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Mechanism of Environmental Stress Cracking in 
Linear Polyethylene* 

R. A. -ISAKSEN, S. NEWMAN, and R. J. CLARK, Momanto Chemical 
Company, Plastics Division, Springfild, Massachusetts 

INTRODUCTION 

Environmental stress cracking can be defined as the accelerated failure 
of a stressed polymeric member resulting from specific environmental ac- 
tivity. This phenomenon occurs in linear and branched polyethylene, and 
is by now well known. Extensive studies of stress cracking have been 
carried out with the Bell Telephone Laboratories bent strip test* in which 
a notched strip of polyethylene is bent nearly double and immersed in a 
detergent. Under the influence of complex stresses and the active environ- 
ment, rupture occurs. However, the results of this test are strongly de- 
pendent on the elastic modulus of the test specimen. Carey2 has shown 
that more meaningful data can be obtained from a test which imparts a 
constant uniaxial tension to the specimen. With this test, Carey has 
studied the stress and temperature dependence of the time to failure; 
and, utilizing a similar test, Lander3 has explored the effect of melt index 
and density on the time required for rupture for both linear and branched 
polyethylene. The mechanism of environmental stress cracking, however, 
has received comparatively little attention. Hopkins and Baker' have 
postulated a mechanism involving the spreading pressure of liquids ad- 
sorbed onto surface cracks. The recent studies of Keith and Paddens 
and Ullmans of the morphology of stressed polyethylene films are note- 
worthy. The purpose of the present work has been to obtain as complete 
as possible a description of the stress-cracking process on- both a macro 
and micro scale with a view toward understanding the mechanism of en- 
vironmental attack and ultimate failure. In addition, the effect of low 
molecular weight species on the stress-crack resistance of linear polyethylene 
has been examined in quantitative fashion. Stress cracking in various 
liquid media has also been studied together with related tests to learn 
whether some specific property of an environment determines its ability to 
cause stress cracking. 

* Presented at  the 140th National Meeting of the American Chemical Society, Chicago, 
September 1961. 
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EXPERIMENTAL 

The construction and operation of the Carey-type stress-cracking de- 
vice has been described2 previously. The original design has been modified 
to  accommodate smaller samples (3.5 in. X 0.25 in. X 0.010 in.) and to 
facilitate visual observation (see Fig. 1).  For microscopic observation, a 
spring-loaded device was employed which consisted of a stationary and 
movable jaw of such size that it could be placed on microscope stage. 
Very thin (0.0024.0005 in.) samples were used. For the majority of this 

Fig. 1. Modified Carey-type stress-cracking apparatus. 

4000 

.01 0.1 I 10 

TIME TO FAIL, HR. 
x) 

Fig. 2. Effect of crystallinity on environmental stress-crack resistance: ( A )  quenched, 
density 0.9431 g./~rn.~; (B) annealed a t  112"C., 0.9564 g./~rn.~; (C) annealed a t  98"C., 
0.9495 g./cm.5; (D) annealed at 105"C., 0.9529 g . / ~ r n . ~ ;  (E) slow-cooled in press, 
0.9549 g 
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work, isopropyl alcohol was chosen as the active environment because of its 
chemical simplicity and stability relative to the commonly used detergents. 
In all cases, films were compression-molded at 350OF. and allowed to cool 
over a period of 2-3 hr. in a laboratory press except when stated otherwise. 
Polyethylene of 0.960 gJcm.3 density and of melt index 40 was used along 
with a moderately sharp fraction prepared by solution precipitation from 
the same whole polymer. 

