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A study on the polymerization of energetic prepolymer(GDNPF)
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ABSTRACT

We synthesized an energetic prepolymer{glycidyl dinitro propyl formal, GDNPF) for plastic-bonded
explosive and measured its thermodynamic parameters. Glycidyl dinitro propyl formal(GDNPF) as an
energetic monomer was epoxidized from allyl-2,2-dinitro propyl formal which is reacted with dinitro
propyl alcohol and excess allyl alcohol, and then energetic polymer of GDNPEF was polymerized by
cationic ring opening polymerization. Thermodynamic parameters were obtained from the ceiling
temperature(T,) values of 1 mole monomer at reaction temperature. We varied feed rate of monomer,
concentration of initiator and monomer to control molecular weight and polydispersity of prepolymer
(GDNPF). The activated monomer polymerization has been executed with precisely controlled feed of
GDNPF monomer to reactor in the complex state catalyst generated by BF3.(CoHs), and 1,4-butanediol in
CHyCl,, Number average molecular weight(Mn), polydispersity(Pd), hydroxy number and glass transition
temperature(Tg) of prepolymer(GDNPF) were 2500~3500, 12~13, 06~08eq/kg and -20~-25T
respectively.
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gA Uk o9t 2 BIANSS W8] 3t
PGN9| #/]E ¥gdhe WHE ®o| ARHIA
oL 39E BA ZIgrh

wEb AFel ¢4 HWA 7€ PGNA &%
e gAY 37 AZ S A3 Ak
PGN ZW7)& ogdAKA|=R end-capping3}
T Agg AAEa ol§ o|&3td PGNA FH
s T AAAEE A3, dF M &
A% JAed 2RHA AXe 94 2ayg? 2
AFME= 71EY PGNY 7z A& 934
monomer?] T%9] methylene?]E& A3 N=&
A3 9 monomerE AASA1, = 23} Schemeld
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{Scheme 1] Glycidyl dinitro propyl formal(GDNPF)
monomer
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BE ZAITE AR LB 100T)90H F23]
AZE T AR3YT vher]e] WZhe Masterline
Forma ScientificAte] 2160 Bath & CirculatorE o]
434

£Ao] pHEAL AldrichA+e] Hydrion pH Jumbo
Dispenser(Cat No. Z26483-1)& o]&3le] =343}
pea=

GC(Gas Chromatography)¥ Hewlett Packard
5880A %A 100% methylene siliconeo] FH¥ OV-
101-& AMHE3}3, FID detector® AME3tch ojf
4rle CHLCLE, 22EBLEE 130T, FYEEs
180T, AZ2EE 220To)|et

4 A7) FH(Proton Nuclear Magnetic
Resonance; 'H-NMR)&  Bruker AC 300
spectrometerol X} CDCl; €9 Aoz ZXsigrh
3187 o]%(Chemical shift)2 §(ppm) T2 EA
3191, FE X (Multiplicity)= s{singlet), d(doublet),
tltriplet),  qlquadraplet),  m(multiplet)®+  br
(broadened) = FEA|st929, CDCl ¢ CHCL(S
724)Z internal standard® o]&3lgch M B4
(IR} Bio-Rad Excalibur series FT-IR|A &3
Bgoem, AEF(Frequency)¥ cm 2 JEIYT,
Azl band® AEE  s(strong, 67~100%),
m(medium, 34~66%), w(weak, 0~33%)2 RAI5t
At

MettlerA}e] A apEALE %A (Differential Scanning
Calimeter, DSC 30)& AMH&3lod fejdo] 2% &
€3 2 FHLTE AT dutgozm S
SZ(heating rate)= 10C/mino.2 Z7)89)7] 3}djA
AP om, & 3mg FE9 AEE AM-SGTH

TGA(Thermogravimetric Analysis)= MettlerA}
9] TG 5004 &&sol wE AxY FFEAE
ZA33Y o) £ $EE 10C/min2 sk
ARE o Smgs ARSI, AlE Hol dEjit =
7IE 200C2 &3A 24 £971 shor yzsh
o AR
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W AAdEE X2 FH4 AUE JESIH.
L1Z2 ¥EAAS We o]&X 9 48R A9 dX
tgen, 3 & dILS #F AHEIRES AL &
DNP-OHE o] AH-33g 7% BDNPFE| A4
& oEXKtt FA Ugs, DNB-OHE %o| A
39& 7% BDNBFE ol&XHt B2 o] A
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55 ¢ 5 Uk
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A& 27 93 4P S stk HA o5y ¥y
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€ ARES A8 A X3AL, wEd F44 g

