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-------------- - -··----- ----- ·--------------------
Chcmi::;try and Tcchnolocy of Cellulocic Staple Fi bcrs and Filaments 

'l'hc discovery of man-m:td.e fibres has 1:1;ide a deep imp:ict on many 
spheres of hum~n activities and habits. It h~s sicnificantly chanGed 
the material con.ditioi.s of life. Therefore I r.lay say there is not 
only the rc!;e:i.rch ar.C. the tcchnolocy \-;e h:tve to discu!;:.. out also th~ 
raw mat~rials we need now and in the future for this produc~ion juct 
as the li ul:s which conr.ect t:.c fi bcr indu~tr:· with the producers of 
clothin~ and even with the ultimate consumer. 

The increasin£ population and the steady improvement in the standards 
of livinc h'1.ve greatly increased the der.1and for clothin0 and for 
better clothing at that. 

In_the past we can observe four distinct phases in the develop~ent 
of man-ma9.e fibres. 

Tlie early years of this century saw the di :;co very and the technical 
development of the regenerated cellulosic fibres, of which the most 
import~nt beco~e viscose, acet:ite and cupra~~cni~n. The ~o~t amazinc 
aspect of this devclorinent is that it took place in tbe absent::~ of 
any exact knowledce of the structure of the cellulose. In spit~ cf thic, 
the erowinc acce.;.t:mcc of rayon fibres by the textile industry and 
by the consur.ier assur.ied considorable econor:iic i:nport1ncc • 

• The second ph1ce, tl1e creat le~p for~ard waG initiated like so many 
other tcchnic:il adv1nces by a pur~ fund~i:lClH.11 r~ne1rch. In the 
1920 1 s X-ray analysis unr~!.'J'elled t!-1e chai n-r.10lecular concept of fibres 
structure. Up to.that tir.ic it had not even been accepted the cellulose 
was a chnin-molecule; much less hou it was put toGethcr to forra fibres. 

Once it was cstabliched that the science of fibres was part of 
polymers, rec~arch into the posibility of builJinG chain-r.iolec~lcs 
becans. It soon ~chicved its firGt upect1cul3r succesG. The synthecis 
of poly11.1ids, and th0 devclopnent of fibre~ fron caprolactam, sho~cd 

that it w:i.s po::rniblc to produce entirely synthetic ftL>res. 

The third ph'.\se beg:in in the 194o's with the a~plication of the newly 
gained kno•;lcdt;e to tl!e induct.rial production of nylon, (iUlckly follo,·;cd 
by the di scov~ry of r.1:i.ny other fibre forr.iinG polyr::ern 1 such as 
polyester~-;, n.cr:;lici; and polyvinyls. '.-iith:jn a few years la.rc;e factorie::> 
chot up foJ' the production of t1.c new fibrcn. 

Usually there is a cap of 25 ycar1; bct·.;ccn the fundc:.r:icnt:il ~cicntific 

diHcovcry and i -:.:.i in<iu:;trial apµltc:i.tion ju:;t ac tho:: en,1oy~cnt of i L~ 
result:; by the con:;ume.:-. In the ca::;c of r.in.11-r:ncle fib1·cn U.is cap L.:i.c 
bt?en i.;h<Jrtc11c<l consi d~ rably. 

In the fou1·th phat;<.. tn·r.1cnclcus effort:; h:1ve hcer: n:1de on pcrfr:cLinc 
e•1cry !;t~ic:c of the fi hr.! formini; proGc~;!;, Di:.:covC'ric o!' new tc·ch1~i(j.l~ 

and nc>w <Lfplic:1t1011n fullo1-1r.·cl each oti1c1· in a conti11ou:> i:trc:<:im. 

Some of the di cco•1c~l'i c!; h:1vc not 0111.r 1;1 vrn birth t9 a wide ran 1;c of 
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new fi brcs and yarns. 'l'hey have profountlly i nfl uenccd rcse.irch and 
technical developr.ient in many as~;ociated indu;.trics. 

It is as if science had released a source of c;reat force, which in its 
way has fertilised f.lany fielcls and tot'1ly chanced ollr ideas of how 
fibres c:rn be used and the perform~nce of uhich they are capable. 

In the first pl:i.ce, the chemical industry h::is been stimulated to search 
for better ways of producinc the wide r~nce of raw materi1ls required. 
This search has also r,iven considerable stimulus to the retro-chc~ical 
industry. Re~carch has led to a better understi.nclinc; of' mechanics of 
~olymerization and easier methods h~Vc been diuvovcred for producing 
high polyr.ters. 

Competition fror.i the newer fibres has induced the producers of the 
reeenerated fibres to improve the ctuality o.f their proC:.ucts. The most 
important result has prob1bly been the procressive improver.tent in the 
properties of viscose, but there have been other dcvelopr.ients also of 
great significance. 

. 
Hegenerated cellulosic f~bres, bec~use of their low cost, still account 

.,,,. 

for one third of ti.e worlds tot:i.l m::m-m:!.de fibre pro6.uctj on. The devclo;. 
of polynosics, with their hi~her r.iodulus when wet and of cro~slin~ed 
viscose with ir.iproved resilience, will help to r:ieintain their hiE;h share 
of fibre consumption. The development cf triacetate, a relatively cheap 
fibre whic!i ..;ombiner: thermo;>iatic char2.cteri:;tics and drip-dry-easy 
care properties with silkiness and handle, has led to an amasine revival 
in the demand for acetate fibres. 