The advantages of the Carey-type stre=-cracking test have been +- 
scribed in detail by Lander.8 This test is carried out by applying a p m  
determined stress to a test piece and recording time to failure. In an active 
environment at loads approaching the yield stress, rather ductile failure 
with much colddrawing is observed. At lower stresses, the failure is more 
and more brittle in nature. Although the gross nature of the failure changes 
in this fashion, the relationship between stress and log time to failure is 
hear over at least five decades of time. The data in Figure 2 show the 
idcrease in stresscrack resistance that accompanies an increase in cryetal- 
linity. This relationship has been previously observed.8 

DISCUSSION 

Microsaopic Examination of the Stress-Cracking Proceaa 
Optical examination of thin films of the whole polymer under tensile 

stress have been made in the following manner: films of 0.002-0.0005 in. 
thickness were first annealed at 12OOC. for 4 hr. The resultant structure 
waa a monolayer of spherulites volume filling in some areas. A film strip 
was mounted in the micro stress apparatus, and a constant load applied 
to produce an initial stress of 2000 p.s.i. A razor cut was made in the edge 
of the specimen to localize the phenomenon for microscopic observation, 
and the sample immersed in distilled water, a nonactive environment. 

Figure 3 shows a series of microphotographs taken at  140 diameters as a 
function of time. One can see the development of “hsures” or elliptical 
shaped microzones of cold drawing which develop in advance of the ram 
cut. These fissures are seen to form both in spherulite diameters and at  
interspherulite boundaries with no apparent preference for either. Grad- 
ually, the razor-cut edges spread apart, with colddrawn material forming at  
the cut tip. This drawn area grows by means of the development and inter- 
connection of the fissures, but the drawn material remains largely unbroken. 
Since this drawn material reinforces the cut edges, growth is slow, and large- 
scale cold drawing eventually results. 

In the presence of an active environment, the development of a field of 
fissures in advance of the razor cut occurs in the same fashion. However, 
as the parabolic region of drawn material forms at the cut tip, it is seen 
to suffer rupture and ultimately complete failure (see Fig. 4). Careful 
study of the distribution of drawn material led to the conclusion that the 
location of the beginning of ultimate failure was at the zone between 
drawn and undrawn material at the crack tip. Since the drawn material 



518 R. A. ISAKSEN, S. NEWMAN, AND R. J. CLARK 

Fig. 3. Responae of a notched polyethylene specimen to stresa in water. Phase rontrast, 
70X. 

Fig. 4. Response of a notched polyethylene specimen to stre= in igepd. Goseed 
polaroids, 70 X . 
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Fig. 5. Fracture edge of an unnotched sample s t d  in igepal. Phase contrest, 70X. 

Fig. 6. Response of an unnotched polyethylene specimen to stress in water. Phase 
contrast, 70% 
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ruptures as it develops in an active environment, little support is given the 
crack edges and crack growth is very much more rapid. 

In order to confirm the view that the region of environmental attack was 
indeed the zone between drawn and undrawn material, a tensile dumbbell 
sample of whole polymer was stretched in air until a cold-drawn region, 
ca. */2 in. long, had developed. The sample was then transferred to a Carey 
device and cold drawing allowed to continue for 10 min., a t  which time an 
active environment, isopropanol, was added. Almost immediately macro 
cracks parallel to the applied stress were observed to form at the drawing 
shoulder and to proceed out into the drawn material. Thus, in agreement 
with microscopic observations, the active environment causes fracture 
speciJicalZy at the drawing boundaries. 

Figure 5 shows the fracture edge of a sample broken in an active environ- 
ment. The main crack is seen to have proceeded both through the centers 
and through boundaries between spherulites. However, signifimt 
amounts of drawn material are seen only when the crack traversed the diam- 
eter of a spherulite, with little drawing being observed at  boundaries. 

The development of a field of fissures in a sample immersed in water is 
shown in Figure 6. These 6ssures are seen to interconnect, forming a large- 
scale drawing zone, and ultimately to fail with the broken edge exhibiting 
much colddrawing. The development of areas of partial failure ahead of 
the main crack as observed in linear polyethylene is, of course, well known. 
Zinc foil, for example, exhibits fracture origins beyond the main crack which 
grow, join together and result in rapid crack extension? This ductility of 
the fracture process in polyethylene accounts for the lack of notch sensitiv- 
ity which has been observed. Notched specimens do not fail more quickly 
than those that are not notched at the same stress. Ultimate failure and 
rapid propagation of a crack across the entire specimen follows a general 
weakening of the specimen by the development of a system of localized 
small scale failures as decribed in the preceding paragraphs. A notch 
localizes the process by concentrating the stress field but does not other 
wise appreciably accelerate the ratedetermining weakening process 
ahead of the crack. In the absence of an artificial notch, weakening first 
occurs throughout the specimen to the point where rapid fracture may 
occur from a flaw or crack which may develop at  an edge. Thus, the in- 
fluence of small surface cracks as proposed by Hopkins and Baker' is not 
felt to be significant. 

