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Introduction 

During the past 15 years people often a;;ked themselves where development trends 

will lead man-made fibres production. And they were looking for answers to 

several questions: 

- in the :irst place they wanted to know in what amounts which types of fibres 

wilJ be prrduced, 

then - part.cularly since the oil crisis of 1973 - they wondered whether 

it will be possible to ensure the flow of raw materiais, 

- another aspect relates to the effect of the man-m.:i.des on textile techniques 

ganerally, 

and finall:1 the question arose in how far the final consumer wili. be able to 

profit by these developments. 

The nature of the above queries cleC".rly .indicates that it is anything but easy 

to trace the development trends in the field of man-made fibre ptoduction. 

Moreover, additional factors arose during the last 3-4 years which tend to 

shake the bases of many possible answers. - All thes~ things considere-:l, the 

subject requires study within a somewhdt enlarged context such as sketched in 

fig. 1: 

I 
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I 
raw materials 

Man-madl fibres 

I 

textile world of 
the consumer 

IEnb I Basic factors for studies of development trends in 
TT1 man-made fibre production 

textile techniques 

Figure 1 - Basis factors for studies of development trends in 

man-mace fibre production 

This slide also illustrates the interaction between nupplies, prefcren~es and 

necessary tP.xtile techniques and is therefore a suitable guideline for me to 

follow . 

The texti~e world of the consu~er 

It may help to cast a look at the ideas which people have of textiles. First 

we should remember that n1<rn has three basic needs: 

- food - protection of the body - shelter -

These needs are the sum of fundamental precessities which mu$t be fulfilled to 

ensure hl.Dllan survival, and additional wants. In the case of textiles, necessity and 

want r.an be particularly ..,ell cor.lbined which places textiles ir.~o a quite a 

special position aioong the things which man requires to C· 'Ver his be.sic needs, and 

we uPderstand why man in the course of timP. and with growing supplies of 

textiles used their. not only for protection but also for self-expression. And 
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since man-made fibres now add their vital contribution the have become symbols 

of the modern way of life. 

But when we study this modern way of live more clt)Sely we scon realise that 

it is affected by quite a number of influential fcLctors which plunge it into 

,1 
I 

a condition of constant change. Textiles are superbly suited to adapt to, empha­

sise and themselves influence these changes. One t)f the consequenc~s is 

shown in fig. 2, viz. the interaction between the utilitarian and aesthetic 

values of textiles which opens up most interesting opportunities for the con­

sumer, the more so as he or she is allowed to chose among them quite =reely. 

UM properhcs 
incl CGIC 

Mon"• YGlu11t.on of dolhng 

and horn& ....... s 

Pnct 

f1*8 Interaction tw.wcc:1 utilitarian and aathctic _J 
TTI values of textiles -----

Figure 2 - Interact~on bet~- ~en utilitarian and aesthetic values of 

textiles 

Fig. 2 also indicates that it is neither possible to a $t~lop on their own the 

purely utilitarian properties, however important they may be in the eyes of the 

textile e~gineer, not the aesthetic values emphasised by the sociaJ science~. 

1he two are closely inter1elated and have their price. ~ts importance can be 

~·ea1 from fig. 3 which also points to the c:lear relationship between income 

and textile consumption, a fact that ma~- t, _ taken as confirminc; the theory 

that higher inc0,nes prompt people to turn so sin')lf!-purpose and away from 
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multi-purpose textiles. 

,.., cas-ta c0ft1umpbon ol 1111:.ttll: hMts .. kg 

USA Gor"*'Y !tnlJ Spmn ,-
1:1 "" 17,4 2712 12,I IJ57 ,o ll2 6,1 

- 21,t JIW 17,0 200S t,7 017 6,6 

1972 

l~ 
'911 19,7 J7l9 11,S 191'1 j 1219 

1973 

'_ 
5554 1!1,2 5040 ll,2 2291 -

I 

I"'°"'" on US • 

~ I P.r capita textile fibre consumption and income 

Figure 3 - P~r capita textile fibre consumption and income 

Apart from higher per capita consumption, the textile cake, also profits from 

the rapid increase in popul"l.tion. The i'act that world population meant··hile has 

pa3sed the 4 thousand million mark should be assessed also in the light of 

textile supplies. The theories based on this statement are reflected in fig. 4 

which gives both the growth in worlct population and the fibre requirements, 

with per capita consumption determined by sophisticated methods of research. 

