Macromolecule2007,40, 4217-4224 4217

Study of Polystyrene and AcrylonitrieStyrene Copolymer as Special
p-Nucleating Agents To Induce the Crystallization of Isotactic
Polypropylene

Zhigiang Su, Mu Dong, Zhaoxia Guo, and Jian Yu*

Institute of Polymer Science and Engineering, Department of Chemical Engineering, School of
Materials Science and Engineering, Tsinghua &¢msity, Beijing 100084, China

Receied October 13, 2006; Resed Manuscript Receéd April 13, 2007

ABSTRACT: The influence of two kinds of polymers (polystyrene (PS), acrylonitstgrene copolymer (SAN))

on the crystallization behavior of isotactic polypropylene (iPP) has been investigated by means of wide-angle
X-ray diffraction (WAXD), differential scanning calorimetry (DSC), and polarized optical microscopy (POM).
The current experimental results indicated that these two kinds of polymers with low concentration, as special
pB-nucleating agents, can induce PP polymorph during quiescent melt crystallization. The nucleating activity

of SAN or PS significantly depends on its concentration, molecular structure, and thermal history of processing.
The content of3-crystal form increases with the increasing crystallization temperature or nucleating agent (SAN
or PS) percentage, reaches a maximum value, and then decreases as the temperature or nucleating agent percentage
further increases. Under the same crystallization condition, SAN is more effective than PS on inducing a higher
level of 5-crystal form in iPP. Besides, variable temperature WAXD and POM experiments have been used to
investigate the polymorphism and the crystalline phase transformation of iPP. It was proved thatryisel

form of iPP is a thermodynamically metastable structure and will gradually transform to a new kihdrgtal

form with the rise in crystallization temperature. Because of different structural characteristics, the polymeric
nucleating agents exhibit nucleation and crystallization mechanism which differ from the traditional low molecular
weight S-nucleating agents of iPP.

1. Introduction articles dealt with the nucleation and crystallization mechanism

- i - 2,19-21
Isotactic polypropylene possesses some features that aré?é.ﬂ |PP'|n tTel F:?St' LOttZ ﬁm d iﬂ Worl,,(ét[t]é h proplosg d ih
unique to semicrystalline polymers. This polymer is of poly- Imensional fattice matching theory™ through analyzing the

morphic composition, having at least four modifications:/3, strugtural relationships betwe_en nucleating age_ntsﬂa'rRP. .
v, and smectid-® The chain conformation of each modifications 1 Neir theory can be summarized as the following: -a lattice
is the classical 3helix. The difference in the crystallography matching b_etwe_en thea}xs periodicity of iPP (6.5 A) and a .
is the manner in which the chains are packed in the unit cell. correspondmg dlsFance in the supstrate cry§tal face of nucleating
The difference in the crystal forms of iPP has a dramatic impact agent is the :n_aln reason to induce tﬁGPP pol}’/morph.
on the properties of polymer products. Among all the crystal However, the dlmen5|opal lattice matching theory ca}nnot be
forms of iPP, the3 one has many performance characteristics, @PPlied to all f-nucleating agents, and the nucleation and
such as improved elongation at break and impact strength, Sc)cry.stalllzatlon mechanism @iPP are still not well-understood
in the past few decades much attention has been paid toUntil now.
investigate and elevate the performance of gi€P’~17 Generally speaking, thég-nucleating agents of iPP are
Since the nucleation of metastaplerystal form occurs much  crystallizable organic compounds with low molecular weight.
more rarely in bulk crystallization than that of the predominant Though a higher conterft crystal form can be obtained in the
a-modification, it can only be obtained through special crystal- blends of iPP with some polymers (such as polyamidé-&,
lization procedures, such as in a temperature gradieadding maleated elastom@¥?, 28 ultrahigh-molecular-weight polyeth-
specific nucleating agefit}? or shear-induced crystallizatid#r,'” ylene2®30etc.) under shear conditions, these polymers are not
of which the most effective and accessible method to obtain considered ag-nucleating agents of iPP for they cannot generate
iPP with higher level ofs-crystal form is the addition of some  f-crystal form during quiescent melt crystallization. Recently,
B-nucleating agents. However, until now only two classes of Torre et af! researched the melting behavior of liquid crystalline
compounds have been mainly use@@asucleating agents: the  polymer/iPP blends and found that the liquid crystalline polymer
first class is a minority of aromatic ring compounds, such as (Vectra A950) can induce both- and -nucleation during
y-quinacridone (Dye Permanent Red E3B), triphenodithiazine, isothermal crystallization. According to our investigation, some
andN,N-dicyclohexylterephthalamide; the second class includes polymers with benzene rings (such as SAN and PS) can also
certain group IIA metal salts or their mixtures with some specific induce thg3-iPP polymorph during quiescent isothermal crystal-
dicarboxylic acids, such as calcium salt of imido acids and lization and improve the impact strength of iPP remarkably.
compounds of calcium stearate and pimelic &8id. Compared with the tradition@-nucleating agents of iPP, these
Understanding the nucleation mechanism fishucleating polymeric nucleating agents boasted some unique structural
agents is a key to improve the properties of iPP, yet only few characteristics and nucleating activity. Their nucleation mech-
anism cannot be explained by the “dimensional lattice matching

