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Investigation of tensile properties and tear resistance of polypropylene 
film modified by irradiation

RAPID COMMUNICATION

S u m m a r y  —  R esults o f investigation o f rupture strength, u ltim ate elongation, 
and tear resistance o f a flat p o lyp rop ylen e film  oriented biaxially and  m o d i
fied w ith  u se o f the electron radiation are presented. It w as fo u n d  that the 
rupture strength and ultim ate elongation  o f the sa m p le  under stu d y  d ropped  
to valu es several tim es low er w h en  the radiation d ose increased from  25 to 500  
kGy. A t  the sa m e tim e, tear resistance o f the sam p le  decreased very quickly, 
w h at disqualifies the film  as a w ra p p in g  m aterial.
K e y  w o r d s : p o ly p ro p ylen e  film , radiation m odification , tensile properties.

Treating o f m edical equ ip m en t and m aterials m a d e of 
p o ly p ro p ylen e  w ith a h igh -en ergy  electron beam  is one  
of the m e th o d s  u se d  for sterilization . H o w e v e r , this 
treatm ent leads also to variations in both m olecular and  
su p erm olecu lar structure, as w ell as to altering of ph ysi
cal and  m ech an ica l properties o f p o ly p ro p ylen e . The  
p o ly m er degrad es intensively  w ith  increasing radiation  
doses. In result, strength o f the p o ly p ro p ylen e  film  d e 
creases, m a k in g  the m aterial useless.

Initial stage o f irradiation results in evolu tion  o f alkyl 
and allyl radicals [1, 2]. T h ese radicals are the m ain  
stim ulators o f further processes, such as cross-linking, 
d egrad ation , an d  oxid ation . The latter proceeds m ost  
rap id ly  in the ou term ost layer of the p o lyp rop ylen e film  
d u e  to direct access o f atm ospheric oxygen . U n d er a m 
bient tem perature, radicals at the tertiary carbon atom s  
are m o st du rable. T h ey  are m obile , m a y  m igrate to the 
interface, and  can transform  into peroxide radicals w h en  
reacting w ith  oxygen .

D egrad ation  o f p o ly p ro p ylen e  u p o n  the electron ra
diation  m a y  proceed according to the fo llow in g  m ech a

n ism s [3, 4]:
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M o lecu la r  w e ig h t o f p o ly p ro p y le n e  decreases and  
p olydispersity  o f the m olecu lar w eig h t change during  
the degradation  process. Earlier stu dies [5 ,6 ]  on isotactic 
p o ly p ro p y le n e  sh o w e d  that tensile strength  d ropped  
w h en  the radiation d ose increased.

The aim  o f this stu d y  w a s to investigate the changes  
in rupture strength, u ltim ate elon gation  and tear resis
tance o f a biaxially oriented p o ly p ro p y len e  film  m o d i
fied b y  electron radiation in air.

EXPERIMENTAL

M a teria ls
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A  flat biaxially oriented p o ly p ro p ylen e  (BOPP) film  
o f the Bifol A G  4001 type, 40 p m  thick, obtained from  
P K N  O R L E N  S A  (Plock, Poland) w a s exam in ed . It had  
been p roduced  from  the M alen -P F  401 p oly p ro p ylen e , 
w h ich  contained a high  fraction (ca. 9 7 % ) o f the crystal
line phase and  w as syn th esized  b y  m ean s o f a continu
ous polym erization  w ith u se o f catalysts, includin g tita-
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n iu m  salts su p p orted  on  a lu m in u m  chloride. M ass flo w  
in d e x  o f  this p o ly m e r  w a s  2 .6 ± 0 .2  g / 1 0  m in  at the  
2.16  kg  load  and  2 3 0 °C .

Film modification

T h e BO PP film  w a s m o d ified  b y  irradiation w ith a 
h ig h -en erg y  electron beam  generated b y  an L A E  1 3 /9  
linear accelerator located  at the Institute o f N u clea r  
C h em istry  and  T ech nology in W arsaw , P oland. M a x i
m u m  energy o f accelerated electrons w as 13 M eV , a d 
justable w ith in  the range o f 5— 13 M eV . Factual operat
ing energy differed b y  not m ore than 6 %  from  the set 
value. A verage en ergy o f accelerated electrons and aver
age p o w er o f the electron beam  w ere 10 M e V  and 9 kW , 
respectively.

The irradiation procedu re w as as fo llow s. A  rectan
gular sa m p le  (5 0x42  cm ) o f the stu d ied  BO PP film  w ith  
an attached dosim etric indicator w as placed in an a lu m i
n u m  container placed on a con veyor m o v in g  w ith  a d e 
fined velocity. T h e sa m p le  traveled through the irradia
tion zon e  just u n der the titanium  w in d o w  o f the accel
erator outpu t. C o n v ey o r  velocity  w a s 0 .33  m /m i n  and  
the radiation  d oses applied  w ere from  25 to 500  kGy.

