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Preparation and Molding of Compression Molding High Char-yield Phenolic Resin Based Ablative Resistant Composites
Zhang Junhua, Li Jinwen; Zhang Qinghui, Gao Yanjie, Li Chuanxiao, Wei Huazhen
(Shandong Institute of Non-metallic Materials, Jinan 250031, China)

Abstract : High char-yield phenolic resin was analyzed by general performances analysis, FTIR, DSC, TG and GPC etc.. Car-
bon fiber and high silica fiber reinforced the resin based composites were prepared respectively through compression molding, the
mechanical and ablation resistant properties of the two composites at different molding pressure were tested, finally the compactness
of the two composites were analyzed by ultrasonic nondestructive testing (UNDT). The result show that, the substitution on benzene
ring of the resin is mostly ortho-substituted, the free phenol content and free formaldehyde content are low, the gelation time at
180°C is less than 50 s, which indicates that the resin can be used for the rapid compression molding at high temperature. The resin
has low molecular weight and good soakage for fiber, its appropriate curing temperature is (190 + 5)°C and the char-yield at 900°C
can reach 67.13%. With the increase of molding pressure, the tensile and flexural properties of the two composites increase, but when
the molding pressure is higher than 45 MPa, the increase trends become slow. When the molding pressure is 45 MPa, the ablation
resistant properties of the two composites are best, the linear ablation rate and the mass ablation rate of the carbon fiber reinforced
composite is 0.0068 mm /s and 0.0559 g/ s respectively, those of high silica fiber reinforced composite is 0.1164 mm /s and
0.0708 g /s respectively. The compactness of the carbon fiber reinforced composite can be determined through UNDT preliminarily.

Keywords : compression molding high char-yield phenolic resin ; carbon fiber ; high silica fiber ; reinforce ; molding pres-

sure ; mechanical property ; ablative resistant property

3 AR A SR A0 i et By B b e A R B I By ol o i e s A . FRIE A i
SRR, AR, JF B A4 A MBI T FRMR R, CIY UK R N AR R | o e T
LT I VERE AN BE I MERR UL S , FEVR A s BERIR T BE B EER AR BRI AR i A 1 I

EIRESE : kR4 B, BTG 51 WF5E 07 [ A7 448 E-mail: harveyzhang@163.com
WrFs B HA: 2018-01-08
I RE: SRR, RS0 TRUTHE , 5 . BRI R RS il S A AR £ 5 L (7). T REZRLAL AT, 2018 ,46(4):58-63.
Zhang Junhua, Li Jinwen, Zhang Qinghui, et al. Preparation and molding of compression molding high char-yield phenolic resin based

ablative resistant composites[J]. Engineering Plastics Application,2018,46(4):58-63.


杨超


AR AF BT R IE NE AE e il =5 bR 5 R 59

Jig U = R P Al U AR A AR ) be ik
AP FE R TR AR . 1L G0 B g S A5
AN, HOMERE M AT dE SR 5 A A KL 2E MR
e pe e ek LA 2 37— R B Rh = 2k,

5 o e 1 P A 2 PR 8 7R L TR Ao 1
— R R G , S AE GBI BEAH L, EEES
HEASFEOR I et 5 I LA v, Be i i AN 5 i 24, I
ML THA IR R R A% R 2 BARENE
XePAGE S fe kB T AR RS e 1 ) 2 i 5, (R 9 S 3
BAMBIT IR FHED o R 2 e SR A
T3 P 4 i SR e il 52 G b H AR 2 B2 R 21 4, SR
R R %2 AR B Ry 5, A s
FIXF A FR 2 E R e AT Be ih ik BE ) 5 4 Ry
B, PR, 2B 1 SO R Iy AR AR AT TR
TIE, [V DARRET 4 A= R E SR LT A E a5 T
AN T 2 A AR 124 PR RE LT be il P RE
[ei) Fsf Xof AN ] Jl 28 P 3 T A 4 A 45 b A T P T
PRI B AT, AARAL S B AR BB T 20, S
— (R P AR R i e ol A2 A A BRI Y 5 R R i fE
2%,
1 XIES
1.1 EZRMA

