445,40 1240 T # 3 B N Vol.44, No.12

104 2016 4% 12 H ENGINEERING PLASTICS APPLICATION Dec. 2016

d0i:10.3969/j.issn.1001-3539.2016.12.020

PLA/CNTs &S &MERNH&E

EXRRER, TR R , INE K, & FW, BREFIK
MR AR R 15 TARR2ERBE, M 450001)

. R Eak Rk R & RR 420 B LR (PLA)/ #41 R % (CNTs) 2444, 2l ﬂ:iﬂtzﬂw@%@ﬂi
L) 3 A P ik Fp R AT A2 R & PLA / ONTs K8 S A, ST at L 0 Ak s e i A AT R AR A A .
M EERE A, AR 150°CHT, KA &8 R J 6938 e, éﬂ"lﬁk%ﬂfﬁ%f&féﬁ RAEA, L’yﬁiyua(a\#ﬂﬂréﬁ#atb,ﬁik
B MR S LIS T, BB Z RALEE AR N BOR R4 B R R 3L 4 9 6 PLA / CNTs R B4
St at, R R Aaks b F BB Lk B F A AR I A AN AILE M Hrh . S CNTs RE 944 3% B, PLA/
CNTs £ &##HE 150°C, 16 MPa £+ T L4 43 a9 a4 3L 0 $sds, £ 150°CTF - A& /697, PLA/CNTs
W M 8§ AR, £ 20 MPa T8 554 3.6x10° S/m, 5 & 14 MPa T 49 893 S/m A%

4 3INKFR, 16 MPa T, /AR F6FHE, PLA/CNTs #4568 A F a0 & § F 0y, £ 160°CTF # @%3—7&
29%x107 S/m, 5/ 145°CTF 89 9.15 S/ m A4 3 M E4,

KR RALER; B KA BIG R = RAbss; K08, dkkak

FESES: 0631.243  XEFRIZEE: A XEHS:1001-3539(2016)12-0104-06

N

Preparation of Microcellular Foamed PLA / CNTs Composites
Zhao Jingjing, Zhang Xiaoli, Sun Baojia, Jin'Shengqiao, Chen Jingbo
(School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract : Polylactic acid(PLA) /carbon nanotubes (CNTs) composites with different CNTs content were prepared by melt
blending, and microcellular foamed PLA / CNTs composites were fabricated by a pressure-quench process using supercritical carbon
dioxide as a blowing agent. The thermal property, morphology and structure, electrical property were characterized and analyzed.
Thermal analysis results show that the melting point of the foamed composites increases first and then decreases compared with
unfoamed composites, with the increase of foaming pressure at 150°C, because of the cooperation of annealing with plasticating ef-
fect. Microcellular foamed PLA / CNTs composites with different pore structure were prepared by adjusting the CO, pressure and
temperature, scanning electron microscopy (SEM) were used to discuss the effect of the above mentioned factors on the cell struc-
ture of microcellular foamed PLA /CNTs composites. The cell morphology is better, when PLA /CNTs composite with 3% CNTs
content is foamed at 150°C and 16 MPa. At 150°C, with the increase of pressure, the electrical conductivity of foamed PLA / CNTs
composite decreases, the electrical conductivity at 20 MPa is 3.6 x 10” S /m, which is about 3 orders of magnitude lower than that
at 14 MPa, which is 8.93 S/m. At 16 MPa, with the increase of temperature, the electrical conductivity of foamed PLA /CNTs
composites decreases, the electrical conductivity at 160°C is 2.9 x 107 S /m, which is about 3 orders of magnitude lower than that at
145°C, which is 9.15 S/m.

