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Preparation of a novel polytriazole resin based on silicon-containing
multi-aromatic acetylene compounds

Wenmei LUO, Liqgiang WAN", Shuaishuai ZHU, Chao FU, Xinyue HAN, Farong HUANG

Key Laboratory of Specially Functional Polymeric Materials and Related Technology, Ministry of Education, East China University of
Science and Technology, Shanghai 200237, China

Abstract: In recent years, the rapid o
development of aerospace vehicles urgently =1 /\ﬁ/ - f:,H a— }“/:/\ = o . THN
needs materials with high temperature o e (_“‘X‘LH;
resistance, light weight and high strength, _ T=70C [ 4h

which provides a good opportunity for the \C/], \F’\\’\ \/‘/ \:’?— \ 4

development of high temperature resistant _ \fj ¥ ‘\'“\‘!x/ {

polymer matrix resins. The polytriazole » . (r)){_@{\“ =

resin prepared by the 1,3-dipolar = ‘\{N_? H‘(\S“ " : prp [
cycloaddition of an azide group and an S 5‘*‘}:_ % N:’ 4_\?“?‘ prepolymer M
alkynyl group has excellent heat resistance \i\fl -/v\"‘R . ) K ()

due to a rigid triazole ring in the main chain. 5 : = Thermal | | Mechanical
Ny properties ' properties
The thermal properties of the polytriazole i : i
Crosslinking curing {The cured Si-PTA3 resin } [Fmer—re_mforced SIPTAS }
resin composne

the functionality of the polytriazole resin and the crosslinking density of the cured resin. In this work, a novel

resin can be further improved by increasing

polytriazole resins Si-PTA3 were synthesized from silicon-containing multi-aromatic acetylene compounds (PSA) and
1,3,5-triazidemethyl-2,4,6-trimethylbenzene (TAMTMB) via 1,3-dipolar cycloaddition. The rheological properties of
the Si-PTA3 resins were studied by rotating rheometer, the curing behaviors of the resins were traced by infrared spectra
analysis and differential scanning calorimetry, the thermal properties and the effect of mole ratio of monomer on thermal
properties were studied by dynamic mechanical analysis and thermogravimetric analysis. T700 carbon fiber-reinforced
Si-PTA3 composites T700/Si-PTA3 were prepared by compression molding, and the mechanical properties of the
composites were characterized by a tensile machine. The results showed that Si-PTA3 resins had good processing
properties and can be cured at 80 ‘C. The cured resin had excellent thermal properties, the best molar ratio of alkynyl
group to azide group was 1.1:1.0, the glass transition temperature (Ty) and 5% weight loss temperature (Tqs) reached
334 and 351 C, respectively. With the increase of the alkyne ratio, T, decreased gradually, and Tgs reached more than
341 C. Composites T700/Si-PTA3 had good mechanical and thermal properties, the flexural strength at ambient
temperature was higher than 1670 MPa and their retention rate at 250 °C was more than 67%. The Si-PTA3 resins can
be used as a matrix of high temperature resistant resin composites.

Key words: 1,3-dipolar cycloaddition; polytriazole resin; thermal property; composite; mechanical propert

Ytks: 2019-01-28, f&E: 2019-03-18, MEAEF: 2019-03-28, Received: 2019-01-28, Revised: 2019-03—-18, Published online: 2019-03-28

BEEWE: hRE AR %L 05 & 5B E (Gh 5 222201817001)

1EEET: Do0(1993-), Lo, WWREIRITN, WA, ARG s e &I E A8k, Tel: 18221993752, E-mail:
luowenmeil220@163.com; J7H iR, JEIHEERA, Tel: 13816934673, E-mail: wanligiang@163.com.

SIRMER: Poci, JiER, RIDN, % ETERED THRAS G R AUR =R, R TR, 2019, 19(5): 1022-1029.
Luo WM, Wan L Q, Zhu S S, et al. Preparation of a novel polytriazole resin based on silicon-containing multi-aromatic acetylene compounds
(in Chinese). Chin. J. Process Eng., 2019, 19(5): 1022—1029, DOI: 10.12034/j.issn.1009-606X.219119.