* Corresponding author: Fax-86-10-62770304; e-mail yujian03@ theory”. Furthermore, as speci@knucleating agents, these
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innocuity, easy to process) and exhibit an attractive commercial Xy = (1= Kp)Xy 3)
future. The purpose of this paper is to present some detailed
experimental results about the effect of polymeric nucleating Xg = KXy (4)

agents (represented by SAN and PS) on the crystallization
behavior of iPP and to further discuss the nucleation mechanismwhereK expresses the relative amount of fherystal form with

of f-nucleating agents. respect to thet-crystal form;Agog represents the area of the (300)
reflection peak;Aqi10y Axos0y andAqiso) represent the areas of
2. Experimental Section the (110), (040), and (130) reflection peaks respectively; and

AamorphousS the area of the amorphous peak. In this work, a curve-
2.1. Materials and Samples PreparationThe matrix polymer  fitting soft was used to calculate the peak intensities of WAXD
used in this work was commercial grade iPP, S1003, with melt profiles. The deconvoluted peaks can be obtained by using the
flow index of 2.5 g/10 minM,, = 2.8 x 10°g/mol, and melting mixed function of Gauss and Lorentz.
temperature of 165C, produced by Yanshan Petroleum and
Chemical Corp., China. The polymeric nucleating agent (PS) was 3. Results and Discussion

obtained from TaiTa Chemical Corp., with melt flow index of . . .
4 g/10 min. Another polymeric nucleating agent (SAN) was 3.1. Effect of the Concentration and Varieties of Polymeric

obtained from Mitsubishi Piastics, Inc., Japan, with melt flow index Nucleating Agent.Figure 1 and Figure 2 show that the WAXD
of 2.2 g/10 min. The weight percent of acrylonitrile in SAN  profiles of SAN/iPP and PS/iPP blends with different SAN (or
copolymer is about 23%. Compounding of iPP with PS or SAN PS) content isothermally crystallized at 1D under quiescent
was produced using a corotating twin-screw extruder, operating atconditions. To compare the crystalline structures of different
a melting temperature of 2I. The compounds were blended at  samples, the WAXD profiles all plotted at the same intensity
a screw speed of 25 rpm. PS or SAN proportions in the blends scale. It was observed that the WAXD profile of pure iPP show
were 0.3,0.7, 1, 2, 3, 4, and 5 wt %. five obvious peaks at@of approximate values 1£217.C,