Keywords : polylactic acid ; carbon nanotubes ; supercritical carbon dioxide ; foaming ; electrical property

IR (PLA) & — Rl A YR Ak, OOE &8, Hoh ONTs By B/ AR R o B vy L &

KA AR YR b A A e 2 E R R T IN T, BRI SR S A AR R AR SR B B A TR
PRI H 35220561 . PLA SR pt, 7efi ] 8RR SR AR, oA R0 ik 2t Halk 7 &
RN EZ AR ERA NS il A SEEA T L, B A
PR S, Tl A 1, BRI T PLA ORI * A T E SRR (154430049, 17A430005)
o T AR RV, AR PLA HOIIA S A SR ) R IR, WL, R, S SEAFSE 7 5 2
73 PLA FHEGHE & L SRR SR 1 seawmm s ot sL ki

FNEF4E ok 2 A7 88 AR AT 4E 91K %E (CNTs) YR FL 91 2016-09-21



杨超


X, 45 PLA / CNTs ORI Gbb R 4 105

WEA 5 T (s SRR 31.1°C, IR A T
7.37 MPa) 25554 IR AU S Y R R
FH I A A A A B A iR

UEAFESR , AT S S T R P G 7 R T M
(PP)™ ' REkIATR (PO A5 A it L A2 5 M )
FERE T8 IZ IR A MBS B4 E PLA / CNTs & ifL
HAEMEREFLAS R EREC R PR B
PLPLA AHFFEXT 42, CNTs Ry 5 HL SE0RL, R I 5 —
Ak R AR, R RS R A s
PUSH R 1Y 75 B 145 PLA / CNTs ffL & 11 5 &
AARE, R ALE MR B PR RER JC R |
W FLIE S 45 M A 500835 PLA / CNTs 3R 1 v 55
AR S HLERE, B PLA / CNTs iR S E A
MR 12 N R R 25
1 RIERsy
1.1 E&RAMH

PLA :4032D, % & Ny 1.24 g/cm’, B 51k 5%
U Ry 57.8 °C, 15 Rl B2 Ol 160 °C, 26 [ Nature
Works 2N

CNTs : 4liE > 95%,5MEHN 8 ~ 18 'nm, A1 83K
M 140 m* /g, BN 2.1 g/em’, FERLE B,
ERA LA FRA T

AR RFR O 99.5% , KR TSR IEAL T
AR
1.2 ZENELHLE

HL AT R 2 37500 2 & BRI ES )

AR AR . CTR-100 AU, |- i R IR AL
A BRAEL

MR : CST AL, H M T A g T BRA 7 5

SEAR B ALAL : XLB-D300 x 300 %, 3% i {5 AR}
HABRAH]

UL AR : 2ZB-2L20A AU, Jb 57 B ik B A BR A
Al

1o RN 48 B B 2 - L5

22 X434 2= 4 (DSC) {¢: MDSC2910 #, 3
TA A7l

o - 4445 (SEM) : FEI Quanta 200 %, 5%
[ FEI A ;

BT 3% . DMM4050 &, SE[E ZE 7/ )
1.3 #H&H&

P AE 80°C F H 25 T4 4 h i) PLA I CNTs 43
% B 100 20,99 £ 1,97 2 3 FEAMR A H A
B AN FEFE 45548 50 v/ min R 170C

T 3R 10 min, 18 %) CNTs i & 50 5000 51 0 0%,
1%,3% A PLA / CNTs & & # BE (5 531 15 Bk A 4l
PLA, PLA/ 1%CNTs, PLA / 3%CNTs), H R 5
£ 180°C .10 MPa 54 FHAE AL 10 min, 2 H115
FIFEAE A 63.5 mm x 9.53 mm x 1.5 mm HREES .
# 2l PLA, PLA / 1%CNTs & PLA / 3%CNTs & &
AR i 43 00 B o P S g 28 R 8 o R S 1 48 i
T I 3k 335 S TR (145,150, 155,160 C)H) B A
PRI b, 78 GE B AR, 1 5 S 8 Y R
J13k B E R T (14,16,18,20 MPa), iF0f 1 h )5
PR B AR AR &I, B TOK B
RHEIE Y VIS EA R LS 1 R ik R
1.4 MaemsX5 E4E

DSC 4387 : FREL 4 ~ 6 mg FESh 1T DSC 437,
FHEH R A 10°C / min, S /R 30 ~200C, IF
MRS

HLIE M A B R B TR A PR
30 'min;, B H VR AT, 1554, AR SEM LEE & il
SR FLIE 5. FH Image-Pro Plus 6.0 R4 X} k£
ai Y SEM I R b RS A TR 0BT o 0L A
L (1) PR

_ nMZ 3/2 1
Near = ( N ) @)
R Ny —— BN AR B3 FLEL
n——SEM &l i FLEY ;
M——RAEEL
A SEM FE )i,

