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2. D r a f t 

PROJECTION OF R & D TRENDS IN THE PETROCHEMICAL INDUSTRY: 

POSSIBLE IMPACT ON PRODUCTION STRUCTURE IN 

DEVELOPING COUNTRIES BY THE YEAR 1990 

H. Schindlbauer 



l. I~TRODUCTIO~ 

1.1. Background 

The raw material for the petrochemical industry is cruLe 

oil and natural gas. But oil and ~as supplies are finite 

and non-renewable. Therefore the part of the oil, which 

is used in the petrochemistry generally should be enl3r

ged and the part for ener1y production should be dimi-

n is r, e d At this time this relatio~ is about 11 8 9 ·1~ • 

The qeneral importcince of research and development acti-

vities in the petrochemical ind•n;try is to 't/Ork out me-

thods for a better use of the available oil and Q3S. But 

we 3lso need new possibllitie3 fnr enhanced oil recovery. 

Worldwide there is at this time only 3 recovery r3te af 

approx. 35 % of the oil in the deposit. For longer per~ods 

research also h3s to concentrate to petrochemical uses of 

oil sands, coal and other orqanic material. 

The nc;eded Financing funds for f~ & D in thE. petrocherni-

stry are l~rqe. Often they cross over the possibi Lities 

of the cofllpanies, therefnre in indl1strial countries the 

gov2rnment gives subventions to individual research pro

jects. In industrial countries the spendings for R & D 

are between l and 2,5 % of thB crosu national produkt, 

2 ) - '..> () '.'~ o f t h ':! R & D r: o '_; t- ~; f i :1 a n r. f~ d b y t h P. g o v e r n :n e n t 

;ni cl ) () - 7 ) ~~ h y t- he e c o n om y . 1 ) 

~ ~ l ~ • ! ~ ' ' l , l t l · ' , , , I f : , : !-- ,- 1 \ : J ! . J ! · 

~](hprr:rl tu Uv~ 1·h;1n1:e.'; of Uw co.~t~; c.ind thl~tr av;ii1;itJi-

] i t y • [) f t: e n ;J l ~; n ~ h r; ( ~ n v i r on rn '~ n t-. ;i ] p r :J L c r: t i on r P q u 1 r '~ -; 
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c h a ~1 g e s i n t he r a \·1 ma t e r i a 1 s o r p r o c e s s e s , e s p . i n i n -

dustrial countries. Examples are the repsated dimini

shing of the allowed sulfur content in petroleum pro

ducts, which needs different man~factu~ing processes; 

or the prohibition of using polychlcrinated biphenyls 

as transforme~ ~ils, the use of gasolines without a 

lecid content a. s. o. All this requires adaptable and 

flexible production facilities. 

Some imp<" tant categories of R & D 3ctivities are: 

- better use of side products from the refineries 

(e. g. c= fraction) 

- better use of high or non boilinq fractions of crude 

oil 

- introduction uf ne~ cat~lvst systems, which allow the 

use of new feedstocks for the production of petro-

chemicals 

more flexibility .Ln feedstock for different processes, 

2. q. syngas may be produced from naphtha, methane, 

coal or biomass 

- process automation etc. 

ii v e r y i l l t 1 s t r a t i n q e x a m p l e f o r c h a n IJ e s i n t h e f e e d s t o c ~ 

for vi11yl rhloride since the beginninri of its proc!ucti.Jn 

1 s :; h o 1t1 ri i n t he f o 1 1 o .,., i n q l i n e ;; : 

I r1 the f i r ~; t t i me v in y l ch lo r i c; e '"';is prod u c 2 d by ci d d i ti on 

of hydrochloric cir:id to acPtylene. Luter on th~ produc-

t i o n w a s c h <i n CJ e cJ t o ci t. 111 o s t r, fJ p r o c e s :; u s i n rJ e L h y 1 en e b c -

f'Jl.ion [j!VP'~ lhp hyprlldllCt hydrnchJoric acid ;inrl t. h'~ r· e -

fr; r r: ~1 c o rn b UH' cl fl r o r: r: ci '.; t 1 '.; i n 1 z1 c '? r y l P n F! : 1 n d c t: h y 1 e n ~~ ,,, 'i : ; 

i r it~ r o d ! Jr~ e rl , q i v i ; 1 q n u e x c ,, ;; '' o f h y rJ r o r: h l o r i c a 1; i. rJ • 
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Further on an oxychlorinatio~ µrocess was developed; 

this uses also ethylene, but the formeu hydrochloric 

acid is oxidized within the process to chlorine, so 

giving lo~er production costs. Now a day it is tried 

to produce vinyl chloride by a multiple step process 

starting with ethane. It may be cheaper to use ethane 

instead of ethylene, even with one addition3l reaction 

step. 

Process control and automatic operation using cJmputers 

and microprocessors is a basic requirement for t~e fle

x ibilit~· of refinPries and production plants and will 

be discussed l3ter. 

The situation Lf petrochemical R & D in DCs is as follows: 

In countries wi~h large amounts of crude oil and univer

sities with tie nesded equipment ard scientific staff, 

there we will find already research work. It is very im

portant to establish special ~esearch institutes for pe

trochemistry, if such an industry is planned in a country. 

For technological develcpment pilot plants are needed tc 

s t lj d y d i f f e r e n t p r o c e s s e s . T h i s i n s t i t u t e s i n DC s n o t 

s h 0 u 1 d t r ;1 t 0 d i s c 0 v f~ r n p ','/ r r 0 c E' s s e s ' b u t t h e y s h 0 u J d 

solve problems in ex~stinri equipments Rncl further de•relope 

used processes. Research oossibilities for the applicatio~ 

of final prod 11cts are very important for DCs, b·~t only a 

few installations are known. 

l .2. Proble~ 

The que::;tionci to be di~;cussecl in this study are: 

l ) i :;J P l L) V C t h e C rJ Iii fJ 8 f. j t j ·/ <~ rl p .r; S (J f P I' l fTI;:) L Y d rl rj J n t f~ f -

rn p r1 ! :-: r c pf~ t r 0 r; hp m i r; ~l ] ~) r 0 rJ I J c e r ;; i n Dr: ~.i 
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assist to reduce imports of ~etrochemicals through 

local production for use in industries such as 

plastics, synthetic fibres 3nd 3ynthetic rubbers 

and 

(i~i) contribute to the development of technologies more 

suited to conditions in DCs, e. g. market siz~, 

infrastructural requirements, complexity of ope

ration etc. 

1.3. Objective 

This study will demonstrate, through a few illustracive 

examples, the importcJnce of consiJeriny new sciPntific 

discoveries in medium-term production planninq in the 

petrochemical field. 
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2 • f·1E T H 0 [' 0 L 0 C Y 

DCs have been classified by U\IDO as follows: 

l. Countries with a big domestic market (over 100 mill. 

population) and adequate hydrocarbon resources. 

2. Countries with a big domestic market and 

hydrocarbon resources. 

no 3dequate 

3. rountri~s with medium-size d8mestic market (ov~r 

50 mill. population) and adequate hydroc3rbon re-

sources. 

4. Countries with a medium-size domestic market and no 

adequate hydrocarbon resources. 

5. Countries with ~mall sr no domestic market and large 

h y d r o c a r b on r e s o L' '-- c e s . 

6. C8untries with small domestic market and hydrocarbon 

resources smaller than necessary for a competitive petro

chemical production. 

'~ d l. : 

Countries with a bif] domestic market and adequate hydro

car~on resources are already on the way to reconstruct 

th P develop men t o f co u r1 t r i. c '.j •11 it h hi CJ h tech no lo(_] y . An 

examp1e of such co1Jntries mCJy be Ni0eria. This country 

h ~1 ~_; ) r e f i n e r i e s o n d t h f' d P v e 1 o p m e n f-_ r) f i t s p e t r o c h P in i c c.. l 

ir1clu:;try is rl2virlerl intu three 
') ', 
. I phases-·. Philse I of the 

t he p r c; cl u c t· i. ri n o f p I ;-1 '; t i c :; , f t b r r's , c; ::i r b ci n l 1 1 a r; k f o r_ t y r P- :_; , 

- 6 
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detergents ~nd solvents far paints. B~sed on the availa

bility of the necessary feedstocks, benz~ne and solvents 

will be produced in the one refiner~. carbon black, poly

propylene and linear alkylbenzene i~ the other. Phase II 

consists of the building of an olefin complex, based on 

g ci s an d o t h e r p e t r o l e u m p r o du c t s , an d '" i l l p rod u c e e t h f l en e , 

low density polyethylene, monomer vinyl chloride, pol;vinyl 

chloride, chlorine/sod2 and ethylene oxide/ethylene ~lycol. 

In phase III mainlv ;:nematic petrochernic;:;,! s such as be;)ze

ne. toluene, xylenes, pur~ paraxylene and orthoxylene, 

phenol, polystyrene etc. will be oroduced. I mean, that 

the production of ~ethyl tert. butyletner (MTBE) ~oulj al

so be a possibility for future, to ex~or~ t~is ta inaustri-

31 countries for gasoline ajdition. 

3d 2. : 

•,·; h a t c an co u n t r i es do ',1 i t h a b i q do 'n es t i c ma r k e t and ~1 o 

G rJ e q u 3 t e h v d r o c ;:i r b or· res •Ju r c es? This po j_ 11 i: is more cl i ff i -

ct1lt. ~In ans1-1er will bt> given ':tithin this gro 1Jp of cDun

tr ies lor:ik ini:J at lndi;:i. This lartJe country has some oil, 

b lJ t, its nain energy sour:e is coal. India ne8d~ large 

amounts of fertilizecs, therefor~ a project is underway 

for the construction 3 ) of s1x large f~rtilizer factories, 

tn be sited along 1 pipel;ne. Alsc h;droi:Jen sulphide oxi

Jation p~ocessinq plants an I LPC (liquif~ed petroleum gas) 

p l c; n t s ;·/ i_ 1 l b e p 1 a c: e cl ci l c1 n IJ t h P r o • 1 t e . [ o a l o p f~ n s I n d L a 

t h e p o c> ~; i b ll i t y t o p r o rJ u r P me t h a n o 1 v .L a ~; y n '] a s • !'. l l p e t r o -

ch~~icals proclucib!e from synqas as shown in the next 

ch ::1 p tr~ r may be syn UH~ '.i i L c rl a l so in f L u re l n th j s co u n t r y • 

h i. r11n ;1 •; :-; r~ ~1 y b ,• u:; e cJ • An r: 1- her fl o :> ~; l h i l L t y for s 1H: h co u n -

l r i e ;; l i k r· I,-, di a rr. ;, y b r: the ;1 I k y l ::it- ion o f to l u .~ n e 'ti i th 

5 ) 
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meth3nol to ethylbenzene/styrene for styrene production. 

Cl d 3 . : 

Alg8ria may be an example for countries with medium-

size domestic market and adequate hydrocarbon resources. 

