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COXCLl:SIOXS 

The study, Elements or Rand ::::> to be Considered in the 

.t:'et:rocher.?ical .industry issue5 the problems of Rand D co:i.cer­

ning the "ays of it's establishing and management under spe­

cific condi t:ions of developing countries. The- •ork is repre­

senting an opinion of the author ho" the problems could be 

positively solved, especially for the economical environment 

of middle- and small-states. 

The study covers the problems of R and D targets and 

thu required ways of their accomplishment. 

In some greater detail it points out at the necessity 

of ?conomical backing, what in the case of smaller countries 

cou:.d be provided f'or by joint investments formed by regional 

partners • 

Furthermore, it considers the importance of' laboratory 

methods and equipment as well as pilot plants installations 

and traini~g of the personnel. 

?roblems of ~valuation of research projects and possible 

econor.1::.cal e ffc~cts of" reali za ti on dealt arc with in de tail • 
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I. TITRODt7CTIOX 

w'b.en analyzing nowadays world innovation potential it 

is possible to draw a conclusion that the well-kno"n and 

common technologi~s are to a gri:>at extent .. :ipe and the inno­

vation possibilities exhausted. 

~lany of the basic processes )f the chemical industry, 

production of plastic materials and crude oil refining are 

based on iIUlovations brought up many years ago. Therefore a 

much discussed opinion has appeared that the conte~porary 

shortage o:f high level innovations should be soon followed 

by another innovation wave with a due successive boost of' 

teclmology. 

The effort o:f all the developed industrial countries is 

therefore concentrated on formation of a potent research base 

and its maximal teclmological utilization with growing invol­

vement o:f long-term goals. 

Position of' the petrochemical industry is nowadays cha­

racterized by evolutionary changes, it is marked by profound­

ness o:f interdisciplinary relations ,,;i th the main innovation 

directions and the activity sphere 0f' chemical production 

dominates :from the point of' view of' the primary impulse as 

well as its consequent application in the :field o:f new mate­

rials. 

In this connection one cannot accept an opinion which 

regards the evolutionary changef! baserl mainly on the improve­

ment o'f' the already established products and processes as an 

evidence of the fact, thatth~ dominating period of development 

and innovative task of the chemistry is a pastti.mc reality. 
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Evaluating the phenomena of the recent period in the 

petrochemistry caused mainly by changes in cost and sales 

relations first of all in relation to man production leads 

to an opinion about the general maturity of the petrochemi-

ca...1. .J..J.lUu.::> .. ry. 

The difficulty of :foreseeing the revolutionary changes, 

brought about by the fact, besid~s other factors, that these 

changes are not, caused directly through market requirements 

and are based on the knowledge and imagination of research 

and production, makes quantification of the influence of the 

petrochemistry upon the basic industrial structure more 

intricate. 

It is evident, though that the petrochemical industry 

will continue in providing the developing industrial branches 

with new materials and though a new quality it will create 

impulses ~nd conditions for tbe construction of new functio­

nal systems. 

The significance of the petrochcmistry will also grow 

in providing for new raw-materials, substitution of power 

resources as well as an important :factor in elimi11ation of 

industrialization impact on the environment. 

Nevertheless the most ~mportant results will be derived . 
from the knowledge and achievements of the basic research 

and development and :from the point of view of their essence 

and application possibilities they will be unexpected • 

.. 
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I .1 • Ob.ject a...ri.d Aim of' the Research and Development 

In every innovation process ~e observe the succession 

o:f the :following: stimulus, conception proposal, desi~n. de­

cision and realization, the stimulus (need) being the basic 

:factor. 

The essential problem in setting up o:f the research 

and development prograuune is the speci:fication o:f the inten­

tion. Research under contemporary conditions is always asso­

ciated with some long-term intentions. The research is either 

speci:fically known, or it is known only in very general terms 

and therefore to ensure its accomplislunent it is necessary 

to devise a complete programme. Eventually there are cases 

when the aim is unknoan and when it is inevitable to initiate 

the whole research by drawing up o:f the research conception. 

Out o:f this classi:fication it can be :further derived what 

kind o:f methods should be applied to ensure the best possible 

procedure in choosing o:f the tasks. There are many well-known 

methods o:f net-analysis, e.g. PERT, Critical Path :Methods, 

value analysis etc. 

This is directly connected with the elaboration o:f the 

research project as an instrument o:f research management. 

Another group o:f problems o:f the research and develop­

ment activities is (ormed by questions related to the prepa­

rations, choice and establishment of working teams in research 

and the duties o:f the managing staff. 

The basic principle is a considerable t'lexibility in :for­

ming o:f the research teams as well as the competence of the 

- organization to elt.:ct their m•>st suitable !ltructurc in accor-
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dance with the specific nature of the individual tasks. Con­

sidering the decisive influence of the deliberate personnel 

choice upon the research efficiency, it seems inevitable to 

alternate the research staff structure in rather a flexible 

way in compliance "ith changes within the research profile 

of the working place. 

This is directly connected with questions concerning 

the :functions of the managing sta:f:f in research, their choice, 

qualifications and knowledge as well as their capabilities 

within the sphere of' human relations, economy, f·inance and 

management ~rinciples. 

Specifically an important role in the successful accompli­

shment of the research tasks is attributed to their material 

and :financial backing at the gi Yen time in such a way as to .· 
..... ., . 

eliminate any·possible hindrance in attaining the set-up goal. 

I.2. Terminology in Re$earch and Development 

The technical literature applies lot of terms :from the 

sphere of research and development (Rand D). Their defini­

tions and interpretations are not always consistent and terms 

are grequently misused and their proper contents and sense is 

not clear. 

The definitions o:f the basic concepts of R and D used 

in official documents in the V.S.A. are given below. 

The concept of Research and Development in general rela­

tes to all kind of activities performed in goverruncntal or 

private organizations financed by the government or other or-
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ganizations. It comprises research and development in all 

spheres including ~ducation, social sciences, physical scien­

ces, technical and exact sciences etc. 

t<esearcn ::i..s a systematic: intensive si:udy aimed at ai:-

taining the most possible complete scientif'ic know:...edge and 

clarification of' the studied object. 

Development is a systematic utilization of knowledge 

acquired through research aimed at production of' necessary 

materials, equipment, systems or methods including the des~gn 

and elaboration of' prototypes and technological procedures. 

The concepts of' research and development do not compri­

se: common testing of' products, quality inspection, technical 

description, collecting of' general statistical dat~, experi­

mental (pilot) production, common every-day operation program­

me evaluation and training of' scientific and technical workers. 

Basic research is a systematic, intensive study aimed 

at a deeper knowledge and clarification of' the studied object. 

Applied research is a systematic study aimed speci:f'ical­

ly at utilization of' new knowledge to approach the identif'ied 

needs. 

The development of products is a systematic utilization 

of' knowledge aimed at production of' necessary materials, 

equipment, systems and methods, it includes desien, develop­

ment and improvement of' prototypod and new technoloeical pro­

cedures with the aim of' fulf'ilmcnt of' specif'ic requirements. 

The above definitions serve to facilitate the distin­

gtlishing of individual categories though in practice they 

overlap one another to great extent. 
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II. HISTORICAL DE\'ELOP~!EXT OF PETROCHE~~ICAL IXDt""STRY 

The petrochemical industry dates back to the 1920s and 

19JOs, when companies began to turn their attention to the use 

of petroleum fractions to produce chemical$ previouslv made 

from coal, mollasses _and "ood. Several pioneeri!1g chemicnl and 

oil companies started to produce alkohols, ketons, ethylene 

glycol, vinyl chloride, styrene and other organic chE:micals 

from the olefins present : the overhead str3ams from refinery 

thermal cracki~g operations. The first production of amonia 

from natural gas and the conunercialization of steam cracking 

technology for the production of ethylene, propylene and buta­

diene from petroleum-derivated hydrorarbons also occured during 

this period. 

While these developments took place in the United States, 

where crude oil distillates anrl natural gas were available at 

very low cost, the petrochem~cal industry in Europe petrochemi­

cal processes were based on technological developments in 

Germany, the UK, USSR and France. 

The tremendous growth in demand for the new materials 

that occured in the decades following World War II allowed the 

old-line chemical companies to move rapidly into the produc­

tion of petrochemicals and also attracted a large number of new 

companies. 

~lost of' these firms were not easily able to enter the new 

industry, since chemical technolC>gy was traditionally very 

clc;>se'ly held. 

This combination of circumstances provided an exceptionally 

fertile situation for process development in the noxt decarles. 
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Xew technology in almost every product area included 

under the heading of petrocherr.icals ,,..as developed during 

that period by: 

oper~tine comnanies. 

independent research t"irms, 

engineering contractors and 

private inventors. 

The conunercialization of progressively more efficient 

processes and larger and larger plants provided greatly impro­

ved economics of manuf'acturP. As a result, petrochemical, 

plastic, and synthetic fibre prices declined and the profita­

bility of manufacture of bulk chemicals and plastics suffered 

accordingly. 

However until the start of oil crises there was 110 abate-

ment in the drive to develop still more ef:ficient petrochemical 

process technology, either through the use of' better catalysts, 

or through the substitu~ion of alternate, lower cost raw mate­

rials in a different processing seqrence. 

By the 1970s, the uncertainties associated with the two 

"oil shocks" and a number of other factors brought to a close 

an era charakterized by: 

' 
a) broadscale success:ful process developmen ( activity, 

! 
I 

b) construction of ever larger "single train" plants and, 
I 

c) advent of many new industry entrants. 

Poor profitability, low dernant growth a.nd concerns in­

volving cnviromcntal and toxicity issues caused c~mpanies to 

make reappraisals o:f their petrochemical operations. The resul­

ting steps taken by many of these firms, are often referred 

I' 
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to as "industry restructuring". 

One of the important results that affected the industry 

in these years was a serious cuthack in process research and 

development activities. 

Thus much of the research LUdget was switched to process 

improvement and produ;::t development work. 

Another problem, associated with low demand growth, was 

the fact that companies recognized that, it was going to be 

:far easier than before to keep exist~ng plants on stream 

{with continued good maintenance practic~s) and that it would 

be more difficult for new process technolo~ to force the 

shutdown of these ~xisting units. 

In ef:fect, shutdown situations would probably only occur 

if' the calculated selling price, including a 5u:fficient invest­

ment return, for a product made ~ia the new technology would 

be below the cash cost of a prod~cer with a viable existing 

plant. 

To meet these economic parameters, the calculated produc­

tion cost of' the new process would usually have to be 20 - 4ofo 

below that of the existing process. 
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II.1. The globale scene 

The picture in the early 1980s was one of gross overcapa­

city and intense competition. The strong competitive pressures 

in the establjshed p~oducing regions of the Gnited SLate5. 

Western Europe and Japan are currently being intensified by ex­

ports from new plants built in other areas of the world, prin­

cipally Saudi Arabia and Canada. 

