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Influence of glass fiber content on microcellular foaming behavior and mechanical properties of different ABS
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Abstract : Acrylonitrile-butadiene-styrene plastics(ABS)/ short glass fiber (SGF) foaming composites were prepared by chemi-
cal injection molding foaming process. The effects of SGF contents and ABS type on the structure of cells and mechanical properties
of ABS/SGF composites were investigated. The results show that as the mass fraction of SGF increases from Owt% to 20wt%, the
complex viscosity of high-impact ABS (HIABS)/SGF unfoamed composite in the low-frequency range shows the increasing trend,
while the complex viscosity of high-flow ABS (HFABS)/SGF unfoamed composite has no significant changes. Moreover, the
complex viscosity of unfoamed HIABS/SGF is significantly higher than that of unfoamed HFABS/SGF. Furthermore, in the low-
frequency range, the loss tangent of unfoamed HFABS/SGF composite increases and the loss tangent of unfoamed HIABS/SGF
composite decreases as the content of SGF increases. When 15wt% SGF is added, HFABS/SGF foamed composite recches the mini-
mum cell diameter and the maximum cell density, 37.19 um and 6.60x10°cells/cm’ respectively. When SGF content is Swt%,
HIABS/SGF foamed composite recches the minimum cell diameter and the maximum cell density, 54.59 wm and 1.51x10°cells/
cm’, respectively. At the same SGF content, the cell diameters of HFABS/SGF foamed composites are all smaller than those of
HIABS/SGF foamed composites, while their cell densities are all higher than those of HIABS/SGF foamed composite. Meanwhile,

with the increase in SGF content, the tensile strength of HFABS/SGF foamed composite exhibits an overall increasing trend. But the
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tensile strength of HIABS/SGF foamed composite first decreases and then increases. The tensile strength and the specific tensile

strength of HFABS/SGF foamed composite has been increased by 44.33%, 35.79%, respectively, and the tensile strength and the

specific tensile strength of HIABS/SGF foamed composite has been risen by 29.51%, 16.24%, respectively. However, the impact

strengths have all been decreased as the content of SGF increases. Under the same SGF content, the impact strength of HIABS/SGF

foamed composite is significantly higher than that of HFABS/SGF foamed composite.

Keywords : glass fiber ; acrylonitrile-butadiene-styrene ; chemical foaming ; mechanical performance ; rheological property

WENE-T -8 O M S EHABS)E S —Fh T
FEYRL, LB Prohd v AR R A4 2 1k
g, RAFMRTEDCEE S0 AL, B2 W TR
MUK L A4 AL T FL s Tl ipt ) N T 3% ABS B
R TT 2R B R (A A i FH Sk, a2 1 3 g
AT AR R o SRLER A R AL R R AR AR
PR B E BT AT e R R AT A fef 9 B R
11K 5%~90% , i 11T FEARR A BHE FEFN AR, [R]B I3
WARE Rt e B B AR B L R A v o 28 Ay L 2% i
AE 4RO T AL & I ABS BUBF T B A 40 i
B R EAER I S CO,HAR R T gk
' (CNTs)/ABS WA , BF9E & BRI I CNTs J5 i 734X
CINDR G MR AN B WA N R I o 1 I =R 3
J5# i 4 BE(EMISE) B 25 CNTs £ F2: At 184 T 11 328 1y 14
Ko B BRI A= S B R A T i2e &
W) AL A BRFINT ABS & kR 125 RE I
WAL AR, TS 2] 69 F 33 fL R 8 2 24
wm, AL EE L F] 1.31x10° 1 em’, Wille 251911 4
g2 M sk Sl AR, SR R T2 48 T ABS il
TR, P IR AR Bt 3t 0 B8 2% IR IR 2% B [ ik
2] 50%, s T2 % 1 il BE 220~230 °C | % 3
140~200 r/min, Yoon Z&" {5 I IV Iifi 5 FUEE I A —
SAAbBR & T IAL GRS ABS YUk , 25 R FEH K
B St 30T BT 48 JE 2 B e A, 5 0 R B A O, T
[ &SI S i TR YRS S ey (i uR b Y =
KU T WAL R T EH AR A 600~700 nm (1) A £L Al
HAE R 100 nm A9 K fL . Gomez-Monterde 55" 'Hff
FET B IG AN, Y TS8O0 L & i ABS #4 %}
FIALFLIE 25 | T2 B 0 2 i RS 2 (5 i, &%
2% BTG A 3 2 i T A ARAS B v 0 0 L % B A T
ZE AL RSE A AEL 3G e S ] A o A
eRTARL ARG B 5 Avey AR LR B R S R R A
ST A0 /N UL FLIE A, 0 X6 i P A R A 55 B £
S - LA 5 9/ 9 RN I AR o i 4 3
FE BT T R, T4 e AL IR AR S 5 U g !
FERm TR A FEES TSR