The crystallization procedure and thermal history are prime 18.7, 21.2, and 22.0 respectively, which correspond to the
factors in determining the morphological features and physical (110), (040), (130), (131), and (111) reflections. These char-
mechanical properties of a given polymer. For sample preparation, 5 teristic diffraction angles indicate that oné¢monoclinic
it is not sufficient to consider only the crystallization condition, crystal form exists in the pure iPP sample. However, in the

but sample size and shape should also be taken into consideration ' . - .
For example, the actual thermal history of samples with different WAXD profiles of SAN/iPP (or PS/iPP) blends with low SAN

thickness varied greatly. In this work, to ensure the consistency of (OF PS) content, there is an obvious peak at about®3tfich
thermal histories of different samples, all the samples with different corresponds to the (300) reflectionphexagonal crystal form,
SAN (or PS) content were first sandwiched between two aluminum indicating -crystal form exists in these samples.
flakes and melt-pressed to form a film with a thickness of ca.  According to eqs 1 and 2, the relative contentSeérystal
100um. The compression-molded specimens were then melted atform (K) and the value of the total crystallinit)4y), calculated
220°C and kept for 10 min at this temperature to erase any thermal from the X-ray diffraction profiles as shown in Figures 1 and
history. At last, they were rapi_dly cooled to the crystallization 2, are reported in Figure 3 as a function of the content of the
t;ﬂ?gﬁiit;{ig}gf?nghléef?;a?;;? |teeSmV€eerreattl;1reegfr§ I? dltoca(llool\g dto polymeric nucleating agents. The calculated results show that
Y - P pialy the Xy values of two series of iPP blends both decrease with

room temperature for test. In the various isothermal crystallizations, g .
T. =90 foo 110. 120. 130. 140. and 1%0. 4 the increasing SAN or PS percentage. However Kihgalues

. ) of two series of iPP blends first increase with the increasing
2.2. MeasurementsWAXD experiments were conducted with SAN or PS t h ) | hen SAN
a Panalytical (Holland) X’ pert Pro MRD diffractometer (CuxK or percentage, reaches a maximum vaiue (V,V en
2 = 0.154 nm, 40 KV, 40 mA, reflection mode). The experiments OF PS percentage is about 2%), and then decreases with a further

were performed with a@range of 10—30°, at a scanning rate of ~ increase in the SAN (or PS) percentage. The maxim(m
2°/min, and a scanning step of 0902 values of SAN/iPP and PS/iPP are 32% and 27%, respectively.

The calorimetric measurements were performed with a Mettler 1he above results indicate that the SAN (or PS) content
DSC 822¢ differential scanning calorimeter at different scan rates influences not only the crystallinity but also the crystalline phase
of 10 °C/min in a flowing N> atmosphere, and the sample weight of iPP.
was ca. 10 mg. Indium was used as the standard sample. Because the thickness of these sample films (ca. &P

For optical microscopy observation, a Nikon type 104 optical almost equals the diameter of spherulite of iPP, the difference
microscope was used in this study. The optical microscope was between skin and core structure of these sample films can be
equipped with cross-polarizer, with a camera system (Panasonicignored in this work. At the same time, because the compres-
wv-CP240/G) incorporated, and a programmable heating stage. sjon-molded specimens were melted at 220and kept for 10

The relative amount of different crystal forms present in these min at this temperature to erase any thermal history before
samples was measured from the X-ray diffraction profiles. In iPP quiescent isothermal crystallization, there is no possibility of
WAXD profiles, (110) at 2 = 14.1°, (040) at 16.9, (130) at 18.5 flow-induced orientation in the isothermal crystallization.
are the prlnC|paI reflec_tlorjs of thl}crystal form of iPP while (300) Therefore, the appearanceftrystal form in SAN/iPP (or PS/
f‘;e@bgt’é ii':’;%gzoﬁ’ggct'ﬁgl éﬁg?acé't%?i;‘;ghféglrgg;;gg 223 iPP) blends with low SAN (or PS) content can be explained by

theS-nucleating activity of the two kinds of polymers. To further

p-crystals, respectively. The crystallinity and relative content of ! . - X
different crystal forms of iPP can be calculated from the following VMY the f-nucleating activity of the two kinds of polymers,