Thp country with its oil and gas fields has five refi

neries, four liquefaction plcinls to produce L~G, LPC and 

condensate, but al~o four ~ertilizer plants for the pro

duction of ammoni3c. ammonitrates and phosphate fertili

zers. Petrochemical activities inclvde plants for etnylene, 

low density polyethylene, PVC and methanol. In the course 

of its industrialization process, Algeria has installed 

a hasic petrocrem1cal industry, which is capable of valo-

ri.cinr:J the upstream extraction and refining of its hydro-

carbon resources, JS well as developinq a downstream pro

c~~~;,_;inr1 industry irr order to fulfil it:c> nPeds in the dif

ferent sectors of the n3tion~l economy. One plant includes 

a methanol unit, most of the product is intended for ex

port. There are three re:>in units (~henolic, urea and 

melc.imine) in opera~ion. The plastic products plant 4 ) 

produces petrochemical intermediates (ethylene, vinylchlo

ride) and plastics (PVC and lo~ d3nsity ~olyethylene). It 

includes an ethane crackin1 unit, producinq ethylene, one 

vinyl monnchluride production unit and its polymeris~tion 

r:quipment, units for the ethylene polymerisation to 10,•1 

der1sity polyethylene, for chlorine ;:irodtiction, and one 

soda producing unit by salt electrolysis. There are also 

plants for the production of all the needed sorts of 

f P r t i 1 i z e r s . S i n r. e l 9 8 0 ;:i J s o i n s e c t i c i d f~ s , f u n q t c i d e s C:J n d 

v r· l op rn P n t-, p r o j e c ~- ,; , e t L hr:: r 11 rid P r 1.·1 ;.-1 y or d ho' J t-. to he :,; t c.i r -

tr:r!, arr~ r.nncentr~Jt,~d rHl proqrarnmp;; t:i inr:re::.isr> c.1p;:icit-.ics 

f o r t he product ion o f n zit: ll r: ~1 I ri 'J :; ctn d to un ;i r n v e 

( \ 

-~ 1 0f'lr: htJ! lr!f- iri Jr1ly/,'\uq1i~;f- l'Jfl 1+ 
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the recovery methods in the oil fielc:s. G:ised on the me

th:inol production the synthesis of 311 chemicals from syn

gas/~ethanol (the new methanol chemistry) would be possi

ble, but ~lso the production of MTBE and all the other 

c}+-chemistry from refinery gases. 

ad 4 · 

In countries with a medium-size domestic market and no 

adequate hydrocarbon resources there are less possibili

ties for new productions. If there is s~me natural gas in 

a co~ntry a c1 -chemistry would be possijle (the way syn

gas - methanol - petrochemicals). For the same chemistry 

coal or biomass may also be the starti~g material. An

other possibility is to develop an application technolo

qy. If it is possible to buy some inter::iediate petroche

micals from a neighbourinq countr;. the ::iroduct.i.on of du-

r 'l rn e rs ( con den sat i on p r o du c t s o f f o rm ~11 de~ 1 y rte ~-1 i th me 1 a -

mine, urea or phenol) would be possible, b~t 3lso the 

preparation of pesticides, cle1ning pre~arations (wap and 

detergent). Starting with synqas an important chemical is 

ace t 1 l rj eh yd e , the procedure ls a l ready ~no,,., n and for s n irl F~ 

years in technical use. 

ad 5.: 

Ex a rn pl es for co tJ n t r i. es 1-1 i t h 3 ma l l o l' no cl om est i c market 

0 a t a r h a s b u i l t u p <l mo cl P r n r e f i r 1 e r y • I t i s u l t i ma t e l. y 

intendend to meet local dem3nd and the completion of a 

pr~ tr o chemic a 1 comp l ex h 3 :; en ab l e ri the count. r y to en f-. er 

t-. t 1 P p e t r o r h P m i ~ 01 l '-" P c t- o r h y p r n cj 1 1 r t- i n n ri f r' t-. h v l r n e . 1 n 'ii -

) ) rJ f' r c h 11 l I'~ 1. j n [) (' t n hf~ r l ') iJ :':. 

- 9 -
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that the greater p3rt of its oil exports should take 

the form of refined prodGcts and manufactured materials6 ). 

Beside fertilizers, produced i~ several plants, a petro

cremical complex produces aromatics and ole::ins. Now a 

rolypropylene and a polystyre~e plant are ~rojected. 

This is the right way for such countries. 

The petro-chemistry project in Saudi-Arabia: The Saudi 

Basic Industries Corporation, the Arabian Petroleum In

vestment C~mpany and two Europ22n companies have signed 

a jointventure agreement for the construction of a large 

petrochemical plan~ to produce 500.000 t NTOE, 125.DOJ t 

butadiene and BO.DOD t butene-I p.a. Petromin will gua

rantee the raw material of the new plant j~ supplying 

700.000 t butane. 170.000 t methanol needed for the MTBE 

oroduction comes from thP Satidi 8a~>ic Induc>trie.J 

CorporGtiori. 

ad 6.: 

Countries with small domest~c market and hydrocaroon re

sources smaller than necessory for a competi~ive petro

chemical production have only the followin~ possibilites: 

to use energy from sun, wind and tides where possible and 

to use bio~ass for chnmistry or ener(jy. 

Four ways for PnPr(jy prcJduction in thesP cot1ntrie:; are 
'bl 7 ) poss1 e: 

a) G8sification 

(,) 

7) 

A small 0asification unit has been deveJope~, which 

c o u l ci 1·1 u r k 111 i t h a 1 l s o r t s o f o r CJ ;:i n i c m a t t e r , ~; 1 1 c h <:1 s 

u P F r t-: ti l I e t- i n M ;1 v 1 CJ fl '> 

1:ommunic;1tion of Dr. r..;\. f'rlfJ:-tny tn !Jnirln 

- l [J -
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p o o r q u a 1 i t y c o a 1 , '"' o o d , c r q a 11 i c \'I a s t e , e t c . I t u s e s 

air and pLoduces tar-free, directly usable gas. Ir's 

special value is that it is small, works at a capaci

ty of 20 kq/h and is still efficient to use. le could 

provide an instant source of energy for a small area. 

b) Direct fermentation of Organic matter to methane 

It is now possible to use fprmentation of all kin~s 

of organic wastes by micro-organism direct to methane. 

The process ~s 1-1orkinq cor,tinuously on large scale and 

with high yield. The main advantage of tnis process is 

that it requires low ~apital cost to install. It needs 

no separation equipment for the recovery of the pro

duct. The methane gas is freely bubbling to the sur

face and can be collected, its purity is about 50 %. 

c) Pyrolysis 

This process is not the most economic f~r the produc

tion of liquid feel as it reduces rather than increa

ses the H/C-ratio. The reaction products are gas, 

lighter distillates and charcoal. 

d) Hydroprocessir19 

T 'l is is one of t- he most 1) r om is in r; u eve 1 op men ts, be c nus e 

H. i n c r e a s e s t h e d IC r a tj o • T h e J.' a 1.v m a t e r i a 1 m a y i n -

elude wood wastes, earn coks, cotton gin wraste, pecan 

shell, peanut shell, rice bull und su1ar cane bR~asse. 

From all of these, the same procPss gives chemic~lly 

similar products, despite the di:;similarity of the 

biomass feedstock. fhe rnoduct is a liquid hydrocarbon 

mixture which can be burned in conventional engine3 
• 1.- ~ L 

:~., ! I, j I u lj I 

'.•J hi r~ h r ·~ -
q u i r Pd f ,) r t he burn in'] o f r.~ than r1 l or s F-~ e rf o i. l . 

LI -
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For the production of chemical feedstock in countries 

without oil or gas there are also several possibilities: 

a) Fermentation of cellulose to ethanol 

Fermentation of sugar is well known, but micro8~ganisms 

could also be developed to ferment cell~lose to ethanol. 

If succeusful, tnis route 1t1ould provide a much wider 

basis for the use of ethanol. 

b) Production of synthesis gas 

This is a well established process, but still subject 

to im;novment. 

c) Production of sugar from waste biomass 

The hydrolysis of woodchlppings using concentrated 

hydrochloric acld at moderate temperatures (20 - 5o 0 c) 

provides almost quantitative yields of glucose and 

relat2d sugars. The alternative of leus concentra

ted acids used at hi~her temperatures (200°c) is al

so effective. Engineering studies on various types 

o f c h e m i c LI l r e a c t o r ''> i n d i c a t e t h a t c o u n t e r c u r r e n t r e -

actors can producp hiuh yields of sugars at economi

cally viable costs. Further processing by conve~tional 

petrochemical technologies then yields a wide range 

of products. 

d) Production of oxychernic::ds 

A l t h n u g h o n l y i n t h '~ e El r l y s t 3 g e s o f p r o c e 3 s r e '.3 e a f' ~ h , 

biorn1ss qasificatio i routes to the pf'oduction of arce-

t ;i t c c h e rn i c a 1 s h ~1 v e 111 ::i n y <1 d v ci n t a u e s f n c c o u n t r i e s p o o r 

in fo--;sil fuel re;.;n11rcP;;. The prncPss PConomicc; arP ;1l-

l 2 -
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process starts with hydrolysis of wood or crop residues 

to produce sugars and uses by-product combustion to ge

nerate carbon monoxide. From these two starting materi

als, a complex and interlinked series of reactions is 

used to produce vinyl acetate. Slight mcdifications of 

the scheme allow the production of ethyl acetate as 

an alternative. 

e) Aromatic chemicals from lignin 

Liqnin is a byproduct, available in large quantities. 

Because of its high O/C-ratio, it is less suitable for 

the production of liquid fuel than the cellulose com

ponent of biomass. Hydrocracking/hydrodealkylalion pro

cess could be employed to recover phenols~ benzene, 

and perhaps with improved isolation techniques, cresols 

and catechols. The process is not yet suitable for hi~h 

purity products. 

- u -
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3. DISC!JSSIO!\J 

At the beginning of a detail~d description of technical 

inventions and scientific discoveries in the field of 

petrochemistry we should discuss the question of availa

bility of crude oil and natural g3s in the years about 

1990 and later on. The question is to be answered with 

yes. Therefore 1990 crude oil will be still the main 

source for energy and chemical products. We are ready 

to process oil sands and coal; corresponding rese~rch 

prCH)f3ms and pilot installations are running; their large 

scale production is not applied because of the price in 

reference to crude ~il. The production of organic chemi

cals from this raw materials however should further be 

studied and developed. 

3.1. Technical inventions: 

In this chapter we deal with chemical or process-control 

developments which can replace or dramatically improve 

technologies currently in use for the manufacture of 

primary or intermediate petrochemicals and petrochemi

cal products. 

Process control And automatic operation: 

The revolution of our work by the development of computers 

and microprocessors began in the field of analytical 

cherri~;try and these equipri:ents are used now in oil refi-

r 1 ,, r i ., 0
; 'l r1 d f 1 r p :::- 'J :_' '-' ·; ~; r: on t r r:i 1 r r1 ,i '~ t ::- ~Jr: he :n j c ;:i 1 o 1 LI n t- r; • 

r: rude o i 1 d at n b a c; P ~; are bf~ com in q mu re zi n d rn ore important 

as a pJanninq tool and to m3ke a n~finery flexible for the 

processing of different crudP oils. 
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Such a data base con?ists of 

(1) a laboratory data base (including the experimental 

data) 

(2) an estimated value dala base anu 

(3) a revaluation program, which modifies partially the 

dat3 found in laboratory product yields and proper

ties, considering the differences found in compari

son with refinery practice. This part also holds in

formation on how to change yields and properties of 

cuts. 