S ~on s CH, 0
\/\ ———
O)N N02 OH

Catalyst
\/\O /\O/\/
Diallyl formatl
\/\O/\o/\
<
O,N NO,
Allyl-2,2-dinitropropyl formal

S 0" NS

0N NO, OyN NO,

Bis(2,2-dinitropropy! formal)
[Scheme 2] Synthesis of allyl-2,2-dinitropropy!
formal(ADNPF)

BF; etherate® AM:3le X2 dh3-8 AA3I4Th

Allyl alcohol®] ¥HE-Adol %3, T HFY allyl
alcohol S A&l AAEE diallyl formals A
AAZ & Y& A2E dZHEEZ aliyl alcohols
HF A3 2708 AL HASEH

Allyl alcohol& o] AHE3IH crude product
F&o] HIHE AL B F U3, e AHEY
ADNPF9] ##: F7lste RS & & 3tk 5 &
FE AHESINE WBT 28] &2 3w E AMESIY S
4% ADNPFY ®x7} AAHoR Frlste AL
£ 4 9ok Allyl alcohol® DNP-OH¢I| Hlste] A
Aoz Ydgn7t we AEEEZ allyl alcohol&
#F AMg3te] ADNPFO AAZE Fole o] ut
AT Aoz g,

3443 ADNPFE GCE o|&3sld 43 Az
A oF 6~7&A product?] ADNPF 37} =7
U2E 8 4 itk crude ADNPFOlE  diallyl
formal®) ‘'H-NMR¢] 54 37} 40% 52ppm 2
oA ADNPFS}F &7 419 IS & & ok o]
= A|As}7] 918t Thin Film Evaporator(TFE)Z
o]-g-3ted A 3t}

Ct, GDNPF monomer g

$#4% ADNPFE o|83t GDNPFE 43
o Allyl BE-& epoxidationdtd epoxide 718 =%
slgon, AFoMe epoxidation WH thdt 3
3 APL AAEHA] gigton APAoN 7 Bol
A28 m-chloro perbenzoic acid(m-CPBA)E o]
&3t Fds4ch

GDNPF 34 % AAE+E m-CPBAE sodium
bicarbonate2 A AH A @ow WAl FMAHLTE
A(5%)e.Z AMASAoE 3t} Sodium bicarbonate
2 AASAE AF B 4 m-CPBA7} gol ¢l

[Scheme 3] Synthesis of glycidyl dinitro propy!
formal(GDNPF)
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[22 1] 'H-NMR of Glycidyl dinitro propyl formal
(GDNPF) monomer
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2l. Polymer(GDNPF)2| & F_P‘—S-

Al Z0j 3o GDNPF Exme] 3 73 ¥hgo)
2% Polymer(GDNPF)9] F§4H-2& Schlenk tube
vkg 7o AxE AL 71AE FYT F magnetic
stir barg 931 1% septumSE Yl gz
Well A A3}

2+ Zu) 3] GDNPFe & /% wgxpe
1,2-dichloroethane &1 3}olA] GDNPFe ZixH
T 9 35moleE A|Z3FFPoH Euf Fr= o
25mmole ©|t}. £3] Zul= boron triflucride
etherate(BF3.0 - (CoHs). 8 A8 Ao &F =& 3
A AREEIAT. & SRHEY AE e wA

ste] ul

g 2xo wE g3 geveE Este w
$ 2= ME HY A4E HHPe Ao A
ojty, 4% ¥4 19 29 Zo] FYIPen, 7
W 2%= 20, 10, 0, -10CAIA F3 whe 9
A4 Ho 2 FA|Z A3 vhE 898 )
o gakgt ¥ ek triethylamine .8 ¥HEE 3
A7z, BF AESY tetalined #F71E oL GCE

