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T.TROLTICTYTY

rips the paot thivty yeafs there has been a spsctzeulac increase in the
trangter of tachoolory and thia bhas occurred principalty with
tertilizers, orgonie chenicale and petrochonicais. Oz very irporhmmi
reason for ihic is tha effort need:d to orginate ard develop a process
to the full sc2le. The situstion i approachirg the stage where the
cost ¢f reaearch and devolopment is so high that only the large state
«nd private cc..;anieg have the resources to undertake such work. BEvon
tr» outcene of the research is not always successful and the company
ma- in the end be forczd to acquire technology under licence. Euying
the techaolorsy perhaps represents a high cost in the short term

bui involves least risk as the product or process will normally be
w211l cgtablished.

Te import.nce of licensing is illustrated by the sums of money
involved., In 1971 the United Kinzdoa evorned £220m from the sale of
know<how 2nd ot the same time spent about £1751 in know—how acquisition
Germany and France, however, bought more knou-how than they sold.

Joozn, of course, is the classical case, spending considerably more iu g
btiring knor-how than it earns. In the 2?0 ycars from 1950 Japan spent. !
#2 billion on licences to build up an industry with a capital value of
over #50 billion. In 1972 the total cash spent on research and
d2velopnant in the USh was ten times that spent by Japan in the

previous ten years which gives some indication of the cost effectivenesc
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

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

vas the infrastructure, the pool of skilled lebour, the management
evoartigse and the financial policies of the Govermment; the technology
vas the final link in the chain. Given the Japanese society the

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

The manufaciure and sale of catalysts has also developed into a major
infustry 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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fectone, nictnl viporet catilyvats Loy vl ine
1 Ta b tesearkas o, d Criopment o0 1ow t o uperalure shite Aot
Eoorecncfen erdtalyatn, This wag dus in part to a c¢hangs which
Oc imrad din ths dindustey,  Tndividual arro.ais miaufacturers ceaged to mako
their oom za*talyss and dnatead b n to purcliase from a fow spoenialiecd
Rar it cturses whe ener:ed during the perind. ‘'fhe chrnge ullowad larse
proiuction units to be built, with ths usual associated cost savinga,

and i* alss allowed invensoont 10 be made into the technical ckille

necessary for the investigation of cxisting ecatalysts and the duvveloprent
of nev ones - gkilled L rsornel to operate and maintain catalyst
producing plants, quali ty control specialiste and technizal back-up
of proceas envirecra and chemists. The efforts led to now Sw'ocesses
28 wel) a3 chenser and vare sbable catlyeats, Harhen:-ﬁhl(]

shotrad thit, duriny the oardiod, the annual price of catalysts to
produce axmionia synthasis mas fell drazatically from 2’?,340 per
dsily metvic tons of Auronic in 141 to ;1'/.‘?3 in 1968, 1 spite of
o dramatic inflation of recent yoars our latest eatiunate for the
coot of cni3lyat in a rodern 100 retric ton/d wourit gives a figure
ot fosn per daily metric ton, an intfl+<ion in cost of lesg then 1%

per arnuan from the 1958 J‘igure of Mr, f:bermehl. Probably mwoct
L]

-

o

o

icpor. .nt from t Tanla menufasture cs point of view is that it
has 211lowed technical resources to te daployed avay from the
Lanuf=cturs of catalyasts = vhore the astual canital involved in a
catalyst charge 1s no more than about 1¢) of the total investment in

the arponia plant - %o the production of ammonia.

The Ayricultural Division of ICI has a long-eztablichad interest in
today's topic and I &m ver; pleased to be invited here. My business
interest within Aericultural Diviecion is concerned with the sale

of catalysts and technology developad in the Azricultural Division
and it is from this stzndpoint I approach today's di~cussion. The
vieve expressed, nexdless-to-say, are ny own but tempered with
exverience gained from the Company 's position as licensee, licensor,
catalyst mamifacturer and s one of the vorld's largast ammonia

marufacturers,




LONLCTHS OF TLCTIOLYGY

Tre lerg? manufucturing company with its team of skilled and
experienc2d technologiuts is in a unique position to generate
tachi0lory. It has the knowledge to develop new processes anld
improve the existing ones. Often the choemistry surrcunding the
process is well established and associaled kaow-how is of more value than
ths basic invention. It is this knoiledge gaired from development
vork, from overcoming problema and from improverments carriecd out

on the plant, in the lalboratory and design departmant which is

of great value and use to a licensea. These skills also contribute
to technology transfer - not in the sense of developuent of
procasacs but as a conusulting service providing advice on specific
vrocess problems. Yet another well established practice arising
from long experience with projects and production is the provision
of technical assistance, project management, plant management

and the supporting management services - much in the way Agricultural
Divisicn has dons for its associated companies in India and Malaysio.

ihe old concept of the engincering company developing its own
tzchnology, though obviously etill practised, is less significant
a8 a gource of technology. Continved development is related to
adequate feedback from the commercial operation by the licensee
and this is not alweys 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
U5/, vhich maintain research and development activities. They

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

are still doing recearch in the ammonia field.