Computerized and automated on-line analysis eq~iip~ent 

8re the preconditions for process- cc~trol in production 

equipment. Computer controlled operations are d~scribpd 

for 

- crude rlestillation units 

- application in existing refineries and for planing new 

refineries 

fuel gas processing 

- reformer units 

- olefin plants 

- catalytic cracking units 

- destillation of tar a. s. o.R) 

Computers are espPcially used for planning and control of 

combined processes in refineries, e. g. electrodesalting

atmospheric and vacuum destillation-catalytic reforming 

or crude destillation-hlending-reforminQ-hydrocrackin~
~rr. 

WP should not forset, that in the industrial countries 

more and more refineries are closed and new refineries 

are built up in developing countries with oil fields. 

H II. '1r·:1irirlJIJ.·1::r·r. ";\11;11ir·1 1 irir1 'lf '.1r11~r· 1 -'J /\,1:1!·;! Jr'"1] fr'Ch
r1i1111r";" r:1> 1:). I L.'.'r1;·l·I i'r.t ;·ril1·11111 r·rJ1111r":; ;, I w1drir1 !'JH·; 

I' ' ) 
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\2~ routes to primary chPmicals 

One of th~ most interPstinq thing3 of the last years 

hC!S the development. of processes to ;:lrodiJce a series 

of che~icals from methanol resp. syngaa. Two ways 

arg known to produce g2soline from svngas: 

a) Fischer-Tropsch synthesis 

b) reaction of methanol on zeolithes 

The first process is the older one and is in use at 

this time only in South Africa. Raw ~aterial for this 

rrocess is the coal of this country. The process 1s 

studied again in many industrial countries, but its 

disadvantage is the necessary of 12rge factories to 

work off all side products. Therefore. we think, that 

thr new catalyst systems of zeolithes ~ill be the on

ly ~sed in Future to pro~uce a lot of chemicals. 

F i '] . l s h o '"' s t h e r e a c t i o n s , w h i c h 1·1 e r e s t t 1 d i e d n o 1·1 f o r 

better yields and/or better reaction conditiones. 

ocetic acid 

aromatics 

" I acetic anhydride 

" COIH 2 

olefins (---/~~~/".__ _ _,vinyl <Jcetate 

\£ I ~ l ethylene 4lycol 1 acetalsehvde 
~ ' 

cthono 1 8nd hornolor)'.3 

f- J q . l : P r t rn ~1 r y c h f · rn _i c 1 i : ; f r o rn :_; y n fFJ ~> o r rn c r h 0 n o 1 

I(, 
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!t has to be m~ntioned here, that methanol can be 

synthesiz~d from torch gas, 3nd this will be a way for 

some countries to use this side product. Some scientists 

regard methanol as a transport vehicle for synthesis 

g Cl s. 

In connection with the use of methanol as gasoline 

substitute or additive, there is a new process, called 

the Octamix-process. Here only 53,5 % methanol are pre

p3red, the rest are higher alcohols. This is an advan

tage in usinq methanol as gasoline additive, for pure 

methanol is sensitive to water and now the addition of 

another alcohol (mostly tert. butanol) is r1eeded; but 

this alcohol is only limited available. 

The reactions using methanol to produce organic chemi

cals are very promising for two reasons: 

(i) different raw mate~ials can be used for the production 

of syngas/methanol (see Fig. 2), which is very impor

tant for all countries without crude oil. 

(ii)even if the individual processes are not technical 

matured and economical, this situation will change 

i n s o me y e a 1· s . 

Brown coal 

Mineral coal 

Nat-.ural gas 

Petroleum fractions 

Biorias 

Fiq. 2: Rc-1•:1 mat.eri<1ls for synqa'.i produr:tion 

1 7 
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For the prepuration of alefins from syngas also ~wo ways 

~re possible: In new vari3nts of the Fischer-Tropsch syn

thesis it is possible by changing the catalysts to direct 

the reaction to c2 - c4 ol~fin~ or to higher unbranched 
q\ 

alkenes (CG - c
13

) J One of the direct ways uses metha-

nol as an intermediate which is dehydratizated on zeoli

thes. 3S already desr:ribed in rnany papers. The 10 1.-1er ole

fins are >mportant basic products for industrial organic 

chemicals lO). 

As already shown, syn~as is on the top of primary chemi

cals. The used processes are known for a long period, but 

today scientific work done to produce syngas cheaper. 

In more effective use of residual oils for synqas produc

tion, one way is to substitute the partial oxidation of 

residual oils by the energetic more efficient steam re-

f o r m i n g • T h e b C:J s i :_; o f t h i s n e 1.·1 p r o c e s s , c ;:i 1 l e d '' t o t a 1 

h y d r o c a r b o n r e f o r m i n g ( T H R ) " a r e t '<'i rJ n e 1·1 c ;:i t a l y s t s 1-1 L t h 

hi0h reforming acti~ity for heavy oils, from crude oil to 

vaku11m residUF!S. In a primary refo~mer the raw materiol 

reacts '.'Ii th :: up er he ;it e d st e z1 m (hi ri h 1~ r than 8 0 0 ° C ) to Cl 

gas mixture, which still contains higher hydrocarbons. 

'n C:J secondary reformer this hydrocarbons are completl~ 

gassed with steam. 

In a se~ond development the production of lir;ht- hydro-

car hon '.3 h y the r rn a l c r a r:: k in 'l o f. res id u" l o i l s is com -

b i n e d 1;1 i t h s y n t he s i s CJ o s p r o du c t i on . Th i s con b r~ rl o 11 e 

by modernizin'] the flexirokinq processes. The proced1Jrr 

i s '.> h o ·~in i n F i q • ) . 

1r1' ':i.DF~tt-:ni~icr ~1.n., frrlril tmrl VohlP, 3fi (O), 3{,'j (l'Jf15) 

i '{ - . 



r ici. _'.· : Prod~ction of synthesis oas bv modified flexico~ing 

------------ ---------
1,r-J -1' IC~~ 
1~ l t_J'. l ~J----. 

I 

return 

.~ r::ok::.>r 
B regenerator 

... 1" 
•_l_..1..1.. 

C air carburetor 
D steam carburetor 

- l t1 -

The surplus of coke particle::; from the coke produ:::(~d in 

the first reactor is vaporized with air and steam in the 

f o 1 l o "" i n q r e a c t o r s . T h i s m o d i f i e d f l c x i c o k i n ') p r o c e s s i ·-~ 

ca 1 led "du c:ll gas i r i c <J ~ i. on'' f o r th~ CJ ci::; i f i ca t .ion o f the 

coke is split in t~o rc3ctors. the air and the steam 
. f. 11) gas1 ier . 

At the first time of the synthesis of methanol from syn

gas the reactivity of the catalyst was so low, that 

540 bar pressure were needed for the synthesis. With 

better catalysts a production at 5G bar was possible 

and now the 

m1c re ~J :; on~; 

pressure is raised up to 100 bar for econo-
12) 

(better yielc Jt low energy cost~.>) . 

The dis::idv<JntarJ·.' in usinCJ a mixture of ga::;oline and me

th;inol for motor ft1el is the les::.; st3bility of thR mix

t u r c ri n d t: h P r e f n ' c s o L 1 , r. i o n ;1 r:J e n t s ;i r c u s e cJ • I n c-1 o :; t 

c:E;es t~hf'~P arc hiqhr•r alcorH'ls. Their production is 

f• .. 1n ~1ay::; arr~ pq~;:~ i ti I,' t-.o 1~th;1nol: d ircct-. fr rim ·;ynqa:j 

----------- - --------~ 

11) 0.f .i\li<1r1 <t.U., f]jJ :md r;-:; ,Journ:J] ~J. (20), 9_5 (l'J82) 

12) ';!. 'ir~~f,~rt·, r;.J lln. rr1"rn.fnq.fcch. 'J_?_('J), 4(l2 (1905) ~ 19 -
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or with 3n intermediate stage. In the dir2ct synthesis 

th d t · th h "'t ?5.0-300°r e c o mp o u n s r e a c l n , 2 CJ a ::; 2 o u s p , u ::; e u _ - ~ 

and 100 bar; but the selectivities for ethanol with 

70 - BU 0' 
.a are lower than with the two step sy~thesis 

v1~ meLhanol. Side pruducts are met~anol and ~ropanol. 

The indirect preparation of ethanol from synCJaS is a 
l , ) 

homologisation of methanol J .• From carbon monoxide/hy-

drogen even the synthesis of higher alcohols, up to c
6

, 

is possible. The amount of c
2

+- alcohols in the reaction 

mixture can be varied by the catalyst composition and 

reaction conditiones between 20 to 50 mass-% in an adia

batic working multilayer quench reactor 14 ). 

For the selective production of c
2
-c

4
-olefir.s from me

thanol, zeclithes have been optimized as catalysts. The 

advant3qes of the narrow-pore zeolithes (eg. Eriomite, 

Ch~basite and Offretite) lies in their high selectivi-

ties to olefines which is sometimes greater than 80 ~. 

while zeolithes with middle-sized pore-openings, such 

as Pentarils, have a lower selectivity with a smaller 

tendency to build coke 15
). 

A study of the reaction mechanism shows, that the ale-

fins are a preliminary stage to aromDtic compounds. 

The advanta[_Je of the zeolithic catalysL; is their eo:Ly 

variability with different metals, whi2h lead to diffe

rent mechanism and products. So methanol convPrsion to 
c hyrlrocCJrbons over cm untreaterl ZSM-5 c;italyst at 370 

q i v e s a m i x t u r P o f c o rn p o 1 1 n d s .,, i t h 4 l ?,~ a r o m a t i c s a n d 

f o r e x a mp l e s i l a n a t i on o f t h i s c ;:i t ;:i l y s t: ci i m i n i ::; h e s t h e 

l ' ' .) ) H. RDhrm:mn, v. rCJrn il:;' Chr~rn. f t.q. Hl4 -- ( 2) ' 39 ( 1980) 

14) p. Courty ;1 • () • flD 9. 11. ':/or 1 rl F'<: t Io le urn Coriqrr:s'.5, London ( l'J83) 
15) :;/ . DPttmei.~r ii. 0. ' [rel ii 1 und kuhln., v; ( H) ' 5 f) J ( 1985) 

- /'fl 
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With bifunctional catalysts it is possible to combine 

synthesis and cledvage ~f m~thanol to produce hydro

carbons in one process, which allows the synthesis of 

aromatics direct from syngas. The products are mostly 
16) 

tri- and tetramethylbenzene 

The fermentation of organic matter to methane ---------------------------------------------
(C 1-chemistry) is another route to primary chemicals. 

Organic wastes of different origin but also digester 

sludge can be further decomposed :maerobic by microor

ganism to carbon dioxide, methane, in0 same other vola

tile components. This biogas process is done by a mixed 

cult11re of differc~nt, but determineo microorganism 

strain. This is one of the most important fermentation 

processes, for it is rl potential source for methane. 

S o 1 i d w a s t e s h :iv e t o be d i s ;1 P r ~; e d i n 1·1 a t e r . U n d e r u s u a l 

conditiones about 350 l/m 3 "d sewage gas may be produced, 

during this 60 - 85 % of the organic matter is degraded. 

