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Fig.3 Raman spectrum for the reactants of PBT and TDI

CHINESE JOURNAL OF ENERGETIC MATERIALS

HE—2 % PBT-TD I A & [ Ak 2 17 Y 490 B Bisf 220 A )52
N7 dJE R AT = R AR ARAR B P2 OGS 4
W 4, 1436 cm™ &bk { T TDIH Y NCO £ 141 5% Fr
i 45 4% 3h 1 B 1450 cm ™ Ak ok A F PBT w0 1E e ke A8
Ty 58 4 55, O S W 1 5 5 B B0 06 b
P TG AR A5 AT ACEHE . 2280 ecm ™ 4b NCO 2 A1 4k
Xof R A 44 i 20 R A 0 5 B S AIG, AE AR S BN T 3
7 00T A5 W F AR AR, JEVE T b . AR R N
7 S T TR TR T TR R T R B T A 8 R A 0 3 )
7T 1743 cm ™ F1 1534 cm™ Ab , 0655 )3 76 5 4k 52 0 5
W AT T, R R AT B - B R R )
b B E AR S PR A AT AT AN R T
Fr 2 3k B B 1505 em™ b W8 F) S Y 0% i R AR
b AHZ AN E S0 T &8 T TDI 4 T R sh s =X, LA &
AE 75 T 5 W PBT-TD A & &1 4k 5 07 3E 72 i R A
WF S8 38, DA G A 0 A B 4% B 2 ol B R 1108 T L AT
TR B

——curing 0 min
—— curing 7days

f=
w
==+
oL

2100

L1743
2280

1400 1600 1800 2000 2200 2400
Raman shifts / cm’

El4 PBT-TDI [ 1k S B fir 2 1 4]
Fig.4 Raman spectrum of PBT-TDI curing reaction

2.2 DFTIHE4ER
2.2.1 PBT-TDIKEREYW S =Y H 8 XL HFEIE
HE

FIFH B3LYP J5 i1 6-311+G (2d, p) /K 354 Y
TDI 43 i 2 6% 5 525 fir il TDI 43+ i 2Ok 1k 45
XF LB 5. 185 B % L S S0 5 T 45 1 TDI )
FF#E1250~1750 cm™ [A] (Y 5 4~ 3% 2L 06 f2 2280 cm™ 4b
) 8 I 6 3T 3 R iR B8 1 %o I O AR R AL TR S S8R
B A 13 25 765 S A, AT RSk A T B3LYPIZ pR X
- S AR FH A A FE A [ 35000 R Bl 0 3 R e v I
i # . AT W 6-311+G(2d,p) KB F 5 45 1 55056
SRR, AT T 3R AT

i B Gauss View n] AL T RE , FI ] DFT 11845 5%
X S v A Y 5 B B [ AR S g AR AR B B = Ok ik

N XK XXXX H# & XX & % XX# (1-8)



4

LR, FREARe, MG % 5T i T

1505 cm™ W& 1534 cm™ & K 1743 cm™ 1§ §E s 455 20
HEAT T 4R, & WX R 2 F IR sh 45 4 WL 6, v
1505 cm™' 1§ 3205 J& T—NCO JL ] % FR {45 % 3h & 5%
A 1534 cm g EE IS TARR L C—H RN
it 9% 3 S 2 2k FH R iR 2 AT b N—H 25 iR 3), 1743 cm™
U DO 1 Je 2 ik R i i A P i C—O i 4 ik 31 o

1505

— Exp. spectrum
—— DFT spectrum

500 1000 1500 2000 7500 3000
Raman shifts / cm”

B 5 9455 DFTHSLETS TDI G Fhi 2 i ]
Fig. 5 Raman spectrum of TDI molecule from experiment
and DFT calculation

B6 4 TIRaLHE
Fig.6 Structures of molecular vibration
2.2.2 PBT-TDI &k & & Rz ¥ 5 7= ¥ 4 8 St & 1% 3h 530
RO

3225 [ 7 BLEEZ i, 2, 4-TDI b B L 4B 07 19 NCO 3
P 36 M A T X A7 ) NCO B 136 o127 3 7
P 22 S 23 5 Wi SRR, 38 62 NCO % P 2 It e
5 PBT by R S NI ) 6] 7= o 5845 TDI 3 1
B A7 NCO 2 H R Sz i H (8] 7 ) Bk S xF 67 7 W)
(Para-Intermediate) , ¥ 48 i2 NCO J& A1 (1) Js 1z o [i] 7