5

Mg TR T R S Y BT R = I I 1023

ET2HZ T RUSTHEHER=

¥ ME, T EART, RIMI, A AR,

M4 B

HOPL, TAR

R TR R DI E e 0 TR B R B M E s I0 %, Lifg 200237

W OE. USEZHHIEMPSA)S 1,3,5-= S5 H3E-2,4,6- = H K (TAMTMB)Y N ER], 8iT 1,318 RS R il 45 7 5 78l
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T700 Bk £F- 438 58 1) Si-PTA3 g & 44Kl T700/Si-PTA3, 5 T H 2= 6.

ZiRAEW], Si-PTA3 MfIE BA RAFAIIN T IERE,

AILE 80 °C R, MHHIERLT, $edk 5B EEEEIREA 1.1:1.0 BRASEL Y R E R B i, BRIBAh G AR IR ik 334 °C, EAS
RV 5% IRIREEIE 351°Cs AR T700/Si-PTA3 &35 T 102 38 % =T 1670 MPa, 250 °C 25 i 53 & fr B 81 67%.
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Y & WKk (Tetrahydrofuran, THF, AR, _FifFZetH R
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F3E-2.4,6- = F R K (TAMTMB) E ], BRE4F4E T700SC-
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22 IR ERESILE

Waters 1515 BB 15 53 M1 (GPC, %[ Waters
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= 1 Si-PTA3 #ifs P RESERENERLL

Table 1 Molar ratios of alkynyl groups to azide groups in
Si-PTA3 resins
Molar number of Molar number of
Sample alkynyl group, -C=C— azide group, —Nj
Si-PTA3-1 1.1 1.0
Si-PTA3-2 1.2 1.0
Si-PTA3-3 1.3 1.0
Si-PTA3-4 1.4 1.0
Si-PTA3-5 1.5 1.0
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2.3.2 Hi[A) T700 BRef 4 om Si-PTA3 A4 kHil %

3 I A I Y ) £ B 1) T700 BT 448 58 Si-PTA3 &
GAEL. 4 Si-PTA3 I TSR ML X 35wt% 1) THF %
W, BEEHAHLEK 7708 3N, HEA LR TE N 4 mm, [ 5
7] T700 B 214 R TH 5 5) 48 TR T JE 58 2 HEA AL 4R
faj I, 4% T700/Si-PTA3 T4l =i NE 3~4 h,
BRI R S BT 12 Bt 150 mmx100 mm /7
ETEAL, B Em, BT RS ST 55 CiE
251 h, BBRVEFETRN 80 CHi#h 2 h ki Arbr, 78°F
RERACHL 80 °C F 44 & /7 7+ 22 1 MPa [#l1L 12 h,
R R S RHFLE 1 MPa, £ 120, 150, 180, 210 #1250 °C
TAE A 2 h, 152 AR B2 30wt%~33wt%. ST A 150
mmx100 mmx2 mm B & &K T700/Si-PTA3.

2.4 SHTRR 7 A

H GPC 73t Si-PTA3 MR R NARE, DLER
KW, THF Niiahad, #oeEE 1 mL/min;
AR BT Si-PTA3 A4 JE (19 m Tk &8, Wl Bt I
25~150°C, FHiF# = 3 °C/min, BIY)3#EE 0.1s71; H] DSC
53 HT Si-PTA3 BRI [EA6AT A, WHAGR B 50~350°C, T
HEIEZ 10 °C/min; F FT-IR 41 Si-PTA3 B IR 7E [ fk ik
TP B AL, 93 TE ] 400~4000 cm™, 73 #E2 0.09

em!, FFEREL 32, FEARKFESFH KBr ik, WAREE &
Fligiy%; Fl DMA 43 #r Si-PTA3 BRI #IERE, KA
W, THEEZ 5°C/min, JREIFIZE 11 Hz, W
IR 50~350°C; A TGA Z3#T Si-PTA3 M4 i it ks e
PE, No S5 SRR 60 mL/min, FHEHEZR 10 C/min,
MARIREE 40~800°C: HHL ML AT A AR T 51
fig, 2l AE I K bR GB/T3356-1999 %€, JZ[AI5]
DIMEfede @A AT bR JC/T773-1996 J%E, F SEM 43
T2 AR OIS -

