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Research on Properties of ABS Filament Used in' 3D Printing

Qiao Wenyu, Xu Huan, Ma Chao, Zhai Lianna, Zhang Xinxin, Hu Hao, Zhang Yunbo, Li Zhen
(Shanghai Research Institute of Materials, Shanghai Engineering Research of Center of 3D Printing Materials, Shanghai 200437, China)

Abstract : Taking acrylonitrile—butadiene—styrene plastic (ABS) as matrix and calcium carbonate, short glass fiber (GF), color
masterbatch as modified fillers respectively, ABS filaments each modified by the three kinds of fillers were prepared through extru-
sion molding, then the fused deposition modeling (FDM) technology in 3D printing technologies was used and the test samples were
prepared by FDM 3D printer. The mechanical properties and shrinkage of modified ABS 3D printing samples were studied. The re-
sults show that the addition of calcium carbonate reduces the tensile strength of modified ABS samples,2 phr short GF can increase
the tensile strength of modified ABS sample, but with the increase of GF content, the tensile strength decreases. Compared with the
orange color masterbatch, blue color masterbatch can improve the tensile strength of modified ABS sample when the printing speed
< 50 mm/s. With the increase of the printing speed, the modified ABS samples present two different change trends, which may be
caused by differences in the flow performance of materials. The shrinkage rates of modified ABS samples decrease with increasing
calcium carbonate or GF content, and GF can reduce the shrinkage rate of modified ABS sample further, the addition of blue color
masterbatch can more effectively reduce the shrinkage rate of modified ABS sample than orange color masterbatch.

Keywords : ABS ; 3D printing ; fused deposition modeling ; modification ; tensile strength ; shrinkage rate

3D FTEI R P A il 1 (RPM) $RZ—, Bk FE TR B AR x—y P12 3l Bl
AT 20 22 80 AEMUEW, BRME S F &R MM ERREE TES B2 HERUE L =48 Tk
FEM , R AT R AR i 2R =0 B TR R E A 1R,
FOFRRL ST B SR B AR M R A H i, 7T T FDM B8 i) 5 43 22 6 A TR A
g T A7 it i 32 AR, 4 e T o R A, R e X i — T 0 - RO IEL (ABS) R IR e e TR
S RRA, T2 FH$‘.% Mfﬂ hi/% * [ 3D #TENM R TR B ARBER h.0I H (11DZ22251100), |
AL 0 ZE%'JL?J ?m B B (3 CXV2013-1) LRI
BOARMR P HE TR ROTR O R (FDM) Ji 2 HIE ] (B 25 ) Wi H (14QB1400700), IRl FIHLARTF K L35
9 3D ATEMCH B A B TR A E R ot o
AL —, S FERS — O AT 5y WA Th, TR, T4 T BRI
WAL, R e IR 7 20K 22 b4 iR 2 i T A Rl i W H 3B 2015-12-30



杨超


FREAE, %5 3D FTEIT ABS Z M PERERFSE 19

it
¥ 1 FDM T {Es &
R TR AR AN AE ¥ Horp ABS A B B RIFAY
=P RE S A S R B 1, (Ll FDM. A g FH
JIIZ IATENAER . Zhong Weihong 25 P! i 1 BF5T
SIS LT 4 (GF) X ABS &4 MM 200 &2 P4
Yl GF [ in Afli£3 ABS (5 B XAl A Tt i, IF
H 1% ABS BYWCAR 2 FEAL, (H 5 R F ABS )44
AR5 MRid s O kUL 3D FTER TR ABS #EAT K
SO MT BB PERERFSY , K IBEE ABS R T
LB, AR TAT B SR AR A ) SR
RAATG, DA T el 456 o P B BE /N Stratasys 23 ]
PH —FAUL FDM %I 3D FTERHL, HAor Bl e AR
[ 7655 () ABS 2204 1E JJy BB RN SZ FE AR, FTENSE A
J& SCEEMORLZ) T NI B, IR EAT B4 i I8 30
RS R SRR 22 bR A TR 7 (3 R AE RS
HHERR LR, ABS BT B B 8RR, By A I 4
59, R T FTEN I i A AN PO A A5 i fr o
Wit H . ABS MR AT S AU AT
BNl T AR AR E , T H S A RS B 1288 il
AR B — e R T i AR e A R K P
1, Fe g EATEN I (%) 24, DA 52 0 ] 4 T B
IR . FITLAE S LARRAIE ABS #TERHIR A0 42
T H SRR B, sobE 87 a9 o5 S il iE
FH-F FDM %4 3D 4TEIHLAY ABS 2244
| B
1.1 £ZRH4
ABS : 707K, £ ¢, a5 Sl e A FRA F

