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Fig. 1 Online analysis system sketch map
(L) He-Ne Laser; (F) density filter; (M) half-transparent
reflective mirror; (O) optical system; (A} analysis system;
(W1, W2, W3) glass window through which the laser beam
irradiates the blends in the extruder; (S1, 52, S3) online
sampling apparatus
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Fig.2 Physical meaning of average chord length
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Fig. 3 Evolution of the correlation length along the screw for PE/PA1010 = 90/10( &) ; 80/20( ¥ }; 70/30( 40 };5 60/40( + }; 50/50( x )

Fig. 4 SEM photomicrographs of samples taken from three locations {S1, 52, S3) along the screw for PE/PA1010 (90/10) blends
a) Sampling location S1; b) Sampling location S2; ¢} Sampling location 33
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Table 1  Average chord length of PE/PA1010 {90/10) blends along the

sCrEwW

Location  Ljsce{pm) Lisew{pm) Lypean(pm) Lysgm(pm)
w1l (S1) 1.43:0.04 1.58+0.02 12.85+0.32 11.17+0.22
W2 (S2) 1.27:0.04 1.35:20.02 11.47+0.32 10.64£0.19

W3(S3) 1.1620.06 1.28:0.02 10.41+0.52 9.68:0.I8
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Fig. 5 Evolution of the average chord length along the screw for PE/PA1010 = 90/10( &) ; 80/20( W ); 70/30( @ ); 60/40( + ): 50/50( x )
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Fig. 6 Average chord length as a function of the composition at the three locations {(W1(4& ), W2(¥), and W3($))

Fig. 7 SEM photomicrographs of samples taken from the locations of S3 for PE/PA1010 blends with the volume ratio of {a)}90/10,
(b)80/20, (c)70/30, (d)60/40, (e)50/50
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PHASE-SIZE ANALYSIS FOR MULTIPHASE POLYMER SYSTEMS DURING
TWIN-SCREW EXTRUSION BY SMALL ANGLE LIGHT

SCATTERING ONLINE MEASUREMENTS
——POLYETHYLENE/POLYAMIDE IMMISCIBLE BLENDS

CHEN Yun, SHENG Jing, SHEN Ningxiang, JIA Hongtao
( School of Materials Stience and Engineering , Tianjin University , Tiamjin  300072)

Abstract  An online, non-destructive test system, based on small angle light scattering ( SALS) measurements, was
presented and applied to the phase-size investigation of polyethylene/polyamide 1010 ( PE/PALOI0) immiscible
blends along the extruder during twin-screw extrusion. At the same time, some specimens were sampled online and
analyzed by use of scanning electron microscopy ( SEM) . From SALS analysis, the phase size was characterized by
the correlation length a, ,average chord length L_,, and average diameter of dispersed phase D_,, according to the
Debye theory. Because the correlation length a, is related to the average particle size and the volume fraction both,
a. is only suitable for representing particle size among blends with the same composition. Average diameter of
dispersed phase D, is suitable for representing the size of dispersed phase for discrete systems . Average chord
length L., ,however, could represent the phase size for discrete or co-contlinuous systems among blends with the
same or different compositions. From SEM analysis the average chord length L, and average diameter of dispersed
phase D, were also calculated according to their definition . The results of SALS and SEM are in good agreement,
which show that SALS online system can be a powerful method to investigate the phase size during twin-screw
extrusion . Both SALS and SEM show that the dispersed particle size becomes progressively smaller along the screw
length. For the ultimate morphology of PE/PA1010 blends with different components ( PALOLO < 50% , volume
fraction} , the size of dispersed phases increases and the size of continuous phase decreases with the increase of the
PA1010 component. At the composisions ( PE/DA1010) of 60/40 and 70/30, co-continuous phases occur.

Key words Multiphase polymer, Small angle light scattering, Phase size, Online analysis, Twin-screw extrusion