3 4R5iH®

3.1 PSA 5 TAMTMB & & B A& RN

AT PSA 5 TAMTMB ¥ 2% £ il % Si-PTA3
MR R BFEEE, XF PSA AT Si-PTA3 #3477 GPC il
i, X 2N PSA M HAEHIBCEL T Si-PTA3 BRI
W FREEHEA . WRATI, Bk Ho )38 e,
Si-PTA3 WG TSR 14035 7 F B A E o F =36 K,
NTESAEEHALTE . RIREELBI, st S
SRR R LBk sy, A6 TG 0 S MR RO, FEUA R

2 PSA 5FRFEIECLLRY Si-PTA3 HAEMB AN S T2
Table 2 Molecular weights of PSA and Si-PTA3 resins prepolymer with different ratios

Number-average

Weight-average molecular

Sample molecular weight, M, weight, My, Polydispersity
PSA 1808 3484 1.93
Si-PTA3-1 2046 4329 2.12
Si-PTA3-2 2080 4464 2.15
Si-PTA3-3 2125 4612 2.17
Si-PTA3-4 2174 4805 221
Si-PTA3-5 2213 5007 2.26

3.2 Si-PTA3 WA RYARE M

TEZUR AT Si-PTA3 W R IE AR EAT 70K M
# 3 AT WL, Si-PTA3 WARIEMEIE R &F, A1 T WK, THF
Al N,N-— F1 5 F 8 % (N N-dimethylformamide, DMF)%s
— S A VAR, AT R TS .

% 3 Si-PTA3 RIARHUARRME
Table 3  Solubility of Si-PTA3 resin

Solvent Solubility Solvent Solubility
Tetrahydrofuran Soluble Cyclohexane Insoluble
Toluene Soluble || Dimethyl sulfoxide  Soluble
Acetone Soluble Dichloromethane Soluble
Chloroform Soluble Methanol Insoluble
N,N-dimethylformamide Soluble Isopropanol Insoluble

3.3 Si-PTA3 WBERIRZTIT R
F e i 2R T AR B s HIBC L R Si-PTA3
MR HIIR A T BE, 45 5K 2 B AWETRT L, 40~92°C

T 5 FANTE B BEITAC EL A A 8 BAT BUR AR, (A
Jg DR ET Y B BRI T, R WM AR A T2k RE R4
REETHIR, FEEHEAIPL, MR 2RI e HRIE L

10000
8000 Sample

= - —=— Si-PTA3-1
% 6000 —e—Si-PTA3-2
e | —A— Si-PTA3-3
2 i-PTA3-
£ 4000 —¥—Si-PTA34
S I —— Si-PTA3-5
~ 2000

0

40 60 80 100

Temperature/ C

2 Si-PTA3 # IR FrHE B
Fig.2 Viscosity of Si-PTA3 resins
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B, Abdt 5 S R 0 BE R Lo iim, W TR 06 I S
B FRITEPEROR, R 5 7 AR S BB R P s LRI K
PG ERA . P S5 B BRI BRI 1.1:1.0 B,
40~102 CF Si-PTA3-1 ¥ flg 2RI M4 HAG FEATI IR
AN, SEBTIN R AR IR A 102°CHE, ARG B2
SR BT, REAEZIREE AT h K AR TR 1,315 %
RN BR N A AT B W 28 2584 o ISR PR W] 5 FAS ]
B AEHA1AC LY Si-PTA3 B R 38 BA BN T B
3.4 Si-PTA3 WAERIELITA