Even ihe producers of the natural fibres have been stimulated by the 
compe_ti ti on of the r:ian-made fibres to ir..;irove. the pro:i,,erties (.lf their 

products. lfach of their effort is concentrated with iii~ help of ne"1 
finishin6 techniques on producinc;-· f;lbrics r:hi ch arc quick drying and do 
not crease easily, which do not burn, perish or lose fhape, and which 
require the mintmum of attention in weare and after C<.re. 

As the ~xperience of the last years shows th~ political and e~conornic~l 
situation can ch:u.ce very quickly. The prices of base rrt;i.te~ials c1n 

rise as hic;h, that the indu!:try c.:i.nnot 3.fford ther.i 0r only in dir.iinished 
·quantities. Considerine the statment of the Club of Rome the ~ituation 
will certainly come, that some resoures will cease tq exist. 

On the contrary the raw matcr:.al for the cellulosics grows on any pl~ce 
of our surrour.Jinc:; day by d'..l.y and ti.ere will be always pl-:i.ccs wf1·:!re no 
other ~ropS but trees Can he crvitn, 'l'hc plan ti D{; Of treP.S oTIU~t be do!1e 
system~ticaly so th3t a wood of hich GU~lity c~n be harwccted for a 
production of a pulp of uniform quality. 

Cellulose is the most abund~nt natur~lly occurinc polymer in the world. 
It is com_p/o~cd of ~ 1 14-D-t;luc::uc unit::; and i::; the ~hi cf utructur~Ll 
element and r:iajor con::;titucnt of the cell-wall!: of tree~ and other 
hi~hcr pl.:tnt::;, Wood 3.ncl cotton '.!re the m.'.l.JOr courcc::i of ccllulo::if'. 
It j_s fount to a lc~ccr dc~rcc in 'b:ii:t fil1rcc, i:tr:twn, t;:ra£:;P.c and 
variou;, a.t;ricultui·;tl rc~irluc~:. Ccllulc:;c i.::; the only rcnc;;7_b)c r:>..w 
mati:?ri:tl for ::i:tn-;;:,_~de fibre::;, It. it; l>iocicc;1··td:tl1lc, in· !:h:np cor1tro:::t 
to synthcti~::; 1.hic:·1 nrc derived frc•m nonrc11£~w1l·lc, non-biodcc;r;.i.d:Lblc 
pctrolcuM raw ma~cri~ls. 
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Cell ulosic fi brcG have a ur1ique moi sturc ab::;orbint; charactcri ~;ti cs 
needed for comfort in textiles; ·:ynthe:ics lnve not developed to 
this sta.cc yet. 

In the past, cotton reprf'::::entcd a sub!it:intial portion of the world's 
tot~l fibre consumrtion. In rE.cent ye:u-s, however, this u::::ace ha::; 
significanthy decre;ised. At 11rescnt cotton repre~;cnt:.; less thJ.n 40~~ 
of the total fi lire ~on sum. Incrc<i.si tlG p1·cssu.re is brouGh t upon cot ton
growi ni; l;ind for plantinc food crop::;, wherca~ wood, :_ls I said before, can 
be gro\-:n on land unsuitable for other ai;ricul tural crops. 

The polymeric polysacch3ride fr~ction of wood accounts for approxi~ately 
65-7fY!. and cellulose represents 40-45~~ • LiG"nine, an arom'1.tic network 
polymer, is pre:.;erit in wood in amounts r:rn(;int; from 25-30;~. 
Pulp yields v:iry deper.dinc:; on tlic det;::-ec of_ refinint; per·foi-rncd in cookinr; 
and blcachinr;. The ul tir .. 0 Lte objective is to p::-cduce cher.iic>.l cellulose 
with specific pu!·i ty cont.:!.i nint; 90-987·£i-cell ulosc polyr::er. Native 
cellulose cannot be sep~ratcd as is from wood due to at least some 
depolymeris~tion which takes place in pulping. 

r.tolecular weie;ht distribution in the final prcduct is control~d 
durine cooking and bleacting. 

In the case of p1per pulps, there are oorc lower DP co~~onents as evidenced 
by the double pe;ik. The rr.ore hii;he:r refined tire cord. pulp has a· 
single peak indicat.inc more uniform and narro•:er DI' distribution, 
characteristics which are required for rayon tire yarn manufacture. 

Wood fibres usually ranee from 1-5 mm in length, depending upon wood 
sourcea; those from hardwood£ 3re shorter th~n those from s~ftwoods. 
Wood fibres can be conVf!rted to loni:er f1 bres or fila!?1entsf·c r in::::tance 
by_ the viscose or acetate process. 

Rayon is sui t:1blc for a. brod.d r<J.r.t;c of der.:z~nding applic1tions, bot:i. 
in 100 % construction or in co~bination witl1 other fibr~s. In the textile 
area, cellulose acet:lie fibres a.re used primarily for apparei.l \·:ith an 
appParance of apparent luxury. A major end use fer cellulose acetate 
fibre is in ci~arette filters. 