ERERL: 55 190, BB (L) BHCARA A

T Y] GF « R, RN W28 R R A R
NGIF

R R 55 (CaCOy) « KGR, 4% kA 15 4 98 A 57
A BRA T

fiif v AT : HL-201, B a v R AL T A FRA R
1.2 FBMNEREE

FLAETHENL: 101A B, I SCge AR A FRA
Al

EIEIR A ML SHR-25A H JT 9 e s WL A PR

B

GIE
PAREATET AL . ST-45 B, KAZ Y (L/ D)=25, I
T SR SR LA B A 7 5

XUZFTBF i #L: AK36 &L, L/ D=40, 7§ 5t B} ¥
TR ER AR AT

FDM %! Creatbot R 51 X3k 3D #TEIHL . D101 %Y,
T B2 R A BRA R L SC N El 2 fiw,
MERES BN 1 Fis .

%2 Creatbot Z%1(¥) D101 Bk 3D FTERHL
& 1 JRZ Creatbot 75Xk 3D FTENHIMERESHL

WH HAFER
FTENKERE / mm 0.04
A5 FDM
JZE /mm 0.04~0.3
IS A% / mm 0.4
SR / °C 250( e )
BBHHE /(mm - s™) 150
FENIAG X YHh:10 pm;Z5H:1.5 pm

1.3 XAEH &

¥ T 5 1) ABS 435l 5 CaCO; . J2 Y] GF . 4
Rk I — @ B b (W36 2) &S BR A PLIR A1
51, 3R G FERUBRFE B R AL 85 kL, ) 2 IR A
PR A I TE ABS Bk, KRRkt TR,
T o IR AL B 3 B TR A T
Beib S IWUMPER DT RS B LS 425 1 HLEY
R RE DT 45 il 22 44 B4R R (3 +0.3) mm, 3 2 i
BT, 43 B 7E 25,40,50,80 mm /s [ £
JBE S T il 45 0 2204 FH 3D FTERMILTRI B 47 e
PERE RN AR R MG AR . 3D ATENHE T2
BVBEE N WL IR 245°C AR FE 90°C JEH A%
100%.
1.4 MXRERAE

(1) PRI

H i E N AR XS 3D T Bl RE 0% Ak
48— WIBRERLTE , 78 3D FTER il 4414 BB ZRAE J7 Th) A
ALLF25 [, TCL I8 G , B DASE 1 AR G 19 3 g


杨超


20 T AR 2016 4F 5 44 4,55 3
#2_ABSBUER); o b SR N N BN R A A (A mv = 3 UE A LT
iaiéﬁ? Eﬁc‘rii,azﬂﬁﬁg nuwﬂﬁ';ﬁ;;ﬂaﬁﬁg ABlsOiﬁi 4 CaCO, HIE R 2 i, iRE B F i BE W A T B
Cacoz 2 5 0.05 100 54l ABS MiZE A K, [HIEE CaCO, FH & 4kzlsE i,
CaCo, 3" o 0.05 100 P BEHGH TR, 4 RZHE SRR — 57
GF I” 2 0.05 100 o Il o ,
oy : o 100 VIR e FLRE F A ML 5 SOk 1l B AT 2
GF 3* 9 0.05 100 (NS SSRGS A IR EE ST ) A G, A A RHE B R
[EREZ TR N @) 4 0.05 100 i g 1
[EREZTPAC T D) 4 0.05 100 BRI
#3 ABS BUEITHHILHARERE < o, =Aexp(-K, . /W) )
TEHE JESB THRER LA Kb o), —— A PRIYRLARGREE ;
170 180 190 180 A R

