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“xplanatory notes

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

Reference to "iallars” (§) 1niicates linited Ttates dollars, unless
otherwise stated.

The monetary uni’ in Tran 1s the rial (Rls). Tn April 1975 its value
in relation to the ‘mite! “tate; dollap was P71 = Ulg 66,5,

“"he fnrllnwines abbreviations are used:

Feopomic and technical abbreviations

BTSh barrel s ner stream day

Hrse hirsh-temneratnre shift -~atalyst
Lmes 1w-temnerature shift catalyst

HMS FD million standard ~ubir fee' per day
M metrins tons ner day

MY metri~ tons ner year

t /a tans ner vear

OJrganizations and governmental bhodies

TDRD Tndustrial Development andi Rennvation "peanization of Tean
NTAe National Traniar il “ompany

NT3OR National Tranian “teel “ornoratinn

NTe National “etronhemical “ompany of Tran

The designations 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 legal 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 Iran is
feasible, and planning for it should begin without delay. The present and
future demand to 19R5 for ratalysts in Tran, a cumulative total of some
46,000 tons (table T and annexes IV-1X), 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 XT1T1T).

A list of the catalysts that should be produced initially is given on
page 15. The proposed programme of catalyst production involves a total
investment cost of Rls 300 million. When in full operation, it would nro-

duce annually over 1,000 tons of catalysts.

An annual profit from sales of Rls 99 million can be expected (pages 17-1R),
The catalysts could be ready for the market in two to four years (pages 17 and 21

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 resources for implementing the prop.sed programme are no pro-
blem. The largest stumbling block is the lack of know-how in Tran (pages ?"and 22),

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

assistance (annex XTII).




TN IRODUG™TON

roject background

“he imrortance and necessity of manufacturing catalysts in Tran wac men-
tioned 1n 1972 1n the report, ""he princinal rasis chemical nrndacts") ty
A. T Irinece, Ministry of Tronnmy, Research Uentre far Tndustrial “rade

. . / -
Devel »pment, “eheran, Tran {(narme OV

(T3

ieariv 4!l ‘he c~hermi-al opacenses *hat are emnlaved bo 17 0 [Matjann)

iranian 11 omrany] ani M0 [Bational e'rockemical  nmnany of ‘ran)
are taged an catalytis reartisana,  he lemand for “atalvet g alrea iy
larre, 1 ~vine to prow conailerably.  Cleishbonring countries in the Gulf
a0 recaire catalvats,  All these are a' nresent imnoarted from ™irore,
“meri~n and Janany the ~omretition is nniupally Feen, Yit lesnite this
the eonromi~iu of Ihea’ manufanture shoald be thoraaehly investieated,"
NIY" has been enrared since 177" in catalyst research and develonment .
In 1972 a team from the N1 Research Tentre partiripated at the "™MTN "™xpert
fGroup Meetins on the “ransfer of ¥now-llow in the "rodurtinn and 'Ise of

~atalysts, ™ucharest, Romania, 26-30 .une 1972, and presented a ‘echniral

and consequently no catalyst research and development. N™" acts merely as
a purchaser of complete plants. “here is also no develonment or research at

the production plants, althougrh there i3 miality ~ontrol.

About a year ago the Iranian Minister for Industry and Mines wrote a
letter to NI, stating that 1t was advisable and desirable to establish cata-
lyst manufacturing in Iran, based mainly on Tranian consumption and to a
smaller extent on exports, and recommending the organization of a manufac-
turing rompany for catalysts, nnssibly as a pure Tranian nroject or at least
with most ~f the shares veing Tranian, to demonstrate Tranian ability to manu-
facture catalysts and do research and development on them. A joint NTAR_NDr

committee was organized, but little else happened.

Late in 1974, the UNID" Project Manager of the Pesearch rentre for
Tndustrial and "rade Development "rojert at Teheran proposed, on behalf of
the Ministry of Fconomy, that an expert be sent to undertake a feasibility

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

paper on hydrotreating and reforming. -
At NP7, on the other hand, there is no research or development at all, Y
H

of the present project.




fummary outline of official arrancements

“he proiert data sheet was siened by (MIO ap 00 “rtoher 1774 and hy the
"inited Ma‘iong Develnanment 'rosramme (fTW“\ nn ? 'lavemher 1974, “he exnert
arrived at his daty station, the Miristry of Tndustry and “ines, at “eheran,
on A Aoril 197 and completed his work in Tran at the end of August 1975,
After a tran '» Yestern "irape to visil manufactarers of ~atalysts anl cata-
Lot equinment, ae rettrned to Jienna dirine the I'aat week of “entsmber to

draft his final renort.,
Atatal of M1+ 0 was allotted t the nrojent,

‘he .Iob Yegrrintion, information about the counterpart and information

about fellowship arrancements are in annexes Ty T and 177, respectively.

Ohjectives of the project

Short-term ohjeclives

‘he gliort-term ohjertives of the project were (a) investipation of the
possibility and feasibility of manifacturine catalysts for the petroleum and
petrochemical industry, (b) assessment of the precent and future demand of
catalysts in Tran, and (¢} instruction and trainine of the counterpart in

catalyst technologqy.

