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Synopsis

Chemical etching of poly(ethylene terephthalate) filaments with aqueous methylamine has
revealed a complex stress—cracking behavior, which varied with orientation and thermal crys-
tallization conditions. The appearance of both longitudinal and transverse cracks, can be
explained on the basis of the existence of two types of domains, where the stresses are pref-
erentially concentrated. They are explained on the basis of Prevorsek’s structural model. In
heat-set fibers, there exists a skin to core differentiation in the internal stress distribution.
The crack pattern also varied depending on whether the fibers were heat-set in the taut or
slack conditions. This chemical etching technique can prove to be a very useful tool, for the
study of the internal stress distribution induced in fibers by various fabrication processes or
post mechanical deformations.

INTRODUCTION

Most of the previous studies on the chemical etching of poly(ethylene
terephthalate) were concerned with the nature of the degradation and the
resulting physical changes. Since chemical etching or degradation is relative
rather than an absolute parameter—depending upon the chemical condi-
tions of treatment a specimen can be degraded to different extents, affecting
both the crystalline and amorphous regions—a controversy persisted re-
garding the selective nature of the amine attack. While Farrow et al.! have
expressed doubts about the selective nature of amine treatment for PET,
many other workers** have reported that amine etching is selective enough
to discriminate between the crystalline and amorphous regions. Studies
based on optical and electron microscopy of chemically etched specimens
of polyester have provided interesting data on the topographical feature of
the specimen, as well as on the physical nature of the degradation.2>7 Chu
and Wilkes,® as well as Adams,” have shown that the etched samples ex-
hibited a surface network structure, which was dependent on the mechan-
ical and thermal history of the sample. Murray et al.2 have concluded that
the undegraded PET possesses a fibrous morphology similar to that proposed
by Prevosek et al.? and that amine etching destroys this fibrous texture,
leaving a weak granular structure which still showed some orientation.
However, they were unable to offer any explanation for the curious regu-
larity of the etched patterns.

Recent studies by Sweet and Bell® have revealed that transverse, as well
as helical, cracks appear on the surface of polyester filaments after pro-
longed etching. Their hypothesis suggests that amine etching is a stress
sensitive degradation process. However, the authors offered no explanation
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for the observed regularity of the pattern in the amine treated drawn and
heat-set polyester filaments.

Based on experimental evidence provided by various workers, it is evident
that the chemical etching of PET by amines is more a stress sensitive
degradation process than a selective etching process. This characteristic
nature of amine etching of poly(ethylene terephthalate) might prove very
useful from the technological point of view if proper correlation between
the etch patterns and the stress distribution within a polymer specimen
can be established. Apart from the excellent work by Sweet and Bell,® no
systematic attempt seems to have been made to study the relationship
between the chemical degradative stress cracking behavior of polyester and
the physical changes induced during the drawing and thermal crystalli-
zation processes. Extensive work in this direction has been taken up in our
laboratory. In this study, the effects of orientation and thermal crystalli-
zation of PET filaments on the stress sensitive chemical degradative etch
patterns have been investigated. The changes in topography at the gross
structural level are presented, and the possible dependence on microstruc-
tural changes is discussed.

MATERIALS AND METHODS

Fibers

The following fibrous materials having differences in orientation and
crystallinity were examined: unoriented, amorphous filaments (as-spun
tow); unoriented, crystalline filaments (as-spun tow after heat-setting); ori-
ented, moderately crystalline filaments (commercially drawn flat yarn);
oriented, highly crystalline filaments (commercially drawn filaments after
heat-setting); both the as-spun tow and the commercially drawn filaments
were heat-set at 200°C slack (free to shrink), as well as under tension (at
constant length).

While the above-mentioned samples were rapidly brought to room tem-
perature (quenched) after heat-setting them for 5 min in an oven, a few
commercially drawn samples were allowed to anneal, cool slowly to room
temperature after heat-setting them for 30 min at 200°C in an air oven.
The latter are referred to as annealed samples, while the rapidly cooled
samples are referred to as quenched samples.

