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explanatory notes 

Reference  to  "tons"  indicates metric  tons,   unless otherwise   stated. 

Reference  to  "doilarn"   (S^   indicates Uniteti  P+.ates  bollara,   unless 
otherwise  stated. 

The  monetary uni',   in   Tran   in   the rial   (Ris**.     In  April   197C>   its value 
in relation  to   the  'tiitei   "'itp.;   dollir was  *rn   1   =  "la 6f'..S. 

':'he   following' abbrevi at irmj  are used: 

Fconomic and   technical  abbreviations 

FTTiD barrel r>  ner  stream day 

i!''S' hiHi-temnerature   shift   ''nlalvst 

L"'"" 1 ow-tcnnenture   :;hift   catalyst 

l-IMG 'FD null ion   standard   cubic   fee'   ner  day 

M'"D met no   tons  o er  day 

M'"Y metric   tonn ner year 

t /.a tonn ner vear 

organizations and governmental   bodies 

TDRO Industrial   Development and Renovation organization of  Tran 

NTnr National   Traniar  'Hi   "omnany 

NTS'OR National   Iranian  '"Heel    'ornoratiin 

N"" National   ""etrochemioal   '"ompany of  Tran 

The désignations employed and the presentation of the material  in this 

publication do not  imply the expression of any opinion whatsoever on the part 

of the Secretariat of the United Nations concerning the le*al  status of any 

country,   territory,  city or area or of its authorities,  or concerning the 

delimitation of its frontiers or boundaries. 
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SUMMARY 

The domestic production of catalysts for the petroleum industry in  Tran is 

feasible,  and planning for it  should 'begin without  delay.    The present and 

future demand  to  I9B5  for  catalysts in Tran,   a cumulative  total  of some 

46,000 tons (table  T and annexes  IV-TXÌ,   is large enough  to  support a cata- 

lyst manufacturing industry,  which,   in turn,  will  have a  stimulating effect 

on  the development of all   chemical   industry  in Tran (annex XTTTÏ . 

A list of the catalysts that should be produced initially is given on 

page 1*3. nie proposed Drogramme of catalyst production involves a total 

investment cost of Rls 300 million. When in full ooeration, it would oro- 

duce annually over 1,000 tons of catalysts. 

An annual profit from sales of Rls 99 million can be expected (pages l"7-^. 

The catalysts could be ready for the market in two to four years (pages 17 and ?o 
and annex XIV). 

Planning for this industry should be concentrated in the Ministry of 

Industry and Mines and should be integrated into a larger programme for the 

design and engineering of complete chemical plants for domestic use and for 
export (annex XIIT). 

Financial resource* for implementing the proposed programme are no pro- 

blem.    The largest stumbling block is the lack of know-how in Tran (pages ?°and  ??> 

To obtain this know-how will require large amounts of outside technical 

assistano« (annex XTIIÌ. 



TÌÌTRPDU<:mro!J 

''ro.ject  background 

he   importance an i  no^esjity  of  manu fart uriryr catalysts   in   Tran wac men- 

tioned   in  197?  in   ¡he  report,   ""'he  principal    hasio chemical   nroiiiiota",   by 

A.   J.   iriri'-e,   Ministry of T>-onomy,   Research  Centro for   îndintrial    "rado 

L'evel onment.,    'eheran,   Tran  (inrf  »'^. 

'i : ' he <~he~ "-¡ear 
Iranian     il     'o^pany]   ini  !I 
'ire  t'i-.f1-    Tí  ^a'al y* i "   rea 

il    nr'i'T:;:-oc   'hi '    ore   on^layad C" 
L'-a* vinal      e'ro~hemi'\al     'omnany  of   'ran] 

i ms. ' he   Icnar-I   fir  "a f a ' al rea h 
1-arre,   i •  ,-iinr  »o /TIK  •-(inai lerabl y.     "Jeirhbourirv  'wmtrip:;  in   the Cul f 
a..;i   ree uro  ''atal,v:;? e.     -MI    'hese  are  a'   presen1   imnrtpl   ''ro-n  !>iroce, 
'merva   ani   .'man;   'he   -oiice* i tion  ir.  naturally l'erri,   v')t    'orini te   (hir. 
•ho  eo'x.oTii •;;  of  1 v.r   manufacture  aho.iH   he   t.hnro i.<-hl y  i nvestin t fi." 

NI'"»'' has  been  encapen1   sinne  l0"?"   in catalyst   research  and  development. 

In 197? a team from  the NT:V' Fesearoh ^entre participated  at   the T TN TOO *Yr>ert 

Troup  Meeting en  the "ransfer of vnow-!tow in  the "reduction and Mge of 

Catalysts,   Scharest,   Romania,   ?6-ìo .'une 197?,   and presented a  technical 

paper on hydro treat\ng and  reformirv. 

At Nno,  on the other hand,   there is no research or development at all, 

and  consequently no catalyst  research and development.    Nnp acta merely as 

a purchaser of complete plants.     "here is also no development  or research at 

the production plants,   although there i3 quality control. 

About a year a^o  the  Iranian Minister for  Industry and   Mines wrote a 

letter  to NT. <',   stating that   it  was advisable and desirable  to establish  cata- 

lyst  manufacturing  in  Iran,   based mainly on  Iranvan consumption and  to a 

smaller extent  on exporta,   and  recommending the Organization of a manufac- 

turing company  for catalysts,   nossibly as a pure  Iranian nrojeot or at least 

with most  of the  shares Pein/*  Tranian,   to demonstrate  Iranian ability to manu- 

facture catalysts and  do research and development on them.     A  joint NTOO-N^ 

committee was organized,  but  little else happened. 

Late in 1974,   the IJNÏTT Project  Manager of the Research  Centre  for 

Industrial  and  "rade Development   Project at  ^eheran proposed,   on behalf of 

the Ministry of economy,   that  an expert be  sent  to undertake a feasibility 

study of catalyst  production in  Tran.    That  proposal  led to  the establishment 

of the present project. 



nummary  outline of  official  arrangements 

he  project   'li<a   -,heet  wis  signed   by  '*ivr nn   9? ^tnher  T?7/|  -ind  by   the 

Mnited  .Ma'innn   level coment  'To^mmmf   (fllTl   on  ? November   107/1.     '"he exner+ 

arrived   at.   hin  duty  J^mn,   the  Hirir,try of   Industry and   "inen,   nt   "eheran, 

on  A   Mir il   lr»'."-  and   complete.)   his w^rk   in   Trin nt    th<>  end   of  August  IQ^'S. 

A''ter a   ¡rm   'o  '-'extern   airone   t.,  vi;-, i t.   manufacturer:; of  catalyses  in)   rafì- 

lyst  ñ.iui ornent,   lie re'tirned   to   Vienna   darin/*   the   l'a at week  of  ^ent -mber   to 

'traft   hi G   final   reoort . 

\   to ».Ti   or   »1°., ', ri  i«o allotted   t>   ihc   nrojeot . 

he Job Mecrirtion,   information ahon+   the counterpart ami   information 

about   fellowship  arrangements are  in  annexes   1,   TT   and   TTT,   respectively. 

objectives of the project 

Short-term objectives 

;,he   short-term objectives of the  project, were   (n>  investigation of the 

possibility and   feasibility  of manufacturing  catalysts for   the  netroleum and 

petrochemical   industry,   (bi  assessment  of the present  and   future demand  of 

catalysts  in   Iran,  and  (c)   instruction and traininr  of the counterpart   in 

catalyst   technology. 

Loryr-term objectives 

In the  lonp  term,   the objectives are (aï   implementation of a national 

catalyst   manufacturing industry to  supply  the nresent and  future demand of 

the petroleum and petrochemical  industry of  Tran,   (b> utilization of indigen- 

ous raw materials for catalyst manufacture, (c> establishment of know-how and 

expertise in catalyst production with  subsequent development and research  to 

produce more sophisticated catalyBta and to develop nrocess technologies with- 

out outside help. 

Significance to the country's economy 

A national  catalyst  manufacturing industry would mean (a)   independence 

from foreign supply, which is subject  to interruption due to strikes, trans- 

portation problems, political pressure etc.»   (b) import substitution,resulting 

in substantial  savings of foreign currency; and (ci  the possibility of exports, 

not only of catalysts,  but later of technologies, processes and complete turn- 

key chemical plants using catalytic processes. 