These graphs include clothing and home textiles as well as those amo~~ts of 

textile fibres which are used for industrial and medical purposes. 

__ f 
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Figure 4 - Projected world population, world fibre needs and per capita 

consumption of textile fibres up to the year 2000. 

If we comtine the variou3 elements of this sketch of the consumer'£ textile 

world, the following should be specially noted: 

• - World population will continue t~ grow. Developments up to the year 2000 

are already mapped out. 

- Depending on local conditions textile per capita consumption will grow at 

different cut measurable rat~s. 

- The increase in pe::- capfta consumption of textile fibres is based on the 

general increase of living standards and the growing use of fibres in technical 

and quite new area~. 

The raw materials for 1Dan-made fibre prod;1ction 

Before entering into a discussion of tre problem of supplying mdn-made fibres 

produce~;, with their requirea raw materialg we shall have a look at worl~ textile 

fibre produc~io~1 and tbe composition of man-made fjrre supplies. 
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Fig. S traces the growth over the years of the 3 leading textile raw materials. 

You ~ill see that except for some disturbances caused by strong outward 

,1 
I 

influences - cotton production still shows a more or less straight grow~h, wool 

has settled for a virtually constant level while the man-ma.des are still in 

an almost exponentinl growth ~base . 

I 
1900 19!0 1920 1910 1940 1950 1960 1~70 ~80 l~ 90 

Enka World prr.duktion of textile fibres 
TTI in mill. tun"' 

~iqure S - World production of textile fibres in million to~nes 

A closet l<'..)k at the man-made fibre supplies reveals the picture gi•1en in 

fig. 6 which shows ~he distributicn of man-biade fibre production over types 

of fibres as well as the share of com:inuous filaments and stapl2 fibres. 

__J 
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Figure 6 - World production of man-made fibres 1962-1977 

Particular a~tention should be paid to the facts that 

- the regenerated cellulosic fibres have shown no quantitative growth during 

the past 15 years, 

- the growth rate of the polyamide fibres has become distinctly lower, 

- the polyacrylics are virtually exclusively made in the i::irm of staple fibres, 

- tt.e group of the "Other man-made fibres" shows little change, 

- and that the relation 0f staple to filament has been surprisingly constant 

over the whole period under consideration. 

Man-made fibres can be made from 

- mineral 0il -synthetic fibres - led by polyamide, polyester, polyacrylics, 

polypropylene in filament or staple form, or from 

- natural cellulose as found in wood 

- regenerate-1 cellulose fibres, led by viscose staple and rayon filament yarns. 

,1 
I 
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Raw materials for s·rnthetic fibres 

At the pres~r.t state of the art, oil is the most important starting material 

foi: the petrochemical raw materials used '"'Y the man-made fibre industry. At 

the same time m .. neral oil also is the most important carrier of energy ir. the 

widest sense of the word. In order to rightly assess the s~pplies to our petro­

chemical industrie~ and power generation, fig. 7 rreaks down total power 

consumption in ttc world (without the communist countries) into its different 

sources of supply . 

-- llGml• ld41 ............. .. -Id energy supply 

lc:1clud1ng commvn1st cucas 1 

00 t. 
:1 ~---- --- -

'r1. o~ 

, .. 
(Tl 

t96S 1970 197S 1910 198S 

SoutCI E ••On Wot Id Energy Oullook 

World powsr consumption und energy supply 

1990 

Figure 7 - World power consumption and energy supplies 

Fig. 7 clearly illustrates: 

- The rapid increase in oil consumption 

- that the relative share of mineral oil as a source of energy may be reduced 

by 1990 0y some 6 i to 48 i, but that the quantitis consumed will increase, 

that the shock inflicted by the 1973 oil crisis, while felt very acutely at 

the time, seeris to have worn off. 

II 
I 
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The same considerations apply to Western Europe whose energy consUillption is 

shown in fig. 8. 

40 

lO - -

IQ 

1970 1980 

Source Enon World Enu y Outlook 

1915 

1977 
PrQfCC1JOI' 

oe.r ..,.potls 

otl produchon 

1990 

&U The different sources of energy supplying West European 

TTI power needs 

Figure 8 - The different sources of energy supplying West european power 

needs 

This graph is based on the following assumptions: 

- in Western Europe power consumption will continue to grow too, 

- by forceful increase of native oil production and continued expansion 

of nuclear power generation oil imports can probably be reduced by some 18 i 

to ca. 37 i of energy requirements by 1990; this would be quite a remarkable 

achievement. 