R AR IR 712 (GB /T 1040.2-2006),
AL 3D FTENHIF RS ZEK . IR 5450
SR, 3D FTER i At R A A — R G
TR R, anF T ER LB FAT BN 2O R S R AR
SEMAFTEN RO . JET I O, P gl )
T B A B T s 4E Creatbot 411 D101 £
Wk 3D FTENAL, 7EmE Sk TR b 245°C, IRIRE
90°CHYTHHL FATENARL

(2) Wi KM

A% 5 A V8 1 90 Rk e 558 i L i 4 % 14
iR 7 % (GB /T 155821995 ) LA AF M 4 ABS 2
AW 4E R, 1k FH 3 4E Creatbot 1) D101 75 X sk
3D FTERAIL, 3T B0 B9 F I 40 2 1) e RSy
12.7 mm x 127 mm x 3.2 mm}3J EF 3 & 5 50 mm
/S
2 HR5ITE
2.1 CaCO, %t ABS k2 4951 %

Sk B A R A AR AN [R) OB A it AR s
B il BE T 25 BRI 727 B a2 SR A 52 i,
K 3D FTEN AT BN AR BehE ABS 33UFE, A5
P BE A N e R S IR . 36 4 4l ABS 3D
FTENRE A hr 5

4 45 ABS 3D ITEDK AR M8 E

FTENHE /(mm - s™") PILAGEEE / MPa
25 40.8
40 41.6
50 42.9
80 39.1

(1) CaCO, X} ABS ik S12APERERYFE M

CaCO; 1N BB ELA E oGt & 52 il 42
7 A L E B R e B IR ORI AR S5 ™ R
A [R] & B 19 CaCO, % ABS HEAT Bk, Ik 7 H:
3D FTEMAAEAE AR R T BT T AP sm B, 455
K3 . MK 3 [, CaCO; YA SR Hi15 44

K, ——RAEBURLE i SRR RIS
W —R45 ), A O ARG

45r

" 4li ABS
e Caco

B
(=3

CaCO0;2*

m

25
2

PSR / MPa

9o
(=}

0 36 40 50 gO 70 80

FTEPHAUE / (mm - s7)
3 ORI CaCO, Btk ABS BUREFE R RTENEEE R i

K, HUEMKR/NSEORS & KA G, B
BORHS 5 RS BB RN AR A, B ORL R R
B, K, POERES & AR AR i, R RLAR
R R 55 b [ 7 A 1) S S Ak 0N DT
(A5 1] A S5 T DR 2R Xt W7, 14 532 it o =22 ke e
/N

M ERZ AT AL, BT RTR I CaCO, RifR sk
K, AR AT ERURE 1AM ISR WT L, CaCoO,
(AR % W] 0 803t H A b 5 RS sy, (L2
ABS BPEHHLAH SR BB CaCO, 75 5 HY LS I
KRR

(2) FTEV 3 JEE X CaCO, Bk ABS R g 2
REMIFZI

FDM %4 3D 4T Bl & 43 F M BRI T ED 58 42 2
228 NI L Bof T 527 1) P R 5 2 1T A R T
(g SR U g o 22 bh AIBEWE 5% 1 B, 2261 Ak
T R RS, 2 S ATERE- & T BN 5 4% fi
I, 5% H 1 R T 22 b T DA A5 22 b8 A AR T4 st
AL, B LM 53T EARY L &g —
TE RO TR, B 2N ak B0 58 2 HOR AR, BT L&
O3 2L A B R T 11 55 T 3R B A S5 Rz ) [ S
M 2 kTP R 2 B O TR LR 3R