1 



T.     FINDINGS 

The principal  duty of the expert,   according to  the Job Description  (annex T\ 

was to make a pre-feasibility  study on the production of catalysts for the petro- 

leum industry in  Iran.    rnhe  first   step  in the study was to assess the present 

and  future demand  (to 1985)   for catalysts in that   industry,  as well  as in the 

petrochemical  industry. 

Assessment of demand  for catalysts 

Figure  I  shows the location and  status of operating and planned planta 

using catalysts in  Tran.    Figures  TT,   TTT and  TV represent a further break- 

down of these data and  show the locations of refineries,  petrochemical   plants 

and ammonia synthesis plants,   respectively. 

The catalyst  consumption forecast was based on two assumptions.    First,   it, 

was assumed that  the following production capacities would be achieved on 

schedule at  the refineries of the National   Iranian nil  Company (NTOOÌ . 

Place Year 

"roduction capacity 
(thou sand barrel s 

Teheran I975 
I97R 

200 
300 

Shiraz 1975 
I97B 

40 
BO 

Tabriz 1977 BO 
Isfahan I97B 200 
Ahwaz I98O 35O 
Kermanshah I98O BO 
Abadan 1975 

I978 
45O 
600 

Secondly,  it was assumed that by the end of 19B0 the ten ammonia plants of 

the National "etrochemical  Company of Iran (wr.)  shown in figure TV would be 

operating at a capacity of 1,000 t/day each. 

Table 1   summarizes the estimated catalyBt requirements of all these 

plants over the period 1975-1985,  for 15 different processes.    The table also 

gives the value of the estimated consumption, based on the prices of the 
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catalysts in 1975 in the United States of America. Since thene prices will 

undoubtedly increase greatly in the period, an estimated ^and total of 

«1Ü0 million may be more realistic than the J96 million shown in the table. 

able 1.  Forecast of total catalyst consumption in Tran, 1975-19^5 

'rocess and catalyst 
,   .     a/ 

Hydrogun planta of refineries (NTOO 
and ammonia plants of petrochemical 
complexes (TPrQ 

Sulphur absorption,  ZnO 

Hydro-desulphurization,   (,o-Mo 

Dechlorination,   modified Al 

Primary reforming, NiO 

Sec-nfiary reforming, NiO 

High-temperature shift,  Fe-Cr 

Low-temperature  shift,   Ou-Zn 

Methanation, NiO 

Ammonia synthesis, promoted Pe 

Subtotal 

Sulphuric acid synthesis, V-0_ 

Total 

Refineries (mod 

Hl'dro-desulphurization,  Co-Mo 

Catalytic craoking, Al-Si 

Hjrdro treating 

Hydro«racking 

Platforning, Pt 

Total 

Oran« total 

Consumption "rice^ Value 
(tonsï       (dollars far)   (million dollars^ 

1 94B 

1 213 

7*2 

2 791 

1 283 

5 062 

4 629 

1 315 

2 874 

21 897 

1 840 

23 737 

I.50 

2.20 

I.50 

4.00 

3.5O 

I.50 

3.5O 

3.00 

2.00 

2.00 

2.9 

2.7 

1.1 

11.2 

4.5 
7.6 

16.2 

3.9 

-111 
55-8 

Oil 
59-5 

a/ In 1975 in the united States of America. 

140 2.20 0.3 
18 600 O.605 11.3 

110 1.00 0.1 

2 684 6.30 I6.9 
1 015 8.00 8.1 

22 549 36.7 
46 286 96.2 
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!n 1 i"ri,   a  joint-venture refinery   for export WP.B  still   under negotiation 

with  a group  in  the  Federal  Republic  of Germany,    ^e new refinery,   to be loca- 

ted   in the PuGhehr area,  would  be of optimal  size,  son,'"mo barrels per day,   and 

would be linked with a  netrrv-hemioal   complex also constructed   to optimal   size. 

iowever,   by  «he  er.4,   ^f  -he expert's assignment,  no cr-,n^lnaive  agreement  had 

been  rea'hed  by   'he  nenvivirv par+ies.    "herefore,   the  catalyst  consumption 

of   this complex waa no-   taken into account  in deriving  + he estimates of tabi #>  1, 

If   it   were,   the   »o'al   of table  1,   46, ??f-   t, would be  increased  by T,"^S t,   to 

41,Ml   t.    Det-ul s are   in annex   TV. 

'he oataiyr.»   rerniirernents of  some other plants were  not   included   in the 

assessment:     'he petrochemical   plant  at   Abadan,  the  Tran-.tapan  netroohemioal 

'ompany and  the   'nn-Niopon "etrochemical   Company.    Tt   is estimated,   however, 

that   the  ae -ini  of  these will  use catalysts in these processes and amounts: 

Estimated annual 
catalyst   consumption 
(thousand dollars) 

35 
700 

40 

ion 

 52 

roceBS 

Hydrotreating 

atalytic reforming 

Hydro-deal kyl at 1 on 

Cyclohexane production 

Xylene isomerization 

Hydrogen production 

^o tal 1   r>75 

The  Tran-Nippon Petrochemical  Company will use a vanadium pent.oxid«. catsJyet    . 

in its phthalic anhydride plant .    Tie  initial  charge is estimated to be approxi- 

mately 40 t at an estimated cost of t9°°foon.    The annual  catalyst requires««!« 

are estimated to be 13-14 t at an estimated cost of $300,fY)0 

Harshaw catalysts are being imported into Tran;   their value is expected 

xo reach $300,000-1400,000 in 1975.   (These catalyst« are mainly Mi oatalysts 

for fatty-acid hydrogénation.)    The annual growth is expected to be 30-4(1)1,   so 

that the imports of Harshaw hydrogénation catalysts will thus amount to appro- 

ximately $1 million annually by I97B. 

The assessment was carried out on the basis of information received fro» 

the managers of the plants involved.    No cross-check with effective annual pur- 

chases through the NIOC purchasing department was possible because of the 

availability of data from that department. 



Detailed  breakdowns of the conaumption  fibres   of table   1   by   individual 

••l-ints and individual   catalysts are ^iven in annexes  V-TX. 

The asseaoment  clearly  shows that  there   ia a eipnifmant,   expanding market 

lor eatalyots  in   'ran.     Although they have not  been   i nvestirated here,   the  nos- 

uibilitiesare also  excellent   for export „r  catalysts  tc, neirhb-mrinr   -o-intries. 

!r.-m,   however,   oanr.ot    t!iVe advance   0f either marke«,   at  nreaent,   ain-e 'here  ia 

HI  1 • -al   production oí    natalyata. 

ypea of catalysts, tu   1 e ffii < -ed 

he conrtu.ii »i .->••   the exnert is   that   i 

lowing tyne.3 of • •>• olycts  and .-mrrier.; 

Desulphumvi' i'>n  ('/n'>,     'o-i.|o> 

3team-reformin     (lli'l 

¡'0 conversion  ( Ke-'Y,    "u-Zni 

flethanation (Ni '^ 

Ammonia synthesis (promoted Fe,"' i 

Anmonia  dissociation (NiOÌ 

Methanol   synthesis ('V>) 

formaldehyde cyntheais  (mixed oxide.-^ 

äilphuric   tfiid   Bynthesis (TO  Ì 
phthalic anhydride synthesiu  (V, "O 

? '") 
Malein anyhdride   oyntheois (V-'1      'o'O 

A1?0,  carriers* 

li:  'Vr-Bj i'le  to   manu fa'  Lure the 

' r <n: 

It  i« further concluded that the enternrises •»nufa-turinp them can be l'^ 

Iranian.    However, a larpe amount of out aid *   technical  aenistanee will be neces- 

uary to establish such  enterprieeB,  and  the production of catalysts more aoohir,- 

ticated  than those listed above,  e.g.,   noble-metal  oatalyata,   would  require 

collaboration with a foreign mamfaoturer that  epecialifed in mich catalyata. 

Detail»* informt i on about the procu». of Menu factor«, of the reoonewjitded 

cataiya*« «M te tmmá in the technioad doouienmtation prépare J •• part of thie 

project an« «eewrlbed i* Mktz I. 

