :345.39 

J~; pl'!if it . . . . . . . . . . . . . . 459.28 

.. .. . . . 

. :•::~~.:: ra:: .............. . 

..... "'' ... 

... • .. ........ : 

13 

3600.00 
1J16.0l 

---·---------
2233.99 

63.C4 

478. 72 
--------------

1805.21 
50.15 

G.00 
·----------- ·-

1805.27 
0.00 

1805-27 
1345.99 

------·-------
4~.28 

o.oc 
m.:s 
~44:.X 

:: . .,~ 
. , ..... 

14 

3600.00 
13!£.Gl 

--------------
2213.99 

63.44 

478. 72 
--·-------·---

1805.27 
50.15 

0.00 
--------------

1805.27 
0.00 

Im.z1 
!34U9 

-----------·--
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Appendix 4 

CERTIFICATE OF TESTING 

of trial spark plugs with insulators made 

of ceramic mass based on Iranian alumina 

Determinati0n of burn-off number was performed at 

L3.bi:>co machin~ ·~f american fabrici'lt.ion accc.rdir:g t,.... method 

expased in the Soviet standard OST 37.003.081.87 ··spark 

plu~s ... 

Testing resu~ts: 

i FRG • 1Jr:its. 

t: 1 Al4DB W8D 15.6 
r,r, Al4DB W8D 14.7 .:..:. 

23 Al4DB W8D 14.7 

24 Al4DB W8D 14.2 

25 Al7DB W7D 16. 1 

26 A17DB W7D 16.7 

27 A17DB W7D 18.0 

28 A17DB W7D 17.9 

Lifetime testing was performed at VAZ-21011 engine 

during 100 hours according to "Method cf selection of 

ignition spark plugs for four-tact carbl.irettor engines". The 

measurement of gap between electrodes wa3 undertaken after 

33.66 and 100 hcues of engine operation. 



Testing results: 

------------------------------------------------------------
Gap between electrodes. mm Number of 

spark plug --------------------------------------------
Starting After 33 hrs After 66 hrs After 100 hrs 

------------------------------------------·~-----------------
25 

26 

27 

28 

0.65 

0.62 

0.62 

0,60 

0,66 

0,62 

0.63 

0,61 

0.66 

0,63 

0.63 

0.62 

0.67 

o. 65 

0.64 

0.63 

------------------------------------------------------------

Co:-iclusion . 

The trial sp~rk plugs with insulators fabricat~~ from 
ceramics made alumina by t.heir 
char:.ct€ristics correspond to plugs of the USSET and C·f FRG 
of similar design. 

Electrodes wear during lifetime testing me~ts the 

reqJirements imposed on spark plugs produced in the US~R. 

Chi~f of department 

Chief of laboratory 



MIIOTIS 
or Tiii DISCOSSIOI OI JBI DIAFT nm RIPOii 

•orro""rxu .... 1-1'"r-. SlUDI D m 1$Tlll.1$Mlllf or Al XllJUSDIAL PRODOCTIOI 
or SPICUL fl,JWIA POI S?AIJ n.uGS ngm.m>IS u JRAr 

pgpnp BJ IPO JW/VVO DljHM>UPQU, USSR. VJDll QllIDO PIOJICT 
IPIIIA/ll/062 AID colJ'IACT 111139 

DiacUaaiona vere held at UlfIDO Beadquartera, Vienna, froa 7 - 10 October 
1991. 

Present yere: 

On behalf of IDIO, Iran: 

Kr. A. Arj'Ulgi, RID Expert 
Kr. s. Masbayekhi, member of the Board 

On behalf of VAIUnECBROEXPORT. USSR: 

Kr. S. Sorokine, Technologist (Team Leader) 
Kr. G. Kaim, Teehnologist - Designer 
Kr. A. Nemchin, Economist 
Kr. V. Ukrainets, Expert from TECHNOEXPORT 

On behalf of DBIDO: 

Mr. V. Iliev, Backstopping Officer 

Issues discussed; 

1. Techno-economic results of the Opportwiity study 

2. Recomnendations for follow-up actions 

Results: 

The discussions brought forward the following issues: 

1. The Draft Opportunity Study Report has been prepared in accordance 
with the Terms of Reference of the contract Ro. 88/139 between UNIDO 
and TECHROEXPORT, USSR. The content of the report is in line with 
UNIDO outline and requirements for the opportunity studies. The 
Report reflects in full the scope of the contracting services -
results of technological testings, incl. methodology, results of 
d onstration tests, description of technological process with 
inancial and economic evaluation. 



, 

- ~ -

2. The conclusion of the Opportunity study is te~{cally and 
econOllically justified and acceptable. 

~> The imported metallurgical grade alwaina is suitable as raw 
material for production of special high-grade alumina for spark 
plugs insulators and other pruposes. 

b} The establishment of the production for special grade aluaina 
for spark plugs insulators has proved to be technically 
possible and econoaically profitable; a 3,000 tpy production 
capacity will cover the local demand for spark plugs insulators 
and provide also some qulntity for export; 

3. The Opportunity study could serve as a reliable basis for talting 
pre-investaent decision by the appropriate Iranian authorities. 
Bovever for taking a final investment decision it will be advisable 
to carry out a full-fledge bankable techno-economic feasibility 
study. 

Recomendations: 

The participants in the dicussion agreed on the following: 

1. The Final Opportunity Study Repport to be submitted within one month 
fr.om the date of these Minutes should be amended as follows: 

2. 

a) More detailed description and explanation of the technological 
and equipaaent flowsheet, given schematically in the annexes; 

b) Short technical explanation regarding water sewage after 
alumina sulphuric acid washing and fluor content in the 
outgoing gases; 

c) Recommendations for grinding and separation system of the plant 
according to the final product application. 

d) Short justification for the use of the results from producing 
special alumina in laboratory scale electric furnace for 
engineering of calcination in industrial scale rotary kiln. 

e) Justification of suitability of final product for manufacturing 
spark plugs insulators by using isostatic method. 

As a follow-up (Phase II), a technical assistance project will be 
necessary to carry out a Iull techno-economic feasibility study for 
the establish!nent of an industrial production plant of special 
alumina for spark plugs in Iran. For this purpose the Iranian side 
will sen through appropriate channels to UlfIDO an official request 
with p posal for financing on the base of which the relevant 
proje document will be prepared for consideration and approval. 
The equest ii recommended to be sent within the next two months. 
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3. For the elaboration of the feasibility study additional 
technological tests should be carried uuL vith samples from at least 
three other potential sources of supp~ of aetalluraical grade 
al•ina. 

4. The production. capacity of the plant for the feasibility study la 
recomended to be 3,000 tpy; the location of the plant at Ghazvin 
(nearby production of spark plugs), and the approxiaate duration of 
Phase II - api.roxiaately 12 aontha. 

It was also agreed that the Iranian aide will send additional 2kg sample 
of .ietallurgical almaina to be processed by using acid washing method at 
VAMI/Institute for production of special grade aluaina. The produced special 
alumina will be returned to Teheran for further testing. 

During the discussior of the Draft Opport1D1.ity study report, the 
Subcontractor's representatives answered all questions raised by the Iranian 
specialists and gave thea additional technical explanations regarding the 
production of special grade alumina. 

IDRO and UBIDO participants expressed their full satisfaction for the 
positive results of the work carried out by the Subcontractor 
VAMI/TECHNOEXPORT. 

Viegna. moo. 10 October 1991 

A. Ar:l•pd and S. ftaahayekhi 
On behalf of IDRO 

Simed b!: 
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