Effect of Molecular Weight 

It had been reported4 that very low molecular weight species in poly- 
ethylene have a deleterious effect on strength properties and cause embrittle- 
ment under biaxial stress. In order to evaluate quantitatively the effect 
of a low molecular weight component on the stress-cracking behavior of 
h e a r  polyethylene under uniaxial tension, mixtures were made of fraction 2 
and linear hydrocarbons by coprecipitation. Three low molecular weight., 
linear hydrocarbons (a 500, 1500, and 2000) were added and the 
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Fig. 8. Effect of the addition of a hydrocarbon M = 1500 on the strewcracking 
resistance of Marlex 50 in isopropanol: ( 0 )  90% Marlex 50, Type 40, Fraction 2 + 
10% PE 617 ( M  = 1500); (0) 95% Marlex 50, Type 40, Fraction 2 + 5y0 PE 617 
( M  = 1500); (-) Marlex 50, Type 40. Fraction 2, control. 

mixtures tested to determine the effect of amount and molecular size of the 
addend on stress crack resistance. The data obtained are shown in Figures 
7-9. 

In the case of the mixtures containing the hydrocarbon of A7 = 500 and 
1500, the plots relating stress and time to failure are found to converge a t  
long times. This indicates that the presence of the addends has little 
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1000 
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Fig. 9. Effect of the addition of a hydrocarbon M N 2000 on the stress-cracking 
resistance of Marlex 50 in isopropanol: ( 0 )  97% Marlex 50, Type 40, Fraction 2 + 
3% PE 2000; (0) 99% Marlex 50, Type 40, Fraction 2, +1% Pe 2000; (-) Marlex 
50, Type 40, Fraction 2, control. 

effect on the long-term brittle type of failure. The shorter times to failure 
at higher stresses are probably related to the reduction of tensile properties 
resulting from the presence of the addend, as shown in Table I. 

The flexural strength of all of the mixtures was very much less than that 
of pure fraction 2; none could be bent double without breaking. When 
linear polyethylene was blended with 5% of the hydrocarbon with it7 = 
2000, the resultant film was too brittle to test. Thus smaller quantities 
of this addend were used. All hydrocarbon mixtures exhibited very little 
cold drawing on tensile testing. The inability of these specimens to 
absorb energy by cold drawing probably causes the shorter times to failure 
at  high stresses. This effect may be balanced a t  lower stresses, however, 
because fewer sites of environmental attack may be available in samples 
which do not colddraw readily. 

An investigation of the disposition of the hydrocarbon in the polyethylene 
was carried out (see Appendix). Throuxh x-ray and dilatometric meaaure- 
ments it was concluded that the hydrocarbon is finely distributed as a 
discrete phase in the polyethylene disordered regions. The weakening of 
these areas which would result probably contributes to the inability of 
these samples to cold-draw. 

Role of Crystallinity 

As has already been pointed out by Lander,3 more highly crystalline 
polyethylene specimens are more resistant to stress cracking, when com- 
pared on an equivalent stress basis. In the bent strip test, the opposite 
result is obtained because strain rather than stress is constant, at  least 
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initially. Figure 2 shows the results obtained on samples of whole polymer 
the density of which was varied by thermal treatment. At any given stress, 
more crystalline samples require a longer time to fail. The behavior of the 
quenched samples is not understood. 