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-8)

YRR N A8 AL 729 (Ortho-Intermediate) , 431 45 ¥4 2 L
Kl 7a. X} PBT-TDIA Z [E 6 S bz (4 52 1 4 o [l 7= 4
Ko fge 272 W BEAT DFT AR A R 22 43 B, 2 — 20 8 A
1505 cm™ g (1534 cm™ I & 1743 cm™ W2 75 58
TE T W PBT-TDI A 5 [ fk F2 I i 7 L 4% 4 F 45 14
Xof N7 F) L 2 4 AR TS A5 SR LI 7b

N
Ty
0N co
NS

Para-Intermediate

N,
0
o PN
OCN\(;/I\N—C—O 0
N,

Ortho-Intermediate
a. molecular structure

exp. 1505

" exp. 1534

i E — Ortho-Intermediate

! 1 only ortho-NCO is consumed j
: I —— Para-Intermediate

M +_only para-NCO is consumed

i _/\_both NCO are consumed

1250 1500 1750 2000 2250
Raman shifts / cm’”

E exp. 1743

—— Reactant TDI
—— Reactant PBT A

b. Raman vibration frequency

B 7 P T a5 s PBT-TDIA 5 4 4 1 45 K 17 2 4
Fig.7 Molecular structure of intermediates and Raman vibra-

tion frequency of PBT-TDI system

Kl 7b 1505 em™ WETE 7§ A rb ] 7 4 2 B S
) (P72 5 M o 4B =, 1505 em ™ b AN FEFEAE
5 W T AE XS AL DA AR Y R B0 2 0
BE LG R B TDIH 1505 em™ Ay 5 B 2 5575 £, B
A=Y H 1505 cm ™ A R fETE (R 5% . X n] BE &
PH Ry 244007 1 1 NCO 35 P 5 55 35 s I A i 22 32 P TR T
J5 L AL FR AR IE 5 NCO B 11 14 4 4 4 S s =X bk it
I AR Y R L A 1505 em ™I i
M HA X NCO S 2 5 R i 16 R, 53X F 36 A8
T 55 NCO Jk A1 25 B sh g 0 i, i 3F 58 4245 1k, Bk
FEXT L= ) P AEAE R HS ) 1505 em i, X — 25 R
LA

www.energetic-materials.org.cn



TDI M A [ e 5 B 50 i € 0l 15 BF 58 1% % 5 2 oR B e 05T

5

B, 38 22 X 1505 em™ i B A J5 A W o A o] DA
e [ Ak 5z I 3k AR AN [ A B NCO 2 5 0 Y
TDI 4 F %t Bl 2 i 8] g A8 fb 5 00 . B 7b R i
1534 cm™ J 1743 cm™ &b 76 W5 F v 8] 7= 4 DL B e 2%
77 v 2 L Y R T e RR AR 04, 5 R 4 rp i S g
R0 25 T — B0, 35k 3 W s A Ak 06 ] ) e T
e AR . 25 b, DFT 08 3 43 #1235 50 36 B 47 2 33 &
H1 1505 cm™ . 1534 cm™ J& 1743 em™ &b 5% i ¥ 0] J
T w1 W PBT-TDIA & [ 4k s 7 2 A
2.2.3 PBT-TDI K R & K2 ¥ 5 7= ¥ 41 5h 3¢ % ¥ 3h 357
RO

B 5T LT AME T 2269 om IR TE E = 43 BT A
57 2 gk R rp A% 04 A M I B SR AR R K,
Tei] B Xk 5 7 0 v T P ) R e 8 PR ) E AT DFT 20416
IR SR T . AN 8 i, I 4 TDI 4y F H i
2269 cm WELERGRR e ] ) AR SRAEAE L {H B BE AR T
—2F, HAE BTz s ok o ik R KR A - L
IRSE BT LT AME R 2269 em™ IR AR AR A 3B T L
FE RO ok AR 2 5 RO NCO ik TR R
MRS 5 RN B NCO B . Lok, 2045 E
2269 cm™ Wy N G 5 R B SR A HEA T BEAG , P
TEEIY 1534 cm 165 1743 cm ™ W [8) g A 04 5
Wi 2 7 1) AT T e, ) B SO MR . i 2
P& e [ S A P I 4 1505 em ™ IS K37 7 1) v 77
FERLEZ S, IR 45 R 5 AR B NCO 2 5
SV TD 3 F A A O SRR ZL A3 2269 cm™
VA T 23 1505 em™ AT B 0 45 S T AR 2 1 4 B
B AR, HLP AT A AME .

