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Effects of nucleating agents on crystallization behavior
and mechanical properties of high-fluid polypropylene
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Abstract The effects of organic aluminum phosphate

(NA-21) and rare earth organic coordination compounds

(WBG), serving as a, b nucleating agents, on crystalliza-

tion and mechanical properties of high-fluid polypropylene

(PP) have been investigated. As determined by differential

scanning calorimetry, the isothermal crystallization tem-

perature of PP increased from 126.5 to 137.7 �C and

133.6 �C with NA-21 and WBG, respectively. The two

endothermal melting peaks of PP blending with WBG

indicated the transformation of b-crystal. The wide-angle

X-ray diffraction pattern and melting behavior of PP

blending with WBG testified that a high proportion of

b-crystal, which was more than 70%, was induced, while

the crystal-phase of PP modified with NA-21 had little

change. The mechanical properties of nucleated PP were

tested by tensile testing machine and izod pendulum impact

tester. A dramatic increment of impact strength, as high as

191%, was obtained for PP with the introduction of WBG,

comparing to 132% by NA-21 addition. The impact frac-

ture surfaces were observed by scanning electron micro-

scope; the resistance of crack growth of nucleated PP was

better than that of pure PP. Although flexural strength of PP

improved in both scenarios, the influence of nucleators on

yield strength of PP differed. Yield strength of PP

increased by 8.5% when using 0.2 wt% NA-21, but

decreased by 6% when using WBG at the same content.

Therefore, WBG, a novel b-nucleator, played an essential

role in enhancing impact strength of PP.
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Introduction

Polypropylene (PP), a semicrystalline polymer with poly-

morphism characteristic [1], is one of the most useful

thermoplastics due to its low manufacturing costs. How-

ever, high average molecular weight (Mw) [2], which

decreases the fluidity of PP melt, restricts its usage on large

thin-wall products. In polymer processing, such as injection

molding of automobile bumpers, high-fluidity of melt is

favored. Currently two approaches have been developed to

improve the fluidity of PP, namely controlled-rheology

(CR) techniques [3] and novel catalyst with hydrogen

modulation [4]. Comparing to CR-PP, high-fluidity PP

produced by hydrogen modulation is more transparent and

involves no volatile organic compounds [5]. Owing to its

low modulus, high notch sensitivity and poor impact

resistance [6], especially under severe conditions, the

usefulness of high-fluid PP as an engineering plastic is

limited. This behavior makes it interesting for commercial

and industrial fields to study methods for improving

properties of high-fluid PP.

Polypropylene chains can be organized into different

spatial arrangements: a-monoclinic [7], b-trigonal [8],

c-orthorhombic [9] and smectic [10] phases. The crystal

morphology, spherulite size, and crystallinity directly

affect mechanical properties, and the crystallization is

determined in nucleation stage [11]. Many researchers have

studied the crystallization and physical properties of PP

modified with nucleating agents [12–16]. Nucleators could

shorten crystallization process time, and induce segmental

rearrangement and perfect crystal structure [17]. Thus,
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