Attempts were made to determine the effect on stress crack resistance of 
reducing spherulite size while maintaining constant the degree of crystallin- 
ity. This was done in comparison to slow cooled lilms by quenching from 
the melt in ice water and subsequently annealing at 120OC. The average 
spherulite size was about half that of slow-cooled films (20 as opposed to 10 
p diameter). The crystallinity as measured by density was very nearly the 
same (0.954 and 0.955 gJcm.3, respectively). A very slight improvement 
was observed in the stress-cracking resistance of the film with smaller 
spherulites, but this was not sufficient to be considered significant. 

Environment Study 

A further area of interest is the specific mechanism by which the en- 
vironment weaken8 drawing shoulders and c a m s  rupture. As e fmt 
attempt to determine the mechanism of envhmxmtal attack, two solvent 
properties, wettability and absorption, were measured as well as time to 
failure in the Carey test. 

TABLE II 
Wettabiity and Streas Cracking Activity of Sdvents 

Solvent 

w h y 1  alcohol 
n-Propanol 
Acetone 
Ethanol 
Ddecyl dcohol 
Isopropanol 
Toluene 
MethanoI 
Hexane 
Benzene 
Tricreeyl phosphate 
Diethylene glycol 

Wettabilitp 

4.5 
3.8 
3,s 
3.1 
2.6 
2.5 
2.1 
2.0 
1.5 
1.1 
0.3 
0.2 

Time to failure, hr.b 

2.5 
1.7 

Stretches 
8.7 
3.4 
6.5 

Stretches 

stretches 
Stretches 
14.6 
28.5 

50 

~ 

* Equilibrium area to which a 0.2rml. drop spreada on a f w h  polyethylene surface in 

b Under 2000 psi stress. 
m . 2  

The criterion of wettability has been advanced as the property which 
governs the stress cracking aetivity of an environment. The wettability of 
a series of solvents was determined as well as time to failure at  a standard 
load. The data obtained are shown in Table 11. 

There appears to be no correlation between wettabiIity and stress crack- 
ing. A further possible criterion is the quantity of liquid absorbed by the 
polymer. The results are shown in Table 111. 
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TABLE III 
Equilibrium Abeqtkm of Solvents in Polyethylene and Stress Cracking Activity 

AbsoEption, 
Solvent mmole-% Time to failure, hr.b 

Benzene 
X Y b  
Eexme 
Acetone 
Toluene 
Butyl acetate 
Acetic acid 
n-Amy1 alcohd 
E b d  
n-propanol 
Isopropanol 
Dodecyl alcohol 
Diethylene glycol 
Tricresyl phosphate 
Water 

74.5 
60.4 
53.2 
50.0 
43.0 
22.0 
11.3 
9.8 
8.7 
8.5 
5.7 
4.6 
8.5 
0.6 
0.2 

0.77O 
1.10 
0.3" 
10.4O 
0.85" 
1 .@ 
3.7 
2.5 
13.2 
1.7 
6.5 
3.4 
28.5 
14.6 
55. Od 

~~ 

8 Absorption aa wt. of sorvent X IoS/wt. of sample X M of solvent. 

c Stretch. 
d Cold draw. 

under UMQ psi. 

Inspection of Figure 10 will show that a reasonable correlation is ob- 
tained, the data falling into three more or less distinct zones. This suggests 
b t  fOF a given salvent it may be passible to alter the response of poly- 
ethylene to stress from homogeneous stretching (high absorption) to stress 

0 ACETONE 

I -  

e -  

DELAYED FAILURE, 
COLD DRAW A N 0  STRESS 

0. I 
0. I I .o 10 I 0 0  

TIME TO FAtL, HRS. &T 2000 PSI 

Fig. 10. Relationship of solvent absorption to time to failure of Marlex 50 in the Carey 
test. 
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cracking (intermediate absorption) to cold drawing (low absorption) 
by varying the solvent takeup. It was felt that vapor-phase experiments 
would be the best method of varying the extent of absorption and of testing 
this view. 