·Conversion of cell\..llose to viscose rayon wa:.; fir::::t di!;covered by Cro::::s, 
~ev:in and Be~Ldle in 1892. Hhile a lu.rl,e number of refinements have t:iken 
place in the procPss since its disccvery the basic nc<;ucr.ce is illustr;d.cd 
in Fi~. 3 Pulp, in sheets or slury forr~, is gteeped in sori..1m hydroxide 
of 18-19;~ cor.centr'.iti(Jn for :i fixed leneth of tir.1c, the licruer drained 
·th~ resultin~ alkali-cellul6se is set fr~e ffo~ the ~urplin of tye and shre~d~ci 
to permit uniform ecce:;~; :if air durint; a~int; or· controlccl depolyr:iedz::i.t~on, 
to reduce cellulc-.;c ch:iin lcn(;th. Aced alkali cellulo:.:c is reacted \:ith 
carbonbinulfidc to for~ cellulooc xantho~cn~:c whicl1 in oubue~u~ntly 
dic:rnlved in di lute c:t1wtic to r:i:iko viscose. Unrc:-ictctl fibreG, fibre i;eli; 
or p<l.rti.cles which inti:rfere \-llth the npi11ninc ar~ rernovcd by filtr:.i.tion • 

. The oolution is cleaer:Ltccl •rnd held to X-i!ie:n prio1· ~pi11r1inr;. 
In spinnin::;, vi~·co~;c is extrudcci throui;h spinnex·ct.t~:; with holcG of 
40-100 r:iicron .in rli:1r.1ctcr into n b·ith contain1nl: ::;ulful'ic acid ~;orlium 
oulfate and, frcc.ue11tly, 7.inc:;ulf1te or l·Ii_;Sli, or hoti1. ',-/hile the vi:-;co!;e 

·• I 
proc~:;~ wa!:l orit;11ally ~i bitch procc:.rn, it ..... h:b lJcen·:;trc>:i.mlincd ancl 
m:i.nuf:i.cturing ~tcp:.; arc lici n1; con::olill':.tcd !:lo that a co11tinou:; clot:cd-loop 
proceu:; iG now ernert;inc. ?or in::iance U:c i>IHI-!'rocc:;s invented by $ihtol1. 
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Dependin& on the spinnin& ccnditions eaployed, r3.yon fi~re~ with· 
all skin, that is, highly oriented, or all cor~, with loher orientation 
can be obtained. ReGula.r rayon fibre has a low deeree of mtlekular 

_ orientation and the1·e is evidence of a fi ere with low skin to core ratio. 
f,'c,lf rn spinninc recul:i.r rayon, speeds of approxi::i::?.tely 100m/min a.re used, 

a.. regene~~tion of tte cellulose is rapid, only one spi!101th is employed, 
performinc both coagul~tion and reGeneraticn. 

Chel!lic:il rq;ul:itior; of the rate of reg~neration can be obtained by 
utilisin~ receneraticn retardants in the viscose or in the firs+ 
bath. Orga!'lic modifiers such as amines, polyeti:yle!1e glycols .:!'ld 
inorganic inl ts such as zinksulfa.te are widely used :~o!' -chis purpose. 
Formaldehyde can also be added to the viscose or to the spinbath. Organic 
modifiers dela~· re5ener~tior: by providing an alkaline reserve function. 
Zink forms a cross link bet~;een rtl:'i~tLborin~ X3.nttate g!'oi..~p~. Forrr.aldehyde 
acts in a dual m=i.nr:er: it reacts wi tt the X3.ntk:ate gr~ups to form tr•io
methylenc link1ges and also tho•·gL c;lycosidic hydroxyl grot:.p to form 
methylene cross-links which are much more st~ble than those formed 
between two xanthate groups. Thiorr.ethylene bonds are even~ualy destroyed 
during regencration wheras methylene cross-links tecc~e an enherEut 
part of the fibre structure and lead to strer.gth improve~ent. 

In all cases, ctemical ret:;cr.P.ration retard~nts ;:er:nit "the use of higher 
stretch to be applied to the spinninc tow while in ~ pl3stic gel state. 
'fi1is applied str~.ch repra::::ents a cor.:bin1tion of jet a:-.d. c;ociet s"'.;rdch. 
The forrr.er case occurs as a conseqt.:.ence of the hi gr.er s:;:ieed. of the &odet 
in rel::i.tion to the jettin~ rate. Godet s-cr~ch oc=urs between two godets. 
T~e strett cot:.pled ~i th a slo·,, r::i.te of ret:enera'-ion perni ts molecular 
orientation whict results in development of strength. Fibre strength 
properties vary with orientation. 

Hi~h wet modulus and polynosic rayon fibres are made from hieh purity 
pulps at slower spiininespeed and lo~er tenperatures (30-40°c) in the bath. 
Regener~tior. retardants and stret~t levels·of 100~~00 % are employed 
during the wet spinr:inc. The C".l:::ul3.tive effect of these f:i.ctors gives a 
qcality with hig~ ztrength due to a hif·h skin/cor~ r3tio for~~d during 
the rcgener'l.tion process resultine:; from cryst1line :ili6uerr,ent. 

High ~ modul u~i fibres are usually prepared with an ini t:'..al pulp DP 
of 900-1000. A typical viscose solution used fer spinninG such fibres 
con~ains 8~ Cell., 6~ Na03 ~nd 34~ cs

2
• A stained cr;as-sectional 

micrograptL of these fibr~s have a mucn higher Eki~/core r::i.tio than 
regular filres. The fibres prepared und~r t~ese condi-c1c~s have a 
circular cro3s-scction in contr1st to the crenulated surface of regul~r 
rayon fibres. 

In polynor-iic rayon produc.tior:, a. hii:.;h initial DP but sorr:ewhat lower 
purity of pulp is t;ener:ily used th~n for mn1 r:l.j"On. Viscose prP.par2d in 
this process h~s a high v1Ecosity of 100-200 brs. A typical pnlynosic 
vis~ose contain:::: 6'/o Cell., 3-4~' UaOH and 40-55{, cs

2
• The excess of CS

2 acts as a modifier, slowin~ down thA rate of reccn6r1t1on and allowine 
stretch levels as hich an JOO~. Sometimes sm~ll ~mc~nts of modifi~r·~ are 
addcrl to the v.1.r;co!;e P.nd about o, 1~' zink in employed in th~ coat;uL.Lt1on 
bath. The re~~lt is a ntrone fibre with rel~tively low elongation which 
is eosentially all skin. 

