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Fig.1 Curves of reaction degree (a) of —NCO vs. time for

the PBT/NT100 system at different temperatures
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Fig.2 Curves of a/(1-a) vs. time for the PBT/N100 system

at different temperatures

F 1 PBT/NT00 A R 76 R B2 B iy [l 059 05 i R A 56 3 5K
Table 1  Regression equations and correlative coefficients of

the PBT/N100 system at different temperature

T/°C regression equation r

50 a/(1T-a)=0.00487t 0.99575
60 a/(1-a)=0.01218t 0.99633
70 a/(1-a)=0.01801t 0.99858
80 a/(T-a)=0.02904t 0.98604

Note: ris the correlation coefficient.

MR AT I B A R T TR RO R B kA
Wi o XF Arrhenius 23 20 31 B S8 65, B AN ) i
BETF ) KARALIEXE 1/ TAEE UG 25 R K 3 s,

3RS ES S . y=16.60603-7589. 71x,
FIZEFRECH 0.98422, Ik AT SR AF 2 [ 4k 507 1) € WL 1%
fkfEH 63.10 k) - mol™ 38R+ A=1.63%x10" h™',
N
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Fig.3 Curves of Ink vs. 1/T for the PBT/N100 system
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Fig.4 Curves of reaction degree of —NCO vs. time for the

PBT/TDI system at different temperatures
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Fig.5 Curves of a/(1-a) vs. time for the PBT/TDI system at

different temperatures
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F245M T PBT/TDIRRTEAFRE T, 5%
AN BB B [l U 07 B EARRE R kRO S R AL
ro NF 2 0l LIE AR N, 56— B Bry k(e 9]
B T B B X SR AR R A

* 2 PBT/TDI{KR B A W
KEHL
Table 2
the PBT/N100 system at different temperature and stage

B B AL 3L b £ i 101 09 5 A AR

Regression equations and correlative coefficients of

stage T/°C regression equation r
50 a/(1-a)=0.25863t 0.98893

first 60 a/(1T-a)=0.46206t 0.98500
70 a/(1-a)=0.81621t 0.95879
80 a/(1-a)=1.12940t 0.92586
50 a/(1-a)=0.04556t 0.99642

second 60 a/(1-a)=0.06387t 0.99133
70 a/(1-a)=0.10518t 0.98900
80 a/(1-a)=0.21763t 0.99070

53 K PR G B AN TR BE R 1 kB A SR B, I X
V/THEELESRIWE 7, O — B B G iy 45 1
y=17.59493-6580. 88x, 41 )¢ Z ¥ K 0. 99492, . K
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B 4k 5 7 1 6 W% AL fiE R 56.50 kJ - mol ™ F5 AT IM
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Fig.7 Curves of Ink vs.1/T for the two stages of PBT/TDI system
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Table 3
the PBT/N100/TDI system at different temperatures

Regression equations and correlative coefficients of

T/°C regression equation r

50 a/(1-a)=0.00926t 0.99683
60 a/(1-a)=0.01950¢ 0.99678
70 a/(1-a)=0.03695t 0.99439
80 a/(1-a)=0.06533t 0.99880
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10 e EIA i 45 5N y=19.9413-8559. 67x, #
KZHHN 0.99936,, H UL W] SR A5 32 [ 4k F2 1 14 2 0 1
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Fig.10 Curve of Ink vs. 1/T for the PBT/N100/TDI system

Table 4 The kinetic parameters of curing reaction for PBT binder systems with TPB as catalyst

system reaction mechanisms a(—NCO) /% E,/K) - mol ™ A/h™!
PBT/N100 second-order reaction kinetics 0~100 63.10 1.63x107
PBT/TDI second-order reaction kinetics <60 54.71 4.38x107
second-order reaction kinetics >60 56.50 1.24x107
PBT/N100/TDI second-order reaction kinetics <65 71.17 4.58x10°
diffusion >65 - -