Long-term objentives

In the long term, the objectives are (a\ impl ementation of a na‘ional
catalysi manufacturing industry to supply the nresent and future demand of
the petroleum and petrochemical industry of Tran, (b\ utilization of indipgen-
ous raw materials for catalyst manufacture, (¢) establishment of know-how and
expertise in catalyst production with subsequent development and research to
produce more sophisticated catalysts 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 mbstitution resulting
in substantial savings of foreign enrrency; and {c) the possibility of exports,

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

key chemical plants using catalytic processes.




. TFINDINGS

The principal duty of the expert, anccording 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. ™The first step in the study was to assess the present
and future demand (to 19R85) for ratalysts 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 plantgs
using catalysts in Tran. Figures 11, T1T and IV represent a further break—
down of these data and show the locations of refineries, petro~hemiral nlants

and ammonia synthesis plants, respectively.

The catalyst consumpticon forecast was based on two assumptions, Tirst, it
was assumed that the fnllowing production capacities would be achieved on

schedule at the refineries of the National Tranian Nil Company (NT1n7),

Production capacity
(thousand barrels

Place Year per stream day)
Teheran 1975 2N0
1978 30N
Shiraz 1975 40
1978 R0
Tabriz 1977 80
Isfahan 1978 200
Ahwaz 1980 350
Kermanshah 1980 RN
Abadan 1975 450
1978 600

Secondly, it was assumed that by the end of 1980 the ten ammonia plants of
the National Petrochemical Company of Iran (NP shown in figure TV would be
operating at a capacity of 1,000 t/day each.

Table ] summarizes the estimated catalyst 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

E S EEEEEEEEEERERE



catalysts in 1975 in the United States of America.

Since thene prices will

undoubtedly increase greatly in the period, an estimated grand total of

$120 million may be more realistic than the 296 million shown in the table.

"able 1, Forecast of total catalyst consumption in Tran, 1975-19R85

'rocess and catalyst

Consumption
(tons)

/
Driceﬁ' Value
(dollars &r) (million dollars)

Hydrogen plants of refineries (N10:)

d ammonia plants of petrochemical
compl exes !N”nS .

Sulphur absorption, Zn0
Hydro-desulphurization, o-Mo
Techlorination, modified Al

Primary reforming, Ni"

Sec-ndary reforming, NiO

High~temperature shift, Fe-Cr

Low-temperature shift, Cu-Zn

Methanation, NiO

Ammonia synthesis, promoted Fe
Subtotal

Qulphuric acid synthesis,

Total

V205

Refineries ‘NIOC}

Hydro-desulphurization, Co-Mo
Catalytic cracking, Al1-Si
Rydrotreating

Hydrooracking
Platforming, Pt

Total
Orand total

140

18 0o
110

2 684
Lois
22 549
46 286

1.50 2.9
2.20 2.7
1.50 1.1
4.00 11.2
3.50 4.5
1.50 7.6
3.50 16.2
3.00 3.9
2.00 5.7

55.8
2.00 3.1

59.5
2.20 0.3
0.605 11.3
1,00 0.1
6.30 16.9
8.00 Bl

36.7

96.2

a/ In 1975 in the United States of America.
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n 1775, a joint-venture refinery for export wns still under nerotiation
with a grcup in the Federal Republic of Germany. T™he new refinery, to be loca-
ted in the Pushehr area, would be of optimal size, 500,00 barrels per day, and
would be linked with a vetrorhemical complex also constructed to optimal size.
‘lowever, by the en? ~f 'he exper!'s assignment, no ~~nrlusive apreement had
rfeen rea-hed by ‘he ne~tiitines parties, “herefore, the ratalyst ~onsumntion
of this complex was no' taken i1nto ar~ount in deriving the estimates of table 1,
'f 1t were, the 'n*al of table 1, 46,27 t, would be increased by 3,355 t, to

49,41 t, Teta1ls are in annex TV,

“he catalvs’ requirements of some otiher plants were not included in the
assessment: ‘he petrochemecal plant at Abadan, the Tran-.Tapan Tetrochemical
‘ompany and the ‘ran-Niopon “etrochemica)l “ompany. Tt is estimated, however,
that ‘he se-ni of these will use catalysts in these prnresses and amounts:

Fstimated annual
ratalyst ~onsumption

“rocess (thousand dollars)
llydrotreating 35
“atalytic reforming 700
Hydro-dealkylation 40
Cyclohexane production 100
Xylene isomerization 150
Hydrogen production .50

Toial 1 NT§

The Tran-Nippon Petrochemical Company will use a vanadium pentoxide catalyst
in its phthalic anhydrideplant. The initial charge is estimated to be approxi-
mately 40 t at an estimatea cost of $900,00", The annual ~atalyst requirempmts
are estimated to be 13-14 t at an estimated cost of $300,000

Harshaw catalysts are being imported into Tran; their value is expected
1o reach $300,000-8401,000 in 1975. (These catalyste are mainly Ni ocatalysts
for fatty-acid hydrogenation.) The anmual growth is expected to be 30-4#, 80
that the imports of Harshaw hydrogenation catalysts will thus amount to APpro-
ximately $1 million anmually by 1978.