This degradation precedes in three steps: the first one 

is strictly anaerobe, here micgroorg<.inism degrade poly

meric compounds to shortchain acids and alcohols. In the 

second step c2 and C1 compounds are built. In the third 

step methane is synU.esized by methanobacteria. The bio-

g as c 'Jn ta i 11 s 5 0 - 7 0 ?(, methane , the rest is carbon d i -

oxide with small amounts of ammonia, hydrogen and hyrlro

gensulfide. The last one and humidity have to be removed 

when using the bio~~s as fuel. The used bacterial strains 

are not optimized till now. Also it should be possible to 

improve the prGcess control, esp. temperature, pH-value 

e t ,, . by the us~ o f n pt i m i r~ d h i ore etc trn· s . T tw !l r n ri 11 ~ P rl 

q a :; m a y b r~ i n t r o ci u c c d t o 1 u c i.l l e n e r CJ y s y :; t e m s a f t e r a 

si11ple v-1ashinq and removal of sulf11r. 

16) US Patent 4,100.~lO (1977) 

- n -
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Fer~entation of cellulose to eth3nol. The mostly used 

r<HI lllaterial foe- the production of ethanol on 3 bic

technological w~y is glucose. Cellulose containinq ma

terial, e.g. wood, straw and bagasse have a biological 

tough structu~e and need the highest expenditure for 

hydrolysing to gl~cos~. Also the nonfermentable qccom

panyinq materials (lignin and pentoses) have to bP se

parated. For this the yiel~s are poor in relation to 

the raw material. 

Hydrolysis of wood is done by thermo2hemical processes 

or hy microbiological-encymatic degradation. The require

ment on chemicals and energy For the chemical decomposi

t io~ and the long reaction times with the biological pre-

cesses are at this time adverse to an economical use. It 
17' 

is tried to redt.;ce this costs For both methods · 1 • At 

thg end of the hydrolytic cleavage of cellulose we have 

a solution of glucose, which may be Ferrnent2J in the usual 

way. 

In countries having extensive ve~etation and a rattier agri

cult• i:-al-oriented economy, ethanol 1·1ill be tt>e Fuel of the 

future. Rut it is ziJso dic.;cussed if it is possible tc pro-
l8) duce another fuel. P.q. n-hutanol in a more economic way 

Fiq. ~1 sho 1l'ls a rnrnparisor, beh1een the production of ethanol 

or butanol from mzi~iok. 

Ii-=: ethanril -;~] I .C Klj = 26,8 MJ 

I + feerJinq stuff 
I 1·1ith prciteines ___ _ 

I 
L 

IJ, 2} V'! .1r:1~' mi i 
+ 0,55 M; H. I 
= 5l HJ z I 
---------~-----' 

_Fi:'l·_2_=. cornpaI:"ison ~iebwen the prorluc~.~on of eth:mol or bulanril 
frorn mC1niok 

---------- ----
17) f-. fiei11efrld~ f. '"hqn<~r ~ir1d r. 'dimmer, /1wk1~ririd11strLf: HJJ. 

2 5 ( l 'JfH l ) 

lH' ';l.Hr•rnh;1rrlt-. ,',f/ ~\I. bl ( l'J7'1) 
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From the view of the energy transformation the butanol 

way from biomass is 16 % more economical than the pro

uuction of ethanol. But the chemical engineering and 

the mode of application of using a but3nol-aceton-mix

ture for fuel h2s to be studied further in detail. 

Little is known about the production of gasoline from 

harvest wastes. But in Australia there are already two 

plants which use cereals. stra~ and other harvest wastes 

as 1-iell as "~1Jod ar.d sugarcane fibres for thr:: production 

of gasoline. One such refinery is already working anrl 
19) 

shall pro~uce 4,5 mill. liters ~asoline per day 

(ii) New routes to petrochemical int0rrnediates 

a) New methanol-syngas based synthesis routes: 

Beside of the methanol conversion to gasoline, light 

olef ins and aromatics, a lot of chemical~ m8y also 

be produced on suitable catalysts. At this time near

ly all syrgas is rroduceci from metha11e. Methanol, of 

course, is much more reactive. Therefore the synthe

sis of seve1·al methane-derived chemicals are synthe

sized via syngas and methanol. In the last 30 years 

a great deal of new chemistry has been d9valoped, 

particularly in the field of homogeneous catalysis, 

starting '"'it h met h ;:in o l ZO). 5 o methanol is used for 

the manufact11re of form;::ddehyde (mostly used for 

resins), methylamines (for insecticides, surfactants, 

rlimPthylfor~~mirle. dimPthylacPtamirle, alkylrlimethyl-

an in e ox i cl es , rub ht~ r ch R rn i c ;-i 1 '.3 , ch o l i ri ch lo r i cl e , b i rJ -

cidPS etc.), chlorumethanes, acPtic acid and methyl-

esters of rlifferent acids (phth:ilates, methacrylates etc.). 

19) --, Frdi:ildien::;t 19. Juli l9fl.5 

20) 1.-l.H.f~:ilkir1s, Chemicals frorn mRt_h:~nnl, f:;it-;11..Hev.-'.Jci.fntJ.?i. 

( 5 n. !.;) • 5'-+7 (198'+) 
- n -
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In connection with new c3talyst systems methanol has 

2pecial chemical properties and promises to be the raw 

matecial that may displace ethylene and other petroche-

mic3l feedstocks from chemical synthesis. This is true 

especia~ly for oxygenated chemicals: The only oxygena

ted chemicals now made commercially from methanol are 

formaldehyde, acetic acid, methyl acetate and methyl 

formate. Since 1984 a pl ant for the product ior1 of 500 

million pounds per day of acetic anhydride from 900 tons/d 

of high sulfur bituminous coal is in operation. Methanol 

may be the source of emerginq, hopefully improved syn

thesis of acetic anhydride, acetaldehyde, ethanol, ethyl 

acetate, vinyl acetate and ethylene glycol. The rout8s 

to these chemicals usually involve either the catalyzed 

carbonylation, reducrive carbonylation or oxidative 

c2rbonylation of methanol or formaldehyde by transition 

metal complexes or ~atalysis by bases 
21) 

The reaction of methanol to acetic acid is already 

possible in a high and a low pressure reaction. Now 

the homoloqiaation of acetic acid with synthesis gas 

to longer carboxyl ic acids is published. The used re

action co11ditio'.ls are: liquic1 ohase, 220°C, 270 bar, 

with homogenous catalysts on the basis of ruthenium, 

rhodium, palladium o~ nickel with methyl iodide as 

promoter. 

Since 1983 in USA the first plant is working, which 

produces acetic anhydride 3S another product of syn

~as chemistry. The used feedstock is methylacetate 

which react3 w;th carbon monoxide at 175°C and 25 -

aromatic N-heterocyclus. Syn~as and methyl 3cetate 

21) IrvinrJ \·/pridr~r, Chemical<; from merhanol, Cr1t~1l.P.ev.-Sci.Enq. 26 

(5 ;1. 4), )fl5 (1984) 
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can also react to ethylene diacetate which may be 

ther~ally cleaved to vi~yl acetate. Another feedsto2k 

is dimethyl ether, its reaction may be directed to 

acetic anhydride or ethylene diacetat~: 

Preparation of acetic anhydride and vinyl acetate 
from syngas and dimethylether 

co 
CH -0-C-CH 

3 ~ 3 
0 

I co 
lH 2 

CH3CH(O~CH3 ) 2 
0 

CH
2
= CH-0-C-CH 

II 3 

-----~ 

CH- -C -0 -C-CH 
> II tt 3 

0 0 

l 
l -CH3COOH 

__ o __ 

Methyl formate, a syngas based intermediate, is al

ready today produced on large scale by base cata-

lyzed methanol carbunylaticn. A new alternative syn

thesis, based on methanol dehyrlrorienation, seems to 

be ready for commercialization, whereas other routes 

including direct carbon monoxide hydrogen2tion, form3l

dehyde disproportionation or methanol oxydehydroge

nation are less advanced. Beside being used as a sol

vent or an insect control agent, methyl formate serves 

cis a feedstock for<>. 'l· formic ar.id, formRrnide, N,N-

mi c acid pro cf~::;;_;~ s ::ire base rl on n i r r~ ct hydro l y:; is o f 

me t h y l t o r m <1 t e , a n d a p p e ;J r t o r e r 1 a c e t h e t_ r ci d i t i on n l 

: rid i r r~ ct for rn ;J m id P b ~1 s e r o 1 i t e . r IJ tu re u cc; e o f me t: h y 1 
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form3te could incJude the production of pure carbon 

monoxide, methanol, dimethyl carbon3te, diphosgene, 

ethylene (]lycol via methyl glycolate. acetic acid 

and methyl propionate. All these processes either 

avoid the use of high purity carton monoxide or pro

ceed under milder conditions th2n conventional routes. 

They could gain int:crest, if s ngas and methanol be

come available at a larqe scale as competitive feed-
22) stocks for the chemical industcy 

A new focal point of research is the way from syngas 

to acetaldehyde or ethanol. One possibility is the 

reaction of methanol and syngas to ace~~lJehyde in 

l i c u i d p h a s e . \·/ i t h s o me c a t a l y s t c o m b i n ci t i u n s Lt c e t .::i l -

dehyde dimethylacetal is produced. 

lhe direct synthesis of ethylene glycol from syn s 

is possible as well as the indirect way with metha

n o J o r f o r m a l d e h y d e . A (] l :1 c o l s y n I h e s i '3 1-1 i t h ;:i s p e -

c i al rut hen i 1J m cat :J l y st i ;; report~ d . 11 h i ch rr e eds 

o n l y :S 4 0 b a r 
2 3 

) . I n s o ni e c a s e '.3 a c c: t. i_ c OJ c i d •11 .::i s 

used as solvent 3nd here qlvcol uiacet~te was the 

end product. The optimal yiRlo i~ 50 - ~LI % glycol, 

w i t h s o m e m e t h a n o l . T 't/O 1·1 0 ;; '=' ~1 .e t~ r-' o s '; i b t e f o r t h e 

synthesis of glycol via mP~h~nal fsee also Fig. 6). 

22) n. Ffoper, [rdi:il IJfJCI Kohlr~, 57 (11), 5(]1) (198!+) 

~ 5) - f=:rdol und Koh!r~, n ( l9Dl) 



Fig. 6: Glycol synthesis from syngas 

co 
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The oxycarbonylation q1ves in the first step ox;:ilic 

di~ethy1ester, which is further hydrogenated to gly-
24) col . The second way is an oxid~tive cop~ling of 

~ethanol to glycol by org~r1ic peroxides in p~esence 

of formaldehyde but the yields are too small at this 

time for a technical renlization. The indirect way to 

glycol from :::; 

mediate f]lyccl 

to qlycol. 

~ and formaldehyde gives the inter

·hyde, which is also hydrogenated 

24) A.11.Caffney ;i.cJ., J. of r~;1h1lr;is 'Jll. 261 (l'J84) 

- 2 7 -
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b) New routes for the production of MTBE, isobutene 

and butadiene (C 4-chemistry): 

The development of petrochemistry was distinct from one 

geographic region to the other. For a long time in Western 

Europe naphtha was the universal used raw material for the 

production of all olefins and aromatics and also for a 

large part cf syngas and acetylene. This central posi

tion of naphtha had its reason in the surplus production; 

therefore it had a reliable and cheap availability. 