PRI R LT 2 - PEPE BT 4R BT 4

WREF4E . T700, H AAINA Al 5

R AR ER AR NI - AR AR TR 2%
1.2 EZBMNEREEL

BOF R T SNB2 AU, [ e A BERH A
BRZ ]

[ AR B 52 A s GT-I1 Y, s 22 i F U T
RS

18 HL AR 2T A (FT-IR) Y : Spectrum 400
I, 32 [E Perkin-Elmer 2\ 7] ;

2 78 1 # 5 4(DSC) {Y: DSC204 A, f#
Netzsch A F] ;

LEE PN . STA449C, T [E Netzsch 23 F] ;

e i 2 7 4,335 (GPC) X : PL-GPC200
B E PL Al

TR T4 101-1 B, R AR 2 M R0 1 A%
A FRAF];

SRR AL YTD71-45A B, K Eemi %
HURT;

M7 h7 S ML RGT-10A Y, 25 [F MTS 24
Al

A - OB ST ML YS— iv AU, Hp E A KR
F LA 44 fr;

A % K I £2 48 . Tomoscan Focus %Y,
Jn& K R /D Tech /AT,

1.3 RAEH A&

W o B R AT R AT A AN A AT RIA 30 ~
35 mm [ 50 2R 4 A5 v Al I R iR S H e B
FIE T CBERE W B RE 10 min, BCH) SR T SR )5
PSS AP R AP e s B b 1/ 1 ARG
30 min, fil753 FEARL, B I E Tl XUAE 24 h, A%
o R AR A i 2R, B 2 T 100°C
TS min, SR JE AR E R ) HE T AR,
LI A 1.5 min/ 1 mm iRXFEE R, B IR
(190 + 5)°C, Bl 2 2 T AR
1.4 @iX5 RAE

(1) A5 PR e i T TS ) At P 485 ) S AIE 5 DG 1k
M

SRR GB / T1725-1979 K ;

FHEE 8 GIB 1059.2-1990 izt ;

BERE Al GIB 1059.4-1990 iR ;

U 75 Wy 0 S W B (P& 0 AR ) X GB/T
30773-2014 i ;

FTIR Ml : SR ATR 3084 ik B R,
L FE Y 400 ~ 4000 cm™ ;

DSC M3 : 2R F DSC 4G 344 B iy [ £k 4R ik
TR, A AR, FHER #5350 5,10,15,20°C /
min ;
I (TG) 40#T FHARTE 190°C Rk 2 hF,
K ZRA AT G E AL M1 FE 900 °C 1A 5% 7k %
AR, FHEHE R R 10°C / min 5

Ay F-HEEG SR ) GPC IR B 1 43 1 1 K
A A, 500 R I R

(2) B A B 722 RE Lt pe ph v eI

2 PEESE GB /T 1449-2005 I3, i 46 i %
>4 10 mm/min ;

P PERETR GB /T 1447-2005 W4, i 56 180 %
A5 mm/min ;

fitpeih e e GIB 323A-1996 iR, A< i i
41350 L/h, LKA 900 L/ h, B EE A
OEES 10 mms

(3) e FH TC R

BEAEMEHAREE THRE L, kA
BHAMERE, RESHURHE AT, RN


杨超


60 TR R

2018 4F 5 46 4,55 4 #i

0.25~32 MHz, ik #1158 B & 30~500 ns, 34 4 5 51
0~100 dB, ki EEZMH K 12 kHz,
2 SFHR5ITE
2.1 BESHBBAIEG LML R
(1) HHPERE ST
XL 5 sk 13 B AR i 2 Sl AR AT B o L R

AR IR 1 PR,
%1 BUESHEMEREE R

T/ R/ 150°CHEREIT  UEESmr & e
% (mPa - s) A /s 5= /% 5= /%
459 128 92 1.1 0.7

M1 AT LU Y R e Bl I TR IR 1) 55 J
Fob 2 SR B I 18] 45 122 e 3 T RS AL, 1 i s 1 A
e B E I 2 S 20N IX U SR LA M2

1 T 95 M EF 1] 477 s A ] 41 P RS i J 4 A
18 T2 BERARIRR , o 5 SEA v FE AR) J Je 77 1
P DR R 25, I3 T A IR AN [ T B
M)A AR AL, AR INTEL 1 B