equationg 1432 in-situ POM measurement was carried out in this work to
observe the isothermal crystallization process of the SAN/iPP
Asao0) blend.
K= Avrior+ Aoos+ Auza + A 1) o- andpg-crystal forms of iPP are easily distinguished under
(110) (040) (130) T A(300) polarized light microscope, in view of their very different optical
_ Aamorphous propertiesi1®2?lt is well-known that3 iPP spherulites are highly
Xar=1- A + Aot ) birefringent as a result of conventional spherulite architecture,
Z morphous © “crystalization with radiating lamellae and tangential orientation of the mo-
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Figure 1. WAXD profiles of SAN/iPP blends with different SAN content isothermally crystallized at I @nder quiescent conditions.
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Figure 2. WAXD profiles of PS/iPP blends with different PS content
isothermally crystallized at 1189C under quiescent conditions.

lecular stems in the lamellae. HoweverPP spherulites usually
have a much weaker birefringent as a result of a specific
mechanism of lamellar branching. Therefore, in the optical
micrographsga-spherulites are darker thghones.

Figure 4 shows the optical microphotographs of the nucleation
and growing process of SAN/iPP blend with 2% SAN during
isothermal crystallization at 11TC. All the optical micropho-
tographs in Figure 4 were taken under cross-polarized light. It
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Figure 3. Relative content of3-crystal form Ks) and the value of
crystallinity (Xa), evaluated from the X-ray diffraction patterns, in the
samples isothermally crystallized from the melt, as a function of the
content of the polymeric nucleating agents.

also induce ther-crystal form during melt crystallization. It is
obvious that our investigation proves that SAN and PS are a
class of speciaP-nucleating agent of iPP. They have dual
nucleating activity and can induce bath andj-nucleation in
iPP.

In this experiment, DSC, as a basic scientific approach, was
also adopted to investigate the special nucleating ability of

can observed that, due to the phase separation between iPP angolymeric nucleating agents. However, in most experimental
SAN, SAN assembles to become many microspheres (less tharconditions, compared with the result of WAXD, the signals of

5 um) which disperse uniformly in iPP matrix in the early stage
of isothermal crystallization. Then with the increasing crystal-
lization time (), some of SAN microspheres begin to induce
iPP nucleation (Figure 4a). With further increase inthéoth
o- andg-crystal form spherulites appear (Figure 4b). The bright
spherulite is3-crystal form, and the darker ones arecrystal
forms. In Figure 4c,d, the- and g-crystal form spherulites
gradually grow with the extending until the space was fully
occupied.

According to Lotz’s investigatio? many nucleating agents
have dual nucleating activity, and sofw@ucleating agents may

p-crystallization peaks in DSC curves are not as significant as
it is in WAXD, and some crystalline peaks in DSC curves
overlap with each other. Consequently, the calculated results
of DSC were not used to investigate the crystalline behavior of
polymeric nucleating agents/iPP blends, and the results of DSC
are not included in this paper.

Generally speaking, increasing the concentration of the
nucleating agents helps to increase the proportiofi-ofystal
form. However, the results of Figure 3 indicate thatkesalues
of two series of iPP blends do not increase linearly with the
increasing SAN (or PS) percentage, but reach a maximum value
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Figure 4. In-situ optical micrographs of the nucleation and growth
process of SAN/iPP blend with 2% SAN during isothermal crystal-
lization at 110°C.

when SAN or PS percentage is about 2%. It can be explained
by the changes of dispersibility of polymeric nucleating agents

in iPP matrix. The dispersibility of polymeric nucleating agents Figure 5. Polarized light microphotographs after isothermal crystal-

heavily depends on the concentration of nucleating agents andization at 110°C of the (a) iPP/SAN (99.7:0.3), (b) iPP/SAN (98:2),
the mixing method. Under the same conditions, increasing the and (c) iPP/SAN (95:5).

