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Research Development on Thermal Conductivity of PEEK
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Abstract : The low thermal conductivity of polyether ether ketone (PEEK) limited its further application, so the recent research
progress on the thermal conductivity of PEEK was summarized, which emphasized on the effects of several common fillers on the
thermal conductivity of PEEK. In addition, the existing problems in thermal conductivity modification of PEEK was discussed,
and the methods for further improving on the thermal conductivity of PEEK were analyzed and summarized. Exploring surface
modification of fillers and the compounding rules between.different fillers will be the development direction of future research.

Keywords : polyether ether Ketone ; thermal conductivity ; development direction ; surface modification

Sk EEEA (PEEK) 1FE A HEFh TAREERL, BAA S 5
SRR T i DA R RSF R MR 5— R A S T T
LA AR LT L RE TR L T S e R U Y. PEEK

F4 CF il PEEK il sty , 46 T PEEK / CF E Ak,
WFFEAE R W], > CFARFR & i 40% B, MRHI F T3
4fi PEEK (1% 0.25 W/ (m - K) #4/m %) 3.10 W/ (m - K).

I T RS HRA N 025 W/ (M- K), BR#EI T HAE S P40
BRI, it PEEK Y-S AMERE 8 H Rl i e S
PIFRL, il HAE PEEK JLUR PR it 48 R0 45, DT 34 21 2l
PEEK S#AERERY HAY 1,

EE A TR A T IIFDRE PEEK SR
N, B T PEEK AR et Y SR R, BLAE T 53 4
HEETER AR R Z AL TR TR 5 T 64T T .

1 EREFHERE PEEK

WLT4E (CF) AR T 90% MY TCHLE 2> 1474, B
A AL B IR R BU N RO AR
P32 1 TR R A T bERE . s, R, Kim %1

J. A. King % B BF58 T PEEK / CF & & AR S bk
fik., WFFE4 R3], PEEK FIl CF FLiE4E 4 RIT, i 1 R,
PEEK / CF & &A1k B S AAZE A7 44k 1 B2 T (IR , 27 4t
175 20 S G . 24 CF B0 4CH 30% I, &2 461k

1 PEEK/CF ESMEHYIA &S BT

EIHAER : a5, B2, ARSI, EENF &S0 TFEGMRRGURE GRS E-mail: cuiyh@nuaa.edu.cn

YrFE B 2019-02-19

S| A& A=Iai, , AT, BT, 45 PEEK VLRI STl [J]. TRRSRII 2019, 47(5):144-147, 158.

Li Agiang, Chen Qihai, Huo Shaoxin, et al. Research development on thermal conductivity of PEEK[J]. Engineering Plastics Application,

2019,47(5):144-147,158.


杨超


2R3, 45 . PEEK AAMEREW ST E R 145

IGRN 042 W/ (M - K), M EFARE PEEK #AGR LT
T 68%.

CF {1 43 TBCIR 25 R b 3 T 20 [l B 23 52 1) PEEK (14 52 44
Pk, EFxhZmEL, BT © R TWA T 24 T PEEK
/CFEAMEL BT Z BRI CF RSFOR, ol &
(05 ARSI E REBRAIG , 2245 21 AT RE RN ST (Y 0 eIk S
. W% CF & ikighn, PEEK B RE L8 T i
1Tt 24 CF &tk 40% B, PEEK (#4538 0.36 W/
(m-K).

Wang Qiufeng 45 " i o #4 1R e 45 4 R i % T PEEK
/CFZ&MELWSE T CF RA1XT PEEK S PERE Y 5200,
WFFE I, AR T HOKR G0 CF, 0K 441 CF Al LK I ol 3%
PEEK (93 #WEGE. X5 CF 7 PEEK JE4& Hh B A 440
HIME S FR AT 5, G K241 CF 78 PEEK EARh Bk 28 58
it

IR £ PEEK &G k22 R P A LR R 1 1
HAR, A A R LI Tk L Sebrfi R, AT
155 PEEK 5 (10 1l 25 5 5 R e K B2 b 9 2 i 8 T
A. A. Stepashkin %5 ™ 3% f] 3D 4T B # AR #l % I PEEK
/CFEAMB, 2RI, Y CF T & 4k 20% i, #F
BT R 4l PEEK 9 0.21 W /(M= K) #2712 0.25°W
/(M- K)o 48 T il B R A B, 2 i F 3D FLEpdl A
PEEK / CF & &M BHLEB A8 & 2 2y I 2 Wos 17 3D 47
BNt FE LA e PEEK / CF 525 BPBEIR 23 2045 K A T A7 LR
o AEF AR 2 CF Zb4k itk PEEK 1 L fifk pe L I
SR R 1 )

z
I H Uil
;