F DSC X} Si-PTA3 MR EIA0AT AT IR, 4
B 4. HFETH, 3 Fh Si-PTA3 WEIAAAE 2 Ak
g, BEEEELLGIE N, BRI RS TERE R, Tl

W& AR 7 A% 5. Si-PTA3-1, Si-PTA3-3 1 Si-PTA3-5
(RS 1 4976 80~190 CIX ], JRIAESDHIN 968.7,
982.2 F11038.7 /g, Akt 5 SEEKAE 1,3-HIA 0
SN T A TT HI7E 200~280 °C 22 (8], Jilt#kaE 4
WM 67.5,103.2 A1 151.3 J/g, il SEumhhIt ity [ 5% & v
TR T AR SR R AE 300 C A L, &)
PR AE [ A S A T LLIEAT H S8 RS, BT Si-PTA3
W T [0 28— B B S RO BOR, il Jai 8 e
BRI R SRR TR, IR FRAE 80 C R E L 12 h,
FIZLTHE, 235F 120, 150,180,210 A1 250 °C R[4k
2 he

4 Si-PTA3 RARHIE LI RE
Table 4 Curing properties of Si-PTA3 resins

Temperature of peak I/'C Temperature of peak II/°'C Heat enthalpy/(J/g) Reaction degree/%
Resin Stage Initial curing Maximum Initial curing Maximum Peak I Peak IT 1,3—D1p(.>1? g Terminal all.<yr1‘yl
cycloaddition self-polymerization
Si-PTA3-1 A 93.5 151.7 220.7 2412 968.7 67.5 - -
B - - - - 171.5 65.9 823 2.4
C - - - - 0 59.2 100.0 123
D - - - 0 46.2 100.0 31.6
E - - - - 0 30.8 100.0 54.4
F - - - - 0 6.7 100.0 90.1
G - - - 0 0 100.0 100.0
Si-PTA3-3 A 88.7 150.1 217.6 238.1 9822 103.2 - -
B - - - - 106.1 100.5 89.2 2.6
C - - - 0 90.1 100.0 12.7
D - - - - 0 71.3 100.0 30.9
E - - - - 0 42.6 100.0 58.7
F - - - 0 8.5 100.0 91.8
G - - - - 0 0 100.0 100.0
Si-PTA3-5 A 853 148.6 213.4 236.7 1038.7 151.3 - -
B - - - 74.8 146.9 92.8 2.9
C - - - - 0 128.1 100.0 15.3
D - - - - 0 103.8 100.0 314
E - - - - 0 59.2 100.0 60.9
F - - - 0 8.7 100.0 94.2
G — — — — 0 0 100.0 100.0

Note: Stage A. Before curing; B. Curing at 80 C for 12 h; C. Curing at 80 'C 2 h+120°C 2 h; D. Curing at 80 °C 12 h+120C 2h+150°C 2 h;
E. Curing at 80 °C 12 h+120°C 2h+150°C 2h+180°C 2 h; F. Curing at 80 °C 12 h+120°C 2h+150°C 2 h+180°C 2 h+210°C 2 h;
G. Curing at 80 °C 12 h+120°C 2h+150°C 2 h+180°C 2h+210°C 2h+250°C 2 h.

K 3 & TAMTMB [f) DSC #hk. MWKATLLA H,
TAMTMB 2 iR EAE 180°C LA L, MBS % S5k 1,314
PRI AR NTE 120°C O FEA R B 5EAT, R I [ L 2
HERE AN, WA SXTE ) )55 A 5
Wi o ZREETHIR, Ik B3R SR TSR T AW, 2
250 CHAFR(F 4), Mo bk B 5 N FE B BE
100%.