250

O130 l;tO lgO lgO 1‘70 lgO
R/ C

P P R TR IS IR 1] 59 1 R 22

FET 1 & W A5 ey Tl T AR O 174) 58 FSG T (1) i 38
JEE %) g T DS A, 1 0 o, B PR s ] T o i
JEE BRI, 2R R B 180 °C I, A T e e 7y A 6 g s
[T 50 so PRI, A58 e Bl P P RS s P T2 s
TR T PR R T2

(2) FTIR 7347

&1 2 S5 e e Bl P T RS R 1) FTIR 3 1], DA
2 A LU 455 ) s 19 1 B FE 1000 em ™ Ak L
AR S , DA B L F R ey R T Y
EVEBY R G . A, 7E 878,823,754,692 cm™
Qb FA7 H B 0, I LA 754 om™ Ab W AT 06 e
UL HTZ A B TR R ER A7 AR 2 AR (E LASB A HRAR,

(3) DSC 437+

R T 2 T SR e v i 1y P AR ) [T A T
2 R ARSI DSC 3 Wi e R i A R 15
FRAER DSC Mgk, R HAMEL TR THEH R

8231y
1000 '69
754

4600 3500 3600 2500 2600 1500 1600 560
W/ em™!
B2 BEERREERTAR Y FTIR 157
S 0°C / min B B A0 RN GRS G IR BE T 06
T EE T, FNZS SO L T, DT A o A [T AR IR T
El 3 Sk 43 0l 2k AN [A) 7 i R (5,10, 15,20 °C /
min) TR ARG DSC #hk .

2

a

b

d

léO 14‘10 160 léO 260 2é0 240 ZéO ZéO 360
R/ C
FHEH : a—5°C /min ; b—10°C /min ;
¢—15°C /min ; d—20°C /min
B3 ORI PR T B s BRI A B 1k DSC Hh 2k
VATl R 3% 7, T, TARK, anfsl 4 fr
7 R R /N 3R i AT A vk Bl U b B BT A 1 Y
3 A H A MR 43 D6 B R 2R 0°C / min i}
() T,, T,, Tp, BD53 50050 0 TR I A0 BERE AL IR E T
A B T FUG AL T MR 4 PR,
X T8 B T AN A, H: T 4 153.25°C, Toe N
191.8°C, T} 222.25°C. [HIL, 78 52 B il 5 5 Bk
Py AR i S LA 5 B Rl it BsF o 1 T B 152
(190 + 5)C.,
280 -

260 - y=2.044x+222.25
/A/Tf
& 2401 . 7

~
s 220} 772.604x+191.8
% 2007 . =
180 ——72.454x+153.25
160 1 1 |
5 10 15 20

FHEHEZ / (°C + min™)
P4 IR B R RN PR 15 R L T 2
(4) TG 43#7 -
R 75 5% O TR AR e v flk T I A i 6 = iR T 1Y
RS M, X kI T R EA T T TG 430, n
Bl 5 R (5 T th AL PRE = T 100%


杨超


AR AF BT R IE NE AE e il =5 bR 5 R 61

AR IR 2 ). mE S TTLLE N, RE
IR F] 461 °C R (= ik By B A4 8 T 4y 707 , 76 900°C

BRI R ik F) 67.13%,
100+

o
(=3
T

o
=]
T

Bin REEEE / %
3

D
(=]
T

200 400 600 800
R/ C
5 B S RIS TG fhZk
(5) GPC Z3#r .
2 2 MR SR A IR T3 - S R
B M3 2 AT i i AR S 8 43 F i /DN,
WG TSI PELT, A R IR R A
R2 HEESHRBEMNETEISTERSHRY

i Wi aTE Es TR Z80TE SR
276 1464 1763 3834 6.3877

2.2 ARRUREE AT A M A F A AT

ARV R T Rk (R kA ) SR 4ERG A s =y
i T3 P A4S B 52 5 b Rk ) 25 i 2 B R A1 1 i L 3R
3~ %6,