, 
Although some 70 percent of the world s base chemical ca-

pacity is still located in the major consuming centres - ~ne 

United States, Western Europe and Japan - the pattern over recent 

years has been changing ~ith projects coming on-stream in a 

number of countries. (Appendix Xo. 1) 

II.1.1. Export projects 

Saudi Arabia id emerging as a major petrochemical pro­

ducer with feedstock derived from huge resources of Wlutilised 

associated gas. As recently as 1980 arowid 40 milliard (109) 

cubic metres of this was fl~red. 

Saudi Basic Industries Corporation (SABIC) embarked on a 

munber of joint-venture projects at the end of' the 1970s with 

major internationaf oil companies and a Japanese consortium. 

Output from these projects is expected to include 1.6 million 

tonnes of' ethylene equivalent by the end of 1985. These plants, 

based on the latest chemical technology, have been completed on 

or ahead of schedule, a considerable technical achievement. 

In add~tion, other export projr!cts have rccent.i.y hccn com­

missioned in Qatar and Singapore and a furthor project is· heine 

brought on-stream in Libya. 
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II.1.2. Import substitution 

A number of developing and newly industrialising 

cowitries have also built new petrochemical plants to replace 

imported productst During the past ten years combined ethyle-

ne capaci l:y in .•1exico, tlraziJ. and Argentina increasea oy ~ l!lJ.J_­

lion tonnes a year as a result of ambitious plans for self 

sufficiency. In Asia and the Far East a nwnber of plants are 

on~stream, widerconstruction or planned, for example in Thailand, 

Malaysia, India and China. A total increase of' ethylene capa­

city in this region from 2.4 million torutes in 1982 to 4.7 mil­

lion torutes in 1990 will go a long way to meeting future re­

quirements in this high growt~ region. 

By 1990, ethylene capacity outside the established producing 

areas o~ the ~nited States, Japan and western Europe is expected 

to be almost 8 million tonnes a year above the 1982 level. 

(Appendix No. 2) 



III. RECEST ELE~XTS OF P.ESFARCH A..°'D DE"ELOP'.'fEXT TO BE 

COXSIDERED IX THF P~TROCHE'.'CCAL IXDt"STRY 

In the last two decades much of the effort in process 

development "ork was s~itched into evolutionary process impro­

vements that would allO\<\ to achieve higher cash flo\<\5 and 

therefore, better returns on existing assets. 

Achievement of energ-.r sa,•ings (fuels, feedstocks) were a 

priority in the new high energy cost environment. Investments 

of this nature offer a low-risk strategy for maintaining faci­

lities that are already •ell depreciated in a cc.mpetitive mode 

and at a good technology level. The best examples of this are 

situations where ne~, higher field or higher productivity cata­

lysts could be loaded into an existing reactor. In other cases, 

improved productivity of polypropylene catalysts or continuing 

field increases in ethylene oxide production are examples of 

the former. 

As other examples "retrofitting" could be used to allo" 

a new reaction system to be Pr.tployed in an exif'ting plant, in­

volving some new investment. The substitution of n-butane for 

benzene in a production of maleic anhydride is an example of 

this type of development. 

During the 70s were introduced some notable advances in 

new process Qornmercialization. 

Some of these arc mentioned below: 

Acetic acid ,·ia methanol carbonyla ti on. 

This process was widely accepted, resulting in the shut­

down of plants based on ethylene or n-butane. 

Acetic anhyclratc from coal-ba:=;('d methanol. 

I 
Xylene isome:rization using zeolite catalyst. 

I 

I 
I 
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The economic adYantages er.~ this low pressurE! nor.noble 

metal catalyst process ar.:! substant::.al. 

Alpha olefins from ethylene. 

Oligomertzation, isomerization and disprcportionation 

reac"tion~· are used to produce a prog:?.""am:r.ed mixture of 

alpha olefins, for conversion to alkohols using oxo 

technology. 

The processes using reactive mixture of carbon monoxide 

and hydrogen (synthesi~ gas) are examples of so-called "C1 
Chemistr;-". This mixture can be produced from any carboa­

containing feeds·:ock (coal, methane etc.). 

Synthesis ga5 (syngas), methane and methanol are the 

starting points f{•r the manufacturing of nwnber of primary 

and intermediate products. c1 Chemistry could open the wqy 

for the use of methane and syngas from alternative sources 

for petrochemical purposes. 

c
4
-:rraction containing saturated and unsaturated c4 hydro­

carbons is separated from liqt~id fractions of steam cracl~ing 

unit. ~lost valuable components of' this fraction are: 

Isob•tte:le: more and more used ::or the preparation of' 

methyl tert. butyl ether (MTBE). This product is used to rise 

octane level of lead L·ee gasoline. For the same purpose also 

n-butan after isomerisatio~ and dehydrogenation can be used. 

In industrial laborato;::.es a series of new catalyst system!Z 

are ~eveloped for isomcrization of n-butenes. 

Other valuable product of c4 fraction is buta<lien~ used 

except of for syntetic butadiene-styrene rubber production 

also for chemical synthesis. 

£
5 

fraction serves in~reasincrly for the production of 

isopren~ as a monomer for polyisoprenc r~lbcr and for copoly­

mcrisation with styrene to thermoplastic copolymer rubber. 



(!'\·clory~r. 'f:~die~e scpar~ ted from c_ :fraction hns •ddely 
J 

use as co:.1pour.d for copolymeri:;:a ti on, hydroeen~. ti on ~:td chlo-

+. • ra .. ion. 

Durir:.e the evolutio:tan· P'~rinc cf the petrochcr.;ic~.l i::-

ci.ustry increased output volu.-:te was acco:::p~nied by a \;idc;:iz:e 

in the range Of products ~Yailnble. Xu.~erOUS different chc~i­

cals bccaoe !1ousehold nar:ies not so much ots indivic!.ual prodacts, 

but rather in terms of' general catc~orief'. 

TI1e largest of these categories, plastics and resins, 

bcca.':tc fa.."!liliar to consui:aers because of ti1cir use in pack?.gir•c, 

toys, building product::;, sur:face coatin~s: upholstery ~nd 

other do::?estic goods c;s well as in n nu:::bcr of" industri;!l nppli­

cntions. Synthetic rubbers, originally developed to rcpl~tCI.! 

disrupted supplies of natural rubber durin1~ ~forld \\ar II, cur­

rently accomit for approximately two-thirds (nearly 9 million 

tonnes :.;.rJ1u2lly) o:f the \;orld 's rubber requiremcn ts; the r.1ain 

outlets belng tyros and footwear. 

Synthetic fibres comprise over )5 per cer..t or 11 r.lillion 

tonnes of the world's annual f'ibre requirements, the ;:wst i::1-

portant being polyn::lidcs (nylons), polyesters ~·.nd ~crylics, 

which arc used in a wide variety of dor.iestic, cohl!!:crcial and 

industrial applications. In addition to continued erowth in tra­

ditional plastics outlets, polypropylene is now nlso bcinc 11scd 

cxtensivoly as n textile f'ibrc in carpats, sportswcnr and 

"absorbent" disposable nappies. Continuous filrunents can he 

used to r.1ake, for cx".r.ipl-:·, nylon stockincs :md tights or al t:~r­

n;itivcly they ;:1~y be chopped up and then spun or woven J.n tr..c.• 

sa~e ~ay as tho traditional natural ~ihres. 

Other 1:mjor oren.r~ic products originatine from the potro­

chamical industry include: solvents, dctorgcnts nnd mothnnol. 
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Sol-vents have been used extensively in paint at!d other .sarf~c~ 

coatine;s, but the o;:iphas-s on this outler has t~clir.ed in re­

cc:it yanr::; with their wider use in chea:tical processing, ph~:r-?:m-

achi.::· .. -~~lc -,d th natural prodt~cts. =·retha.nol is used p~i;::~rily 

in the oa.."lt:f'acture of resins, many chemical interr.1ediat:e.s <u1d 

more rccc!ltly in conjunction with co-solvents as a valunble 

octane co::iponent in so:ne no tor gasoiines. Anti-freeze, hr~ke 

:fluids and a host of organic precursors :for the asrochc::?ica1, 

pharaaccutical and chc·mica1 industri.es are also produced by 

the p~trochc:nical industry. 

In addition to the~e oq~nnic chemicals, considernble to;1-

naecs of inorganic che~ica1s arc also derived :fro~ oil and gas, 

though these nre not normally classed as petrochemicals. 

The wost i::iportant of' these are ammonia, an invaluable source 

of' nitrogen 'f'or many fertilisers, sulphur, which is used in 

the i:tanufr.:.cture of sulphuric acid, and carhon-b!ac!:, r~quirec 

by the tyre industry and for use in printing inks. 
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IV. ~ASIC RESEARCH 

Basic research which has of ten called pure or fll:ldtl~er.-

tal research, studies :nainl~· the nature of chcDical.5 ~·..r:d. 

This rt?sc;;?.rch is usually c<?.rri~d out in t:ni versi "t:ics r:r:.c! 

technical institut~ons or specialized research laboratories 

i.e. at Academia -f Science, State Institutions, !areer che~i­

cal or Oil Companies etc. 

The chemical co::ipanies spend relatively snall portions 

of their overaJlR.and D :fundings on basic rese~rch ar:.d oft~r. 

sponsor and cooperate with Academia and research State Institu-

tion.s :financed mostly by governme:it. Hot,cver r~ccn tly it has 

beco::ic evident that the technologies used are in many inst~.nccs 

outmoded, energy wasting, environmentally polluting and not 

sufficiently quality conscious. Principally, everything t•hich 

w<!s considarcd unalterable and inevitable in estahlish~J techno-

logics has beco~e a candidate :for major scruting and inproYc­

ments, including equipment, utilities, catalysts conventional 

reactions, materials etc. 

IV.1. Establishaent of oriorities 

In such a ~ay several hundred procescs, technoloeies 

and products could be considered as candidates for research 

as a part of a petrochemical industrialization proaram. ~nny 

were dcvel~pcd nnd arc produced f'or many years ;lnd is not ne­

cessary to invent them. A listine of all possible reaQtions is 

a little value to the petrochemical research planer. Such a 

list represents a "forest" of alternatives, but we must take 

somo basic clements which are adequate to existing conditions 



i.e.: If' the country has universities, scientific and educ~-

tional institutions, state research organizations and laoora-

tories or significar.t petrochemical industry. 

oarl-:ct. This f'actcrs together ...-i th higher population 2.:1(! de'\"'c-

l~ped school educational system :form pri~1e priorities for rese­

arch establishing. 

Basic research does not promise early returns of investee 

capital and f'or many coantries is a rorm o:f prestige :nore than. 

econo~ical necessity. 

Dut at some econor.:ical and sociological level of' developing 

is establishing of own research institutions absolutly needy. 

Industrial research, cannot f'lourish without the necessary 

environment. It needs a local scientific, educational and indu­

strial backgrowtd. Close co-operation with universities and 

academic research organizations is as necessary ns that with 

the every day industrial practice. Work bas to be extended f'rom 

bench scale to pilot plant. Contact with the international re­

search and also the industrial community cannot be restricted 

to a well organized f'low of information to the research worl~ers, 

but close (personal) contacts with the leading w~rld research 

organizations and industrial f'irms are vital eleoants. 