K 4 7y Si-PTA3 B RIILL AN . MBI LU H,
EIRIRIELEBI A, AERFAE D PR AR AR AR BL o S R
(EC-H) LI T 3296 cm™ B, 2159 em™! 4 A%
5 [ Ak SR P R (—C=C-) M 4 PR 50, 2087 cm™!
BT A B R (—Ns) R 4 3R 3 5 i e di (—C=C—H) 1 Bk

Heat flow

181.2°C

. ! . ! . ! . ! .
50 100 150 200 250 300

Temperature/ ‘C

K3 TAMTMB ] DSC Hh£k
Fig.3 DSC curve of TAMTMB
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9 :\/m 3 T\/mf
& (
B /’W: —B_\\/\/‘\\/\/\
N A
PR NS PO NS o R B R T T N 0 S E R N
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
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G )W/”“Wﬂﬂvvwwwf
g [N~/ | W
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RN VAR WW
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B4 AIFALFEF B Si-PTA3 B IR L4 i
Fig.4 FT-IR spectra of Si-PTA3 resins at different curing stages

Tk = AP AR 2N B0 . Bl IR B S, 3296 em!
AR PRI 25, 2087 A 2159 cm! Ak f{IEZ HT I 55 , 250 °C
i) 2087 em™ AL CANELE. 454 DSC ATl LR
th, 7E 80~120 CRAE 13- EMIAINALI S, 150~250C
it B A BRI, G E 250 CHY, ik B
RN TE A, ARSI N IE B REGIRE, Kk,
2159 et AL Y IRER AR IR SNEATIAEAE, Hop AL
M2, RN BeE R, IR .
3.5 Si-PTA3 HAERIFA M &E

RIER Y s R B AR, — R
REEMBILFEZEIE (T, BN NEEWRIHY
fF L P (VR 5% IR, Tas)o [EALEMARE T ]
I DMA W5, Tas FH TGA WI5E .

Bl 5 v Si-PTA3 BHARIE L5 7E No 50 R 1 kg
[E" A HBLE(Pa), SAHIFEM()], S5RINTERS. HE
FA[H, Si-PTA3-1 WG Ty, 4 334°C, Si-PTA3-5
MR T B, A8 305°Co X FE 2 HT Si-PTA3 MR
HREE S SRR, St 5 S8 E S &8
UTiE, BIRMIACERE FESE R, ANE T e sh WA, S
| T, B MR, BEbEERR, dRARERKER
R FECCHE AL, 456 - 4 v, JEM AR

FE A2 T AE LAEAT B IR BN, AR S5 LK) P bR 5

i, BT Y T I

52 0.045
Tans Ige'  Sample
—m— —0— Si-PTA3-1
50 —e— —o— Si-PTA32
—A— —— Si-PTA3-3
48 F —¥— —v— SiPTA34 0.030
T | —&— —0— SiPTA3sS w
/x =]
b s AAA D5 —.0‘ S
W 4.6 [ SRen ezt &
44
4.2
: : 0.000
50 100 150 200 250 300 350
Temperature/'C
K5 Si-PTA3 BJIE7E N2 1) DMA 2k
Fig.5 DMA curves of Si-PTA3 resins in N2
# 5 Si-PTA3 RBERIMMERE
Table 5 Thermal properties of Si-PTA3 resins
Sample Glass transition 5% weight loss
P temperature, T,/C temperature, Tqs/C
Si-PTA3-1 334 351
Si-PTA3-2 330 349
Si-PTA3-3 318 345
Si-PTA3-4 313 357
Si-PTA3-5 305 358
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B 6 24 Si-PTA3 B AR [E 1L 5 75 No A Bl F 1 TGA iih
2. MWERTEL, AR FEES NP B, BB
300~400°C, TEZ) 340 CHf# i oAl oK, TEH
B 5 =MIAAER CH-N B2 kAW, FHERE

100

90

80

VIR M BT 400°C) 20 THE/E MR T
B, BEIREARF &, 2 TREIWTRAR R e,
R — R 1R Ny R T, B0 Tas S5 PTEH]
340°C LA, KB Si-PTA3 W/l BA R UFHIHAE
3.6 T700/Si-PTA3 E & RIAI M