PEEK CF
A—ZFIAL RS ; B—RE A AL RS C— LR BIA L
[51 2 3D 4TE[ PEEK / CF & & R il 2 AR Y
CF it PEEK 7] LA R4 T+ H- S IR RE RN ) 27 PERE
B T BA—EMRE, mERET 2%, CF Y

PEEK IRA A S ML R L, S BOR S BHI B 5 M i
2 WA R, AT DA S IR R v Rk O A R AL S
RE R SRAD TR U ARG b B U S oM B RS Ak CF
LR RL 22 B () ST 25 5 VR B CF 55 S ARG 25 4%
E
2 EROKE KM PEEK

AR A HA e R A 8 LR BR KA (SWCNT)
IG5 6000 W/ (M - K), ZREFRAKAT (MWNT) 1
PG N 3000 W/ (m - K)EL FER G b A i 4
KT bR KRR R AL TR 57 58 PR R R )
# T PEEK/ BRAKE A AEL, HIA T R E B oK &
IR, 2Bk KAE 5 5 10% I, PEEK Ay &
4035 W/ (- K)o B A MRS 4 5 i 2 L 1K
T, FLIF R AT RS2 AR YK N PEEK fr) A TrT A BEL I 55
THGAER B IRHAI R {238

F T AR 4 KA PEEK 44 19 F i B BH, AL M.
Diez-Pascual 25 35 /o PEEK HEF T3 (L Ab L | B I 5 1R
FAb FIE I SWCNT & ARtk S , il & th PEEK / 4ok
R A RRe L5, 25 SWCNT &4l 76% i, bokHE
FEENRER R 1.52 W/ (m - K), M L T4l PEEK $271 T
6 i< PEEK FHAMEREHETHAY JF A AT REAT P A, —J2& SWCNT
FIHERL PEEK AT LI i A HorE , )2 54805 SWCNT
BT S UM A

Y. Hwang % ¥ 1 PEEK / AL f1 %45 (GO) R &3]
ABEHER AR IE AR AR A . 453, MWCNT 1]
PAFE M GO 2 Z M i A R T GO Z MY il T i i
ML IR FE AL ) MWCNT B35 14 0.5% i, A48}
PFR 0.43 W/ (m - K) F10.45 W/ (m - K).
3 THMIFEFTHIE PEEK
3.1 #mERET

K JGHURL T kot PEEK IR, SRR 72 X PEEK 1Y
SRR B EEE I [R]—Fh SAORL RS B
FITHEFAT R FAERE B, iR P RS T AR Xt
PEEK FHEHZHMERERE . 25 R R RIS 41 /N 4B A7
FIF PEEK T3 i (FURE R R T RAR R xd
PEEK S B 1 5 MK ool 55 o L A1 W] R A DR A
I RTE LT, SRR 45 T 2B B, AR /N5 i R LA 22
B2 MR FH R 30% KRN 10 wm B, A RPRHIEA
F%k 0.39 W/ (m - K), ML F 4l PEEK 425 T 67.80%.

PEEK & bRk il £ 7 =X 23 5% M G AR DR S A
(53 BCIRAS AT AR I 25 B i Ry T W5 il &
T RO A RHRH S R R RO S, BUR D B BFgE TR
Ab BRI BRI A7 5. (EG) 5 PEEK BYHR I7 s bk G b


杨超


146 TR R

2019 4F 45 47 ¥ 55 5 W1

REMEZ . S5 AR, el BT Y0k > WS R > PR &
T, 3 IR I G 1 I PR 2 e R B DIV T LA PEEK I B
B HAEHEA EG JZ ), NS B T EG B A77E 1) 3445
FLAFRAT B AR . YIRS 1 40% NI, B SRR
PR RARRE R 532 W/ (M- K). S. R. Kim 2 Ui 5%
Pk ah R B )7 4 PEEK / BRAGEES SRR, 4Bk ik
PRFR itk 50% B, ARHI #5238 A 4l PEEK 119 0.25 W/
(m - K) HNE 2.4 W/ (m - K).