The assessment was carried out on the basis of information received from
the managers of the plants involved. No cross-check with effective anmual par-
chases through the NIOC purchasing department was possible because of the wh-
availability of data from that department.




Dela.led breakdowns sf the consumption fipures of table 1 by indiviiual

plants and individual catalysts are fFiven in annexes YV-T1X,

The agsessmen! clearly shows that there is a significant, expanding market
tor catalysts in 'ran. Although they have not been investi;ated here, the nns-
sivilities are also ex.:ellent for export of catalysts to neighhouring ountries.
'rany however, canno! tale advan'are of either marke’ at nresent, since ‘here igs

o 1ol production ot ~ratalysta,

Jypes of catalysts to te proid. -ed

‘he conclu.iom 0% the expert ig that i+ ic "ragitle ta mamifas Lure the

lowing tynes ot v alysla and carriers - pons

Desulphurization (700, o-ie)
Steam-reformin (i)

‘0 conversion (le-'r, ‘u-Zn)
Methanation (Ni")

Ammonia synthesis (promoted b‘ea’“dl
Ammonia dissociation (Nin)

Methanol syathesis (™u")

Formal dehyie synthesis (mixed oxi.ie.:
Julphuriec ucid synthesis (V2()5‘

"hthali~ anhydride synthesis (V, ")

" e
t? ()

Maleic anyhiride synthespis (VQ“,_) )

’ "uol)”
0y earriors

It is further concluded that the enternrisec manifa turing them ran be |
Iranian. However, a large amount of outuiiln technical assistance will be neres-
sary to establ ish such enterprises, and the production of natalysts more sophig-

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

collaboration with a foreign mamifacturer that specialised in such catalysts,

Detailed information about the processes of mmufacture of the recommended

'!amylt'l wn be foumd 1in the twohnioal documemtation propared as part of this
project and desoribed in ammex X.

The utilisation of indigenous raw materials for oatalyst production is
possible and should be the objective of a follow-up mission. From the pre-
liminary survey carried out during this project it appears that certain

. - e e e e - L
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carrier and active materials will te easily available after the refractory and

ceramic material plants are built and operating.

Indifenous magnetite 1s plentiful and should be used to make the ammonia
synthesis catalyst (F‘e,’ﬂd\ . Once a magnetite concentrate is obtained in con-
sistently good quality, one could even tihink of exportings the produrt in sipni-

ficant amounts.

‘he production steps in the produ~tion of magnetite suitable for catalysts
are (a) ourification, (b) concentration and (~) drying. ®Purification can be
carried out eithei- hy electromagneti~ separation or by wet chemirstry. A detailed
1investiration ha's to be undertaken to-rana®yse samoles of the masnetite available
in Bafqh near Yazd. (It was not possible to obtain such samoles during the
project.) The analysis is needed to determine the proper purification method
needed to ohtain the quality descrited in the sperifirations given in annex XT.
“ymeentration and Aryine- of the marnetite ran be done hy conventinnal nrores.
sings methHds usine conventional ma~hinery and therefare dAnes not need *+n he

desrribed here,

Initially, there should be a production of approximately 1,000 t/a of puri-
fied, concentrated and dried magnetite. 1In 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 XIT gives suggestions for the preparation of ammonia synthesis cata-

lyst from indigenous magnetite for trial purposes.

- €stalogiec-and -techrical.leaflets;.as well as samplas of the principal
industrial catalysts were given to the counterpart during the project,. fatalyst

samples were also given to the NI2" Research Centre at Ray.

The establishment of catalyst rroduction in Iran would have far-reaching
effects on the entire Iranian chemical industry, and not just the petroleum
and petrochemical parts of it. These effects are described in depth in amnex
XIII, in whioh a detailed proposal for a project for the design. engineering
and construction of complete industrial chemioal plants for home and oxpoﬂ is

also presented. The Government of Iran has, on various ocoasions, sxpresssd
the desire for just sich a capability.
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Assesgment of the costs and profitability of catalyst production

Table ? is an analysis of the astimated costs ard profitability of a nro-
posed programme of catalyst production, assiming single—shift oneration. “hen
market development is sufficient to require it, the capacity can be doubled hy
working two shifts, Included in the table are the investment rosts for buil-
dings, machinery ani equipment, the production costs, and the salus and profits
for these broad categories of catalyst: tabletted, extruded, coated and fused.

The space requirement is an area of 5,000 m?, of which 1,200 rn2 should be
~overed space in bhuildings, as follows: 300 m2 for the tabletting, extruding
and coatiné machincs; 200 m? in a separaté buildi.ng for: the ihduétion mélitinp_
furnace for fused catalyst production; 500 rn2 for pilot plants; 200 rn2 for the
laboratory. A set of draw.ngs for the buildings was prepared as part of the

technical documentation for the project (see annex X).

7o achieve the pruposei capacity, the produrtion 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. There 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_.imnlementation schedule for eeoh ocatewory of production is contained in
annex XIV., If these schedules are followed, sales of tabletted and extruded

catalysts oould begin by October 1977, coated by December 1976 and fused
(ammonia synthesis) by June 1978.