杨超


TeEEE, % 3D $TENH ABS ZZ A RERST 21

Wi &3 AT DL Y, Bl G T B BT (0 15, 4k
ABS Fll CaCO, 1" IR HEF {158 B 52 RS T v I PRI
B RES AFTENEE A 50 mm /s B, Fi7 {5 2 ik 5]
B K 1 CaCO, 2" Fl CaCO, 3" A% 1Y 41 {1 i 25 A%
RS A, 2 IR SE RS T PR Y 3 W LA
HEM , 2l ABS F1 CaCO, 17 iRFE AR S8, Friy
(A RL A (B0, T LA S T ER i B 3 i Je , Bt il
T2 keI B T v, P AR SR A TP T, e e v B —
SERRPE T , 220 AH E 2 fioh A 205 st ) A e, o fef i P
KM ARG, 24 CaCO; H B KK, ABS i A& R
(R B AR 22, BT A S8R e ) AR, S 4T B
FER 25~40 mm /s BF A 5 ok Hsf (1) 2 5 e L4 f
TADRS 25 B 1 2 2R, T LA Y W W i 2l b i A PR
B, 22 B AH ERG42 BAE RU (R AR S, SR
FITREARG s 24T BB B 1% & E 40~50 mm /s B, BEE
FER B B A 4R T, 22 bh 2 fih T Ay A T I B R L
P AR B A R T 5 T M TR A F) 80 mm
/s B, BT B B At PR, 2204 A RORS 12 A sk 1) A
B, FEGRR A PR,

2.2 #%2by GF & ABS 1K A 09812

(1) 58V GF %F ABS i J122 1 GEAYSE i

MERIE &, GF ¥ 58 B4 b kY HioA o i
o R IR RN TS SRR, BRRAR ] GF
PE ABS F1RF AT LIRS ABS 408155 J3E | IR 7] A%
ABS IR 3, i, SR T & & 09 1 GF X
ABS AT, MK T H: 3D FTER I FEAEAS [R] 4T Ep
T R R 25 R A 4 s

45 -

GF1*
40 ®ABS

35¢

HAfSRIE / MPa

.\‘\‘/GFZ#J
— . e
30 . GE3

20 3b 4b 50 éO 70 80
FTENESE / (mm - s7)
Bl 4 KRS GF tetk ABS REZEAR R FTENEEBE T s i i

& 4 aTLUAE Y, Y] GF B9 &R 2 i,
AR hL AR B A e i, (HJE B GF H i nY 4k
SEYEIN, bR R BRI E TR, T, Y
RAEFRZ BN /RS, ABS B e kA iy
AR, I HLEAME Y AR S 2 R A N ) 1 R i 4k v
Jn, e GF ##ir Bt ABS 4 1 R & 3%
&, BIrk GF REMSH 4T Hhd2 5 ABS AOPLam iz, H
J&=, HA 4 ABS 5 GF iR & £ 98¥%5) . ABS/GF

82 A MR ST KRG 45 01 RS KB, GF (35 3R 30
ALHEHE, K2, ABS 5 GF RGN gty —,
& ABS/GF ZAMEHO AR T ASE K, XY
SN BRI RINE, ABS / GE 524 RHR IS HEAA 5
GF M 5 1H AR 25 5 18 2 0% 3K, AT A2 AS 2] GF 14 5%
FIVERT . PO, 78 3D $TENERR R 4 m Y
GF N5 5 ABS IRE 5], W I AR 25 1852,
v E s, & GF = /3, ABS/GF & &4
BHA R WAL SRt 2Bl 3G 2 BT LAY GF
ERT 2 Gy, P B 5 i K BRI