T RS G BB T S 54X PEEK & & 4 RHERE
FEE I, B34 P il 4 T PEEK / RALBRE AR, BP9k
B, 5 WP B 25 S0 52 A M R 1 2E HERE (R M R
MR VEE VO IAEFE T30 PEEK 4 FHEHES A e, %)
SIS TE WG AS K . YRR I BTS040k 109% I,
PEEK #F:54 0.42 W/ (m - K).

3.2 MmAkETF

YRR RE T A2 PEEK MRHACMEh RIEVEH 5182
FA K, HP R T HC AR T Y - AR R, 4K
T HARFIR I SR I 25K 75 5 TSR, JEk A 50T I A0
4 P, R BUSS A L, TEHLIEDRL R PEEK S 1A 5 1 4]
ZeME2E A S A TEZS B, A T LI AR A REAI

B X A AR 3 T M A A IR, B SN E R s
X RAEDRL HEA T R T AL B 4R 8 L A e, 3% i) 7 b
1 el P45 7. Wahab %5 P IR SERETR IS (PPA)
HRELI PR A NI (ND) itk PEEK A BL. BFFT45 3R,
PPA HCPEfG#R 1L ND ££ PEEK LR34, 24 ND &5
b 3% i}, PEEK #45:5% %5 0.35 W/ (m - K). 14 # % B F
FHAZESE POSS Bt £1 880, ifF—25 itk PEEK il &5 A4
Ko WFFE4E W], POSS AT LA AR £ 880 i % 1f ik, 2l 3%
T AT B 3 R R PEEK B9 SR ERE

£ L. Riviere 55 B A58 | A AT 1K 4R 40 KR T AgNP
15y PEEK 1y 3 #IEUEL, Tl 4 T PEEK / AgNP & &5 #1 KL,
TR, ARGK BT 7] LAk PEEK 1Y S RE. SHhE
TR ECH 13.5% B, AR+ 5 24 2 B B, an &l 3
FR e HERAORARL RT3 ECH 8% i, PEEK & & F1EHY
PFEEN 049 W/ (M- K).

[#13 PEEK /AgNP [ SEM JIE -
TE AL B BE SR AL RL T B3 G0 KA B RN T AL & i 28

Z AR A g K BURL i 5% 61T, Wang Nannan 25 B4 5% ] 5
R FEES AR I TEHLE B2 b8 (IF-WS,@CNP)
¥ PEEK Hy A PERE. BFSE & L, IF-WS,@CNPs 2 /& 1
IF-WS, 7% PEEK ZEAA& i 4310 RE 7, A2 3F T /hBR i 254 119
TE R, I K T PEEK 9 S #ubERE. 4 IF-WS,@CNPs
il 8% i, PEEK & A AR TN 0.82 W/ (m - K).

TETHURL 78k PEEK B9TK 2 b OB R SR/
X PEEK MBHY S AR BESEZ I 5825 . BIFSE Kk SR UK AH L
AINFIURLAFAE ST/ 1) ks R TR , DR el T TROR Gy S0
FIGN K ORI T TR T A K R e R SEDR 22 1] ) 42 fh 44
B BT,
4 SRZHIE PEEK

X TR P HIECR}, BUARGE PEEK Y S HAWHERERICR
2 EAASRE G AR S AR LS Tl 2
Ko SRR ZEOR R PEEK AT L A8 43 & 4% 45 4143 18] 1 P
[FIVEF , 9RAD i e AR B~ 3EDRH R A2, iE— 254 T PEEK 1Y
SRR,

IRl 5 45 B {2 TR 15 R 45 T PEEK /CF/ i
I 5 EM Rk B A MR T AR an & 4 FTR . DR R,
PEEK & & MRHY A TR M & A A0 B B B i kg i, 24
1 B TR 4y B0 0.5% I, PEEK 9 #4 §: 32 0.29 W/
(m - K). PEEK/CF/ fisM&&E &Mk S PEEK/CF A LL A
A HER R RS TERE .