On the other hand, the trend plotted for coal as ~ source of native energy is 

rather surprising in the light of statements made by politicians of various 

colours. 
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Mine~·al oil consurr.,,>tion of different groups of countries is broken down in 

fig. 9. It shows unmistakably 

- how ravidly 011 co~sumption has increased 

- that North America with 4.5 % only ~f world population uses more than 30 % 

of mineral oil, while Western Europe shows a similar picture although on 

a lower level. 

- Interesting information can also be derived from the last column which 

indicates that power conswnpt.ion in the countries not only shows rapid increase 

but soon may have equalled their share in population. 

JOOO 
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21,8 ll,2 142. 14,l 221, IS,! l4l,I 16,0 445. 19.6~,2 19,9504, 

10!. IOC !079 .io IS47 IOO 

~ World mineral oil consumption 1960 -1977 
Sourc1 Otl1t>tQ~t'I 

Figure 9 - World mineral oil consumption 

Now, where is mineral o~l found and where is it used? 

F'ig. 10 maps uut oil production in the various parts of the world in 1976. 

Western Europe, it is seen, runs a grave deficit in its oi.i producing oil 

consuming bala11ce. With I. J % of total production it consumes as much as 24 i. 

Apart from the exploitation and use of new energy sources thif:! imbalcrnce may 

he rcducro by the oil finds in the North Sea, al thouqh any remarkable al le­

viation wj 11 hecome effective only dur.ing the next decade - , as we a I ready 

I 
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saw in fig. 8. Ve::ified natural oil reserves in Western Eureipe totalled 3.658 

billion tonnes in 1977, equivalent to as little as 4.2 \of w0rldwide oil 

reserves. 