(2) FTEN S BEXF 45 9] GF 2ok ABS iR 1241k
REAYSZ

ME 4 ] LA, M5 GF A FERE, §T
[ EE X ABS IME Y s2 i A AH R, %880 GF
BRI R 2 sk, GE 17 380RE 7 (e 55 5 A 25 Ak e 34
154l ABS G 0 A0 Ak 35— 30, Bl 2 AT EP
) 4 R IS RS /N I R A, S T B
50 mm /s B, s B R F i K . X n] BRSSP AR
FT B SRS SAIR B W5 i B R A2, 22 A AR
PR SRl TR A, T DA B IR B RGBS
TS FT BN 1A 3 50 mm /s I, RGBT Y IR
FEAT BT TR R0 A TR T T M T D
JEIA%] 80 mm /s, FH T T BBl L MR, 22 M4 A R0kS
TR IS TA) A, 3 A T B U 119 5 8 A AT o

i 2455 Y] GF 19 FH &4 5% 8 9% Af, ABS ik
R B r A, B 00 i o T SR g 3 AT S B S 0
/INFESE N A i A 3K AT BB TR R XY GF (5 s 1S
J&i, ABS 1K 2 0 sl M BT AR, S AT BN R
25~50 mm /s s, A5 A5CHE ik s 1] 2 5 e LA f TR RS
FEREE ) E BN R, YWY 1z B0 R AR TR, 2244 A
RS SO R AR S, B LA ZZ A B PR 2
JITREARG ;1M 24 4T BN A 50~80 mm /s i, 47 B[
AR, 22 b B ST TR, DA A5 2244 A fif
PEREA BT T
2.3 &FEEKE ABSIKAZGHR

AR, YR S 3E A H O IREL, AR R
B SR AL AN 5, 7= i 0 €808 2 R Al 5 4 A
W5 P e EE R E 22—, JLHXT FDM % 3D 4TE)
ML &, PR REM B PEM bR Z —. ABS #K}
AN JFRI R 2 S Bk i srL (A, 2 A
BERCAL BB T & 4000 28 1 (5, IRl i) B4 =
AGrytEne, AT SHME. Ul EE MR T 6
BRI ABS 3D FTEHAAE T2 R m 5T . ]


杨超


22 TR R

2016 4F 5 44 4,55 3

5 AN [RGBl it ABS SR ZE R [R)HT B
PR AP

B 5 A Es AN [R] B3 6 Y €2 B1RE X ABS B8
“APERERUE I, TR R BRI ABS L L
PR, B & L A Es). mE S AL A
BRI AR R FTEN =205 A — S oL, £
kL 17 R B9 Hr 5 7R ST ED R R 8 T 50 mm
/s BT R & T4l ABS, 1 {0 Rk 27 38R ) hr
568 JE I PR AT, X 14 B i € Bk S 5 FH T ABS
FTENFEAS ARk

4.
(SRS TAY

I~
S

IR / MPa
N
o

R

w
o]
T

20 3‘0 40 50 60 7‘0 éO
FTENERE / (mm - s7)
S faibRinchk ABS iHE7E AN I TE B T R 3
S 0] LLE Y AEAS TR FT B B R S s
WA TR AIRRE (O RER 17) 541 ABS IR {H5E
FE AR AL A — 3, YWAESTER BN 50 mm /s I
IRBR, R AR B R iURE (bbb 2% 2
PSR A AR Al a 4, ok b aAs (%) AR J] 4 T B 3 B X
CaCO; e P ABS K GF 2 P ABS it B 19 52 W iff
FELE TN HU AR O, T DA X AT e 2 o Rk e 1
ABS iSRRI SR E 1, bR 17 3R (137 sk
e F bk 2 I FE, T8 F T FDM AU 3D 4T B A%,
BRI, B DA R S 5 ABS ATERFER 1)
(RS
2.4 REAAAT ABS AR 4 R 09w
6 A ARSI X ABS BUREICAR 2R (1)
S

0.75¢

0 2 4 6 8 10
BCPERTEHI R / O
o—CaCO; M tEABS; o—GFilttEABS; v—(fhkhi2*; «—(miphki1*
6 ARIBURHG FEXT ABS iREICZE R G R
ME 6 T LLE H, ABS ik 0 45 % 3 b 5
CaCO, 5% GF 1 F & 34 I ifii BE A%, 5 CaCO, 2 P