This situation has changed in the early 1970's. The reason 

was an increasing demand of gasoline at diminished crude 

oil throuput. Now the petrochemistry has tried to diver

sify the used raw materials: From small hydrocarbons up 

to larger molecules till crude oil can be usec on principle 

to produc~ syngas, olefins and aromatics. 

In an analogous way the raw materials for the production 

of acetylene were fully substituted by gaseous hydrocar

bo~s, rnostl~ by natural gas or some liquified petroleum 

gas (LPG) 25)_ For the olefin production naphtha was 

substituted much more slowly. Now a day steam crackers 

are constructed for the possible use of various raw 

materials, which may be changed easily. But also the 

alterations of existing installations are possible. 

This flexibility in the choice of imput material 

gives the ethylene manufact11rer the possibility to 

respond to global, local or seasonal changes in the 

d i s ;:i o s i t i o n s o f t h e r '' 'rJ Pl ;i t c r _i ;:i 1 . 

"'))\'I.Bickel, Chern.InrJ.fochn. ~)_J_ A _)lJCJ (1983) 

- z a -
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In most cases gas oil and LPG or components of LPG 

can be used as substituti~n products for naphtha in 

the production of ethylene. This is the reason for 

the slowly reduction of the relative portion of 

naphtha as r·3w material for the ethylene production 

in Western Europe since 1979. It is further expected 
? 6) ( ) that this trend goes on - , see Fig. 7 • 

Fig. 7: C~8nges in the raw material basis for ethylene 

production in Western Europe in the period 

1979 to 1990 
26) 

year 1979 1980 1985 

production of 
ethylene mio t 12,4 11,l 11,2 

nap fit ha 0' ,o 87 85 71 

gas oil IY 
,0 7 6 10 

butane 0' 

"' 3 4 6 

propane 0' ,o 2 3 10 

ethane 0' 

'" l l 2 

others IY 
,g 1 1 

1990 

12,0 

65 

10 

6 

12 

6 

1 

Also gas oil i~ a proper substitution product for naphtha. 

As a surplus production is predicted to it 27) , it is pro-

posed that it will reach a strong importance for the 

production of ethylene. In USA ethane is the most im

portant raw material for the ethylene production. 

26) I<. Crie~;b;:iuni, !1i.~i11nrJ~rlk, Frrli:il und Kahle~],_ 105 (l'Jfl4) 

27) H. K1Jper, [rrfol t1nrl KulilP J!:....i... 119 (L'JRZ) 

- 29 -
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But the abova told substitution process for naphtha 

i n E u r o p e w i 11 r u n s 1 o w l y • T he re fore n a p h t h a w i 11 r e _ 

main the outstanding raw material in this century as 
feed to the olefin installations. To this an intensi-
fied import of naphtha by Western Europe can contribute 

from surplus productions in countries which produce pe

troleum and are low motorized. Another or f~rther possi

bility can be the release of naphtha from the gasoline 

pool for chemical uses by an additional application of 

conversion installations 26 ) 

EthylPne is produced by a cracking process in a tube 

ave~. The increase in price of the hydrocarbons led to 

the position for the raw materials being the paramount 

cost element. This portion increased from 35 % in 1971 

to 78 % in 1981. Therefore countries with crude oil 

should try to develop a µetrochernical industry. In this 

field some new methods were developed: To broaden the 

basis of raw material to lower and higher hydrocarbons 

the combined cracking of mixed introduction material w~s 

studied. For example it was reported, that cocrackinq of 

ethane-naphtha mixtures in a millisecond-oven improves 

slightly the yield of ethylene 28). 

Isobutene is more and more used for the preparation of 

methyl tert. butyl ether (MTBE); this product is used 

in countries which use leadfree gasoline tc rise the 

octane number. As the amount of isobutene Jn the c4-

fraction of the ;.team cracker is limited, in the near 

future in industrialized nations there will be a short

LJ g e i n t h i s p r o d u c t . H e r P a ri ;:i in i s a p o ~; s i b i 1 i t y f o r 

MTDE for sell. This will be a posGibility for example 

28) C.fl. :--:m1iljski e.;-i., UiemJnij.Proqr. 7__:3_1__(5), 49 (1902) 

30 -
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to cou~tries with ~~g propylene capacity. The open 

quest;on is to ~uy the needed methanol fer this pro

cess or to synthesize it. In the HTBE process the 

c4 fraction is used after s~paration of butadiene 

by solvent ~~traction. From the remaining mixture 

only the isobutene reacts with methanol on the cata

lyst. Acidic ion exchangers, perfluorinated sulfonic 

polymers or adducts of methanol to heteropolyacids 

are used as catalysts in the different processes. 

Fig. 8 shows an integrated MTBE process combined 

with the separation of C
4
-olefins. 

Fia. 8: Separation of c
4
-fraction and use of the different 

compounds 

I ·1 ! C 4 - fr ace ion! r-_e_x_t_r_a~c_t_i o_n_--..i~ bu ta_~ __ D_: o_l_ym_e r-1[~ u bbe r I 

l 
reaction butcmes:1 

butenes 
-A~-------~ MTBE [---r---~> 1 : 

-------i r gasolin~-] 

i~;omPr i zat- ion 

r--
! h11tene - l 

)butene-?. 1 

( 

butene-1 

butene-2 

n-txitane 
L. ----,---

'! ' ; ' : I I ;1 ~ 1. t lf\ 

' __ _J 

--C~ydrcot ion 

I 
,--'1--~---1 

-----1 n-ht1t~ne 1 
L. _______ - . - - . _ _J 

! addition • 
I . 

splitting 

pure 

i.sobutene 
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A new comb~nerl process permits also the use of n-bu-

tane to r~oduce MTBE and consists of three steps: 

the isomerization of n-butane to isobutane. secondly 

the dehydratio~ of lhe isobutane to isobutene and at 

L:i s t t h e r e a c t i o n o f 5 s o bu t e n e w i t h m e t h an o l t o rn 8 E • 

This possibility enlarges the preparable ~mount of 

r-lTBt 
29

) It should also be noted, that the conver-

sion of butanes to butenes is very important in the 

future. for th~ butanes are surplus products. As 

shown in Fig. 3 the formation of MTBE can also be 

used as a first step to receive pure products like 

the different butanes and butenes. 

The increased demand For isobutene to MTBE production 

caused new work For the isome~ization of n-butene~. 

In industrial laboratories a series of ne~ catalyst 

systems are develo~ed for this reason. The possibility 

of the reaction on fluorinated oluminium oxicie or alu

r;iino sil icate:-3 i:; reported. also the prepar3tion 1if 

isobutene 

n-butenes 

froM n-butane by consecutive d~hvdration to 
30) 

anc1 subsequent isorrierization 

c) Swimming petrochemlc'11 plants~ 

Of special interest may become t.he idr~a 3l), to build 

up swirrimin~ p~trochemlc~l plants For the direct pro

cessin~ of nciturcil qa~c; cincl rietroleum riris, esp. in the 

29) r,.R.r·111clc1aric;, M.J.Pertnnn, llydro,:nrbrm f)rrv. 5'J (HJ). 'JI (l'JflU) 

j[J) hiror.Pcitcnr 42 2)7 (l9RO) 

-· 5 2 -
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(i) in countries ar regions without enough infra 

structure and 

(ii) •.·;hen the ra·."-iiaterial deposits are marginal. 

This reduces the costs for obtaining and processing 

and may be a good possibility for some DCs. 

For a complete use of the gas \·1hich accompanies the 

oil durinc production it should be utilized as near 

at the bore-hole as possible. Four examples shall 

explain the idea. 

- s~imming urea plants in the gulf of Iran. 

Becaus8 of the missing infr3 structure the accom

panying petroleum gas shall be used in a swimming 

urea plant ;-iith a capacity of 1000 t/d. Thcs fer

tilizer plant has the ::idvanta0e that it c3:1 be built 

in an European shipyard ond dragged to its berth. 

Th 2 produced fer t i 1 i z er can be sh i p e d 1-1 it ho u t in t er -

mediate storaqe. The petroleum 0as is transported to 

the plant from the nearly situated drilling resion. 

If the gas is de~leted the plant can bP dragqed to 

the next place. lhe omitted costs for installations 

oG land, for roads, intermediate storages and post 

facilities compe1sate the costs of the swimming 

equipment. Also such natural 9as recurences may be 

used by this mobility, which are not use8ble by com

mon technoloqy. 

- swimmin~ ~atural qas power station. 

Thi;, is ~ nroj2ct. c;:illerl EPOS (Flectrjc PowHr On 

a q ~ :, h o r P h o l P ;1 t t h '~ \J o r t h C P r rn ;i n r. G ; 1 :_; t: ;, h e l f . 

'.-iith ;:in inc.t:illPd f)O'iler of '.)S() r1',·/ thr~ CO';t;, of the 

, , 
) ,) --
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power station including the energy transport en 

land will be 650 - 750 mill DM. With the expec

ted gas quantity it woJld not be economic to 

construct a pipeline to the land. 

- swimming methanol plant. 

One German and one American chemical engineering 

company offer swimming methanol plants for the 

same use of torch gas than above. Such a plant 

costs 300 mill US-$ with a capacity of 2800 t/d. 

- swimming poly ethylene plant. 

AJl the above mentioned factories are only in the 

planninq stage. But a swimming polyethylene plant 

was already built 1981 in Argentina 8nd is situated 

in the Bahia Blanca Bay. The equiment was built in 

Japan and has a capacity of 120.000 t/a. 

Two new noncryogenic procedures were developed for 

the production of enriched or high pure hydrogen from 

hydrogen containing gas mixtures. The first of them is 

Cl n a d s o r p t i o n p r o c e d u r e 1,-1 h i c h 111 o r k s w i t h t h e p r e s s u r e 

changing technique. Contrary to the known method with 

zeoJ ithes here carbon molecular sieves are user~ for 

: ~ h >'. , 3 e p a r a t L u r1 . rJ n t h L ~_; ; ~1 :.i L ~ r i d t t h ? t y p i r ~ : 1 l iJ t: t e n -

rlAnts of hydrogen in technicAl g:.ises (e. g. nitragPn, 

r.arbon monox i.de, r.::irbon dioxide, or ITT8 thnne) are mtich 

Rtronqer absorbed thHn hydrogen. Therefore a separ~tion 

i '.; reach e rJ in flow in q th r o u <J h the ads or p r. ion ma t 8 r j <:1 I . 
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The second alternative process for hydrogen separation 

uses the princip of different permeation selectiviti~s 

of different gases through poly~er membr3nes, e. g. 

polysulfones. In the soc3lled "prisma sep<nator" (see 

Fig. 9 ) membranes are used as narrow tubular fibers. 

Fig. 9 :New methods for the enrichment of hydrogen 

a) 

hollmv 
fiber 

initi<Jl __ _ 

o FF qcis 

'"---hyclrGr,en 

a) prisma separator 

I 

I b) 
' I 
I 
I 
; 

1n1-

tial 
(j2S 

mix
tur~ 

off 
g::is 

b) arrangement of the separators 

T h e g a s m i x t u r e en t e r s t h e s e p a r a t i o n E. q u i p r.1 e n t u n de r 

pressure from the bottom 3nd streams up along the fi

bres. During this the hydrogen penetrates through the 

fibre w a 11 s and :.; tr earns r! crn n 'ti i thin the fibres . Se v e -

ral such equipments are connected in series. This tech

nology is now used to re(julate the CO/H
2 

relationship 

for the oxosynthesis and also for the recovery of hydro

(jen from the rest 02ses nf the ammonia synthesis. 

the sooner used methods, like low temperature distil-

l <1 t i o ri 0 n cl :; o o n . 
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3.2. Scientific disccveries 

In this chapter inventions will be discussed, which 

are in the labor3tory 3taqe today and miqht offer an 

economically feasible ~lternative in some years. 