Engineering companies too have an interest in making available any
process they have in their portfolio; this includes liceneed processes
as well as the old type of process in vhich the originator's rights
have lonik since lapsed.




AGRICULLUAL DIVISTON'S [VTLO30:iY

In Britain 1C1 is orzanised into nine moaulacturing Divisiona
with easch Divinion acting indopendently wns purs.ing ita own
sales and licensing policy. This u1y help to explain wiy diffor-n®
Divisions adopt a different approach to the way they license their

technolegy.

The main inierest of Agricultural Division ig in the gale end
manufacture of fertilizers. Ammonia the ceantrz of the activity,
vas first made in 1923 for conversion ints ammonium sulphate.
Subsequently calcium ammonium nitrate and conpound fertilizera

were produced. At the beginning of the Haber-Bosch era there

was very little interchange of technology Letween companies and
gecrets of ammonia production were difficult to obtain and tren
closely guarded and ICI had to dévelop its own technology. The
most important information that the techrologists had then was

that ammonia could be produced with reasonable conversions over

an iron catalyst. The teams of technologists and engineers
established to solve the formidable prodlcms associated with
catalysts, high pressure technol 0gY, corrosion and engineering
subsequently forrmed the basis of Lericultural Division'e presant
engineering and research resourc.:. The output of the first ammonia
rlant 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 Billingham
complex in the North of England.

Agricultural Division decided 15 years ago that it would license
its technology. Furthermore only technology which had been provern
on the coumpanies ovn plants would be promoted. The 1ist of
technologies we license is shown in Table 1. The technologies

are diverse but related to the ammonia technology through the
preparation of synthesis ga3, opevration at pressure, and the
manufacture of fertilizer down stream procducts or by-products.

The licensing activity is grouped vith a catalynt s2l-s organisation
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since the twn are 50 obvicusly velaled. Toprethc e they form o
business aren for the sale of technology, licen:~d catalysta
and comoditys citalystc. The cut lysts are manuf-ctured in
¥ngland und in the USA.

The success of the anproach is indicated ty the record - over

350 plants use processes licensed by the Divigsion. The tecknology
includes the very latecst developmentis - for example ICI's pressure
stear referming process for naphtha has been adopted in 176 town
gas planis and 130 units for ammonia and chemical purposes. The
TCT low temperature, low pressure nethanol process has been adopted
for ?4 plants and accounts for 70-8%% of all new methanol capacity
since 1908 with plant sizes ranging from 50-1650 tons per day. The

smmonia technolozy has baen incorporated in 26 plants built since

suchk as 2 new emmonia converter design using lozenge distributors
hais been adapted in 11 licensed plants. In addition ICI's
fertilizer technology is being used in 15 of its own and licenaed
rlants,

TRANSFER OF LICIISKD INFORMATION

tarcly are licenced plants the same size as the plant originally
buill by the licensor. With the ICI low pressure rethanol process
for exsmple not ons of the licensed plants has had the sime capacity
as the prototype tuilt at Billingham. Thus it is completely
impractical as a rule to transfer technology by the simple means
of transferring spscifications, cchedules and drawings of the
existing plant with the proven commercial record. Nor, with few
exceptions, can the originator of the technology design the licensed
plont. Although some large producers have their own engineering
resource, and ICI is such 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 jimportance that the transfer

of the technology occurs in an organised manner to ensure a
properly designed and constructed plant. The solution is for the
liceonsed plant to be built by a chemical contractor.
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corworiractor ¢m b ahv o by e licvaged op ratsa or e
Frocess doveloper.,  Whe fgenesr practics occurs rore cipaeinllar

la *ne USA and in Jipan where close relationships, based on
Tzl confidence, exist bat: -p the operator and the ravour-d
csr:‘m\:ior. Such an arrons st is not alwzys sati sT1ctory

to the process ownzr becausc 2 will be faced with the cducation
arl supervision of large numb-r3 of different contractors. This
could entail much extra vwork which a licensor, as a chemical
produzer, can not always undertuke - such a pPractice also remults
in the dissemination of the original design information of courase.,
A contractor on the other hand, who builds nany plarts is able

to 2pply the results of experience obtained with earlier Plants
to improve the desizn of the later plants; this ongoing procecn
is not poasidble if a different contractor ig employed for each
contract. The licensor alsgo vishes to have the hes* po3ssible
dexzonstration for his process and is thereiore reluctant to have
no control over the choice of contractor. He may therofore select
nis own contractor or a small group of experienced international
contractors to promotie the process. The contractor then becomes
associated with the licensor. TIf the licensor requires plantg
for his own organisztion he will noreally ask one of the selected
contractors to tuild it. In the subsequent design ard building
of the plant the contractor is then made aware of al? details of
dezign which are subsequently incorporated in rlants conatructed
for the external licensce.