F 6 NHLE T700 TREF4ERE SR Si-PTA3 WEE &4F
BHE 15 ERE. WRATLLE . AEERERLNE S

\c MR e RE AR K, H IR S iR T 1670
< F Sample — 'S o NN » o
Z 70| —=—Si-PTA3-I MPa. [Fff, SEMEHEA B w5 R, 250°C
5 ol Caamma EF 25 0 9 B 1R S ST 67%, SR ATIE 72%
ol —'—g%-llgig-‘s‘ S NT RS MR 2 R S5, H SEM Xf
[ 1- A & = . N ) I L
F | | T700/Si-PTA3-1 E-& M BHWRHIBEAT 12047, 45500
40 : : . X
200 400 600 800 K7 Brs. TG, EaAR b iREr 4E M i 45
Temperature C B, JUTRA N AR TR e
6 Si-PTA3 B JIEFE No thi # R 15 S HRIAT Si-PTA3-1 HIIE, Fe0] 4 IRk R AT
Fig.6 TGA curves of Si-PTA3 resins in N2
% 6 T700/Si-PTA3 E &M BN F M#E
Table 6 Mechanical properties of T700/Si-PTA3 composites
Composite Temperature/ 'C Flexural strength/MPa Retention rate/%  Flexural modulus, E'/GPa Interlaminar shear strength/MPa
T700/PTA3-1 Ambient 176024 - 14743 73+2
250 127522 72 129+4 5243
T700/PTA3-3 Ambient 171518 - 13945 68+3
250 1201425 70 11844 4745
T700/PTA3-5 Ambient 1670+22 - 129+6 6514
250 11194+20 67 10545 4547

K7 T700/Si-PTA3-1 £ & A RHKIFH HL 8t 1K
Fig.7 SEM image of T700/Si-PTA3-1 composite

% W

FIFH S HEZ 5L S PI(PSA) S 1,3,5- =S % F -
2,4,6- = I I (TAMTMB)Z 8] (1) 1,3- B IR0 RSN ,
KRR E % T BB =M g Si-PTA3, Hff
FUTHERE, H4 T H T700 BRLF4E3G5% Si-PTA3 &
EHMEL T700/Si-PTA3, Xf H AT 7 RAE, 152100 F 4518

(1) Si-PTA3 # Jl5 PTG fifAE — L85 WA HLAFIH, T
S S

4

(2) Si-PTA3 HIE L T 28 80 °C FEI4k 12 h, T4
A1F 120, 150, 180, 210 #1250 °C K& [#E 1k 2 ho

(3) Si-PTA3 WG HARLF I ERE, Pk 5 B %k
JEIR LA 1.1:1.0 Bl i i AP0 R P R B i B3 Ak
AR E (T W]k 334°C, 1E Ny HHVRE S%HT 1R
(Tas) N 351°C o BEFEELLGIIE N, Ty &M/, Tas 0]
iX£F) 340 °C LA L.

(4) T700/Si-PTA3 5 & MRHEA R 471 772 Al #4
PEfE, HIRZS SRR 1670 MPa L L, 250 C 25
SRE R I 67%.

&3k
(1]

Michael A. Ueber die einwirkung von diazobenzolimid auf

acetylendicarbonséuremethylester [J]. Journal fiir Praktische
Chemie, 1893, 48(1): 94-95.

[2] Huisgen R. 1,3-Dipolar cycloadditions: past and future [J].
Angewandte Chemie International Edition, 1963, 2(10): 565-598.
Huisgen R. Kinetics and mechanism of 1,3-dipolar cycloadditions

1963, 2(11):

[3]
[J]. Angewandte Chemie International Edition,
633-645.

Huisgen R, Szeimies G, Mobius L. 1.3-Dipolare cycloadditionen:
XXXII. kinetik der additionen organischer azide
CC-mehrfachbindungen [J]. Chemische Berichte, 1967, 100(8):
2494-2507.

LeeJ W, KimJ H, Kim B K, et al. Synthesis of Fréchet type dendritic

(4]

an



5

Mg TR T R S Y BT R = I I

1029

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

benzyl propargyl ether and Fréchet type triazole dendrimer [J].
Tetrahedron, 2006, 62(5): 894—900.

