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Abstract: The surface of poly-p-phenylene benzobisthiazole (PBO) fiber is modified, and forms composite materials after

reacting with other materials, such as PBO resin matrix-and PBO fiber nano-composites. In recent years, PBO fiber composite

material was applied and developed-because of its excellent properties. The PBO fiber and composite materials was introduced. The

application and development of the PBO resin matrix and PBO fiber nano-composites was introduced. The development of PBO

fiber composite materials is important for the hi-tech materials in the area of aerospace, aviation and national defense and the update

of materials products. Besides, in order to explore the environmentally-friendly materials, high performance composite materials of

PBO fiber are the focus of attention of researchers and replaces some traditional materials. So, the PBO resin matrix and PBO fiber

nano-composites have a lager space research.

Keywords: poly-p-phenylene benzobisthiazole fiber ; composite ; resin ; application ; nanomaterials

BT R I (PBO) £74E 2 H A& er 4t vh 7
12 RE IR TR BE L RT AR Tk B b R M S Jr T4
GHERB IR LR 2, BFR Ol 21 2L ET4E” . PBO £F
Y S5 2 P 6 FE T AR KA ), 1) B AR IRAS L A
BOF#AT Tl AR = U PBO 414 52 A M RHE 24N 450
BB Z B, AU S K5 T80 K e B AR 45
. (AT PBO £F4ERMDEHT , 2=t MEAk s, ™ B 2y T
PBO £F4E M GBI LR . Rffdix —[n)d, HEisT
NGRS PBO ZF4E35i 52 5 BRI S AR S5 bR 5 T
TR
1 YN R R E B
1.1 “H#5Ha

PBO £ 4t HA WIEER R S5 4 , 23R rp 2830 5 K
w f#, PBO 73 45 438208 5 A, PBO 43F45HHY) C—

C SERERS A M BESE , i & 45 MRS A A RE At iES% . 78
PBO 4 F4 1, 2544 F (14 28 B0 01 R IR A 2 b - [ — - 1
I, BT FaE e o PBO AN F&5H v, B A
AR, 23 RN BHLASS IS, SEHIRR EERCKR 4T HE R AR R 1,
PBO 12 HLAG i 5 J3E | e A o I B 1 R a0, £ 2R
JE SR G AT A 2t e KL SR AT 1K 5.8 GPa, ML
i P A5 B T 3K 280 ~ 380 GPal* ™ ; PBO 41 4k 1 2 12 4 it
P BB BRI A HILET 4, TT7E 300°C K918 1 ) 5 PBO £F
YT b 24 Wl AR, AN T — A DL 70 B i
W AR BB T 100 % FOVRBTIR . H SLA R | SR % s 1
PBO £F 4 4 PERERL 22, R 45 HAF 0.2~ 0.4 GPa* ™

BRARN: ZE2AE 2 A S0, 05Ty i D Re e o
MR AR
Wk H 41 2016-12-30


杨超


X 58 PBO LTS MORHIRIT T B it Jé 139

AN, B PBO ZF 4R MG, JEAR S G PRI, 2
TSR I TG T, S ARG S ARG 25 R RB R 3 25, 1X — B s
R JE PBO R4S A MR R B ™

1.2 R@akhk

PBO £F4EHA 514 J1 2= Pk Re F ik PEfg , (HIE PBO
LRYER TG VEAR , 5 BRI G ADRLZ 8] 5T D5 BE AR, 75
2)°7 PBO £F 4 G AR K JE . SR BUS HERERY & A p Rt
7 B R T O, 3T B PBO 21 4k 55 R 1A R 25
SR, DT i L A PR 2 ) B D5

FIRiT, PBO ZF4ER I etk i 322y A Rimi b =F iz |
LR BRI AP S B AR g A PR AR A B
G P A S A W AR A . BFSE B R X PBO £ 4k
AT UL B, AT — I R RCR, (R AT 4R 1 5k )
L2 BN I T, FLAR AR ] © 5 )R S Ak 2
X} PBO £F4E ) J12 e BEA S . AH H T fhf 3 1w 20 ph
RS A ARG IR U S22 B A S AR AL 345 T i 4 PBO £ 4
14 324 P RE S MR/ , AELA IR 70 U B D) 1 B SR A
o B R B A A e 2 ) TR T B, AR
WA LA BRI S A b 345 (0 vt TP AR5 4632 31 L
TR, 3 71 X 1 2 (1 0 2 P R B A A S (R R e R TH
UM RCR T AT A R BB T 25 ]