&l 4 PEEK/CF/ A28 &M BHA T # il 2

J. AL King % L S RORTR RO BRIEORE (BRI, A BRI
K5 F1 CF) R £ PEEK v, BIF5E 1 HURLS 1 X 525 41 kL
R RE R SRR . BT R B, Y e PR T i A AR 3 10%
B, 52 A PP R 2 BE e o T B i M R, A e
U1 5 45 B BHE PEEK /30% CF/ 7.5% CB, H#A G %N
0.52 W/(m - K).

XU B 4 T PEEK / CF/ £7 806 5 4 bHkL, 5T
SERFW], BAR 519 CF X & A MR #E 5O 850l K
KA TTHR . IS4 0.7% 1) £1 BJas i, &4 MR
PRI T, ORI A1 3800 1 2 G MRS R 4
35.5%, k%] 1 0.33 W/ (m - K). Hfraki ity 1% i), 52
BARH G AN TE S B (R AR A R0 . IR 2 A 2R
TR I B 2 5 , HAE PEEK w4 BAS 15 R M, T A2


杨超


2R3, 45 . PEEK AAMEREW ST E R

147

ARG IR TP T AR A AR

AL R (Y CF AT LA 3 5 ZE R 22 [ ) 57 T 1
fiE L S HAMBOR S AN SR PR 25 RCR . M R B 5
TS TR Ak B 1) S B T 4 (SCF) R 3 V8 Sy &2 Tic SR, il
# | PEEK/SCF/Cu I G h kL. S5 R K], 58 Tk
4k B Y SCF 55 PEEK B R 45 £F i W] i 389 58 . SCF ik #1]
WA R SR 3 B R, A7 R T S A B O JE 1L, 1
FARE T EHRIT AR Sk A 100% I, BEE
SCF FI & i n, =& M R R I B v . 24 SCF Y
N 20% B ARG R0y 0.83 W/ (m - K), ML T
PEEK #25 1 162%.

BT CF, KA LR it 2 3 IR s b e A R G B
DABRAE B A B AN 2 A 2 48 52 AR Sl SE0R S ME PEEK,
WU T PEEK Y IERE, PEEK MRV R i i T ik
#0.89 W/ (m - K), ZallALFHEn/EN “FE" KT iR
M AL BIECRL 1 R AR TR e Pud i . 55 —J7
I X AL 4] AKG 3 PEEK, JLF 7R 2 T T A IS IEH]
I B b T AP e e 23 B 50 ATTE S 1 A2 A0RHI I
Ik Ui
5 £5iF

PEEK )3 Mk REH 22 , A fifk pReas TR, flF 7 N B
ZORHT T SRR G TR . FRPRE , B TAITR
TR bt TSRS [ PEEK 54 BHY
I RIR G IHRHAELEI RA —E 2. Xl AER
=77 T AT T A -

(1) PEEK JE{AAE 4 5 i i A2 v b8 43125 4 1] LA
i E B PERE , (H AT ER X PEEK A B PR B2 i R
HPERERDITEE A BIRA

(2) KT PEEK JEAATN G HIURL SR I 45 5 PEREI DFI L
bR AR A A O E R AR

(3) P HEURLAY iR E ST A A LA AR i PEEK i
i ST T R SRR R PEEK () #ERE

FEXFIX B[R], ok PEEK SR MLV %A A W] A ) 2
Fo BOETTE R PEEK A EPE O T AL RESZ W HOBIT ST,
FEWR K A 1) 2 THT A PR A SR 2 BORLE PEEK HH (9704
RS, B Jm RABTFEA R ST OB 22 [ 19 S BE UL , 4R 1) #5
HEHECRIBCEE .

& % ok
[1] Panayotov I V, et al. Journal of Materials Science:Materials in
Medicine,2016,27(7):118-129.
[2] Hassan E A M, et al. Composites Part A:Applied Science and
Manufacturing,2018,112:155-160.
[3] Bt . b Top ARk, 2013, 41(5):183-185.