The tempo or its technological advance paces the economic 

growth and financial revards o~ an industriBl company. Since 

basic research is the foW\dation on which all tochnologlcal ad­

vance rests, it is or primary importance to industrial companies 

that basic research move torward at an everincreasing rate. 

Well-supported and ettectively performed basic research ~n aca­

demic institutions i• or vital importa~1ce to the imru.adiate , , 
interest ot the nation s industries, a1 well as to nation • 
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cul.tura1 and techno1ogica1 progress and to education of its 

future scientists and engineers. 

Research in petrochemica1s is expensive. Resu1ts wi11 

come but one must be aware of what kind o~ results to expect 

and ~hen to expect them. R and D in this field is a rather 

long process and only gradua1 results can be expected. 

iV.2. Proposal €or a Model Basic Resrarch 3.rld Development Unit 

The decission to establish research and developing cent­

re in a developing country will mostly depend from the govern­

ment policy. The joint venture with international oil company 

could be a1so the case, but due to concentration of science 

in developed cowitries is considered as very rear • 

. 
The personnel problem dominates: A professional staff of 

highest quality and deepest scientific training is the first 

in a priority list of the essentials. Since modern basic re­

search so generally teams, and since unraveling the truths of 

nature in most areas that are of interest to industry requires 

participation by specialists in more than one of science's 

subdivisions, there is a minimum in size for an effective basic 

research group i.n an industrial laboratory. This minimum number 

of scientists is some four or five. If the number is less, all 

aspects of the problem may vell not be covered at the required 

level or speciCll.ization. 

The staff memb~rs must be deeply trained in science and 

mathematics. The doctorate level, as a mini1nwa, gives insur'lnce 

or adequate depth or training. 

Within these depths or training, every effort should be 

made to obtain a high percentage or men or superior intelligence, 
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wiusua1 dedication, and creativity. They are not p1entif'Ul., 

but one or th~m ~i11 have val.ues greater than several at the 

medium 1eve1. 

The attainment of' new know1edge in a basic research and 

most certain1y the an:owit oC efrort invo1ved are dependent on 

qua1ity oC :taci1itie:S and instrumentation. The needs of: the 

basic research man shou1d be promp1y and t'u1ly met. Since he 

is exp1oring new Crontiers, oCten there do not exist standart 

Caci1ities and instruments that can be purchased. In such si­

tuations, the support oC appropriate design and engineering 

organizations shou1d be made aviab1e. 

The cost oC Caci1ities and instrumentation Cor research 

va. -~s wide.1y with the nature of' the research. The annual char-

ges to a research laboratory tor rent, services, capita1 and 

depreciation are sma11 in relation to solary, direct and indi­

rect, expense supplies and other costs. 

IV.2.2. Library and scientif:ie and technical inCormation CP.ntre 

For emphasis, library service is here given a coordinate 

heading with the major essentials, since in basic research, 

even more than in the succeeding operations oC science and 

technology, library research is a most important part of tho 

world there appear reports oC new knowledge a very short time 

af'ter it has been acquired. For the specif:ic purpose or avoiding 

work to obtain kno~1edge t!lat has already been acquired, it is 

most important that the basic scientist make library research 

an important part or hie operations. 
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For these reasons a 1ibrary with adequate professional 

staft is a most essential component of the facilities for Ja­

sic research. 

The size o~ the library must. of co~rse be in Pcon~mir. 

balance with the size of the basic research effor~ of the com­

pany. w"h.ere a library sufficiently large to be comprehensive 

is economical.ly impossible, arrangements can be made with lar­

ger libraries for supplementary service. 

Research often results in new and useful inventions. 

Patents secure potentia11y ~~luable property rights in such 

inventions. The potential value of a patent is founded upon 

the invention it covers. This value is realized in terms of the 

ends sought when using the patent to protect the invention. 

The basic business policies of the company paying the research 

bill, and benefiting trom the results of research, determine 

the manner of employing research-derived patents~ Research ma­

nagemer-t is concerned with the preservation and evaluation of 

valuable patent rights arising from inventions made in course 

of research. 
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:IV.). Instrumental Analyticnl Methods in Research and 

Petrochemical L~dustry 

. . . . - ... 
.,;a. "t.-•'-.,... .... .;.. ... _ .... ~~t.:V•..:>'""' •••.a'-1..J..J .. .-~<l..1., ..£..•.&..>i-'C~ '-~~:. V.&. ""'.Ltt.:W&.J..-

cal raw-materials and products is basic prerequisite of 

modern technologies as well as consequent ecological 

problems. In this connection the older and more simple 

methods providing certain general in€ormation about the 

analyzed object are substituted by advanced methods or 

the instrument analysis enabling specification of the 

chemical composition 0£ di£ferent analyzed. 

Modern analytical technology enables a ready check­

ing of composition changes in analyzed samples even of 

minimal sizes. There are used analytical methods which 

are considered routine and those which are labeled as 

research type. When using the routine analyses the com­

position is essentially known and one cheeks mainly the 

quantity rativ of the analyzed samples. For the research 

analyses it is typical that there is only partial infor-. 
mation about the sample composition and the chemical 

structure 0£ the present components is often ascertained 

through a combination of different separation methods 

(distilla~ion, liquid or preparative gas chromatography, 

thermo-ditusion, gel chromatography, the use of molecu-

' lar sieves etc.) and identification methodd, expecially 

spectral pnes (mass spectrometry, nuclenr magnetic resonan-
' ce, infrared spectroscopy etc.), possibly gRs chromatogra-

phy or its combination with infrared and mas~ spectrometry. 

In compliance with these devices suitable for the ~outine 

analysis (mostly automated and cheaper) as well as for 

the research analysis (with higher para.;ieters and more 



- 2~ -

expensive) are available on the market. 

A preliminary separation of a sample to more simple 

fractions by means or separation procedures is usually 

nents of di£ferent structures and higher molecular mass. 

A detail analysis, i.e. the specification of all the in­

dividual mixture components is usual.ly curried out in ca­

se of hydrocarbons with boiling temperatures up to about 

200 °c. For mixtures with higher boiling temperatures 

the detail analysis is only possible in special cases 

{n-a1kenes, n-alkines, polycyclic aromatic hydrocarbons 

etc.). 'In this kind of samples usually the content of 

different functional groups lgroup analysis) is spec1-

fied. 

Modern instrument analytical methods can be divided 

to chromatographic, spectral and electrochemical. The most 

important in the given field are the chromatographic me­

thods or combined chromatographic and spectral methods. 

The most widely used chromatographic method is the 

gas chromatography which enables the detail analyses oC 

volatile and stabile components with molecular mass up 

to about 1 000. In some cases the gas c~romatography 

enables also the group analysis (mainly of aromatic hydro­

carbons, cycloalkanes). Different advanced. gas chromat~-
. i 

graphs from numerous firms are available (Hewlett-Pack~rd, 

Varian, Pertin Elmer, Carbo Erba). Also the automated ; 

devices for the elementary analysis ot carbon, hydrogen, 

nitrogen as well aa oxygen and sulphur (Carlo Erba CHN + 

+ O/S 1106, Perkin Elmer) operate on the principle ot tho 

gas chromatography. 

! ' 
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For the detail ana1ysis, partially also Cor the 

group analysis (alkanes, alkenes, aromates) of' higher 

molecu1ar materials as well as materials considered from 

the point view of gas chromatography as not stabile, a 
1-;_o-_h 6~.f!';,....a:a..,.,..,... 1..;,. •• .:~ _,_,_, __ .... _,,,,. ____ ,_ ... i.,._ • t • _- • • 

• . ...., -- - ·-·-- _...,._~_,,__r••t1 , •• _ .• __ ............... '-..... u. ... ~ 

LC + diode array detector, l.ICB, Philips) appears suitable. 

11le shortage of positive identification of chromato­

graphic methods -is nowadays made up for by available com­

binations of chromatographic and spectral methods. The OJ>­

timal one is mainly the neweat combination of a capillary 

gas chromatography with inf'rared and mass detection 

(Hewlett-Packard GC-IRD-MSD). It enables from one sample 

dosing into the device to get chromatographic information 

about the identity of' a component, IR-spectrum with inf'or­

mation on :functional groups and isomerism and MS-spectrum 

with in:formati·:>n on molecular mass as well as the structu­

re of analyzed components and at the same time the linal 

information on the identity is processed automatically 

by a computer. There is also available a combination of 

the liquid chromat~graphy with the mass detecto~ (Hewlett­

Packard LC-MS). 

These new combined techniques to a certain degree 

diminished also the importance or the preparatory gas and 

liquid chroma to~~·aphy as means or presopara ti on when sol­

ving the probl~m of identification of mixture components. 

The most t·requently used spectral methods in the given 

field, mainly as methods of the group analysis, are thn mess 

spectrometry, inf.':'ared spectroscopy, nuclear magnetic reso­

nance, less treq1•.e:ntly also ultraviolet spectrosc.:;py and 

Raman. spectroscopy. A• perspective there appoar also mole­

cular fluorescent and phosphorescent spectroscopy. 
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Th~ mass spectrometry (Finni~, Jeol, Hewlett-Pack­

ard, Varian) is suitable for the croup analysis of any 

fractions with the exception of heavy oil residues. Lieh-

Cor heavier fractions the preseparation is preCerrable 

and for complex hieher molecular fractions the presepara­

tion is inevitable. 

The defininc of the molecular structure and .reometry, 

-checking of thermodynamic parameters of reactions, develo­

pin~ and control of new chemical productions as well as 

characterizing of polymer materials the NMR spectroscopy 

is suitable (Varian supplies routine instrumentation -

Remini System as well as hichly advanced research instru-

• 

mentation VXR Series. 

Just as NMR the infrared spectroscopy enables speci­

fication of the components nature in the individual mate­

rial ~oups {grade of side chaininc, substitution etc.). 

Xt is used mainly for specification of some atomic ~roups 

in a molecule and in questions of structure of orcanic 

compounds (Pyl Unicam, Perkin Elmer). Nevertheless in ca­

se of more complex compounds the individuality of spectra 

of pure material~ cannot be applied • 

The ultraviolet spectroscopy is used mainly for the 

croup analysis of aromates and alkenes vith conjucated 

double bonds in low concentrations. 

The Raman spectroscopy basically ~1th the use of la­

sers, as well as the molecular fluorescent and phosphores­

cent spectroscopy enable specification of the structure. 