SRR AR T IR T A IR R R
AR B L BH, B2 =R, B 2 DTS AT
AR B LI (2) S AR A 1

o =R @

s py——RFR L B 5
R—AFHHLRH ;
S—IAFER M
L——iAFE R .
FL SRR AR R B R A (358, At (3) s )
o = 3)
ov
:—thj : O-V—EEE“:%(:
2 #ER5ie
2.1 DSC 49#7
K WLHT 5 4l PLA J2 PLA / 3%CNTs & &+ Kt



杨超


106 TR R

2016 4F 45 44 4,55 12 1)

() DSC HIZEUnE 1 Ji7n, 26 1 AR A . 8
TXFLG, LaARE SIS B G AR A
S0 PR I R R AT IS ) DSC ih4k, REE
TTEA RIS LT FER KT, MR T
T4 UG DR R & AR 45 it B AR AR sl
LTRSS . B2 )G, fEMFIRE 150°C AN &
71 (14,16,18,20 MPa) T, Fifi & A ¥0 J& 1 09 3 i,
AL AR S5 TR N, Ot T
T SRR 4 S AR A BT A A 45 s
B B

FEARE T B I A — b ik & 21 3 45 1
FH ., PR o5 A g s e s TR T~ R A, il
JE S R RS . b e 1o 16 MPa B, il 2k
HRS BT A H A B S R e, X AT RE SR A
TEMC WA | TR ORI A 2L R E T
FE b TS [R)R 25 A it 280 o 8 R AN () ) i
A XL SR EEF 2 X 5 SE M LIR30 A 5

60 120 180
TR/ C
(b)
1—A%l; 2—14 MPa ;3—16 MPa ;
4—18 MPa ; 5—20 MPa
a—4[i PLA ; b—PLA / 3%CNTs & 541k}

&l 1 &l PLA Fl PLA / 3%CNTs & & MR Z LT K& TF 150 CATR

JIN RS DSC ik

&1 4 PLA 1 PLA/3%CNTs EAMEI L BRI R

FIS0CARENT . BEHIES C
. EJJ /MP.
oA A 14 i;jj/ - 18 20

4li PLA 168.07 177.09 165.42,176.72 168.02 167.84
PLA/3.0%CNTs 167.90 175.57 167.28,177.15 167.82 167.61

2.2 WERE AV M em B E AT
(1) CNTs &4,
AN [A] CNTs % & T, PLA/CNTs & 4 M BT
150°C, 16 MPa & #i)5 ) SEM EIUWIE] 2 Fiis.

it oz 2

CNTs &tg:a—0% ;b—1% ; c—3%
&2 ARJE CNTs & F PLA/CNTs & &4KF
150°C,16 MPa T &5 h SEM &

FH & 2a AT I, 46 PLA &35 T8 A9 it fL Hu g
/N, IR HARAR 2], diE 2b Al L, PLA / 1%CNTs
AR R S TE B L HL R FLY 5 (AL
BERSHE, M & 2¢ ALIL, 5 PLA / 1%CNTs & 541
FHLEE, PLA /3%CNTs 5 4 MR HIE 1A i LR
LA INVEARY ST WL AR Y LEE R R H R
B, xR NS CNTs &80T m, —J7 i
FH T ICNTs 95 AH % A -5 B506 L A A% AL 3
Z AL R R, — Ty A RO K
PR LA I R 27 3] — s W BR 1, 02> T i FL Y 3t
BAE IR AL RN, LB R 1

() 1.

1E 150 C. A Al & J5 °F, 4 PLA & PLA/
3%CNT & A48k )5 19 SEM K435l & 3 &
4 7R o

(b) (d)
JE 1 /MPa ;a—14 ;b—16 ;c—18 ; d—20
E 3 4l PLA T 150°CANE ST &R SEM [

(a) (b) (c) (d)
41 /MPa :a—14 ;b—16 ;0—18 ; d&—20
K4 PLA/3%CNTs EAM BT 150 CAR S FRHEH) SEM A
M 3a & 3b i LAFE Y, 45 PLA 12571700 14,
16 MPa i, JE AL AL FL 0N, IF HARARN AT 7E
JE7135%) 18,20 MPa i, i AL 5] H o in skg
HIFLEEH . e 3c B 3d AT LA th, P& L RE
JERE—2, B 3d AL /N H 5] L%