Bt 5 2% (R 1) % e LA RN M R 4R = L PBO
1 Y 1) 2 T A B R A TR T 1) TR LA B B A 10 1
S ERTIFFEN AT PBO 2T 4k B A AIF 5T B s e e
A3 e A B A B A D TR AR R P X A O AT R
FEAEAE — FE W BB , T IXRE— RIS MICRE L 2 i ALY
WU A ER S Y
2 WEEEHES SR

SRR R s R L L (8 S TR b 2 21 4y S
[FPERE AR}, B T2 BEAREE AN [F] (14 2 53 43 ORI R PR 88T
PBO £F 4t il 15 & G AR A ZE S, 78 Y SRR 1
H, MHAEA R R AR R E R AR R . s
& MR IR B X PBO £F 45 & MRHE R F 2, R &
R PBO £F i 1o A% i SLAARTE il — A~ A, (i BLAT
SERE RS, (R REH AT Y A A% 3 45 PBO 214, 2
LU SRIRICEC, A RE R R FEE BRI A PERE . R,
WG IEAMERE B A XHE 7 PBO B AR LE A IEREZR X
I,

FEi % PBO & A A0 RHITBERE FIIE S A AR AR
FPAR Z RPN [ A MRHR i B PERE 2K, i
T R PR E R TR 45 25 v BE R 4 DA S A S
. 8% ISR 1) PBO £ 4E & &P RLEAT 124tk
REFIPRIE L SRR LT RAEVF 20T 8] T T 12 R

FH L JUHAERT S AR 4R 02,
2.1 FREMPEK L AAA

TR R (EP) FLAT R P A 27 8 ol v A B2 RS
R PSS AL A H TR B WA Ap e b 3 i
AR AR BEAA . B SEURRY R i AR s 2 A g , S ik AR 1
K25 Ty, SN I SEA A R F Y5 R

Wit 25 U9 R BP AF 4 PBO ZF A i 3L 3 9 52 5 b4
RHOMBE SRR . LRI, 2R A FRS (1) PBO 474k,
5 EP ARG SS R EEAS 3 T8, (0 PBO £ 44 B (1 hir i
22 T A —E R TR YRR BRI , EP/PBO
LR G RN 2 1) BT U LR A BT T 47%.,
®AF M X EP/PBO B A M BT T —E M. TE R
W1, IR A EP 5 4,4 TSR TR H 4t (DDS) TR AT
PRS2 BB B U0 B a4 T TR R 1) i
35% ~37% B, S8 BT il % (1 EP / PBO & & M RHT B U5
FEik 26.28 ~ 29.32 MPas
2.2 REECNE(PPESK) Mg &L £ 444

Sun Bolei % "2 | % PBO £ 4k 384 i & — % 2% Z5 i ¢
TR LEH ) R 95 B IR (PPESK) M4 il 3 &2 4 #1 %} (PPESK /
PBO) il T B Z W 5E. SLH A5 AR, I b 3 % 1
AR, 28 4R %8 TR AL BE 15 min J5 89 PBO £ 4k 1 58
PPESK 44§ B HE 42 & 4 1o S T AR HE 45 i B2 e v, A T M R 42
e MR B de K, L2 1 BT D)5 B 3K 5] T 47.67 MPa, PBO £F4
A MRHR SRS S5 M AT B T I e .

A, Zhang Xiangyi 45 U425 SR R A X PBO 274k
K PPESK /PBO & &AM A I HEAT T 45 88 IR b B, 9055
o 43350 LA A S TR R H, D488 B Ry S 0 70 o 4R T 25 S
5 BEL 4 i H 25 B 1A% PPESK / PBO 42 4R R 5L T 1Y 5% 1)
ROR . T, AL BRI ] R 10 s, T HL DR EE 41.4 W
/cm’ i, PPESK /PBO & £ b1 BT 345 19 ) 2% Pk e fc it
JAEIEIRZIETES N
2.3 FLemiEAE oAt

Py T AR A EL A A 1 1) ) 2 iR B, R 1 2 P T A
T JE8 ok, 7E 3 5 Ak T T A 2 — ol A G A i R A T
o XNFHPREE T By AR / PBO £F 4k ] B4 b
B IFXZ I A MR & U F YRR AT T RAE, LIRS
PSR AE / PBO £ 4E 5[] 524 BB J2 1] 55 L) 5k 2
41 21.25 MPa, 25 i ST E 4 50.11 GPa LK Hi9 BE
439.53 MPa.