To frequently used optical methods in chemical and 

petrochemica1 industry belonc the atomic abso~ption spectro­

photometry. It enables to specify more than 60 elements, 
.r.i __ ,,_ -~ _ .. ~ __ ,1._ .. - ,...,. __ ,_:_ T"1,_..._ .., -"Q""" _ ....... '\..,., __ ·- .... _('-.,.. -- ·- ....... __ \- ---·-·- __ .... __ .... --- -··--·--- ... --'- - _,--
tvobeam, Vari:!n . ..\.A-875 twobeaa and polyelement model A..~-9i5, 

Pye Unicam PU 9 000). The more advanced and sensible is 

the atomic fluorescent spectrometry which is still beinc 

developed. As important methods in this :field are consid­

ered to be the methods usinc lx-ray, electron and ion 

riadiation (ICP yobin Yvon 24 spectrometer'~ 

To the electrochemical methods belonc conductometry 

and dielectrimetry, potenciometry mainly with ion selective 

electrodes, voltometry and polarography, coulometry and 

electrogravimetry, electrophoresis includinc isotachopho­

resis. Xn the given :field they are used less :frequently 

in comparison to the above mentioned methods. Their appli­

cation can be sten in speci:fication o'C di:ft"erent impurities 

in raw materialu and products, mainly in case oC monomers. 

The Price list o~ main laboratory instrwnents as offered 

by Producers is shown on a Appendix No. 5. 
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IY.4. TraininP, o:f human resources ~or research and develonoent 

institution 

The various categories o:f manpo~er requirements f'or R 

and D in petrocher.iical industrv are listed below: 

Highly quali:fied scientists and engine~rs, o:Jos'tly ,.;i th 

~raduate or post-graduate degrees, f'or rt and D. 

Graduate engineers and technical diploma holders with varying 

degrees of' experience for pilot plan~ ~peration and main-

tenance. 

Experienced engineers, technicians and artisans :for pilot 

plants construction. 

Experienced and highly qualified laboratory specialists 

and analysts. 

Marketing studies graduates or trained technical r.ten :for 

marketing. 

Lawyers :for licensing and patents. 

Experienced perssonel f'or scientif'ic :...nd technical in!'orma­

tions and libr<\ry. 

l:.'xperienced administrative personnel. 

The extent of training and experience needed f'or each cate­

gory and each :fWlctio.n within a category will vary. The basis 

f'or all is however education, starting with primary schools f'or 

.lower skill and rnovine up to hieher education for professionals. 

Having made the br.lst possible recruitment selection, it is 

common sense to capitalize on the basic qualities of nnw person­

nel and develop potentiai. In this way there will be hicher mo­

rale, quicker production/resl1lts, less defects, less materinl 

wastage and less need for close supervision in the case of wor-
I 

kers; ereatcr efficiency, on simil<lr lines, with re,~ard to 
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research staff; a..~d ~etter chances of succ~ss on the part of 

managncnt. Training should start "ith induction and continue 

systeQatically throughout all subsequent service. Pro~rcssi~c­

ly, this should includ€' apprcn ticeship if a;~y, ins tructior:. i ·• 

sci•.:'n ti.fie \·:or!-:, 'trainir.g for supe!"visiors, :-.:.d, fi1-:.;:.lly, 

trair.ing ~or o~nae-c~ent. 

IV.4.1. Induction Course 

The priraary objective of an induction cu.irse is to intro­

duce a new employee to the background of' the firra, its objec­

tives, organisation, general policy, leading personalities, 

amenities, etc., and to describe the hiehliehts o~ i~s achievc-

1:1cnts in providing goods or services, and conscquer?.t ir.:portc. ... r:cc 

to the co:n.~Wlity. It is an attempt to make the recruit fec:l 

that he is now a part of' a f'irm worth "·oi-king for, to help hin 

understand how his job f'its into the general frar.iewcrk, and 

enable him to fi1"!d his \\::ty about, and understand the rules vr!d 

regulations that will affect his future. There are various \·:::ys 

of' doine this in practice, including filr!ls, talks and conducted 

tours, coupled with frank answers to spontaneous question~ 

raised in the process. A large cnoueh f'irm could motm t rcettlar 

courses coverine all the in take during n given period, \·:her.~ 

this is feasible in view of' travelling and other constr;?ints, 

but a sraallcr concern mny hi.'1.ve to content itself with so::i<:·thine 

less nwbitious. 

IV.4.2. On-th~-Job Tra:i.ni.n~ 

Applicabl~ in the case of oporators mainly, it is b~s~d 

on the c.sGw~1ption that a ;;rca t deal of instruction mils t inevi­

tably take place on the laboratory or pilot pl~r. t i·1oor. 
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:-Iuch dc-pe!1ds on the 2.~11.1 ty of those opera tors selecti:-d 

to instruct tr;:i:1c-c.s to provide the right t:·pc of trai.:!i~ci· 

It is r~cogni2.~Ci that the suppo:;:-t or ser:.J.•)r nnn.<l.5~::tc!'lt, 

, 
-cl~::: '-~i)~r~:. t:c..:. .. s_.·i::3 t;::·::c~c:-s 

in th.; pictUn"!. 11-:!ncc an ndvance infor.:ia ti or~ s.::::>sio::. i::; -:::.st:.-~ily 

organized for se~ior ~~-~age~ent; there is also an adv~:ce ~ric-

i'ine for scctio:i. supervisiors, defined as fore:ncn, charec-

hands, etc. Tha.se are usua11y held soac days nefore the cours~ 

progra:zi::te for the selected operators/instructors is carri~d o:.1t. 

IV.4.J. Job Rotation 

This can be instituted 'dthin a depart::ient, withi:l a co:::p~~-

ny, or within another company. The purpose is to improve a 

r:ianager 's understanding of jobs other than his otm and provicb 

a specific experience which will equip hira for promotion. It is, 

of' course:, easier to arran&e f'or lower levels of wanagc::iont. 

Short periods in diff'l°!rent departments \-:as at one ti::ie t:idcly 

used for training of university graduates, but it was never 

f'ul.l.y satis:factory and l.cd to a high labour turnover • .\s the 

period wns so short, it did not enabl.e tho train0e to fool a 

sense o-f' r()spor~sibili ty as he was not ar1sl·:orable for the rcsul. t 

of his decisions. 

These cannot teach anyone to manage, but can accclornto 

1:mn<lgcmcnt dcvelop1:1cn t, if CQmbir~ed with t.hc rieht experience. 

:'J'cw m:urnccme:1 t tools arc occ•.irrinc frequcn tly :.ll1d f ormnl cour­

ses are c:f:ficicnt c . .nd exonomical. They can modify nnd widen 
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perspectives a.."1.d this is :i.eeded by fur~ctional :::ru::.a.gers w!;.o 

aspire to ge~cral man~ge~ect. 

~cr.t courses are residc~tial ar~d comp~nics set ~~ 3t~ff Ccl!c­

ge?s nhcre courses are held which are co!'!cerncd ~i th outloar~ 

and ~ttitudcs; the dif£ercnt atnosphcre ~ids ~ork. 

Courses, l:hether of the forr:m.l or internal type can u.:=;e 

one or ;:iorc of the following training techniques: 

a) Lectures. These er~ moderately e.f.ficicn t, and ccono:::i­

ca1 in gi\rir.c infor:nation. They can r.clatc new data to prcvicus 

k.nol-:ledge a.ad ideally shoul.d be acco~p:inied by visual ~ids. 

b} Case :-!cthods. The case is usually a written narrative 

of' a phase of' a co:!lpany's operations {real or imaginary). They 

may pose problems or questions !'or discussion by trainees, t·:ho 

have to analyse the situation and of.fer a solution to the 

proble::i. It is important for a skilled instructor to 1ead the 

discussion. =·rany case studies present a mass of dnti\ in no 

apparent order and students r.ieet in groups and try and analyse 

it logically, identifyin& proble::is and supporting their solution 

in the face of questioning by ot~ers. 

c) Group Dvnamics. This is nlso called scnsi ti vi t:.• tri!i­

ning or T. Groups, and is a metho:! of helping people to t.L"lder­

stand their own :feelings and motiyntions, their effect upon 

members of the working croup and problems of interpcrsonnl re­

lations'!· 
I 

I 
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d) ~l:ma~e~cnt G~es. Players form teams ar..d act ~s ir.-<'-gi­

nary fir~s allocating resources (e.g. to Advertising, Prod~c­

tion), fixing prices, etc. Referees decode, often ~ith th~ 

help of a co::tput~r, the results of co:npeting fir.~s, thus si:::a-

--. ... ;.,.,••'-~-' -. •• t-.;.. -~·· --·~.n.-..1.,::- ~· &•-.tJCiL VJ. :~~:.t!"J' t.l1:t\..i..1..; .. ;. ;.~!.'!'.,!" !..;..\.."~:) 

particip~~;.ts to ur:c!~r3t<'-nd the in.te::-relal:icn::;hip (;f bt~~t.-!'!c;:;s 

functions. 

It will be most e£fective, wherever possible, to utilize 

existing operatio~al plants for training cf personnel. Co­

operation between cou..'1.trics with such facilities and other de­

veloping countries ~ill be of great help. This could be or~a­

nizcd on the basis of a progranme of exchange of experience 
-

and plants visits as well as elaboration of on-job plant trai-

ning progrrur.:nes. Similarly, on-the-job traini~g or school 

training can be organized for the other categories of skills 

needed. 

Organizing joint seminars to discuss comr:ion problems and 

experiences will be valuable as some problems could be parti­

cular to the developing countries and not always understable 

or solvable by industrialized countries. These seminars can 
I 

cover the fu11 spectrum o~ skills from the operators level 

to the highest management level. 

i 
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V. PROCESS A..'llfl> PRODUCT RES&\RCH AND DEVELOP~T 

These parts oC R and D activity vi11 be Cor developing 

countries most t'requente and eCCective. Resu1ts 01' such a in-
• 

stitute have the direct contact to the industry and cou1d 
_..,.,.a,.+ ...... "° A ... ,_.r":,.. ...... ft~ _..., ... _....,_ ..... __ .:. -- , - , -- .... .• - - -- . . -

' - . . . --- ... - - ..z- ..... - ... -~·'- • 

This types 01' R and D are in the group oC applied research 

and development. 

Applied R and D (t'or cost reduction, product qua1ity J.m­

provement, or broadening ot the existing product line) has one 

principal objective: It is to maintain and strengthen the com­

pany's present sources 01' earnings !:1 its present businesses 

which are probably well established and heavily invested. 

Applied research and development pertaining to the deve­

lopment ot new businesses (in the sense ot altogether new pro­

duct lines or new markets or both) serves a second additional 

corporate need. This is to provide new sources ot corporate 

earnings and to capitalize on the available opportunities out­

side the present businesses. Y.! is generally of a longer-term 

nature than the t'irst. Cyclus ot product development is shown 

in Appendix No. 6. 

A typical and interesting example about the ratio of costs 

spend to ditt'erent parts ot research activity was published by 

Chemical News (31 Ju1y, 1985): The Du Pont Company spends 67~ 

oC its che~ica1 R and D budget on product research, i.e. 35 

per cent on new product development and )2 per cent on product . 
improvement. The remainder ie spend on process work (23 per cent 

o~ the total budget is devoted to process improvement, 7 per 

cent to new process development and 3 per cent to capacity 

increase). 