concentration of the nucleating agents will increase the particle

sizes of polymeric nucleating agents and weaken their dispers-enhance thg-nucleating activity of iPP. All the above analysis
ibility in iPP matrix. At the same time, weakening dispersibility and discussion clearly indicate that SAN (or PS) used in this
will lower the nucleating efficiency of the polymeric nucleating work both have a promineri-nucleating effect on iPP, and
agents. Consequently, the proportiorpedrystal form does not  the proportion off-crystal form is greatly influenced by the
increase linearly with the increasing SAN (or PS) percentage concentration and molecular structures of these two kinds of
because of the conflicting relationship between the concentrationpolymers.

and the dispersibility. Furthermore, in our experiments, through comparing the
Figure 5 shows the optical microphotographs of SAN/iPP mechanical ability data (including stretching, bending, impacting
blends crystallized isothermally at 12G. From Figure 5ac, strength) of pure iPP and SAN/iPP injection-molding samples,

SAN proportions in the blends were 0.3%, 2%, and 5%, we found that the impact strength of SAN/iPP is obviously
respectively. All the optical microphotographs in Figure 5 were improved compared to that of pure iPP. When SAN percentage
taken by POM without cross-polarized light, and the SAN is about 2%, the maximum impact strength value of SAN/iPP
microspheres in iPP can be observed clearly. It is apparent thatcan be enhanced by almost 60%. At the same time, according

in Figure 5a, only a few SAN microspheres (less thamnd to the results of WAXD measurement, we found that SAN has
can be observed. As a result, there are not enough nucleatingsignificant-nucleating ability and thg-form content in SAN/
agents to induce thg-iPP polymorph, and thus the-crystal iPP is higher than that of pure iPP. These results indicated that

form is predominantly obtained. When SAN proportion in the SAN help to enhance thg-form content of iPP and improve

blend reaches 2% (Figure 5b), the SAN micospheres dispersethe mechanical properties of iPP samples.

uniformly in the iPP matrix, and the size of SAN micospheres  3.2. Effect of the Crystallization Temperature (T¢). Dif-

does not change significantly, indicating that the dispersibility ferent thermal histories have great influence onthicleating

of SAN does not weaken with the increasing SAN percentage. ability of the polymeric nucleating agents, which in turn will

As a result, the proportion g8-crystal form increases when influence the phase structure of iPP samples. On the basis of

SAN percentage increasing from 0.3% to 2%. In Figure 5c, the above research results, we adopt SAN/iPP and PS/iPP blends

when SAN proportion in the blend reaches 5%, the size of the with 2% SAN (or PS) percentage to investigate the influence

SAN micospheres (ca. #BOum) increases greatly, indicating  of crystallization temperature on the final condensed structure

that the dispersibility of SAN weakens with the increasing SAN of iPP.

percentage. It results in a loss of nucleating efficiency of SAN ~ The WAXD profiles of SAN/iPP and PS/iPP blends with 2%

and the decreasing of the proportion/trystal form. SAN (or PS) isothermally crystallized from melt at different
Another interesting phenomenon is that, under the sametemperatures are shown in Figure 6 and Figure 7, respectively.

crystallization condition, SAN is more effective than PS on The crystallization time of these samples is 2 h. Rpevalues,

inducing s-crystal form in iPP. This can be explained by the calculated from the X-ray diffraction profiles in Figures 6 and

structural difference of these two kinds of polymers. Some 7, is reported in Figure 8 as a function of the crystallization

special functional groups (such as nitrile) in SAN may help to temperature. It was observed that {ferystal form only can
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Figure 6. WAXD profiles of SAN/iPP blends with 2% SAN
isothermally crystallized at the indicated crystalline temperatures.
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Figure 7. WAXD profiles of PS/iPP blends with 2% PS isothermally
crystallized at the indicated crystalline temperatures.

be obtained in a certain temperature range (from 90 to°C30
TheKjp values increases with the rise in crystallization temper-
ature, reaches a maximum wheégis about 110°C, and then
decreases with a further rise Ta. At the same crystallization
temperature, SAN is more effective than PS on inducing
p-crystal form in iPP. The changing patternigf value in Figure
8 is similar to that of Figure 3.