0•1. ::1 
~~~-..... -.,.,------------~!I02.0. 31,6.,. I Nori .. - Arncr.ctJ. 525 .! -

Ccntnd- 'lnd 
South - Ammco 

,__ _____________ 615.l -24,0.,. 1 

~~.,_,-...~~~.,...,.~ ........ ~~~ .......... ~--.,..,..., ........ ..,.......,........~, ........ 3;r: 
WtSlefn Europe 

% 
Afnca 

For-East.Australia 

Eastorn Europe.USSR. -~~~-~~~~-~ ....... ~630,6 - 21,6 % 
PR Chona 555, 5 • 19,4 % 

Moo I 100 200 lOO 400 500 600 100 800 900 1000 1100 

c:::::J Otl produchon 
~ ()II consumption 

Source 0.IUorodo 

IEnb Oil production and oil consumption in 1916 ; , 
TTI million tons and per cent . 

F igu:·e 10 - Oil production arid oil consumption in 1976 (in mill. tonnes a1.d 

in %) 

Besides oil consumption, oil prices are serious consider.ations for the man-ma,Je 

fibres industry. Therefore, fiy. 11 gives a listing of crude pricei; for the 

years 1972 - 1977; and we must always remind ourselves that further price raises 

would invariably entail serious consequences, also for the man-made fibres 

industry. In addition, oil processi~g is coming increa~ingly under pressur~ 

from growing car fuel demand '=lnd tougher ~nviror~ment.al requirements. Thif: will 

hav". twofold cor:sequences: 

- a switch 0f ref 1nery methods to cracking and hydrocracking, resulting· in 

larger amounts of olefins, and 

- increased demand for aromatics t0 replace lead. 

-· 
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Figure 11 - Crude oil prices from 1972 - 1977 (1972 100) 

Fig. 12 gives an outlook on the changes which can be expected to 0ccur in the 

oil refining field. They will lead to: 

- 3n increase in the percentage of petrol from the present 25 i to max. 55 % 

(depending on the origin of the oil), and 

- dn increasing percentage of ethylene as well as propylene as by - products -

from \'/horn we have no proper uses yet. 

ll 
I 
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Figure 12: Gradual changes in oil refining processes 

I II 
I 



• 

• 

I 

I~ 

II 
13 

For industry greatest importance attaches to heavy oil which is used for both 

~nergy supplies ard chemical raw materials. Man-made fibre requirements 

actually amount to only some few p~r thousands as can be calculated off-

hand from oil production at ca. 3 billion tonnes compared with a mere 9 mill. 

tonnes of man-made fibre production. 

Oil refining, i.e. the breaking down of crude oil into its various component 

parts, produces among other things the aromatics paraxylene and benzene as 

well as the aliphatics ehtylene, butadiene and propylene. All of them are used 

as starting materials for man-made fibre production. 

Fig. 13 lists the components used by the man-made fibres industry to produce 

polyamide and polyester fibres • 

tlllyit .. p-•ylene: 

• •Oz ~·Oz 
11hylene oa:tdl tcf8pMhatic Ge.Id 

1.ttp f ~·CH30H 
• duMlhyl • 

.T .. -~ L)__~f ~ 
I 

bos-glykol • Mrtplltholol r ... -.. ~ 
polyclhJleM .. rtpl\thGIOll 

lpolyutul 

CGplOICKIQm 

Ptrlon 

,., .... 61 

I 
I 

Hz 
·HCN 

od1"'1C oc1d d1n1U1I 
I 

' L 
M:114mclhy1-ncd1am1ne 

- _ ----r:H. _ __J 
•"fl 

.,, ... 6 6 

~ l Production of nylon and jJOlycster from crac tcd oil 

Figure 13 - Production of nylon and polyester from cracked oil 

Although fig. 13 does not trace all routes used in the production of ~he starting 

materials for polyester and polyamide, it gives a clear impression of the mutual 

dependency of the raw m.:\terials on each other. In practice this is even more 

I 

I' 

• 
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complicated - shall we say fortunately or unfortunately. 

At ~his pcint t~e question arises which of these two kinds of synthetics will 

be the more reliable supply-wise and the cheapt:!r to produce. 

,, 
I 

A relatively ~imple qu~stion, but very difficult to answer. Since their raw 

materials are also used in other, far greater processes, the danand emanating 

from these rival uses will certainly have its effect on the raw material s'..lpply 

position of the man-made fibres industry. Ethylene, e.g., goes into antifreezes, 

technical grade ethyl alcohol, vinyl products and detergents. Butadiene i~ ~he 

main raw material fol'.: synthetic rubber and aqueous rubber paints; benz~ne is 

used in the manufacture of most detergents and plastics while paraxylene also goes 

into coatings, solvents and as anti-knocking agent into petrol gasoline. - On a 

• purely quantitative scale most of these uses take up infinitely greater 

amounts of tr1e above chemicals than synthetic fibre production. All this boils 

down to the conclusion that the fibre industry, although quite important in 

• 

size, is a dwarf compared with ~ther industries which use the same raw materials. 

Therefore, the man-made fibres industry is altogether unable to exert any influence 

on the prices of the raw materials it purchases. State regulations such as those 

again3t lead in petrol, phosphates in detergents etc. l.ave much more effect on 

man-made fibre and raw material prices than th~ industry itself. This ist the 

~ain reason why we have no reliable indication as to ~hether polyamide or 

polyester will be better places price-wise in the future. What we can say with 

so1o1e reliability is that man-made fibre prices are inescapably tied to raw 

material prices, investment costs and labour costs. If these remain unchanged, 