The utlliMtion of indi^anou« raw material« for oatalyart production i e 

possible and »hould be the objective of a follow-up miaaion. From the pre- 

liminary survey carried out .hiring thie project it appeare that certain 

m 
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carrier and active materials will   be easily available after the  refractory and 

ceramic material   plants are built  and operating. 

Indigenous magnetite  is plentiful  and   should be used  to make the ammonia 

synthesis catalyst  (Pe,0   ) .    Once a magnetite noncentrate is obtained in con- 

sistently pood quality,   one could  even  think of exporting the product in signi- 

ficant amounts. 

he  nroduction steps  in the nrodu^tion of magnetite  suitable for catalysts 

are (a^  ourification,   (bi   concentration and  (c)   drying,     "uri fi oat i on can be 

carried out either by electromagnetic  senaration or by wet  ohemi-try.     4  detailed 

investigation ha"s  to be undertaken to -analyse  samóles of the magnetite available 

in Bafqh near Yazd.    (it  was not  possible  to obtain such  samóles duriryr the 

project.1!     "Tie analysis  is needed  to determine  the proper  purification method 

needed to obtain   the quality described   in  the  specifications ^iven in annex XT. 

' incontrai inn and   drying  of *,he narneM ^ e  ^an be done by  conventions1   oroces- 

sinr tne'hids ucinf:  conventional   mq^hinery   ^nd   therefore  dop3 no*   need   *o  ^p 

described here. 

Initially,   there should be a production of approximately 1,000 t/a of puri- 

fied,  concentrated and dried magnetite.     In a second,  expansion phase (for 

exports),   the annual production capacity  could be increased to as much as 

5,000 t,  which,  at  the present world market price, represents a value of about 

Rls 40 million. 

Annex XTT ftives suggestions for the preparation of ammonia  synthesis cata- 

lyst from indigenous magnetite for trial   purposes. 

fiaialogaeo» and -teohrioal. lea flat Sf .»& welJ. as aampljis of the principal 

industrial catalysts were given to the counterpart during the project.    Catalyst 

samples were also given to the KICC Pessaren Centre at Rsy. 

The establishment of catalyst production in Iran would have far-reaohing 

effects on the entire Iranian chemical  industry, and not  just the petrol eus 

and petrochemical parts of it.    These effects are described in depth in annex 

XIII, in whioh a detailed proposal for a project for the design, engineering 

and construction of complete industrial  chemical plants for hosw and export is 

also presented.    Ine Government of Iran has, on various oooasions, expressed 

the deaire for just such a capability. 
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Assessment of the co3ts and profitability of catalyst production 

'"able ? is an analysis of the o-timated costs and profitability of a nro- 

poBed programme of catalyst production, assuming single—shift operation, '"Tien 

market development is sufficient to require it, the capacity can be doubled by 

working two shifts. Included in the table are the investment costs for buil- 

dings, machinery and equipment, the production costs, and the salos and profits 

for these broad  categories of catalyst:     tabletted,   extruded,   coated and  fused. 

? 2 The  space requirement  is an area of 5,Ono m ,  of which 1, ?on m   should be 
2 

-overed   space in buildings,  as  follows:     300 m    for the   tabletting, extruding 
•j ..... . .       ' 

and coating machines;  200 m    in a separate building for  the induction melting 
2 ? furnace for fused catalyBt production;  500 m   for pilot   plants;   ?oo m    for the 

laboratory.    A  set oT drawings  for the buildings was prepared as part of the 

technical   documentation for the project  (see annex X). 

To achieve the oruposei capacity,   the production machinery listed  in 

table 3 will be required. 

The labour requirement for production is 4 persons per machine per shift, 

plus 4 more for preparation and miscellaneous production activities, making a 

total of 24.    "Tiere will be additional personnel requirements,  of course,  for 

the pilot plants, laboratory and offices.   The estimated  total  is 36 persons, 

equally divided among the plants,  as indicated in table  2. 

The breakdown of the annual  raw-materials cost for  the four categories of 

catalyst is given in table 4. 

. . An .imn\ementat.ion. »chedujje for. each oa^Sfory of production is contained in 

annex XIV.    If thest schedule* «re followed, sales of tabletted and extruded 

oatalyeta oould begin by October 1977,  coated by December 1976 and fused 

(ammonia synthesis) by June 1978- 

°Blr»UflaM 

Fro« «hat has beet, said above, it is olear that there la a significant 

pressât mad futur« sarfcet for omvtalytt« 1B Ira«, ami OB» out expeot the HUM 

to be trae of th« nsiffcbourimt countries.   However, there is no looal production 

to take advantage of these markets. 

Ima ...—i 



- IP 

"able 2.    Summary  of estimated coat« and profit- 
abel i ty of catalyst  production 

('•"illi"n rials ner yeari 

Item 

"ablet ted 
<~ataly3ts 
(3-n t^ 

!1xt ruderi 
catalysts 
(PO  l'i) 

'""oat ed 
catalvsfs 
( P t. V 

FViaed 
catalysts Tot.»! 

(l,^ t. /%> 

Investment  cos's 

'•lach: nery ami 
equipment V 3o \y tìo 15^ 
Bull di rv?s V"» 3"> 30 3^ l?n 
Preparatory work 

'Potai 
. . • .   ...Ja   . 

Production "ojts 

25 ?5 4.5 R Raw ma'erial 3— 

.vages— 
62.5 

1 ? 2 ? fl 

talaries- y, i 3 3 12 
Flectrinity  and wat er        1 1 0.5 1 3.5 
Allowance for 
unforeseen coats 1.5 

a/   See text for breakdown into carriers awl dkmAmâi. 
b/   Por six person«. 

e/    Por three persons. 

4.5 
Depreciation 

Equipment and 
machinery  (20^) 6 6 6 12  ** 30 
Buildings  (5^) 1.5 1.5 1.5 1.5 6 

°epair and maintenance 1.5 1.5 3 1.5 7.5 
Interest on canital 
(10JÍ) 6 6 6 9 27 

.. UborAtorx, testing,.. 
research and 
development JL -5 -5 g.5 JM 

Total 52 52 33 41.5 IT* .3 

Profitability 

Salea 75 75 60 67.5 m .5 
Net profit 23 23 27 96 w 
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Table 3.    "roduetion machinery requirements 

"V>tal electrical 
Number onwer rerniirement 

Machine or equipment rapacity rehired (w) 

Tabi et ting machine ^  kg Ai ? ?o 

Extruding machine ion kg M 1 2n 

boating machine ino kg/day 1 10 

Induction melting furnace 2 t/day 1 2 OOP 

Total ? 050 

Table 4.    Breakdown of raw-material a cost 

Catalyst category 
Raw 
material« 

Amount      ro at 
(t> (million riale^ 

Tabietted 

Ertruded 

..0«**«# 

oerriers 300 10 

chemicals y 15 

carriers îoo 10 

chemical a 50 15 

carriers 30 1.5 
oaealomls 3 J 

magaetite* 

promoter»*' 

600 
60 

6 

6Í.5 

mm ama asmEMiu •»iftiìiHfir "*—* '*->- '^"^" -M-- 



::c . ¡' .¿trv  of     ndusiry   irr     inej  is well   w?>re   of the   ne^osji '-••   fi" 

uufa--' : r 11 :     -a.a'alyst. s in   Iran,  • nd  no*  merely for economic  reaaom,   but,  m->rr 

.•i^ò,   fir   strve,']- tMSDns:     to  be in!epen>bent   or foreign sallies 

_... rrr ,,,, , 1n;.   ln   _r,.,,]-.    .al;;c.!   •,-,.,   striker;,   ífnnsnri^ i MI in' ''-¡8, 

.-urr  c -.,   nn.v   A :' wii -h    -null   mnlvr.o  nroiluri i in of  ref inerv  nri- 

imror' an»   -><. 

-MI-   f'rrt   ' •• 

;• il : • i--.il   -i 

!.. •'' £   'in i   re c::il "al 3. 

i.c   :,*'. "lade   by    'he-  r> •'. - . 