R R I R S B 28 R RN B K
BREF R T 2 4 ABS R kR DL K R AT fiE
W, 53— 71, ABS K iflJ5 & S8 F# e i 3
WG, Ay O30 2o S I 2T 448 55 (A0 ) 2 P REEA T b
PR R — A RO N o B 21 4 (GF) IR B
BRI 12 E AR AN HE T4 2 T R, Kamran
IR T 2R R T2 X ABS . ABS/GF 45 & ifd
il b P FLES A R R R 2 . H IR AR
SRR T 245 ABS R UARHI RS 0, 28
FHIBN A FH K T TS RS, BT T
TSR EE 3050 AN A Y R R AR S X ABS Kb
LR RE 152 e 0 PTG AR SR A 27 & . 1 20 B
RIT 25, R AR A R 1 ABS il £ T ABS/SGF %
WEAMEL e T GF &% X% ABS/SGF kil 5 &
MORR AT R FIMERE RS2, AT ABS/SGF & il
S MR FE & N FH R HE S IR -
1 IES
1.1 E=ZRH

[ Ui 3 ABS(HFABS): AF365F, 4 4 i 3l i 2%
(MFR) %] /7 75 g/10 min (220 °C/10 kg), % 2 Ky
1.18 g/em?®, Gkt 1 whl 3 B 240 16 kI/m?, %5 8 LG 1k
S /NGIR

1= il ABS(HIABS): PA-709 , MFR £/ 6.18 g/
10 min (220 °C/10 kg), % £ 2124 1.03 g/em’, it 1 s
R EEZ R 37 kI/m?, T8 A3 SE S A A PR A w5

JPLT(SGF): HARZI M 13 pum, KJE 2 3 mm,
HIREPRE SRR AR A FRA F

RULEERL : F-76 , 73 il 2 24 200~220 °C, &<
22k 30 mL/g, KA A 43I R CO,, 2
1K ABS, 7K ARG ARAL T.( ) A FRAF
1.2 EEMNEREEL

HEIIHL: EM120-V , SR RILMA FRA ] , B
7 H EP AR AL R

SUZATET HHL : CET-20, BHEFRERHIV (R ZO)MLIK
FBR AT

kAR . MARS60 , FEER KRN ] 5



SKFH A5 BB AR A XN R ABS SAL R AT 5 1 AR S ) 187

THLEE i 7 R B ML : CMT6104, 36 FEHT
Tk R (h E)A A

1R IR IO AL : ZBC8400-B, 545 Tl £
Gi(hENARA T

B, 10 #T K-F-: XS205 DualRange , Fii - M4z -
S TIEZ/NEF

I 1 B 508E (SEM) : KYKY-EM6200, Jb 52
HREMUR A A R T

FL PG XU TR L 101-2AB , KT 2804 s
BB
1.3 XA &

(1) ABS/SGF £ i 4% .

ek ABS  SGF S5 7E R IR ML R A5 IR G
B[] 24 5 min, 7% 3 4 200 t/min; 28 J5 38 £ SUR A8
H AL A B ABS/SGFE BK7 , MASH T 21 1A% i) 78 P
H1170~210 °C , BRFF45 4 2498 220 r/min, BEHE 2
A 22 t/min,

