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T'.TH'.VïJCÏTO"! 

T>:r.ir:j t'i-; [•..•-..•,'.: thirty years there has been a ¡¡¡psctacula'c inórense in th.: 

trans'pr of teohi'olojy ani thin has occurred principali;/- with 

forti li7.i_r¿, or.^.nic chrrnicale and petroohonLcals. On-j very iivpor^mt 

reo non for ih La is the effort needed to arginate sr.d develop a procese 

to the full sr;?le. The situation i.¡ approaching the staçe where the 

co-t of research and development is so high that only the large state 

and private ce. -.nuien have the resources to undertake such work. Even 

t'r.-.' outcome of the research is not always successful and the company 

ira;* in the end be forced to acquire technology under licence. Buying 

the techr.olory perhaps represents a high cost in the short term 

but involves leant risk as the product or proce3S will normally be 

veil r-atabliiîhod. 

The import-_nce of licensing iß illustrated by the sums of money 

involved. In 1971 the United Kin^doji earned £?20m from the sale of 

tenw-how and at the s-?me time spent about £175^ in knov;-how acquisitLoi; 

Germany and Prance, however, bought more know-how than they sold. 

Jr.?~n, of course, is the classical case, spending considerably more iu ^ 
• 4 

buying knov-hov than it earns. In the ?0 yearn from 1950 Japan spent 

ff?,  billion on licences to build up an industry with a capital valwn  of 

over foO  billion. In 197? the total cash spent on research and 

development in the USA was ten tirces that spent by Japan in the 

previous ten years which gives some indication of the cost effectiveness 

of licensing compared with the independent research and development. 

The implication is that the importation of technology iteelf gave rise 

to the Japanese economic miracle. Of course, this is not so. Ve 

know that the climate in Japan was ripe for the development, there 

wis the infrastructure, the pool of skilled labour, the management 

exp3rt:se and the financial policies of the Government; the technology 

vas the final link in the chain. Given the Japanese society the 

technology provided a cheap short cut to the present economic position. 

The manufacture and sale of catalysts has also developed into a major 

industry during the past three decades, which of course is hardly 

surprising since a large number of the new processes invented involve 

catalytic, steps. For ammonia producers the period has seen a change 

of feedstock from coal to natural gas and naphtha, a change which 

vas permitted by the development of a whole new range of catalysts - 
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'"''  :,r   "  V'     "r:'L  •".''•"• !"':-';'.   n-'::-1   ,v;;iof!   J  CH ' :¡ly.T t: :   To:'  r  fo. :  i n-: 

t1  •  ^-   - 1-;   l.-^firb:v-;,   d   .-..¡o/.îT.or.t  o.   lov;  t   :.:p^-.Lur-.  ,hifc  u,i 

r.f.:cr\ cr* »l.\3tn.     Thi.-:  v.-a du•> in part  to a chnn,-;,-» which 

o,.-.,"r=d in   th:> industry.     Individual  .uT.no.iir: n3nufacturera coa.ed to m^ 
th3ir °•  ;afnV^3 :u.,I ir,,to:ul 1,,-n to purc-hn,e  f,;,, ,  fuw BpP,lallp,^ 

^-.tur.rs who enerad during the period,     'i*e ch.nj. allowed W, 0 

production unitr to b. built,   with the usual  associate coat  saving 

and it also allowed inventant   to be imde into  the technical  skills'   ' 

necUB3.^- for the investi,;« Won of existing catalysts and the development 

oí no-.: on- - skills  i-rsonnol  to operato and maintain catalyst 

producir* planta, quality control specialists and technical bock-up 

of process engineers and oK-nnis*-      Th« off«rf-  i„¿  + ulHu""     ino eiïorts led to new processes 
ns v,,':7   a* rhetor and noro  stable cai-Jysta.     Harten-.«^1' 

Bho-.vd  th,t,  durin.7 ^  ^riodf   the ^.^   pricc nf cataly3tsj  tQ 

proiuoe  afonia 3ynth,,is /Tas  fell drastically from #,340 P« 

daily netric  tons of ^onir.  in 1941 to /?P3  in 1968.     In 3pite of 

th-  .mivr  infl,tinn 0' recent year, our l.rost estimate for   the 
c"; °r c':3ly3t in a •A