ID fean'le     r. •   ewnomi-a11;: 

e:r-ib] i shin'~   .   i~b. an   ìnii;'"-   :• 

however,     '.a.'.^inr  'he   ovaiiaM" 

;hov- ••ft a: n   . n    rir 

''.able.      'here ire  no  fin^n-iil   nrn't>l ems  in 

'"•«•     ^cr.i H» an'-e vii IT  be n«e iel  in   »rainin-, 

..   o4'  *hat   assistance in! of   fhe nersnnnei 

exi-erien-« i   i 

• 'or'-re   i'•  '-e-- 

'• \   the  en; 

"ni-.-- .t.- 

' !  ber: •"• : r. 

f he ana.ly*i"al   -v<r  of"   catalyst   teat in." it  *he r •>""••• Research 

••r  Pf'   -e1   in   Tran "o.ild   "P reachinr  'b r   mar'-rp' 

• ii'i ¡li  'be 

alynti the er.'i  of 1 '" 

M 

'   •.' tnn -1.- e: ' ^r"   • i 

fx  han;-e of  i r.f'or- > • 

'n iu;*r"  orb      ' nes inr'   'he    "Tiwe 

n a wasie if   'ime,   effort,   íior.fc,"    i 

resomi zed,   'here TP     cr'.ajn   hin^ran^es 

"'   i' .     T,1or exnrio'e,  tb.TP  ir-   no  a-'ive 

'•  between !.'"     ,   '     ,   lhe   "ini^ry of 

-•or  in  nror-        '-his kind.      "ha1   >ad0 

"lannwer. 

For  ita nari,  T '    does no-   v   --r-f-jen*   have the  capability or   '.he  intention 

of undertaking   its own  oatalyct  ro-T.-h an-i   development    It   is rather orient ed 

towards a lo-o-^en'ion with a   forei.-r   ''irm    in a  wmt  --enture.    ]V<~',   on the 

nher hand,  hr-j  an interest   in   -••> -j. .--. •   -nanufa-ture but  is banner ed   by  a uni- 

Liberal   i-'T»': -!'.   or. ;   nt rup*-.;r-->"    >• -.' . Tì-IPG. 

Suc-e.jsfj!    mar. ¿fr» -tare   of h:     '       :v-hij:: -atei  an •   sensitive -a + alysts 

requires mastery  of oro tu-M^r.   •<••..   •   a, i;hi-h is air-3-  an art   in  itself. 

ou.oh. know-how. .or.¡ 31 be  ovai].aV. c, .K-'.her ..devel/u-ed..indap.ewJ.ent-L.y. »v*.ter   lory»  

experience or  obtained   by transfer tbr-i^h  11-enoirw- or  wtrirht nurchase from 

the few  companies or   independent  roncal tan^ G   in the warb! that   have   it.    lie 

expertise available in   rran now is ei * her incnuffioien»   or inadequate.     mherefore 

an intensive  training   abroa i for <he   'eohnical   staff of any -rooosed   catalyst 

manufacturing  enternrise is absolutely   necessary.    'Tiis traini nr should  rover 

not only formulation and preparation techniques but also proner operation aw* 

maintenance of laboratory and production equipment and of pilot n"»--*•».    Tt it 

in this area that outside assistance is urgently needed.    Unfortunately,  the 

necessity for anterior  intensive training for  technical  personnel  is  beiry 

underestimated. 



- ?1 

IT.     WOMKFNTM'-rnfn 

1. Th. production of the catalysts listed under »"ypee of catalysts to be 
..roducad»  in  chapter I should be initiated  in rran at  the mrUtMt ^^^ 
date. 

2. "he production should be based  on standard formulations and then developed 

by independent research and development  to highest  international  standards. 

3. 'Ph. catalyst production must be accompanied by pilot-plant testing 
facilities. 

4. -he testing of catalyst properties should follow standard methods usin* 

testing equipment  in the catalyst  production plant  itself. 

5. A multipurpose combined catalyst  production plant  should be established 
with an initial production capacity as follows: 

Capacity (t/a^ 

300 

Catalyst type 

extruded 

Tabi et ted 

Coated 

Fused 

Total 

300 

30 

-J52 
i oflo 

6. The cataly.t plant should be or«*«!..* .ith.r at th. WTrv, „„^ ^^ 

at UV or at the Industrial Develops and ».„ovation Or««ii«tio„ of Tran 
(TDRO) . 

7. For «ore aophi.tioated catalyst., particularly noM.-«.tal catalysts, a 

collaboration with a for.i*n cately* •««facturer that -pedali... "ln tL 
should be »ou£ht,    • * • -*......  

«.    indépendant research, development and production .houid be „P(taniMd and 

i"Pl—nted by all means, even in the o.e. of a joint •»t«r. with a tor.ign 

catalyet smnaf.cturer, to «iv. the ommtry an absolute iad.parrf.ac. i„ this 
vital and strategically important fiale. 

9.   Th. »tili-tion of indinneu. r~ sjafrial. for oataly* production, 

•»inly «emetit., elimini«, o.ide.,  owraaic. etc., eh<mld b. iw.rtiga|«| 
in depth, per-faaps in a follow-up project. 
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ir.     Catalyst  technology  should be   introduced  in the training  courses of the 

higher educational   institutions in   Tran.     Tt  should not be limited  to  the theory 

of catalysis and  the preparation and use of catalysts,  but  should also emphasise 

catalyst  development and  testini: in pilot  plants,  catalytic reactor engineering 

and  process devel opment. 

11.     A  complete documentation on  catalysts,   including not only  books and papers, 

but  also  patent  documentation,  current   catalogues and samples,   is  indispensable 

and  should  be organized as first  step of  any training and education programme 

in  catalyst   technology. 

1?.     A  necessary  factor in the successful   marketing of catalysts,   apart from 

price and  product   acceptability,   is  the   capability of the catalyst  manufacturer 

to  provide prompt,   competent  technical   service during the design  and  engineering 

stages of a  chemical plant,   at the  time  of  catalyst loading,   during initial 

plant   start-up and   throughout the  lifetime of the catalyst,   sometimes on short 

notice,    nie catalyst manufacturer  should  also provide acceptable Performance 

and   life puarantees for his catalysts. 

13.     The  final  objective  should be  the   independent development  not  only of good 

catalysts but also of proprietary   processes.    That means that  in  the final  stage 

of development,  emphasis should be laid  on process development  and engineering 

of complete plants (refineries,  petrochemical plants etc.),  on their construction 

in  Iran and,   finally, on their export  to  other countries.    Fbr this broad acti•• 

vity,  catalyst development and production is a prerecruisite. 

M.     It  is highly recommended that   the  Ministry of Industry and  Mines organize 

and have concentrated within it all  planning efforts in the catalyst develop- 

ment field within its competence,   to avoid the disadvantages of having multiple 

non-coordinated and sometimes contrary programmes in this important field.    The 

same should apply ai so to the general planning for the final objective given in 

the preceding recommendation. 
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Annex T 

POT" ^T'7-!,^ 

DURATION 

JOB DES0RTn,T,TON 

TS/lRA,^4/04? Vi-  1 'P5 

Fbtpert  on  Catalyst  >oduction for  the  "etroleurn Industry 

Six months 

DA^E REQUIRE 

W^r  S'^'TON 

As  soon as possible 

neheran,  with travel   to Abadan,   "ermanshah,   Chiras, 

"abriz and   Isfahan 

punnosE OF 
11 Tvl J ITT 

DUmIES 

To  assist   the  Iranian Government   to  elaborate a ore- 

feasibility  study on catalyst  production for the netro- 

leum industry 

The  expert will be assigned  to the Ministry of Industry 

and Mines, where in co-operation with local experts, he 

will  be expected to carry out a pre-feasibility study 

on  catalyst  production for the petroleum industry inclu- 

ding the following relevant aspects: 

1. An assessment on the catalysts demand for the petro- 

leum industry in Tran at  the present  time,  and for 

..     J.1!? ne*\ .tpn. or. fifteen.yeaçg; ....    _      

2. An evaluation of the types of catalysts to be pro- 

duced, including the sizes of plants and proa, jses 

involved; 

3. An assessment on the fixed and working capital re- 

quirements including the needed building construc- 

tion,  land, equipment, processes, utilities and 

transportation, also estimation of labour reauire- 

»•nts,  produotion costs,  selling prices and foreign 

•xohange componentsj 

WêM 



,11.    .IIWWJl!     1J..I1J.1 

4.     FI aboraí.ion of tendera specification for know-how, 

process and equipment. 