Chemical Etching

All the etching experiments were carried out at room temperature (27°C)
using a 40% aqueous methylamine solution in sealed test tubes to prevent
the loss of gaseous methylamine. The fiber to liquid ratio was kept high.
Experiments were run without agitation. For the tow (as-spun) series, the
etching time was 3.5 h and for the control commercial filament series 5.5
h. In order to monitor the reaction precisely, all the experiments were run
having untreated control fiber as a monitoring specimen. The control etched
fibers were observed under an optical microscope and the final (exact) re-
action duration was decided, so as to get nearly the same etching effect in
each experiment. The observed monitoring specimen, however, was always
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rejected once it was taken out for observation. All the specimens became
brittle, to various extents, after treatment and care was taken while han-
dling samples in order to avoid artifacts.

Seanning Electron Microscopy

All scanning electron microscope observations were made with a Cam-
bridge “Stereoscan,” S4-10 model. Samples were coated with a thin layer
of gold produced by thermal evaporation in a vacuum coating unit to prevent
charging.

X-Ray Diffraction

Wide angle x-ray diffraction patterns were obtained for a few samples
before they were amine-etched, using a cylindrical camera mounted on a
Philips x-ray Generator, Model PW 1720, Collimeted CuK radiation after
N1 filtering, was used.

RESULTS

In almost all the cases studied, the mosaic patterns generated as a result
of amine etching were always found to have the cracks running either
longitudinally or nearly transverse to the fiber axis.

Figure 1 shows undrawn amorphous filaments after amine etching. These
filaments are devoid of any gross morphological features. The surface pre-
sents a granular structure, indicating that uniform etching of the filaments
has taken place. As has been reported by Sweet and Bell® this type of
uniform etching is understandable because filaments in the undrawn state
are almost free of internal stresses, or the internal stresses are too weak
to be effective for any selective etching to take place.

The undrawn amorphous filaments, which showed no stress-cracking pat-
tern prior to crystallization, exhibited characteristic transverse crack pat-
terns (Figs. 2 and 3) after heat-setting. It is known that thermal
crystallization of undrawn amorphous filaments leads to the development
of internal stresses, and this is evident from the cracks developed.

Fig. 1. Undrawn amorphous filament.



22 CHAUHAN, RAO, AND DWELTZ

Fig. 2. Undrawn amorphous filament, slack heat-set (quenched).

The mosaic pattern in the case of filaments heat-set in the slack condition
in a gaseous atmosphere and subsequently quenched shows a predominence
of transverse cracks (Fig. 2). However, the cracks were found to be neither
uniform nor regular. Increasing time of the amine treatment did not lead
to any improvement in the uniformity or regularity of the crack pattern.
Instead, the fibers disintegrated into very small fragments. On the other
hand, the samples heat-set under tension in a gaseous atmosphere and later
quenched showed (Fig. 3) fairly uniform transverse cracks. This regular
disk type morphological structure was also observed by Murray et al.?

In a study of the fracture patterns of heat-set unoriented material (to be
published elsewhere'®), it was observed that under tensile strain the ma-
terial ruptured in a very brittle manner in which flat-topped fractured fibers
ends were obtained very similar to fractured glass fibers. This had suggested
that there were zones of weakness transverse to the fiber axis and distrib-
uted along the length of the fibers. The amine etching treatment has re-
vealed these transverse regions in a very graphic manner through the
pattern of cracks.

Baker,! as well as Sweet and Bell? have shown that a combination of the
degradative effect of aqueous amine and the presence of stresses in the

Fig. 3. Undrawn amorphous filament, tension heat-set (quenched).