ABS IRFEHIHL, GF itk ABS iFE I 4E 5 T B e
JETE R, X A BEJE K GF 5 ABS [H] [ 5% 1 %% 5
FERT A v, ST S ks U, A A R AT
FITLL GF Xf ABS 1A I 45 58 12 Wi ¢ CaC O, B
W1, 35, NI 6 ATLLLZ B, A 4 taBRRLfS
ABS U AR U] 0T B, Hoh, i (L BERLRE S
FAF R ABS BRI %

3 4iE

(1) A 2 f CaCOs J7, ABS 3D 4T B FE 1

FLAHGE A FEAS, WA 2 (345 Y) GF )&, ilFE

FLA SR B2 AT T i 5 (LBt sk P A DR 1 15

R AR R B2 X5 R T R

) ZEFTEN# FEA S T 50 mm /s BUTEOL R, m

A 4 SRR TS ABS SRFE R ARER B 1M 0

A BB 2 BRI (Y R A i

(3) TR MATEN T 255, 24 CaCO, 5 GF

FHE 4R 2 s A4 13 85 BRRLIN , AR

G 3 BT T B RS AN AR A 38 4l ABS IUREAHIA]

YJAE 50 mm /s K E K ; 1024 CaCO, 2 GF H]

AN 5809 03, BCE A 4 i A BRI, ik

FERRLA O B BEE AT BN A 38 2 A [F] 0 A2 1k

A, T e A RHR S PERE 22 TS DAY

(4) Bl CaCO, B GF FH 1, ABS 1A 11

AR R B WAL, BN GF (R I 5 R e

R AR FAG B Bl A 4y 09 85 €8 Bl br R

AT S ABS BURE IR R

S & 3 Wk

[1] 53R, ZEGRA . Wbl (3D TED ) HoAR KR [9]. Wb s 5
H 311k, 2013,42(4):1-4.

Lu Bingheng, Li Dichen. Development of the additive manufactur-
ing (3D printing) technology[J]. Machine Building & Automation,
2013,42 (4):1-4.

[2] EFE. 3D FTEIHE ARG A KR KA s/ [J]. Hh w8
ARl 2012(9):3-5.

Wang Xueying. The development and prospect analysis of 3D print-
ing technology and industry[J]. China High Technology Enterprises,
2012(9):3-5.

[3] TR . 3D FTENRIRERAFFERA A (1] ZZIENR, 2013(12):34-39.
Sun Jujie. The materials and research focus of 3D printing[J]. Screen
Printing, 2013(12):34-39.

[4] Singh R. Some investigations for small-sized product fabrication
with FDM for plastic components[J]. Rapid Prototyping Journal,
2013,19(1):58-63.

—
W
—

Zhong Weihong, Li Fan, Zhang Zuoguang, et al. Short fiber

reinforced composites for fused deposition modeling[J]. Materials


杨超


TrEEE, 55 : 3D FTE ] ABS 2B PEREWST 23

Science and Engineering:A,2001,301(2):125-130.

[6] BRiE, TWZR, B4l . % UL 3D FTEIH ABS MR Y B3 FR A
RESMHT (). BRIRLEZ,2015,43(7):89-93.
Chen Tao, Yu Xiaodong, Jia Ru. Analysis on component and tensile
properties of common ABS resin for 3D printing[J]. Plastics Science
and Technology,2015,43(7):89-93.

(7] ZEMZ:, BT . M 22 DU Pl S BORA R 25 0], s HoAR
5P, 2000(7):28-30.
Li Xiangsheng, Yin Yanfang. The control parameters and material
selection of fused deposition modeling[J]. Manufacturing Technol-
ogy & Machine Tool,2000(7):28-30.