On the basis of such complex polymorphic behavior of SAN/
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Figure 8. Relative content of-form crystal ), evaluated from the

X-ray diffraction patterns, in the samples isothermally crystallized from
the melt, as a function of the crystallization temperature.

becomes again kinetically favored, so that the amount of
p-crystal form decreases.

The results of the above analysis indicate that the samples
of SAN/IPP and PS/iPP blends crystallize from the melt in
mixtures of crystals ofx- and g-forms. Different crystalline
temperature will influence the final condensed structure of iPP.

3.3. Transformation between Different Crystalline Phases.

As mentioned above, the polymeric nucleating agents (SAN or
PS), dispersing within iPP matrix, may act&aucleating agents
and induce thg-iPP polymorph. The-crystal form of iPP is

a metastable phase, and it will transform to the stabjghase
under special conditions. Since the first report on the phase
transformation in3-iPP by Padden and Keiththe structural
changes involved in the transformation have been widely
studied, and a number of mechanismsforo transformation
have been establishé®6-38 However, these phenomena are
still under debate. To better understand the polymorphism of
the polymeric nucleating agent/iPP blends, the phase transfor-
mation between different crystal forms was also investigated
by variable temperature WAXD and POM experiments in this
work.

The WAXD profiles of a sample of iPP with 2% SAN were
recorded at different melting temperatures after quiescent melt
crystallization at 110C for 2 h, which are shown in Figure 9.
The melting temperatures were selected according to the
positions of melting peaks in the DSC scans of SAN/iPP blends.
It was observed that the variation of the intensities of different
crystalline peaks is distinct with the increasing temperature.
According to the eqs 4, the total crystallinity of iPPXa)

iPP and PS/iPP blends, the reason for the presence of theand the crystallinity of different crystal formX¢ andXg) can

maxima in the curves of the content gfcrystal form as a

be calculated (Figure 10). It can be seen that the valuégof

function of the crystallization temperature may be explained as and Xs both decrease with the rise in the melting temperature,

the result of two competing kinetic and thermodynamic effects.
Lotz et all®33-35 have proved that the growth rate gfphase
is considerably faster than that of thephase in the conventional

while X, first increases with the rise in the melting temperature,
reaching a maximum amount at 142, and then decreases with
a further rise in the melting temperature. The results indicate

crystallization temperature range of iPP (i.e., between 100 andthat the phase transformation betwgeando form takes place
140 °C). Therefore, for the present samples of iPP, blending in the process of heating.

with an appreciable amount of SAN (or PS), the formation of
the g crystal form is thermodynamically favored in the tem-
perature range from 100 to 14€. Consequently, with the
increasing crystallization temperature the amoung-aiystal

Figure 11 shows the variation of th&, value of SAN/iPP
blend with 2% SAN content, calculated from the WAXD
profiles of Figure 8, as a function of the melting temperature
and the DSC heating thermogram of the SAN/iPP blend. The

form increases, but at higher crystallization temperatures the DSC thermogram clearly show multiple endothermic peaks

crystallization of metastabl@-crystal form is too slow because
of its lower melting temperature, and the more stabiform

which can be assigned to the melting of the different crystal
forms of iPP® or recrystallization and reorganization of the
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Figure 9. Variable temperature WAXD profiles of SAN/iPP blend
with 2% SAN after quiescent melt crystallization at 130 for 2 h.
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Figure 10. Variation of crystallinity of different crystal forms with

increasing temperature. The data were obtained from WAXD measure-
ments.