•, 
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Fil1re physic.:i.l prop~rtie~ are sho;:n in the fic~-S'tre::;~:-!:tr·:'.in cnrv~~ 
arc sit;nific·rnthy riiffC'rL'r~t for <.>::ich typ'! of f11-:re. Incrc;:i.::;inc tcrnrity 
t;ener~Llly rc~cul t::; in fi lire:.; with loHer clonL;atiou. The arc:.i under the 
strcss-str;:i.in cu.rve rcrrcsents fi b~·c touLbLcs;.. Hit;hc$t :::trcncth pro;-.crtif'G 
can be achiev1!d Hith forr.1:i.ldch.J·dc-cro~:::;-linkinc. Thi:; is due, in pa1·t, 
to the exception:~lly hit;h stretch levels \-;l:icb can be arrlied to tLe 
fibre durinc spinninc, rcsultinc in a hichly oriented, cross-linked fjbre 
with a high skin/core ratio. 

Specialized r;i.~ron Cur. l::e formed by screen extrusion of hydro:.-yeth:·l 
cellulos:; (HEC) solution into a b.:Lth of hich ::>..ctivity,!!E:C :rrothc:tion is 
·cornp.:i.r:i.ble to vi!;co::;e ;;;ar.uf.:i.cturini;. ?he cau!;tic solution of H~C is staple 
whi 1 e viscose is not and tl:e product !.<ts a hi c1ier r.io:i. ::;tun: affinity 
than rayon. The process for H.e for::1-.~tion of t!:i s fibre is simi la.r to 
visco::;(' up to .:u:d includin,G alkali cellulo::~ for:.:?.tion. ft.t this poira, 
ethylen-oxide is reacted Hith a.ll::i.l.;_ cellulose ;.:hich is 3.t:ed to the re:~tJired 
degree of polymerisation and ~EC is dissolved in sodium hydroxide. 
A typical solution con t.:i.i ns 9~~ H:SC anti (.~.~ r: aOH. Fibres produced. b:,· the 
screen extrusion have ade·;ru:i.te phy<>ical prop~rtj_es and a cross-~ec~ional 
structure desi1""thlc for hit;h water ret~!ltior.. This fi lire is .less crc:!t;.} ;it0d 
than regular rayon. Pi l ?.m~n ts p::-oduccd by this mar.ner .. rrmy be ccm·erted 
directly into ncr.•-.:oven struct:.ire. They .:i.re free o." suifur, ci.o not r~~:..:i1·e 
bleachine and ho.vc an excellent ;rhi t<:=r~~:.;. :·!a!;te fi b!·es c?..n be recl~i :-.cd 
since they are staple ani soluble in tlil~te alk~!i. One cf tt~ ~ni~~e 
propcrti es of t!-.ese fi hres is t r.ei r hii-h r.10i st urc absortcncy. ti ever d;·icd. 
H.E;C filires ret.:>.in 35CY,S water b:l.sed on fibre \-:ci~r.t. 

Coming to an end I will introduce to you the Lustri~n ficre indu::;tr:,·, 
w~ich has at present two man-~ade fibres enterpriGes: Cherniefnser Leczir.G, 
producint; rayon and acrylic/staple is one of the largest in Europa and. 
Erste Osterreichi sc!".e Gl2.nzstoff produci '1G rayon filal'!lent ar.d tyre cord 
is one of the oldest in Europe. ,, 

Austria has always taken an acti •1.;:i part in the developmF;nt ;y.f r:ian-~~d.e 
ficres and in txtile research. The austr1an en5ie~r Urban st~rted the 
a'..lstria..n rayor. industry in 1904 ~i th the foundatio!'l of the 
1 ,Osterrr.ichiscr.e Clanzstcff in St.?olten. 

Under the leadership of Mr.Urb3n and Mr.Fremery at first ~opperoxide
ammonia-process wa installed and ~llready 1911 the yo~ng comp3ny ::;~1thed 
its entire capacity to the new vioc~se pruccss, 19 7ears after Cross and 
Bevan fou~d the posibility to disolve celluloae in ccmbination of Alkili 
and cs2. 
In the thirties Chemiefaser Lenzinc has foundet. Its c~r3c1ty now is 
approx1n1ately 150 tone of st~pl~ fibr~ d~ily. Beine thA only ccnce1·n of it~ ki~ 
in Austria it ic oblic~ to ~roducc all the t~pes re1uirAd by th~ m~rk~t 
in all r.<arb:!t.J.ble st:-i.ple. lcr.cth~; <inc. stanJ:ird~>. A part of the 0L:t!1ut i~ 
produced as npun dy."1d fil:rP. which is t;~.inin:; ~t,111 irLcr-ca.·:irr:; iT11.o:·t"'.!IC'· 
in the pro<lnction p1·u~r,.,,r·1rr1r;, T~ro thirrin of the prc:iuct1on ;ire for export 
an:i one third for tht> hone r.1ari\:~t. Be:i:rin,'.; in •01ind th:>_t thP. dorri('~'tic 
textile' industry al:>o ~;q-Jorts y:.i.rn :rnd finisn.;d tr,xtil<>~; ·)f :.t!l.pl:~ fibre, 
the total exnort r~ach alout n~~ of t~3 whol! out~~t. 

.. 6'1 .. 

It is notwo::-thy th:1t the LfJ:t~intr wo::-ks produce no lee::; th._Ln 3,51 or 
the world output tn r;t::i.pl.~ fibrn 'rnd th'l.t Au~tri1. r.'1·11:~3 ninct!1 :iMonG the 
producin~ countri~s of the ~orld. 