70 | @=2AAE 71688 A A8 A25(2005d 6F)

o0 %+ BF, 'O((EHS)Z — Polymer

()2

Samples
(GQHs )N h
GC Analysis
Unreacted .
Monomer Mixtures
Tetralin

[T& 2] Process of polymerization of glycidyl
dinitro propyl formal(GDNPF)

GDNPF/Tetralin Standard curve

0.8+

0.6

GC
Area
Ratio 0.4
0.2 4
0.0+ l/'/
T M T T T T T T T
0.0 J2 0.4 0.6 0.8 1.0
GDNPF mole
[2® 3] GC analysis of GDNPF/Tetraline standard
curve

olg 3o ¥y 29 FAHAM vl ukg3 GDNPF
monomerE 1% 39 standard curve2HE B3}

Ak,

Z ¥k % o w& v ¥-g-3 GDNPF monomer
& EHoZ & /g £55 FIlen, #4443
g “d"E | 1o 83IATE E 194 0T -2

Zo|A A7l wEt HEPo] EEEe AHFE B F
3 glen GC £43 monomer”} polymerZ A&
He %o wel HyPo| xgdle @A AFsiqgch
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[E 1] Typical Data of GDNPF Polymerization
Temperature: 0C, Mo = 4.0mole, Cat =
1.25mmole

Reaction) o npr | Tetralin | Goner [ GC 2r6d
Time Wilg) | Wilg) | mol (GDNPF)
(hrs) g g %

0 0447 | 0332 | 400 | 60.0 0.0
0446 | 0331 | 164 | 123 59.0
0455 | 0330 | 140 | 104 65.1
0453 | 0333 | 1.23 92 69.2
0455 | 0.336 | 1.20 84 70.2
0454 | 0.329 | 1.08 8.2 73.0
11 | 0447 | 0336 | 1.10 8.2 726
15 | 0449 | 0337 | 114 8.0 715
20 | 0447 1 0335 | 1.04 75 74.0
24 | 0440 | 0321 } 096 6.8 76.0
28 10447 | 0325 | 0.96 7.2 76.1
30 | 0463 | 0340 | 039 6.6 78.0

conversion
%

OIS | DN~

By 23 F e ES FEI] wg A7l
23842 triethylamineE H7}ste] 2}7}e
2 S84 YoH AXES B9 Polymer
(GDNPF)®] §4< 43td0h

do ot

M oR

A Zd] 3o glycidyl dinitro propyl formal
(GDNPF)¢ 718 w82 GDNPF2 monomer %
= &1 12-dichloroethane® ¢F 4dmole® 3}% .24,
Z1) 3= 9 1.25mmoledtdd. 4 FAHL 1Y 2
# Zo] FYFPeH, 4 g == 20 10, O,
-10 CoAA F3 ¥hg Fo 93T TZH2ZE FAL
712 4AE vkg &AL FH3tY HFN T AP

triethylamine© 2 ¥Hg-& 32 Al7]1, ®F AFEY

-

tetalineS A7} & GCE ol& 3l vl wIgd
GDNPF monomerE #4313}l A7) @& ¥g=
(conversion) & 39 EF JHo=NH W 2
= 0T EHB']' S AAE “o” & 14 89 3=
Hon, z+ o % L5 Azt wE monomer
AM polymerE AE SA AAE 19 49 2F
dgch. ® 12 0C 2=dA H¥FHe GC
spectrum® ZAZEE monomer’} polymerg® A
He fEF AU golth

2b Zu 3o glycidyl dinitro propyl formal
(GDNPF)QI N ¥kl z g &S Al w
E AAE Q% I¥ 4oM ¥hg 27t et
Yo Tedle Alzte] wWEy HEJeioA F33)
FTHET WoAE ¢ F A9 479 FHE

T 93 G A E FIEE Q9siH
E 29 Zth GDNPFY & 7jg ghgoA v u-3
25 4948 FAFo 2 FH S5 =HAAT H
3 AedA deEE 78S YElig.

g AE RSN dEAYL vheEte FREe 9
€2 A (DI o] T3] EANT F oy TS

T 2L (2)7 2.