Horne W S, Yadav M K, Stout C D, et al. Heterocyclic peptide
backbone modifications in an a-helical coiled coil [J]. Journal of the
American Chemical Society, 2004, 126(47): 15366—15367.
Baldwin M, Johnson K, Lovinger J, et al. 1,3-Dipolar cycloaddition
polymerization of compounds containing both azido and acetylene
groups [J]. Journal of Polymer Science Part B: Polymer Letters,
1967, 5(9): 803-806.

A, RS, TEAE, . JORS BT S R
R=MR ARG & 1] WA S TR, 2017, 33(1):
28-33.

Han D J, Wan L Q, Wang Y Y, et al. Synthesis of N,N,N',N'-
tetrapropargyl—1,4-bis(3-aminophenyl)—butadiyne and its
polytriazole resin [J]. Polymer Materials Science & Engineering,
2017, 33(1): 28-33.

VEVETE, JTHLGE, SRAE, S5 & RIRMENE I 2 BRI A
KEA [J]. FE R G, 2017, 32(1): 11-16.

Wang Y Y, Wan L Q, Han D J, et al. Synthesis and curing of
polyacetylene resin containing triphenylpyridine [J]. Thermosetting
Resin, 2017, 32(1): 11-16.

Xi W, Scott T F, Kloxin C J, et al. Click chemistry in materials
science [J]. Advanced Functional Materials, 2014, 24(18):
2567-2590.

Wang Y Y, Wan L Q, Han D J, et al. Investigation of novel
polytriazole resins [J]. Designed Monomers and Polymers, 2016,
19(7): 688—695.

Wan L Q, Huang F R, Du L. New heat-resistant polytriazole
adhesives: investigation of adhesion of polytriazole resins to metals
[J]. Journal of Adhesion Science and Technology, 2013, 27(16):
1767-1777.

Tasdelen M A, Kiskan B, Yagci Y. Externally stimulated click

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

reactions for macromolecular syntheses [J]. Progress in Polymer
Science, 2016, 52: 19-78.

Zhang J, Huang J X, Zhou W, et al. Fiber reinforced silicon-
containing arylacetylene resin composites [J]. Express Polymer
Letters, 2007, 1: 831-836.

Liu R P, Wan L Q, Huang F R, et al. Kinetic study of the thermal
polymerization reactions between diazide and internal diyne [J].
International Journal of Chemical Kinetics, 2015, 47(2): 124-132.
Xu Z Y, Du L, Wan L Q, et al. Novel functional polytriazole
elastomer with thermal stability and adjustable mechanical
properties [J]. Soft Materials, 2013, 11(3): 353-362.

Wan L Q, Luo Y H, Xue L, et al. Preparation and properties of a
novel polytriazole resin [J]. Journal of Applied Polymer Science,
2007, 104(2): 1038—-1042.

Xue L, Wan L Q, Hu Y H, et al. Thermal stability of a novel
polytriazole resin [J]. Thermochimica Acta, 2006, 448(2): 147-153.
BWAR, JIHGR, TKERE, 55 BT WK OPIRRERH Y
R IR RS & S PR (9], DhRes oy 7o, 2017, 30(2):
233-239.

LiY C, Wan L Q, Zhang L L, et al. Preparation and properties of a
novel polytriazole resin based on methyl tri(phenylethynyl) silane
[J]. Journal of Functional Polymers, 2017, 30(2): 233-239.

RO, AR, JTHLGR, AFOHTR SRR SR LR AR
il 51k Ee [J]. BN/ E L 2015, (7): 27-32.

Guo B, Du L, Wan L Q, et al. Preparation and properties of a new
silicon-polytriazole resin and its composite [J]. Fiber Reinforced
Plastics/Composites, 2015, (7): 27-32.

KR, ORI, JiHAR, A — MR 2l i 1A e S = A Al
B Al 4% J77%: CN105237772A [P]. 2016-01-13.

Du L, Huang F R, Wan L Q, et al. A silicon-containing triazole resin
with benzene acetylene sealing end and its preparation method:
CN105237772A [P]. 2016-01-13.