To rCGl.me 1 think tint in :>pit.c of thP. difficultiP.r.; of thn l:.i3t y~:i..rs the 
i,.riutrin::; of m;in-m:id.e fibrnr; with its p."lst :ichicvcments should still feeL 
justifir.d in loockiri[; forward to thr ch:i!lf"!n/jC of the futurC' with confi ck1cc. 

I 
' 



Mice"-" Suuc.ture 

,,..,.., ~'"'""" 
Sllucture 

Continuot.tl Suuctur• 

frini;«I Flbrin.t 
· Suwctur• 

Abb. 1: Schcm;itischc Darstcllung vcrschicdcncr Thco
rien von 1-'ascrstrukturcn 

I 
' 

.. 

... ""· ...._...,.-



-- . --, 

- ~ - . -

· - -· ·-·fS 

__ ;,,(p 

- ..... ·-

---- ·-·-. 
s 

;ftl ---

- • . I 

·- T/Re 
- - - ... ---·-- -- --

_ ... - --
·-

I - • 

I 
. ! 

I 
- - J - -- . - ~ 

; 

... -.... - -- -
I 

. : • .I 

.. -·-··--- -- .. -·--·-···-·-··--··-·····-· -· -·-·-.:./-........ 
I . ' \ 

--·-·--·----·"-··-· ---------·--·--··.,-----·-··-···/I':'-.... -----·---·. ·-···------··-- ... 
:__. -.. ~ /,I . \ \_ ---· - -

-- -- - •· ·- ,. - .. . -. 
t 

. ·---·- . .,,,- ....... 

- :- ··- ---·- ·---· ./. .. ·' . 
--1-- \ 

. /" .......... -, I -
/ I ' 

. . I 
/ / 

I / • 

,/ ./ 

. , I \ \ 
~- \ -, 
"/; \ \ 

-- , - ·-· ·-··-· ... 
: -:,I I I. . . '. . \ \ 
·/·;··-· :.·\·'-.-

,. 
! 

• I 

~ -·-'-- - . 
i I . . - - ... ' -. . 

- -·, /. I - -- ~ -\ . 

--~// . - - . :~~~\, ···' .... 
. --

--+--------1----------t---- :0? ... -- . -
:Jo ... 

. ·-. -·--·· ·-··- -------··· --···· ·-
' 

• t ... i . 

·..3f-t?~ i ···-·-----i---··--· 

i 

I 

.; .. : 

CoTTt"I'/ 

s y1/1;1;::n:s 

~ ...... ' : .. : ;._:......:_'.... ___ ~ 
-~ 1 ------- ----------~-- : .: I . I 

Cr-:!.:. vL-rs_~ 
~{/:: :' t-

/ 
,,.--./--------.,,,"', ,,.,, \ 

. \ .,,,-/"' ..... __ 
/ ... _,,,,. /1/V. 

----- -----+--· ---t--' ----t------1 • 
1'Jfll ltj_:" 1/j.~o ''/'1!l 1fSt1 f11/v 

' 



10 

Zrll•loff 

n===1 4J . 

VVerdegang des Reyons 

I 
i 

'lc'-'uum 
Trocl:"JnQ 

• 

Wormlufl
lroc"'"' .1rg 

J 
.) 

' 



/·, . ..; 'T. 

' 
' 

CON Oil iON(O STRfSS. STIUIN CU°'Vf. S 

• 
HWU (llC•h.ll 

-
~ 

0 ... 
&:> 

>- ~ 

t: 

" c z 
t ) 

2 

"JI. (l0MC.ATION 

• 



i 
- •. --· - "!" - ~. 

. ; 

-- -- -- ··- -- -· 
; 

- ·-·· -: - - • -- I·· . . . • - .... . ' . --- ·- . - . 

! .. 
I 
I 

-- -- :-

- --·--- - -- ------ - . 
' 

.. -· ·-·-··-

L ·~ 
I I(. I 

- ..... :. ·• --· .... - : I : 

' ' ......... : 

. ~ . :5tJ 
~ . .. ·-· .-1: 
f-<:. 

.... I - . 

/;.Hl1\ 

St' Pe 

..._ ____ , ______ , ___ __J 

1 J. 

Sr1.: . ..c:..s ···ST,r;/11N- CvjirE.s 

. --- ··---· -- . ··- - . 
' I 

! ... i 
I 

- .. - ·-- i. l 

. : ..• 1. 

·y . . - - -.. 
. : ~ - . 

. : - - - . . -. . -

~ ; .. - ~ -

i .. 

! i 
__ ,. _ _ 1 ___ ·-· 

I ?A 
. I I 

.S/E.£-1- CO,i',D 

~J ... '. -: ~J\)'t7N ··:.s~/>L=~ 

Pc ?CJLY ESTE~ 

·p,4 ~,;_ )' /JA1/.!J E 

______ J ___ ______ .I.. . 

/, {!. 

OF loJ;,.?J/l)/l[Fl-!1/J/- l/SFD Iii. /?,.1,N/IL Ti~:;;.s; 

' 

I 
' 



-J' 

I ·-··. s 
.. - - • - - . -- . .. - I 

.... ·-·-· __ ,_ 1 

·•-.I .. 

.. . .. ... . - ··-· .3 .. e ... 
. . ), 

;{ -

• I . ! 

... - - r 

·I 

I 

' I 
l 

·-- ---
;. 

t ·1 
I ! .. f· •. 

i 

. ~ - . 

i 
t--- ~ --- ... 

;. ___ ... __ . __ . 