°<* ^ -tri, t0P/lì „ Virlt fflvea a Figarv 

o< Pv;   ocr daily Cfîtriti  ton,   an  ir.fl:«cion in cost of leeo thr.n 1% 

per cr.njn fror,   che 1953 rigure  of Mr.  hab.rmehl.    Probably u:o-t 

tepore .at  from th- ,Ma r^mfa.tu,^ point of vie-, is that  it 

has allowed technical resources   to b« deployed away from the 

manuf.ctur, of cataly,c, - whore  th, actual c.nital   involved  in  a 

catalyst  char»* is no more than about & of the  total investment in 

tr.ç afonia plant - to the production of armonia. 

'»« ¿^.cultural  Division of Id „,s a long-established interest in 

today's  topic and I m very phased to be invited here.    My business 

interest within Agricultural  i)J virion iB concomed with the sale 

of catalysts and technology developed in the ¿^cultural DiWaion 

•à it is  from this standpoint  I approach today's di-cussion.     The 

view expressed,  ne,dless-to-say,  are ny 0VTI but  tapered with 

experience gained from the Company', position as licen.ee, licensor 

catalyst namrfocturer and ,s one of the world's largest arunoni-, 
manufacturers. 
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ÍJOTJiíC'JS OF TCi'/'V.Wjy.ìY 

The IKï'îî'î manufacturing company with its team of skilled and 

exp'Tiencrid technologists io in a unique position to generate 

tocrnolo-jy.    It h?.3 the knowledge to develop new proejases  ani 

improve  the existing ozia a.    Often the chemistry surrounding the 

process is well established and associate know-how is of more value than 

the b^aic invention.    It Ì3 this knowledge gained from development 

work,  from overcoming problems and from improvements carried out 

on the plant,  in the laboratory anr» desißn departmant which is 

of great value and uae to a license«.    These skills also contribute 

to technology transfer - not in the sense of development of 

procesen but as a consulting service providing advice on «pacific 

proci.;s problems.    Yet another voll established practice arising 

from long experience with projects and production is the provision 

of technical asnietance, project management, plant management 

and the supporting management aervicea - rauch in the way Agricultural. 

Division has done for ito associated companies in India and Malaysia. 

iho old concept of the engineering company developing its own 

technology, though obviously etili practised,  is less significant 

as a source of technology.    Continued development is related to 

adequate feedback from the commarciai operation by the licensee 

and this is not always acceptable to  the licensee because of the 

improvements and inventions he may have contributed to the process. 

There are still a few engineering companies, particularly in the 

US/, which maintain research and development activities.    They 

are probably more active in the petroleum field but one or two 

are still doing research in the ammonia field. 

Engineer-in» companies too have an interest in making available any 

process they have in their portfolio}  this includes licensed processes 

as well aa the old type of process in which the originator's rights 

have Ion* since lapsed. 
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H     AGRICULTURAL IH'/I5T0;."ià  I ;'TL030)\-:Y 

In Britain TCI  iö organised into nine «uimf• faring Diviwona 

with  esch D.ivinioT! act in,- in-ljponcíantly ,-a purr/.i-g i tn own 

sales  and licensing policy.    Thir. nay help to explain why diffar-nt 

Divisiona adopt  * different approach to the way  they license their 
technology. 

The main interest of Agricultural  Division is in the s.üe end 

manufacture of fertilizers.    Ammonia the contra or the activity, 

was first made in 1923 for conversion into ammonium sulphate. 

Subsequently calcium ammonium nitrate and compound fertilizers 

vere produced.     At the beginning of the Haber-BoLch era there 

was very little interchange of technology between companies and 

secrets of ammonia production were difficult to obtain and then 

closely guarded and ICI had to develop its own technology.    The 

most  important information that  the technologists had then was 

that ammonia could be produced with reasonable, conversions over 

an iron catalyst.     The teams of technologists end engineers 

established to solve the formidable problems associated with 

c-stalyots, high pressure technology,  corrosion and engineering 

subsequently forced the basis of Agricultural  Division's presant 

engineering and research resource    The output of the «rat ammonia 

plant was about 30 tons per day which compares with today's output 

of 5,000 tons per day, a number which will be augmented shortly 

when a new 1100 ton per day plant comes on stream at our Billinghaa 

complex in the North of England. 