no change will occur in fibre prices. Tt.e possibilites to absorb cost increases 

via more sophisticated processes have been all but exhausted during past years 

and little can be expected from this side. 

Raw materials for regenerated cellulose fibres 

Unlike the synthetics which are based on petrochemical raw materials, regenP.rat­

ed cellulose fibres can rely on natural raw material resources which ~utomati­

cally replenish themselves:viz. cellulose as found in plants. Without enlarging 

upon the chemical and techni.cal details of production it may suffice to recall 

that the cellulose manufacturers produce their material from natural resources 

l4-

- mainly wood, but also other plants s11ch as reeds and sugar cane. Their main 

customers are the paper and the viscose industries. ?'0r vJ.:>cose-grade cellulose 

the main raw materi~Js are fir and pine trees, and to a much lesser degree beech, 

poplar and eucalyptus. ~al')ufacture of ,industrial-grade, high-tei:iacity viscose 
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ydrns rc?qUires .~ry high-grade cellulose made from conifers after the sulfate 
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process. 

In t.he USA somE: 37 \ of "10od consumption are used to, make cellulose - the 

us, by the W'\'., are among the largest producers of cellulose in the world. In 

the Fed. Rep. of Germany, on the other hand, only 12 \ of felled trees go 

into paper and cellulose production. The share of the fibre producing industry 

in total ceilulose consumption is not very great compared with total wood 

~onsumption. For the year 1978 world cellulose pzoduction is estimated at some 

146.5 mill. tonnes of which less than 4 \are used for cellulcsic fibre and 

foil production. 

Concluding this chapter I would like to mention that cellulose wili continue 

to be generated as long as the world will exist hence raw material supplies 

for the produ~tion of regenerated cellulose fibres will always be available. Even at 

the peak of viscose staple and rayon production in Germany, the industry 

never used more than 3 \ of new tret growth for its purposes. Threfore it i::; and 

will be quite worthwile also in the futULe to study methods to produce cellulose 

and cellulosi~ fibres and to solve persistent problems. 

In swnmarizing the foll.owing can be said en the problem of assuring raw material 

supplies for man-made fibre production: 

on the one hand it may be felt to be an advantage that only small port.ions of 

tht basic starting materials are required for man-made fibre production, since 

this ::e11ds to indic:lte safe supplies - but on the other r.and this very fact 

• is also disquieting since relatively small quantities are more dependent 

price-wise on other larger product groups such as wood, paper, petrol and fuel. 

Additional problems are created by the ~ost of reducing pollution of the 

environment during preparation of the basic materials and processing them into 

fibres. This means that the costs for the protection of the environment from 

dangerous side-effects of cellulose preparation and ~ellulose processing in 

the fibre prod•1cing plant must be covered, same as the costs fer reducing the 

lead content ln petrol by adding equalising substances which, at the same tin1e, 

are important fibre raw materials. Moreover, increased petrol demand will 

prompt the use of prodJction mP-thods previously not employed or employed only 

on a neg lig ibl ~ scale and which produce so much propylene as a by - p-:oduct thdt. 

one should seriously think about what could be done with it. 
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Another important subject to be considered in this connection is the availability 

of the fibre raw materials themselves. This might grow into a veritable problem 

if all incentives to p~oduce them a.I~ removed be~ause other uses for theses 

chemical basics are morP. economica~. I~ will, ther~fore, not come as a surprise 

if I tell you th.cl~ ~t the present capacities for man-made f ibr~ raw materials 

distinctly lag behind the fibre spinning capacities proper. Although this does 

not l~ad to bottlene~k short~ges seen the present worldwide under-l•tilisation 

of spinning capacities, it should be remaobered in the ligh~ of present efforts 

to restore the balance within the neY.t few years. 

Short-listing this chapter on raw materials results in the following: 

- Cellulosic and synthetic starting iDaterials for the production of man-made 

fibres are available in sufficient quantities; 

- Their prices are determined by the main uses nf th~ basic starting materials; 

- Environmental problems affect the manufacture of man-made fibre raw materials, 

but the~ can be solved; 

Competition among che various synthetic fibres resulted in largest growth 

rales for the polyester fiore; 

- Besides the four main groups of ma~-made fibres, those belonging to th~ 

"Other fibres" group have not for various reasons, reached the degree of 

importance which one might havP. expected on the gr·:>Und of trade publications 

about them. 

Securing fibre supplies by blending man-maces with other man-made or with 

I 

~ natural fibr_e_s~~~~~~~~~~~~--~~~~~~~~~~~~~~~~~~~ 

The combination of different types of fibres js one of the main challenges for 