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 oystem 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. This is the method Agricultural
Division has adapted for promoting the teohnologies outlined in Table 1,
although with other technologles it has developed such as the Division's
single cell protein process and its "Deep Shaft' effluent treatment
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-continuous
hutoclave Process

(Nitric acid
concentration
Process.

Amporia Symthesis

Ammeriium Nitrate

“urethane larinate

!

Paturel (as, naphtha

Naphtha

Synthecis gas
derived from natu-al
g€e8, naphtha,heavy
fuel oil, coke gas
or coal.

Synthecis gas derived
frou natural gas
or naphtha, or coal.

+ Synthesis gas derived

i

frem natural gas,
naphtha, acalylene
'tail' gas, coke oven
gasn.

Methanol

Ammonia, Nitrie 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.

By-preduct or
natural gypsum.

Nitrio acid and
sulphurio acid.

me thanol, oxo
alcohols, town gas
and hydrogen.

Town Gas

Anmonia

Methanol

Methanol

. Formaldehydo
solutions.

NPK Fertilizers
of a wide range
of formulations.

Fertiliszer grade
amaonium nitrate.

CAN

Laminates with
various facings for
construction and
insulation purposos.

Calcium sulphate
hemihydrate

'
t
| Mtric acid up to
98% ooncentration.

S5n gas for amuor:iy,

Roroviir,g in
tubed facnices

Prinury -rd
secondary
reforminy of
naphtha.

Synttesia in a
special ¢waign
of couvec.er.

Syntheais in
epecial converter,
igtillstion,

Synthezic |
Distillaiion.

Silver C:.'alvat ;
Process. |

Granulstion in |
drun or tuin
paddle i ers
depending on
product.

Prilling. Uncoatei
product vith
desiccant.

Granulation in
paddle mixor.

Continuous foam
lay-down. I

Liquid, continuous
autoclave conversion
in specially )
designed small !
size autoclave,
oentrifugal
de-vatering.
Dehydration of
nitric ecid by !
sulphuric acid

at reduced pressure
in glass equipment. !
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procese such an aoproich ic not neceztarily appropsi.ta,

Vhece the system of linear licersing exists, the licensee nust
gatisty himself thit the combinution of procass snd contracter
vwill lead to a successful plant. Any imbaluance in the equation
will affect the final result - the suceesstul commissloning and
operatisn of the plunt itself. Th» licensee's main interast

is to obtain an efficient and reliable plant at a cost he expects.
Ccecasionally he obtain: a plant he has asked for but not ti» one
he wanted and thisz iz vela*ed to specification, reliability and

efficiency, ete of the plunt.

There is the coninuins debate in the cheoical industry on the
question of reliadbiliiy and cost and these are topics to shich

v, boing large mamafacturers of amnonia ord othier tonna-. producis,
attach great importance. The commevcial success of a larie sincle
strean ammonis pirnt investiment depends on hisch reliability be ing
achieved in early 1if>. In a2 recent papar, Mr. 3.D. Lyon(?) a
Papaty Chairman of ICT has discussed the «ffects of delay in
achieving design capacity on the rate of return on the investmont.

The data nre chown in Table 2.

Even a comparatively good comnissioning perforiance in the first
four years of 30v%, 80X, 904 and 1009 of design output respsctively
can result in less than half the CF rate of return wher compared
with the best perforwance. In ICI the experience with larye ammonia
plants built 10 years ago was no* very good. As pioneers in the
technology we encountered most of the ifficulties in the early
Years and forfeited production - some faults were due to the

faulty equipment and others duz to detailed design. The lessons

learned have been incorporated in our engineering appro=zch to the
design of new plants - both ammonisz rlants and methanol plants.

Unfortunately competitive tendering and the award of the contract
to the lowest bidder witnout any control over the quality of the

plant offered, militates againsi reliability und creates considerable

risk. When the contractor kmows he must quote a low price he will
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h3uE 2
: |
Production Achieved Porformarc: v DO Peturn (Typical)i
Yoo As S0 Wlowshoot ' 9 !
Ye:r 1 onwaria 100 26
1 60
2 80 16
3 100
4 100
1 30
2 80 12
3 90 !
4 100 :
1 30
: 2 70 7
1
f 3 90
4 100
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tnd to eul correra and tvlr pricos in orler to oehiovo pric
reductioang.  On the olher hind a elient carnat allow the

contrer~tor Urrc roln in respicl 07 €u3Es (v on o net cost el
bazis. The resolution of tha dilema is for the cliont to spoity
a duplieate of an existin: sccceorful plant or to soccify e

plant himself or euploy a consuliznt to do so - either an
evrerienced operating cozpany or a roputable eninzering firm whion
hes exparience in uhiis sort of work., In sowe cases the licensor

hizself may be appointed as the consultant.