Agricultural Division decided 15 years ago that it would license 

its technology.    Furthermore only technology which had been proven 

on the companies own plants would be promoted.    The list of 

technologies we license is shown in Table 1.    The technologies 

are diverse but related to the ammonia technology through the 

preparation of synthesis gas, operation at pressure, and the 

manufacture of fertilizer down stream products or by-product«. 

The licensing activity is grouped vith a catalyst „im organisation 
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ITI 

üiri'.v the  two aro so obviously rdaU-d.    Tc:?eth-r they fora a 

business aren for  Lhe s.Vlc of technology, licenza catalysts 

and co:r.wrtity c-vtaly^tc.    Tl-e catilycts are manufacturad in 

^Ingland and in the USA. 

The success of the approach is indicated by the record - over 

350 plants use processes licensed by the Division.    The technology 

includes  the very latest  developmentJ - for example ICI's pressure 

steam reforming procens for naphtha has been adopted in 176 town 

Gas pi uiis  and I30 units for armonia and chemical purposes.    The 

TCT low temperature,  low pressure methanol process has been adopted 

for ?4 plants er.d accounts for 7O-8CP/Ó of all new methanol capacity 

air.ee 1968 with plant sizes ranging from 5O-I65O tons per day.    The 

ojnno-.ua tedinolo,?-/ has been incorporated in 26 plants built since 

1963.    Developer, -¡a by Agricultural Division's Fngineering Department 

such as a now eir-onia converter design using lozenge distributors 

has bii.-n adapted in 11 licensed plants.    In addition ICI's 

fertilizer technology is being used in I5 of its own and licensed 

plants. 

TRANSFER OF LICENSED INFOMATION 

Rarely are licenced plants the same size as the plant originally 

built by the licensor.    With the ICI low pressure methanol process 

for exrtnple not or- of the licensed plants has had the sune capacity 

as  the prototype built at Billingham.    Thus it is completely 

impractical as a rule to transfer technology by the simple means 

of  transferring specifications,  schedules and drawings of the 

existing plant with the proven commercial record.    Nor, with few 

exceptions,  can the originator of the technology design the licensed 

pi.- nt.    Although some large producers have their own engineering 

resource,  and ICI is Buch a company,  the engineering organisation 

is usually sized to be fully ocoupied at base load of demand within 

the organisation and there is very little surplus capacity for 

external work.    It is of greatest importance that the transfer 

of the technology occurs in an organised manner to ensure a 

properly designed and constructed plant.    The solution is for the 

licensed plant to be built by a chemical contractor. 
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-  •  .orlr^tor cui b,  «!,,-,„ by   lb, 1 L.s...nBed op^->.- or tV 
Tr"-i,:'  *-J*fll°P*r.    '>'h-  f0.-:irr prv^j^ occurs r-or« - ¿n-.HU« 

i."   '^  U.-1A and in Japan where oi0!,e relationships,   based on 

^nl   confidence,  bxiet b,H    m  the operator and  the  fa,our,d 

cor-rnotor.    Such an arrnn-     >nt  is not alvoys  satisfactory 

to the process ovmar because.  >.8 will be faced with  the education 

ar.J supervision of larSe numbers of different contractor..    Thia 

could entail much extra work which a licensor,  as a chemical 

producer,  can not always undone - such a practice also result* 

in the dissemination of the original design information of course 

A contractor on the other hand,  who builds many plants is able 

to apply the resulto of experience obtained with earlier plants 

to improve the dosisn of the later plants;  this ongoing proceso 

i. not possible if a different contractor is employed for each 

contract.    The licensor also wishes to have the best possible 

demonstration for his process and is therefore reluctant to have 

no control over the choice of contractor.    He may therefore select 

«us own contractor or a small group of experienced international 

contractors to promote the process.    The contractor then becomes 

associated with the licensor.    If the licensor requires plante 

for his own organisation he will normally ask one of the selected 

contractors to build it.    In the subsequent design ari building 

of the plant the contractor is then made aware of all details of 

design which are subsequently incorporated in plants constructed 
for the external licensee. 

