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Synthesis of Novel Hydroxy-terminated Polyether for
Solid Propellent Polyurethane Binder

Bum-Sik Shin* - Ho-Joon You®™ - Young-Chul Park*** - Bum-Jae Lee*

ABSTRACT

Novel synthetic routes were proposed for hydroxy-terminated Poly(EO-co-THF) by Cationic
ring-opening copolymerization of Tetrahydrofuran(THF) and Ethylene oxide(EO). It was carried
out using Boron trfluoride tetrahydrofuranate(BFs; - THF complex) as catalyst in the presence of
1,4-butandiol. The resultant products are well-defined linear polyetherpolyol. Polyurethane(TPU)
were prepared using resultant polyetherpolyol with IPDI/N-100 as curing agent and
TPB(Triphenylbismuth) /MA(Maleic anhydride) mixture as cure catalyst. Mechanical properties of
TPU prepared from poly(EO-co-THF) polyol were investigated and compared with polyurethane
using ATK HTPE
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F 1A 2= HTPE(hydroxy-terminated polyether
)F=RA7E e dukzxo g HTPEE tiHEE
ZH = S22 E2)-5d T soft segment
component=4 ZHA AMGEHI UTH3]. tiE
A d2e FYdeEd S9E, E9z=3d
29F, ZYHEGEd =92 Fo] doH,
T3 olEd ITHA FEEA  Ethylene
oxide(EO)¢} Tetrahydrofuran(THF)2] o] 7|
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1. AdAE

2 A= GHAZA THF(Tetrahydrofuran,
J. T. Baker Co., HPLC grade)E CaH,(Aldrich
Co.)7} S°IUE flaskoll A RE AJA FES A|A
$t % High-vacuum line(10°torr) S o] &3l =7
3te] ARMEStATh EO(Ethylene oxide, Fluka Co.,
9.8%)= T AAE 913l NaOH=E FH" ZH
= FA AASEY. 8WE AREHe
MC(Methylene chloride, Samchun, 99%)= Cat.&
Hal wygk A FES AAR & AE SRA
. 1,4-Butandiol(1,4-BD, Aldrich Co. 99%)<
moleculer sieveE %o W & High-vacuum
lineg ©]&3l 40TCe %o degassing '
o2 HASAL FulZ AFE-E = BF;-THF(Boron
trifluoride THF Complex, Aldrich Co.)= ke
BAHES AXA & AR

22.1. &M E HTPES 24

$73€ HTPES 7x2] 54L& 43571 4
3ol '"H-NMR(JEOL Led., Akishima, Japan ;
JNM-AL400 ; 400MHz)g ©] &34tk &2+
Chloroform-ds (Aldrich Co., 99.9atom %D)&
AHE3EoH, BF EZ=E Tetramethylsilane(TMS)
g o] &3tk §4¥ HIPES &A%< 43}
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22 WatersAH9] Styragel HR-0.5(0~1,000g/mol),
HR-1(100~5,000g/mol), HR-2 (500~20,000g/mol)
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glycol standard(Mn : 12,000, 6,240, 4,450, 1,500,
970, 600, 420, 194)E A}&3td AFHES I

EFELdEE

5 RS Adsdd. viAvtes g
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FAE Eedge] 7AA 545 4
9aiA uHs A8 AP 7(Lloyd Co)E ©]-&3H4
th. Moldoll X 7A&tE 2|95 dog-bone B
o AlHo =z A|Fsle] =AY, Crosshead
speed®] L 3B/mm/minSZ IAGS}IHTE 1
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(Shore A TH-200)2 ©] &3t} wixgto=
HTPEY] 42719} isocyanate (NCO)2}e] HH-3-4
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A7 AXE jacket reactord] HAE oF
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iEE FRIAAT ¥ TE F AEAE U
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2.4. Polyurethane®] 33

34 € HIPEE AZ3 Fo STtz Az
¥ HTPE®} 733wl TPB/MA EFES
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FdstAdnt. Fig. 1.9 F 7A FolE o] &3t
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HTPE= 1.1ppm o] monofunctional®] &4
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Fig. 1. Change of local structure of the HTPE
terminus at the change of cationic catalyst

ppm

12 070328F(BE, THF cat.)

Stress(bar)

6 Lab.mix6(BF, O, cat.)

0 30 60 90 120 150
Strain(%)

Fig. 2. Stress-Strain curve of polyurethane at the
change of the cationic catalyst

3.2. BR;THF Z0lE o83k HIPE #A1% =3

(¢
45 1187 ¢si4 HIPEE st =4
= A z4& A % 3 R e=8
[Monomer]/[Initiator]®] H®E W3sIPL, TF
A BIb AR 2ysted AFegc 2 A

4 A ZAR A BAFe el BE
7 kol B4Rl ghshel Fgo] volAE 2

4,000g/mol ©]/¢e] EAFFFe] A
Azt 2ol AEFS AT &
2004 HA RIEAIZEe] wsle] wE AE
HTPEZ} 5,000g/mol7tA] &x}eF -] & =4
o BAF AA BRI Zfolst glo] A
AAES FAT = AU Fig. 34 1 ¥sh
g =z2 JeR =Y lineardt 1= 7}
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Table 1. Change of the molecular weight of HTPE at
the various [monomerl/initiator] ratio

Molecular weight
OH Yield
mon .
a [ini]] CalMn GPC index |
(g/mol) Obs.Mn PDI HEW
(g/mol) (g/mol)
1 69.2 3290 2860 1.55| 3350 81
2 74.8 3600 3480 1.40| 3780 83
3 77.8 3830 3710 148| 4120 82
4| 810 3980 3450 155 4260 81
5| 870 4100 3780 146| 4320 80

Table 2. Change of the molecular weight of HTPE at
the various dropping time

Molecular weight
dro
P J—. OH | Yield
#| time | CalMn index %)
‘0
®) | (g/moly | ObsMn [ = HEW
(g/mol) (g/mol)
1 4.0 2980 3220 1.43 3020 88
2 55 3380 3370 1.60 3320 76
3 6.5 4290 3510 1.50 4060 83
4 7.0 4430 3710 1.59 4500 78
5 7.5 4970 4520 145 4970 82
6 8.0 5040 4630 146 4980 78
£
FR——
(@ (b)

Fig. 3. Relationship of between [MI/I] ratio and Mn.(a)
and between dropping time and Mn.(b)
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o Brooks Field DV
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Fig. 4. Change of the HTPE's viscosity at the
various time in polyurethane

34. Zod e Fst AF

FAA Az 3H T F2 FHo B T
733} FAo| Eolrte=d AsAzte] a7E &
Ao RRHEE Aok it HIATS
golst7] YAl Shore-A TH 200 ¥ AEA
£ o83t 24X 7mitt AR E S AT &
e FE= Fig 59 yElht=o] 2971%]
T4 F7tstthrt 4~6d7HA A A8 F7F
I ol=EE W3t s AT 4 Aok
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2 4~6Y oY Z SFHE FAT & AT

5 ¢
" e

Fig. 5. Change of HTPE's hardness in curing time

¥l HTPEE Z g uil
b2 Axste 748 545 &2lstdt. Fig
6ol A BT A 7Fo] F7MEel| wEl elongation

e AT BEHE A S #AYE

.

3000 3500 4000 4500

Molucualr weight of HTPE(g/mole)

300 = ATKHTPE .
® CNUHTPE

Elongation(%)

3000 3500 4000 4500

Molecular weight of HTPE(g/mole)

154 ® ATK HTPE
® CNUHTPE

foee

Stress(bar)
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Fig. 6. Change of the modulus, elongation, stress at
the various molecular weight in polyurethane
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