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The high-strength crystalline polymer samples can be
obtained by polymer drawing at elevated temperature 1’2.
The draw ratio ( )\ ) of polyethylene ( PE ),for example,
and consequently strength linearly increases with increas-
ing deformation temperature. In the case of polycaproamide
( PEKA ) the effective strengthening takes place at its
drawing over 140°C 1,

Strengthening is a result of molecular ordering in the
amorphous regions of polymer 5.

On the other hand the fracture prbceases can also occur
at drawing along with chaing ordering., The mechanical frac-
" ture of the polymer can be considered according to of kine-
tiec strength concept 3=5 48 a process of destruction of
stressed covalent chemical bonds by thermal fluetuationa.,
The breaked bonds ars supposed to be the basis for the for-
nation of submicrocraks and they begin the fracture proces=
ses 5. One can suppose that fracture processes are slowed
at high temperature deformation and this enable to achieve
greater value of draw ratio and hence to obtain the more
strong ssmples,

The purpose of the present work was study of nacromole-—
cules rupture at oriental drawing of crystalline pPolymers

at diffsrent temperatures in order to understand the mole-

cular mechanism of deformation and orientational strengthene
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ae biocks are paorganized by unfolding of polymer chalns.
pnis processe require the s:amparati_velx small efforts
mainly bO successive of the intermoxeculare ponds breskagse
ip this case the puaber chains rupvure is negligible.
After of micmfibrillar structure formebion purther Bacro-
aoleculed arisptation 4n the amorphous reglons peguire
aither 811D out of crystallins parts of ths ghort chains
op thelr upture. Fow the slip out of thess chains will
require the simuibaneous breaking gome internolecnlare
coupling. Tp last case the nore mnsiaerable mriantational
joads will be reguired ang the prooabniﬁ;y of stressed
polyme?r chalns rupbure increasess The opdasring processes
1ead to the pige of the coupling between the peigpbouring
fs%;raign‘tenﬁ chains and the pmbabili?;y of macromolec:ulea
nresLage inorsases further O0Rs Ope c8n auppose that
jn opaer L0 2 nore oriented polymere o obtain, it is
neCesBaly, the coupling petweel moleculare chains to dimi-
nisne and thelr mobiliby ®o vige, These phenomensa take
place pmhab&y in the caseé aof nigh temperature drawing.
The splitting decrease of pands 720 and ?3(‘){:&'1 with
incressing tamperabure about weaking of in’carmoleculare
wonds { of the yan-der-Waals forces ) in the pol;yethglena
gives evidencs 11,12, Macromolecules are céupled in the
yalykaQreamiée mainly ©¥ hydrogen bonds and the smid
groups ar® the mosb rigid lipks in polyamid chains. The
anift of pand 3’:3«)():341\”"1 conneched with stretching vibration
of NH groups 13 4o nigh frequenis shows weaking ¢f
nydrogen bonds in the polykapromida ( see Fig.% ). The
rapid shift of this band over 490" aue to the melting of
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crystallite. Cne can Judge about the appearance of chain
mobility by the exponential broadening of bands comnected (5) Zhurkov,S.N., int.Journ.Fracture Mech., 1,311,
with skelet vibrations of molecular cheins "5, gy ' : (1965).
band for PKA is band 930cm™) attributed mainly to skelet (6) Butygin,P.Yu., et al.,Uspechi chimii,38,4,(1969).
vibrations of amig groups in the crystalline regions 16, (7) Imongo,I.D. sSelovey,R. ,J.Appl.Polym.8¢ci, 0292307,
Experimental data have shown that the exponential broade- (1963).
ning of this band beging at about 135'0 for oriented (8) Sears,¥.C., J.Polym.3ci. 42,2455, (19649,
polymer.  For reasons given one can say that thermal (9) Zhurkov,5.N.,et al, Wisokomolek.soed, »2,1044,(1965),
motions appear with temperature 135.,1.e..mability of (10)Hosemann R.,Polymer, 3, 349, (1962).
polysmid chains in crystaliine parts of polykaproamide (11)Hovek,I.I.,J.Tech.Fiz. +24,18,(1954),25,1854, (1955),
with this temperature begins. (12)Brockmeier ,N,F. ,J.Appl.Pol.Sci. v12,2129,(1968),

Thus the chain amutual translational siip out is relie~ ; 1 3)pmame]_,@,e,,xcc],guan,L.L., The Hydrogen Bond,

ved by weaking of intermoleculsre couplings { van der Freeman & Co.,san Franzisco and London (19603.

(149Valiev,i. ,Bildsnov M. ,0ptika 1 spectroscopij, 23,

Waals forces for PE ang hydrogen bonds moreover for PKA)

with the rige of temperature. In the case of polykaproamide 5, (1967).
it is racilitated above 135'0 in addition %o by thermal (15)xomvuov,n.u.,puchkovska;j,G.A'., In Book"Spectro-
motion of amid groups in crystalline regions. v scopij polimerov", Kiew, 101, (1968).
Thess phenomena sloved the fracturs processes enable one (16)Sandeman, I.,Keller,4. , J.Polym.8ci.,19,401,(1956).
%o obtain high oriented and nence high-strength crystalline
polymer samplas by arawing at elevated temperature. -
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Fig.1 Infra~red absorption bands assigned to the

different terminal groupss a-unoriented,b- 8 fold
drswn polyethylen samples.
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Pig.2 The change of a total number of terminal groups
versus PE draw ratic for temperature:

(4)- 20° ana (2) - 80 C.
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Fig.3 The change of & pumber terminal groups
versus PEA draw ratio for bemperatures
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Fige4 The shift of band 3300cm~
stretching vibration of NH groups in PEA with the

increasing teamperature.
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