| exp. 2269

17146730 a.u.
—— Reactant TDI
—— Reactant PBT

i=72733ﬂ Ortho-Intermediate

A A A A ! only ortho-NCO is consumed
1=68796 a.u. Product
N both NCO are consumed
A \ —— Para-Intermediate
Y | o only para-NCO is consumed
ALV S i .

1500 2000 2500 3000 3500
wavenumber / cm”

B8 PBT-TDIM R LM 34K
Fig.8 IR vibration frequency of PBT-TDI system

2.3 PBT-TDIE &R Bl & 57 B IR AL 41 5h R+ 2 M5 il
R
R AE DFT 3 81 45 3 B JR AL i 2 6 i 5 R i

CHINESE JOURNAL OF ENERGETIC MATERIALS

W PBT-TDI A & [E b B 1 i A8 19 w47 1, DA g
P 11 2 Ak S5 R 7= 40 1) A B A o A o [ 4 S I A 2 1)
FEAR L 0 3 DA 8 O3 S 5 X [ Ak S R O3
1505 cm™', 1534 cm™, 1743 cm™ W HE4T T J5 A7 W il
FSE w4y HT, IF 5 B A 21 A0 3 S5 h 2269 em T I
TSR IEAT T X . RO Rhr 2ot ik k17
AT TR R A - R e A, R Y O
T A B AR I O B RS B R A 4 )
P4 W B B8 L, B — 2 3 TR P O 1 v A 5 A SR B S
253 WV B BAE B o PRI 3% v B 0 A5 5 e X 1Y
FRAE R B AL R o n] (1) 5
a=¥><100% (1)
A, 1,k B ik B 200 0 R A W B B 1k RN 3k R
HPAT T 0 A R A iR B T 7 A S X N P AR AR
FE A A 3 o T AR A 2 (2) 1157
w=T"T0 % 100% (2)

.- 1,
O, 1,k SN ) U B 220 9 R AR DA A (aul) L 1ok O
I AT R 20 1 R AR DA SR B 1Ok SN 5 4 YRR
TIE VA 58 3, 9F 5 R K [ A R R 7 ol B ) AR AIF 04 5 B ST
IR 1o H I e SR O i S ) B ) 1 R AE
V{5 5 D4 ik B 1) 72 1 BRIV RT 3R A5 i g 0 R 1 R

FH 45 37 2 R AR 6 TS A5 2 Y PBT-TDI AR & #1462
N B SE SR E 9a PR o A2 A2 OGS M LS i
1534 cm™ W TH 5 AR A5 14 [ 4k 5 o A 3 45 SR Dk sl i K
TCEAAGA A5 B it 1505 cm 61 1743 cm ™' 1§
ARAT O TT B EE ALy W] T S 43 BT I AR B B
] () AR AL LA 5 R 5 40 A% 2269 em ™ IR E
W 8 X L UL 9b. F &l 9b BT L, B E i 1743
em ™ SRS 0 A ZR Ak RN R B e e L a2 R X T
BB AE B 1743 em™ W AR R X (2) 11530 5 Ry 7
BE B, i T SBR[ AR R R R TD R B2 B 5T S BB A
F100% , A FE AL S 7 d IF 200 1743 om™ 4 i i 52
/NTF TDISE 4 KR 20 1, 3 i A5 i A2 B 1743 cm™
U SR A 1Y) B I R 4 R A o

EA5 = 02, B 9b bl F7 =035 1505 em™ 1§
BRAT 0 S I A Bl 2 R 25 T 0 AP 2269 em T i
ARATF O BN FE B 2% o A4l DFT 43 #4545, 1505 ecm™
WEFT 2269 em™ 0 FLUZE BN 4 o B] P 00 MR R R AR AR
FE 5 WAL= Y AR TC TG M X R B 1 1505 cm™
WEF 2269 cm™ ISR A5 Y B v R B TR ) 22 Bk BT
SN T 7 A S e R] 7 ) A D T O il 2

N XK XXXX H# & XX & % XX# (1-8)



