PBT-TDI A % ffy [ 1k )2 1 5 J) 5 f 4 Iy 2% 719

XEHE:1006-9941(2022)07-0719-07

PBT-TDI{E 2R E L R R 3h 1= F R 12
AR EATLA W HkE

(I.HERBAETELAFERMHERE S LBE, W) 40 621010; 2. FE THEPEA XM TAHF R, W 48 621999)

B OE: N3, 3B A ) S BN T i - DU S e Sk SRk (PBT) -1 28 UL IR (TD 1) 26 &5 571 1A 28 %1 4k 52 1 47 S LA, R
TR b AL 5 T A I B 4K LG LA R 98 R X PBT-TD LA R [ A 52 RE (452 W8], % PBT-TD LA & 14 [ £ 2 17 2y g 27 R4 g = ik
TR S 0. LI as A3 (1) [ Ak s N i B2 B g L B 46 0 TDI & f 22, PBT-TD A R 181k S5 hiz 1 J32 i e 5 (2) 185 in 34 9 5]
2, 2- A FETTREAE S 2, 2- RS ST BE AR QIR A W (A3) L X B iR R (DOS) it 2 FEAIE PBT-TDI A & 1) [ 4k 5 1o 7 5

(3)PBT-TDIAZ 14 [E fb S BEAF & n SN 3l g 2 A, LR WLIG AL BE £, 12.81 kJ-mol™ 38 /T T AH 1.48%107 577
REEI : 3, 3- B (F A HL) A AR T e - DU S vk Mg L SR 5 T AR AT O 5 Bl Bk 5 OB 80 ) 2 5 BB g 2

HESES: T)55; 064

XHEFRERG: A

DOI1:10.11943/CJEM2022005

1 8l 8

3, 3-00 (& A AL ) PR AT be-Du Sl kg A 3R ik
(PBT) & —FAE & vy 2% B2 IR HL%5 R0 & RE R 45 1
15 35 Re A RH UL A F Y N A E . PBT
DLHARAS G2 0 32 5L 3t i R T M (HTPB) il 2 6 &t vy
Rk (HTPE) SFIEVERE G0 H TR GV R4 1E 2y
(PBX) il [ 4 & & 4 5 77027 0 PBT (¥ i 45 4 B g A
A5 2% b S U M U AT 2k T R I B L, 2R i
(PU) M £, DA T A5 2 BB PE B8 0 53 19 7= 7™ o 7E
PBT 5 57 UM Wi 114 2R 2 g [ 4k B iy v, T Al o 30 iR
A [E] 2 1] 25 SR A MR AL 2 S MR EH S8 ik,
TR A AR Bl g 2 T BT R A ) B A PR
PBT i &M R ny il & o FEOC W EE . Ry, & F
PBT 145 il S U IR R 181 1 52 7 1) #4208l g 22 5
i DL AT

H A, W58 3R & RN 8l ) 27 9 J7 1k 32 A F e
AR LT AMETE (FT-IR)Y ARG R (NMR)T ORI 22 7R
W B #: 2022-01-07; & HH#: 2022-03-02
I 4 AR B #3 : 2022-05-17
ES&TH: MEAKRFARESTI(21875192)

BB KA (1997-) B Wi+ BF 58, F 53 & G bR
5. e-mail: 18683660545@163.com

BEBRRAN: &0 (1982-), I, &, 3% )\ F & kMR BFTT .
e-mail : jinbo0428@163.com

FHE R (DSC) A e T AR [y 2 B i 4k
Je Rt A . Hod FT-IR FINMRJE T 38004 5 vk %
I 1 S T A R N W R R RE A B AE S o A
AR FRAT S B 125 S8 AR X2 Ty 1 R RE A X A
Z T HER KB A T 2B R AR AR, T
TR L [ AR B B Al T8 v AR A 1 Ak R Y ) 2
HdiE . DSC H R nT L AR A5 [k B R i S I 8 g 2 A
P20 (R H T LR S RN AR K (A 3
I, 10 3R R 1R R 1Ak B Ry B ) SR [ Ak el R ik
PG A AR v R D IR BUR X
15 DSC AR X AG I 2] [ 4k, 5z 107 il #A ik e

