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Abstract　 An aqueous suspension impregna tion tech nique has been developed and ex tended

to prepar e rigid po lyv iny l chlo ride /g lass fibe r composites, and the effec ts of th e interphase on

prope rties w er e investig ated.
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Polyvinyl chlo ride ( PVC) is one of the versati le thermoplastics, and its properties can

be modif ied ex tensiv ely through compounding o r reinfo rcing. Recently , repo rts on the

preparation and applica tions o f g lass fiber ( GF) reinfo rced rigid PV C appear to increase

dramatically[ 1] . GF reinfo rced PV C composi tes are no rmally prepared using melt-blend-

ing , solution impregnation o r f luid-bed processes. Whi le property enhancement can be

achiev ed, problems associated wi th the methods have imposed. These include low fiber

content and poo r fiber dispersion due to the dif ficulties in PV C’ s flowabili ty, envi ronmen-

tal pol lution due to the use of to xic org anic solv ents, and high cost due to the requirement

o f expensive equipment , etc.

In recent y ears, an aqueous suspension impregnation method has been developed and

used to prepa re continuous fiber reinfo rced high performance resin composites[2, 3 ] . In this

process aqueous resin par ticle suspension is used, elimina ting envi ronmental po llution.

The manufacturing cost will be low because o f the relativ ely simpli fied dev ices. Prepreg s

w ith various fiber f ractions ( 20%～ 70% ) can be readi ly prepared, and g ranula ted fiber

reinfo rced polymer composi tes wi th designed fiber length can also be obtained. In this

w o rk, w e have ex tended and developed the aqueous suspension technique to prepare PV C /

g lass fiber composi tes and the effects of the interphase on proper ties were investigated.

1　 Experimental

The main ing redients o f the suspension include w ater, PV C powder and o ther addi-

tiv es. The PV C powder ( PV C X S-5) used is a product of Guang zhou Chemicals Facto ry.
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All o ther chemicals and addi tiv es are CP g rade reagents. The impregnation dev ice is

schemed in Figure 1, w hich consists of a set of tow guides, a suspension va t, a hea ting

stov e and a cut ter. The g lass fiber tow s w ere impregnated, dried, and then compression

o r injection moulded.

Fig. 1　 Schemato c diag r am of th e aqueous suspension impregnation pr ocess

2　 Results and Discussion

To take the advantag e of the aqueous technique, systematic investigations on the sus-

pension composition and addi tives, thei r ef fects on the stability of the suspension system

and the properties, cont ro l of fiber dispersion and content , the design and control o f inter-

phase, as w ell as v arious of processing parameters have been carried out in the study.

It w as show n that powdered PVC resin wi th rough surface obtained by suspension

polymerization was suitable fo r the process. With addi tion o f sui table surfactants and me-

chanical sti rring , stable aqueous suspension system can be achiev ed. To stabili ze the PV C

resin upon heating , liquid org anic tin compound can be used as an ef ficient thermo-stabiliz-

er. It w as ev ident that the resin content of the composi te is contro lled by the suspension

concentra tion, and the pa rticle size and distribution of the resin powders, wi th higher con-

centration, smaller size and narrow er distribution being fav orable to the higher resin con-

tent. Additional ly, the impregnating mode and the passing speed o f the fiber bundles

through the suspension are also found to af fect the resin content.

Based on the results of the fo rmulation studies and the speci fied conditions, GF /PV C

composi tes wi th fixed fiber f raction of w 30% were prepared wi th di fferent suspension for-

mulas. The typical data o f mechanical and phy sical proper ties of the composi tes are com-

pared w ith those prepa red by other methods, as giv en in Table 1. It can be seen tha t the

properties of the materials fabrica ted by the aqueous method a re qui te sa tisfacto ry. Mean-

whi le, i t has also been found that further property improvement of the composi te is po ssi-

ble wi th proper control of v arious factors.