(2) ABS/SGF K15 A Ak %

¥ ABS/SGF BRp 5 &y 4 i it 100: 314
Yo Ja AR IEML LR RIS R T
ABS/SGF &t G A BHRIERE 25, T 122 gl
T, VRS IRL S| B4R K Ry 180,190,200 °C,
TSR 12490 45 MPa, FESTEEE 204 70 mm/s, 134
B2 25 s, [AlE il £ T ABS/SGF R & iR &
WEBMEE AR AR FOAE , T S R S B T AR
41 180,200,220 °C, {41 & 71294 45 MPa, 71 41 #
JE220 70 mm/s , B HIBFR] 24 25 s
1.4 miX5 & AE

W IR GB/T1033.1-2008 #4711,

T AR RE 2 B GB/T1040.2—-2006 #4714, 47
i3 2 >k 50 mm/min.

s 5 42 IR GB/T 18432008 #EAT I3, A 7Y
BT B O E42 4 0.25 mm.

Tt AR 1 R R FH e it AR ASGHEA T K, 1R B AR
420 mm, [RJE A7 A B R R 1 mm, 03206 B R
220 °C, 44 0.05~100 Hz.

HIFLEE R SEM HEA TSR, B Sl ih i BV
AP TR 3 h, Bl 5 HEAT 7 I8 W 0 3% 1 AT
4 ; Rl 3E o R A A A X L T e i o b Je
AL AR FLE T

WAL B D i A AR (),

_ 1
D=3, ()

L FLEE N, , RIS J7 ORI FLE R T 25X
DA™ KRB VB R U

A(3).
nM? 2 1
vl e
V=1 —% 3)

o n R R R AL MO R A
B AR AR, em®; Vo R A EHLBRZ 0
REWFREEE , glem’sp 9 R HIFRHEFE , g/em’,
2 #RE5ITR
2.1 ABS/SGF £ &##Heg ik T HRE

&1 ABS/SGF & & i 52 4 A4 k52 B3
5 SGF & &K R . Bt SGF & & 3G hn, 76 I
2RIX HIABS/SGF & & AR p* 1 a8 1b),
I HFABS/SGF & & #4 K1) n* AR AL AN B 2. (] 1a),
H. HIABS/SGF 11 n* B &} =% T HFABS/SGF 1) n*.
[ s} i 25 A0 R 38, 52 A4 RH Y m* AR HTABS/
SGF Fl HFABS/SGF & 5 MRk 34 J A6 1 Ak AR it it A4
BT YR LS . X R B HIABS B R
SGF Bl T HIABS 4> FHEiz sife J1 3 m T 2 A

5x10°
—=— (0% SGF/HFABS
4x10% F -o- 5% SGF/HFABS
-a- 10% SGF/HFABS
2 3x10° ~v- 15% SGF/HFABS
< ~+- 20% SGF/HFABS
= 2x10°t
1x10° -
O |
0.1 1 10 100
fHz
(a) HFABS
5x10° -

—=— 0% SGF/HIABS
—o— 5% SGF/HIABS
——10% SGF/HIABS
v 15% SGF/HIABS

4x10°

3x10% -

n*/(Pa-s)

2x10° —+-20% SGF/HIABS
1x10° -
0 L
0.1 1 10 100
JfHz
(b) HIABS

Bl 1 AIF SGF i F AR %3 ABS/SGF & A b 5 BORE I (%)
Fig. 1 Complex viscosity (7*) of unfoamed ABS/SGF composites with
different SGF contents



188 AR

2026 4E, 45 54 4 55 4 1)

FERMA 2R A P EREEIE , -2 np* 48 in, 1T HFABS %6 &
i, 43 4% 09 AH Xt 12 3l B8 J7 9, SGF ¥ £ 78 XF
HFABS 73 T-%i2 gl A il VE LSS , X = A 4 8k
() K WA T KA A T BRI, 33 1 52 B 1 ] A3k
15T B FLES R P