LR, FREARe, HG % 5T i 0T

9ol " peak1505 cm’
T « peak 1534 cm" .
s peak1743cm™ e, ° .
15} . .
ag‘ L]
E 10t : o .
> . . - . A .
g . ‘A‘ :. e ®e, .:. :A: s .-::.
= 05¢ A R ang 4, PO ] “A
5 Y ﬁ'.-l-‘.‘ﬁl Zoplo ot L ¢
ook K"
05f . . . .
0 50 100 150 200
time / min
a.
0.8f — IR peak 2269 cm’
—— Raman peak 1505 cm’
—— Raman peak 1743 cm’
< 06
5
S 04}
S
£
8
0.2r
0'00 50 100 150 200
time / min
b.

B9 5L Ak KA e A A S i s 4 2R
Fig.9 In-situ IR and Raman spectroscopy results of curing re-

action monitoring experiment

14 22 Bt S0 /0N o X T BEARL %) L A T 45 T A ) e
R A A A TR Y, R 1505 em ™ U Al
2269 cm™ SR A5 1Y K N AR B N 2% — 20, B A
) DO 6% Jo 5 0 2 e g 1, PR OGS S X L 1505 em T
12269 cm™ WER A5 19 F I B2 B 22 B T FH 04k
A0 26 I b R AR 4 T 45 5 S P A 1) 2R b
KA RE B B A OC  WF SR [ 454 T 1505 em ™ AT
2269 cm™ W N R B K AT B T4 R s A )
ZETE L B VA A2 B 90 45 o 2, - 000 A A 2 U0
EVERE . U, DFT 20 A1 B A0 52 56 45 S 3E B 1 F
RSP G E 1505 em™ I A WL TDI A & & 4k %
DR AR S AT AT 04, I ELXE SRR A I 2 F 5 A E AN

3 %18
1) 38 3 fr 8ok 3% L8 & B TDI S R AE %
1436 cm™ M1 2208 cm™ & 7E PBT-TDI 4K & H (A % 47

B AU M G I 45 ) REAS S T o B W (A B
SR fER 2 & i 1505,1534 cm ™ 1743 cm”™

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-8)

Qb S BT R T S AR AR A TD I RRAE I

2)DFT J5r i X TDI o FH &0 iy i+ 5 45 2R 5 52
B 2% R HA AR A i — BobE IR S i A SRR W BBk
% 1505 cm™ Ik [ NCO 5& 1 47 4k sh Fl IR A8 JE | 76
Y EEREENES GRES DI TS
S ) NCO H P AL & AH G, T EL A 6% 2269 em ™' I
55 U] 5 NCO 3 A1 (1) T4 AB 1 LA 6o

3) R F R AL G Jr vk Wl PBT-TDI [ 4k 52 1 172
P23 1505 cm ™' 16,1534 cm ™' 1811743 cm™
WA BT I A B AR B O 5 Z0AMG % 2269 em T i
TR R EAT T A, 255 R W, 1534 em™ W {5 1
FOAR AN & JH T 4007, 1743 em ™ W0 45 1 O v
1505 cm A1 2269 cm I HA HAMER], H22 B nT 4
BB F ] R, T PR S A o 4 T

B E 0k

(1] BEAREGE, thitst, FUIE, %5 SR % CL-20/HTPE SRR M2 R 24
HOFTER R R PERE R AR )] & REAT R, 2022,30(9) 0 920-926.
LIAO Dong-jie, XU Chuan-hao, KONG Sheng, et al. Inkjet
printing and performance characterization of CL-20/HTPE
based microscale booster with high strength [J]. Chinese Jour-
nal of Energetic Materials(Hanneng Cailiao) , 2022, 30(9) :
920-926.

(2] tRBDE, SCdtE PRk, 4. JLRALE S GAP JERAIA P SR 1R /Y

AR HERE [)]. S aeA R, 2021, 29(11): 1025-1030.
XU Ming-hui, MO Hong-chang, CHEN Miao, et al. Synthesis
and properties of fluorine - containing GAP copolymer - based
thermoplastic elastomers[]]. Chinese Journal of Energetic Ma-
terials( Hanneng Cailiao) ,2021, 29(11): 1025-1030.

(3] XS, MHs, B, 45 T o B 5L & SR 5 0 /Y & e i
PBXAEZGTERE [J]. S HEABE, 2023, 31(10): 979-985.