Copolusions

From what has bees. said above, it is olear that there is a significant
pressnt and future mrket for oatalysts in Iran, and ome can expect the same

to be true of the neighbouring ocouniries. However, these is no local production
to take advantage of these markets,




"able 2, Summary of estimated costs and profit-
abil ity of catalyst production
("”111i~n rials ner year)

“atletted xtruded “noated Puged
~atalysts catalysts rcatalysts ratalysts Total
Item (39 t/a) (3IM t/a) (3" t/a) (450 t/AY (1,780 ¢t /a)

Investment cogts

Marh:nery and
equlpment

Buildings
[’rcparaf.o_ry work

Total

Froduction ~osts

/
. 21

flaw ma‘terial s—

" b

Nage

Salaries—

Flertri~ity and water

Allowance for
unforeseen costs

Depreciation

Byuipment and
machinery (20%)

Buildings (%)
"epair and maintenance

Interest on capital
(104)

. Laboratory, testing, ..
research and
devel opment 5

Total 52

Profitability
Sales 75

Net profit 2 23 n 26

a/ See text for breakdown into carriers and chemioals.
b/ For six persons.

¢/ Por three persons,




Table 30
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"production machinery requirements

T0tal elecrtriral

Number nower requirement
Machine or equipment fapacity required (e
Tabletting machine 50 kg’ ? 20
Extruding machine 100 kg /h 1 20
foating machine 100 kg ‘day 1 10
Induction melting furnace 2 t/day 1 2 000
Total 2 NS0

]
)
)
"
]
)
1N
!
)
)
)
)
)
)
N
]
]
J

Table 4.

Breakdown of raw-materials cost

Raw Amount Cost
Catalyst oategory materials (¢) (million rials)
Tabletted ocerriers 300 10
chemicals 5N 15
Extruded carriers 00 10
chemicals 50 15
.Costed . carriers 3o 1.8
chemiocals 3 3}
/
Pased magnetited 600 6
mtc-‘/ 60 2
bl 62,8




e v .stry of ndusiry ane ines is we'l aware of the ne~essitr fyr

mupfactairns catalsts an lean, nd not merely for economic reassns, buly, more

wmportant heans, far strcesic reasons:  to Ye inlependent of fareicn sinelieg

nd free o Strerrantions an senls o cansed oy ostriken, fransrortatioan apy Ve,

Srecmre et t.y any N wirch o conld paralyze apaduet 1on af refinery ori-

qade Ly the eonen Sy hovrs fhat atal gt ara ey i Tpap
15 feacivle »c economil~allt .ut Yiable.  here are nn financial nroblems in
ez'ablishine - t~h an andnctee 0 v, Agsistance will be needed in trainin-,
however. 's. .mins the n~vaiia*iii', o *hat agzsistance an! nf the nersonnel
exrerienal 13 the analviica) »art of ~atalvst testines ot the "1 Pasearch
Jantee N e, e casslestzoerel oce? in Tean ~nald be rea~bine ‘Fe marke!

the en' S N U T ok o alyvsts L the ena At 10

nler s elyy canach che nee - rernrnized, chere nre ertain hindrances
T olestirn Cooematie effart h omeer 1t Top evamnle, there ic po a~tive
eonersooor o exhance of antarry o hetween ‘he Tinia*t ey of
‘niierr ol ines ane 'he trivate S ctap 1m o nroic o o Ahys Vind, "ha! leads

‘02 waste 2T ‘' ime, ef'fort, mone’ 11  ~anniwer.

For 1its part, "I"° does nn' ' -resen' have the cambility or ‘he intention
of undertakin:: 1ts own rcatalyst resc-~rch and developmen!. 1t ig rather oriented
towards a co-o~era‘ion with a firei-r irm in a 1nin® “enture. Tty on the
ther hand, h~3 an in%erest 1n ~» =/ = manufa-~ture tu! is hampered b oa uni-

Lateral aners~ i ant sirurcurs o0 Dapities.,

Sucressful manifa ~ture v h: sanhist i cated an! gensitive catalysts
remiires mstery of nrofuction te . 0 a2y vhl-oh iz alves an art in itself.
Suth. know=-how gt be nvaila®l e, .eiter Adevel.oned. inispendently aftar long
experience or nrtainel! by fransfer 'Lr - irh 11-ensin~ or strirht nurchase from
the few companies or independen: ronsultan's in the world that have it. "he
expertise availatle in [ran now is e1-her insufficient ar inadequate. Therefore,
an intensive trainin~ a®roai for the *erhnirnal staff of aiy ~rooosed catalysgt
manulacturing enternrise 1is abtsolu‘e!l - necessary. "his training should cover
nol only formulation and preparation techniques but also proner operation and
maintenance of laboratory and profu:tion equipment and of pilot ni-=+ g, Tt {ig
1n this area that outside assistance is urgently needed, nfrrtunately, the
necessity for anterior intensive fraining for technical personnel is being

underestimated.
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IT. RECOMMENDATTONS

l. 'The production of the catalysts listed under "Types of catalysts to be

~roduced" in chapter I should be initiated in Tran at the earliast nossible
date,

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

by independent research and development to highest international standards,

3. The catalyst produrtion must be accompanied by pilot—plant testine
facilities,

4. The testing of catalyst properties should follow standard methods using
testing equipment in the ratalyst production plant itself,

5. A multipurpose combined catalyst production plant should be establighed

with an initial production capacity as follows:

‘atalyst type Capacity (t/a)
Fxtruded 300
Tablet ted 100
Coated 30
Pused 450
Total 1 0An

6. The catalyst plant should be organiszed either at the NTO" Research "entre

at Rey or at the Industrial Devslopment and Renovation Nrganisation of Tran
(TDRO)Y .