杨超


X, 45 PLA / CNTs ORI Gbb R 4 107

JERCK, BIBEE 1 T+, LR 980N, L%
FERSIM . AT R R A BE R T B TR SRR R
R AR, Y00 FLSAZ 3 o 32 A, A7 s 1
Z LR R P,

M 4 0] LLE W, 7E 71 14 MPa T, PLA
/ 3%CNTs 4 Mk E LG LT %A L, G =
N3 FE R ST 3, PLA / 3%CNTs &4 4 k&
L5 B 9 LV 359 AR 0 3 1 K v L % R O T U
/INo Hi Image-Pro Plus 6.0 X543 #r153) , 7€ 16,18,
20 MPa F A9l £L% B 430l 4 4.75 x 107,5.9 x 10°,
39x10° 4 /em’s W T CNTs KB # /N, o] fE
Sk BB P A% ) R A % B AR R Y R T )
16 MPa | RIA] 75 235 5) H T BRIE AL s fL & i
BERE, LR AL AR 200 25 pm. MK Sk
] 18,20 MPa I,y FL%25 FEAS /N WAL 3 RO 3
K, AT LB R A LREAR W, A I i 4 . X
PRI A i e — AR AR AR A YR ARV E FE (0 S 1) AT R S
IR RN, M T I FLIER A& I 4 .

(3) .

1E 16 MPa. A [A] i B2 T, 2l PLA ) 'PLA /
3%CNTs & &R &5 1 SEM Bl 53 i &l 5]
6 N,

—

(a) (b)
IR/ °C:a—145 ;b—150 ;¢—155 ; d—160
K5 4 PLA T 16 MPa ANFIIEE N &5/ SEM [

(d)

s 2NN S

(a) (b) (© (d)
M / C:a—145 ;5—150 ;c—155 ;d—160

Fl 6 PLA/3%CNTs 4K 16 MPa AR T &35 SEM A

M5 AT LUE L 7E & IR D 145,150 °C I,
afi PLA RSB L Lb /N, BARAR I S) (A
Sa. &l 5b)o X PR A U I R A AR, AR AR &
o 5 R 1AL A, S HE LI R Y iR Ik
F| 155,160 C I, YL B4 2] Ho I BRIE AL 45
¥ (K 5c 18 5d). HERIE Sc &l 5d FTLLE 18] 5d
L FLRE RS MO f L /N . WA AU IR B Y T
R SCARTE A T (5 ik 2 AT (A5 i A v iy
WOALISAZAE 08D WA RS S Rt b, 1AL % R ik

N

MK 6 AT LI i, 76 B2 145°CF, PLA/
3%CNTs Z A MR LS JLT-3 A 1L ([ 6a), B
B A B RS 3G i, PLA / 3%CNTs & A 41
Ak I R F LA X8 AR T T K, W L% B A i
W TEIRE N 150°CHT, B A BREHE 5 TE B
HFLECE A8 B2 HoEERE (& 6b). 4iEE T
2] 155, 160 °CHF, i FLA FE AR /N W ALF 34 RT3
K (I 6c. E 6d), IIE 6b & 6¢ HrT LA A Hi i
FLBEAR W, A A 52 o 35S DR O i & 0 YL 1)
T, A R AR, ASBE S LI hr A O, i
FAFETHR G4
2.3 BRABA AT AR

PLA / 3%CNTs & & M BHE 150 °C . A [\l & 7
(14,16,18,20 MPa).J% 16 MPa. A [a] J& J& (145,
150,155,160°C ) 284 T Ab #RAR 2] 0 (U R 52 A 44
R SR GRS TR R M & 7 R .