The use of crude oil and residual oils for the pro

duction of ethylene was the theme of further develop

ment because of the uncertain views of supply. A new 

process, called "thermal re<Jenerative crackin']" works 

with a solid heat transmitter (inactive Al
2
o

5 
or car

borundum). The product is cracked at low pressure at 

775 - 1010°C and a hold up time of 0,05 - 0,5 seconds 

in a fluid reactor similar to these for catalytic 

cracking 32
). ~.t this time the process is tested in a 

pilot plant and using residual oils it shall give the 

mean products ethylene and propylene as well ~s consi

derable amounts of aromatics. 

Another realisation of an olefin process is reported 
33) from Japc.n It works also on the basis of crude 

or residual oils and ls called the COSMOS-process 

(Cracking Oil by Steam and Molten Salts). It is a 

variant of the conventional steam cracking process, 

which was rot s1iitable so far using crude oil because 

of the higher tar and coke occurence. The additional 

used salt m2lt is sedimented in a thin film at the 

inner walls of the crackinCJ tubes. So it prevents the 

sticking of coke and also catalyses the w3ter gas re-

f-. <ic._1on of the rleposited tar and coke. The rirocess 

f- n r; f- p :J () n ;"J r [ 1 J rj c~ 0 i. ) ':I j f- h 1 ') 1,-1 ';I] ! f I J [ (' '1 ri f- :'. r, f- CJ n rf r) Ct\/"' 

2 6 ::i e t h y l e n e , l !. ';'~ p r o p y l '.! n e , 6 '.',; C 
4 

- c o rn p o 1 1 n d s , 8 ~~ 

CfL!Ck n;:iphth:-i ~rnd 26 ;~ ftJPl 0 i l. 

-52) - Chem.Enq Fl6 (24), 5'J (l'J79) 

35) F.Ymriry.Jchi e ;1. Hyrlrocarbnn Procr~'.;:; Sfl (9), ;(,7 (1979) 

56 -
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But generally experts say. that all the processes using 

crude or residual oils will not contribute to the pro

duction of ethylene in the near future for eccrio:T.ic 

reasons. 

The use of heavy feecstock in olefine producing plants 

gives an excess of ethylene, butylenes etc. Therefore 

new conversion processes are of importance for the op

timal use of these side or coupling products. Several 

scientific groups persue this goal. One of the possi

bilities is the catalytic reaction of ethylene (and 

ethane) to BTX-3romatics. With the follo~ing reaction 

conditions: noble metal catalysts on Al
2

0
3
-carriers 

and 450 - 500°C 60 - 90 % of th~ liquid reaction pro

ducts are BTX-aromatics and 10 - 30 ~ c
9

-hydrocarbons. 

But the yield is only 10 - 22 %, therefore a commercial 

use is not considered at this moment. 

The catalytic reaction r isobutene to p-xylene is an 

in t ere st in G ''a r i ant o f the de hydro c y clod i mer i z -J t ion , 

but the )ields and selectivities 8re not sufficie~t 

for technical use. 

Outadiene as feedstock for chemical synthesis gives 

also new possibilities in the petrochemistry. In USA 

one company has alre;idy chanQed the whole prodLJction 

of adiponitrile to butadiene basis. Adiponitrile is 

a very important intermediate for the production of 

polyamides. In this process butadiene is hydrocyanizect 

in the liquid ph;:ise in presencP. of catalyst, 1·1hich 

~ n n t. ;i in ;i h r1 ·; r1 h i n es n r rho r; p h i t ,-~:, o f ~I i . l n o r· A l - ,, -<l I f- s • 

fhis tr>chnol,111y r10~1 substit.uteCJ the older hydroc:1;ir1at-.1or1, 

with dichloro~utene as an intermediate (see ri~. 10). 

- 37 



Firi. W: 

CH 2 = CH 

Cl - CH 2 

\'/i th the 
34) 

do1vn 

-

-

~7 - :> J -

Reaction of bLtadiene with hydrocyanic acid to 

adipodinitrile. 

CH = CH 2 + 2HC\J !'J - c - (CH2)4 - c - ;\J 

I I H2 
: r1 
I ~ 2 

J HD; 
CH CH CH 2Cl ~ \: - c CH 2Cfi - CHCH 2 N = - " = - - -

-HCl 

new process 45 ~ of thP energy can b2 cut 

Other dimerizations of butadiene gi~e 

esting bi- and polyfunctional c
8
-molecules, a~ shown 

in Fit]. 11. 

f:_i_g. 11: Dimerization reactions of butadiene 

--~-----~----~--- ______ i 

For all these reHc~ions Pd complPxcs with different 

1 i q cl n d s ::i I'f? 1 J [, ~ cJ • I n t h i ~; '"a y l , 7 - o ct ;id i n n e , r,::; t ~ rs 

-, I ' ,I.+) rhr-!m. tr•rJ. fl7 (5), 49 (l'JH(J) 

- 5U -
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of 3.8-nonadienic acid or l-ethylidene-6-heptene-5-
3 ')) 

olide are s\nthisized 

',·/ i t h t h e i n c r e a s e d p r o d u c t i o n o f rn 1:3 E 1 n f u t u r e mo r e 

butadiene is isolated from the C,-Q3S fraction and 
:+ 

therefore all the butadiene is not needed for poly-

merization. At this time such other uses of buta-

diene are an important alternative. 

Methane 

Today methane is essential used for the production of 

enPrqy. Beside of its use for the production of syn

qas, acetylene and ethylene by pvrolytic methods, chlo

rinated products, hydrocyanic acid and cs2. it would 

be very useful, to transfer methane into higher valu

able and hi~her boiling proJucts. If methane could be 

reacted directly to petrochemical raw materials, esp. 

c
2

- and c3-oiefins, 

rivates like methanol 

aromatic:> or oxyqenatec! C 
1
-de-

o r f o r m a l d e h y ci e , i t 'ti o u l d b e z1 

s u b s t a n t i a 1 ci l t e r n a t i v e t o C' l' u d e o i l 0 ::; c h e m i c: a l r a '.-1 

materinl. ThesP perspectives are the re~son for inten-

sive rese~rch and development in the field of methane 

chemistry in the last years 36 )_ 

In the followin~ short discussion only results are re

ported, which are way::; from methane to methanol, form3l

dehyde and c~ -hydrocarbons, and have a chance for tech-
L+ 

nical realisaliun. 

Fc,r example a hrimorJer1ou:, oxidation o;" mf~thane by tt..ric 

~; u 1 I cl t e i n '1 :j u l f 11 r i c ~1 r: i d s a l u t. i on , ci f t e r a p r e v i u 1 1 s 

l '.' ~ _ : '/ t ~ : r J f I ;. J •• ; I ' j ' , ..-) ["' '. 1 ~- l r J f I • J ;~ : ! ~ J i / r·· -- : ~ ~I t I -

l y s ~. is rjpc;c r ibPd 
)7) 

35) J.f .Knifron, .J.[;1bil.Gil, n (]'J79) 

56) -, ~,l:ichr.r:h1~m.fecrri.L;1b. 55 (!1), 2'J2 (l'Jfl'J) 

57) r;.Viinir1, fJf--W, )!(JJ[JZ4 



- j ') -

Pd/C 
CH,, -------j CH,. 3ds. 

~ 4' 

2s
0
c, 50 bar 

The reaction has 92 % selectivity to methanol. 

In another important reaction the methane is radicalic 

activated by chlorine, which functions also as an oxi-

dant. [hlorine and ?thane react in an adiabatic flame 

at normal pressure and 700 - 17D0°C to ethane and ethy

lene. with the side products hydrogen and hydrogen-
; 8) chloride 

'< = 0,1 

1
:1 i th ;net h y l ch 1 or id e ci s u; termed i a t e at hi q h tern per 3 -

tures (>5D0°C) and normal pressure mostly ethane is 

b --t t- l t tr (~400°C'; d h. h Uli , a_ ow empera u e . - an iq er pressure 

(6 - 7 bar) hydrocarbons ir1 the nc.;phtha rer:iion are iso

lcited. 

The reaction of methane in presence of rnet~l oxides 

(that is a hetero0enous activation) is as well an oxi

dation to methanol anrl fnrmaldehyde as an oxida~ive 

coup led reaction to hi rJ her hydrocarbons • [ ~; p . the 1 as t 

r e ci r:: t. :-; \· 1 i t h ~J 
2 

0 o n Cl r~ o l y b ci en u m Is i 1 i c a r. a t a 1 y s t a t 

550 - 6D0°C. The methane conversion is 3 to 6 % and 

t h e o v e r a 11 :. e le ct i v i t y f o r m e t h a n o 1 Cl n d f o r m a 1 d e h y d e 
5 SI ) 65 - 80 ~ (HCHO:CH70H = 4 : l) 

) 

30) S.fJ.1-!ene!Jhnn e.;i., Ir:t.J.[h,~m Vinct.!J:. 677 (lCJfH) 

srJ) H. ~ . Liu P. :i. , J. 1'w1. r:hF~rn. r;r;c. JEl£L 4 l 17 (1 '784) 
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Similar results are repo~ted in the Russian patent 

literature: methane reacts with air on a catalyst to 

formaldehyde. In a laboratcry fluid reactor at 

650 - 700°C for example formaldehyde selectivities up 

to 65 % are described, the methane reactivity was 30 % 

at a contact time of l second. On another catalyst 

(Sn 3 (P0 4 ) 4 /~i0 2 ) at 500 - 650°C selectivities up to 

94 % formaldehyde are reported. 

The production of ethylene and acetylene from methane 

and the formation of hydror_Jen at the same time with 

high yields is only possible at high temperatures 

(1500 - 4000°C) because of thermodynamic reasons. 

T h e r e f o r e a c a t a l y s t h ri '" no success, but in 

the presence of oxidants methane can react in a higher 

der_Jree, hecause the evoluted hydroger1 is bonded to 

wate~. Especially the oxidative methylation of toluen~, 

propene and isobutene is economically hopeful to 

ethylbenzene and styrene, resp. butadiene or methyl

butadiene. In a similar reaction acetonitrile and me

thane gives acrylonitrile. For the reaction pathways 

see Firi. 12 - 15. 

F i9. 12: Principle of oxicbtive mef-hylation 

11,, 1-111,0> 

ri. s n7 
-----~'=-~-) 

-f120 

r> f' -r'f' ,- -- , 12 

- 41 -
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Fig.13: Oxidative methylation cf toluene, propene and isobutene 

rH3 oz rH3 ~H3 
CHz=C-CH3 + CH4 ---7 CHz=C-CH2 -CH3 + CH2=C-CH =CH2 

liq. 14: 

Fig. 15: 

Oxidative methylation ofacetonitrile to acrylonitrile 

Potential ways from methane to acrylonitrile 

L------ ------

.,_ . , I (. - ', 
... ~·,I.I JI,, "I' "! .. ,, ·-? l. '2 _:.1 -1, ' 

----r 
I 
i 
I 
I 

- 'i') -
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The oxidative reaction was also observed on acidic 

zeolithes. In this reaction aromatics shall be built. 