F}O rlr oE. Fl

P_,+M «—® P, (1
(M), — (M) ]
Ln [(M M)e] = Kp (C)t 2

714 M)ee H2Y TE3H F=ola, (M) H
ZAITE oA AEA 9 TR, M BHE Al
g2 sxolr K= Fvlel FX(oxonium ion<
F5) (OF AH83lY 28/ W9 &= Aol

a9 494 29 59 FAHAE 4 (20 o83 F
g 2719 e HgEodA vk &8 BN Fx
£ Uehd Aolth o] wf ¥k UM E AMAS
Z Yeh AR wkgo] gl uhe} 4ol Hof
¢ & 9dd o ¥ 99 Hx: 9 wkgRo
w3 AR Yehde 3otk & oe
o] HyMejol TE3lr] w&oltt. GDNPF &
g V1AM E 1A whg-el & waw, O¥
o] 71Z712RY 73 4 ¥k 2= "ig &=

= & g df

rl’k o m[o

[&]]
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Conversion %

10 2 bl ] 50
Time {hrs)

[2&l 4] Time-conversion curves for polymerization
of GDNPF; [Mol=4.0mole [Cat]=1.25mmole
: solvent is dichioroethane

’ 020
A 10
.: o'-(
v -0

+~ w o
T T T

w
T

~ln [Mt~Mel/IMo-Mel

S R S S S SR B R R
Time{trs)
[33 51 First-order kinetic plots for polymerization

of GDNPF

= E 20 83T o] WEEE Hre FY
?‘5} 0111—‘]2] 35 AgA ¢ oxirane ¥ PGN, NEO
monomer®] & o] /W& ¥ {ARRE FE e
Wor, 848 dux e 2F A vegtl

72 [ BZEARE 71285 K] AgH A2E (20053 69)

3.0+
\
.

2.5
Lrkp 204

154

1.0

05 T T T T T T T nl

3.4 35 38 3.7 3.8

1/T*1000
[22] 6] Arrhenius plots of LnKp VS T for
polymerization of GDNPF

] GDNFF 7|¥Hgo] PGN A#Hke ¥} {2
A BHEEE & 4 itk

E 49 &= A5 KE Z 9E 259 YA
Arrhenius plotdtd ¥ 63 2o o] Aol )&
7125E AL 843 AuA(Ea) @2 X 29
ellon, oF 1803Kcal/mol ©JRiow, A 3
A ¥ £590S FRIAT

Z 9RgRxe  FERE FA B3dY
GDNPF monomer®] ™3l Aol F=M),, F
B FEECPIH FFATEISH AL
2t}

n—1 (3)

FHEI E AS Poad Prol A9 fAKSE golm
2 Ke v¥eaA g2 9FAY PIYs T
1/(M)e8} 2o 498 WFEd ofdg) 2o Yy
b & Qi)

AG = -RTnK. = RTIn(M). )
AH - TAS = 0 (at ceiling temperature)

]

1

2 (4) 28 AGZI 0 9 o ke suk
2 HYAeoln, of wWE HA L=(ceiling
temperature) & T.2t2 W, u] ¥kg daEAe) 5=
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[Z 2] Equibrium Polymerization of Glycidyl dinitro
propyl formal{GDNPF)

Reaction|Conver
Temp. | tsion
T %

20C | 625 |150]/067| 098 |11.96
10C | 711 |117|085] 0.85 | 940
0C 771 1092]1.09] -0.19 | 555
-10C | 81.2 |0.76,1.32] -061 | 2.78

M| Ke | AGss |K#10}| Ea
mole| M™" | Kcal/mol |Msec™' | Kcal/mol

18.03

3.5
0.4 j
0.3+
0.2 4

aGss/RT 11
0.0 4

0.1 4 .

024

0.3

T T u T v T T T
3'4 35 36 37 38
1/T*1000

[22 7] Variation of AGss/RT VS T for
polymerization of GDNPF

7} 1mold W& yehdoh X 2004 AGeT 10~
20C 248 25 FA 49 & JYEUAG. o
£t 33499 monomer 57} lmolBt}h Athe
AL e T.HT 2 2xoH, BP9
monomer F%7F lmolEth @& e WE2ms)
TR % 2598 & 4 Stk ¥ 29 ZAn
GDNPF9 & /& uwk39] AA £=(TIH7F 0C &
AYE A & & Ak