10

o» 8f
g
. 6’
1)
~ 4
3
il 2t
=
0,
14 16 18 20
J£71 / MPa
(@)
10
o8
=
. 6,
2
o 4T
ﬁ
2,
=
0,
145 150 155 160
WA/ C

(b)
a— 7 5 RN bR SRl

# 7 ARFEESEGERE T PLA / 3%CNTs Uk 1 AR RE S i<k

H & 7a ] LLE Y, 1E 150°CTF, B & 1 T+
1, PLA/ 3%CNTs il & i & & A kR L 3 R A
Wi /N, 24 R 14 )k 14,16,18,20 MPa B}, &2
AR LSRRI 8.93,1.6x 107,3.3 x 107,
3.6x 107 S/m, 7E 20 MPa 7531 & Wk kY
HL SR 57E 14 MPa I AR LU RN 24 3 M 4m 4,
IM7E 16 MPa TR R 57E 14 MPa T AH LLF%


杨超


108 TR R

2016 4F, 55 44 4,55 12 1]

K&y 2 MmN, TR Z. HATR SEM 4341 ]
HIL,7E 150°C, 14 MPa T, & 18K, BE 5 b LT 3%
A ALTE R, SR R RN MR CNTs {4
RS SR, R HL R A0S 5 78 16 MPa T, {8 fL
¥15), B EUEERY AL EE AR 2L, W FL I A A, il
CNTs RFUIE/NE 2 I SR N 2. i
7E 20 MPa T, 1 T 15 FE S8 ALRR A SR T, (4
SRR RS AR AR AR /N B T AL AN
BIFBG AR AL AR AR K HFLEE R, — Jr i
WAL EARRR, SR AR BUE K, fif CNTs AR
BN, o — 7 A LREAR W, A A R &, fif
55 H O 25T B IR, DR A AR ) F 3 R

& 7b AT LA L 76 16 MPa F, BEZ Y
FhiEr, PLA / 3%CNTs fU& 2 A A R G B LS
BRI /N, 1R 4y R 145,150, 155,160 °C B,
OB B S R AR R O 9.15,1.6x107',1.2x 107",
29x107 S/m. £ 160°C T, HIAS R R L § %
576 145°CT YA EUR#ARZ 3 AB0RS, 1 #E 150°C
TR HL R G LR 145°CF B9AH FL AR 20 2 DR
%, Fi% ., iR SEM 4347l %05 78 16 ‘MPa,
145°CF , IR BERCAG, 7R R o R, LR R IRIME
AR TLAF- B L B A S e e, A AL
o CNTs B A B0 K, I A 3 = L 5 58
TE 150°CF, AL 2 B A1 EBKIE WL BE AR 2L,
WALAIAFETE, fff CNTs BARBIRINL 2 | T I 2 30
TR Z . MITE 160°CTF , B , IR R B AR I,
G W RGAL , WAL B AR AR K Hf FLRE RS, — 7 Tf
AL BRI, MOBHARFG i, CNTs FIARF S i
WIS, 55— 7 TN FLBEAR 1, 4, (45 )i A
FHL X2 BT 22, DAL AR H S

ZE LTIk, R R AR AL, T LS R K i
R I FLIE S0 45 48 i el A% , FE T S2 e CNTs AR
Y ECA S, T B CNTs AR & B (08 0, 41 k)
(A | SR BRAR . DRI, P DA 2 18 R N R ok
I FLIE SRS K, I 10 A R0 15 Sl fL &l PLA /
CNTs & &M B SRR, X5 SC#ik [9,11,17]
PR EE R —2L
3 it

I CNTs 3 AR IR ) AR
FHE AR A 415 B AL A5 /9 1Y PLA / 3%CNTs
KM APPRL, RAEA A T AR BE B 5SS+ 1
HPERE . FEIRE 150°CTR, B &R 1035, i
RIE A MR IE S5 LTS IR, 7E 16 MPa

HEL T XU Rl PG . SEM 43 B il 1, B CNTs
R CUPAN N VoalIN-Re g iy ORI RTIDIZ2 T b K ]
L RERIR . IR 150°C 12 16 MPa i,
3 2B PLA / 3%CNTs {4 0 52 5 A1 R} LY
51, R EIE LB SRS PLA/ 3%CNTs Uk
M0 S APRH LT A8B R ) Bl B2 A8 T i s/ o
F D3 Al B9 284k, T LA R A AR i fLIE A
S CNTs (R & i A kORE , 1k IS i A kG P S8
PRI, T L2 3 g 804 3 5 R ) A 42 A LB B 4
Hay, PR T AT R0 9 3 FL & 6 PLA / CNTs 15 L1
fiE.
8 % 3wk

[1] Nofar M, Park C B. Poly (lactic acid) foaming[J]. Progress in Poly-
mer Science,2014,39(10):1 7211 741.