CHEMICAL ETCHING OF PET FILAMENTS 23

polymer produces a synergestic effect which results in surface cracking of
the material. From the observed etch patterns of unoriented crystallized
materials it can be concluded that thermal crystallization results in the
introduction of residual stress in the material. While slack heat-setting
leads to a nonuniform distribution of this stress, heat-setting under tension
allows the stress to be distributed fairly uniformly across the specimen. In
order to verify whether these differences in the stress distribution, and
subsequently in the etch pattern by slack and tension heat-setting processes,
have any origin in the changes that take place at the structural level, these
specimens prior to chemical etching, were subjected to x-ray diffraction
analysis. The detailed work will be reported elsewhere.!? The x-ray dif-
fraction pattern of slack heat-set unoriented filaments showed that, though
there is a slight tendency for the 100 reflection to lie in the meridion, the
overall pattern indicates a fairly random distribution of crystallites. On the
other hand, the diffraction pattern of tension heat-set unoriented filaments
revealed that the crystallographic a-axis prefers to align along the fiber
axis as indicated by the predominance of the 100 reflection on the meridian.
x-ray equatorial diffraction analysis of these samples showed that the crys-
tallographic c-axis has a slight preference to align perpendicular to the
fiber axis in the case of slack heat-set materials. For tension heat-set fil-
aments this tendency was even more pronounced. In addition, birefringence
measurements indicated that tension heat-set filaments exhibit a much
higher negative birefringence compared to slack heat-set unoriented fila-
ments. Thus tension heat-setting of unoriented filaments results in the
orientation of crystallites transverse to the fiber axis. Slack heat-setting,
on the other hand, leads to a more random distribution of crystallites.
Though the crack patterns are macroscopic in nature and cannot be directly
related at present to the submicroscopic structure, the above results indicate
that some relationship exists between the molecular structural changes and
the crack patterns developed in the specimen.

A very different type of etch pattern is observed for the commercially
drawn polyester and corresponding slack and tension heat-set filaments
after amine treatment. In commercially drawn control fibers, in addition
to the transverse cracks, a few longitudinal cracks parallel to the fiber axis

Fig. 4. Commercially drawn filament.
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Fig. 5. Commercially drawn filament, tension heat-set (quenched).

also appeared (Fig. 4). The longitudinal cracks were found to occur at ir-
regular intervals, and their overall distribution was also irregular. The
complex nature of the pattern made it difficult to explain their origin.
However, as these longitudinal cracks were not observed in the unoriented
crystallized filaments, their origin may have something to do with the
orientation of molecular chains during the drawing process. When these
filaments were heat-set (quenched) under tension and amine etched (Fig.
5), the longitudinal cracks were found to increase in length, as well as in
numbers. The transverse cracks, however, did not travel uniformly along
the width of the fibers. These two types of cracks yield a random mosaic
pattern in contrast to the disklike pattern observed in the case of unoriented
heat-set filaments. In our earlier study (to be published elsewhere!©) of the
fracture pattern of polyester fibers, it was noted that the commercial control
fibers before and after heat-setting exhibited a very typical thermoplastic
fracture pattern characteristic of an oriented fibrous material. This was
very different from the brittle fracture patterns of unoriented heat-set fibers
described earlier. In the same manner, it has been noted in the present
study that the amine etch patterns of the oriented materials are very dif-
ferent from those of undrawn or unoriented materials.

The complexity of the crack pattern of the tension heat-set filaments was
not noticed in slack heat-set drawn filaments. The patterns show (Fig. 6) a

Fig. 6. Commercially drawn filament, slack heat-set (quenched).
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Fig. 7. Commercially drawn filament, slack heat-set, 165°C.

more regular disk like morphological structure held together by a central
core. The disk size is much larger and the cracks wider and deeper than
those obtained in the case of the unoriented samples. A few longitudinal
cracks were also noticed, and in some cases a few helical cracks were ob-
served in the case of the slack set oriented filament.

The effect of heat-setting temperature on the etch pattern of slack
quenched filament is shown in Figures 7 and 8. For filaments slack heat-
treated at 165°C (Fig. 7) the etch pattern appeared to be similar to that
observed for the tension quenched samples treated at 200°C (Fig. 5). It
presents a bricklike structure with longitudinal as well as transverse cracks.
However, the etch pattern for filaments heat-set at a higher temperature
(230°C) was quite different (Fig. 8). The cracks were predominently trans-
verse with short longitudinal cracks occasionally seen. When filaments are
heat-set in the slack condition, the internal stresses introduced during the
drawing (fabrication) processes are relieved, and the specimen contracts.
However, when the heat-setting temperature is low (165°C), this shrinkage
is very small, and thereby the relaxation of internal stress is incomplete,
and so there is a similiarity between the patterns observed here and those
before heat-setting or after tension setting. On the other hand, when the
filaments are heat-set at sufficiently high temperatures, extensive shrink-
age, and internal molecular chain relaxation occur, leading to a uniform