BOFAE U X PBO SR 4EE S RIS REIEA T TSR
WEFE T I N5 (PE) B 206 — TR W iR (EVAC) BB 5
BRI S CIFFEBEA NG ZVE N PBO LT 4RO NR /A, 056
SERR I, AR AR R R R, SR 5 B A (EL T


杨超


140 TR R

2017 4E, 45 45 45 46 3 1)

PERERLAN; T EVAC RS AE HEREFIHT SR MERE 8L . Liu
Zhe % VBT T RS R BLPYCHE (DBD) 558 AL
Wt e (BMI) / PBO & & MARFFLE 195200 . 5550 S, Bl
#%S. DBD S B T4 R R T 2B K 2 () B L) 5k 3 e
RSB KWl N B L R 24 s BF, BMI/ PBO
S AR 2 (5] B D)3 B R N 5 41.2%.

3 FEMREEHR

3.1 PBO/ %k =RAMAK (TiO,) £ &4

Yk TiO, HAT AR /INRF RN | T85O0 A1 7 W0
SRR AN A, e 1) EG R R A R 8 % T S
HHEARNRIRE. 99K Tio, SEMf R E A LB %
Tetg ARSI AT S THR) 2 R PP 4k Tio,
HA R AT R AN R J7 , 1T PBO R 4E AT 28 AMAERESE
2,16 HOC T HOZ A B, 1 25 B T B A A0 PR
L B4R TiO, AIFELF R T i — 2 0B 2, 54k
ANREEIEAE T PBO 2R 431, i PBO & &M RHIEER
S TS B 1 e

Song Bo % P #FI VAT — BEREATE PBO £F-4E 1 L
WHEYK TIO,, LI 45 R WoR IR G, PBO A 4tfae s
BT —E e, R E IR AT 10%  SORBEARUE. 2
R T K TIO, i 2 EAR BRTA 7E 38 R A Ak
FURBEUGE PBO 2R 4 AR MR — e MEJE 75 2 il
FTRIXER 22 ANARACKRE T A 7 4 T AR A 3 4 7 2 AR s i
A, UKL 0 U4 2 B B A, 25 52 Wi 31 PBO 2T 4k S i 1k 11
BEERUR
3.2 PBO/ &% K& (CNTs) I &H4+

CNTs HA % B AR Lo LA A 57 19 1 24 Pk e A 4
Mo BRANKAE — Mo W Rl . ZBERR YK (MWCNTS) 18R
BERR AR AT (SWCNTSs), 7652 & M RHE SRk A 10 77 20k 55
UG AT IZ R R B,

152 BWEMR (PPA) /R R, K. Satish 25 ) i ] 5037 38
BRI % T PBO/ SWCNTs B AR, HRLI: fig K 4
FaE VS LTI PBO £74E. Li Yanwei 25 P 532K ab B s
f) SWCNTs 11 PBO HfA /Ny 1T HC1 S 55 R
35T SWCNT I-1IT & PBO 3 Fhid & £F 4k, 55 PBO 414
AT LE G , R I SWCNTs J& DL —Fh 3 AR 43 HU4E PBO
Sefiodr, B A SWCNT I-1I1 /4 PBO £F 4 (I3 i A7 2%
JRE. A4 s B SE A E PBO / CNTs & 4 M RH )y i B RF
5%, KIL PBO / CNTs & & MR HARR i PR RE SEA AT B2
BB B2 5 [ RE SR AF N G i PBO £ 4EAH L4
T 40% ~70% . 35k, A 5EBRH FH PBO/ CNTs & & 1A+
1 o P At S SRR s PRt S ORI B AT TR A B
R AEA T

