Appl. Chem. Eng., Vol. 30, No. 6, December 2019, 673-680
https://doi.org/10.14478/ace.2019.1072

GAP & GAP-co-BO Copolymer{| Of|LiX]

| Article

A Za|pEe

0

gy H S|4

AdOF

Moks - A= -

A1, *3

(2019 9€ 10¥ #<, 2019

Synthesis and Characterization of GAP or GAP-co-BO Copolymer-based Energetic
Thermoplastic Polyurethane

Yang-Ho Seol, Jeong-Ohk Kweon, Yong-Jin Kim, Yong-Hyun Jin, and Si-Tae Noh* '

J.Chem Inc., 55 Hanyangdaehak-ro, Sangnok-gu, Ansan, Gyeonggi-do 15588, South Korea
*Department of Materials Science and Chemical Engineering, Hanyang University, 55 Hanyangdaehak-ro, Sangnok-gu, Ansan,
Gyeonggi-do 15588, South Korea
(Received September 10, 2019; Revised October 1, 2019; Accepted October 9, 2019)

=

GAP ¥ GAP-co-BOA| olUA] &f &7t &I A(ETPE)S] StEAIHE

ENS

st A% =4 W AAH 5YL

=2
ek

|=re]

S 30~45% WSl WstAA g

la dt3te] 123t FTIR w4 A3 Z5E GAP-co-BOZ| ETPES} GAP|
ETPE: SEA LM E gego] S71eke] utet +2A%8S 343
A%t 53] GAPZl ETPERU} F A UElRtth DSCe DMA £4] A3} Z4-E] GAPAl ETPEY] 8] M 0] (T

- "o

22N
T o

T
st=

| Z7}8+9 2 GAP-co-BO7| ETPES)

ATAE FHgpo] F7hetel whet F71skS Ok, GAP-co-BO| ETPES] 2] Aol & (T SHEAM T ETL S7keto] e

ALQ

AR %S RASRA F2

storage modulus™= GAP-co-BO7| ETPES] #to] GAPAl ETPE #tRE.t}t ©f = A YebRith

o8] st A% GAP-co-BOZ| ETPE W9 SIEAMIHES AT ENTIHES 73t AEe A% A7z 2 4 9lr)
71 A3} GAP-co-BOAl ETPEE GAPA ETPER.U} v & AT} o W2 datils ghe velch

Abstract

GAP or GAP-co-BO based energetic thermoplastic elastomers (ETPEs) were synthesized by changing the hard segment con-
tent percent in the range of 30~45% by 5% difference. Thermal and mechanical properties of GAP-co-BO based ETPEs were
compared to those of GAP based ETPEs. FT-IR results showed that the capability of forming hydrogen bond increases with
increasing the hard segment content in GAP/GAP-co-BO based ETPE, and also the GAP-co-BO based ETPEs are stronger
than GAP based ETPEs in the hydrogen bond formation. DSC and DMA results showed that the glass transition temperature
(Ty) of GAP based ETPEs increased with the increment of the hard segment content, while the T, of GAP-co-BO based
ETPEs was maintained even the hard segment content increased. The storage modulus at room temperature of the GAP-co-BO
based ETPEs was higher than that of the GAP based ETPEs. This was due to the strong phase separation behavior of the
hard and soft segment of GAP-co-BO based ETPEs, which further resulted in the stronger breaking strength and lower tensile
elongation at break point for GAP-co-BO based ETPE than the GAP based one.
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Figure 1. Molecular structure of (a) GAP-diol and (b) GAP-copo-
Iymer.
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Figure 2. Synthesis of GAP based ETPE.
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Figure 4. ATR-IR spectra at carbonyl group of (a) GAP based ETPE and (b) GAP-co-BO based ETPE.

Table 1. Peak Fitting Results for ATR-IR Spectra of GAP based ETPE and GAP-co-BO based ETPEs at Carbonyl Band

Free C=0 band

Disordered C=0O band

Ordered C=0 band

Areapbondedc-0/
Hard segment (cm'l) Area (cm‘l) Area (cm‘l) Area Areaseco
HS 30 1,738 954 1,705 329 1,690 231 0.587
. HS 35 1,729 768 1,704 636 1,683 76 0.927
ETPE HS 40 1,728 842 1,702 795 1,681 79 1.038
HS 45 1,727 820 1,701 847 1,680 72 1.12
HS 30 1,728 650 1,703 538 1,682 809 2.07
GeB HS 35 1,729 542 1,703 720 1,684 928 2.53
C.
ETPE HS 40 1,729 525 1,702 801 1,681 972 3.38
HS 45 1,728 431 1,700 677 1,680 940 3.75
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infrared spectra®llX] -2 SI=AM| THE 5 wf F4AAES -C=0

band™= GAPA| ETPEE.T} GAP-co-BO7A| ETPE7} ©] FA Ueh}=

A& B 9lon, SuATIHE deko] SR 243 -c=0
band®] VI HEE ¢ A S7RERE S 2 S ok

3sEt ® 30 H A 6 =, 2019

RS LR R

A% 912 WA 3ol v vepich BTPES) Sh=
ATRE gete] sle] i FAARIA 2 -0 A2 AH
de FaAnE

3k =0 ¥ 79| AHu|2 H3l= Figure 5o YERATH

o Table 19 7} 9129 91X, W3]