Fig. 8. Commercially drawn filament, slack heat-set, 230°C.
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Fig. 9. Commercially drawn filament, tension heat-set (annealed).

regular distribution of internal stresses. This may be one of the reasons for
the observed disklike pattern with only transverse cracks predominent in
these high temperature (230°C) heat-set filaments (Fig. 8).

Figures 9 and 10 show the filaments which were tension- and slack-
annealed, respectively, at 200°C followed by amine etching. Both the lon-
gitudinal and transverse cracks appears to be irregular and are neither
wide nor deep. In most cases, the transverse cracks did not travel the full
width of the fiber, in contrast to the slack quenched patterns. However, in
the tension annealed filaments (Fig. 9) the overall crack pattern is much
more uniform as compared to the slack annealed filaments (Fig. 10). Sweet
and Bell indicated that these irregular crack patterns may arise due to
molecular disorientation in the skin, as a result of heat treatment.

In order to verify this “skin-core” effect the etching experiments were
repeated on the quenched and annealed samples. The etching patterns were
observed at different time intervals. Figures 11, 12, and 13 show the patterns
for the slack quenched fibres for different durations. The filaments etched
for 3 h (Fig. 11) showed a definite crack pattern consisting only of longi-
tudinal cracks. The depth, as well as the width of these cracks, appears to
be small. As the duration of the treatment increases, the fiber surface
develops deeper transverse cracks (Fig. 12) while the longitudinal cracks

- s e e

Fig. 10. Commercially drawn filament, slack heat-set (annealed).
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Fig. 11. Commercially drawn filament, slack heat-set (quenched), amine-treated for 3 h.

are less affected, resulting in crack pattern in which the transverse cracks
dominate (Fig. 13). These differences in etch patterns with respect to time
of treatment were also observed in the case of the annealed samples but
only after a longer duration of treatment. Different crack patterns devel-
oped on the surface of the filament at various time intervals indicate a
point variation of local residual stress, resulting probably from a nonuni-
form distribution of the molecular orientation. On the other hand, the
appearance of uniform cracks after prolonged etching suggests that the
stress distribution may be more uniform and localized in the interior layers
of the filament. This type of skin to core differences in the crack patterns
was observed in the untreated control filaments also, but the skin is not
as resistant to the chemical attack as in the case of the annealed filaments.
From these results it can be inferred that heat treatment leads to redis-
tribution of stress in the surface and interior layers of the filament to
different extents, resulting in a skin to core variation.

Mechanical Deformation

Individual polyester filaments (400 denier) were strained to three differ-
ent levels of tensile strain (40, 80, and 90% of the breaking strain) by cyclic
tensile extension on an Instron Tensile Tester, for a sufficient number of

Fig. 12. Commercially drawn filament, slack heat-set (quenched), amine-treated for 4 h.
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Fig. 13. Commercially drawn filament, slack heat-set (quenched), amine-treated for 5 h.

cycles until the stress strain curve stabilized to a constant shape for suc-
cessive cycles. These highly stressed filaments, along with an unstressed
control filament, were amine-etched under identical conditions. After amine
etching they present a mosaic surface (Figures 14-17 having 0, 40, 80, and
90% extension, respectively) with a series of deep longitudinal and trans-
verse cracks or canals with rather regular sized platelets or tiles in between
making up the mosaic. As a result of cyclic tensile deformation to 40, 80,
and 90% extension the depth and width of the transverse and longitudinal
cracks become less with increasing strain level and also the sizes of the
tiles or platelets in between get progressively reduced. The size of platelets
became very regular and uniform after the specimen was strained to 90%
(Fig. 17), whereas in the control sample (Fig. 14) the platelet size is rather
irregular. In the case of the strained samples the platelet widths level off
approximately at 6.0 um. The average length of the platelets parallel to
the fiber axis is found to reduce with increasing strain from 6.0 pm in the
control (Fig. 14) to 3.4 pm in the highest stressed sample (Fig. 17). As the
level of strain increases, the resistance of the material to amine etching
also appears to progressively increase. In other words, it appears that as
the orientation of the fiber progressively increases, the resistance of the
fibre to amine etching also increases correspondingly.
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Fig. 14. Polyester monofilament, unstrained.
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Fig. 15. Polyester monofilament, strained to 40% of the breaking strain.