. j 

.. 
I 

· · ·t- r 

....... - -·-- -
' ·-··-··· 

PA 
. . 

PE 

1-----~-----

1/J,-I ,, 

•.. - j . _, 
I 

,._ - .i. - • 

i ' I . 
. --·--1. 

I 
- ·---·····- - . 

I 
- -l 

. ---i 

L ~-- L 

. . 
: --~--1- .. - : 

... 
I 

. ·--. 
i i 

. --1---1-

t .. t 
I I 
' ··i 

I 

. - ·• --.,. 
: 

... I 

I ! -· -- ., 

_$ uPi:~ .Z 
S (JP/=,l! /! 
Sv pr:~ ;.1 

. -

f}£/'FL 0 P /7 l(\L7/•./T C7 lL=/Y/JC 1TY t'JF Cr,,~.l.JA111 lFr'? //IJ. ~ 
• 

•' 



r ·-· -

I:::~--- .. \)/Oi\ L D -?i\OfY./C T/o.v o;: coT'iV1-J t·/c:oL A1-1,-:i f!/'fAI - f!,11..,2 "'F/i3 ~,::_~· 
L __ : __ · · ·--·--: -··I· ·· - i • ·· ·· ·-r .J ___ · 

: ; . ! . . i . . ~ · ; I : 
:~:-· ·-: · ·1-·:-:·r--:- ·:-::·-·:-~--;· --~ ·-:---~----;-··-; · ·:···T-:-- r · :-· ! ··-:··~r·: · : ··:·J·--··· [ 

~ 
. I . I . I ' ... I l • I l . I ' . I • ·1 • I 

: : • . •. J : • • • • ! . I : I . • : . r • • . I 

~-:·- ·.- i ·.····~--····i-: ·1-·-···:···:· 1·-·--1·-·· ; .. :···:-·.·· i .... : ·:--·1···: i ·: .. ! ... :.: . '. ... ; 

~:L:~ ~-::~::J.~. -~t~:~~·:;.~-;- .. :L.~-~:t-:~--1 ~-:~r~~----1-··-t-:i~~- ~--:.i·:· \: i~:j~-~-~\,-=-:r:~-~ '.·- ·:····-~-~~::J 
: :· • . : . . . I I ' ! : I . . : ; i . I 

-·- ----
... 

! . ) .. --· : 
' . . ··--- ----··------------- -- -------. - ;. . . . 

... 
- . 

i --- - .. --- .. 
. ' . ,. -

. . I - : . -:---~ 

. . 
--- ---·· 

-·------------ --·------------· --------- --. . . - . 

. : ..... : -·---·!-- .:. l .. ::~l---:.:. ~- ..... : ...... ; 
r ! : -- ; 

- -------·-------·--·----·--·-- ------------- -- --------
: • ~ . I : 

------ - _:.___ __ ~-- .: ... ! - _____ .! __ .... : .. - .... :~ ·-· ....... ---··· -----
~ ; . - : 

• • I • o f 
--~· ___ : ______ : ____ : _____ .: __ :....._ ____ _.: __ :__ __ . -~-....:._- ________ ___: 

----~~ _____ . ---~- ~-~- ~~ __ ~--: ~-. L .. :~~-L: _: ____ L -~-::J~-~-~--·--= ________ _ 
; . . : ~ . . . . - : ~ - . . : 

DO.C>· --·--··------·- --------··· ---·-:-----·--·:-····--. --·:· --···-··--·----------:-:--:-:-·-:··-··---=----·: 
. .. , . . . . 

··--------= . :.. . . .._ ... _. ----- ... --- _; _______ .: . --- __ : ' .. ; • ,_.-.. -r-·- :-·-•-1-..,., 
• I • • --~.:=---••• ------•---:..----~- ••••·· -···--:..---·-··--:. ______ ·- ---- ---·-• -----~----- -;-----~-,.--·--:·_ :·.::-::.::~- --· . . . . . . 

-.!.-:--- - . -· - - - . -.. ·--1 .. : . .:. •. !. ·-·- ···-- --·--·- ·- ... 
I ' ' 

::I_pl-------====-----------------
·:::: <.Po /.;; ,lo 3r..> 4.:> So 6o ,, ~ ?11 CY 1.;.- ~I. "' t:.r L'i jb (f 1J. },j f~ ,~- ;6 n 
:.::.::;.:. .•. j. . - . --- .• - ----- -· ··---~-- - - •. 

/~ :)~~~ '.:"'.' "'.'" . .:..... :_ C07/oN1 c:;oTo,V, :.n'UHh':Jt..t-(::, ·-·-----· ·-··----~---·------·---~---··-·- __ -----·. 
LL_~-~.· ...• :-.:.-.. .i.. : woaL 1 l.+1'r.J;;1 . tvb;.t.£., : · ___ :·······--·-·-·· ; : I I . . - :~··1·· -··· : 

:~:[ .. ~.t:: .. : ___ : ·. ;,_.:.~---·~-;,. ~-N~~·~--·~; ·:-:·~-.· -~---:--~·-··\ ·-·--:-.::~.: :·-. '. • , -··--··· -·--r:---- .. 
• 

1 
• ' .• i ·- . . . I I , ........ ! . . . . . ; . ' ... · i. -·· 

.. _._J~------ ~-------: -----~· ______ l __________ j _______________ ---·-- .:... ______ :_ ____ --·~- _____ J ______ .L. _ ·-·-- ____ _ __________ _ 
i ; ; : ; . ; i : 

- --~---. t. -- • . . -- .. - --- ... --r 
.. ! !.,~':/. 