[2] He Ting, Liao Xia, He Yunchuan, et al. Novel electric conduc-
tive polylactide / carbon nanotubes foams prepared by supercritical
CO,[J]. Progress'in Natural Science:Materials International 2013,
23(4):395-401.

[3] -Wang Z J, Kwon D J, Gu'G Y, et al. Mechanical and interfacial
evaluation of CNT/ polypropylene composites and monitoring of
damage using electrical resistance measurements[J]. Composites
Science and Technology,2013,81:69-75.

[4] Okolieocha C, Beckert F, Herling M, et al. Preparation of microcel-
lular low-density PMMA nanocomposite foams:Influence of differ-
ent fillers on the mechanical, rheological and cell morphological
properties[J]. Composites Science and Technology,2015,118:108—
116.

[5] Shen Qiang, Yuan Huan, Xiong Yuanlu, et al. The structure and
electrical conductivity of the CNTs / PMMA nanocomposites
foams[J]. Key Engineering Materials,2014,602—-603:1 048—1 051.

[6] Tran M P, Detrembleur C, Alexandre M, et al. The influence of
foam morphology of multi-walled carbon nanotubes / poly (methyl
methacrylate) nanocomposites on electrical conductivity[J]. Poly-
mer,2013,54(13):3261-3270.

[7] Yuan Huan, Xiong Yuanlu, Luo Guogqiang, et al. Microstructure
and electrical conductivity of CNTs /PMMA nanocomposite foams
foaming by supercritical carbon dioxide[J]. Journal of Wuhan Uni-
versity of Technology-Mater Sci Ed,2016,31(2):481-486.

[8] Ameli A, Nofar M, Park C B, et al. Polypropylene / carbon nano-
tube nano / microcellular structures with high dielectric permittiv-
ity, low dielectric loss, and low percolation threshold[J]. Carbon,
2014,71:206-217.

[91 Tran M P, Thomassin J] M, Alexandre M, et al. Nanocomposite
foams of polypropylene and carbon nanotubes:preparation, charac-
terization, and evaluation of their performance as EMI absorbers[J].

Macromolecular Chemistry and Physics,2015,216(12):1302—1312.


杨超


X, 45 PLA / CNTs ORI Gbb R 4 109

[10] Antunes M, Gedler G, Abbasi H, et al. Graphene nanoplate-
lets as a multifunctional filler for polymer foams[J]. Materials
Today:Proceedings,2016,3:S233-S239.

[11] Monnereau L, Urbanczyk L, Thomassin J M, et al. Supercritical
CO, and polycarbonate based nanocomposites:A critical issue for
foaming[J]. Polymer,2014,55(10):2422-2431.

[12] Monnereau L, Urbanczyk L, Thomassin J M, et al. Gradient
foaming of polycarbonate / carbon nanotube based nanocompos-
ites with supercritical carbon dioxide and their EMI shielding
performances[J]. Polymer,2015,59:117-123.

[13] Lai SM, HsuR C, Hsiech CY, et al. Comparisons of polycarbon-
ate and polycarbonate / carbon nanotube nanocomposites and their

microcellular foams prepared using supercritical carbon dioxide[J].

Journal of Materials Science,2015,50(5):2 272-2 283.

[14] Hou C S, Chou C H, Chern Y. Light emitting key:US,
9070499[P].2015-06-30.

[15] Shen Z'Y, Sun H, Tang Y, et al. Enhanced piezoelectric prop-
erties of Nb and Mn co-doped CaBi, Ti, O,s high temperature
piezoceramics[J]. Materials Research Bulletin,2015,63:129-133.

[16] Bao Jinbiao, Liu Tao, Zhao Ling, et al. Supercritical car-
bon dioxide induced foaming of highly oriented isotactic
polypropylene[J]. Industrial & Engineering Chemistry Research,
2011,50(23):13387-13 395.

[17] Athanasopoulos N, Baltopoulos A, Matzakou M, et al. Electrical
conductivity of polyurethane / MWCNT nanocomposite foams[J].
Polymer Composites,2012,33(8):1302-1312.