B A B AT S — e A A B A A AR A i
B/ IN A A R T AR S Bk R 1 BN Bl ) 2 AT
N ITE  BA RURE T (A I AT K
SR AR R, R T O A GO A A R 8 1 i N et R e
FAE W k2 — K ROk — B 058 A 4 2o B R
Az i BE 2 Y S A LA AR R Ik B TR Y
5 S5 TR T 22 10 19 [ Ak 5 N S — A~ G2 18 A i 2o
o 00 2 Ak B I ) R B B, R AR R IR R S
I A SR 4 3R A i B T 1Ak R 0 8l g 2
AT BE T, W -(3-8 W 2L -3-H LS 4% 38 T %)
FIOBUHe P 56 35 TR i 1 o B I [ A A R o R Sk
FEY HTPB ' B A 45 /K H e 58 4 /K H il ik
i 12 Wi 1 RN 22 S O R 1Y) 3R TR I [ AR IR R R

SRR RN, AR, &0, 45 . PBT-TDIUR & i [ 4k S L 2l 71 % s 1 2 )], & RE 4R, 2022,30(7):719-725.
ZHANG Li-min, WEI Cheng-sha, JIN Bo,et al. Curing Reaction Kinetics and Thermodynamics of the PBT-TDI Binder System[J]. Chinese Journal of Energetic

Materials (Hanneng Cailiao),2022,30(7):719-725.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2022 % H 304K #7748 (719-725)



720

SRAIR, F5 R 5, i, 352007

AR A (7] [ 4k B2 0 4% 12 % PBT I TD I & 4k 52 13 4T K

S R R, A I 5 2 R SR BB R A SR [ 4%
PR R S BRI TR Y PBT 5 12K — 55 WURR TR (TD) Y %5
VL T Ak B2 17 3k L 1928 kg PBT-TDI A 2 1 52 B [ 4k #2
%

2 LIGERSY

2.1 KFE5EH

PBT, £ ¥ 4> F & 2800, ¥ 36.50 mg KOH/g,
o [ TR A B O B A T RIS BT 5 2, 2- R T
B S 2, 2- R RN BE AR SRR B (A3) T E
AR W R AR B Ak TR RO Y BT 28 TR T F T
(DOS) , >95%, B[ T i # ; TDI,98% , % sa bk . Jir
A R A Y R AT i — 2P alifk

IR P RD 496, 43 H Wy A AR A FR A T
RIPE 64.53 pV-mW™,25 CIFIIIFE KCIOGIE 4L ) 7E 75
TR 7K H A o o JEE R T 5 R (17.237+0.028) kJ-mol ™,
5 CHRE (17.241+0.018) kJ-mol™ A 12 iR 22 /N F
0.02%.
2.2 BRI

Fig M8 — 7 Ak 2 BON T A b o B PR R — S
PBT I TDI, A 3 52 by b v v, = R 458 PEIR A 38 2)
(5 min) , S8 J& ¥ b5 fE 1 i B T RD-496 B s v, g 5%
— i TERL AR AT B 0 ORI 7 A ) AR e, A B ] ] A2 b
MR o 7F BRI 398 5 500 6 [ 4k B 1 (%) 52 i PBT 5
IR #e L AR BOTAE Z R TP A A —
HHTDL B ERBEFE 5 min J5 28 A8 1 B T i vh gk
TRV . PBT 5 TDI iy [l Ak s 7 B B A0 & 1 o

CHN,

HO+CH2—J;—CH1—O+CHZ)*O+H + O=C=NQ
éHN L '

2N N=C=0
PBT DI

|
—%o~[~ CHQ—EQ—]CHJ —o{cm%o-}—n—m@ NHECI)+

HZNE

Bl 1 PBT 5 TDI i [ 1k 2 i
Fig.1 The curing reaction of PBT and TDI

3 GRS

3.1 REX PBT-TDIK & B 4L & B 895
S TR TG 5 0 1 S o7 3 R 5 i R DDA O

Chinese Journal of Energetic Materials, Vol.30, No.7, 2022 (719-725)

SRR 5T R BE X PBT-TDI A & [ 4k 52 1N B 52 i, i 52 ]
R B, F5 R 3L (—OH) 5 R R i 2 (—NCO) i
JREE 101 45 PBT A TDI Y FH & K PBT-TDIA &
43 5 il #E 30,40, 50 °C AT 60 °CF #4174 I [# 4k )2
NS5, A% TR R LR 1