H# 3~ & 6 WA, AN e AH
A0S R RE AT A BE R TR N e R R B A
TR ST, S AR ) SRS BE 2R i 16 K, TRl At
WA AT Z R AR TN, S S AR & i
FEAIG, R4 i g in, Wil S AR 2 e rg e =

%8 S B 20 MPa FFZ 45 MPa i, B 2F
Y 35 A A RRE B S AR iR LA R e
SRR R T 118%,119%, 103% A1 65.4% ;
M AR 7 35 MPa JFZ 45 MPa B, 5 ik A 4T
Y 15 S A MR A S B A5 B A B S i B A
SAPERE R R T 75%,47.8%,63.2% Fl 54.5%.
MR R 7 45 MPa FH % 65 MPa i, ik £F 4k 3%
SR A PPRH S i B AR LLACES il R AR
BOPIRE T 9.8%,4.6%,4.7% 1 7.0% ; 24
Jith 45 MPa T} & 55 MPa i, = fik 02 4 14 o 5
B S e 5 B LA R S A S A
SR E T 8.4%,4.2%,12% Fl 6.5%., Mk FF,
TE L R 735 %) 45 MPa LLJG 9 & 4 bR 2%
PERE A8 I #a i 2%, R AT L& S0 iR F7
45 MPa i}, Z A AR 24 P RE 5 i B i R 400
P AR/, B AL 1 45 MPa 52 & 44
) 1 M RE R I RRUE o

R3 AEMEENTRALHELRES SHRAS M4

BT / o il o i AR
MPa N/MPa S/MPa D/% N/GPa S/GPa D/%
20 168 19.4 11.50 18.9 1.72 9.10
25 201 13.7 6.82 22.6 2.17 9.60
30 239 16.8 7.03 25.3 2.25 8.89
35 282 10.9 3.86 29.4 2.21 7.52
40 304 14.1 4.64 33.8 1.69 5.00
45 367 12.8 3.49 38.4 1.55 4.04
50 378 15.6 4.13 38.8 2.44 6.29
55 390 17.9 4.59 39.2 1.56 3.98
60 394 20.1 5.10 39.9 2.78 7.09
65 403 27.3 6.77 40.2 4.12 10.2

T N FORVERERVELEL, S FORPRifiZs, D FoR iR, TR .
R4 AEREENTRESFYHEERS SRS MR

BT / il o i AR
MPa N/MPa S/MPa D/% N/GPa S/GPa D/%
35 116 12.8 11.00 11.7 1.29 11.00
40 153 10.6 6.93 16.0 2.23 13.90
45 203 8.2 4.04 19.1 1.51 7.90
50 216 25.6 11.80 20.3 1.47 7.24
55 220 17.8 8.09 21.4 2.56 12.0
F5 FRMEE S TR SRS SR e
AR/ EAIENES EALIEI Sy
MPa N/MPa:S/MPa D/% N/GPa S/GPa D/%
20 149 15.6 10.50 10.4 2.88 27.70
25 168 19.8 11.80 11.5 2.23 19.40
30 209 22.3 10.70 12.9 1.67 12.90
35 254 17.2 6.77 14.2 2.89 20.40
40 292 12.2 4.18 15.7 1.87 11.90
45 326 13.1 4.02 17.2 1.55 9.01
50 330 16.4 4.97 17.3 1.36 7.86
55 332 22.6 6.81 17.6 1.62 9.20
60 336 28.9 8.60 18.1 2.97 16.40
65 341 18.4 5.40 18.4 2.71 14.70
K6 AERBEENTESHERTEEES SMERRHRERE
BIET) / Fir i Ji For A
MPa N/MPa S/MPa D/% N/GPa S/GPa D/%
35 113 16.5 14.6 9.9 2.35 23.7
40 134 23.4 17.5 12.6 1.35 10.7
45 167 15.2 9.1 153 1.32 8.6
50 170 26.0 15.3 15.8 2.69 17.0
55 174 12.7 7.3 16.3 1.97 12.1