The system where the licensor chooses the contractor is perhaps 

the only practical one when the process is to be licensed in large 

volume.    The system need not be rigid since the contractor frequently 

has rights to sub-license - providing for example the basic design 

information and permitting the licensee to work more closely to the 

way he prefers.    Where the demand for a process is small, arrangements 

are chosen to suit the circumstances.    Tnie ia the œethoû Agriculw 

Division has adapted for promoting the technologies outlined in Table 1 

although with other technologies it has developed such as the »«vision's 

single cell protein process and its »Deep Shaft-  effluent treatment 
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(ITC'', v ;•. ;:;T pi;o:j.:^^3 

1  --.datoci Produc '. 

Si.-;-.'.!   I'- '"."O. 

Pro-: •Ü 

500 Proc e 3 s 

¡Ammonia Synthesis 
Process 

¡Low Pressure 
j Methanol 

! 

:Hi;;'i Pressure 
¡  í-'o-í.hanol. 

i 

'• crrr.ildehyde 

I'ert. procesa 

Ammcr.ium Nitrate 
Process 

Calcium ammonium 
nitrate proceas 

Rigid-faced 
1 urethane laxclnate 
process. 

I 

Homihydrate 
continuous 
Autoclave Prooeso 

Nitric acid 
concentration 
Process. 

Naturi.. 1 LIS, naphtha        Syn tí.xs for aœaonia, 
methanol,  oxo 
alcohols, town gas 
and hydrogen. 

Naphtha 

Synt^e^is gas 
derived from natural 
gas, naphtha,heavy 
fuel oil, coke gas 
or coal. 

Synthesis gas derived 
from natural gas 
or naphtha, or coal. 

Synthesis gas derived 
from natuxnl gaa, 
naphtha, acetylene 
'tail' gas, coke oven 
gas. 

Methanol 

Ammonia, Nitric acid, 
Phosphoric acid, 
Sulphuric acid, Potash 
Urea. 

Ammonia, nitric acid, 
magnesium carbonate. 

Ammonium nitrate, 
calcium carbonate. 

Polyol, isocyanate 
and facing material 
eg paper,plywood, 
or metal. 

fly-product or 
natural gypsum. 

Town Gas 

Ammonia 

Methanol 

Methanol 

Formaldehy do 
solutions. 

NPK Fertilizers 
of a vide range 
of formulations. 

Fertiliser grade 
ammonium nitrate. 

CAN 

i Laminates with 
various facings for 

I construction and 
insulation purposes. 

Calcium sulphate 
hemihydrate 

Nitric acid and 
sulphuric aoid. 

Nitrio aoid up to 
98?á concentration. 

íip'-'oin1.  Ko at urs ITS 3 

li-; tor.jit..; j.n ' 
tubed forrucr.s I 

Primary ;.r.d 
aecondary 
reforming of 
naphtha. 

Synthesis in a 
special rv3ign 
of converter. 

Synthesis in 
special onvorter. 
istilla i or.. 

Synth^ck 
Di3tilla;ion. 

Silver C.:'al.V3t 
Process. 

Granulation in 
drum or twin 
paddle u.'  ern 
depending on 
product. 

Prilling, Uncoatei 
product \v-ith 
desiccant. 

Granulation in 
paddle rnix'îr. 

Continuous foam 
lay-down. 

Liquid, continuous ' 
autoclave conversion 
in specially     ; 
designed small    ' 
size autoclave, 
centrifugal 
de-watering. 
Dehydration of 
nitric p.cid by 
sulphuric acid 
at reduced pressure 
in glass equipment. 
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procuse such an approach is not rwce^arily apprnji_** .<«. 

V/hero the system of linear licensing exists, the licrnaee must 

satisl> himself th.tt. the combination of proco as and contractor 

will lead to a successful plant. Any imbalance in the equation 

will affect the final result - the successful commission ¡rig and 

operation of the plant itself. Ths licensee's main interest 

is to obtain an efficient and reliable plant at a cost he expects. 