In order to determine whether cracking occurs in a vapor environment, 
initial stress crack tests were run in isopropanol vapor in a sealed chamber. 
Cracking was observed, and time to failure at  2000 psi was found to be 
increased to 16 hr. from 6.5 hr. in the liquid phase. It was then decided to 
reduce the equilibrium absorption of benzene by decreasing its activity 
with dimethyl phthalate. It was desired to learn if benzene could cause 
cracking when its absorption was reduced to the “critical” range. Absorp- 
tion experiments in the vapor phase gave the results shown in Table IV. 

TABLE IV 
Vapor-Phase Absorption by Polyethylene of Benzene in 

Mixture with Dimethyl Phthalate 

Benzene absorbed, wt.-yoa 
Benzene 

in mixture, % 17 hr. 41 hr. 113 hr. 

0 
5 

10 
20 
50 

100 

0.10 
0.24 
0.47 
0.44 
0.94 
5.40 

0.12 
0.48 
0.70 
0.90 
1.39 
5.53 

0.14 
0.42 
0.70 
0.90 
1.26 
5.64 

* Error estimated to be *S%. 

Corollary vapor-phase stress-cracking experiments were run with the 
use of 5, 10, 20, and 50% benzene mixtures. In every case, homogeneous 
extension resulted, as was the case with the pure solvent. It does not, 
therefore, appear possible to change the nature of the failure by changing 
the level of absorption. It must. be concluded that the specific chemical 
nature of the solvent is important in the stress cracking process and not the 
level of absorption per se. For reasons not understood a t  this time, those 
solvents with high stress-cracking efficiency (Zone 2) simultaneously 
possess a chemical structure which results in limited solubility in the poly- 
mer. 

It has been advanced in the literature’ that oxidation of strained amor- 
phous chains is a primary environmental effect. Carey tests run in an 
oxygen atmosphere, however, resulted exclusively in cold-drawing be- 
havior. In addition, aqueous solutions of strong oxidizing agents such as 
KMN04 have no stress-cracking activity, while solutions of salts such as 
Na&03 do have such activity.* It is felt, therefore, that oxidation is not 
a primary environmental influence at room temperature. 

The zone of reorganization is one of great disorder and stress concentra- 
tion. Spherulitic structure is being destroyed and crystallites are being 
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sheared and redirected into a more ordered state. The resultant drawn 
material is white and opaque due to the large number of minute voids 
present. It is hypothesized that molecules of the active environment 
are strongly adsorbed onto newly formed internal surfaces in this highly 
activated zone. These partially polar molecules (most active environments 
consist of polar and nonpolar segments) could exert an internal or spreading 
pressure on this already weakened structure and in addition, could inhibit 
crystal alignment and reformation. As a result, the structure of the 
shoulder is no longer saciently strong to pass over the energy barrier 
between the drawn and undrawn states. Internal pressure is observed 
when hydrogen diffuses into steel.Q In addition, the surface tension of 
steel is diminished by the absorption of hydrogen. This may also occur in 
polyethylene and, as a consequence of the cfriffith criterion,'O reduce the 
energy required for the formation of new surfaces (rupture). We hope to 
pursue these hypotheses in future publications. 

We wish to acknowledge the assistance and cooperation given us by C. M. Crofoot with 
sample preparation and testing, W. Golba with photography, R. L. Miller for x-ray 
analysis, and Q. A. Trementorri for his strong support of the program. 

APPENDIX 

Disposition of the Hydrocarbon Component in Mixture with Linear 
Polyethylene 

A sample of fraction 2 prepared by ooprecipitation containing 20 wt.-% 
o€ C&7, was compression-molded and allowed to cool slowly in the press. 
Examination of the resultant film by x-ray diffraction gave no evidence of 
a CaaHn crystal phase. When a similar mixture was prepared by dry 
blending and cold pressing of coarse powder, a distinct x-ray diffraction 
pattern indicative of Ca74 was obtained. When this cold-pressed slab 
was repeatedly heated at  100OC. for 10 min. intervals, the C3aHu x-ray 
pattern became less and less distinct and finally vanished, indicating 
dispersion of the C3aH74 throughout the poIyethylene. Volume measure- 
ments were then carried out on a 20% C36-In mixture (prepared by copre- 
cipitation) to determine whether cocrystallization had occurred. 

