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Ahstract. The warping effect of high-density polyethylene (HOPE) articles produced
by organic pigmentation has been studied by scanning electron microscopy. A warping
pigment and its warp-free analogue obtained by surface treatment have been observed
and compared to an inorganic warp-free pigment. The results indicate that the generally
accepted nucleation theory is not sufficient to describe fully the warping effect. An
attempt is made to describe this effect in terms of pigment-polymer compatibility.

2. Surface Treatments

like pigments are likely to modify crystal-
lization and crystallization rate, produc-
ing distortion in the injected article.

Inorganic pigments are particularly
good in the coloration of polyethylene
articles; they do not produce any deforma-
tion, because their chemical constitution
and specially their surface properties have
no influence on the mechanism of crystal-
lization, and they have a good heat resist-
ance. However, an important drawback
appears at use: the high saturated colors-
like red and yellow - can only be obtained
with cadmium pigments. Ecological re-
quirements recommend avoidance of their
use. Their replacement by organic pig-
ments, having the required stabilities, was
always hindered by the warping problem-
which is observed in a majority of organic
pigments.

Testing
The efficiency of the treatment on the

warping behavior is tested by injection of
high-density polyethylene (HDPE) pla-
ques. The pigmented plate is compared to
a colorless one; typically, a warped plate
shows a decrease in its length (OL) com-
pensated by an increased width (OW).
The Table gives the effect of two treat-
ments on the commercial pigment Irgazin
DPP® RedBO.

The treatment with inorganic material
gives the expected results; the pigment is

The important difference between in-
organic and organics pigments lies in their
surface: inorganics have a polar hy-
drophilic surface; high-performance or-
ganics are mostly lipophilic and apolar. A
possible method to avoid the nucleating
effect is to simulate the inorganic surface
on the organic pigments by modification
of the surface [4]. Typical treatments in-
volve the precipitation on the sUlface of
the organic particles of a thin layer of a
metal oxide (e.g. zirconia, silica, or alumi-
na) [5]. An another possible way to effi-
ciently change the polarity of the pigment
is to adsorb or to precipitate on the pig-
ment surface some polar polymers like
poly(vinyl alcohol), poly(acrylate), orcel-
lulose derivatives [6].
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total failure of the article as depicted by the
cracks on the bottle crate (Fig. I).

There are several theories explaining
why pigments produce distortion in poly-
olefins, the most widely accepted one in-
volves the nucleating effect that some
pigments have on semi-crystalline poly-
mers such as polyethylene. After the in-
jection, the polymer crystallizes very rap-
idly, during cooling. Temperature gradi-
ents which are present in the mould can
produce different rates of crystallization
and result in strains within the cooled
material. The crystallization is mainly in-
duced by seeding, but could also be in-
duced by epitaxial growth on a crystalline
surface [1-3]. Thus, crystalline particles

The coloration of bottle crates is a very
interesting market for a pigment producer.
Millions of crates with a lifetime of ca. ten
years are produced each year all around
the world. Apart from normal high-per-
formance properties, like lightfastness,
weatherfastness, and a heat resistance (up
to 270°), the pigment needs a specific
property to be used in high-density poly-
ethylene application: it must not influence
the crystallization process of the polymer.
Such an influence can cause shrinkage or
warping, showing as a deformation of the
injected article and deterioration of the
mechanical properties, which can lead to a

1. Introduction

Electron-Microscopy
Investigations of the Warping
Effect in Pigmented High
Density Polyethylene

Fig. I. Example of de-
terioration on an in-
jected bottle crate due
to the influence of the
pigment on the crys-
tallization of the
HDPE
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still not warp-free - the encapsulation
with inorganics is certainly not homoge-
nous enough, and could also be destroyed
during the dispersion step. Conversely,
the treatment with the polymer shows a
very good improvement of the warping
behavior. These type of values represent
an optimum, for dispersion reasons it is
certainly not possible to go further - new
naked faces are formed, when small ag-
gregates are broken during the dispersion
process.

The nucleating effect of the pigment is
also regularly assessed by calorimetry and
by optical microscopy. In the first test, the
crystallinity and the crystallization rate of
extruded HDPE sample containing 3.5%
pigment are measured by DSC. Tn the
selection of pigments discussed here, the
measured differences are too small to be
representati ve. The second test is a recrys-
tallization at isothermal temperature. The
observation of this process between two
glass plates under an optical microscope
does not give much more information.
Normally, a non-warping pigment pro-
duces large and regular spherulites. In
contrast, a warping pigment results in a
very fine crystallization with irregular and
numerous spherulites. In this case, un-
treated, as well as treated pigments present
surprisingly similar crystallization behav-
ior. All three samples show very fine crys-
talline structure and cannot be differenti-
ated.