& 2 2 ABS/SGF oK & M A b BHFE A K
tand 5 SGF F MK R, —MIA N, tand (H S ik T
R i e N, X6 T [R]— 28 R R 5, L i)
JO7 P FL T P Y N[BT 2 BT B A AR
AYEGIN, B ABS/SGF & G A1 FHIY tand 1 2 3 54
KI5 AR A 3, 32 P RS f i A Sk it A0
RPN AR R F 5 R, AR T, S FER
BE AT 22 0 A8 AL B T AE = AR T it RE A £ B A
R T RFE SR . R EI, AR,
biti % SGF & & AU I, HFABS/SGF & & i1 5 & ¥
L tand 14, T HIABS/SGF oK % il & & #1 B
tand A, Rl 21, %F HIABS/SGF & & #EHA £
17, SGF $& 55 1 JLZE S4TSRy v i) Lk e i, 26
I8 T R PERE RO G, o] & i g B A A (R
T HFABS/SGF & & M EMA & , SGF BYAE7EREAR T
PR R, B R T R L, R MR TR R )

RUPE
2.00 +
1.75 +
1.50 +
~ 125+ 4
£ ’
= 1.00 +
—a— 0% SGF/HFABS
0.75 + —o— 5% SGF/HFABS
0.50 | —— 10% SGF/HFABS
’ —¥— 15% SGF/HFABS
0.25 + —— 20% SGF/HFABS
O 1 1 1 1
0.1 1 10 100
fHz
(a) HFABS
1.00 +
0.75 +
B
g 0.50 —a— 0% SGF/HIABS
- —e— 5% SGF/HIABS
—4—10% SGF/HIABS
025+ —v— 15% SGF/HIABS
—-20% SGF/HIABS
O L L L L
0.1 1 10 100
f/Hz
(b) HIABS

€12 AJA] SGF &t ok & i) ABS/SGF & & A R HFEH T~ (tand)
Fig.2 Loss tangent (tand) of unfoamed ABS/SGF composites with
different SGF contents

2.2 ABS/SGF %68 &4 f o #r

% 3 A [H] SGF % R ABS & il & A 1
T A LA 1 . H T 3al [ 3b1 8] 3cl &
3d1. /8 3el AT %0, Bl % SGF & A4 i, HFABS &
W GRS e NS K, 5 41 HFABS
R EAE LG, HFABS/SGF & 1158 & AR 1 FLEL
LR S SN, TN 15%SGF () HFABS/SGF &
WEAMEHAL RS R/ L e 2 1Y
SGF JFi 735k 20% I, HFABS/SGF & 15 & 41k
AL ST A T R, =225 R SGF (1474
EE T A AR, A SRR T ALY e hg

100 um

100 pm

(al) HFABS (0% SGF) (a2) HIABS (0% SGF)

100 pm

) ) ) 9 .
o\L :500& i

(c1) HEABS (10% SGF) (c2) HIABS (10% SGF)

sl 2 100 pm 100 pm

(d2) HIABS (15% SGF)

(d1) HFABS (15% SGF)
b) N \

2>, 100 [um

(el) HFABS (20% SGF) (c2) HIABS (20% SGF)
F3 KA SGF & Rt kil ABS/SGF & & M EHBNIT LA+ SEM R
Fig. 3 SEM images of pore structures of fracture surfaces in foamed
ABS/SGF composites with different SGF contents



SKFH A5 BB AR A XN R ABS SAL R AT 5 1 AR S ) 189

£ AU AZERE N, FE A R SR R T i
LB 2 WAL )N 104 SGF it it 434504
£ 20% B, SGF 30 1 8 b i SR EE I 4, AL
FEARGAE S5 BORR X 020, MAXT T 7 15%SGF By % i1 52
GARL WFL B B I T B WAL R A S R (H
TALEE SR W A T A5 I SGF 121 ABS & il
BkE, Wi 3a2 #1362 &l 3c2 [ 3d2 Bl 3e2 iR,
AN[F] SGF 5 2 1Y HIABS & i1 &2 & A1 B i FL R ~F
LB A 2 W R R a3 X FBR
(K o8 HIABS A A A9 & AR &, I IR B K
SGF W 4 UM XA 15, AR A% A ORI 55
LR AR, AN B
2.3 SGF&Zxasliiegzm
K] 4 KA [A] SGF &1 % ABS A RHE AL ] 59
FLEFER . W& 4a iR, 46 HFABS &M KHE
LB 63.42 pm, (L% N 1.46%10°/em’,
4 SGF BTt 43400 15% I 0L 15424 37.19 wm, ¥
FLEEFE H 6.60x10°4~/cm’, 24 SGF [ it 73040k 5% Fil
20% I}, L B AR A AL 25 S AN L Ve fL
2435904 49.16 um F148.89 wm, 0L 25 FE 43 51 N
3.78x10°~/cm’ Fi13.28x10°/>/em’, 24 SGF Jiii 12 /3 4
100 -