2.3 RERAEE AT A A6 Ak b RE AT
AR 7 BB Al (iR ) 2T 4k
AR 1 0 T TS A i A2 45 o R T 58 ol 1 B AL 7
8, MET.FESHLIEM, WA S/NF 45 MPa
B, Bl R T T (R 8, PR A & MR b ik
BT e i 3R T T R, A6 AU 10l 45 MPa B
KRN, e ih ik RSy, P iRET HErgaR 53 A 4
I £ bl 3 0 5 B 1 343 014 0.0068 mm /s
H0.0559 g/s, Bk AL AE 0 2 A bR b
KM B R 50 8 0.1164 mm /s F10.0708 g
/so (B YRR J1 KT 45 MPa J5, Bl R


杨超


62 TAESR

2018 4,55 46 4,55 4 10

JriR e, e PERE S MRk ORI =S4k
B Sy, R BOL B SRS TR e i PERE A s
UCVESPAPO NI &2 =R Ep VY SO i LR RS E AL I=p
L R AR 2 B be i P RE R . R
MR T1 0 45 MPa 5, 545 BRI R e b 1 i
bt I Az B BOR RO A EARR BN, B

R7T AEEEEN TRRTHEIEES SRS aE
WSy / — PHEE ———

MY me sy om s P sy sy PO
20 0.0743 00068 9.15 00674 0.0049 727
25 0.0566 00052 9.19 00637 0.0055 863
30 0.0285 0.0028 9.82 0.0619 0.0069 11.10
35 0.0189  0.0022 11.60  0.0601 0.0071 11.80
40 0.0137 00041 2990 0.0578 0.0058 10.00
45 0.0068 00012 17.60 00559 0.0037 6.62
50 0.0156  0.0033 21.10  0.0578 0.0035 6.06
55 0.0178 0.0026 14.60  0.0592 0.0048 8.12
60 0.0264 0.0038 1440 00604 0.0067 11.10
65 0.0209 00056 1870 00623 0.0049 7.86

8 AEMEESH T EERFEHEES A ROTE e

RIS / Ed RBE

MPa N/ . S/ L D/% N/i1 S/i1 D/%
(mm-s’) (mm-s’) (g-8 ) (g-s’)

35 0.1317 0.0109 8.28 0.0812  0.0071 8.74

40 0.1253  0.0127 10.10 _<0.0769 <0.0054 7.02

45 0.1164  0.0076 6.53 0.0708  0.0036 -5.08

50 0.1199 00086 7.17 00746, 0.0056. 7.51

55 0.1213 00115 948 »0.0788  0.0064 8.12

2.4 REREENTEEMHNE K ELHT

N T RE— T AR SR ) A Rk
TR ) 2T I SIS o ok B TR AR 0 A2 45 A R ) 8 5
JEAR AR L, 168 2o P JCAb RS I T 3k o 2 ek
F3 TR AR NP 6 FlEL 7 B

P 6 AT LA B, Bt R T T8, B 2T 4
56 52 G AR P RGN P 40 b ) T4 €6 DX Sl i L A
Tl RSB o TR R TR, S AR S S
SR, DRI 3o T A5 T P 0 ] 15 b % 5 DX Bl
PR BIRET i 1 550 52 45 PR AR B S BEAFAE 6 SRR, B
T J 7B, % S JEE ABOA , TR A DXl i AR )N A T
AT LA Bl P TSI 7 VA2 P Wi 2T 4 i 52
BRI S . B T RUR B, SR TR
T 45 MPa i, G B TR G X S AUE AL A B
VLW LR )R T 45 MPa i, B G 0RHI % S22
AR EERL/ N, IR T2 PEREAYER THIR AR/