Dilatometers were calibrated and filled in accordance with techniques 
developed by Kovacs" and modified by Newman.12 The data obtained on 
the mixture and on a sample of pure fraction 2 along with the liquid and 
crystal lines given by Swan13 are shown in Figure 11. Inspection of the 
specific volume-temperature relationship of the mixture shows a volume 
change at 76OC. indicating melting of C36H74 (T, = 75.5OC.). This inter- 
pretation is however, in apparent contradiction to x-ray evidence, indicating 
the absence of a C3eH74 crystal phase. 

If the following assumptions are made, it is possible to compute the 
weight fraction of the C36H74 hydrocarbon in the crystalline state as a 
function of temperature: ( I )  volume of the various crystalline and amor- 
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I .40 

TEMP. 'C 

Fig. 11. Specific volume-temperature data for Marlex 50 alone and containing 20% 
ClSH74 

phous phases are additive and independent of the degree of crystadlinity; 
(2) there is no interaction of any kind between any of the phases. 

The equation for the specific volmue, P of the mixture which follows 
from these assumptions is: 

where B = specific volume of mixture; X,. = weight fraction of mixture 
which is polyethylene in crystal form (obtained by multiplying the weight 
fraction of polyethylene in the mixture by the crystallinity of pure, un- 
mixed polyethylene at that temperature); Vc = theoretical crystal specific 
volume of both polyethylene and G6H74, which are very nearly the same; 
ppa = specific volume of amorphous polyethylene; x h c  = weight fraction 
of the mixture which is C36H74 in crystalline form; Ph8 = specific volume of 
amorphous C38H,; X, = weight fraction of the mixture which is poly- 
ethylene. 

Using this equation, XPc and x h c  were computed for a range of tempera- 
tures as shown in Figure 12. The x h c  relationship indicates that a C3J& 
crystal phase exists far above its own melting point. Obviously, phase 
interaction must have occurred. Alternate explanations of the data are 
possible: (a) C36H74 crystallites are finely distributed throughout the 
polyethylene amorphous phase so aa to be undetectable by x-ray and act 
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.40 
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0 

Vig, 12. Calculated weight fraction crystallinity for components of the Marlex 50- 
C d , ,  mixture. 

as a plasticizer above 76OC. or (b) there is cocrystallization with polyethyl- 
ene. Under slow cooling conditions, the former explanation Seems more 
reasonable; cocrystallization, if it occurs at all, takes place only to a small 
extent. 
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synopsis 
By meam of a constant stress test, the environmentdstress-cracking behavior of 

linear polyethylene hm been studied on a macro and micro scale in an effort to determine 
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the mechanism of the process. Upon the application of s t m ,  linear polyethylene 
develops a network of very h e ,  elliptical fissures, the edges of which are connected by 
cold-drawn material. In the absence of an active environment, these fissures slowly 
grow and interconnect, resdting ultimately in the formation of a “neck.” When ex- 
posed to an active environment, however, the cold-drawn material ruptures as it is 
formed a t  the tips of the fissures. Unsupported, these fissures grow rapidly and inter- 
connect resulting in sample failure. Fissures form both around and through the centers 
of spherulites with less cold drawing occurring a t  the interspherulite boundaries. Macro- 
scopic studies confirmed the observation that active environments attack strewed 
polyethylene specifically at microzones of cold drawing. The effect of low molecular 
weight hydrocarbon species on the stress-crack resistance of linear polyethylene was 
evaluated. The role of flaws in the process is also diacussed. Attempts have been made 
to establish a criterion of environmental activity. All of the active streaa-cracking 
agents studied were found to reach similar levels of absorption in polyethylene; however, 
the specific chemical nature of the environment and not merely its level of absorption 
determines its ability to cause streea cracking. 