the textile engineer. It can be done in a number of ways: 

- blending the fibres (filament or staple) 

- giving blended spun yarns 

- or filament mixes (hetero yarns), or 

- feeder blending. 

The classic staple fibre bl~nd yarns combine 

- polyester and cotton,wool,polynosics, HWM, vi~~ose, PAC, linen 

- polyamide and wool,PAC and viscosP. 
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In tht: cu;.irst.: uf the last two dtcades practical ~xperience rt:sulced in d 

11umbcr ot standdrd combinations. They are based :m tests - mostly made b~ 

tt.e man-made fibre producers themselves - which, during the intruductory _Period, 

aimed at optimizing certai!l textiles with the help of the then 3.Vailablc type,:; 

uf t'1b.re::;. 'Che method~ used in thi:a process are illustrated in fig. 14. With 

the hel~ of four examples from the outerwear field it clearly indicates the 

value of close examination of fibre blends. By the way these requirei.1ents c'in 

be changed ad lib or increased in number for any given article . 

·-
~-----4 ~- - 1 . c::-_--::x-...=-::r:..:..:~:.:-~~ . ' 

. £.::.:._-=J_cc==---=I=.c 
L-. ---- ~ -::::::=::-=-:__ 

·--~-···-.------ 1-
' __ ., 
• -·-- I _ ... ...,_,,._. I _,.,. t ~-·--• 

~ure 14: Optimisation of outerwear fabrics by fibre blending 

Apart from op>:i.mal fabric properties sophisticated blending can produce stil 1 

other effects. It may, e.g. be desirable or to combine staple fibres of difterent. 

lengths or ti tr es to improve processing properties and/or yarn character i st 1 cs. 

Novel dyeing effects and other optical or tactile effects can be obtained by 

including fibres of different dyeing behaviour or different cross-scct1on dnd/or 

:;hr inking behaviour. A list of blending cffec• s is given in f 1gurt,:; I'> ,rnd !ti; 

fig. 16 also inc 1 udes some filament yarn mixtures. 

I 

• 
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During the last y~ars many of the possible ways to modfiy filament properties 

have also been widely explored. We now have yarns with differential shrinking 

i -=;1 
I 

or dyeing filaments as well as yarns combiniug filaments of a different chemical 

nature such as oolyamide and viscose. 

The variety offered by feeder blending on knitting machines as well as the use 

of different types of yarns in the warp and weft directions of woven fabrics 

is being increasingly exploited for Froduction and cost reasons and to produce 

fabrics of ~ special type. 

A review of fibre blend~.ng should also i11clude a short survey of bicomponent 

fibres. The~· were devised in an effort to comhine the desirable properties of 

different pc.lymers in one single fibre construction. The basic principles are 

si1own in fig. 17. wt.ether it will pay to spin bicomponent fibres for special 

textile articles is a catt~r of ~eighing their merits in each single case • 

fibrous 
d1slnbutoon 

folanwnls 
on malrox @ . . 

Various typts of bicomponent fibres 

f'igu! ... !L.!2. - '1'ypes of bicomponent fibres 
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Exchdngeability cf textile fibres 

This is a subject which should be studied from the lowest end of the textile 

pipeline - the availability and the price of raw materials. 

If there were ample supplies of nat.rral fibres at low prices, then man-made 

fibres were only required for technological reasons and to produce special 

effects. However, this is qui~e a hypothetical assumption - at least for our 

parts of the world, since Europe is dependent on the import of natural fibres. 

rur many countries of the world the above assumption i.s becomtng D1CJre and iDOre 

theoretical since they need more and more of their la~d to produce food. They, 

too, will see no alternative but to cover their textile needs with the help of 

,1 
I 

• mdn-made f 1bres. 

• 

I 

L 

Such global consideration::; should not leave unmentioned the fact that the 

cellulosic and synthetic man-made fibres offer an attractive and most important 

degree of freedom to the economy of the country concerned, which it can use jn 

many ways. The exchangeability - or substitution - of fibres, therefore, is 

dnother wide field as it embraces the naturals as well the various man-mades. 

- P0lyamide/wool -

'l'his blend used to be quite popular one time, as was the viscose/wool blend. 

In this case the polyamides were mainly used to upgrade the wearability of cer­

tain types of outerwear. No improvement was reached in dimensional stability 

whilE the yarn geometry required for these yarrs resulted in lim~tations to 

fabric design. If this blend is to be used for which reason whatever, the blend 

limits are drawn at 20-35 ·t. polyamide and 80-65 i wool. Fabrics of th b type 

incorporate all the advantages which can be derived from this blend, but 

many wi.shes, which we meanwhile have come to take for granted remair. open. 

- Wool/PAC -

Both fibres are characterised by crimp, high bulk and high resilience. There­

fore, one could very well take the place of the other. Alends of the two 

otfer no practical advantage. 

·, 



• 

• 

I 

l~ 

21 

- Wuol/polyesler -

This is ~y a wide margin the most popular blend in the field of wool textiles. 

P~Jp~rly constructed it will result in optimal yarn, processing and garment 

p!operties. This requires a polyester content of at least 50 \ and a wool 