M T AT R TIIET 45 MPa itf, Bfi#
R SIS T AR 5 B P A
PG F 0 T 0 DXl AR 2 /S A A A 24 2 T

® (€3] (h) @ @
JAIE T : a—20 MPa ; b—25 MPa ; c—30 MPa ; d—35 MPa ;
e—40 MPa ; f—45 MPa ; g—50 MPa ; h—55 MPa ;
i—60 MPa ; j—65 MPa
Pl 6 NI IR 0 S B 2 A 18 s 2 5 A R g 7 R 0

S

(@) (b)

© ) ©
IR T) : a—35 MPa ; b—40 MPa ; c—45 MPa ;
d—50 MPa ; e—55 MPa;

P 7RI R ) R S A 3T A bR 7 A P
JIRT 45 MPa B, Bifi g B 734, R0 DX
FR AT 38 in iy e 3, X Ui ] oo ek S A R R I
ARk S 55 HORE P G T P14 TR € IX sl TR 17 G
WRIFAN R AN BT 43 52 AR B, 3 AT
AE -5 150 ik S AT AR RNl £ 2 i A1 oA o, BRI o] L2
RO R P TC AT 5 i AN Tl CT % e e SR 2T 4
MR A PR TI A A)T
3 it

(1) A5 ey Tl P T RS s 3 0 R e 8 TS 1) 5 i
A, 180 CHYEERS I AL T 50 s, 3 FH T4 s i 2
AR S T2 RN, o3 AR TE R X
LR LT AR IRl 461°C, 900 °C [ 5% 7k
AR 67.13% , Ut HH A BT (A i R g i 79

(2) 15 Hs 1 Bk T I W R Y T R AR R B R
153.25 °C, [E AL i B R 191.8 °C | J5 [ AL i B R
222.25°C, L SEPRER IR AT K (190 + 5)C.,

(3) Bl O R T 5 IIN Bl 2T A R e ik S 2T A 1
SRR i R B TR AR i A AR 2 il S R e
B Y R H 3k 3] 45 MPa LUG SRk s ;


杨超


AR AF BT R IE NE AE e il =5 bR 5 R 63

JEI R F) 20 45 MPa I, 525 4 A 28 il A A1 5
BRI AR R, B e A i o
(4) T8 2o P TR I 7512 W L) 2 A W e £
YEI SR SR S
2 % X

(1] MG S0, 3250, Wk, A5 . H B IR A ) i RAE B 17 F 52
[9]. 515 ,2017,66(11):1191-1195.

Zhou Chuanwen, Peng Ying, Tao Fei, et al. Synthesis,
characterization and application of the initial phenolic resin[J].
Foundry,2017,66(11):1 191-1 195.

[2] Zhong Y H, Jing X L, Wang S J, et al. Behavior investigation of
phenolic hydroxyl groups during the pyrolysis of cured phenolic
resin via molecular dynamics simulation[J]. Polymer Degradation
and Stability,2016,125:191-195.

[3] Tahen-Behrooz F, Maher M, Shokrieh M. Mechanical properties
modification of a thin film phenolic resin filled with nano silica
particles[J]. Computational Materials Science,2015,96:91-97.

[4] Hirano K, Asami M. Phenolic resins—100 years of progress and their
future[J]. Reactive and Functional Polymers,2013,73(2):120-125.

[5] Asaro L, Manfredi L B, Pellice S, et al. Innovative ablative
fire resistant composites based on phenolic resins modified with
mesoporous silica particles[J]. Polymer Degradation and Stability,
2017,144:78-83.

[6] S, Eilgz, TEG A AP RS A HE A T 2

WHFE (1] BB T.2.,2017(1):82-84.
Zeng Yanming, Wang Haiyun, Wang Min,-et al. Study of the
autoclave molding technology for composite engine liner[J]. New
Technology & New Process,2017(1):82-84.