[4]
[5]

[6]
[71
(8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Duan Xiangyuan. New Chemical Materials,2013,41(5):183-185.
Gong Feng, et al. Carbon,2014,78:305-316.
2R . SRR GRS / SRS AR 4 5 0 [D].
P§22 YL Tl K%, 2016.
Li Junpeng. Synthesis and application of functional polymer-
based composites with thermal and electrical conductivity[D].
Xi'an:Northwestern Polytechnical University, 2016.
Park J M, et al. Composites Part B:Engineering,2014,67:22-29.
Kim SR, etal. Solid State Phenomena, 2007,124:1079-1082.
King JA, et al. Polymer Composites,2016,39:E807-E816.
BRI . S EEEN AL ST A AR ] 5 S PEREDE ST [D]. L6
AEIRFE TR, 2013.
Liao Junbo. The preparation and investigation of PEEK-based
thermal conductivity composites[D]. Shanghai:East China
University of Science and Technology, 2013.
Wang Qiufeng, et al. ‘Polymers for Advanced Technologies, 2018,
29:896-905.
Stepashkin A A", etal. Composites Science & Technology, 2018,
164:319-326.
Davim J P et al: Wear, 2009, 266(7):795-799.
Wu Weili, et al. Silicon,2018,10(5):1903-1910.
Han S H, et al. Composites Part B:Engineering,2014,60:98-105.
Tiwari S, et al. Wear,2011,270(9):688-694.
Xu Ying, et al. Journal of Jiangsu University,2011,32(2):167—
170.
Abbasi S, et al. Experimental Heat Transfer,2016,29(6):781-795.
REarse, 4 YRR, 2018, 46(3):36-39.
Wau Lihao, et al. Plastics Science and Technology,2018,46(3):36—
39.
Diez-Pascual A M, et al. Composites Part A Applied Science
& Manufacturing,2012,43(6):1007-1 015.
Hwang Y, et al. Composites Part A Applied Science
& Manufacturing,2013,55(2):195-202.
Zhang S, et al. Express Polymer Letters,2011,5(7):581-590.
TR SRR, 2017,45(9):25-28.
Ning Yang, et al. Plastics Science and Technology, 2017,
45(9):25-28.
Nielsen L E. Journal of Applied Polymer Science, 2010,
17(12):3819-3820.
Qian Rong, et al. Polymers for Advanced Technologies,2013,
24(3):348-356.
TR AE A MR, 2016, 33(4):749-757.
Nie Yan,et al. Acta Materiae Compositae Sinica,2016,33(4):749-
757.

(TEE 158 ™)


杨超


158 TARREREY 2019 4R, 47 47 45,55 5 4]
110(1):177-186. 31(5):624-626.

[12] EFE, 45 . ArilmsAdR (N T ), 2010, 26(2):201-207. [28] BXSCHH. Cu.Co#lFe B:fiE (LY LSS A AMEAPERERTSY [D].
Wang Shengjie, et al. Acta Petrolei Sinica, 2010, 26(2):201-207. frF . AR, 2017,

[13]  Ej5, 45 AR T R3] « HAAFH# R, 2010, 36(1):20— Zhao Wenli. The catalytic performance study of Cu, Co and
24. Fe based catalysts for acetylene hydrochlorination[D]. Shihezi:
Wang Shengjie, et al. Journal of East China University of Science Shihezi University, 2017.
and Technology:Social Science Edition, 2010, 36(1):20-24. [29] Zhao W L, etal. Catalysis Communications,2017,98:22-25.

[14] EFHUE . CREURICARAE SO R L L ABEIE [D]. | [30] Xu H, et al. International Journal of Chemical Reactor Engineer-
1 1 ARAHLT R, 2010, ing, 2017, 15(4):1 5421 580.

Wang Shengjie. Study on non-mercury catalytic acetylene [31] Dai H, et al. Journal of Industrial & Engineering Chemistry,
hydrochlorinadon to produce vinyl chloride monomer (VCM) [D]. 2017.50:72-78.

Shanghai:East China University of Science and Technology, 2010. [32] DaiH,etal. Catalysts,2017,7(7):200-213.

B 7 AT AL 79

[15] #4ER, 25 BRILT., 2016(2):72-T6. [33] ChaoS,etal. Sci Rep,2017,7:39789-39796.

Zeng Junjian, et al. Modern Chemical Industry , 2016(2):72-76. [34] LiX,etal. Journal of Materials Science,2018,53(7):4 913-4 926.

[16] Wang L, et al. Canadian Journal of Chemical Engineering, 2017, [35] LiP,etal. Acs Catalysis,2017,7:8572-8577.
95(6):1069-1075. [36] Dong X, etal. Journal of Catalysis, 2018, 359:161-170.