Note: a(—NCO) is the conversion ratio of —NCO group. E,is the apparent activation energy. A is the pre-exponential factor.
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HF A=4.58x10° h™'; —NCO 55 R K F 65%Fhf,
S AR AZ A WO

-1
mol ™,

Chinese Journal of Energetic Materials, Vol. 26, No.7, 2018 (572-577)

(2)% TDI 5 N100 &£ i, PBT & 5 TDI k49
BRI, JE 5 N100 KA S 3k 52 vy o [ A R 2805 PE A7
S AR AR BN, A R R LR R A,
TiE A 2 0 1 52 A B 3 K o R AT R T R e R % 4
PRy e B

(3) AWF5EHAE T PBT 55 AN [m] [ £k 70 52 1oz B 114 2
S AILBR | 3R L35 6 BE AR BT A, WA 1 S 2 AT vk
JE e B 25 PR ZO0E [ A S I AR A R L XA AT A
Ve KL LA A, 5 i S 00 A B, AT Sy 8 5 PBT Kl
FRIVR 20 SCHR ) 28 45 K 0 25 3508 AT 2%

EESe ¢

(1] XK, SRHM, ReE, 5. FT-IR (L0 RA WA MR
0], &y FARRH 5 TR, 2003, 19(1): 108-112 .
WEN Qing-zhen, ZOU Qi-chao, ZHU Jin-hua, et al. FT-IR

A

www. energetic-materials. org. cn



FT-IR JEBTSE PBT K& 5 19 [ 1k S 1z )y J) 2 577

study on the curing behavior of polyurethanes[)]. Polymer Ma- Journal of Explosives & Propellants, 2012, 35(5): 41-44.
terials Science and Engineering, 2003, 19(1): 108-112. (6] ¥, Wiz4, B, %&. FT-IR I=8F5% IPDI 5 GAP i 5 K i
[2] Eprf, skaE, xHaHe, 55 IPDI 5 HTPB S gl Jy 2 4§ HLof 21 EWANC B[], KIEZ A, 2013, 36(1) : 43-46.
SMNIFFEL) ], Ab2EHEdE R S w4 T4 RE, 2011, 9(6) : 64-68. WU Yan-guang, LUO Yun-jun, GE Zhen, et al. FT-IR study on
WANG Xin-de, ZHANG Jie, LIU Yan-yan, et al. Researches on the curing reaction of isophorone diisocyanate with the glycidyl
IPDI and HTPB reaction kinetics by foruier transform infrared azide polymer and its prepolymer with nitrocellose[ J]. Chinese
spectrum [ ] ]. Chemical Propellants & Polymeric Materials, Journal of Explosives & Propellants, 2013, 36(1) . 43-46.
2011, 9(6): 64—68. [7] 1 &K, Abbas Tanver, B'3Z%. FT-IR B:0F5% GAP 5 N100 [ {i#
[3] 24, XBPLWT, BE7 48, 4. FT-IR S6i% ik #F 58 IR E [5 fk 77 DDI N S [)]. KMEZ 4, 2014, 37(4): 14-18.
5 HTPB e i sh 121 )]. & aeE# R, 2015, 25(7): 619— SHEN Fei-fei, Abbas Tanver, LUO Yun-jun. FT-IR study on the
623. catalytic reaction kinetics of glycidyl azide polymer with N100
LI Shuang, DENG Qi-ming, JIA Fang-na, et al. Reaction kinetics [J]. Chinese Journal of Explosives & Propellants, 2014, 37(4) .
of low-toxic curing agent DDI and HTPB by FT-IR spectra[]]. 14-18.
Chinese Journal of Energetic Materials( Hanneng Cailiao) , 2015, [ 8] Baker ) W, Gaunt]. The mechanism of the reaction of aryl isocy-
25(7): 619-623, anates with alcohols and amines. Part Il. The base-catalyzed re-
[4] Z=RktE, &3, ki, . FT-IR 20758 R &M -TDI AU 5 2 ik [ action of phenyl isocyanate with alcohols[)J]. Journal of the
LR REEN J12:0)]. BAR T, 2016, 31(1): 18-21. Chemical Society, 1949, (0): 9-18.
Ll Xin-yi, GUAN Xi-wen, ZHANG Qian, et al. Study on the cu- [9] Baker J W, Bailey D N. The mechanism of the reaction of aryl i-
ring reaction kinetics of TDI-polyester polyurethane by FT-IR[J]. socyanates with alcohols and amines. Part VII. The “spontane-
Polyurethane Industry, 2016, 31(1): 18-21. ous” reaction with amines[)]. Journal of the Chemical Society,
[5] &L, AU, EER, 5. FT-IR EHFFE S5 N-100 #4525 1957, 8(1): 4652-4662.
FS2E0) ] kKEZ AR, 2012, 35(5) : 41-44. [10] Farkas A, Strohm P F. Mechanism of Amine-Catalyzed Reaction
WU Zhuo, LI Hong-xu, PANG Ai-min, et al. Study on the reac- of Isocyanates with Hydroxyl Compounds[ J]. Industrial & Engi-
tion kinetics of bonding agent and N-100 by FT-IR [J]. Chinese neering Chemistry Fundamentals, 1965, 4(1): 32-38.