F 29 Ao oA HFAFe A v g dF
AL FEE g 25 0T7]1F22 ImoleRt} @S
#e ¢ 4 Utk GDNPF monomer®] i 718 =
& W 998 WEE AGYRTY T'2 =4
st 2 77 2on, o7]A T -AH9 -ASg

[# 3] Thermodynamic Parameters of Glycidyl
dinitro propyl formal(GDNPF)

Monomer K;:;/';SZI J/:n/?)ISeSSK LC

GDNPF | 1400 51.03 272.0
NEO 1338 536 24977
GN 1021 522 196.4

£ % 39 8953ttt ® 39lA GDNPF W] whg-
Imolo] Bolle Y &5& < 0~-5C 2HYE
stk

o] GDNPF9 A L£E%& GN, NEO 1mol¢]
ol 31& AFLE 72+ -70C, -3BTHY g& ¢
0CTHE &8 2E9S sgon o B
4 SHHSAMAA HE 2% 0CIHAA 7t
L A3 & A B3l AAsEE 2gn
H(cyclic oligomer) @4°] olF A& RA2= oi4F
E}'[nzﬂ

Lt Prepolymer(GDNPF) M= 23

Aoz F ol ME FEUZAA cyclic
oligomer?] AAo] EAHeE vedr B 4y
M E Polymer(GDNPF)2] GPC £4 A3 a3
ol ¢ 2500~3500 F=lA FAHHEC] Yo
o, 9749 Polymer(NEO)2 GPC 49X 4~5
N AEE cyclic ologomer® Y E £ pentamer$}
hexamer7} Fukgel o3te] UeldES & ¢ UA
omM A Za)w Prepolymer(GDNPF)S] GPC #
AdAe €219 (cyclic ologomer)&8Ao]l A9 fd

= =
$ 2E9 B Y £ F olF FJAHNAS
FAeAt wetd B AP d958E 24
JHES JdAetT EAFHS £H38)a, 23
X7} F& B E(polydispersity)e] A Zaw
prepolymer(GDNPF)E &4 ¥F7o] X37A 74
S 2o ¢ 24YS ¢ 5 Atk
A Z29Q prepolymer(GDNPF)E @42 2A
ZF ZHE& Y3t BF.0(CHs):9 14-butanediolE

o % o 2 Mo T o
x
4r
"

I FA 8288 2] A8 A2F(2005 6€)/ 73
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1/2 ¥l &%3te diethylether® AA3 ¥ GDNPF
monomerS FYshe 2w 843 F(activated
monomer polymerization) WHOZ A¥sYry &
A A EvlE Lewis 4H] BF3.0 - (CHs)E A
L3900, a1 A A 14-butanediol®] F
Y doz 2HIAT o] A Eujste] B A% WS
7BZ% o}# Scheme 49 #Zo] d4dch. & s Wt

=1
=2
THHE 3L g AAAE ¥ wke AR
]

A 3-E(AH)O] F3 o] HA ¢&E 2HsH
gz &+ GDNPFE & 7J8ih&2 bulk T8
9] A% v wE 9k ¥h3do] AAEI, F3
Hol A ¥kgo] ot B AYPolA GDNPF
o] BAjgko] 236g/mol °JEE ¢F dmolE%E< 25ml
£HE 100m! 3 Evf Lo FY3td ¥HE-Fol 9
3 BANES BEAH 23 HPI AZIHS &
H3ldr.

£3] GDNPF monomer 5942 4A3A 37 ¢
st Z2 Al FAIZ A% £22 903
doH, W &7 v A=A %2 GDNPF
monomer7} EA3A] HEE FAHF}Pow, HkE v
7FEL Scheme 49} Zo] T ©@rlodA F EIYY
Ugo] AHE Ao wddEn
o2 18] Y8t 1Y 7¢] 'H-NMR spectrum

H
AN, -
X
OH * LMOAO/\/ ——
o v
A
—_— (X:I—&ICI-C}& OCIEOCHZC ( NOZ )2 CH3
OH
. + H"
——— (X:HCI*iOH
C}EOCIQOCH2C (NG, )2 CH;

[Scheme 4] Reaction process of cationic
polymerization for GDNPF

74 | @FFARE 7€ A ARE A25(20059 69)

oz Apdtnx dged 'H-NMR spectrum@
2RHoz Z9stgd. “C-NMR spectrumZE
TR 24g 9A Rt 1¥ 19 GDNPF
monomer?] 'H-NMR spectrum®}A 2.6~3.2ppm
Arolel & s13Ee] EA4ol 1Y 79 Prepolymer
(GDNPF)9] 'H-NMR spectrum]AE 2.6~3.2ppm
Atolell A= peak’t oS EASIHCH

ol A Z&9 Prepolymer(GDNPF) A% EA o]
AEgs #FUstgen, M EZ9  Prepolymer
(GDNPF) W= GDNPF monomer7} A=A &
& FUsAH.