7. For more sophisticated catalysts, particularly noble-metal catalysts, a
oollaboration with a foreign catalyst mamufacturer that specialises in them
- -should-be 'wought, ° - .- T T e e e e e e -

8. Independent research, development and production should be organized and
implemented by all means, sven in the case of a joint venture with a foreign
catalyst manufacturer, to give the ocountry an absolute independence in this

vital and strategioal ly important field.

9. T™e utilisation of indigenous rew materials for catalyst production,
minly magnetite, aluminium oxides, cersmios stc., should be investigated
in depth, perhaps in a follow-up pro jeet.




17. “atalyst technolnpy 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 emphasige
ratalyst development and testing in pilot plants, catalytic reactor engineering

and proress devel opment,

11. A complete documentation on ~atalysts, 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.

12. A necessary factor in the sucressful 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 r~atalyst loading, during initial
plant start-up and throughout the lifetime of the ratalyst, sometimes on short
notice. The catalyst manufacturer should also provide acceptable nerformance

and life suarantees for his ratalvsts.

13. The final objective should he the independent development not only of good
catalysts but also of proprietar;, processes. That means that in the final stage
of development, emphasis should be laid on process devel opment and engineering
of complete plants (refineries, petrochemical plants etc.), on their construction
in Iran and, finally, on their export to other countries. For this broad acti.

vity, catalyst development and production ia a prerequisite.

4. It is highly recommended that the Ministry of Tndustry and Mines organize
and have concentrated within it all planning efforts in the catalyst develop-
ment field within itse competence, to avoid the disadvantages of having mltiple,

non-coordinated and sometimes oontrary programmeu 1n this important field, The .

" same should apply aiso to the general planning f‘or the final objeciive given in
the preceding recommendation,




rosT™ T1TLE

DURATION

DAY REQUTRTD

PUTY STA™TON

PURTOSE QR
PROJOCT

DUTTES

- 23 .

Annex T

JOB DESCRTPTTON

TS/IRA /74 /042 11-1 5
Fxpert on Zatalyst “roduction for the "etroleum Tndustry

Six months
As sonon as possible

"eheran, with travel to Abadan, Vermanshah, Shirasz,

"abriz and Tsfahan

To assist the Tranian Tovernment *o elaborate a nre-

feasibility study on ratalyst nroduction for the petro-

leum industry

The expert will be assigned to the Ministry of Tndustry
and Mines, where in co-operation with local experts, he
will be expected to carry out a pre-feasibility study

on catalyst vroduction for the petroleum industry inclu-

ding the following relevant aspects:

1. An asgessment on the catalysts demand for the petro-
leum industry in Tran at the present time, and for

.the nexi tep or fiftepn veara; . .. . ... .. ... ......

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

duced, including the sizes of plants and proc. ises

involved;

3. An assessment on the fixed and working capital re-
quirements including the needed building construc-
tion, land, equipment, pProcesses, utilities and
transportation, also estimation of labour require-
ments, produotion costs, selling prices and foreign
exchange components;

" o s @




AUALTFITATTIONS

BACKGRMUID
TNNRHA TN

4. TMabora'ion of tenders srecification for know=how,

process and equinpment.

"hemiral encineer with extensive practical exnerienre in

the manufanture and utilization of ratalystc,

At present there are, besides the bipf Atadan refinery,

the refineries at ¥ermanshah, "eheran and “hiraz. ™
more refineries are now under ronstrurtion at "abpiz and
I'sfahan. [hture expansion rrogramme includes a laree
comnonen!, for export, Already an arreement has been
made with foreign partners tn construc’ twn refineries
that will Le ratering primarily to the export market,
Additionally, ~hemical and petrochemical industries in
Iran are envisaged to grow al a high rate; during the
5th Plan period the investment orogramme of the National
"etrochemical Tompany of Iran (a putlic sector romnany)
will exceed %1 billion,

CANDIDATFS R™MUFTSTED BY 11 FRRRUARY 1975
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Anpex 11
CCUNTERPART

Hame of counterpart: Manoucher JARFRI
M. Sc. chem, ens.