FT-IR Studies on the Curing Reaction Kinetics of PBT Binder

Ll Yang', TAO Wei-bin’, LI Guo-ping', LUO Yun-jun'
(1. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China; 2. Liao Ning Qing Yang Chemical Industry co. Lid,
Liaoyang 111002, China)

Abstract. To clarify the reaction process of 3,3-diazidomethyloxetane ( BAMO ) -tetrahydrofuran ( THF) copolymer ( PBT) binder
with commonly used curing agents, the curing reaction kinetics at 50-80 °C of PBT/ polyisocyanate (N100), PBT/toluene diiso-
cynate (TDI) and PBT/TDI/N100 systems under catalyzing of TPB were studied by FT-IR spectroscopy. Results show that the
PBT/N100 system follows the second order reaction kinetic law during the whole curing process, its apparent activation energy is
63.10 kJ - mol™", and the pre-exponential factor A is 1.63x10” h™'. The whole curing process of systems containing TDI is divid-
ed into two stages, but their mechanism is different. The PBT/TDI system follows the second order reaction kinetic law during the
whole curing process, but is clearly divided into two stages at the conversion ratio of 60%, the conversion ratio of the first stage is
less than 60% and the conversion ratio of the second stage is higher than 60%, due to differences in the activity of NCO on TDI.
The reaction rate of the first stage is faster than that of the second stage at the same temperature. For the first stage, the apparent
activation energy is 54.71 k] - mol™', and the pre-exponential factor A is 4.38x10” h™'. For the second stage, the apparent acti-
vation energy is 56.50 k] - mol™, and the pre-exponential factor A equals 1.24x10” h™'. For the PBT/TDI/N100 system, whose
curing process is also divided into two stages at the conversion ratio of 65% due to the differences in the activity of —NCO on TDI
and N100. During the first stage, the conversion ratio of less than 65% occurs the expansion chain of TDI, and the curing process
follows the second order reaction kinetics, the apparent activation energy is 71.17 kJ - mol™", and the pre-exponential factor A is
4.58x10° h™', the conversion ratio of —NCO of more than 65% mainly occurs crosslinking reaction of N100, the reaction rate is
controlled by diffusion. When TDI and N100 are mixed, the pre-exponential is 28, 10, 37 times larger than single N100 and the
two stages of single TDI, respectively, indicating that the active sites increase after the combination of curing agents.

Key words: 3,3-diazidomethyloxetane( BAMO) -tetrahydrofuran( THF) copolymer(PBT) binder; curing reaction kinetics; second
order reaction; apparent activation energy; pre-exponential factor
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