2)
off thet 4



GAP 2! GAP-co-BO CopolymerA| ¢llUA]

4.0
—8— GcB
o 354 —-— GAP
o
£
Q 304
&)
©
O 25
<
3
g 204
f
o
e}
T 1.5
it e
O 1.0+ Ce——— —
© —
o —
< 05 o
0.0 T T T T T T T T
28 30 32 34 36 38 40 42 44 46

Hard segment content (%)
Figure 5. Area ratio of H-bonded C=0 to free C=0 with hard segment
content for GAP based ETPEs and GAP-co-BO based ETPEs.

FAaATEA 2 =0 37 AHf et FodTe =0 379 |
A= SIEATHE o] Tl Wt S71818 e, GAP-co-BO
Al ETPESIA 8] C=0 =44 347]7} GAPA| ETPES| A Et} vll¢- =1
A Jehd 2& & 5= Qi) o] A32FE] GAP-co-BOA| ETPESA]
GAPA| ETPECIA B} slEMTHES] 3|3t o] 94 dojd-g & &=
2l om, o]i= GAP-co-BOA| ETPECIA AZEAMTHES} 3}=A 1
HES] A7t g & dojidk A& Wk Zo= ddst 4= glrk

33. 9 EM

ETPEE 9] F8|#0]25(T)= DSCE ARgsle] 548 1d8k
t}. GAPZ} GAP-co-BO: 717} 507} -54 C 2] A& JAof|A] &t 7
9] frgjdol& el YEten, o] ZRE GAP7-co-BO7} GAPHT}
3 fEldol s eSS & 4 it

Figure 6-= GAP7| ETPE$} GAP-co-BO7| ETPES] DSC 4] 2z}
2H5E A7l thermograms©]t}. A& FelA] gt 79| fajxol&
Tt AEQon o) AZENTIHES] T,2 #AetEH, 100 T ©]
slollA SFEATITHES] fejdo) s B E A 9okt Table 291
GAP7| ETPES} GAP-co-BO7Z| ETPES] DSC £4] A3 ZHE Aojxl
)]l 2E eItk GAPAl ETPES #E7lo) %t 3f=A L
HE ko] 30014 5002 SRl uhet fefde] 2t 23 Tol
A -11 T2 S718F9ek Z281v GAP-co-BOA| ETPE: 3I°AH|IHE
gafo] sl o) Es oF 25 TR Halehx] b= 207
AT F A&7t -50 T2 GAPS] 2@ 0] &%7} ETPE
of == o] HS 30 wt%olA T,7F -23 T2 Z718Isith oflel2A &
ggo] ZE¢uee] ATEATHER E50] T/} A5d=
< ZEEH= ZEeEwt] daAFAA dRtdoR AEAE =
Folti26,27].
AL whkst sfEM T ES) U] 9] glsbd el o s Al 2

g 2 2 ofel2 Abael $-ele N-HY 19 e s ko] 9
FARE 254 Ao R EEoHE2 AXENTIHES] feHdo]
257t F7kshe AE Uehle Zog Ayd = ok suA
HE o] Z718eE ZeloeH 2 E2)& T S7he A &
o2 Z2 &7 F2dRT F Sl FElw A T, ol9k
S7FsE et ARe] J5Ag-0] AFE soft phase?} hard phase
o] 349 Tk AWE 5 Utk 1 AW StEA|TIHEA] 9] 3

o s

$Hr @7k Eeleuee 349 3 54 677

Table 2. T, of GAP based ETPE and GAP-co-BO based ETPE from
DSC

GAP based ETPE T, GAP-co-BO based ETPE T,
HS30 23 C HS30 256 C
HS35 -19 C HS35 234 C
HS40 -17 C HS40 247 C
HS45 -13C HS45 258 C
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£ - S
¢ L Tt~ T T T T e e
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Figure 6. DSC Thermogram of GAP based ETPE and GAP-co-BO
based ETPE.
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Table 3. T, and Storage Modulus of GAP based ETPE and GAP-co-BO based ETPE

GAP based ETPE T, Storage Modulus (at 25 C)  GAP-co-BO based ETPE T, Storage Modulus (at 25 C)
HS30 20 C 2.1 MPa HS30 24 C 3.1 MPa
HS35 -19 C 2.9 MPa HS35 22 C 6.5 MPa
HS40 -18 C 5.9 MPa HS40 27T 16.6 MPa
HS45 -16 C 12.7 MPa HS45 22 C 56.2 MPa
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Figure 7. DMA Storage modulus curves of GAP based ETPE and GAP-co-BO based ETPE.
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Table 4. UTM Data
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Figure 8. UTM curves of GAP based ETPE and GAP-co-BO based
ETPE.
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