Occasionally he obtains a plant he has asked for but not tin  one 

he wanted and this is related to specification, reliability ani 

efficiency, etc of the plant. 

There is the cor, :. i nain-' debate in the chenical indue try on the 

question of reliability and cost and these are topics to ./hieb 

vx-, b?ir.£ large rin-xfaetubers of nsnonla ori  oth':r tonr.->;,•• products, 

attach créât importance. The commercial succes3 of a ldr¿\» single 

stream amonio pümt investment depends on high reliability be in«; 

achieved in early lifo.  In a recent paper, Mr. S.D. Lyor/?^ a 

deputy Chairman of TCI has discussed the effects of delay in 

achieving: nenien  capacity on the rate of return on the investment. 

The data are shown in Table 2. 

Even a comparatively good commissioning performance in the first 

four yearn of 3^', 9<#, 9^ and 10<# of design output respectively 

can result in less than half the 75CP rate of return when compared 

with the best performance.  In TCI the experience vihh lar^e ammonia 

plants built 10 years ago was not very good. AB pioneers in the 

technology we encountered most of the difficulties in the early 

years and forfeited production - some faults were due to the 

faulty equipment and others due to detailed design. The lessons 

learned have been incorporated in our engineering approach to the 

design of new plants - both armonia plants and methanol plants. 

Unfortunately competitive tendering and the award of the contract 

to the lowest bidder without any control over the quality of the 

plant offered, militates against reliability and creates considerable 

risk. When the contractor laiows he mu3t quote a low price he will 
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Production Achieved VorfoTEi-jro 
AB % l'Iovsh-at 

TXT/ PetuTu ('IVpJcaT^ 

Ye¡~- 1 on*, arfa 100 26 

1 60 

1 2 00 16 
3 100 

4 100 

1 30 
1 

1 
00 12 

1           5 90 

4 100 

l 30 
;          2 70 7 

5 90 

1 100 
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ì-':z  to cui.  coiT.Gi'.-!  and   1v.'r prieci   in or,', er to arhL  \o pri   • 

reductions.     On tho other band a client ciimol- allow the 

co:itr:-~tor  LVJ T,;[-.-_     in rc:;p-^ 1   o" C^AíZ V V n on  a. n';t. oo.it pin. 

baais.     ^he resolution of t)--o dilema  is for the cll.^.t to sp^ify 

a  implicato of an existir,: s iv;c <•;-,;•'ul   plait or to specify 111» 

plant himself or employ a consul Ixnt to do so - either an 

experienced operatic; company or a reputable enrriruiei-in^ firo whi.n 

has experience in  oh i s  sort of woi-k.     In cone cases  the licensor 

hiiself may be appointed as the consultant. 

It is most importr.it  that the contractual nosition is clear.     There 

are throe parties to  the licensing operation and it is  in the 

interest of   th? lie--see that there should be no division of 

responsibility i'cr the realisation of the project.     The licensee's 

contract vili most likely be vjth the contractor and the extent 

of supply,   services,  guarantees and liabilities defined.    A 

sepurate licensing ag-ve-jier/t,  which   the licensee may not 

necessarily see will  exist be+veen   Lho licensor mei the contractor 

and in  it the responsibilities of each party iß defined.    If a 

plan+  fails  to operate vail,  the licensee is faced not only with 

the problem  of getting it to work but also with a consequential 

loas arising from there bein£i lees  th u  the expected production. 

The licensee usually asks for a formal t-,nnr,mtee and  indeed any 

reputable licensor ie willing to give such a guarantee.    Usually 

a licensor will coumit a considerable portion of the fee to tho 

correction of the plant and payment of penalties.    However since the 

licensee stands to gain a much higher financial benefit than either 

the contractor or the licensor he must be prepared to accept more 

of the financial liability.    The reputable licenBor appreciates 

his obligations and is likely to exceed thea in an effort to 

¡satisfy the licensee. 