In another experiment, these stressed filaments along with a control
sample were plasma-etched in an air atmosphere and the corresponding
weight losses were determined. The weight loss (%) of material decreases
substantially, from a level of 15% for the control through 9.6 and 2.4 to
0.75% with increasing strain level or orientation for the 40%, 80%, and
90% strain levels, respectively. Thus, qualitatively, the resistance to amine
etching and plasma etching appear to be closely correlated, and also promise
to be useful techniques to examine the resistance of the fibres to degradation
as well as to examine the extent of disorder. The geometry of the stress-
cracking pattern appears to be affected by the level of the internal residual
stress concentration.

DISCUSSION

After etching with a 40% aqueous methylamine solution the surfaces of
poly(ethylene terephthalate) filaments exhibited a complex mosaic pattern
of cracks. The morphology and geometry was found to change with varying
orientation and thermal histories. This complexity in the crack geometry
made if difficult to find a straight forward explanation for all the observed
changes in the crack patterns. Earlier Sweet and Bell® explained the surface

Fig. 16. Polyester monofilament, strained to 80% of the breaking strain.
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Fig. 17. Polyester monofilament, strained to 90% of the breaking strain.

cracking of PET caused by chemical degradation, on the basis of a biaxial
stress field induced in the material during the drawing and annealing pro-
cesses, and they believed that the resultant of the longitudinal and trans-
verse stresses leads to a helical crack pattern.

An alternative explanation for the observed pattern can be found from
Baker’s work.1! Baker creased drawn PET films, before subjecting them to
amine etching, and found that etching preferentially took place along the
creased portion of the film independent of whether the direction of creasing
was parallel or perpendicular to the orientation axis. Baker therefore rea-
soned that, in drawn films certain organized volumes are produced due to
the fabrication process and these volumes contained higher energy (high
stress) than the neighboring regions, which rendered them more vulnerable
to chemical attack and subsequent degradation.

Following Baker’s and Sweet and Bell’s line of reasoning, the observed
transverse and longitudinal cracks might be explained on the basis of the
existence of two types of domains in which the fabrication stresses are

broadly concentrated to different extents, namely, high and low. It can than
be postulated that the amine attacks these two types of domains at two
different rates. It was also noticed in the case of oriented samples that
during the initial stages of crack formation, the longitudinal cracks were
found to form first followed by the transverse cracks. This difference in
rate of attack of amine on these two types of domains indicated that the
stress levels must be different in the two parpendicular directions. Baker
had also earlier predicted the existence of two types of amorphous domains
in PET based on amine etching studies.

The etch patterns obtained in our work can be explained on the basis of
Prevorsek’s®? structural model.

Prevorsek’s model suggested the presence of two types of amorphous
domains: inter micro- or macrofibriller regions and intra micro- or macro-
fibriller regions. During drawing the micro- or macrofibrils slip past each
other, and as a result the interfibrillar tie molecules are highly stressed,
while the intrafibrillar tie chains are relatively less affected. It was also
proposed by Prevorsek that near the surface the macrofibrils are frequently
oriented with their wider surface area parallel to the fiber surface, and in



31

CHEMICAL ETCHING OF PET FILAMENTS

(panunuo))

Ie[ndaaar 8zis youq

‘uaayed otesowt jpejerd

10 youiq paoeldsip A[[ets

-38[ ‘SOBJID SLIVASURI) puB
Teutpnitduo] jo Iaqunu agiey

£8ojoydaour ayI[osIp
JTenBair {559 A[OA1}BIa1 oIB
SydRID [eurpnjduoi jo 1oq
-wnu juasald sYovId 98I9A
-suexy pue [surpnjiduof yiog