The German chemical Companies spent in the year 1988 ~or 

R and D 9 000 millions DM. 
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From tbia amount Company BA.SF 1 600 millions DM and Compa­

ny BAYER spent i.n the year 1987 about 2 JOO millions DM. 

Most of this costs are dedicated for nev products develop-
• 

ments (composite plastics, citri~ acid, polyuretanes etc.). 

rn the year 1988 the USA R and D costs hav~ to reach 1)2 

milliards USD, what is about i~ higher than in the year 1987. 

American Industry costs shou1d make 62 milliards USD, what is 

about 47 per cent of total Budget. Federal costs should reach 

68 milliards USD (about 49 per cent of total) and Academic In­

stitutions and others not profit making Institutions should 

take about J per cent of total costs. (Chem.Eng.Progr. No 4/88.) 

Very similar situation is in other companies and indu­

strial states. 

The material and technical needs for process and product 

research and development are generally the same as for basic 

research, except of more developed pilot plant and semi-coauner­

cial plant part. This technical background is formed by units 

of basic processes i.e.: 

distillation (atmospheric, vacuum, molecular distillation, 

azeotropic distillation etc.), 

extraction, 

crystalization, 

separation units using deep temperatures etc. 

The separate part of experimental ball is used for multi­

functional pilot plant which could be used for very different . 
batch or continual processes and technologies. This unit could 

be dismantled and erected, due to pretabricated parts of multi­

purpose equipment, in short time. 

For testing or catalysts usually the eerie or more small 

continual testing units is in operation. This testing needs 
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many thousands hours and dit'ferent process conditions, so 

battery of" such units must be in use. 

Testing of products and their app1ication capabi1ities 

and properties is done in laboratories and technica1 service 

.. ---- '-- -- . 
- - r - - --- - - - -

TechnJ.ca1 service to sa1es or manufacturing is to take 

iaaediate corrective action on urgent and pressing problems 

which have an immediate corrective action on urgent and pres­

sing problems which have an immediate ef'f'ect on corporate 

earnings. 

TechnJ.ca1 service department is turnished by sophistica­

ted test machines. Products except of laboratory tests, have 

to pass special testing methods, where properties such as oxi­

dation stability, life, elasticity and other properties simu­

lating the application conditions, are measured. 

Except of laboratories and pilot plant hall research in­

stitute have very strong and good equiped workshop furnished 

for maintenance and errection w~rks as for the production of 

some parts of vessels, collwns, separators etc. as other small 

capacity equipment. 

The similar workshop for electronics and control instru­

ments should be absolute necessary. 

V.1. Selection ot Research Tasks 

rt is not in the power of every research institute to 

solve the problems which usually are to be followed. The list ,, 
of research tasks and problems which are "must", is longer than 

the reasonable capacity oC research teams. 

I.n those cases tho acreening or selection o~ tasks and 

problems must be done and after this selection step only those 
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problems, which have suppositions to be solved and f'ina.lized 

in proper economical time and which solution is effective, 

coul.d be written on a list of' "urgency•. 

For selection of' research tasks are manv r.ritPr;~~ rlav~­

loped. 

V.2. Objectives and Basic Data 

The evaluation that comes into play shoul.d be regarded 

as a tool not only f'or accepting or suspending or f'ollowing, 

the research, but also to show economic importance of' various 

aspects of' the searched problem and possibilities to realized 

invented technology in the industria1 measurement. 

To f'ulf'ill these f'unctions, the evaluation shoul.d examine 

the f'ollowi.ng f'ive subjects: 

1. The manufactured products. 

2. 1be basic materials required raw-materials, reactans, sol­

vents, catalysts and the f'orth. 

l. The operating material balances, of' the reaction section 

and the purif'ication section. 

4. The :f"lov dia"'1"am and the technology. 

s. Competitive processes. 

v.2.1. The manuf'actured products 

A distinction should be made between an established pro­

duct f'rom a new process and a new product. 

v.2.1.1. Known Product ~rom a Mew Procest 

:tnovations of' tbia type is characteristic tor petrochemical 

industry with widely diff'usod products, such as bulk intermedia­

te chemicals and polymers. The evaluation is of'~en made tor a 

well-def'ined market that has a predictable expansion. Since tho 

technical characteristics ot other manu~acturing methods are .~­

latively accessible, comparison studies are relatively easy to do. 
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v.2.1.2. New Product Crom New Technolog: 

Since the product ,.ew, it is not possible to make 

a direct comparison with an existing situation. :Instead, 

eva1uation consists of establishing a probable price for a 
..,.._,..~ .. _ ...... ~,,,. -- -·--,:: ~~ ... ~ - . . ~ . . -

_,.. ••• - .. ~ '-&."""• •.ii.Q ....... t:: 

se of a market study. The sales volume generally varies in­

versely to the selling pri~e that can be assigned to such a 

product; and eva1uation should lead to an analogous relation 

between the selling price and plant capacity. According to ~ 

the respective positions oC the two curves, an argument can 

be made for one of the four following cases (Appendix No. 7): 

1. lbe manufactured price is always higher than the price 

defined by the market study; so the teclmology is incom­

patible with introducing the product on the market. 

2. lbe manufactured price is always lower than the market 
" 

price; so the project merits development. 

J. 'The two curves cross each other so that the manufactured 

price becomes lower than the market price only at a cer­

tain capacity, so that comme;.:cialization requires a plant 

with a high capacity from the start. 

4. The two curves cross each other such that the manuractu­

red price is lower than the market price only at low ca­

pacity, so that product development is limited t~ appli­

cations of low to1U1age. 

V.2.2. Raw Materials 

No matter whether a new p~oduct or a new process is 

being consi~ered ,_ the availability, quality, and price o"f the 

basic materials ("feedstocks, reactants, etc.) constitute a 

primary consideration. 
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V.2.2.1. Availbi1ity of the Basic Materia1s 

There are two general cases ·in which restrictions 

faced by a raw material have pronounced effects on the 

planning for a new plant: either the material is produ­

ced in reduced amounts and is thus not generally avail­

able, or the material is by-produced in average to low 

quantities with another product. 

I:n the first case, it may be necessary to include 

a manufacturing unit for the unavailable raw material 

along with the p1ant for the desired product. Examples 

of such combinations include oxygen units for the manu­

facture of etylene oxide, catalyst units for many proce­

sses, and p~ificati~n units for recycling acetic acid . ~ . 

in the manufacture o: vinyl acetate. 

:In the second case, it may be necessary to locate 

the proposed manufacturing plant at a central location 

with respect to several sources of the desired product. 

Examples might be a butadiene extraction plant located 

centrally from several ethylene plants that by-produced 

the desired butadiene-rich c4 stream, or an isoprene extrac­

tion plant similarly located to receive the c
5 

stream by­

produced in ethylene pyrolysis. 

V.2.2.2. Quality o~ Raw Materials 

There is usually a considerable cost advantage in 

using the commercial quality ot raw materials, along with 

the implicit trace impurities or even several· percentage 



points ot" equa1 boilers that accrue from conventional 

manufacturing or refining technology. Consequently, any 

nev process shoul.d be reviewed for the et"fects ot" such 

impurities; 1aboratory studies shou1d be carried out t"irst 

with the pure products, and then wi~h synthetic mixtu~es. 

One example: 

The c
3 

fraction coproduced with ethylene at ethylene unit 

generally contains 9)~ and 98~ propylene. However, the 

presence of propane in certain reactions, particularly 

oxidation, can male~ the purification duty heavier a.."1.d 

adversely affect the economics. 

Depending on the importance of the et"t"ect ot" the im­

purities, it may be necessary to add pretreatment to the 

process; and such treatment must be accounted for under 

the economics of tho process being evaluated, particular­

ly in comparisons with technology that may or may not re­

quire the same kind ot" pretreatment. 

V.2.2.J. Prices t"or Rav Materials 

The effect of raw material costs on research projects 

is close to that on indu~trial projects; however, potential 

price changes need to be taken into account, particularly 

it' conunercialization is to take place at some far t"uture 

date. Such t"on1casting is often dift"icult, t~r it must 

consider bot~ the growth in productivity of existing manu­

~acturing plants, as well as the increase in investment 

and operating costs as they affect prices. 

... 
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A particularly difficult problem presents itself 

when the new process uses products that have no current 

use and the=efore do not have a well-established price. 

Examples include petroleum Cractions by-produced with 

gasoline, isobutyr~ldehyde prodeced from oxo syntheses, 

and the c4 and c
5 

fractions Crom steam cracking. 

J.n theory, such a product has a base price depen­

ding on how its producer currently gets rid of it, e.g. 

:fuel va1ue for hydrocarbons and combustible products, 

or a price less than zero for products costing money for 

disposal. From the moment a demand makes itself known, 

however, the seller tries to charge a part of its manu­

facturing overheud against any by-product, and even to 

price th~t by-product so that it can yield a profit 

while also allowing the buyer to realize a profit. 

V.2.'.). Material Balnnces 

Research projects, whether for a vrocess or a pro­

duct, are expressed through the design of one or more ma­

nufacturing stages, each with its own m~terial balance, 

and each in turn often made up of a reaction section and 

a puri~ication section. The purification section will 

usually consist o~ physical separation processes that 
I 

can be studied in isolation. 

V.2.4. Establishing the Flow Diagram 

Determining the investment for a unit requires at 

least an elementary flow diagram showing the approximate 
I 

prim:3ry equipmont, as 1'ell as an ideA of the material• 

ot construction. 
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V.2.5. Competing Technology 

The fe~sibility study for a research project does not 

in i tselt' h>1ve ::my r.ieaning unless it is com;xired to stu­

dies of the competition, whether ~hat competition is a 

product or a process; and it is important that the comp~ri­

son studies be made on the same basis and with the same 

methods. 

V.2.5.1. Comparing Competitive Processes 

A study of competitive technology may require modify­

ing the research project's Clow scheme with added operat­

ing steps such as those imposed by the use of a particular 

kind of feedstock or the need to make a by-product sale-. 

able. On the other hand, it may be necessary to add ele­

m~nts to the competitive technology for analogous re&sons. 

Finally, it mny be necessary to optimize the competitive 

process with respect to a particular set of conditions 

that put it on the same basis as the research project. 

V.2.5.2. Comparing Competitive Products 

The comparison can be carried out on the manufactur­

ing system, when that is available, or on the co'st of the 

product, when that is the only element of comparison. 

When comparing product costs, the following poin~s should 

be verif'ied: 
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Plant capacity shoul.d correspond to manufactured price. 

Conditions of delivery should be the same. 

The current uses should be the same. 

The specifications should be the same. 

Implications of the prices oC coproducts or by-products 

should be allowed for. 

V.3. Marketing_ of Developed Product 

From the practical point of view, the evaluation of 

a research project logically proceeds through the succe­

ssive stages of dafining the market, the technology, and 

the economics for the project in question, and then o~ 

comparing it with the competition. 