3. Scanning Electron Microscopy

The poordiscrimination observed with
these traditional investigations has led us
to look at the microscopical level in order
to study the area arround of the pigment
particle as well as the pigment-polyethyl-
ene interactions.

Samples and Preparation
The high-density polyethylene used in

this study was a Stamilan 9089Vex Hiils.
The pigments and the HDPE pellets were
first mixed (3.5% w/w) in a Turhula-mixer
and then extruded (dimension: 15 mm x I
mm) three times for a better dispersion.
The maximum extrusion temperature was
200°.

A 2-cm long piece of the extruded bar
was then frozen to liquid N2 temperature
and fractured. One fractured face of each
sample was etched for 4 h with an acid
permanganate solution (0.7% KMn04 so-
lution in I: I mixture of 98% H2S04 and
83% phosphoric acid) [7]. The other face
was kept untouched. Both were observed
simultaneously.

Table. Warping Be/wl'ior

Pigment

C.l. Pign~nt ~ed 2$411)

udmium Redb)

a) Irgazin DPP® Red BO (Ciba).
b) Cadmopur® Red BS (Bayer).

urfnce lrclItmCnl DL DW
none -10. 10.

m",utl o~dll' 3.5 4.1

pol mer -1.5 2.1

1,6 0.6

Fig. 2. C,:\'of/'llc-
ture ofHDPE ('(110-

red with A) Cadmi-
um-Red panicle
iso/liled Ji'om 1I1l/-

Irix B) unlreated or-
ganic pigmelll par-
lic/e emhedded in
llie Ilwlrix ..f(nmd by
EDX analysis. C)
Polymer Irealed or-
ganic pig men/ -
{Janicle iso/aleli
.fi,{J/Il slis/rale
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Fig. 3. Cryo-ji-acture (!l HDPE colored with A) an hydrophilic inorganic pigment (CrTi04) B) hydrophobi::.ed inorganic pigment hy silani::.ation

Fig. 4. i\) Etched cryo-fracture (if unpigmented HDPE B) same slImple as in Fig. 2B, etched

The sample preparation was complet-
ed by a sputtered coating of the sample
surface with IO-nm Au/Pd film in order to
avoid electrical charging in the SEM. Sam-
ples were observed with a scanning elec-
tron microscope Philips 525-M equipped
with an EDX TRACOR TN5400.

4. Results

The observation of the effect of the
different pigments on the polymer struc-
ture requires that the pigment particle them-
selves could be located with precision. For
the inorganic pigments, it is not that much
of a problem, because the difference in
average atomic number between the poly-
mer and the pigment is high enough to
bui Id a good contrast between the two. For
organic pigments, however, there is very
little difference, and hence very little con-
trast between matrix and particle. By eff-
icent use ofthe SEM- EDX (Scann ing Elec-
tron Microscope coupled with an Energy
Dispersive X-ray spectrometer) combina-
tion, we were able to find the pigment
particles by localization of the X-ray emis-

sion of the Cl atoms contained in the
pigments.

The resuhs obtained are shown in Figs.
2-4. Fig. 2A depicts the behavior of a CdS
pigment particle in the HPDE. The hy-
drophilic surface being totally incompati-
ble with the polymer, the pigment particle
is found sitting in a cavity built around it
by the polymer. There is clearly no inter-
action between the pigment and the poly-
mer. In Fig. 28, the pigment is an untreat-
ed DPP with a hydrophobic surface, and,
therefore, hence polymer-compatible. The
capability of the pigment particle to blend
into the polymer is well illustrated here.
Only the X-ray CI emission allowed us to
identify the pigment position with preci-
sion. Tn Fig. 2C, the same pigment as in
Fig. 28 was used, but its surface has been
treated in order to render it hydrophilic.
The situation is then comparable with Fig.
2A. The organic pigment that does not
cause warping is treated like a foreign
particle by the polymer and segregated
outside the structure.

Fig. 3 illustrates the same effect ob-
served on the CrTi04 - an inorganic pig-
ment. Fig. 3A shows the original pigment

causing no warping. It behaves much like
the CdS of Fig. 2A or the treated organic
pigment of Fig. 2C. However. when its
surface is chemically treated to make it
hydrophobic, it blends in the polymer as it
can be observed on Fig. 38. In this case,
the finished parts are warped.

In Fig. 4, the effect on the polymer
structure can be clearly seen. Fig. 48 shows
a chemicaJly etched sample containing the
same pigmem as Fig. 28. Fig. 4A shows
the structure of the pigmentless reference
sample. One can see that the crystalline
structure of the reference is well resolved
whereas in the pigmented sample, which
exhibited strong warping. only very fine
lamellae could be distinguished in a few
areas (arrows). The structure of non-war-
ped pigmented sample is not shown here.
It is very simililar as the one of Fig. 4A
only mLlch finer.