(7] RHEAS, ZEERSC, BRI HE , 55 . PR IREAAT 8200 B HOW R fl

MEAHHERT LED B AR R =&

B AN 7E 7 22 52 4R 44 I (9 Light Building 2 % 2
A48T HGE T LED BEUIH R kL™= 5o 3207 il
Makrolon” LED 2 W 2ot 4, 3 o i 8 5 bR S i
VR HVRCR , el A R TR M 2 1 SRR R G ~F 1 it 17
Tt 6T YU SRS AR SN

Makrolon” LED5102 H. 5 28 42k A 52 i i W & 1)
Mo 15 W A 90%, i A7 A A K, Jze s B A 1Y
Makrolon® 4% , (i il & i REASFERAH L HL A P 1™ h 2K
LR A T S RE RS (8 T 2 TSP R
TR RS B 2R 8 DR IR R D BT . (il S m
T2 i ) B P BT B BRSO E A R TR SRR S TN T
(AR . Makrolon® ™= it 55 AL GE S AR LU A 25 5 B 5 1 O34

B b 5 BRI AR M A BRI LR O R A
TERE s L JRIR T K 48 1435 W SR B IR T8 A A4 : Makrolon®™
DXSky Hl Makrolon® SXSharp. i Pl 7 i #8 H A7 6 ¥ ¢
PRER, T BCA RO G2EoT 0 3 FH 3 N BRI, Jn T4

PERERYREN [J]. TRESRH I, 2015, 42(12):30-34.
Gao Yanjie, Li Jinwen, Zhang Qinghui, et al. Preparation of
functionalized graphene with urea and its effects on the phenolic
resin[J]. Engineering Plastics Application,2015,42(12):30-34.
[8] ARARAT, HE4R, DUAHE, &5 . MBI RER I A 25 (9], Ik
2#,2017,34(6):631-635.
Lin Songzhu, Cui Wei, Jia Ruokun, et al. Prepration of high
residual carbon boron phenolic resin[J]. Chinese Journal of Applied
Chemistry,2017,34(6):631-635.
[9] WHEE . BB W IRTE L T L ER AN (0] ARSI R S35
2016,42(16):64—-66.
Hong Shenzhang. Application of magnesium boron phenolic resin
in electronic appliance[J]. China Rubber / Plastics Technology and
Equipment,2016,42(16):64—66.
(101 XUIEIEE, FORELL, SEHARK, 45 . Wi e A K P51 B AR i I
R (37 9 HAE T, 2015,44(11):2055-2 057.
Liu Guoxia, Wang Caihong, Dang Yanqiu, et al. Preparation
of high temperature rock wool with water-soluble molybdenum
phenolic tesin[J]. Applied Chemical Industry,2015,
44(11):2 0552 057.
(U] AT, T, W07 | R DU B A MR IR A A F
5% [J]. RG], 2015, 24(10):23-26.
Wu Ke, Wang Rumin, Cao Jinfang. Study on the modification of
benzoxazine resin by low pressure barium phenolic resin[J]. China
Adhesives,2015,24(10):23-26.
[12]  BREs . nR SR I R IR 1l 45 M HAE C/ C A RRH Y
REF [D]. K7 - WIR R, 2013,
Chen Yangfei. Resarch on preparation of high char yield PF
resin and its applications in C / C composite material[D].

Changsha:Hunan University,2013.

YT A (BReAm )
2017 SR 1T 35 e 55 F) i 2R B FH
2017 4, 2 E LR AT 28 55 FE 2 5.94%, [b 1

AEWITE 011 AN E S Horh R e S A il St 3

A S5 AFINE A 6.52% , SRR A5 RUB A il B3l

S AT ZA 6.44% , SR A il v BT 327800 45 U AR

TH2RA 5.82%, Wkl 22 48 K A8l n il g BT =8 S I

FIE Ny 5.81%, WA SRk 18 BT 328 55 Y A FTE =20

5.77%, HFERNE St B8 S A F IR 5.74% , ¥kt

WML T EEL S AFNEEN 5.47%, B R G

B BT BN S WA RN R R 4.5% . (F#R )
BAARBRTEILERERNATFEFEE
VR AR w145 HARHT Ak [ A 1 R i 2T 4

KRR E O VR A A R TR R TI R A

W BB TSRO 1 °2019GMC #EH7, HN

TSRl FH T R AT A ra ke, WA R IAE ZA A

S AR, 12 PR A 2 5 32 A (BHIC)


杨超