V.3.1. The Market Studies 

The purpose of a market study is to determine six 

aspects of the research project: 

1. The capacity for an eventual manufacturing plant 

2. The location of the manufacturing site 

3. Any necessary integration with existing industry 

4. The impact of the competition 

5. Any necessary provisions for assuring a supply of feed­

stock 

6. The expected price trends for raw materials, products, 

and by-products. 

This study generally in~ludes three different parts 

according to their emphasis on production volume, uses 
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Cor the product, and prices. The production volume concerns 

not on1y the product but also the raw materia1 and the prin­

cipal countries or sites oC production. This part is oCten 

b~sen On th~ literatltTP:t ;t ~n ... !11:-irlo-c; n-r;nT' lfo..,ol ... _..-A .. +<> 

production trends, and if possible the actual production 

and consumption, including foreing trade. 

The part emphasizing uses concerns the principal mar­

kets for the manufactured product, the apparent trends for 

the usual applications, and possibilities for nev applic3-

tions. The avera~ annual growth rate is often the only 

data immediate1y accessible, but this appears to be suffi­

cient for directing choices in the context of evaluating 

a research project. 

The ?-rice study concerns price variations and tenden­

cies. It talces on more importance when information about 

competitive production techniques is lacking or if the 

project is for manufacturing a new product • 
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V.4. Mastering of imported technology 

Developed ~ountries have reached such a high level 

iu r~~earcn ana aeveiopment act1v1~1es that they ~os:U.nate 

technological inovations. They f'Urther possess the major 

resources, such as scientists and technologists, labora­

~ories as well as experience, all or which contribute to 

the efficient development of technology. It is therefore, 

likely to be more economical for developing countries 

to buy their technology from developed countries. 

The intensive training and technical assistance of 

licensor and contractor can increase the efficiency of 

start-up and mastering of imported process. 

But even the process is mastered proper way and the 

operation of the unit is safe and economical, it is nece­

ssary to follow up a progress ot technology an.d us~ re­

search to improve eeonoadcal. parameters of the unit. 

Technology transtered from developed countries is 

not always appropriate to the various local conditions 

in developing countries. National technological capacity 

is necessary in order to adapt imported technology to na­

tional conditions so that it can be more etticiently used. 

On the other hand if this capacity is weak, imported tech­

nology tends to have a low productivity and results. 

Research and Development institutes in developing 

countries h~ve to provide the considerable amount or re­

search which is required for adapting technology and for 

further increasi.ng of process nnd technology efficiency. 



ScientiCic C?Ild industria1 knowledge enabling the in­

stitute to :113ke well Counded recoanendation Cor the deve-

1opment policy to Col1ov. Cor the right choice oC products 

and processes to be purchased Cor implementation in the 

ne~t project ~nd to ~ssist in the evaluation of bidd. 

The other duty is to recommende tha proper product 

application and technica1 service· tor the customers. 



vx. Economical. ettects of' Research and Development 

The company that has done the research and pilot­

plant development and has carried a proc~ss or product 

through to commercial manuf'acture holds certain rights 

that it can sell to an eventual user. There are two 

types of' payment or royalty for such rights: paid-up 

and running. 

VX.1. Paid-up Royalties 

A 1ump-swa royal.ty can be paid to the owner oC 

a process, generally depending on the size and install­

ed capacity of' the mz.nuf'acturing unit for vhi.ch the 

rights are granted. The f'ee can vary according to the 

technology Crom a f'ev dollars per installed ton ot 

capacity f'or refinery processes to hundreds of' dollars 

per installed ton of' capacity tor special products. Pay­

ments may be scheduled so as to be smaller as lant ca­

pacity is 1arger. 

The actual payment is not generally made in one 

lump sum, but in par~s determined by the contract (tor 

example, 25~ at the time ot signing the contract, another 

25~ during construction ot the plant, and the remaining 

s~ atter the acceptance tests ot the plant). 

VI.2. Running Royalties 

Sometimes royalties are paid as annuities tor the 

duration ot the depreciation ot the plant or as long as 

the patents protecting the invention are in ettect. Most 
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often, these running royalties are related to the actual 

production and not to the installed capacityi and the pay­

ments are thus dependent on variations in the plant·s 

production and subject to the hazards 0£ the market. 

As a Cirst approxi:uation, the Colloving rule holds: 

a paid-up royalty is equivalent to the running royalty 

accumulated over 10 years. 

Intermediary royalty arrangements include initial 

cash down payment followed by a continuing payment over 

a specified period and according to a calculation proce­

dure defined by the contract. 

vr.,J. Process Data Book 

During the period when engineering studies are being 

carried out to identity the best of the available techno­

logy, potential licensors will usually f'urnish technical 

and economica data £or use in the analysis. When a given 

technology has been selected, however, and agreements 

made, the licensor of the selected process must give the 

licensee a document containing enoug~ in1"ormation about 

the process to allow the selected engineering company 

to undertake its own studies and work. Transmittal of 

this document, called the process data book, usually 

entails a payment Cixed by contract. 

Al~o, the licensor provides another document called 

the operatins manual, which complements the process data 

book, but which is normally used at the time oC start-up. 

Oiven to the engineering company, the operating manual 

permits veri~ication of certain calculations. The cost 

or producing this manual is ~art o~ the payment tied to 

the delivery or the process data book. 



Appendix Xo 1 

· New and planed production capacity of' petrochemicals in 

Socialist Countries and Developing Countries (Since 1982) 

{thousand tonnes) 

ethylene propylene ethylene Oxide amonia methanol 
P.thvl Pn<> l'!lv,..nl --- -----

~IDDLE EAST 2 781 15J/ 705 J 674 J 040 

FAR EAST 7 7J8 728 55/ J70 1J 926 tn4 

smrrH AMERICA 2 472 877 JOO/ - 4 660 2 808 

SOCIALIST 
COUNTRIES 4 045 5JO 575/ J92 4 562 4 5JO 

AFRICA 1 660 440 -I 145 J 450 660 

OTHERS 1 290 140 54/ 68 4 780 2 095 

T o t a 1 19 986 2 715 1 1J7/1 680 J5 052 1J 547 

IN Operation 12 646 2 1J7 1 1 J7/1 4J1 19 6J.'.) 8 J22 

WEST EUROPE 
CAPACITY lJ 660 8 200 1 800/1 400 14 800 2 600 

IIDPE LDPE pp PS PVC ABS 

!'lIDDLE EA.ST J60 905 112 152 450 5 
1''AR EAST 605 850 744 7J 222 85 

SOliTH AMERICA 100 J40 140 375 2J 

SOCLr.\.LIST 
COu"XTRIES 1 265 1 105 1 J80 118 668 

AF' RICA 555 700 J11 J60 

OTHERS 40 175 85 160 

T o t a 1 2 925 4 075 2 772 J4J 2 2J5 11 J 

IN Operation 1 990 2 620 2 095 275 1 JO!f 2J 

WEST EUROPE 
CAPACITY 2 ·300 5 100 2 800 2 200 5 JOO 7JO 

Eur. chem. News, No. 1242/86, p. 16. 



Appendix ".'o. 2 

OUTLOOK FOR SELECTED CHE~CTCAL PRODt"CTS 

Production of" aromatic hydrocarbons 19SJ - 1985 

and projections to 1989 (~E/CHE~I/64 (Vol. I) 

~- .-··· - .. - -- .. --- ·-- ' ...... ""' ....... '"""'""""•'-'..&.&. ......,......._._~_ ......... 
~, ( t"ni t: Thousand to.nne.s) 

REGION - COUNTRY 198J 1984" 1985 
Projections 

1?82 
2 4 

ECE - TOTAL 12 750 1J 260 1J 270 1J 895 

EL'ROPE - TOTAL 7 870 8 240 8 175 8 695 

WESTER'l El:~OPE - TOTAL 4 815 5 050 4 945 5 120 

EASTER'\ EL~OPE - TOTAL J 055 J 190 J 2JO J 575 

NORTII A)IERICA - TOTAL 4 880 5 020 5 095 5 200 

LA TL'!\ .A)lERICA - TOTAL 70J 81J 85J 95J 

OCEA.."IA - TOTAL 65 50 50 65 

AFRICA TOTAL JJ 70 70 90 

ASIA MIDDLE EAST - TOTAL 20 25 80 250 

ASIA FAR EAST - TOTAL 2 777 J 170 J 274 J J7J 

T 0 TA L WORLD 16 350 17 J85 17 595 18 625 

Production o~ TOLUEXE a) 

ECE - TOTAL 4 7JO 4 760 4 750 5 470 

EUROPE - TOTAL 1 758 1 941 2 060 2 520 

WESTER.~ EUROPE - TOTAL 87.+ 1 046 1 050 1 085 

EASTF:R.'I\ EUROPE - TOTAL 885 895 1 010 1 435 

SOHTH AMERICA - TOTAL 2 970 2 820 2 690 2 950 

JAPAN 856 811 829 850 
• 

KOREA Republic of' 140 155 160 200 

BRASIL 1JO 150 150 150 

MEXICO 225 220 225 225 
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Product:inn of XYLE..'iE =") 

1 2 4 

ECE - TOTAL 4 945 5 125 5 280 5 895 

EUROPE - TOTAL 2 695 2 8J5 2 810 J 460 

WESTER."'X EUROPE - TOTAL 1 505 1 640 1 575 1 765 

EASTER"'X El""ROPE - TOTAL 1 190 1 195 1 2~5 1 695 

:\ORTH .UCERICA - TOTAL 2 250 2 290 2 470 2 4J5 

JAPA..' 668 850 850 900 

KOREA Republic Of t 150 160 1-50 220 

BRASIL 150 160 170 200 

MEXICO 180 200 200 220 

Production of' STYREXE 

ECE - TOTAL '7 115 7 955 7 885 8 225 • 
EUROPE - TOTAL J 820 4 025 4 000 4 225 

WESTER~ EUROPE - TOTAL 2 795 2 995 2 9JO J 025 

EASTERN EUROPE - TOTAL (est.) 1 025 1 OJO 1 070 1 200 

NORTH A~CERICA - TOTAL J 295 J 9JO J 885 4 000 

JAPA.."{ a) 1 167 1 42J 1 418 1 J50 

KOREA Republic of' 80 80 Bo 125 

BRASIL 210 2JO 240 260 

MEXICO 24 JO JO JO 
SAUDI ARABIA 75 250 

CHINA 50 50 50 150 

Production of' POLYSTYRE:-<E a) 

ECE - TOTAL 4 270 4 495 4 4JO 4 615 

EUROPE - TOTAL 2 510 2 615 2 6JO 2 735 
WESTER.~ EUROPE - TOTAL 1 950 1 995 1 990 2 050 

: EASTERN EUROPE TOTAL 560 620 640 685 
• 

NORTH A)fERICA - TOTAL 1 760 1 880 1 800 1 880 

JAPAN (estimation) 858 98J 1 068 1 000 
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Production of' ETHYLBEXZEXE 