QUALTFI'V/TONS "hemi'-al  engineer with extensive practical  exneri en»-? in 

the manufacture and utilization of oatalyntc. 

BAfKCR%TJD 
Tlil-v.n'-iA-IOT! 

At  oresent there are,  beeiden the Mr Abakan refinerv 

the refineries at Verman3hah,  "eheran and  Turan.    "Vo 

more refineries are now under construction at   "abriz an'' 

Isfahan.    Future expansion rrorramme  includes a lar^e 

comnoneni,  for  export.    Already an agreement has been 

made with foreign partners to construct  two refinerirà 

that will be catering primarily to  the export market. 

Additionally,  chemical  and petrochemical  industries in 

Iran are envisaged  to prow al a hiph rate;  during the 

5th plan period the investment oro^ramme of the National 

°etrochemical  Company of Iran (a public sector comnany^ 

will   exceed 51 billion. 

CANDIDATS R^UnSTSD BY 11  FTORUARY 197«j 
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âBW»  II 

OOUNTHJPART 

llame of counterpart i 

Location: 

Manoucher JAflFRI 

M.  ^c. cham. en/? • 

Chemical and petrochemical 

Tnduatrias Section,  Ministry 

of  Industry and Mines 

Length of 
assignment» Plill  time, 6 April - 

2* kugaut 1975 



^^^ü 

- Pf, 

AnntK  TU 

Ftxi,)wnnrn 

"he ^o.n'ernqrt,     ''.   'aben,  wis nominated for a  fellowship in 

the IJNI1>'   in-rî ant   -roup  training proíT-irr.íi» in pttroehwiioal   industry, 

to   take pi ve  in Romani T, 1   fìeptembr-r  *o  7 November 1075. 
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Annex IV 

FORE^AÎT OF TOmA!,   ''A^ALYT "ON SI1 IT"" TON   TN  TRAN, 

1 975-1 9°5,   TN XUDTNO   BUTTÎ^P 

roceBB Jind   oaí^lyst. 
Including 
Hushehr 

''onaumption  (tona'i 

Hydrogen plants of refineries (ni:y) 
and  ammonia plants  at petrochemical 
complexes (N?'"1 

Sulphur absorption,  Znn 

Uydro-desulphurization,   Co-Mo 

Dechlorination,   modified Al 
r>rimary reforming,  NiO 

Secondary reforming, NiO 

High-temperature  shift,   Fe-Cr 

Low-temperature  shift,   Oii-Zn 

Methanation, NiO 

Ammonia synthesis,  promoted Fe 

Subtotal 

Sulphuric acid  synthesis, V.O 

Total 

Refi aerie» (mod 

1 94" 

1 213 

7«2 

2 791 

1  283 

5 062 

4 629 

1 315 

2 B74 

21 «97 

_1_840 

23 737 

BuBhehr 

90 

24^ 

36o 

375 

"25 

75 

1 965 

Hy dro-desul phuri sat ion, Co-No I40 

Catalytic cracking, Al- Si IP 600 • 

Hydrotreating 110 30 
Hydrocracking 2 6*4 930 
PI at forming, Pt 1 015 330 

Total 22 549 1 290 

"otal 

1 94* 

1 303 

1  02? 

3 1«51 

1  ?P3 

5 437 

5 454 

1  39n 

2 P74 

23 «6? 

1 R40 

25 702 

Grand total 46 2Aé 3 355 

140 

1« 600 

140 

3 614 

1 M? 
23 « 39 

49 641 





Annex V 

FOtHCAST OF CATALYST CONSUMPTION IN IRAN, 1975-1985» 

BREAKDOWN BY PLANT AND PROCESS 
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Ann*i IX 

FOREC*ST OF CATALYST CONS'IMPT'TOK TN TRAN,   19''*>-lt>flíii 

ANNUAL CONSUMICIÓN OP" INDIVIDUAL CATALYSTS  AT 

TEHRAN AMD SHIRAZ REFINERIES AND AT 

SHAHPOUR AND SHIRAZ ARMONIA PLANTS 

^HUfet •t^ÉM ¿¡¡ka EHE! ^¡¡m MM mm «m JÈÈËÊÊÊ 



Oí 

oc 

c-, 

ir. 
t 
en 

O 

! 
M 
ri o 
u 

• 
É 

-. « 

oo Ki    io 
(NI       K) 

io 

Kl 
(NI 
00 

* 
          i 

LO 

m    u-i 

U1               K) 
ri    M 

io 
IO 

       ^ 

o 
ao 

LO a> 

< 

53 

3 
U 

(-0 
o 
»NI 

o 
»N| 

K) 
LO 

fM 
LA «M 

S 
3 

o o 
o o 
r- LO 

S 
.A i, "*fc |      Oh 
¿BD I     »-« 3 

o 
o 
LO 

o 
LO 

O 
a 
LO LO 

o 
K) 

o e e o o» Ol 

ri 

K) m S 1 
K) •*» « «H 

O U 
1 

0 

•  1 
WH*M 
r* l»i 

SS 

21 
HÜ U 
JM O 

£ 

Il  llÉtliilMÉ ÉUkJkMÉ^IIkaMi 



-    "V7    _ 

r 

u. 

m 
t-- 
o» 
r-t 

n o 

! 

ê 

Kî 

" •*• 

K> 

vO 

O 
LO o 

ro 
«M 
«M 

NO : o 
«M 

\D 

NO 

NO 

rj 

in 
«M 

«M 

CM 

«M 

io 
© 

a ' »M «NI O 
ri O »M e 
«M r~ NO 

O      O 
«o    e 
«M       >© 

O 
«vt »O 

»M 

O 
«M 
oo 

o 
•o 
e 

M O • 
l-l o 

m 
•e »M «M 

NO 

ri NO un 

un e 
ri 

î 

I 
¿53» 

i/t S 
Kl 

«M   •   K> 

C* 

î 

O 
T-l 

î 
I 

g     •* 
«S 

2 

I 
ï 
Ki  t 

12 

«M 
N© 

o 

fi 
O 

«H 
4« 
M 
«I 
•H «-I 
N   I e« 

AM 

i 

M» 
O 

IA 

(M 

I 
j 

ru   iiiiiti   '¿i    l ih IF ****"•    '• •- am   ^—.¿.^i: -—,  .....¿i,„„> ..-..^    •„^»•.»,. 



s« 

YEARLY   CATALYST  CONSUMPTION AT  SHAHPOUR  FERTILIZER COMPLEX   -   AMMONIA 

PLANTS. 

tconsumption   in  1975   and  1976) 

Production capacity   1975:   1000 MTÜ Ammonia;   197b:   2000 MID Ammonia 

Catalyst 

Hydrodesul- 
furization 
CCI C 4 9-1 

Charge 

on.ft. m 

Consumption  1975 +     J 976 

cu.   ft. 

1050 

Sulfur  ab- 
sorption 
CCI C 7-2      1155 
  . .... T _ 

Primary 
reforming 
CCI C 11-9 1110 

Secondary 
reforming 
G   31B,   G  56 1130 

m3   I    t ou. ft 

29.75     525      ;  14.9  >  1  13.5 

32.50     577.50  16.3   ¡18 
 ^...      ... .f— . L~.   ... 

31.50;   555 16        I 17.S 
 (  

»" 

TOTAL 

7     6.5     20 

25   27.5 45.5 

t Î-" 
i 

i i 

t     17   19      l 36.5 

31.70     565 15.9 

HT SC 
CCI   C   12-1 2080 

LTSC 
CCI   C   18-1 1750 

Methanation 
CCI   C   13-4      ;        735 

Antonia 
Synthesis 
CCI   C   73-1/2 I      2624 

59 

50 

1.040       29.5 

875       25 

20.80 387.50     10.4 
 1  

74.25    875 24.75 

Total 11.634   329.5     5.400     152.75 

15.9 

40 

22.5 

18   18        34 

1— 

11.5 

74 

212.9 

30  40.5 

29   26 

10  11 

80.5 

48.5 

22.5 

I    12  36      I 100 
4 h__ 

148  184.Si    387.5 1 

Sulphuric 
acid prod. 
Nontanto 210 
Monsanto II 

94.25 
1S4.7S 

•    41 
69 

 1 

36.S 
SS.S 

>    '   " 

48 
69 

S6.S 
SS.S 

73 
111 

Total 2S2 In, 
1 

92 117 
  

92 
,    . 