Locationt Chemical and Petrochemical
Tndustries Section, Ministry
of Tndustry and Mines

Length of

sssignment: Pull time, 6 April -

2R August 1975




Agg!x 117

FRLLOYWSHT S

LY

"he ~oun‘erpar:, ', ‘aberi, was nominated for a fellowshin in

the UNTI¥ in-nlant ~roup training programme in petrochemical industry,

to take plice 1n Romania, 1 September ‘s 7 November 1975,
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Annex IV

FOREZAS™ OF TOTAL ~ATALYS™ "ONSUMPTTON TN TRAN,
1975-195, TN LUDING BUSHFMP

“onsumption (tons)

™cluding
"rocess and rcatn]lyst Ru shehr Bushehr Total
‘ Hydrogen plants of refineries (NI.")
and ammonia plants at petrochemiral
complexes (N™7)
Sulphur abtsorption, Zn» 1 94R - 1 94R
Hydro-desulphurization, "o-Mo 1 213 9N 1 3y
Dechlorination, modified Al 7R2 240 1 n22
“rimary reforming, Nin 2 791 360 3151
‘ Secondary reforming, Nin 1 283 - 1 2"y
High-temperature shift, Fe-Cr 5 062 375 5 437
‘ Low-temperature shift, Cu-Zn 4 629 R25 5 454
Methanation, NiC 1 315 75 1 39n
Ammonia syntheais, promoted Fe 2874 —_ _2 874
Subtotal 21 A9 1 965 23 R62
Sulphuric acid -ynthuio,vz')s 1 840 - 1 B40
Total 23 137 - 25 102
Refineries (NIOC)
Hydro-desul phurisation, Co-Mo 140 - 140
~atalytic cracking, Al-Si 1R 600 - 1R 600
Hydrotreating 110 n 140
Hydrocracking 2 6R4 930 3 614
Platforming, Pt A1.013 ~J) A 345
Total 22 549 1 290 23 R3g
Orand total 46 26 335 49 641







Annex V

FORECAST OF CATALYST CONSUMPTION IN IRAN, 1975-198%5:
BREAKDOWN BY PLANT AND PROCESS
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Anapx VI

PORRCAST OF CATALYST COMNSIMPTION TN [RAN, 1975-)985:
NYBROGEN PLANTS OF INDIVIDUAL. HRFINRRIES
( MEEAKDOWN BY PROCEES AND YEAR)
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Annex VIl

FORECABT OF CATALYST CONSUMPTION IN IRAN, 1975-198%:
AWNONIA PLANTS OF SHYRAZ AND SHAHPOUR PERTILIZER COMPLEXES
(BREAKDOWN BY PROCWSS AND YBAR)
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nex VIII

FORECAST OF CATALYST CONSUMPTION IN IRAN, 1975-1985:
INDIVIDUAL REFINERIES

(BREAKNOWN BY PROCESS AND YEAR)
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Annex IX

FORECAST OF CATALYST CONS'MPTION TN TRAN, 1975-198%:
ANNUAL CONSUMPTION OF TINDIVIDUAL CATALYSTS AT
TEHRAN AND SHIRAZ REFINERIES AND AT
SHAHPOUR AND SHIRAZ AMMONIA PLANTS
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YEARLY CAIALYST CONSUMPTION AT SHAHPOUR FERTILIZER COMPLEX - AMMONIA
PLANTS.

(consumption in 1975 and 1976)
Production capacity 1975: 1000 MTD Ammonia; 1976: 2000 MID Ammonia

'

Charge Consumpt ion 1975 + 1976 TOTAL
Catalyst ou.tte |’ |cu, ftl m> |t ou.ft, t

i
Hydrodesul- | | :
furization - ! :
CCI C 49-1 29.75 525 : 14.9

4

Sulfur ab-
sorption '
cC1 C 7-2 ‘ 32.50 577.50 16.3 .25 27,5} 45.5

R e - .?_‘.‘_. FORN Vg e - . ’ ———

Primary
reforming

CClI € 11-9 31.50; 555 16 © 36.5

i
!
1
¥
i ' i
v M

Secondary
reforming |
G 31B, G 56 31.70 565 15.9

[N IPNN R — S

HTSC 1
CCI C 12-1 59 1.040 29.5 140
e s < = am - - S P

LTSC
CCI C 18-1 50 875 25 22.5
Methanatioﬁwn - )
CClI C 13-4 i 20.80 387.50 10.4 [11.5

e e -

g — ‘-..—T — 1+ ——
Ammonia ‘
Synthesis ‘

CCI C 73-1/2 [ 2624 74.25 875 24 .75, 74 i 12 36

-+

—

t

<+
X R ‘ T
Total 11.634 {329.5 .5.400 :152.75212.9 i 148 184, 387.5

Sulphuric
acid prod,
Monsanto 210 94.25
Monsanto I 154.78

Total 232
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YEARLY CATALYST CONSUMPTION AT SHIRAZ FERTILIZER COMPLLEX - AMMONIA PLANT

(consumption in 1978, and consumption 1978 - 1985)

Production capacity 1978: 1000 MTD Ammonia

' Charge Yearly consumption 1978 - 1985 -
Catalyst 3 3 [T T
cu, ft m cu.ft, m/y t/y Total t
Hydrodesul -
furization
ICI 41-3 12.75§ 7 6.5 52
Sulfur ab-
sorption
ICI 32-4 50.5 25 27.5 P220
Primary |
reformer
ICI 57-5 32.65 17 19 152
Secondary
reformer 32.75
ICI 54-2,90-1 1.50 18 18 144
HTSC
ICI 15-4 60 30 40.5 324
LTSC
ICI 52-1 58.50 29 26 208
Methanation
ICI 11-3 23.50 10 11 88
rn-onia
synthesis
ICI 3§ 45.10 12 36 288
Total 317.25 148 184.5 1.476
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Annex ¥