It iz most importaat that the coatrac*ual nosition is clear. There
arz three parties to the licensing operation and it is in the
interest of the lic-nsee thal there should be no division of

ject. The licensee's

[y

resnorsibility [or the realisation of the pro
centract will rost likely be with the contractor and the extent
of surnly, cervices, guuruntees and liabilities d>fined., A
serurate licensirg agresaent, vaich the licensne may pot

nezessnarily see will exist between the licensor ind the contractor

and in it the recponsibilities of each party is defined. If a
plant fails to operate w:zll, the licensee is faced not only with
the prodle. of getting it to vork btut also with a consequential
loss arising from thore being lesa th'u the expected production.
The licenses usually asks for a formal cuarantee and indeed any
reputible licenscor is willing to €ive such a guarantee, Usuzlly

a licensor will commit a considerable portion of the fee to the
correction of the plant and payment of penalties. MHowever since the
licensee stands to gain a much higher financial bennfit than either
tne contractor or the licensor he must be prepared to accept more
of the financial liability. The reputable licensor appreciates

his obligations and is likely to exceed thea in an effort to
satisfy the licensee.

The objective of any proccas licensing operation is to provide an
efficient reliable plant to the licensed operator. For the licensea
interest is in the product, the contractors busineas is designing

and building plants and he wishes to continus to do so0, and the
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liconsa~ wishao to coatinue to licenuye the technotowy, If I

were anicld to summorige the esgential ingradients to o suzcessful
licernsir - opere*ion - a recips~ not only for North Africa snd

the [icdic Bastern countries tut also for process ¢perators

vho tuy techneclozy, and I would renind you that ICI is such a
co:xpan;,:, the main points I would hizhlight aro

1. Precise specification of what is required by the licensese
and continued interest by him throughout the project.

2. Confidence and respect between all parties to the operation.

3. Tull and unambiguous agreements.

CATALYST TECHNOLOCY

ICI is one of ihe few major ammonia and fertilizer manufacturers

elso involved in the production and sale of the range of catalysts
for the aumonia process. Agricultural Division has deen manufactur ng
and using catalysts since its first ammonia plant vas buiit in 192%,
It was necessary then to undertake manufacture since no commercial
supplizs vere availadble. Catalyst research facilities, the forerumnar
of today's resourca, were built 1p to study catalyst fundamentals

and in particular catalysts relevant to the company '3 processes -
particularly emmonia production. Somrething of the importance
attached to this activity may be judged by the effort now devoted

to it; in Agricultural Division alone more than 100 people are
involved in catalyst work. It is believed that the extensive and
effective rescarch and technicul sales and service which this makes
possible is vital if we are to achieve outstanding catalyst quality -
particularly if tha 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 accelarated in the early 1960's with the development in the
Division of the ICI steam naphtha reforming process. The Division
chose to 1license ‘he process and to expand its own catalyst facilities




o soavice thy Tleensed vrlante wi™ eatnlyat, A the moro tim
a vanLlil=vide upsurya in the Wil lipg ot ammoaia pieie v b innir o
and many of thoce plants bove woed the ICT ctem woa Wi g
oy o*hers ware based on naturyl gas feedsiocs but ther 11so
providad opportunities for catzlysts Qaveloped ir the Litisfon's
Rosearch Department. The movket opportunity wia siered mvl au
#vidence the production capacity at the Divisiona factory in
Clithorce has had to be increased several-fold since 1966/67.

In order to capitalise on the growth in ammonia production in
orth fmerica a joint venture connany, Katalco Corporation, was
forned to produce catalysta in the USA. The technnlozy comes
from 1CT and this joint venture is now one of the two biggest
azmonia plant catalyst producers in North Amarica. 1 have
already mentioned the ICI steam naphiha reforwing process and
the low pressure methanol process. Other developments auch as
the "closed sandwich", 2 zinc oxide/cobalt mclybdate/zinc oxide
sulphur removal system, ~nd highly efficient zinc oxide catalysts
for removal of sulphur are also products of the Research and
Sevelopment Department. The developmant of production techniques
fzs also been an integral part in the development of succcmsful
catalysts but for obvious reasons cannot be discussed in this

paver.

The established major rarkets for the cainlysts for the pact

20 years have been the United States, India, Japan ani 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 Middle East and North Africa
wvill assume increasing importance as aiso will Eastern Burope.
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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