[[ewis suols
-Uswp 2s1p ‘wrxged axIysip
JIe[ngdaa ‘1aqyy oY) ssoide
ULIOJTUN §}OBIO 9SI9ASUBL],
aoBlINS udUIDads aY)
$S0I08 Je[NJaLIl pue WIof
-lunuou axe §}oRId asaY}
{POAIISqO SYOBID SIOASUBLY,
wIojtun Jur

“42)9 20BJINS I3qY ‘SYORID ON

uorjoRI}

-u0d Yyj3ua] ou ‘vousSuriyed
-1q aantsod A1oA ureyjed Lex

-X aulf[eIsA10 pajuatio A[YSiH

dduauLLjearq
aansod ysiy ‘uragyed Kex
X ‘adA3 aur[relsfio pajustI)
souafulrijadiq aATgeSou
ydy ‘stxe-) orydeadoqressLio
Jo uonejusuio Je[norpuadiad
‘urajyed Lel-x ul uorpliowl
U0 PaAIasqo UOTIdB{Jax 00T
anyea aanyisod [[Bws 03 9ATjE
-8ou [[ewts wogy L1eA sanfea
souauLijaalq ‘uisyjed Lex
-x ut sSurl orjuadu0d dieyg
orey Aes-x afdue apum
{800°0—mo] A1oA douedurijerrg

S[LIqYy udomy
-3q uoIsayo0d eIage| Jood
‘passalys A[ySiy aae so[md
-oowr o1y Je[[LIGlyeIjUL pue
-3yt yjoq ‘pasoadw uore)
-uoLIo ‘pasearout LJIU[[eIsLI)
pesse)s
so[novjow 913 JBf[LIq
-[Jetjul pue -Jajul ‘aanjonays
JE[[LIQLJOIDTWI (SIXe IaqL)
Buofe pajusLio suorder aulf
-[e3shxo ‘eurjreisLio A[[enieg

pajud
110 A[9SI9ASUBI] ‘QUI[[BISAID

pajustio AJwopuel ‘suljjelsiin
$sa[aINIONIIS ‘pAJUSLL
-oun ‘snoydiowry A[sArjesy

0,002
e j88-1BOY UOISUS} § dydureg

0.08 18
UMRBID JUSWIE[T] [BIOISUIWO])

UOSN
e }9s-}BoY UOISUI) unds-sy

0,002
18 19s-189Y Joels unds-sy

Mo} (umeIpun) unds-sy

4

1

sulsgjed yovad
21d0oso108W PAAIISq()

SOOUSPIAD [RjUSWILIadXS]

UOIJEIYIPOW [BINJONIIS

10351 UolyROLIqEg

Isadrod
adureg

Suryjeg-1esH pue Surmer(] 03 an(] SUOHIEIIPOTY [BANIINIIG Y] PUR WIaNed YNH PIAlasq() oY) Usamidq UOIIB[A.LIO)) JO SOUB[qUISY

1d19VL



CHAUHAN, RAO, AND DWELTZ

32

9 ‘ou oydures 10} ueyy
I9[[BUIS SUOISUIWIP YSIp
‘uayed oYIpysIp Je[ndsl

{s)oBIO 9s1aasuey) deop pue
JB[hOIIO (JOOWS {parlasqo
A[aael aae syoeld reuipnjiduoy

Je[n3aiar se

-z1s ‘wiyed oresow jaare[d

10 youiq paoeidsip £{jeiare|

‘quesaid syoeld asIsAsuURI}
se [[os se [euIpnyIduol yjog

93ae] SUOISUSWIP ISIP
{K3oToydaowr ayI[}SIp 18]
-nJaa {yjed re[nditd yjoours
Buimol[o] s)oReI0 IsIBASUBI)
‘S)0RI) 9SISASURI]} pajere
-des [[em pue wixojtun A[irej
‘8)oBIO [BUIPNILZUO] OU JSOW[Y

uo13oeIju0d Yi8us] ysiy
pue uteyjed Ler-x auij[eisiid
pajusliosIp A[pySis souafurly
-911q UT 3SBAIDAP A[QEIIPISUOY)

uia)jed
QUI[BISAIO PIUSLIO (9ouad
-ULaaIq ut esweldep 14ds
‘afequriys mof A[eaneredwo))