It is well know n that interphase in a polymer composi te governs the loading t ransfer

betw een the fibers and matrix and therefore af fects the mechanical properties of the com-

posi tes
[4 ] . As can be expected, the interfacial i ssues are more complicated in the aqueous

suspension system because bo th the liquid-so lid and solid-solid interfaces present, and the

existing addi tiv es such as surfactant ( s) and polymeric binder may interact va riously wi th

o ther composi tions and function on the interface and interphase. Among o ther facto rs, in-

teraction and /o r compatibi li ty of the binder component wi th the PV C matrix and the fiber

surface are found to be the most impo rtant facto r in influencing the st ructure of interphase

and the mechanical properties.
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Tab. 1　 Comparison of the properties of GF /PVC1) composites prepared

by suspension impregnation with other methods

　　　　　 Sample I F /M Pa2) I I /M Pa3) θH /℃ 4) C T /( m· ℃ - 1 ) 5)

Fo rmula-1 210 96

Fo rmula-2 308 98 88. 7 9. 559 0× 10- 5

Fo rmula-3 212 81

Melt-blending chopped GF (w= 30% ) 163 6. 6 ( Notched) 89. 5

Fluid-bed chopped GF(w= 30% ) 160 35

Ne t PVC XS-5 97 9. 8 88. 5 1. 273 2× 10- 4

　　 1) PV C resin used in this study is PVC XS-5 produced by The Chemica l Facto ry o f Guang zhou

2) I F is flexural st reng th; 3) II is impact streng th; 4)θH is hea t disto rtion temperatur e; 5) C T is ther-

mal expansion coefficient

Fig. 2　 SEM micro gr aphs o f fractur e sur face of the GF /PVC

composites with different binders and sur face treat ment

To eva luate the effects of dif ferent binders on the micro structure of interphase as w ell

as it s effects on the properties, binders wi th dif ferent chemical na tures, such as v inyl-

acetic ester copolymers, acrylic ester copolymers and N BR latex , have been used in

preparing the GF /PV C composi tes. Figure 2 show s the representativ e SEM morpholo gies

o f the impact f racture section of the co rresponding composites. Poo r interfacial adhesion

can be seen ( Fig. 2a ) w hen the fibers w ere no t treated wi th any coupling agent. Poo r adhe-

sion is also observed in the case of lacking compa tibili ty between the binder and the matrix

( Fig. 2b) . On the o ther hand, go od interfacial adhesion can be obtained fo r the sy stems in

w hich the po lymer binder is compatible with PV C and when the fibers were t reated wi th

sui table coupling agent ( Fig . 2c ) . When the po lymer binder used is not only compatible

w ith the ma trix , but can also react chemically wi th the coupling agent o r fiber surface,
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st rong interfacial adhesion can be achiev ed ( Fig. 2d) . Therefo re, the design and control o f

interphase fo r the aqueous suspension process depend mainly on the fo rmulation of suspen-

sion, the na ture of polymeric binder and the surface t reatment of the glass fibers.

In summary , using the technique developed in this study, GF /PV C composite materi-

als w ith sa tisfacto ry properties have been obtained. Mo re detailed results and further de-

velopment of this technique a re to be described in our coming repo rts.
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水悬浮法制备玻璃纤维 /聚氯乙烯复合材料的研究

易长海 　许家瑞 　李家驹　曾汉民

摘　要　阐述了水悬浮法制备纤维增强热塑性树脂基复合材料的主要优点 , 着重研究了用水悬浮法制备

玻璃纤维增强聚氯乙烯复合材料的工艺技术和工艺配方以及用该方法制备的复合材料的性能 . 并研究了

水悬浮法制备 GF/ PV C复合材料的界面层设计及其对材料性能的影响 .

关键词　水悬浮法 , GF / PV C复合材料 , 制备工艺 , 界面层

分类号　 TQ 171. 777. 7

4 中山大学学报 (自然科学版 ) 　　　　　　　　　　　　　第 37卷

 中山大学材料科学研究所 , 广州 510275