R&UItlb 
En utilisant un h t  B tension constante on a ktudi6 B 1’6chelle macro et micro le 

comportement de l’entourage Bur la rupture par tension du poly6thylbe lidsire, ceci en 
vue de d6tenniner le m6canisme du processus. Sous l’application de la tension, le 
poly6thylbne lin6aire d6veloppe un r b u  de t&s petites fissures de forme elliptique, dont 
les bords sont connectks par du matkriel 6tir6 8. froid. En absence d’un entourage actif, 
ces fissures croissent lentement et s’interconnectent ce qui conduit halement B la 
formation d’un “col.” Cependant expos6 B un entourage actif le matkriel 6tu6 B 
froid se rompt par suite de la formation aux extr6mit4s des fissures. Non supportkes, 
ces fissures croissent rapidement et interconnectent conduisast B une c m r e  de 1’6chan- 
tillon. Des fissures se forment B la fob autour et au travers des ceiltres des sphhlites 
lorsqu’on effectue 1’6tirement, moins h froid, aux limites des sph6rulitea. Des Btudeb 
macroscopiques ont confirm6 I’observation que des entourages actifs attaquent le poly- 
6thylhe sous tension sp6cifiquement dans dea microzones d’6tirement B froid. On a 
6valu6 I’effet des eapeces hydrocarbon6es de bas poids mol6culaire par tension du poly- 
Bthylbne lin6aire. Le r6le des d6fauts dans le processus eat aussi diecutk. On a essay6 
d’btablir un critbre d’activitk d’entourage. On a trouvB que tous les agents actifs de 
rupture par tension 6tudi6s atteignent des niveaux similaires d’absorption dans le poly- 
Bthylbne; cependant, la nature chimique sp6cifique.de l’entourage, et non pas simplement 
son niveau d’absorption, d6terminent son aptitude Ir, causer la rupture par tension. 

Zusammenfassung 

Mit einem Test bei konstanter Spannung wurde die milieubedingte Spannungsriss- 
bildung bei linearem Polyiithylen im Makro- und Mikromasetab zur Ermittlung des 
Mechanismus des Prozesses untersucht. Bei Einwirkung einer Spannung entwickelt 
lineares Polyiithylen ein Netzwerk von sehr feinen, ellipsenformigen Spalten, deren 
Kanten durch kalt verformtes Material verbunden werden. Bei Abwesenheit eines 
aktiven Milieus wachsen diese Spalten langsam und vereinigen sich, was schliemlich zur 
“Hals”-bildung fuhrt. Bei Emwirkung eines aktiven Milieus hingegen reiss das kalt 
verformte Material unmittelbar nach seiner Bildung an den Spitzen der Spalten. Ohne 
dieaen Halt wachsen die Spalten raach und vereinigen sich, was eum Bruch der Probe 
fiihrt. Spalten bdden sich sowohl um die Sphkolithe als auch durch die Spharolitheen- 
tren, wobei an den Spharolithgrenzflachen geringe Kaltverformung stattfindet. Makro- 
skopische Untersuchungen bestatigen die Beobachtung, dass ein aktives Milieu span- 
nungabeanspruchtes Polyiithylen spezifisch an Mikrozonen der kalten Verformung 
angreift. Der Einfluss niedermolekularer Kohlenwasserstoffe auf die Spannunga- 
eissabestiindigkeit von linearem Polyiithylen wurde bestimmt. Die Rolle von Fehl- 
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stellen bei dem Vorgang wird ebenfalla diskutiert. Es wurde versucht ein Kriterium fur 
die Aktivitat des Milieus aufzustellen. Alle untersuchten, bei der Spannunp;sriss- 
bildung aktiven Substanzen zeigten in Polyathylen ahnliche Ahsorptionsverhaltnisse. 
Die Fahigkeit zur Spannungsrissbildung hangt jedoch nicht nur vom Ausmaaa der 
Absorption, sondern such von der spezihchen chemischen Natur des Milieus ah. 
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