3.3 e PBO A 4MH
Al R — IR AR ER , A RIR AR S5,
— R WA 5 5 T ECA DL A5 B3 B4 2 TS S Mk
H 7T 20 22 80 4R FUA B K il 4 T Nylon / Kl + 1944k
AP BER R E TR e REY) / KL 90K &4
BIPEATI286 . H. S, Lien-chun 25 P2 3 5o B 132 40 SIS Ks 44
BSOSO R A LG L SRR S
PBO & & 1135 PBO/ K+ 5 G0k, R BT 4380k
7%, PBO / K -2 A5 BRI FANE K 2 802 L4l PBO JiE
15 21% 5 WeAM, 7E— @ N, PBO /K + 52 A AR B 55
M 8 TR 2 B 525 M R UK 1 8 1 4 38 i A e
IR, IR 1) B A A AR R
4 HEiE
HAMBHE S 54k 2s 0 B 0 U4 @ BBL, 1 PBO
LR USRI | i LTS ) — o B A5 A (9 1 e A L
TEE MBI FATRKI T, B PBO SF4EE G kY
)2 B ARG 25 5 A, 10O HRTIF 98 3 BB G iy IR, AT
B H R TR T X MR ARIE SN S PBO LT 45 S A kLY
S tEhg, RS 22 1N H KRR 5ok Ak AR %
W AT DG, 9K 5L G MBI F IS A A B e 4
Mo DAGIR MR £F 2, W] {25 4 1) 28 T 2 AR R B el AR, A
M Z BATH M RE , 7E se IRAZ GE M BHNIE 5 I MELUAR 25
(27 S (R TRIE SRR HR 2 1 MR ZR AP fE
5 % 3k
[1] Kitagawa T, et al. Polym Sci:Part B, 1998,36(1):39-48.
[2] WuCC, etal.Journal of Applied Physics,2004,95(2):417-423.
[3] Wang S F, et al. Macromolecules, 2004,37(10):3 815-3 822
[4] (EALE, 45 REWEELBHORL M), L AP TR A
2010.
Ni Lizhong, et al. Polymer matrix composites[M]. Shanghai:East
China University of Science and Technology Press,2010.
[5] LiuD,etal. Applied Surface Science,2011,257(23):10239-10245.
[6] ik, %F LTk T,2013,42(11):1323-1324.
Wu Qian, et al. Liaoning Chemical Industry,2013,42(11):1323—
1324,
[71 &RuL,5F . mrTiEdfk,2013(10):60-70.
Jin Junhong, et al. Polymer Bulletin,2013(10):60-70.
[8] A% & Hier4E,2013,42(8):1-6.
Shi Gang, et al. Synthetic Fiber,2013,42(8):1-6.
[9] Yan H, et al. Journal of Applied Polymer Science,2014,131(9) :
1020-1026.
[10] LiuZ, etal. Vacuum,2015,12(1):152-158.
[11]  Ewz . A BBLR L b 55 B 1A b B PBO £F 4k i M A2 &
PR EIPERERIFZIR [D]. K% - KMEFL TR, 2011,

Wang Qian. Effect of dielectric barrier discharge plasma treatment


杨超


X 58 PBO LTS MORHIRIT T B it Jé

141

on interface properties of PBO fiber surface and its composites[D].

41(4):21-24.

Dalian :Dalian University of Technology,2011. [19] Liu Zhe, et al. RSC Advances,2014,4:3 893-3 899.
[12] By, 55 . TREERLN T, 2015,43(6):50-54. [20] Chen X B, et al. Science,2011,331(6018):746—750.
Liang Ningna, et al. Engineering Plastics Applications,2015, [21] Ajayan P M, et al. Science,1994,265(5176): 1212-1214.
43(6):50-54. [22] LiuZ, etal. Vacuum,2013,92:13-19.
[13]  BfHa, 45 TARERIN T ,2006,34(1):23-25. [23] Qian J, et al. Journal of Applied Polymer Science,2013,
Chen Yan, et al. Engineering Plastics Applications, 2006, 127(4):2990-2 995.
34(1):23-25. [24] Song Bo, et al. Applied Surface Science,2012,258(24):10 154—
[14] T &4 . TREMRT,2010,38(2):9-12. 10159.
Wang Fei, et al. Engineering Plastics Applications,2010,38(2):9— [25] Song B, et al. Fibers and Polymers, 2013, 14(3):375-381.
12. [26] FRIAH .55 AL THBPEE, 2011,39(7):104-106.
[15] Sun Baolei, et al.Journal of Applied Polymer Science, 2009, Xu yajuan, et al. New Chemical Materials,2011,39(7):104-106.
113(1) : 71-77. [27] Singh P, et al. Chemical Society Reviews,2009,38(8):2214—
[16] Zhang Xiangyi, et al. Applied Surface Science,2013,266 : 110- 2230.
117. [28] Byrne M T, et al. Advanced Materials,2010,22(15):1 672—1 688.
[17] XUPHPE, 45 . TRESR T, 2011,39(10):111-114. [29] SatishK, etal. Macromolecules,2002,35(24):9039-9 043.
Liu Dandan, et al. Engineering Plastics Applications,2011, [30] LiYanwei, et al. Applied Surface Science, 2013, 266: 306-312.
39(10):111-114. [31] Z=4Me, 55 B A= ,2004,21 (5) : 62-67.