;~'I(-~}~~,r~ -- -_- . _ . . ~ 
I . ::. -~ .:···: _:_:;_:j.~;(S~ II/, .· ·._:.:;·~·:·.~k~·:.::J' 

. I - . .: ·.~,, .•· •• '.:-: "'~~ · • ._, ·~ 1: . . ~ "";"; ,,~ .. -- .: 

I~-·~-~-~~ ~:.::L&;: ..... -:·~-- -- · .. :-~y t£2. 
:..--·· ·-··· ............. ·-····- .... ~--' . 02 Yt• 
! lt:j!jo · JlJlo 
L .. : .. : ... 
i I .. 

c-- ·..:....J c,yt;,w, c.;,i..JIJ, 
L;.-".:"·~j ,yul.L1 J.-i,'A1J

1 
~tl 

C:::.."":J. .. !; y ,v /}(. 
',.; 

i . ··' 
i 

I. :. L 

• i 
I 

1-1- ••• 

I 
I 

··--- 1··· 

. ! ·'· .. l .... 

' 



.. [~ __ : I : . . i . i • • : : • : . . . : 

t

. : -- ; : l .. - : --: . I . . !" . - 1- - : . . t :. : : i : . I : l .. I . -: : ; i 

--:- ;-·--i --;·-:-~--:--~ ;--:---1---:---·i---:-<--·--i----i··-:··+--:-- i ----.
1
:_:--!- :··-·- :. 

fac- -- ~ -~ ~ --H-+ i-':_F_ :- --r- i --\-c:_H+ -1-~ + : ~i 
~~D i--+-+-+=-i -~ i---+-1 F--!- ~ --:, +++ i --\[ j,) : ·- -: :~ ; ---

r; . . . : I . : I I I . . . • . ' . . . i . . f. : -~--i-----i-- --+-~-;1·--:-: --~-! ---~::~---~ -_;---~~.:i- --~-; --~-i-- ~----\--- -·- i--1 -; : ... :. -~-.: 
t· --:· - - - --- - -----· -- . I. -·· --··- .. J - ... _, _ .: .. .! ~· r .. _ . 1. .. __ 1. . :. I . . 11 . ! 3~0 ... : __ '. _____ [_ __ : __ '._l __ I _: ____ 1_. :_I . l · j · 1 · ! ... : .. : - i .) ··: -·\·· . : - 1 -

' 

; . . . . . . . . . . t:--·- - --; . -- ! " . - -· -- . -

4° ;;~;; :, ~ ~t:~_;: -r:·~=-:-~- : _ -~;--~ :_! __ :~'- -- -~ ;. =~_--:_ -~~- - .• 
-.::o I 

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

: ~; ./'l_f:Z, /0 . <~ t.r; . {C. t/ tr 6] lV .?! .. 1-~ . _ R> __ ]Y . "I~ . _ .1;:, . . . . .. .. . 

:=_:_:_.::'..~-~.-'..:.:;'.:-~.::_~-~--~--_ .. _.-_·-·--~OOL~::,'!,;·,~,)e .. :-----~~-~---~\·.----~:·-~---r~: ---:--- :.~-;----~------:~~--:~-.~-:-.· ~ ---·-· - -: 
1 T ~.., - : .. · • . ; . : i. ·: . :· --·· ···-, .. . . ' ...... . 

~.:.:,!_J _________ , _____ ;. -·. - . ___ · ____ . ! ______ ! _____ __;!.. I. . . •I 

.. ·"!:·:-··: --· 

. -· ..... . .. . 

/
33~~-c;;.:7!;-........ _ .... _ : ________ ,___ ·-··· ..... . 

:::; :>--:·_-. ·.,_ ,..,._~,,,,.. :l1'1-

t • VJ /:/"' , .. - ..... , ,, - • IJ1f1/ - • - _: -·~-~---·.>_._ ... _-_· : . . ·-- ", 

~ 
_______ : · ····-.n<>;.- 1J./; _.:·· .-..=.-_-;·- .... ·'\ uo3 & ~-- 1·- - I 

. . ... '· . I \ . 1'·--· - . -· .. ,. - . -···----~--./ 

~t : --}--! ::M<~f(>} --: ,--ri~:~%l;:~-:--T 
r--··· .. . .. ···-· ·\_:::.~- ~~.-:··.·:. ·7/{;I - ·Jr/ ·-·-··- •. ::-..:.-~~.:=..::::.:.-:.:..~_:_.:_: 
f ' .. · -- . . ,, "I'>,;,-..;,. ~=~~~=~~~~::--~~~j~:~= >· l. . . i I • ._ ;. :: ;;; _ _.-· . '. '7;::~ ;::.:~:::.:::.._:~:~_:; '. .· 

1

1-.. ·.-·.-.·····.: .. ·.·.·.-··.:---· .. ·.: 
1 

•••• •· //q7~... ·· · -··-···-· ··· ·;.;~:;:~:-::::··-· :····:·;. 3'luf .. /ft .. //. 
-~ ., : · __ ;~~:::: _:·· 

I . : . : I 

1· · £:.:.: .. _ .. I ir:...'yAH11)i:' ·····- ·· · ·•· : .. ·· ···· · •·· ····· • 

1=.::1 7'n.vt:.!.;·,:,,:., •' '. . I . . . r:-:.=J ),.:.;,~,(. i9.-1!:!. . I 



, ,\_,/r.JL ..... ~--,,.,.*', ,,....,..._. __ ·1 a·- t~.JA/ Al. r'\·- ..L- -~:") - • 
1 .. v.;uf\ J/ ;~1,c_uc':_.11:_•1\ r /1/11v-1c:/1..1r= 1h...,l\c.S 
t· ·; .. ; .... -···· . 