LIU Hui-hui, ZHENG Shen-sheng, LUO Guan, et al. Perfor-
mances of aluminized casting PBX explosive based on hydrox-
yl-terminated fluorine-containing binder[J]. Chinese Journal of
Energetic Materials(Hanneng Cailiao),2023,31(10): 979-985.

[4] ZHAO X, ZHU W. Optimization and design for the curing pro-
cess of solid azide propellant: Influence of typical components
on the curing reactions of PBT binders with TDI[]]. Journal of
the Chinese Chemical Society, 2022, 69(3): 419-439.

[5] QIUC, CHENJ, HUAN F, et al. Curing and cross-linking pro-
cesses in the poly (3, 3-bis-azidomethyl oxetane)-tetrahydrofu-
ran/toluene diisocyanate/trimethylolpropane system: A density
functional theory and accelerated ReaxFF molecular dynamics
investigation[J]. ACS Omega, 2024, 9(30): 33153-33161.

o] W, T, fUB, 4F. A:4F ik DSCHF5 PBT/TDI [l b S i
By JyaE)]. eI S R 2 AR, 2020, 18(1): 38-41.
QIU Lei, WANG Hong-yu, DAI Ying-jun, et al. Study on cur-
ing reaction kinetic of PBT/TDI by non-isothermal DSC [J].
Chemical Propellants & Polymeric Materials, 2020, 18 (1) :
38-41.

[7] SINGH M, KANUNGO B, BANSAL T. Kinetic studies on cur-
ing of hydroxy-terminated polybutadiene prepolymer-based
polyurethane networks [J]. Journal of applied polymer sci-
ence, 2002, 85(4): 842-846.

(8] BTk, W f 8, M GB, % . I LF-NMR I 58 = 9% 3k 8k Xf

Sttt

www.energetic-materials.org.cn



TDI M A [ e 5 B 50 i € 0l 15 BF 58 1% % 5 2 oR B e 05T 7

BAMO-THF/TDI i &5 7 #& & i [8 4k 50 [)]. K He 24 2% 3 Al i fi A, 2016.

2015, 38(1): 69-73+90. WENG Shi-fu, XU Yi-zhuang. Fourier Transform Infrared Spec-

JIA Lin, XIE Wu-xi, DU Jiao-jiao, et al. Effects of bismuth tral Analysis[M]. Beijing: Chemical Industry Press, 2016.

triphneyl on the curing reaction of BAMO-THF/TDI binder sys- [15] 7w, Rk . S0 2001k iy 2041 5 0 IM . dent: BB Tk

tem by LF-NMR[]]. Chinese Journal of Explosives & Propel- iR, 2008.

lants, 2015, 38(1): 69-73+90. YANG Xu-gang, WU Qi-lin. Raman Spectroscopy Analysis and
[9] &, BridE . HTPB/TDI HDI R & K s 1 2: 055 [) . Dhne v Application[M].Beijing: National Defense Industry Press,2008.

ST, 1998, (4): 37-41. [16] XU L, LI C, NG KYS. In-Situ monitoring of urethane formation

JIN Ping, CHEN Jian-ding. Study on reaction kinetics of hy- by FTIR and Raman spectroscopy [J]. The Journal of Physical

droxylated polybutadiene with tolulene diisocyanates and Chemistry A, 2000, 104(17): 3952-3957.

hexamethylene diisocyanate [J]. Journal of Functional Poly- [17] PARNELL S, MIN K, CAKMAK M. Kinetic studies of polyure-

mers, 1998, (4): 37-41. thane polymerization with Raman spectroscopy [J]. Polymer,
[10] SKAIE, F5&I, 40k, % . PBT-TDIAZR i 4L 5 3h 11 2 2003, 44(18): 5137-5144.

WAL FREMEL, 2022, 30(7): 719-725. [18] TAO F, CROZIER PA. Atomic-scale observations of catalyst

ZHANG Li-min, WEI Cheng-sha, JIN Bo, et al. Curing reac- structures under reaction conditions and during catalysis [J].

tion kinetics and thermodynamics of the PBT-TDI binder sys- Chemical reviews, 2016, 116(6): 3487-3539.

tem[)]. Chinese Journal of Energetic Materials( Hanneng Cail- [19] LEE C, YANG W, PARR RG. Development of the

iao),2022, 30(7): 719-725. Colle-Salvetti correlation-energy formula into a functional of
(11 ] ARSI, MR d I, s 4 T, 55 T 0] 2 B b1 Ak 27 40k 114 e 0F 23 HF the electron density[J]. Physical review B, 1988, 37(2): 785.