—s— Cell diameter 17
90 | —=— Cell density s
16 &
E 80t 5
=5 2)
5 1° 3
o 70+ °
: — ‘g
S 60| <
: %
50 + 12 E
40 | 113
O
30 L L L L L 0
0 5 10 15 20
SGF content/%
(a) HFABS
100 -
17
90 | o
80 ¢ g
= o
é 70 + 14 &
£ 60 —=—Cell diameter 3 %
= —e— Cell density R
8 50t 12 3
— —
40 | 113
./ ‘\./. 1 3
30 L L L L L 0
0 5 10 15 20
SGF content/%
(b) HIABS

K4 AIF) SGF & s A ifd ABS/SGF & & bBHIIEfL AR L £L 2% BE
Fig. 4 Cell size and cell density of foamed ABS/SGF composites with
different SGF content

9 10% i, L FLET AR R 49.11 pm, I FL 25 B 4.10%
10°4~/em®, H B SGF & f BUBG I, A A4} i) ik
TR R RIS KR 2 22 5 R Rk
R HO) T 13.3% A1 17.5%(18 52), & 4b 1]
1, >4 SGF it it 4345k 5% I, HIABS/SGF & il 45
R ML ELAR AT /N R 54.59 pum, AL 25 2 AR
XER A 1.51x10° 4> em®s {HAN[A] SGF 7 111 & 1
AR FL L AR I AL 2 B B AR AH 25 8 G, A4k
TR — M, BT ABS & ik R I fL B 42
BI/NF 100 pmo i _EIRFTAE, AEAHTR SGF & & 1,
HFABS/SGF & it & & M B A9 3 £L R~ ¥/ T
HIABS/SGF A& 152 & A4 %}, ifi Ho s L% B ¥ T
HIABS/SGF k& {1 &2 & #4 ¥} , HFABS/SGF & & #4 %}
(%5 B JLF- H HIABS/SGF & 5 A RHMIE T — 44
(&1 1), ABS/SGF Zi B 8 A AT F TR, BRAR
TLFLBURZ RE 22, 17T 20 P8 3 v o v LA BH T sk
SERY A E], S8 E s AR5 H RT3
KA,
2.4 SGF4A &t/ F ey #Hm
& 5 A [] SGF 7 i if ABS/SGF & il &2 & 4
19 -1 86

—a— Weight reduction §
18 | —=— Retention rates of tensile-strength 184 gﬂ
ES 182 2
517t * 180
3] 178 2
S 16| 8
2 176 <
5 15} 174 3
g — 172 €
14 g
170 g
13 + 168 %
166 =

12 1 1 1 1 1

0 5 10 15 20

SGF content/%
(a) HFABS
19 186 R
. 84 %ﬂ
18 - — T, &
82 2
xX 7]
S 17 180 &
S l.e G
S 16t -
3 176 &
= 15} 74 8
2 77 &
2 b
" —=— Weight reduction o8 =
| —— Retention rates of tensile-strength | 6 ~
12 . . . . R
0 5 10 15 20
SGF content/%
(b) HIABS
5 KAl SGF & B} &1 ABS/SGF & AR A bR ol i &7
TR A B 1 R 3

Fig. 5 Weight reduction and retention rate of tensile strength of foamed
ABS/SGF composites with different SGF content



190 AR

R %) ik 2 RN A R B R B SR R MM L5 R R b
RHGH R 2 ). & S AT, TS ABS/SGF &
WG G PP B2 OR B2 2R 44 90% LA N, 3R W
5 ABS/SGF K &8 G EHE L, AN[A] SGF & 1 11
R R AR YA — B R R BRI,
PR 7 3 L A A7 AR Bl 2D T BI04 BT 55 11
BRORIE A, SR, H & Sa v Al BE % SGF 7
HHEIN, HFABS/SGF A& 052 G A BHAL i B O B
R 66% i % 80.3%, 1fij H & 5b 1] %1, HIABS/
SGF K A MBHE 10%~20% SGF &1t K Ay i fif
AR B RIRE T 80% LA, HAE 10%~20% SGF
T, HIABS/SGF &0 A A0k H i B {7
5 T HFABS/SGF & it 8 A M kL, =502 H o Fifi
% SGF & B 1934, ABS/SGF & i35 4 WHRHK NI
B, AR R