114 

#71 
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YEARLY CATALYST CONSUMPTION AT SHIRAZ FERTILIZER COMPLEX - AMMONIA PLANT 

(consumption in 1978, and consumption 197« - 198S) 
Production capacity 1978: 1000 MTD Ammonia 

Catalyet 
' Charge Yearly consumption 1978 1985 

Total t 
  

eu. ft m3 cu.ft. m3/y t/y 

Hydrodesul- 
furization 
ICI 41-3 12.75 7 6.5 52 

Sulfur ab- 
sorption 
ICI 32-4 50.5 25 27.5 220 

Primary 
reformer 
ICI 57-5 32.65 17 19 152 

Secondary 
reformer 
ICI 54-2,90-1 

32.75 
1.50 18 18 144 

HT SC 
ICI 15-4 éO 50 40.5 324 

LT8C 
ICI 52-1 58.50 29 26 208 

Methanation 
ICI 11-3 23. SO 10 11 88 

Ammonia 
synthesis 
ICI 35 45.10 li 36 288 

Total 317.25 148 184.S 1.476 

•^ •mi mimi 



Annex X 

"F.'iniT 'V.  TT1 '"M^JTA•''TON •'nr'AP'T) DURI1K 'rH^ '-R.\T^^ 

art   1 

arf   TT 

Hrt   ITI 

^rt   TV 

^art  V 

Part  VI 

Part VII 

Part  VIII 

'atalyst     echndoRy -   Introduction 

Introduit.ion  into  the catalyst  technology;   description of catalyst 

preparation,   testing,   selection,   evaluation.     nescriotion  ">f main 

indus+rial   catalysts.     (?^   fU.y 1975»   ?*> pa^res^ 

atalysi   manufacturers -   -ommercial   catalysts 

List  of  -atalyst, manufacturers,   divided  into  countries,   processes 

rui ¡   .¡"c -i il ìzei  '•atalyiitr.     ',13t. of processes,   catalysts and  manu- 

l'act :.rcru.     («'    t-'ay  197%   rf  nares"* 

•'atalas*   carriers 

Detailed  description of catalyst    arriers,   their  specification, 

manufacturing processes,   use and   testinr.     "he role of catalyst 

carriera  in ca'ilysis.     (3    Kay 1 r>7ti,  li'' nares) 

•atalysts in catalytic processes 

Detailed description of industrial  catalysts and  their use in 

catalytic processes.    Manufacturing techniques.    mestinfl and 

evaluation.    lUbliopraphy.     (}" May 197e),   9*5 pa/res) 

'atalysts in petroleum industry of Iran 

Description of HP" refineries,  operation steps and use of cata- 

lysts  therein.    (lr> June 197%   51  papes) 

Catalysts in petrochemical   industry in Tran 

Description of Nn0 petrochemical plants,  operation steps and us« 

of catalysts therein.    (3P June 1975,  94 pa^es) 

Ammonia synthesis catalysts 

Description of ammonia synthesis catalysts,   specifications, 

manufacturers.    (15 July 1975,  57 P**««) 

Methanol  synthesis catalysts 

Description of methanol  synthesis catalysts,  «pecifioations, 

manufacturers.    (20 July 1975» 25 pages) 
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•art   IX 

"art.   X 

art.  XI 

Tart  XT I 

'art  XIII 

Part XIV 

'art XV 

Part XVT 

Formaldehyde synthesis catalysts 

Description of formaldehyde synthesis catalysts,   specifications, 

manufacturers.     (?5 July  1975,   21   papjes) 

Sulfuric acid synthesis catalysts 

Description of sulfuric acid synthesis catalysts,   specifications, 

manufacturers.    (V July  1975,   29 palesi 

''atalysts for hyurogen production and for ammonia synthesis 

Detailed  description of catalysts for hydrogen production and for 

ammonia  synthesis.    Manufacturers,     (in August   197%   134 pages) 

•'•atalyat3 for the petroleum industry 

Detailed  description of catalysts for the petroleum  industry, 

hydrotreating,  reforming,   etc.    Specifications.     Manufacturers. 

(15 August 1975,   153 papes) 

TTanufacture of catalysts - Basic equipment 

Detailed description of process steps in the manufacture of cata- 

lysts.     Detailed description of equipment  for the manufacture of 

catalysts.    Catalyst  test i tur.    "»ilot plants.    Catalyst development 

and research.    (20 August  197%   243 papes) 

Main  Industrial  Catalysts and their manufacturers 

Tabulated  summary of main industrial catalysts and their manu- 

facturers.    (30 August 1975,  ?5 pa*es) 

Present and future consumption of catalysts in Iran 

tabulated figures indicating present and future consumption of 

catalysts in Iran.    (30 August 1975, 43 pages) 

Buildings for catalyst plant 

Drawing« for buildings for production, laboratory and offices for 

a catalyst production plant.    (30 August I975, 7 pages) 

sj 
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Ann«! XI 

SPECIFICATIONS POR MAGNETITE CONCEHTRATE 

Driwd and baggad high-grade concantrate 

Chwaical a inalyais 

F.304 96.00 i 

'•2°3 2.50 % 

NaO 0.05 * 

CaO 0.10 f 

HfO 0.30 * 

U2°3 
0.30* 

8102 0,45 tf 

T102 0.25 * 

f2°5 0.20 * 

P2°5 0.02 i 

°°2 0.05 51 

••2o 0.05 * 
K2° 0.05 1* 
010 ( 0.01 * 

tttal 100.33 1t 

r« 71.20 i 

HB 0.04 K 

p 0.01 i 

8 0.01 i 

MMltyt    5*1 «/«• 

•mlk «Mi-lji   2.6-3*1 •/«•* 

SfMifl« MrfMct 950 o«2/« 

Ser««a aaalyaia 

owl** cuMlatlva 
< Raab Tylar 1t 

>0.21 65 « 6 

0.15 100 10 14 

0.10 150 10 té 

0.07 100 12 31 
0.04 325 24 «t 

<0.04 315 Jt lit 

'•k • ,JL ÜUfaMli 
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Annex XII 

SUGGESTIONS FOR THE PREPARATION OP 
AMMONIA  SYNTHESIS WALYTT 

An experimental  preparation of ammonia synthesis catalyst  for trial pur- 

poses can be implemented  in Tran without the usual   industrial  fabricating 

equipment by following these suggestions and recommendations: 

1. Order experimental  quantity of magnetite from Sweden (200-400 kg)   to carry 

out preliminary formulations, 

2. Prepare preliminary formulations with subsequent melting in pilot  furnace 

at melting furnaces manufacturing plant. 

3. Test  the samples  in appropriate laboratories abroad. 

4. Prepare the magnetite concentrate from Bafqh either in Iran or abroad 

(200-400 kg). 

5. Prepare comparative preliminary formulations with subsequent melting in 

pilot furnace as under 2. 

6. Test the eampies made from Iranian magnetite for comparison. 

7. Order commercial   quantity magnetite (10,000-20,000 kg) from Sweden for 

industrial-scale testing. 

8. Prepare preliminary formulations with subsequent melting in an industrial 

furnace at a melting furnaces manufacturing plant. 

9. Carry out industrial-acale testing in ammonia synthesis plant abroad. 

10.      Carry out industrial-soale testing in Shiraz Fértil i e er Company ammonia 
plant at Shiras. 

All the above-mentioned «tepe can be done abroad so that, aside fro« the cost of 

the preparation and testing, no expenditure of funds for a production plant would 

be necessary before positive result« were obtained fro« the pilot and industrial- 
scale tasting. 

Satinate of costs»      20,000 kg of aagnetite 200 000 Hals 
Prtpiirmtion »od «siting 350 000 rials 
Testlag 390 000 rials 
Transport, paoking etc. 100 000 rial» 

'Potai 1 000 000 rials 

Bstiaate of tiae requirement«    3-4 months for preparation,  2-3 «ohths 
for testing. 