[17] Wan F,etal. Catalysis Communications,2017,101:120-124. . .

[37] LinR,etal. Acs Catalysis,2018,8(2):1114-1121.

18] Mitchenko S A, et al. Journal of Molecular Catalysis A Chemical, - . 3. -

uel g [38] 5% . AT T K2 : IR, 2013,31(3):377-381.
2004,212(1-2):345-352. . o .

R ) Ma Ning, -et-al.. Journal of Shihezi University:Natural Science,

[19] 3,4 . W)I4kT,2007,10(5):13-15.

. . . 2013,31(3):377-381.
Yang Qin, et al. Sichuan Chemical Industry,2007,10(5):13-15. ) )
[20] . L1 T FIFHIR, 2014, 32(6):677-682 [39] JiaY,etal. Journal of Catalysis,2017,348:223-232.
o ) o \ 40] AR G JLE RN TR T, 2016, 32(3):231-236.
Dai Hui, et al. Journal of Shihezi University : Natural. Science, (0] AN kAR IESTL @
2014,32(6):677-682 Hu Jingyi, et al. Chemical Reaction Engineering and Technology,

[21] Li X, etal. Catalysts,2017,7(11):311~324. ¢AT8, 32(3):231-236.

[22] Wang B, et al. Organometallics}2017,36(3):523-529. [41] ZhaoJ, et al. Applied Catalysis B Environmental ,2017,206:175—

[23] BXEEE % 4r Tk, 2014,28(3):259-267. 183.

Zhao Pujun, et al. Journal of Molecular Catalysis, 2014, [42] Xu H, et al. Catalysis Science & Technology,2018,
28(3):259-267. 8(4):1176-1182.

[24] BN, 4 | RbF T R4 , 2008, 8(6):1 2181 222. [43] Shang S, etal. Acs Catalysis,2017,7(5):3510-3520.

Wei Xiaobo, et al. The Chinese Journal of Process Engineering, [44] ‘Yang L, etal. AicheJournal,2018,64(7):2536-2544.
2008 R 8(6):1 218-1222. [45] MK . éﬂ*ﬁ&%%&ﬂ&ﬁ%fk&ﬁm@% DFT ﬁﬂ?‘f [D]E(ﬂ% .

[25] HuD,etal. RscAdvances,2017,7(13):7 5677 575. AR, 2017,

[26] HuD,etal. Chinese Chemical Letters,2018,29(9):1413-1416. Zhao Fei. A DFT study of the mechanism of nanocarbon catalyze

[27] saEde, 25 | R k2, 2014, 31(5):624-626. for acetylene hydrochlorination reaction[D]. Shihezi:Shihezi
Guo Yanyan, et al. Chinese Journal of Applied Chemistry, 2014, University, 2017.

(EEE147T]) [33] ZRUESE, 4 B BBPE, 2017,32(2):152-159.

[26] Xu Yunsheng, et al. Composite Interfaces, 2000, 7(4):243-256. Su Yanan, et al. New Carbon Materials, 2017, 32(2):152—159.

[27] Huang Xingyi, et al. The Journal of Physical Chemistry C,2012, [34] XU . A7 S S e 2T 4 1 B PR T R 2 R YL R RO B2 [D].
116(25):13629-13 639. Kt K Ag Tl k2%, 2016,

[28] Zhou Yongcun, et al. Scientific Reports,2014, doi:10.1038 / Liu Liu. Effect of graphene on the carbon fiber reinforced
srep04779 poly(ether ether ketone) composites[D]. Changchun:Changchun

[29] Wahab Z, et al. IEEE Transactions on Components Packaging University of Technology, 2016.

& Manufacturing Technology,2017,7(2):165-177. [35] PMFR,E . ¥R, 2015,43(5):52-55.

[30] Fi#Z,4% . CN105086740A.2015-11-25. Sun Shiliang, et al. Plastics Science and Technology,2015,
Xiao Bin, et al. CN105086740A.2015-11-25. 43(5):52-55.

[31] Riviere L, etal. European Polymer Journal,2016,85:115-125. [36] fEKE, % . CN107459770A.2017-12-12.

[32]

Wang Nannan, et al. RSC Advances,2017,7:35265-35273.

Hou Tianwu, et al. CN107459770A.2017-12-12.


杨超