£1 AKRFEEET PBT-TDIFE LA R %

Table 1 Contents of PBT-TDI curing system at different tem-
peratures

contents of curing T/°C

system 30 40 50 60
m(PBT) / g 2.0794 2.0735 2.0160 2.0035
m(TDI) / g 0.1204 0.1191 0.1122 0.1170
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Table 2 Curing parameters at different temperatures

T/K n Ink r E/k)-mol’ InA r AG/kJ-mol™ AH/ kJ-mol™ AS/kJ-K" r
303.15 2.48 -9.29 0.98 -97.66

313.15 3.03 -9.13 0.99 -100.59

323.15 2.08 -9.01 0.99 12.81 —-4.21 0.99 -103.57 8.80 -0.29 0.99
333.15 1.80 -8.87 0.99 -106.48

mean 2.35 -9.08 -102.08

Note: nis reaction order; k is rate constant; ris correlative coefficient; E, is activation energy; A is pre-exponential factor; AG is Gibbs free energy change; AH is

enthalpy change; AS is entropy change.
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Table 3 Contents of PBT-TDI curing system at different cur-

ing ratios

contents of curing curing ratio

system 0.8 1.0 1.2
m(PBT) /g 1.9915 2.0035 2.0059
m(TDI) / g 0.0923 0.1170 0.1394
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Fig.4 Heat flow curves and relationships between reaction

depth (@) and time with different curing ratios
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Table 4 Curing parameters at different curing ratios

—NCO/—OH Ink n r
0.8 -9.34 1.55 0.99
1.0 -8.87 1.80 0.98
1.2 -8.72 2.16 0.99
mean -8.98 1.84

®5 OR[EGIBR K i PBT-TDI [ Ak i & e )y &
Table 5 Contents of PBT-TDI curing system with different

plasticizers
m(plasticizer) / g
samples m(PBT) /g m(TDI) /g
A3 DOS
0 0 0 2.0035 0.1170
0.3A3 0.4793 0 1.5977 0.0924
0.5A3 1.0276 0 2.0552 0.1187
0.3DOS 0 0.6631 2.2103 0.1282
0.5DOS 0 0.8589 1.7177 0.0933

Rl LB, I AR ¥ L JS , 0.3A3.0.5A3.0.3DOS
5 0.5DOS 1y [l 1k S5z 07 s #4 il 26 1% 06 v 24 4 T B A
2% W 38 90 590 ) 5 R R e N OIS R TR R BE RY 52 I
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b. relationships between reaction depth (a) and time
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Fig.6 Heat flow curves and relationships between reaction

depth (a) and time with different plasticizers
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Table 6 Curing parameters with different plasticizers

300 225

samples n Ink r

0 1.80 -8.87 0.99
0.3A3 2.07 -9.05 0.99
0.5A3 1.61 -9.19 0.99
0.3DOS 1.90 -9.12 0.99
0.5DOS 1.63 -9.37 0.99
4 £it
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Curing Reaction Kinetics and Thermodynamics of the PBT-TDI Binder System

ZHANG Li-min', WEI Cheng-sha’, JIN Bo', PENG Ru-fang'
(1. State Key Laboratory of Environment-friendly Energy Materials , Southwest University of Science and Technology, Mianyang 621010, China; 2. Institute of
Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: To explore the curing reaction behavior of 3, 3-bis(azidomethyl) oxetane-tetrahydrofuran copolyether (PBT) and tolu-
ene diisocyanate (TDI) binder system, the effects of curing temperature, curing ratio and plasticizer on the curing reaction of
PBT-TDI system were investigated by microcalorimetry, and the curing reaction kinetics and thermodynamics of PBT-TDI system
were studied and analyzed. The experimental results show that: (1) the higher the curing temperature and the higher the TDI
content, the faster the curing reaction; (2) increasing the amount of plasticizer bis(2, 2-dinitropropyl) acetal/bis(2, 2-dinitropro-
pyl)formal (A3) and dioctyl sebacate (DOS) would reduce the curing reaction speed of the PBT-TDI system; (3) the curing re-
action of the PBT-TDI system fits well with the n-th order reaction kinetic model with an activation energy of 12.81 kJ-mol™ and
a pre-exponential factor of 1.48x107s™".

Key words: 3,3-bis(azidomethyl)oxetane-tetrahydrofuran copolyether;curing behavior;microcalorimetry; reaction kinetics;reac-
tion thermodynamics
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