content of at least 25 \ - setting the blending limits at between 50-75 \ 

polyester an~ 50-25 \ wool. With these blends, very lightweight yet dimen­

sionally stable fabrics can be produced which give outstanding wearing service. 

In this wool-type fabric area the admixture of high-shrinking staple fibres 

allows yarn constructions of such hign bulk that the polyester content of the 

yarn c.:>.n be raised to 100 \. This yarn/fabric construction is one of the ~st 

attractive examples of substitution . 

Blends in the cotton field 

- Polyester/cotton, modal fibres/cotton -

The polyester/cotton fibre blend is ~he most important of ~11. It ensures 

dimensional stability, strength, abrasion resista~ce. The polyester in the 

cotton blend, as well as in blends wit~ polynosics dnd HWM rayon staple, 

should not be less than 40 \, otherwise the fibre will fail to contribute its 

full share to the final fabric properties. - Blends of modal fibres with 

cotton, quite a common blend on the market, could be easily replaced by 

blends of polyester/modal fibre if ~otton became dearer; again the polyester 

conter.t should be above 40 i . 

These considerations, however, apply only to stapl~ fibre operations. - ~ith 

fil-rn1e11t yarns, which are virtually all made of man made fibres, 

problem may arise: 

a two.Cold 

- is subscitution desirable to cover the wearing requirements Jf the textile 

product, or 

- is substitution necessary to make up for snort supplies. 

Polyamide/viscose hetero yarns (filament mixes) are a good example for the first 

of the above questions. They find growing use in lining fabrics. The second 

yroblem is much more difficult to decirle. It would Gertainly t,~ possicle to 

:;ubstitute polypropylene fibres for polyami.des in so1ne carpet constructions, 

tiut this rPfers more~, the construction c): the Cdt:pet,and:or it.s ultiffidtc use. 

=ii 
I 

I 
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Substitution in this case can never be the ultima ratio, since the properties 

of the polypropylene fibre are vastly different from polyester. Where such 

problems come up it is, therefore, necessary to examine, compare and weigh the 

requirements and fibre pro~rties. 

Reclamation of used textiles 

In connection ~iith the problem of ensuring adequate textile raw material 

supplies and the growing awareness of environmental protection we should not 

leave unmentioned the much discussed ~ubject rf recycling. 

Recycling is the reclamation and renewed use of raw materials. In textile terms 

this would mean 

- collecticn 

- sorting 

- cleaning 

- shredding and 

- recarding 

of used textiles and textile waste. 

In terms of machinery the recycling of used textile materials would pose no 

problem. The difficulties start with 

cost of collection. This would require setting up a special organisation . 

Before and during World War II this was done in Germany by the then existing 

organisations; 

- sorting of the used textiles according to colour and also to kind of material. 

This last p0int would again pose problems as used textile generally lack 

adequa~e labelling. 

In addition 

this operation is wage intensive and 

- smooth flow in the textile pipeline cannot be guaranteed. 
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Neither should it be overlooked that used textiles often arrive at the point 

cf re-use in a most desolace state. The! re-user would ~e responsible to alle­

viate hazards for the processing personnel. 

Man-made fibres and protection of the environment 

It has already been repeatedly mentioned that the supply of raw materials and 

the processing of these raw materials into man-made fibres may p~se environmental 

problems. This applies particularly to the production and processing of 

cellulose and polyacrylonitrile. 

Cellulo~e process cause water pollution and noxious odours. While water pollut~on 

can be eliminated at a price, the emission of noxious ardours seems to defy com-

~ plet~ elimination, but it must be stated that immission values at the present 

state of the art do not constitute any health hazards. - When the cellulose 

• 

is turned into fibres after the viscose process, water and air pollution occurs 

again. And again water pollution could be solved and odours reduced. Moreover, 

work is ~rog~essing on manufacturing processes which no longer rely on sulfuric 

solve11ts for the cellulose. Although this work is still in its early stages, 

it is by no means hopeless. Already we know of ways and means to produce regenera­

ted cellulose fibres which use much less or even no sulfur at al~ and there are good 

prospects for this problem to be sucessfully solved in the end. 

111 polyacrylonitrile fibre manufacture attention must be paid to the fact !:.hat at 

least the acrylonitrile 100nomer must be regarde::I as a dangerous substance. For 

modern process techniques this is no problem at all as the process techniques 

ens•ire that there is no direct contact bet.ween man :.ind chemical. - In the fibre 

spinning process proper the main problem is to use th~ right type of solvent 

and to optimize the process accordingly. 

Some years ago loud cries were heard demanding bio-degradability of synthetic 

fibre~. These cries have subsided since it became known that degradation 