Another reported possibility for alkylating of ole

finic hvdrocarbons with methane uses Ni-c3talysts in 
• 40) 

a gas phase process 

This principle studies show, that methane reacts in the 

presence of oxygen with compounds possessing an activa

ted methyl group; the result is an elongation of the 

chain by one carbon atom. In this way at first an ethyl 

group may be built or directly a vinyl group. Further 

on the ethylgroup subsequently may be oxydehydrated ta 

a vinyl group. The overall reactlon therefore i::; a conver

sion of a methyl qroup into a vinylgroup. Th11s toluene 

gives ethylbenzene and styrene, propylene gives 1-bute

ne and butadiene, and the reaction of isobutene with 

methane gives isopentene and isoprene. The first of 

this reactions is an interesting alternative for styrene 

without using ethylene. 

The oxydative methylation of acetonitrile gives a mix

ture of propionitrile, acrylonitrile ~nd hydrogen cya

nide. But since propionitrile is oxydehydrated to 

acrylonitrile and hydrogen cyanide is oxymethylated 

with methane to acrylonitrile, these both side product3 

can be recycled. In this way a 90 - 93 % yield of 

acrylonitrile is possible. Combining the oxidative 

methylation with known reaction3 qive3 new ways to 

a c r y 1 o n i t r i 1 e o n 1 y u s i ri r1 m e t h a n e , a s s h o .,., n i n F i q . l ') . 

40) J. D. lri fT1 e: r:. n. , J-!Jwm. ~)oc .Chern. Curnmun. 

l 'JR4. l L 77 
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This methane chemistry seer1s to be of high scientific 

interest and to be promising from an economic view

point. For countries with natural gas this chemistry 

in some years could be a possibility for industrial 

application, but further scientific programs are 

needed for the t:ansfer of this ideas to industrial 

applicability. 

Alkanes: 

From the available C -
4 

tane gaines importance 

zind c
5
-8Jkanes, 

for the synthesis 

the n-bu-

of maleic an-

hydride. So it substitutes the now used raw material 

benzene, which is more expensive. This change in the 

raw material is possible by the new µrocess of the gas 

phase oxidation of n-butone in a fluid bed, which is 

alrcarly commercially used. 

C - and Cr-isoalkanes are increasingly used for the 4 .J 

syn~hesis of isobutene and isopropene. The i~creased 

requirement of isobutene for the MTBE production was 

a motive to look for new proce~ses for the selective 

dehydration of isobutone. In such a new process isobu

tane Ls dehydrated in presence of steam on a fixbed ca-

L=dyst. 5 0 ?~ o f t he i s o b u t 3 n e r e a c t ~> i n o n e p a s s a g e , 

after recyclinq the non reacted isobutane the yield is 

9 5 ~~ 6.1 ) ( :; >'? e ;.i l '' o c h a p t c r 5 . l ) . 
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New scientific studies report the conversion of alkanes 

to aromatics. Two ways are known: the dehydrocyclization 

of alkanes with at least six carbon atoms, and the de-

hydrocyclooligomerization of shorter alkanes. For these 

reactions mostly noble metal and Pt/H-ZSM-5 catalysts 

are used 42) 

Aromatics: 

Toluene is a su~plus product under the mostly used 

BTX aromatics and is also more available than benzene. 

This was the reason to intensify research work to the 

direction of using more toluene for primary chemicals. 

and monomers, esp. in competition to benzene and the 

xylenes. 

Up to this time good results are received with the se

lective alky1ation of toluene. The g2sphase reaction 

of this compound with methanol on a zeolithic catalyst 

at 400°C 50 % reaction products, with 

70 - 8 0 ?6 

)70 - 99 ?~ 

p-xylene 45) Even better selectivities of 

for p-xylene were received using crist3l-

lized Si0 2 with Ca-carbonat. In thiscase hydrogen has 

to be used to ~inimize coking of the catalyst 44 ). 

It is also possible to alkylate toluene at the methyl 

qroup. Here with cesium oxide as a catalyst and 45o 0 c 
ethylbenzene and styrene nre received with 33 % and 11 % 

selectivity. If the yields can be increased, this reac-

without ethylene. 

42) f.Jnui, F. Okasumi, .J. of' [c.italy;;is ?~ 3tSfi (l'JFl4) 

45) Furop. l'~Jh~r1ts 37.650 imd 58.116 (l'JP,rJ) 

44) r:hf~rn. Sy';lern;;: f'roce;;'-; f valt1~1t ion and Hf•c;F~arch 
rd 

Pl;irinir1rJ • .5 :i,:.:1h~rl1, flr>pnrt, p. 272-Z/ll (l'JH?) 

I' ., ) -
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The reaction of toluene with ethylene on n zeolithic 

catalyst qives ethyltoluene with 90 - 99 ~ p-substitu

tion. Its catalytic dehydration gives p-methylstyrene, 

w~ich may be polymerized to poly-p-methylstyrene in the 

u3ual m:::i:-ir1er. This polymer has some advan-

tages against polystyrene, e. g. better heat stability, 

t he p o s s i b i l i t y o f r a d i a t i o n c r o ~; s 1 in k in g an d h i g he r 

sensitivity for flame stability additives. We therefore 

expect that styrene will be partly substituted by this 

monomer. 

Toluene is already in competition to benzene in the pre-

paration of phenol. To prepare this compound toluene is 

oxidized to benzoic acid, which is decarboxylized to 

phenol in a second step. The disadvantage of this method 

is that o~e carbon atom is lost by C0 2 (Fig. 16). 

£~i_g-~_ l 6_:_ '\ e 'ti r e ci c t i o n s o f t o 1 u e n e 

) CH3 -<0-CH3 
' <0- CH=CH2 / 

' CHy® - CH=CH2 / 

~ @-OH + co 2 

, /;)\ OH 
\~-

+ CH 2=0 

'--------------------,------ --·------------- _____________ j 

---' 
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In :::i n ~ ·..i v cl r i ~HI t o f this reaction toluene ls ox i-

d i z. e d i n ,, •_: ·~ h a '"" 3 y . t h 8 t p h e n o :!_ i ::; b u i 1 t f r o ,11 t h e 

t-. 
aro::-ia~1c r i n g an d t h e cl e t h y 1 g r o u p g i v e s f o r ma 1 d e -

hyde. The reaction path is somethinq difficult; in 

a first step toluene reacts with oxygen in presence 

of caro's acid and acetic anhydrid~ to a mixture of 

;:icetoxy benzene and methylenectiacetate. This mixture 

is pyrolized in a second ~tep and acetoxy benzene 

g i v e s n o •11 p h en o 1 a n ci k e t e r 1 e ; f o rm a l d e h y d e an d a c e -

tic anhydride are formed from methylenediacetate. At 

the end the ketene reacts with acetic acid to the an-

hvdride. 45) which is recycled into th~ pracess 

Aromatics: 

The processes to isolate aro~atic compounds from pyro-

1 y sis gas o l~:v>. reformat e rps o 1 Lne or c i:- u de benzene fr CJ m 

coking pl0nts are state of the techni~ue. Pro1ress is 

reported in the extractive distillation u~ing pentene

nitrile as a sluqqish; e. ~- for thP s2paration of 

cyclohexane-benze~e mixtures. Also the process for the 

isolation of aromatics with the molsieves is extended: 

the separation of aromatics from mixtures with aliphatic 

compounds is possible with ZSM-5 zeolithes. The isola

tion of m-xylene from a mixture of c
8
-aromatics, o-, 

m-, p-xylene and ethylbP-nzenc is successftil 1·1ith Na-

Y-zeolithes with a yield of more than 98 % anrl 99,5 % 

r, '1 r it y • The process r uric; c:i t l 5 () ° C and 7 bar . Z e o 1 it hi c 

r ;:i ta 1 y ~'ts ;-1 re ~d ·-; o us f~ rl t '.l i ~; o mer i z e C 
8 

- a r om ;it i cs to 

n - "<'. v 1 c'r10. 

----------·--~----

4'.1) 11~~ ["nt:r:rit 4,l)(i.7'15 (L'J79) 
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Another point of research is the better use of phenol 

in chemical synthesis. So the reaction of phenol with 

methanol on spezial catalysts (Fe-In-Cr-oxides on Si

oxide) yields in high selectivity, 2,6-xylenol an im

portant additive for polymers a.s.o. A new use of 

phenol should become important if it is possible to 

transfer the new process in which phenol and ammonia 

reacts to aniline to production scale. In this process 

phenol reacts with an excess of ammonia on a Lewis 

acid catalyst to aniline and little diphenylamine. 

This way of synthesis avoids the intermediate nitro

benzene and thus the use of the corrosive nitriding 

acid (see Fig. 17). 

Fi CJ • 17: New uses of phenol 

OH 
C H3 '-~'/CH 3 

I~ 

Acetylene: 

This primary product is now again in discussion as a 

potential substance in future 45 a)·The hasis for this 

l':; '3 ~;hort tLinP pyruly:;i'; of t_;rJal ir1 a hydroqr~n pJ;1,;r;ia; 

in this ~ successivP degasinq of the cor:Jl t~kes place 

as well: as a subsequent reaction of the hydrocarbons 

to acet~lene. Up to 55 % acetylene yield are reporterl. 

_, _______ - --'----------··------· ------~-

4 'j a ) F ~ P ij s :; I e r : r: hf: rn • f n r J • Tr~ ch . '))__J_ 4 I_ 1 ( l 9 8 ; ) 
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Polvmers: 

The economic situation has been stabilized in 1984. The 

extent of preparation plant utilization was much bet

ter now for all standard plastics like polymethylene, 

-vinylchloride, and -styrene. The use of polypropylene 

always increa3ed in the last years. In the field of 

polyolefins better catalysts and man11factoring pro-

cesses give better economic efficiency 46)_ Er.g ineer-

in~ plastics and polymer blends show further high 

growth rates. Polymer blends are a new and difficult 

field of polymer chemistry, for polymers are only com

patible if they have a negative blending enthalpy. 

This is the reason, that the possibility to prepare 

blends is very reduced. 

An example for the dPveloprnent in the field of engineer-

1nq plastics at this ti~e is the capacity duplication 

for a new shock-prove butadiene-styrene copolymerisate 

47). 

A number of new engineering plastics had been developed 

in the last ten years, but now clear indications 

are to he seen to improve and modify wellknown poly-

mers fulfilling in this way the requirements of ~he 

market. 

Here are some examples of new developments: Polypropy-

lene r~inforced with ulass fibres or other fillers has 

higher impact ntren~th, stiffniss Anrl he~t stAhil ity 

than u n f i l 1 e cl p •'J 1 y ci rn id e - (, . u . The b a'.; i :; o r the rJ eve lop -

ment is CJ special polyprupyl8ne quality and rJiVF~s com

pounds moderate in price. The hither known possibili-

-·· --------- -- ------- ·- - -· 

!; (,) 11 r rJpr-~ ~Hl LhPrn. 5 I ,. ')? _) __ (l 984) 

f-IJUJflF?;JrJ [hF~fn. 3 5. r) (/) ( I r;w+) - ti') 
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ties for the preparation of reinforced PP needed maleic 

anhydride or acrylic acid For the modification of PP. 