2016 ABS €375 A E BRAHT & A5

11 A 4 H, i L4 H o seAa R w280 ) “2016
ABS A E BRI 4 78 L VBRI S 4 I ok
A A HbEY 300 KA LR AW RSI T 21,

o A A i (LS P 23 S A PR B SRR,
Ze45 ABS MQ1HT 5 1, 55 04 T A2 S B A T T  4x
TR 13 T8 A7 55 S0l By A RN RIS A Ah i) G 268 B AR
s LA AP A A B W) £ R R Al A
AR 28 L T R N RN e s/ AL R S I 5 N
ZPRE R AT A SR (R GM R A
TFFE R RRA A ) 220K | AR5 H sl A BRO ¥
IR S TR IR S R T T R e

(TAZBA R A J A4 )
SR IHH RGBT R

TE A AHHT NS B ¥ (0 THS Markit T 1624 K4 |,
THS {h2# 6 5 Bkl 55 1R B 7R, 2019 ~ 2022 A1)
], 42 BR 20 L LA B e, A1 hy 30 ] 4 1R 0 3 4 i oK
AT TS e

AR 2016 ~ 2021 AFHATR], e BR3R F F 4 B AR 5 B0 5
PRI 208 7 REWs B 19 2 800 J7 t/ a, {H 4748 7 ik 5 1L i R
R A5S o BILEERFR , Disk S A AR A ELAT XU

SR, 45 2016 ~ 2021 4F 157 6] 25 EDE B 1 205 7
fig 1300 73 t/a, (R AT D000 B B 1081 2
SRR R R I LT A R B TR 2 it O A, R T
B 27 BE— AR O T B

FEE T8, A BT SR, 0 BN AT gz 3]
JEORHEG AR L K FP Pt il s b (R AN AR 255 P (R 52 )

2016 ~ 2021 4EA ], ZAG MRS T L IS, o0
ARG AR 2 . (TA2BAHR )
BHrREH K EE MDI ] =gt

b T ] W S e A, A T 38 [ ) i 22 I M
Bl fY MDI T 9 #2500 H E 2 0h50ti. 3858 n,
FEHEKE N 30 JT t/a H9HNZE 60 T t/a.

L3 e BT MR R, MDI ¥ RE TR C & T A bl
Folr 55 B R R Fe O TR TR —— V% 55 . MDI Fife A,
FEARE Y BE o B ANTLIE, B OB R BB & R 7
PR—T A = I B IR A% (ZARAR )

MNEEEHAEZERSHERBRRGELTI T

Rk R R RS U A, e S I P SN B S
WAk IR 4 B NI AEAE R A = i B IE SR . RSk
A CB & 1A RIS VETF & AR X — 87 T (i 2 i
IR Bl —BRSCA R A 56 I R A AL AR A 7 s ax s
SRR R s 1 S b DX R AN ) S — 0T AR

(FALFTR )

EIKETFERE BT EFEEEK

R — 0 T R, — Wk B 7 7= b B AR 8% 25
R AR, TR SR B SUR_E T, - 2k 5
FIFESEPEY ik, K T B SR T s K . 75— 56
T 2012 ~ 2018 4F BT HURF AT 2 3RAT Al 3B KA 40850
KR B T A Y SRR B S SR AR AR
LT R HE AR M X, IEFEIE AR T T SR 2
SR LA e B —a

XFFEIT SR T K A WO e B A 2Tk A
Marketsand Markets [ —1-4% 15 , iZ 42 84 15 H , 3] 2020 42,
EEREST IR T A 2] 69 123670, 2015 ~ 2020 4 2 [a] )
FEEAYEREL 1% KA.

SR N T BT R T, NE e R R R A
AR BERA W I o — LB R AT A5 i1 B O 2 D M — 2 4
JE A T A PR EE R, LI Tdexx AOE2E S HTIX . FR
T IR ARG (A RS T RGP AT AR A A A 2
PRI FI G AP RE AL 5, X BT 45 19 OEM HA 3B KA
5101,

AR T R B IR RSB R A LI R LI
Rk MRER AR RN VGG - T 0 - R AR SRR
RN 5T S TR T S R Al AL B R B
b AL FEH RS (PBAEX)


杨超