1 2 4 

ECE - TOTAL 8 J60 8 880 8 800 9 255 

EUROPE - TOTAL J J40 4 500 4 J75 4 685 

WESTER'i EUROPE - TOTAL J 205 J J65 J 200 J :no 

EASTER'\ El"ROPE - TOTAL 1 135 1 1 J5 1 175 1 J15 

NORTH A)!ERICA - TOTAL 4 020 4 J80 4 425 4 570 

JAPk'\ 1 JOO 1 580 1 570 1 500 

Production of' CYCLOHEXANE 

ECE - TOTAL 2 060 2 JOS 2 150 2 270 

EUROPE - TOTAL 1 220 1 250 1 270 1 280 

WESTER~ EUROPE - TOTAL 805 835 850 855 

EASTE~'\ EUROPE - TOTAL 415 420 420 425 

NORTH AMERICA - TOTAL 840 1 ·055 880 990 

JAPAN 454 492 530 550 

Production o:f CUMENE 

ECE - TOTAL 4 015 4 120 4 175 4 390 

EUROPE - TOTAL 2 465 2 555 2 615 2 800 

WESTE~'i EUROPE - TOTAL 1 580 1 620 1 675 1 680 

EASTE~'I EUROPE - TOTAL 885 935 940 1 120 

NORTH AMERICA - TOTAL 1 550 1 565 1 560 1 590 

JAPAN 380 J90 370 400 

Prqduction of' PHENOL 

ECE - TOTAL J OJO 3 J40 J 285 J 4J5 

EUROPE - TOTAL 1 800 2 010 1 990 2 100 

NORTH A.""fERICA - TOTAL 1 2JO 1 )JO . 1 295 1 335 

JAPAN 271 272 262 270 
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Production of' NAPHTALEXE 

1 2 4 =; 

ECE - TOTAL 6JO 640 650 680 

EUROPE - TOTAL 445 450 460 480 

WESTERX EUROPE - TOTAL 208 220 220 2JO 

EASTER.'\ ElHO.PE - TOTAL 2J7 2)0 240 250 

NORTH A~IERICA - TOTAL 125 190 190 200 

LATIN AMERICA - TOTAL 10 10 10 10 

OCEANIA - TOTAL 12 12 12 12 

AFRICA - TOTAL 9 9 9 9 

ASIA FAR EAST - TOTAL 248 275 292 JJO 

CHINA c) 7J Bo 80 100 

INDIA 1J 13 13 1J 

JAPA...'llJ 135 162 179 200 
... 

KOREA Republic of' 20 2" 20 20 

TOTAL WORLD 910 945 975 1 045 

Production of MALEIC ANHYDRIDE 

ECE - TO'.l'AL 375 420 425 440 

EUROFE - TOTAL 235 250 250 265 

WESTER.V EUROPE - TOTAL 135 150 150 160 

EASTE~~ EUROPE ·• TOTAL 100 100 100 105 

NORTH AM:i.o;;RICA - TOTAL 140 170 175 175 

JAPAN 70 70 70 70 
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Production of' PHTALIC AXHYDrtIDE 

1 2 4 

ECE - TOTAL 1 475 1 488 1 460 1 520 

EUROPE - TOTAL 1 075 1 07J 1 040 1 100 
Wl:'S'T'FRX F'T_""RO'PP - 'T'OT'1 T _ ~on ~h? k'lO {..--...... 

EASTER~ EUROPE - TOTAL J85 410 4.20 425 

XORTH A)lERICA - TOTAL 400 415 420 420 

JAPAK b) 161 156 165 170 

Table of' Footnotes 

DENZE..'iE: 

TOLUENE: 

XYLENE: 

STYRENE: 

POLYSTYRE:\E: 

NAPHTALEXE: 

a) Pure plus teclmical grade 95-96 percent 
benzene. 

e) {China) Source: 'World Chemical Industry 
Yearbook, 1984, China Chemical Industry, 
1984. 

a) Toluene abtained as a hydrodealk)'lation 
process should not be includPd. 

a) Only as octho- and para-:x-ylcnes. Mictures 
of' xylenes used as solvent is excluded. 

c) {Cl ;ta) Source as under Benzene, ~ov. 1984. 

a) Source: Yearbook of' I.ndustrial Statistics, 
Vol. 2 {United ~ations, New York). 

a) ABS and SA..~ are excluded. 

c) Source as previously. 

PHTALIC ANHYDRIDE: b) Chemical Engineering News, Vol. 6J, No. 2J, 
June 1 0, 1985. 

... 
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Production of olef'ines 198J - 1985 and 

projections to 1989 (ECE/CHE~!/64 {Vol.I) 

Production of' ETHYL EXE 

1 2 .+ 

ECE - TOTAL JO 515 J2 960 J2 

ElilWPE - TOTAL 16 J10 17 260 17 

WESTER'< El""ROPE - TOTAL 12 000 12 570 12 

EA.STER"\" EUROPE - TOTAL 4 Jl 0 4 690 4 

NORTH AMERICA - TOTAL 14 205 15 699 15 

LATIN AMERICA - TOTAL 1 8JO 2 020 2 

OCEAXIA - TOTAL 270 270 

AFRICA - TOTAL 248 250 

ASIA - ~lIDDLE EAST - TOTAL 220 2JO 

ASIA - FAR EAST - TOTAL 5 515 6 470 6 

CHINA e) 654 e) 648 

JAPA.'i e) J 684 e) 4 J85 4 

KOREA Republic of e) 489 e) 526 

T 0 TA L WORLD J8 600 42 200 42 

Production cf' PROPYLENE 

ECE - TOTAL 15 650 17 020 16 

EUROPE - TOTAL 8 605 9 J05 9 
WESTER:.\ EUROPE - TOTAL 6 470 7 090 6 

EASTER.\ EuROPE - TOTAL 2 135 2 220 2 
i 

NORTH A?-IERICA - TOTAL 7 046 7 713 ·; 

LATD" AMERICA - TOTAL 740 788 

OCEA~IA - TOTAL 1 35 135 

AFRICA - TOTAL 26 26 

ASIA "!IDDLE EAST - TOTAL 48 50 

ASIA FAH -EAST - TOTAL J 630 4 105 4 
JAPAK e) 2 632 e) 2 981 2 

CHI?\A e) J7J e) J70 

KOREA R0public of 268 275 

T 0 T A L -;fORLD 20 21 

875 J4 715 

270 18 J65 

490 1J 055 

780 5 J10 

605 16 J50 

000 2 330 

270 320 

250 450 

740 1 560 

570 ..... 240 I 

650 1 200 

224 4 000 

525 650 

750 46 620 

680 18 J95 

260 10 095 

950 .... J45 I 

J10 2 750 

420 8 JOO 

820 925 

150 160 

26 101 

50 50 

19.5 4 J85 

930 2 800 

J80 600 

275 J10 

21. 
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Production of' BlJTADIEXE 

1 2 4 

ECE - TOTAL 4 165 4 J60 4 J05 4 885 

EUROPE - TOTAL 2 965 J o;o J OJO J .285 

WESTER' ET.IR OPE - TOTAL 1 705 1 750 1 695 1 745 

~AS.Li:..r<...\ LLrtV.t'.l:. - lU.1.A.L 1 ~ov 1 Jl .::> , JJ.::> 1 5-W 

NORTH ~CERICA - TOTAL 1 200 1 295 1 275 1 600 

ASIA FAR EAST - TOTAL 845 960 985 1 105 

CHIXA b) 137 1 J5 1 JS 250 

JAPk~ 555 627 620 600 

KOREA Republic of' 77 85 85 90 

Production of' VIXIL CHLORIDE MOXmIER 

ECE - TOTAL 9 J40 9 955 11 140 11 593 

EUROPE - TOTAL 5 775 5 qo-- ~ .::> 6 540 6 845 

WESTERi.'\ EL"ROPE - TOTAL 4 655 4 840 4 910 4 935 

EASTEm; EUROPE - TOTAL ·1 115 1 155 1 6JO 1 910 

NORTH A.'IERICA TOTAL J 570 J 960 4 600 4 750 

JAPA.."lli 1 573 1 693 1 73J 1 800 

Production of' ETHYLE~E OXIDE 

ECE - TOTAL 4 755 5 085 5 145 5 165 

EUROPE - TOTAL 1 975 2 180 2 160 2 065 

WESTER.!'\ El'ROPE - TOTAL 1 395 1 490 1 405 1 J40 

EASTEID; EUROPE - TOTAL 580 690 695 725 

NORTH A~IBRICA - TOTAL 2 779 2 905 J 045 400 

JAPAN d) 468 d) 5JJ 555 450 
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Production or POLYETHYLEXE (LDPE + LLDPE + hDPE) 

1 2 4 

ECE - TOTAL 15 245 16 045 16 840 18 1 J5 

EUROPE - :'OTAL 8 J50 8 /10 8 815 9 985 

liESTERX ET.""ROPE - TOTAL 6 596 6 815 6 840 I J40 

.t..1-\.~ .l.t:.rt...\ .t:.L t(V.l::"l:. - J.VJ.AL 1 "jj5 1 0~5 1 'i"i5 2 04' .5 

XOR.TH ~CERICA - TOT.AL 6 900 I JJ5 8 025 8 150 

ASL~ ~lIDDLE EAST - TOTAL 175 195 440 770 

ASTA. FAR EAST - TOTAL 2 755 J 220 J 150 J 5JO 

CHEA J7J J75 J80 565 

I~'DIA 1J8 137 140 150 

JAPA...'\" 1 766 2 098 1 90~ 1 950 

KOREA Republic of' 269 271 295 J10 

Production of' LOW DE~SITY POLYETHYLEXE (including linear LDPE) 

ECE - TOTAL 10 180 10 485 10 940 11 705 

EUROPE - TOTAL 6 065 6 140 6 175 ... 005 ! 