A new elastomer modified polyester with high impact 

strength, good lowtemperature stability and high load 

capacity at high temperatures allows on-line baking 

varnishes Gf large flatspread parts of car bodies, e. g. 

shock absorber elements. 

New commerzialized polyacetal-elastomer blends in

creasingly gain new Fields of application. Another new 

product is a polyphenyleneoxide-polyamide blend. This 

polymer has better stability for fuels and lubricants 

than the known modified polyphenylene oxides and shall 

be used in the car industry. 

A new polysulfone-ABS blend with a heat stability of 

more than 150°C is recommended for molded articles with 

higher using temperatures. In Japan a production plant 

for polyphenylene sulfide is under construction. This 

engineering plastic has a arowth rate of 30 ?~ and is 

used in the electro and electronics industry, but also 

for thermal claimed elements in the car-industry 48 >. 
Interpenetrating Polymer Network (IPN) blends are com

binations of uncompatible polymers, in which each poly

mer forms a separate and continuous phase. The basis 

for first trading products are hydrated SBS-three block 

polymers. The physical two phase ~etwork is penetrated 

with a polymer melt and givPs an IPN network which is 

s t ;ci b l e "l t r. o a l i n n, d o 'ii n . S 1 1 r: h [ fl '! h 1 c: n c ·; ;:i r ~~ kn r) w n ·11 i ~ ~ 

nyinn-ll, polypropylcnP ~nd polyethPrsulfone. Maynettc 

cJ c1 t c.i d i s r. s f o r l a 0 f_: r s c a n n i n '1 i n f o r rn a t i o n '.3 y s t cm '.3 rn a y 
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become al large mar~et for some polymers. These have 

to posess high transparency, low birefringence, op-

tical homogeneity, low hygroscopicity and good ther-

m a l form s t a b i l i t y . A t t h i s t i me p o l y me t h y l me t h a c r y l ate 

is used for video discs and polycarbonates for 

audio discs. Both polymers are in development for mag

netic dara discs, but also silica glass. 

In the field of polyurethane monomeric methylene diiso

cyanate will become more important than toluene diiso

cyanate. For light-resisting polyurethanes new diiso

cyanates, like 1,3-bis(isocyanatomethyl)cyclohexane 

3nd tetramethylxylilene diisocyanate were developed. 

For better fire resistance of expanded plastics co

polyoles and crafted polyoles v1ere used. Special polyure

thanes have technical and economical advantages as 

seal in g material for insulating '1 lass aria inst poly s u 1-

f ides, silicones and polyisobutene. 

The world production of man-made elastomers which de

creased 1980 - 1982 about 17 %, increased 1983 for 4 %. 

This trend continued in 1984,but new developments belong 

1nore to spezial rubbers than to tire eiastomers. Germany 

began to produce hydrated nitrile rubber. Another special 

rubber, which resists high temperatures, oxyqen, ozone, 

peroxid~ containing ftiels, olls 1'ii'h odditives and hydro

gen sulfide, is produced by se1edive hydration of the 
o 1 e fin double bonds tn natur,d rubber. This material 

is used for hiqh strained sealinQ materials for crude 

oil prodtJction ;:ind CJutornobiles. 

In the field of m8n-made fibre3 only a small Qrowth is 

'> t -
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expected. ':/h<Jt is nm·1 tc1 be clor1e is tu improve the polymeri-

zation processes using higher active catalysts and to 

develop new technologies like fibre polymerization. 

For all steps in the production of polyamide-6 new 

proce3ses are available: higher polymeriLation out-

put, pastcondensation of granular material, continu

ous wash and drying processes and waste reconversion 

processes. The filament manufactoring is now possible 

as a one step spinning-extending process, esp. for 

tire cord and technical yarns. It is also now possible 

to regulate the caprolac~me polymerization process in 

such a way, that the monomer and oligumer content in 

the endproduct is as low, that an extraction before the 

spinning process is not necessary. 

A n e ~' so 1 vent for c P 11u1 o s e , the N -met h y 1mo["pho1 i.r1e ox i cJ e , 

shortens the production time for 

cellulosic fibres, lowers the energy costs and increases 
49) the quality 

Possibilities of fibre recycling are more and more inter

esting, for example the wo["k up of cellulosic waste to 

f i 11 er s by ferment 2 s ; the tJ s e of fibre waste of pa 1 yam id e , 

polyester or polypropylene to prepare needle fleece, and 

the productior1 of dimethyHr~L'P!lht-.halate from polyester 
•t1aste. 

A ne•t1 special materiril for technical yarns is polyami.de 

-4,6. Its preparation from 1,4-diaminobutane and adipic 

;1 r i rj ') i I/:~~· 3 0 'n rj lJ ct .,, i th 3 1] 0 ° r, 0 ,, ' t j r1 'I fJ 'J i r1 t . h i <j h 

:;Lrength a n d cJ i m f~ n s i o n ::; t a b .i l i t y • I n cl '~ v r) l o p rn '; n t .i s a l -

so a new polyam.idP fibre with high wat~r absorptivity, 

i+ 9 ) -- ' ch; rn • ':i co~ k . 2 ') . !\pr .i l l ')Fl 4 
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which consists of 80 % polyamide-6 a,d 20 % polyadipat 

-4,7-dioxydecamethylene diamine. 

Polyacrylic fibres, which contain cupric sulfide, have 

such a good electric conductivity, that the addition 

of less than l % to other man-made fibres is enough to 

avoid static electrical charge. The mixtures are used 

for floor ccvering, draping textiles, working and pro

tecting clothes. 

Another development is the preparation of polyethylene 

fibres with high molecular weight (M = 1,5 x 10 6 ), 
n 

which are spon from decaline by a qel spinning process 

and are then extended to a hiqh degree. fhey are used 

as reinforcinq fibres. 

ThE importance of pulypropylene fibres is increasing. 

Their main fields are technical textiles and textile 

floor covering. 

Let us conclude the comments about fibres with some notes 

to carbon fibres and hi.fJh temperature fibres. In 1982 in 

Western Europe 300 t of carbon fibres are consumed and 

the yearly qrowth rate is 20 - 30 %. The production of 

carbon fibres from pitch is cheaper than from polyacry

lic fibres. C-fibres which have a 5 - 10 fold better ad

sorptivity than activated chCJrco;il are no•n prepared from 

polyacrylic or cellulosic fibres. for this the last 

called fibres are set on fire and tr8atrd 1t1i th steam. 

In this wnv micrn pnr0s ~re dev8lnped within the fibres. 

r ' - _)_) -
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A new aramide fibre an the basis of poly(m-phenylene)

isophthalamide with very low heat shrinking is entering 

the market. It is used ,...;electric isolation material, fil

ter tissues and protecting clothes. Ceramic fibres are 

used for the reinforcement of aluminum, 

and organic resins. 

lead, ceramic 

It is to hope that in the near future the study of the 

connection between the structure of a polymer and the 

electric conductivity will be successful. In this field 

other polymers in additi~n to the cl3ssical substance 

polyacetylene gain more importaGce. 

- ~4 -
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Possible implications on current production structure 

Already now and in the near future countries 

with large hydrocarbon resGurces should install 

- more facilities for cracking, hydrocracking, vis

breaking and other conversion possibilities, to 

be able to produce more fuel and less fuel oil. 

this gives more low molecular olefins and paraffins; 

esp. plants to isolate butadiene and isobutene, and 

to isomerize the n-butenes should be installed. 

- more manufactoring plants shou!d be erected for 

MTBE, which is needed in industrial 

leadfree gasoline. 

countries for 

Countries w~th coal deposits should p3rticipate on 

research of coal chemistry, to be able to produce 

petrochemicals in the near future from coal as shown 

in the next two tables: 

Fig. 18: Process of coal chemistr1 

coal 

coal 
degasinq 

coal 
qasific;:ition 

,--
l~' i;.; L 
hydration 

coke ,__ _ _.acetylene .__ ___ _, 

-------... § products 

methanol 

aliphat ics I 
olefrns 
;:irorna c ics 

r-~----------J r l iqrd: 
-1hyrlrat: ion 

pro~uc~s ------[] iclcJ le <1nd 
F!;.wy oils 

r r 
- :J) -
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Fig. 19: Production of chemical feedstock from crude oil 

or coal 

crude oil 

partiell 
oxidation 

re form in 

crack in 

crack in 

crCJckinq 

refining 

gasification 
syn gas 

1 J-icatalytic process 
methanol 
~-----1 
~a-r_o_m_a_t_i_c_s_-v coking and 

hydration 

ethylen~ 

propylene 

butane 

butadiene 

higher pa
ra ff ins 
higher ole
fins 

riasification 
Fischer-Tropsch 

t--_n_v_r_o_l_v_s~~~-~---~~tylene ~ carbid hydrolysis 

oxidation 
oxygen con-1 
taining Fischer-Tropsch 

IE--------~------' 
compoun~ synthesis 

Countries with no hvdrocarbon re3ources should intensi-

fy their efforts to produce chemical feedstock from 

different biorllass and 111aste biomass: 

- production of synqas/methanol 

- production of ;,ugar 

- producUon of oxychemicals 

- rroduction of aromatic chemic ab:; (fr orn liqnin) 

- fermentation of cellulosP to ethanol 

.. ') 6 -
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~- CO\JCLUSIO\JS 

News about the end of the petroleum reserves have led 

to intensive research about the use of other resour

ces (coal, oil sands, shale oil, biomasses), but have 

also brought an intensive search for crude oil and 

for enhanced oil recovery. 

The discovery of new catalysts has shown, that it is 

possible via the production of syngas, th synthesize 

a pallet of products like gasoline, olefins, aromatic, 

but also of special intermediates, which are again 

feedstock to classical organic chemicals, may be pr~

drJced with known processes. Naturally, the circuit 

route via syngas rises the costs of the products. ~t 

this time crude oil is somethina cheeper and there

fore available tn larger amounts; this is the reason 

why the alternative ways are repressed at the moment. 

But as thA occurrence of crude oil is finite, i_n short 

or larqe periods the alternative resources will be

come significant again. 

Trends in research and development indicate the wish

ful thinking to as high a flexibility of the produc

tion equipments and proces ~es as possible. To give a 

chance to all countries, especially such processes 

should be treated intensive, which produce petrochemi

~als from biomass or waste biomass. 

fn f11tuee there 1t1i 11 be less nei,-1 rronomers in the field 

uf ;Hilymr~r ic ma~,,~r~·1l, but rnurr~ rir""' prc)(:'c::>:; uir] ~.:,;c:i

nolnoi~s (polymer blenrls, hioh temperature reststinq 
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fibres, carbon fibres etc.) which give better plastic 

materials, synthetic rubbers and synthetic fibres. 

But till today the scientists did nof succeed in the 

preparation of synthetic hollow fibre~ to imitate 

tre absorptivity of natural fibres. 

There is a need to found the corresponding university 

3nd research institutes parallel to the erection of 

an own organic industry and to supply with enough 

funds to enable these institutes to adapt Foreign 

processes to the own conditions and to train native 

experts. 

• 