.A,:,-, i. .±,. >'M£k  ^^ 
• •*" '• •--"*• •-•kfe ' -"""•- a   •*"*• — • 
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'!(•''• SAL   K-í;   A   !,I?XTF'vn   "')    'AHALLHl, "'Hr  ''T'A ^TS'IM'TIn nF 1'T,VT' 
"irO'l "TW   ÍN   IRAN:      "Iir  D^TON,   TJrUNrTRTm  AÏ1T) 

'"íNSTRU-^T'-IN  :)Y   '>W],r'r. '•HrHT'-AT,  ''LAN":! 

The research on,   development, of and production of catalysts cannot he  con- 

sidered  to te an  isolated project.,     ^ach catalyst   has a certain environment - a 

catalytic  rea.-tor -  and   thin   in   turn  has   i'3  environment  -  a   catalytic pn^esn 

plant.     'onsequently,   every catalyst   development  leads invariably  to nrooess- 

development  and prooess-eryineerirv: activities;   successful   catalyst  development 

without  3iich activities is unthinkable. 

"arailei with  catalyst  development,   therefore,   an advanced  expertise  in 

reactor desipn and  engineering as well  as process engineering has  to be acquired. 

"Hiat,   in  turn,   leads to  the design,   en^ineerinr and  construction of complete oil 

refineries,   petrochemical  and  other chemical   plants,   not only to  satisfy the 

needs of fast-growing indigenous industry in  Tran,   but also  to export  to other 

developing countries, where prefabricated "package plants" will always be needed. 

'o-operation with other developing onn+ries at a similar level, such as 

"razil or Mexico, is highly recommended, "o-operation with a developing country 

like Tndia, where a large number of technologists, chemists and engineers are 

available for employment in such projects, would fill the gap in the present 

shortage of technicians in Tran and thus contribute to the improvement of the 

technological standard and an amelioration of the socio-economic situation in 

both countries. 

In view of the abundent natural resources in Tran and the planned develop- 

ment of the chemical  industry - oil refineries,  petrochemical  plants,  combined 

chemical  complexes,   fertilizer plants,  organios and  inorganics production,   plas- 

tics and synthetic fibres etc. - a development of a national  industrial  chemical 

engineering activity is of utmost  importance and should he given priority.    'Tie 

objective of the envisaged activities should be the design,   engineering and con- 

struction of complete industrial  chemical plants for the future requirements of 

[ran and for export later on.    This long-range objective requires the development 

of Iranian expertise in the management and execution of desing,  engineering and 

construction of industrial chemical plants.    The short-range objective should be 

the establishing of a sound base for the indigenous design,  engineering and 

constructing enterprise. 

•EMlHlltt^Ei 
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The economic advantages and consequences  for Tran would be  independence 

from foreign technology,  with substantial  savings in  foreign currency,   inde- 

pendence from foreign supplies of equipment and machinery for  chemical   plants, 

also with  substantial   savings of foreign currency,   and  finally,   exports of 

complete prefabricated package plants  to other countries,    ^he  implementation 

of  the project  as a whole will   increase the technical   standards of  the  country 

and will   contribute  significantly to the positive development  of the national 

eoonomy.    The independence and  self-reliance of the country would be markedly 

increased. 

The first  step must be extensive training of technical  staff abroad,   fol- 

lowed by the erection and operation of several  3emi-industrial  rulot plañís, 

possibly in close co-operation with the technical university or advanced chemi- 

cal  engineering students.    A well-organized and up-to-date documentation with 

patents,  literature,  commercial  documentation etc.  is indispensable and must 

also be taken into consideration. 

To stress the indigenous component of the project in question, the enter- 

prise should be an entirely Iranian undertaking, but it should avail itself of 

the consulting and expert  services available through UNTDO. 

Starting from a relatively  small  basis - to be considered as a crystalli- 

zing point for further growth and development - this effort  shouia first concen- 

trate on particular selected projects and plants needed for the industrial 

development of Iran.    Later on,   larger projects can be handled  successfully, 

eventually in partnership with,   not dependence on,   specialized foreign companies. 

Such a partnership would be particularly interesting and useful  for projects 

in third-party countries. 

It is suggested that the first  step in this development  should be the 

utilisation of the coke-oven by-productc from the Aryamehr Steel Dlant of the 

National  Iranian Steel  Corporation (NISCOR)  in Isfahan, where a  series of valu- 

able and easily marketable chemical  intermediates can be obtained from the 

large quantities of coal tar that have hitherto not been chemically utilized. 

It is also suggested that a pilot-plant department be organized and estab- 

lished within the Industrial Development and Renovation Organisation of Iran 

(IDRO), where the main industrial procasses used in coal-tar utilisation can be 

raproduoed,  further developed and adapted to the particular conditions pre- 

vailing in developing countries.    This selected process development baaed on 

mmm 
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coal-tar utilization is particularly interesting inasmuch these process«.» can 

also be used - with only minor modifications - for the utilization of petroleum 

refinery by-products.    Prom the pilot-plant  stage,  indigenous process develop- 

ment and engineering would lead  towards the construction of complete prefabri- 

cated package plants for  Iran and further to a successful  exportation of these 

plants to other developing countries that are at the beginning of their  indus- 

trialization but are not so far  advanced.    After that,  more sophisticated plants 

that  could be exported even to  industrialized  countries could be conceived 

and developed. 

'"he whole process,   of course,   requires the existence of modern,  well- 

organized and competitive manufacturing facilities for chemical plant  equip- 

ment.    Thi_ ex.sting facilities in the Tran-Arak Machine Manufacturing nlant 

(Machine Sazi Arak)   is not usable for such an undertaking because at present 

its product would not be competitive in terms of quality,   cost or delivery 

time.    As there appears  to be no  chance  to improve the over-all efficiency of 

Machine Sazi Arak without  changing both the Bystem and the management  (which 

appears to be impossible), another manufacturing enterprise must be built  in 

Iran,  one specializing in producing chemical   equipment   to the highest  inter- 

national   standards and   so  economically as to be able to  compete in interna- 

tional markets. 

The initial  pilot  plants to be erected at  IDRO  should be for the following 

processes and products: 

High-temperature vapour-phase air oxidation of hydrocarbons to 
polycarboxylic acids 

i   Phthalic esters (dioctyl  phthalate etc.)  directly by condensing raw 
phthalic anhydride vapour from the oxidation reactor with aloohol  to 
form the raw ester, with subsequent purification by distillation 

Plasticizers (phthalates,  adipates,   Bebacates etc.) 

Synthetic resins (alkyds,  polyesters,   formaldehyde resins etc.) 

Formaldehyde by total oxidation of methanol 

Methanol 

Ammonia 

Adipic acid 

Sebacic acid 

Alkylated phenols as inhibitors and antioxidant» for gasoline, 
rubber and plastics 

Special paints based on synthetic resina 
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Insecticides 

Fungicides 

Chlorinated hydrocarbon« 

Pharmaceutical  intermediates 

Benzoic acid and benzoates 

Anthraquinone 

Synthetic dyes 

Furfurai and its derivatives,  etartine from agricultural wastes 

Catalysts rehired for some of the above-mentioned catalytic processes 

The estimated cost of these pilot planta is approximately $950,000,   inclu- 

ding basic literature,  patents and products documentation. 

The space required is approximately 100 m2 for each pilot plant,   including 

storage of raw materials.    For the energy requirements approximately 150 kW of 

electrical power should be provided.    An adequate quantity of tap water and 

industrial water for cooling purposes is also an important requirement. 

In each pilot plant,   two technicians per shift will  be needed,    nie con- 

tinuously operating pilot plants (most of those   listed)  will  require eight 

technicians.     Several pilot plants can be grouped together,   so  that a total 

of 3M0 technicians will  be required for  efficient operating of the pilot- 

plant  department.    That number will  eventually have to  be increased to  50 or 60. 