R AR R R SRE[)]. SR, 2025, 33(1):82-101. [20] ¥ 3T . BT 8 UM G 70 Ao S8 e A R 4 0B 500 g 2 M REBE X (D ).

YING Zi-jian, CHEN Jian-bo, XU Jin-jiang, et al. Review on B BB TR, 2018.

advanced analytical characterization techniques for the chem- HU Yi-weng. Research on the Mechanical Properties of Azid

istry of energetic materials[J]. Chinese Journal of Energetic Ma- Polyurethane Elastomers and Its Propellant[D ], 2018.

terials( Hanneng Cailiao) ,2025, 33(1):82-101. [21] KITETO MK, MECHA  CA.  Insight into  the
[12] DANIELSEN SP, BEECH HK, WANG S, et al. Molecular char- Bouguer-Beer-Lambert law: A review []]. Sustainable Chemi-

acterization of polymer networks [J]. Chemical reviews, cal Engineering, 2024: 567-587.

2021, 121(8): 5042-5092. [22] RATR . RS e 5 BORIM )L dE st JEstBE TR i
[13] &9, Wik, 2T, 4. FT-IR BT 5 PBT K45 55 19 [5 4k =2 #2015,

sl S0 S RER R, 2018, 26(7): 572-577. TAN Hui-min. The Chemistry and Technology of Solid Rocket Pro-

LI Yang, TAO Wei-bin, LI Guo-ping, et al. FT-IR studies on pellant{ M]. Beijing: Beijing Institute of Technology Press, 2015.

the curing reaction kinetics of PBT binder[J]. Chinese Journal [23] KROL P, GALINA H, KACZMARSKI K. A three parameter ki-

of Energetic Materials (Hanneng Cailiao) , 2018, 26 (7) : netic model of formation of linear polyurethane from 2, 4-tolu-

572-577. enediisocyanate and butane-1, 4-diol[J]. Macromolecular the-
(4] SRel ARG A e B3 2L SRk 3 r (ML db st b 1 ory and simulations, 1999, 8(2): 129-136.

In-Situ Raman Spectroscopic Studies and Density Functional Theory Calculations of the TDI Curing Reaction

HONG Tian-jiao', KANG Yan*, TIAN Peng-fei', XUAN Fu-zhen'
(1. School of Mechanical and Power Engineering , East China University of Science and Technology, Shanghai 200237, China; 2. School of Chemisiry and
Molecular Engineering ; East China University of Science and Technology s Shanghai 200237, China)

Abstract: To explore the application of in-situ Raman spectroscopy for monitoring the curing reaction of energetic materials by
using toluene diisocyanate (TDI) as curing agent, both in-situ infrared (IR) and Raman spectroscopy were employed to study
the spectral changes before and after the curing reaction of 3, 3-bis (azidomethyl) oxetane-tetrahydrofuran co-polyether
(PBT)-TDI system. The Raman bands suitable for quantitative monitoring of the curing process were analyzed, and the results
were evaluated. The vibrational modes of the Raman bands of reactants and products were identified using density functional the-
ory (DFT) method. The correlation between the curing reaction results obtained from IR and Raman spectroscopy was also dis-

1

cussed. Results show that the peak of 1534 cm™ in Raman spectroscopy of the PBT-TDI system exhibits a low signal-to-noise ra-

tio, making it unsuitable for quantitative analysis. The reaction degree calculated from the peak of 1743 cm™ in Raman spectros-

=1 1

copy is significantly higher than that derived from the peak of 2269 cm™ in IR spectroscopy. The peak of 1505 cm™ in Raman
spectroscopy is associated with the stretching vibration of the isocyanate (NCO) group. The differences in the degree of reaction
is due to the number of individual NCO groups in the TDI molecules participating in the reaction. The two methods show com-
plementary roles in monitoring the curing process.
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The curing reaction of the PBT-TDI system was tracked using in-situ IR and Raman spectroscopy. This study demonstrate the

complementary roles of IR and Raman spectroscopy in characterizing the reaction of TDI molecules during the curing process.
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