WESTER'i EUROPE - TOTAL 4 695 4 755 4 725 5 045 

EASTER.." EUPCFE - TOT.AL 1 J70 1 J85 1 450 1 960 

NORTH A.MERICA - TOTAL 4 117 4 345 4 765 4 700 

ASIA - )IIDDLE EAST - TOTAL 175 195 400 570 

ISRAEL 40 40 40 40 

QATAR 1 JS 135 140 150 

SAt'DI ARABIA 20· 220 J80 

ASIA FAR EAST - TOTAL 1 815 2 OJ5 1 975 2 155 

CHINA 310 J10 J10 J65 

Th""DIA . 107 107 110 120 

JAPAX 1 080 1 257 1 119 1 150 

KOREA Republic of' 141 141 165 180 
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' . 
Production of HIGH DE.."XSITY POLYETHYLE~E 

1 2 4 

ECE - TOTAL 5 065 5 560 5 900 
, 4)0 0 

EUROPE - TOTAL 2 285 2 570 2 640 2 780 • 
WESTER" El"ROPE - TOTAL 1 900 2 060 2 115 2 295 

E.A.:> n:.t<.. '\ f:l i<.UPt- - lOTAL J~5 510 525 685 

NORTH A)CERICA - TOTAL 2 782 2 990 3 260 3 450 

ASIA - :'.\lIDDLE EAST - TOTAL 40 200 

SAu"DI ARABL"- 40 200 

ASL.i\. - FAR EAST - TOTAL 940 1 185 1 175 1 375 
CHJXA 63 65 70 200 

Th"DL!\ 31 JO JO JO 

JAPA:.'X 686 841 785 800 

Production of POLYPROPYLEKE 

ECE - TOTAL 4 680 5 255 5 J20 6 1 J5 

EL'ROPE - TOTAL 2 525 2 875 2 975 J 48.5 

WESTERJ.~ EUROPE - TOTAL 2 050 2 325 2 400 2 750 

EASTER~ EL"ROPE - TOTAL 475 550 575 735 
NORTH A)CERICA - TOTAL 2 155 2 380 2 J45 2 650 

ASIA FAR EAST - TOTAL 1 515 1 795 1 945 2 155 
CHINA 120 130 130 240 

I~"DIA 25 28 28 40 

JAPAX c) 1 062 c) 1 271 1 )04 1 JOO 

KOREA Republic of 199 205 210 250 
I:\"DOXESIA 7 7 7 7 

TABLE OF FOOT:: OTES 

ETHYLF.~E e) Ch<?mical a. Entinccring Kews, ~lay 6, June 1 o, 
Dec. 16, 23, 1 ?85 

PROPYLENE e) - II - - II -
BUTADIEXE b) WORLD Chemical Industry 1 98!1-, C11ThA CHE)IIC. Ind. 

:N° OV • 198/i 
VIXYL CI-Il.,ORIDE MONOMER J - II - - II -
ETHYLEXE OXIDE d) Chemical a. Enginccrine Xews, May 6, .Jun<~ 1 o, 

Dec. 16, 2J, 1985 
POLYPHOPYLE~.:E c) - II - II 
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Appendix No . .; 

Price Trend Cf Basic Chemical Products 
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Plastics price report {DM/kg) 
Product 

High density polyetbyJene (hdPE) 
Injection moulding 
Film (extrusion) grade 
Stow moulding 

Unear low density polyethylene (lldPE) 

Manufacturers• 
(list) price 

2.20 
2.55 
2.35 

Film !Jr;>~,. il"'qt,.r.o.h;u:AA\ ., .,n 

Low density polyethylene (lcPE) 
Filmgraae 

PolJPropyleno (PP) 
Raffia grade 
Injection moulding 
Copo~er 

Po!rst,rene (PS) 
Crystal 
High impact 

Polplnyl chlorl~e (PVC) 
Pipe grade 
Paste grade · 

t 

2.25 

2.25 
2.35 
2.80 

2.55 
2.65 

1.70 
2.40 

Eur.Chem. News 22/29 12 86, p. 11 

Product 

HI~ density polyethylene {hdPE) 
Injection moulding 
Film (extrusion) grade 
Blow mo1..1cJing 

Manuracturers· 
·. (list) price 

2.20 
2.55 
2.35 

Unear low denalty polyethylene (lldPE) 
· · . Film grade (butene-based) 2.30 

Low density polyethylene (ldPEJ 
Film grade 

Polyprop1h=n• (PP) 
Ratria grade 
Injection moulding 
Copolymer 

Polyatrrene (PS) 
Crystal 
High impact 

Polyvlnyl chloride (PVC) 
Pipe grade 
Paste grade 

Eur.Chem. News 2.2,87, p. 11 

2.25 

2.25 
2.35 
2.80 

2.55 
2.65 

1.70 
2.40 

Market 
price 

1.20-1.25 
1.40-1.50 
1.30-1.40 

...... ,.. . --
1.30-1.35 

1.40-1.50 
i.50-1.55 
1.85-2.2.; 

1.80-1.90 
l.~-2.05 

1.40-1.45 
1.95-2.10 

Market 
prlcc 

1.25·1.30 
1.45-1.50 
1.35-1.40 

1.30-1.35 

1.35-1.40 

1.45-1.50 
1.55·1.60 
1.85-2.20 

2.0C-2.10 
2.10-2.20 

1.35-1.45 
1.95·2.10 

Tht mu1111facturtr1' (/i1t) priu colllmn ind;calt11 price lrue/11 or targi:ts :itt by 
product,,. Marlrtl price column gi~• a guidt lo price kw/1 for large-lu·mtdilim 
11in b11.Yt'TN ,m,/ for th~ 111meral pur1x>11e grr1J1•11. 

.. 
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Plastics price report (DM/kg) 

• Product· Manufacturers• Market 
(list) priCf price 

• Hlgb density poly~thylene {hdPE) 
Injection mou!ding 2.20 1.25-1.30 
Film (extrusion) grace 2.55 1.45-1.50 
Blow mouldin~ 2.35 1 40-1 .ir: 

Unear low density polyetaylane ~iicFE; 
Film grade {hutene-based) 2.30 1.30-1.35 

Low density polyethylene {ld?E} 
Film grade 2.25 1.35-1.40 

Polypropylene (PP; 
Raffia grade 2.25 1.45-1.50 
Injection moulding 2.35 1.55-1.60 
Copolymer_ 2.80 1.90-2.20 
-·· : . . . ..... 

Polystyrene c~s) . 
Crystal 2.55 2.00-2.10 
High impact 2.65 2.10-2.20 

Polyvinyl chloride (PVC) 
Pipe grade 1.70 1.35-1.45 
Paste grade 2.40 1.95-2.10 

• 
.Eur.Chem. News, 2).2.87, p. 8 

Plastics price report (Di't1/kg) 
Product Manufacturers' Market 

{list) price price 

High density polyethylene (hdPE) 
Injection moulding 2.20 1.25-1.30 
Film {extrusion) grade 2.55· 1.40-1.50 
Blow maulding 2.35 1.40-1.45 

Linear low density polyethylene (lldPE) 
Film grade (butene-based) 2.30 1.40-1.45 

.1 

Low density polyethylene (ldPE) 
Film grade 2.25 1.35-1.40 

Polypropylene {PP) 
Raffia grade 2.25 1.45-1.50 

• Injection moulding 1.35 1.55-1.60 
Copolymer 2.80 1.90-2.20 

Poly1tyreno (PS) 
Crystal 2.55 2.00-2.~0 
High impact 2.65 2.10-2.20 

Poly.:!~'.,'I chlorldo (PVC) 
Pipe grade 1.70 1.38-1.45 
Paste grade 2.40 1.95-2.10 

Eur.Chem. News, :J0.'.).87, P• 9 
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Plastics price report (DM/kg) 
Manufacturers' Market 
(llst) price price 

• 
HICll daasltJ polyelbyleae {hdPE} 

Injection moulding 
Film (extrusion) grade 

· · Blow moulding 

2.20 
2.55 
2.35 

Uaur low der.slt"/ polyethylene 'lldPE) 
Film grade (butene-based) 2.30 

Low HasitJ polyethylene (ldPE) 
Film grad!! 2.25 

PolJpropylene (PP) 
Raffia grade 2.25 
Injection moulding 2.35 
Copolymer 2.80 

PolptJreae (PS) 
Ctystal 2.55 
High impact 2.65 

Polyvln:rl cblorld• (PVC) 
Pipe grade 1. 70 
Paste grade 2.40 

Eur.Chem. Neve, 2.5~.5·~1987, P• 10 

~·~:1 ~~~~!ty r: ,,!:;·.-1thy!~n~ (:iC?E} 
!:-'j~ct:-::r: j"!~c·v!Oin~~ 
Fi!m {:.: ~~rusi.J~) e: •··.!~ 
Blow ir .. ):;id;:l;; 

l.!r:ea: l'lw ... ~ ':':;~!ty r.~l:cthy;c;;u ;t;ur:· ;; 

2.20 
,,,,._ i:.·· 
L.;,,? .., ,-:; 
---~ 

rilm e: (tJc l:;,•_:,~n-:?·t.~:.-::·j) 2 . .30 

L::w c 2: ,~ i;~ !'•>'y!ltt:;:lene: (l;!PL::l 

flim f:.'Cit c 

::c!yj:rc:::d.::r..; \Pi=) 
P.afr1a :;rr:::.!t! 
lr.jecl•! •:l :r.ov!airif! 
C"p":> n-.cr 

r1cl!·:>t•:::cn~ i?~) 
Cl)'s~<1! 
H:gh irnj'.JCl 

Polyvir:yl c:hlorirlo (?VC) 
F-ipe g: ~,~ie 
P~~~z L:·:::;c 

2.25 

~.25 
2.35 
~.Bv 

2.65 

1.iO 
2 •iO 

Eur.Chem. Neve, 20.7.1987, P• 8 

• 

1.35-1.40 
1.50-1.55 
1.50-1.55 

1.45-~.50 

1.40-1.45 

1.60-1.65 
1.65-1.75 
1.90-2.10 

2.15-2.25 
2.25-2.40 

1.45-1.50 
1.95-2.10 

1 .45-1 .so 
1.60-1.65 
1.55-1.60 

1. 50-1 .60 

1. 45-1 .50 

1 .65-1 .75 
1.75-1.85 
1.92-2.10 

2 • .'.)0-2.40 
2.40-2.45 

1 .45-1 .50 
2.00-2.20 



. . 
I 

• 

• 

, 

Appendix No. 5 

Price of main laboratory instruments for R and D laboratory 

(valid for 1988 as o~~ered by Producers) 

ITE.\f AVAILABILITY UNIT-PRICE 
TTS S 

.L'lALYTIC BALANCE 4 weeks 1 850 

POUR PODlT AUTOMATIC l month 17 060 --

ACCESSORXES and SPARE PARTS :J month 12 too 

TITRATION AUTOMAT 6 weeks ) 500 

ANILIN POINT (ASTM D 611) 4 weeks 1 541 

DOUBLE BEAM UV-VISIBLE 
SPRECTROPHOTOMETER :J month 19 J.54 

LA.~DA t 5 UV-VISIBLE SPECTROPHOTO-
METER with PC and SOFTWARE l month 32 151 

CHN ELEMENTARY ANALYSATOR 2-3 month .58 000 

ACCESSORIES and SOFT\t'EAR 5 800 

HP 5880 A GAS CHROMATOGRAPH 14 weeks 13 676 . 
ACCESSORIES and SPARE PARTS t4 weeks )8 824 

HP 5890 A GAS CHROMATOGRAPH 12 weeks 7 411 

ACCESSORIES and SPARE PARTS 12 weeks 37 489 

VEGA GAS CHROMATOGRAPHY SYSTEM 12 weeks 10 816 

ACCESSORXES and SPARE PARTS 12 weeks 22 990 

DEDICATED SYSTEM FOR OXYGENATED 
COMPOUNDS SELECTIVE GAS CHROMATO-
GRAPHr 12 weeks .31 670 

ACCESSORIES and SPARE PARTS 12 weeks 8 670 - ' 
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