Apart  from the operating personnel   for the pilot-plant runs the following 
highly qualified personnel will be required: 

"anagiivr director 1 

Magisters 3 

Chemical engineers 12 

Chemist s 3 

Physical chemists 3 

Control engineers 3 

Mechanical engineers 3 

Electrical engineers 3 

^echniciane 5 

DrMéJrtmen 5 

Auxiliary personnel 3 
Librarian 1 
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Besides the pilot-plant department, an efficient designing and engineering 

department,  together with material procurement and marketing exports,  would 

be necessary.    These personnel can be recruited fro« TBHUCOM or 19JCHV0L00, IMO. 

The proposed project will  reagire the following items of outside techni- 

cal  assistance: 

(a) rnraininp of Iranian technicians abroad,  in-plant training etc.j 

(b) Supply of the pilot plants,  including literature,  patents etc.j 

(c) nrovision of the following experts for a period of 2-1 years to 
assist in the implementation of the project: 

One project manager 
(may be a non-resident) 

Chemical engineers 

Control engineers 

Mechanical engineers 

Total 

Time requirement 
(man-months^ 

I 

• 

• 

• 
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INPLEMHITATION TIME SCHEDULES 
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KIRUDED CATALYSTS 
IWICTSmriOÎI TIME SCHEDULE 

jl»  r.üJPABATOHY l'.HAaa 
 1. Organ itati on office 
  2¿_ Instruction Btaff_ 

 3_._ Planning ""' 
 ___ Ordpri___  
 5». Site_rrep_aratioj  

j ? • _ BSJìX^A j?£_3 mzzzz  
.   . In stai lattoni ,     , , 
IIITPìL'OT'PììU:

7
!"'     "_""   !"__]    _ZT~ 

~..2¿_PÍ"dp__ñ£ Zìi" ~ "    * 
 JP^Conatruction 
 lì__ ïr__i__>prt  _ 
 ____Appp__L._*_  
m¡ 13« Start-up7»3niíi£^Iñ_•Hl 

IV, TESTI HO UNIT' 

1975    ' 1976 
10)11'lai  l.  2\   _f 4Í   5>  6|   7'   8' 21 

19 r i 

on 

Bain 

,    15 » Ordirtn^r  
[" ". «6. De li very peri od ~_ 

17. Tranaport_ 
^rïn_gtj0^.tl 
lg. Full opération  
'iî'PP^'ÎlAk PÜMT* 

— ^.Ordering'''*' 
_ _?li_Ç on «t ruo t i Oí)      _ ¡ j, 
_22/'.Tremsport"~"_"_ ZI_I ZZZZIZZ4ZI 

23. Aeecobly 
—?4j_§*JlilîrHpZrî,.nni?firi-? . _ ' __, 

,„,,23.. Reblar operation """"" ," _   t 
OLL

HAi/„£i;^T;^|7,Ls_ _~~_  22 _ 7*   :~   ' 

ETIL..?r**Bpô?t_ _ ~""       ZZIII* 
[ZZ«_._Cpromi8BioTiíjg_2_        ZZ•     - 
L^2&_PJ'd____'£71 "austri aV_ ' _.     ,—•—• 
UJp"Zl,i'M»«ppptZZZZ__I.I ~"~i-T~!   i  w 
 __.   CornmiBBioninjr  ' 1 
UhW9WN?ì¥]9Y-Y_ 
 y¿> _ Li t pratur expiâtjpte  
__i>3. Own documentation 
VIIÏV'fUAÎHilwZ" '    "I  

 ^5. HoP*-p*iIôVplMt_____ 
r—lb. Homp^tyrtinipZgait Z~ 
_-3¿>JÜ!.c?PriníttG^rial  
ix. HESBARCH"*" _>:-_|LôFM|MT' 
__ 38_ _N_»w_ fprwu 1 n t i on e  
 j^.i„l^ppra3<>r_- tetta ~ 
 aPjî_BiotZpi_intZ__Qt_r 
—4L*_ ??*.? ^*irpb_____II 

4?. Ind. testinomi       
iksj M.?*ËÂ_Z?•*?___ ALS 
_   4¿»-j^í/lj'.8*.?1 sp_i_ ].oa_  
 44._ï:urïric»'Uon 

~45LJLV?Si?ZI."I._. 
á°' í__¿ut_ion 



1 ""F 

1 
COáRD CATÀLT3TS 
IKPLBIKT.-TATION TIME 

I. PitEi'AL;A':OîîT_  
_1.0r.f'.--iration oi'iin 
2» hi struction_ at;ii'f 

II. CIVIL"' T.y;nííí'j -JRIííG 

Planning 
4« Ordering 

i 

12.  AsBginbly  
Iß. Start-up/ninninp-ij1  
14. Full opération 

IV. TESTI NCTÛNÏT" 

Sit» preparation 
i,_ Building 

7. Service!; ^ 
0¡ Installations Installations 

III.PILOT" PLÁÍÍT_ 
ft. Ordering  

-i 10« Construction 
11_. Trruirport  

15. Ordering  
rl6._Delivery period 
17. Transport  

31HI n5Í ^¿li1* ¿PJL  
19. Full  operation__ 

y. INDUSTRIAL""PLAJ.'T" _ 

20."Ordering ~   ~~ "*"' 
iJ-j_ípp5íri'síí p?  
22._ Tran sport' 

 2¿»_ABcembly_  
24j_ St art-up/run n i nf>-i n  

__2¿¡_Recular operation 
V I¿ RAWTAT'JRÏÂLS       Z~l~-~-Z-,    

^?^pH orí n¿;7pi lot_pl ají t ;_ 
_27j_ Tran sport 

28. Com" 

..36. Home-te3ting unit  
 3J. Home-industrial 
ix. "RESEARCH ¿"DêVêLO'PMéNT 

^. New formulationo 
_^35i_ l*^.?.r.°i °ry. }j??}?  

40. Pilot plant" teVtä""* " 
,., 43-.r. led.test-abroad 
„^42. Ind.ttnt»home 
X¿ ÍTOÍQ".RA:fKAT5RÍALS 
,,43,., Analysis samples  

44. Purification ~ 
4¿. Testa" " 

,   46. Evaluation  
XI.  CCr.îiî-jRCÎ'AL"" ~_Z 
__ .4X*_ l'i'T c"tiÇ_ Sîd-2?. 

4&... '¿T.ypri'3  

£¿^P¿,ÍiTÍj,£7¿!?Ju8toiaJ 4  
 3Ç_._ Transport ^ t__j 

1. "31»  Commi oGionlnp   
VII. DCttít l'J?TÂTIÔH~ 
_^¿_._ Lit oritur empâtent s  

^¿. Own documentation 

34. In-plant abroad 



IMPLEMENTATION TIME  SCHEDULE 

Product ion of easeonia synthe-   I  'I 
•ti citilfit In  Iron llOfll 

I. PREPARATORY PHASI 

1. Organisation office 

I.   instruction »toft 

11.CIVII ENGINEERING 

5. running 

4. Ordering 

5. Site préparât ion 

6. Building 

7. Services 

t. installations 

III.PILOT PLAUT 

9. Ordering 

10. Construction 

11. Transport 

12. Asseably 

II,   Start  up/running  in 

14. Full operation 

IV.INDUSTRIAL PLANT 

15. Ordering 

16. Construction 

17. Transport 

II.  Assembly 

19. Start-up/running-in 

20. Regular production 

V.   RAN MATERIALS 

21. Ordering/pilot plant 
22. Transport 

23. Ordering/industrial 

VI.DOCUMENTATION 

24. Literature,  patents 

25. Own documentation 
VII.TRAINING 

26. In-plant abroad 

27. Hoae-pilot plant 

2«.   Hone industrial 

VI11. RESEARCH t  DEVELOPMENT 

29. New fotnulations 

30. Laboratory  tests 
31. Pilot plant   tests 

32. Industrial abroad 
33. Industrial-hone 

IX.IRANIAN MAGNETITE 

34. Analysis,  aaaples 

35. Evaluation 

36. Purification 

37. Pilot plant phase 

31.  Ind.plant ordering 

39. Ind.plant construct. 

40. lnd.plant  transport 

41. Ind.plant assembly 

42. Ind.plant start-up 

43. Ind.plant  running-in 

44. Regular production 

43. Exports of concentrate 

46. Exports of catalyst 

«jfe.i....... 
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