[8] VMg, SAZEEE A58, 45 | SR 3 MR i P SR B s = AR 1 1
& MAERE [7]. TARRZRIN T, 2015,43(11):27-30.
Xu Yuqing, Hu Xiaoyong, Ke Yong, et al. Preparation and prop-
erties of single component silicone modified polyether sealant
material[J]. Engineering Plastics Application,2015,43(11):27-30.

[91 FREW, sk 9Kk A MR IM]. JEaT A2 Toll Ak,
2002:3-18.

FADIT ] 2016 & TEEBRMN A )W (KLESHITE)

Xu Guocai, Zhang Lide. Nano-composite material[M]. Beijing:
Chemical Industry Press,2002:3—18.

[10] Sood A K, Ohdar R K, Mahapatra S S. Parametric appraisal of
mechanical property of fused deposition modeling processed
parts[J]. Material and Design,2010,31(1):287-295.

[11] Boschetto A, Bottini Luana. Surface improvement of fused mode-
ling partd of barrel finishing[J]. Rapid Prototyping Journal 2015,
21(6):686—696.

[12] ERW, &M, 24258 FDM T2 ih 2 DR 5 i
A3 [9]. _BIASIE K 2FmA 4], 2006, 40(7):1 2301 233.

Wang Tianming, Jin Ye, Xi Juntong. The adhesive mechanism and
thermal analysis of fibers in the FDM process[J]. Journal of Shang-
hai Jiaotong University,2006,40(7):1230-1233.

[13] sk, 205, FRERAR , 55 . — b4 1 [R) VTR e 40 3 e P SR O
ORI (7). TRESEELN T, 2015, 43(8):30-34.

Zhang Jinzhu, Di Shuo, Cheng Yinyin, et al. Development of low
shrinkage rate of anisotropic modified polypropylene material[J].

Engineering Plastics Application,2015,43(8):30-34.

EDELT:

R & XS 24-42, 24-138 £EEMENEHFITHE
BT AR B S ARATIL S e (2B s A ) e AT TR B ) (LFE oIt ) BAIT RS, #HiEW

ITRBF] /A E A B AR A RS Rt

(TRREEREAY EANIMATFRITIAE PR
HARZER, ALK 16 FFA, 87 10 H il AT
O ), 2 S A B R B 22 R SRR S
Jei B = E IR A LR R A BRI, A
1B Ak 2SI (CA) TN, 2016 4R €M 1570 / 0], 4
4180 76, HETA4EA M A B4 2000 48 LR A SIS 1T
ARPEAE AT LTI I R A A

(UZESRITE) ENIMATFRATHI 2 E BT O
SV EARZIETI BT I, K 16 FFAS B 20 H R, A
TR b R AZ O, SRR Z A TR E R TF W%, A
e 36 [ Ak 2 S (CA) T-Fhk. 2016 4FE #1578 / 1, &
490 0. HHTALGAL M A 43 2000 4F LIk 1 S5 T
ARPEAE, NTFIT I I K R kAt

(IRBHNANHESTIHTE) SITERE &
FEEH CTARRIEL T ) AQITHS (1973 4F ) & 2015 4Rtk
43 & 314 WA AL R R A TTAO R, WA TR
[k (Ao priti ) A RIS (1992 4F ) 2015 4R

4k 24 % 109 AR PR T OF RS AT A6 8, AT R
o BUAOCRIE T HAE &  SCH OCHER A W45y A
B A0 T C AR A R SR AR AR B 4230, OTAR
PE e A 8 SO SRl T4 SO 38 B H (8 S (T
FRIRN ) B T AR B 530 T (2o it it )
BIASLEIEEN 230 JC.

EYSHEEE

Wb - R T MR X EAR B 3 45

e B - (AR EREN T ) 2t

MR - 250031

L1 : (0531)85878223 85878057 85878278

5 (0531)85947355

SRITICE:

P f IARARSE R AT RIS i

FEPRAT : Grra i TRTARATS TP SAT

M 5. 1602001229014425546

) _E1T 5 : http://www.epal973.com


杨超