[18] &7, 4% . TREIERHV T, 2013,41(4):21-24. LiJinhuan, jetal. Journal of Composites,2004,21 (5 ) : 62-67.
Gong Ping, et al. Engineering Plastics Applications,2013, [32] Lien-chun H S,etal. Polymer,2002,43(15):4097-4103.
(F#E12077) Chen Minjie, Tian Guohua, Zhang Yong, et al. Effect of silicon
[12]  Qian Tingting, Li Jinhong, Min Xin, et al. Polyethylene glycol dioxide on crystallization and melting behavior of isotactic and

/ mesoporous calcium silicate shape-stabilized composite phase copolymerized polypropylene[J]. China Plastics,2005(10): 30-34.

change material:Preparation, characterization, -and adjustable [15] Ding Weidan, Kuboki T, Wong Anson, et al. Rheology, thermal

thermal property[J]. Energy,2015,82:333-340; properties, and foaming behavior of high D-content polylactic
[13] Ricard H, Lourdes F, Jordi P. Characterization and degradation acid/cellulose nanofiber composites[J]. Rsc Advances, 2015

behavior of poly(butylene adipate-co-terephthalate)s[J]. Journal of

Polymer Science:Part A Polymer Chemistry,2002,40(23):4 141— S(11):91544-91557.

4157, [16] Najafi N, Heuzey M C, Carreau P J, et al. Rheological and
[14] BRECAS, HEA, 85 45 G000 RE X 45 00 B P9 s Fn b B B foaming behavior of linear and branched polylactides[J].

TR A &85 b LIS Bl AT R B9 52 IR (D], v B 98 k), 2005(10):30-34.

Rheologica Acta,2014,53(10):779-790.

Armacell HEKERZRERGKRE%

Armacell i N Arma FORM® it 3 il 545 (1 8 %) 4
R g (PET) (U4, BAT S PERE At LA LSS, H
B 7E LA B} (Thimister-Clermont) FIfi 4 K (Brampton) #54
s IBAh, FRESE 4 4% PET M IRA = WK AE 2018 4F
EIRAIBTT .

TEid 25 5459, Armacell ifiid Sino Composite A PR\ ]
s TR ET ., 5% PET HIASS & S 8 0 BB,
£ Sino Composite 1 i B 5 AEAKAE, AT 4L T E K
HIALLS, s AT E R A A AR IR, I SRR AT AR B T
ERRHAINI . H A, A A A5 R R U 4 Arma
FORM" j**fifs .

PET MR HLE ML UL, B 8 EI 0 32 2 A AR o Ty
RINTRIFEIG K, A A X Al Be 4 TR B PR AL T %
FYRSL A AAT] ) TR RV A S B RN B B R . T

AP AT AR R RO AL R T A — A LR T
i fli AT e LA TR [ 52 A i ) 7 37 0T R 1) AR 8 2 AR
NG AR AL AR (TAREHM)
EIE NG B A BRI R R & KR
FIEA R B IE S AR A AR AR, EREA
— PR RO IO T A Ik 25% Y FEAE TSR
FEA TSGR IR R 45T ts a5
PR S JvE 22 SR BE A K o KBRS T 2017 4 2R AE
HE MG R E BRI . R 3 2018 4RI, £ BICH TH
Y8 10 12 25% B R SREGI Br YE & K
FEIHAFIFR, 2018 4R R H bR AR 7 Kot i P AR 2R}
ALY R AR . A ARSI — VO A S Lo,
AR T 90% [P & 7™ it Ak~ #0FF P -P- A 30
e XHETFEL 2600 t FRAEHIRL, KRLJE 8 ZRiian 747
L W i) g s (TABHM )



杨超