imperfect crystal forms during heatiri§jThe two melting peaks
(at 150 and 164C) in Figure 11 correspond to tifeform and
o-form, respectively. The endothermic peak (£&5 is caused
by the melting of less stable’-crystal forms that had formed
during the initial stages of the heating process piao
recrystallization within the3-phase. Comparing the variation
of the X, obtained from the variable temperature WAXD data Figure 12. Variable temperature polarized light microphotographs of
with the DSC heating thermogram of thg SAN/PP blend, it SRN/iPP blend after quiZScent m%lt crystalligzation at F:)tmfogzr;\.
can be observed thaX, reaches a maximum value when
p-melting peak begins to disappear. It means the phaseform spherulites may be observed in the SAN/iPP blend. The
transformation takes place at the melting temperatufearj/stal p-crystal form spherulites melt gradually with the increasing
form. The newly formedx'-crystal form is less stable crystal temperature and then disappear completely at’ToMNeverthe-
form and will melt at lower melting temperature. This phenom- less, a new crystalline phase comes into being withiftpease
enon also can be proved by variable temperature POM measurewith a further rise in the melting temperature (153). The
ment. newly formed crystalline phase is positive spherulites with lower
The morphology of the SAN/iPP blend developed in the melting temperature. It begins to melt at 1%5and disappears
process of heating was analyzed by polarized optical micros- completely at 165C. Combined the results of DSC, the newly
copy. Figure 12 shows the variable temperature polarized light formed crystalline phase within thphase can be defined as
micrographs of the SAN/IPP blend after quiescent melt crystal- a less stable’'-crystal form. The phase transformation between
lization at 120°C for 2 h. It is evident that both- andj-crystal o- andg-phases is a melting and recrystallization process.
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It is known that botho- and 5-phases of iPP are based on reduction of theg-crystal form could be explained by the
the same 3-fold helical conformation of the molecular chains. changes of dispersibility of polymeric nucleating agents in iPP
As a result, growing transitions between the two crystal forms matrix. SAN is more effective than PS on inducing higher level
are structurally feasible. Increasing the melting temperature of -crystal form in iPP under the same crystallization condition.
induces the rearrangement of Belical chains of iPP and  This can be explained by the structural difference of two kinds

consequently causes the gradual transformation ffoto o of polymers. Polar functional groups (such as nitrile) in SAN
crystal form. Compared with isothermal crystallization process, may help to enhance th&nucleating activity of iPP.
the time of melting and recrystallization gfcrystal form on Different thermal histories also have great influence on the

heating process is too short for the helical chains of iPP to adjust/-nucleating ability of SAN and PS. The-crystal form can
them to a stable state. As a result, the newly formed crystalline only be obtained in a certain temperature range (from 90 to
phase ¢') is less stable than the-crystal form. 130 °C). The fp-form content increases with the rise in
3.4. Structural Requirement for the Polymeric Nucleating crystallization temperature, reaches a maximum Terat
Agent. Analysis of the structural relationships between the 110°C, and then decreases with a further risgdnThe presence
polymeric nucleating agents agiecrystal form helps establish, ~ of the maxima in the curves of the content @fform as a
at least in their broad outlines, the structural requirements thesefunction of the crystallization temperature may be explained as
nucleating agent must meet. Different from tieerystal form, the result of two competing kinetic and thermodynamic effects.
the B-crystal form has a highly unusual crystal structure, with ~ With obvious evidence of variable temperature WAXD and
a trigonal unit cell in which three isochiral helices adopt a POM experiments, it was proved that thfe — o phase
frustrated packing® It does not comply with the rules of transformation takes place with the rise in melting temperature.
classical crystallography which postulate structural equivalency. The phase transformation betwegnand o-crystal form is a
Indeed, the helices ¢g#-crystal form have different azimuthal ~ melting and recrystallization process. The newly formed crystal-
orientations since the corner chains are rotated-t@C (or, line phase is a less stalié-crystal form and is produced during
in view of the 3-fold symmetry of the helices, by60°) relative the initial stages of the heating process via melt and recrystal-
to the middle chains. Different nucleating agents can induce lization within the-phase.
these helical chains organizing into several different spatial  Different from traditionals-nucleating agents of iPP, these
arrangements and giving rise to distinct polymorphs. polymeric nucleating agents present unique structural charac-
According to our investigation, the polymers wjnucleat- teristics and nucleating activity. They are amorphous polymers,
ing activity all have benzene rings in their molecular structure and their nucleation mechanism is different from that of the
(such as PS or SAN). The benzene rings of the polymeric traditional nucleating agents.
nucleating agents may act as a growth surface of crystal and
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