I..· o • 0 o t • • • •• • ! t i .. .:: .. l 

f:~1 :1 -,~--i -,-..'~ --:~ :--1
1

-.--:- -1--i--- !
1

-·:--1
1

-;·r.:l" -·-·----·---i-· .... 
. : Ooo a,.,A--._.~ . . , . . . ! : ! ! : . . , · • · i 1 

·: ----. . - ;·---~·-;--··:-·:-·--:·:~---:·--;·----· -:-;--;-·-:--j-· -~ --i~-:~---i--. ----:·--:~----t- --·-f. • T • • ·- - • • ~ 

·• : ! . I •. I : ' '. t '. : : I . ! ·'. . . . I I :· · 1 : . 

,~ r-:t--+-r-.+ iH--+~-:-.-1 ~ r1-+E1-:~' :---- i 

r~ ··-::·r:~~~~-;~J- -re: 1---t-:=1---: :~:- .. 1:·t- 1·- --1 :T+-+~-1---
·r~~ ····-i. _: _ _r~:.~_:.1.:~~.t~~~r~·-:~~l ==!~~~-_-[·:~-:~ .. !

1
,--·····:; 

1 

- r· - .. ~---~----:-~- ~-~ 
4'o4::>o . . : ! . i :. ! ! : i ; : : : ---~--~ ····- .. ----·---···· : ______ ···---

1· · -----c~~~ .. ~--~-~-r--~--r-~~~--;-~:··· i--~:··--r--~----~----~-, . . : i · : : . 
r~-;- · ···-- · r ·: ···:··--:·: ~---: ·:·:·· -- -·--- ,. :--···--: -- - -:- ·:··· ( -- ·' : · :·::-:-: ·· =· . , : 

----i·--------:-.. -t ---·--:-· -----;------· 
• t • :·•• !-.. ::.. ••~ • • -~ • :.: .... ; .... • · / I 

: .. -·7-:-~ __ ; __ l---~-- -·- !. -~~1 ... ./- ; -·- -~ . ----i 

- - . 

- ---··· -· .... 

·--------· 

1~ .. _:_~'...:_~~-~~-~-:~-~-~-~---~--~-· _· _L__ ___ ~---·-· _; ___ ·_~ __ : __ ~--~--~:. .. ~. ·:·····- : ____ :·.~::~.=::~ :~~--'. 
. ,;.-- . : !, • I . 

, ___ ,,,.,;-/ · ---· --·-··- ·----· ••· .,! _______ : __ • --- ~-- ··:.···;··-···· - 1-- 1···:-··-·:·- - --··r --- --:- --- -· ···· -- · 

,_~-:-____________ ;. ____ ··--·--·-l ________ __: __ ? ____ _: ____ _;__ ______________ : _____________________ ---------

~ ~ : . ! ~ • ! . .. ~ : 
--- --:·· 1:- .. t•·· ---· ;···----··: --- --·:··- - ~- ---- -- .. ··-··· - --- . ····•· !"" 

.. :.:o .__---------------------------------=----------=------
·~:: ! f 1f1 ~--···~3····(/f"---6.~---~---~;z 6.t u; lo ···~t' ·7~··---~$ .. 7(f' -~~ x 
.. ~i~----,-~---·-:--:···;--:·-=-··i - -----:---:---:'--··T -·:·---~ -----·-·:······ -i------~---··:-··----:-----: ____ ---·--·· 
: : I : I . i . f I . ! . ; I • : . I : : .. : : .. 

~-;-~~~~l~L;)LJ~ F-!--f:+_H---!~·-! +++ : -:------. 
:<. ::1·---~-~-r~-:··-T-e:·;~~ .. j---~-C·:- ·-'·-+----··T---·--·~---·-···:···:~r-:· .. (~:-·:----:·~-~-~- ---- -~ ·----······--·- -· 
. . ' : ' . ; ..... ! .... ! ' 

. ! ' . ; . • ...... \ .. ____ _: _______ ...••.. ! ..... --!-.. -. 
r·-;~-r-.: -:··· ··-7-·· -~-~~- ~~---··· r ··-·-:· --····:-- ... ·····-~ . . . ·; ! 

c~~---T::~··r· ----·-·--- ~ -. ~- -~c:.. . -~~~-~~--- -·-:··-- -· -~ :: . .-: · -··· ----· · · . -·-··:··-··-- ·· · 
~:--i---f-·· . _________ '._ . ----~----· -~ --··-·· ........ :. ·----~. .!. ____ r _ ......... -----·-·········-·· -----~ .......... __ _ 
1 · ... : • ~ ; . ' . • •I • • .. ., 

i 
r········:·· ...... - .. ····· .. -- ... ····- ..... . 

I .. · . ! . I 

I .: 
' ! 

r~·-:·-. ; .. ··:· 
f ...• : ... :. . . ..... 

. ~· ... -· .... 
j I 

I 

I I .. 
f .... : . . ! ........ -. . .... ~ 
I.. : l i _ ..... l .... 

I 

i 
1 .• 

I 

. ... ·:.r.-.:. ·.i .. 
' L ... 

r 
. ...... ,. 

i 
I 
I 
f 

.. I ... : 
I 
I , 

.• I ..• ; .. 

j ... : ..... 
I 

.I 

' 




	0015A01
	0015A02
	0015A04
	0015A05
	0015A06
	0015A07
	0015A08
	0015A09
	0015A10
	0015A11
	0015A12
	0015A13
	0015A14
	0015B01
	0015B02
	0015B03
	0015B04
	0015B05