~“FUINT AT, DYUMTNTA CTON PRFCAPED DURING THT DRoOTEAT

‘atalyst “echnelogy - Introduction

Tntroduction into the catalyst technolo;yy description of catalyst

preparation, testines, selentinn, evaluation. T“escrintion ~f main

industrial catalysts. (2> May 1975, 25 pages)

atalyst manufa~turers - —~ommercial catalysts

List of ~atalyst manufacturers, divided into countries, processes

ani ste~11lized catalysts, List of processes, catalysts and mamie

tact.rers. (2 Fay 1979, 97 nages)

“atal; st carriers

Detailed Adescrintion of catalyst ~arriers, their sre~ification,
manufacturing nrocesses, use ani testine. The role of aatalyst

carriers in rca‘alysis. (37 Iay 1975, 117 vages)

‘atalysts in ratalytic processes

Netailed descrintinn of indus‘rial catalysts and their use in
ratalytic processes. Manufarturing techniques. Testing and

evaluation. Bibliography. (3” May 1975, 95 pases)

fatalysts in petroleum industry of Iran

Descriptisn of NI°" refineries, oneration steps and use of cata-

lysts therein, (15 June 1975, 51 pares)

atalysts in petrochemical industry in Tran

Description of NP7 petrochemical plants, operation steps and use

of catalvsts therein. (3" June 1975, 94 pages)

Ammonia gynthesis catalysts

Description of ammonia synthesis catalysts, specifications,

manufacturers. (15 July 1975, 57 pages)

Nethanol synihesis lysts
Description of methanol aynthesis catalysts, specifications,

manufacturers. (20 July 1975, 25 pages)
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Formal denyde synthegis catalysts

Description of formaldehyde synthesis ratalysts, specifiratinnsg,

manufacturers. (25 July 1975, 21 pages)

Sulfuric acid synthesis catalysts

Descriptiun of sulfuric acid synthesis catalysts, specifications,

manufacturers. (3" July 1975, 29 pases)

ratalysts for hyurogen production and for ammonia synthesis

Detailed description of catalysts for hydrogen production and for

ammonia synthesis. Manufacturers. (10 August 1975, 134 pages)

‘atalysts for the petroleum industry

Detailed descrintinn of ratalysts for the petronl eum industry,

hydrotreating, reforming, etc., Specifications. Manufacturers,
(15 August 1975, 153 pages)

Manufacture of catalysts - Basir equipment

Detailed description of process steps in the manufacture of cata-
lysts. Detailed description of squipment for the mamufacture of
catalysts., Catalyst testine. “ilot plants. ‘atalyst develonment
and research. (27 August 1975, 243 pages)

¥ain Industrial Tatalysts and their manufacturers

Tabulated summary of main industrial ratalysts and their mamu-
facturers. (37 August 1975, 25 pages)

Present and future consumption of catalysts in Iran

Tabuleted figures indicating present and future consumption of
catalysts in Iran. (30 August 1975, 43 pages)

Buildings for catalyst plant
Drawings for buildings for production, laboratory and offices for
a catalyst production plant. (30 August 1975, 7 pages)
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SPECIFICATIONS FOR MAGRETITE CONCENTRATE

Dried and bagged high-grade concentrate

Chemical analysis

Pe,0, 98.00 ¥ 73.20 4

Pe 0, 2.5 % 0.04 %

“n0 0.05 % 0.01 %

Cad 0.10 ¢ 0.01 %

NgO 0.3 %

1,0, 0.3 ¥

810, 0e45 € Dessity: 5.1 g/om’

10 0.25 ¢ Bulk deasity: 2.8-3.1 g/om’

2
V.0 0.20 ¢ Speeific surface: 9% u2/¢

P.0, 0.02 %
c0, 0.05 %

Na 0 0.05 %
K0 0.05 ¢
Owd (o0.01 %

Total 100.33 €

Screes amlysis

M Mamlative
Nesh Tyler S )
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Annex XII

SUGGESTIONS FOR THE PREPARATION OF
AMMON IA SYNTHFESIS CATALYST

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 ke) to rarry

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 Bafgh eitner in Iran or abroad
(200-400 kg).

5. Prepare comparative preliminary formulations with subsequent melting in
pilot furnace as under 2,

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

7. Order commercial ‘quantity magnetite (10,000-20,000 kg) from 3weden for
industrial-scale testing.

8. Prepare preliminary formilations with subsequent melting in an industrial

furnace at a melting furnaces mamfacturing plant.
9. Carry out industrial-scale testing in ammonia mynthesis plant abroad.

10, Carry out industrial-scale testing in Shirar Pertilizer Company ammonia
plant at Shiras.

All the above-mentioned steps can be done abroad so that, aside from the cost of
the preparation and testing, no expenditure of funds for a production plant would

be necessary before positive results were obtained from the pilot and industrial-
scale testing.