Test methods

Rupture strength and ultim ate elongation  o f the film  
w ere exam in ed  w ith use o f a T IR A test 2705 testing m a 
chine (T IR A  M asch in en bau  G m b H , G erm an y). The in
vestigations w ere p erform ed according to standards [7, 
8]. Sam ples in the form  o f 100 m m  lon g  and 15 m m  w id e  
strips w ere cut ou t from  a sheet a lon g tw o  axes: parallel 
and p erpen dicu lar to the extrusion direction. N ex t, the 
sam p les w ere secured in the d raw in g  jaw s o f the tester 
so  that the operating length o f a sam p le  w as 50 m m . The  
tester's m o v in g  jaw  velocity  w as 100 m m /m in . In order 
to determ in ate the tensile stress (5), equal to rupture  
strength, w as determ in ed  b y  exam in in g five sam p les of 
the film  irradiated w ith  a g iven  d o se  and calculating the 
average 5 valu e. U ltim ate elongation  (e) w as determ ined  
analogously .

Tear resistance (R) w a s m easu red  b y  ap p lyin g  the 
standard E lm en d o rf m eth o d  [9], u sin g  an E lm en d orf Pro 
Tearing Tester M o d e l 60 -220 0  (T w ing A lb ert Instrum ent 
C o ., U S A ) eq u ip p ed  w ith  a m icroprocessor controller 
that e n a b le d  h ig h  accu racy  an d  rep eatability  o f the  
m easu rem ents. D u rin g  an experim ent, force necessary to 
tear a film  sa m p le  w ith  use o f a 1.6 kg p en d u lu m  w as  
m easu red . Sim ilarly as g iven  ab ove, five sam p les o f the 
film  irradiated w ith  a g iven  d o se  w ere exam in ed  and an  
average va lu e  o f R w as calculated.

R E S U L T S  A N D  D I S C U S S I O N

C o m p lex  stu dies o f the influence o f electron radiation  
on  different properties o f a p o ly p ro p ylen e  film  (not re

ported in the present w o rk ), in clu d in g  investigations  
p erform ed u sin g  photoelectron spectroscopy and elec
tron param agnetic resonance, confirm  path o f the irra

diation  processes occurring in p o ly p ro p y len e , as pre
sented in this paper.

M easu rem en ts o f rupture strength, u ltim ate e lon ga
tion, and tear resistance o f a p o ly p ro p y len e  film  m o d i
fied b y  electron irradiation w ere p erform ed  in relation to 
tw o axes: parallel (1) and  perpen dicu lar (2) to the extru
sion  direction. Results are sh o w n  in Figs. 1— 3.

Irradiation dose, kG y

Fig. 1. Influence of dose on rupture strength of the BOPP film 
(lines 1,2 —  see text)

Irradiation dose, kG y

Fig. 2. Influence of dose on ultimate elongation of the BOPP 
film

It w as fou n d  that the rupture strength o f the BOPP  
film  initially increased sligh tly  w ith  g ro w in g  electron ir
radiation d o se  (in the range o f u p  to 25 k G y ) and thereaf
ter decreased dram atically d u e  to p rogressive d egrad a
tion o f p o ly p ro p y len e . M a y  be this initial increase is 
caused b y  crosslinking process g oin g  u n der influence of 
sm a ll d oses o f radiation. E specially rapid  decrease o f  
rupture strength (ca. 0 .75  M P a /k G y )  w as observed  in the 
2 5 — 100 k G y  range for sam p les tested in the p erp en d icu 
lar axis. In the range o f u p  to 100 kG y, rupture strength
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Irradiation dose, kG y

Fig. 3. Influence of dose on tear resistance of the BOPP film

alon g the perpen dicu lar axis w as m u ch  higher than that 
alon g the parallel axis. D ifference betw een the rupture  
strength valu es w as d u e to the difference in the stretch of 
the BO PP film  d u rin g  its production  process. D ecrease in 
ru p tu re stren gth  a b o v e  100 k G y  w a s relatively  s lo w  
(0 .1— 0.15  M P a /k G y )  and the strength valu es for both  
axes w ere sim ilar.

U ltim ate elongation  varied w ith  the electron irradia
tion d ose sim ilarly  to that reported for rupture strength. 
H ow ever, tear resistance decreased rap id ly  already at 
lo w  radiation doses. It reached zero at d oses b e lo w  25 
and 100 k G y  for the perpendicular and parallel axes, 
respectively.

C O N C L U S I O N S

This stu d y  has p ro vid ed  further eviden ce that:

—  R upture strength o f the B O P P  film  initially in
creased sligh tly  w ith  the electron irradiation d o se  in
creasing u p  to 25  k G y  and  su bsequ en tly  decreased to 
valu es several tim es low er.

—  Tear resistance decreased rap id ly  already at low  
radiation d o ses, w h at disqualifies the BO PP film  as a 
w ra p p in g  m aterial.

—  T h orou gh  investigations u sin g  the electron irra
diation d oses un der 25 k G y  sh o u ld  be p erform ed in or

der to determ ine the d o se  at w h ich  the tear resistance  
w o u ld  be sufficiently h igh  for the film  to be applied  as 
the w ra p p in g  m aterial.
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Przypom inam y P.T. A utorom , że prow adzim y w  naszym  czasopiśm ie dział typu R apid  C om m u n ication s. 
Publikujem y w  nim , w yłączn ie  w  język u  angielsk im , krótkie ( 3 - ^  strony m aszynopisu z podwójną  
interlinią i ewentualnie 2— 3 rysunki lub 1— 2 tabele) prace oryginalne, którym gwarantujem y szybką  
ścieżkę druku, co oznacza, że pojawią się one w  czasopiśm ie w  okresie nieprzekraczającym 5 miesięcy od 
chwili ich otrzymania przez redakcję.