substances are not witho:,t their own problems and that it May be betler if 

certain products did not degrade. :ion-degradation, moreover, requires orderly dis-

posal o~ the rroducts involved. 

~tlile the manufacture of some man-made fibres creates certain environmental 

problems which, however, can be solved, all the man-mades make important 

contributions to improved conditions in textile processing at the later stageJ. 
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Progress in this respect as made partly possible by purposeful modifir~tion of 

the man-mades ranges from improved working conditions at ~he spinning m~ll 

- be reducing dust - via noise abat~ment ·· by development of new weaving 

technologies for the synthetics - up to low-pollution dyei .. g and printing 

methods. Let me add so~ details on the solutions sketched above. 

Spi1:ning mill 

Spinning of staple fibres into yarns - particularly cotton spinning - invariably 

creates dust which is irricating tr the anvironment, the health of the workers 

and als0 the quality of the yarn. 

Dust generated at the machi~es whirls into the ambient air and is aspirated by 

• the workers. Exposure over long periods of time to such condition, ~a·ticu'!..arly 

in cotton operations may lead to diseases of the respiratory apparatus, a 

condition called byssinosis. With man-made fibres there is no di;.st in the air, 

and this is one of the reasons, why yarns with as :1igh a polyester content as 

poss ;_ble should be preferre<". 

• 

• 

, 

Weaving 

With conventional looms, i.e. shuttle looms, hi1h levels of noise are generated 

at the weavers workplace which generally ~omprises a number of machines. Noise 

is caused by the dispatch and braki., o;: the newly inserted weft dnd by the 

rrovement of the shafts. The development of new, shuttleless looms has made 

weaving much less noisy operation as borne out by fig. 18 • 

.. 
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~ I Noise levels of various weaving systems 

-

Figure 18 - Noise levels of various weaving systems 

IOO 
I 

ln modern weaving mills the following types of shuLtleless weaving mdchines 

can be found: 

- ~rojectile looms 

- gripper looms 

- hydraulic machines (water jet) 

- pneumatic machines (air jet). 

FrrJ fig. 18 it is seen that the jet weaving machines cause the least 

noise. 

Textile finishing 

The textile industry of the Fed. Rep. 0f Germany needs some 250 mill. m3 of 

waLer per year, which is equivale~t to some 2 % of total industrial water 

consumption. If we deduct average evaporation and the water used for boiler 

operations, waste w~ter amount to some 220 mill. cbm. Of this an estimated 

~ 

,1 
I 
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l:>O mill cbm or 68 ·~ come from textile finishing_ The large amow1ts of waste 

W<.1.t.:r generated by textile finishing were redt•::ed as the share of man-ma.des 

increased, since man-ma.de fibre finishing r--quires less aqueous tredtment~. And 

there was technical progress in the finishing industry t-.oo, viz.: 

- short bath processes. 

the use of organic solvents instead of water, 

- transfer printing. 

Of these, transfer printing is a typical case of man-made fibre technology. It 

hds no adverse environmental consequences and opens new freedoms to production. 

Progress in textile care 

II 
I 

1\:xtiles are mainly cleaned by water with the help of power. Both resources are 

limited. The low moisture absorption of the synthetic fibres, their low washing 

temperatures and the longer life of the synthetics and synthetic blends togehter 

with their lighter weight therefore constit·.ite true progress. Toddy these ad­

vantages are so much taken for granted that the natural fibres have fdllen way 

back. In the USA it has been found by meticulous calculation that a polyester/ 

cotton shirt, 50/50 b;.end, requires much less energy to produce and carry through 

So launderings than a comparable all-cotton shirt. 

Summary 

Developments in the man-made fibres urea during the last decades were truly 

• spectacular both qualitatively and technically. But the course which the mari­

mddes have taken through their various development phases always followed thP. 

qencral trend of the textile industry. These two are an unseparable entity. 

Iraspite of all the problems, the general outlook for the m.ln-mades cor.ti.nues 

, 

tu be encouraging. On the strength of a growing world population and and incredsing 

general standard of living, world fibre requirements will contin~e their up-

ward trend during the decades to come. In the face of growing food demand, which must 

be given priority for economic, social and political reasons over increased 

fi_brc production, only the man-mades will be able to fill the gap. 

-
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~ll 
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Rdw material supplie~ - oil as well as wood - can be assumed to be dssuree in 

view cf the size of th~ re~pective world markets. Moreover and if property 

used the man-made fibres can be widely substituted for naturals and offer 

numerous opportunities to improve the envir,-.me!1t. a'1ti the .... 0rking conditions 

in the textile processing industries. 

- - - - -
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