The objective of any proocas licensing operation is to provide an 

efficient reliable plant to the lioenued operator.    For the licensee 

interest is in the product, the contractors business ia designing 

and building plants and he wishes to continue to do so, and the 
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l<:;or.3->- wish;?E; to continue  zo license the  technology.    If I 

worn a:,-.;.;j to fr-^ri^ tho essential in^rodlenta to o. suscoesful 

licersi^ operation - a recipe not only for North Africa and 

the iliclic Eastern countries tut also for procesa operators 

who buy technology, .and I would reuind you that ICI is suoh e. 

coappjiy,  the nain points I would highlight are » 

1.      Precl3G specification of what is required by the licensee 

and continued intere3t by him throughout the project. 

?.      Confidence and reapect between all parties to the operation. 

3.      Pull and unambiguous agreements. 

ÏV      CATALYST TECHNOLOGY 

ICI is one of the few major aononia and fertilizer manufacturers 

also involved in the production and salt- of the range of catalysts 

for the ammonia procees.    Agricultural Division has been manufacturing 

and us.inS catalysts since its first nmmonia plant was built in 1935. 

It was necessary then to undertake manufacture since no commercial 

supplias vere available.    Catalyst research facilities, the forerunner 

of today's resourca, were built  ip to study catalyst fundamentals 

and in particular catalysts relovant to the company'3 processes - 

particularly ammonia production.    Something of the importance 

attached to this activity may be judged by the effort now devoted 

to itj  in Agricultural Division alone more than 100 people are 

involved in catalyst work.    It is believed that the extenaive and 

effective research and technical sales and service which this makes 

possible is vital if we are to achieve outstanding catalyst quality - 

particularly if the cost of catalyst is so small in comparison with 

the value of lost production through catalyst failure. 

The growth of ICI's Agricultural Division into a major international 

catalyst supplier is linked with the decision to license technology 

and accelerated in the early i960's with the development in the 

Division of the ICI steam naphtha reforming process.    Ine Division 

chose to license the process and to expand its own catalyst facilities 
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•to  í'. x-/i::..'  th"!  linTr.v d  phu'.ts  v.i ;•'< Crilily.it.     At   r-.e :\ :\<j   ti:r. • 

a -.•o-l'.L-'-.-ide up.-iarv   in  tl.j Vili AV;: Oí   aMo.iia pi i"ai v-y 1.     ;n<i¡' 

-•:-• r.jiiy   of' t>?.:c plan4".:'.  r-?v.< v:,-.r\ th?  JCÏ   r.'.C'ir. ..^'Y.'i p-v„    ¡n. 

¡buy otlu'rs war:? based on natural ¿ras feed«-; oc':;i but they -iloo 

provici opportunities for c,it-j.ly^^ developed  ir  the Id\ icon's 

Brearon Department.     Tha market opportunity v/u 3iered and aw 

evidence the production capacity at the Divisions factory in 

CIitnorce has had to be increased several-fold since 1966/67. 

In order to capitalise on the growth in armonia production in 

North America a joint venture conoviy,  Katalco Corporation,  va3 

formed  to produce catalysts  in  the USA.    The technology comes 

from ICT and thin joint venture is now one of the two biggest 

armonia plant catalyst producers in North America.    I have 

already mentioned the  ICI sterun naphtha reforming proceas a:id 

the low pressure methanol process.    Other developments 3uch as 

the  "closed sandwich",  a  zinc    oxide/cobalt mclybdate/zine oxide 

sulphur  removal system,  and highly efficient zinc oxide catalysts 

for removal of culphur are also products of the Research and 

¿evelopiEent Department.     The development of production techniques 

kss also been an inte/rral part in  the development of successful 

catalysts but for obvious reasons cannot be discussed in this 

paper. 

The established major rarkets for the catalysts for the pact 

20 years have been the United States, India,  Japan and Western 

Europe.    With the world energy scene changing dramatically, 

future manufacture of chemicals based on hydrocarbon feedstocks 

is likely to shift to countries with large reserves of these 

feedstocks.    For this reason the Kiddle East and North Africa 

vili assume increasing importance as al30 will Eastern Europe. 

The building and successful operation of large scale plants 

in the Middle East and North Africa will presont many problems 

to licensor, contractor and licensee.    The next twenty years for 

scientists in these countries will be particularly interesting 

and will provide all the challenge one could wish for. 
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