¢ ojdwres ueyj Jomo] sduasully
-aa1q ‘urajyed Lei-x ‘eure;
-$410 pajuslao ‘afequriys ySryg

peossax)s A[
-431y £10A aJe sureyd a1y Iej
-[Lqyexjur ‘paxetas A[jeaid
ureyd ot} JeffLquasiul
a3} UO SSaI)S ‘SUIS)
-yed aul[[eIsAI0 pajusLIos
-1p AY31S g 'ou o0} j0adsau
YIam posearout Lul|[eIsii)
s[uq
-1 U39M}aq UOTISIY0D [eld)B8]
Io0od {U01IBIPUSIUOD SSIIIS
Buraey urewop Je[[LqIeI)
-Ul pue -Igqul ‘paureiadl uory
-ejusLIo ‘p ardures 0} joadsax
YIIm pasearoul LjurfjeIs£i)
$ISIX9 S[LIQL) UoamIaq UOTS
-9Y0o [BIaYR] Y31y ‘pessaiys
ade S9[NOI[OWL 313 Ie[[LAq
-yeqjul sy} pue paxe[al ale
SONOdTOW B} Je[[LIqI}Id}Ul
oYy ‘saIeysAId Jo uony
-BJUSLIOSIp JYBY[S ‘I9pio e
-199e] Y3y ‘sut[rers£1d AYSH

suzajjed joead
o1doosoaoeul paAtasqQ

S90USpIAd [BjUsWILISdXT

UOIJEOYIPOW [RINJONIIS

2068
1B 195-)BaY HoB[g ¥ s[dureg 8
D991
e 99s-jeay yoel§ ¥ ordureg L
2002
18 jes-18oy oe[s § ojdureg 9
K10981y UOTIEDLIqE] aseiiod
srdureg

(a8nd snowaud ay3 wouf panunuo)) 1 A1IVL



CHEMICAL ETCHING OF PET FILAMENTS 33

the domains between macrofibrils one often observes longitudinal cracks
that separate clusters of several hundreds of microfibrils. During chemical
etching, the highly stressed intermicrofibrillar matter is preferentially
etched. As the etching continues, the intrafibrillar chains are attacked, and
transverse cracks begin to appear. During tension annealing or quenching,
where the specimen is not allowed to shrink, the interfibrillar tie molecules
as well as the intrafibrillar chains are both subjected to a high level of
stress due to the constraints imposed. This structure, when it is subsequently
subjected to amine etching, presents a pattern having longitudinal and
transverse cracks. During slack quenching, on the other hand, a consid-
erable amount of shrinkage and chain folding occurs. This allows the in-
terfibrillar tie molecules to relax, simultaneously putting stresses on the
intrafibrillar chain molecules. This gives rise to an etch pattern that is
dominated by transverse cracks. It is indeed difficult to visualize how such
a simple structural model, which describes the fine structure at the
angstrom level can predict the macroscopic crack formation in polyester.
This is due largely to the fact that chemical etching is cumulative phenom-
enon, where the local variation in the stress levels can lead to a fairly large
variation in the etch patterns within any specimen. However, it must be
accepted that structural changes are still representative of the particular
fabrication parameters or prehistory as well as subsequent mechanical or
thermal deformations. Variations in parameters, such as temperature, time
of cooling and tension during heat-setting have all been shown to produce
characteristic changes in the observed crack patterns. Thus it is only logical
to expect that the surface modifications taking place during these processes
are somehow affecting the stress distribution and hence the crack pattern
within the polymer material. Table I shows a semblance of correlation
between the observed macroscopic crack pattern and the induced structural
modifications due to the drawing and heat-setting processes.

The authors wish to thank the Director, ATIRA, for his permission to publish this work.
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