Betimate of costs: 20,000 kg of magnetite 200 GO0 riale
Preparstion and melting 350 000 rials

Testisg 350 000 rials

Trangport, packing etc. 100 000 rials

Total 1 000 000 rials

Estimate of time requirements: 3-4 months for preparation, 2-3 months
for testing.
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ChOUCSAL R A TROIEST My CARALLTL R PSTARLTSUMEN T AR SATATVAT
CRODH TN IN TRANe UHT DTSION, FNOGTNFFRTNG AND
INGTRUMIAN AR LT CHTMT AT, LA TR

The research on, develonment of and production of ratalystis cannot he con-
sidered to be an isolated project. Tach catalyvst has a certain environmen*t - »
ratalytic reactor - and this in turn has its environment - a catalytic process
plant. “onsequently, every catalyst development leads invariably to nrocess-
development and process-ensineerins artivities; successful catalyst development

without such activities is unthinkable,

~arallel with rnatalvst development, therefore, an advanced expertise in
reactor design and engineering as well as proress engineering has to be acquired.
That, 1n turn, leads to the design, enrineering and construstion of complete »il
refineries, oetrochemical and other chemical plants, not only to satisfy the
needs of fast-growing indisenous industry in Tran, but also to export to other

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

‘o—operation with other developing ~mintries at a similar level, such as
Rrazil or Mexico, is highly recommended. “n-operation with a developing country
like Tndia, where a larpge number of technologists, chemists and engineers are
available for employment in such nrojects, 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-economir situation in

both countries.

Tn view of the abundent natural resources in Iran and the planned develop-
ment of the chemical industry - oil refineries, petrochemical plants, combined
chemical complexes, fertilizer plants, organics and inorganics production, plas-
tics and synthetic fibres etc., - a development of a national industrial chemical
engineering activity is of utmost importance and should be given priority. ™he
objective of the envisaged activities should be the design, engineering and con-
struction of complete industrial chemical plants for the future requirements of
iran 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-rmnge objective should be

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

constructing enterprise.
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The economic advantages and consequences for Tran would be independence
from foreign techmology, with substantial savings in foreipn currency, inde-
pendence from foreign supplies of equipment and machinery for chemical plants,
al so with substantial savings of foreign ocurrency, and finally, exports of
complete prefabricated package plants to other countries. The 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
eaonomy. 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 opcraticn of several semi-industrial pilot planis,
possibly in rlose 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 indispensahble 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 UNTDN,

Starting from a relatively small basis - to be considered as a crystalli-
zing point for further growth and development - this effort should first concen-
trate on particular selected projects and plants needed for the industrial
development of Iran. Llater on, larger prcjects 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
utilization of the coke-oven by-products from the Aryamehr Steel ™lant 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 Organization of Tran
(IDRO), where the main industrial processes used in coal-tar utilisation can be
reproduced, further developed and adapted to the partiocular conditions pre-
vailing in developing countries. This selected process development based on
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~oal-tar utilization is particularly interesting inasmuch these processes can
also be used - with only minor modifications - for the utilization of petroleum
refinery by-products. From the pilot-plant stage, indigenous process develop-
ment and engineering would lead towards the construction of complete nrefabri-
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 indusiriaiized countries could be ronceived

and developed.

~he whole process, of course, requires tﬁe existence of modern, well-
organized and competitive manufacturing facilities for chemical plant equip-
ment. The ex.sting facilities in the Tran-Arak Machine Manufacturing “lant
(Machine Sazi Arak) is not usable for such an undertaking because at present
1ts product would not be ~ompetitive in terms of quality, cost or delivery
time. Ag there appears to be no chance to improve the over-all efficiency of
Machine Sazi Arak without changing both the system 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

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

Plasticizers (phthalates, adipates, sebacates etc.)

Synthetic resins (alkyds, polyesters, formaldehyde resins etc.)
Formaldehyds by total oxidation of methanol

Methanol

Ammonia

Adipic acid

Sebacic acid

Alkylated phenols as inhibitors and antioxidants for gasoline,
rabber and plastics

Special paints based on synthetic resins
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Insectiocides

Fungicides

Thlorinated hydrocarbons

Pharmaceutical inter.ediates

Benzoic acid and benzoates

Anthraquinone

Synthetic dyes

Furfurai and its derivatives, starting from agricultural wastes

Catalysts required for some of the above-mentioned catalytic processes

The estimated cost of these pilot plants 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. ™he ron-
tinuously operating pilot plants (most of those listed) will require eight
technicians. Several pilot plants can be grouped together, so that a total
of 32-40 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:

Managing director

Magisters

Chemical engineers
Chemists

Physicai chemists

Control engineers

—
N W

Mechanical engineers
Electrical engineers
Tschnicians
Draught smen

Auxiliary persomnel
Librarian

o AN W W W W W
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Besides the pilot-plant departiment, an efficient designing and engineering
department, together with material procurement and marketing experts, would
be necessary. These personnel can be recruited from TECHNICON or TMCHNOLOG, IDRO.

The proposed project will require the following items of outside techni-
cal assistance:
(a) "raining of Iranian technicians abroad, in-plant training etc.j
(b) Supply of the pilot plants, including literature, patents etc.;

(¢) rrovision of the following experts for a period of 2-3 years to
assist in the implementation of the project:

Time requirement

(man-months)
One project manager
(may be a non-resident) 24-36
Chemical engineers 12-1R
fontrol engineers 12
Mechanical engineers 8
Total 86=74
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IMPLEMENTATION TIME SCHEDYULE

Production of smmonia synthe-
sis catalyst ln Iran
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