Finally, we observed that the addition
of pigment in HDPE changes its micro-
structure in all cases. The pigments, where
the warping is the most dramatic are also
the ones where the structural changes are
the most noticeable. This ability to strong-
ly disturb the polymer's crystalline strLlc-



CHEMIE IN FREIBURG/CHIMIE A FRIBOURG 439
CHIMIA ~8 (19941 Nr. q (Septl'mlx'r)

ture is due to the surface characteristics of
the pigment particles. The hydrophobic,
hence polymer-compatible, pigments play
an active role in the structure develop-
ment, whereas the hydrophilic ones have a
typical impurity effect namely, they cause
no observable structure modification.

5. Conclusions

The true explanation for the pigment
warping is still unclear: not one of the
different methods of analysis used has
gi ven the real evidence necessary to prove
the mechanism of warping. However, the
DSC results and the observation by optical
microscopy indicate that this effect cannot
be explained by the nucleation theory
alone. The results obtained by the SEM
and by other testing methods di rect us to a
new theory where the pigment compati-
bility is essential.

If a pigment is compatible with the
polymer (by analogy: the polymer wets
the pigment), the polymerchains will have

strong interactions with the pigment sur-
face and the pigment particles will be
linked (tied) together by the polymer chains
to form a composite matrix. These interac-
tions restrain the chain movement, mean-
ing that mechanical relaxations are hin-
dered, producing the warping (as with the
untreated organic pigment). Conversely,
incompatible pigments as inorganic pig-
ments (CdS or CrTi04) present no interac-
tion with the polymer; the pigment parti-
cles and the polymer can behave as two
separate phases, and mechanical relaxa-
tions after the processing are possible.

In all the methods investigated, the
measured effect produced by the warping
is small (e.g. the degree of crystallinity,
the kinetics of crystallization, the change
of yield etc.). This makes it difficult to
understand fully the origin of warping,
and it appears impossible to progress fur-
ther in the study of warping with the ana-
lytical techniques used until now (SEM,
TEM, DSC etc.).

From the point of view of the pig-
ments' producer, even if the true explana-

tion of the warping was not definitely
established, a good solution to the prob-
lem was found, and a commercial product
is actually on the market. The treated prod-
uct iscommercialized under the trade name
Cromophtal DPP® Red SOc.
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Phasenumwandlung von 3,6-
Diphenyl pyrrolo[3,4-c] pyrrole-
1,4-dithione fur optische
Speicherungsanwendungen
Jin Mizuguchi*

Abstract. 'Diketopyrrolopyrroles' (DPP) are industrially important red pigments which
resist bleaching. Thionation (replacement of the 0- by the S-atom; the title compound
(DTPP» brings about an intense near-IR absorption in the solid state. Because of this,
DTPP has recently attracted attention as a material for laser printers and optical
information-storage systems based on GaAsAI laser diodes. Three crystal modifica-
tions I, II, and III are known to exist for DTPP. Among these, only modification III
exhibits an intense near-IR absorption (860 nm), whereas the absorption band appears
only at 690-710 nm in modifications I and II. The near-IR absorption is due to
interplanar n-n interactions of the alternating N-atom of one DTPP molecule and
thiocarbonyl C-atom of the neighboring molecule along the stacking axis. The forma-
tion or blocking of the n-ninteraction ('phase change') by means of optical energy can
be applied to an optical information storage system. The optical disk (structure:
substrate/hydrazone/DTPP/ AI) exhibits a reflectivity change from ca. 30 to 45% on
writing with a power of ca. 9 mW at 780 nm.

1. Einleitung

'Diketopyrrolopyrrole' (DPP) sind be-
reits als wichtige industrielle Rotpigmen-
te bekannt. Schwefeillng des unsllbstitu-
ierten DPPs (' Dithioketopyrrolopyrrol':
DTPP, Formelbild in Fig. 1) bringt eine
intensive, nah-IR-Absorption zustande.
Die optischen Eigenschaften von DTPP
im Festzustand sind ausfUhrlich untersucht
worden, besonders im Zusammenhang mit
Anwendungen fUrLaserdrucker [ 1-41und
Informationsspeichersysteme [51 basie-
rend auf der GaAsAI-Laserdiode. Diese
Anwendungen beruhen auf del' nah-IR-
Absorption von DTPP. Wir haben bereits
berichtet, dass es drei Kristallmodifikatio-
nen in DTPP gibt, unter denen nur die
Modifikation III eine intensive, nah-IR-
Absorption bei ca. 860 nm aufweist [6-8J.
Ferner sind dieelektronischen Eigenschaf-
ten von DTPP in del' Lasung sowie im
FestZllstand sowohl vom Standpunkt in-
ternlOlekularerWechselwirkungen [91wie
auch der Molekular-Orbital-Berechnun-
gen [10] systematisch untersucht worden.
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