I 6 A A ] SGF &5 it ABS/SGF & i &2 A #1
RGP PERE . & 6a A1 6b n] A1, {6 % SGF Jit
M5 0% 191 % 20% , HFABS/SGF &l 5 4 b1
ARF A7 v 8 R L e i 3 4 S R AR ik
Fir 38 Bl 24.61 MPa 34 & 35.52 MPa, 3 i H
44.33%, HL i fH 58 JE y 24.67 MPa-cm’/g 14 & 33.50
MPa-cm’/g, 31 4 35.79%, 1fii HIABS/SGF & i1 %
BB B 7 (e 55 5 T LA i R 44 L R ST AR S
FHi a3, SGF it it 43 Bk 20% B A v A5 i fe
1M 34.41 MPa, FHX} T 5% SGF i ) e AR i i
26.57 MPa, 415} 29.51%, [R5}, SGF [ & 50 %k
20% B B9 b v A5 B £ = o4 35.07 MPa-em’/g , A X
T 5% SGF i} i) 51K b 47 A5 & 30.17 MPa-cm'/g,
B Sk 16.24%, [5] B 76 41 W] SGF 7% & T, HFABS/
SGF 5 HIABS/SGF & 152 £ 4 1) F7 A 5% B I 1%
BB EZES  XER NIE SGF B B Hi i i H
ABS H1%% , 24 ABS/SGF K& &M K2 RN SNH
fr VE FHE , 2 for 47 250 b A% 38 21 SGF I, SGF 7&K #H T
KEBAF a2k, EL>Y SGF 2 i B it , 247 4 17 A1
A 20 SGF R ARG w1 7, FE R Bh
o 48 e 55— Jy 1, HFABS/SGF 5 HIABS/
SGF & A4 1 o L R~ i L %% B JL T4k F )
— A EE g b LR SR E P E R 2 5 TE
D124 58 B SGF AFFE W FF R, WL 45 #4119 5% i ¢
55°7, [RIEFUnE 6b R , 24 SGF it 43 40h 5% B,
HXFF 46 HIABS & #i#4 %}, HIABS/SGF & i1 8 &
OB LA iR RN A R Y R AR T

2026 4F 45 54 % 45 4 )

36 136 =
-m- Tensile strength on
< 34 - _e- Specific tensile strength 134 E
g £
S 323
5 2
5 30¢ 130 &
2 2
© 7]
'z 281 128 2
£
26 / 126 é
24t 124 8
L L L L L 2]

0 5 10 15 20

SGF content/%
(a) Tensile strength and specific tensile
strength of HFABS/SGF

361 136 =&
o0
L 34r :7: 134 §
& &
s .l 132 §
é 32 / 3 é
) =
830 130 B
o B
—_— wv)
281 128 o
5 ) Z
=
= 2 | -a Tensile strength 12 &
-e- Specific tensile strength é
24 1 124 3
[=%
. . . . . &

0 5 10 15 20

SGF content/%

(b) Tensile strength and specific tensile
strength of HIABS/SGF

40
35+
30
£ 25+
=
2 20
s 0% SGF
@ 157 5% SGF
10k 10% SGF
15% SGF
5 20% SGF

0 10 20 30 40 50 60 70
Stain/%
(c) Stress-strain curves of HFABS/SGF

40
35
30
£ 25+
= 20
g —0% SGF
315+ —5% SGF
ol —10% SGF
—15% SGF
5 —20% SGF

0 10 20 30 40 50 60 70
Stain/%
(d) Stress-strain curves of HIABS/SGF
6 Al SGF & B} &1 ABS/SGF & &M RHhifiii:fie
Fig. 6 Tensile properties of foamed ABS/SGF composite with different
SGF contents
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