2y 89 A 292l Prepolymer(GDNPF) £z}
F B¥ ot EA:(polydispersity, PD)< ¢ 1.2
~132 § 7 EAFMn)& o 2500~35002 2

a24d, 4TI 10 CACECLIA 40T AC
d T g
o+-4 . - P .
xo%-cn:}ﬁ*x LRI {
0
[~
<
v <,
ND;K\“% ¢ b d a
J A
A L_,J\ B S

T Y T . T Y v T ¥ T T v T v v T
£.2 WE 0 AT &0 55 5& 4.5 40 34 XD NI 3.0 8.3 3.0 0.8 b

I

[28 7] 'H-NMR spectrum of prepolymer

i
K}

L

GDNPFBDICat/=13/1/ 1mele
*4 Feed Time=4hrs

oG A
1007 MM
Scaleup: 15

P 10°G:  Mue2220, PD=1.20
N 0°C.  Mr=2520, PD=1.26
Scale up: Mp=2720, PD=1.31

[N AR A 1A MR A M AN I AV U AR A A M
LY

[218] 8] GPC chromatogram of prepolymer
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[22] 9] TGA thermogram of prepolymer

ey -

ADD: fAETTLER METTLER TOLEDO STAR' Systen

[22 10] T, thermogram of prepolymer

et )& Prepolymer(GDNPF)] 22}
o] A Z2|9 Prepolymer(GDNPF)8] €& &
2% 99 TGAAIA ¢ 200C7HA gHeg <
& ¢ 5 3oy, a2¥ 109 F¥ Hol 2x(Glass
transition temperature, Ty)2 ¢ -35~-25CEZ 4l
Zme] A AAFE YT = DSC
thermogrameollA] Zd o] o 1870J/g2 AR
A EFue F4& & YRt

|

ook N

@ o

4. 4 B

Z dFe glycidyl dinitro propyl formal
(GDNPF) monomer 3§43 GDNPF9 Z%h-g-d)

o
T
ole
4

sl 5 2 2934 sades 3319
29 A Z#Hel Prepolymer(GDNPF)9] g ¥
EQE wHstged #d ARME Qofsid Y
z

E d7e ux A EE9e 2hend
glycidyl dinitro propyl formal(GDNPF) 3§43} o]
GDNPF monomer®] F#WH3o] #AT ¥ &%
g 4983 mepietg 7t 19 A E8
Prepolymer(GDNPF)9] Az 34 2 542 473
fom & AR Qo3 o 2

1. Glycidyl dinitro propyl formal(GDNPF) monomer
$4<e DNP-OH$t DNB-OHE  o]&3
formalization®. 2 F <4& vl wel FFH9 allyl
dinitropropyl ~ formal(ADNPF)&  §Alst o]
ADNPF &4 &€& 9475% oldoldx, €5
95% o]doln, o] allyl dinitro propyl formal
(ADNPF)€ epoxidationdld glycidyl dinitro
propyl formal(GDNPF) #Aslsier &4 &
< % 90% AEHoH $EE 9% ool Atk

2. A Zu] 3}o|lA glycidyl dinitro propyl formal
(GDNPF) monomer?] & g ¢ ¥lg-& whe-
257t oW HYo Egdte Algto] FHoA 1,
HHEe Wopyon, Wb g 27 Yo d b
LEE o B9 T = Al ol H
om, -10CAAN ¥HEEE < 85% o3It

3. Glycidyl dinitro propyl formal(GDNPF)e] & 7
g Y v Y F4ERH JFLEE &0
~-3Col", 449384 el -aH:% -4
S 7t 7} 14.0Kcal/mole} 51.0]/mole K o]®Th

4. o] A Z&9 Prepolymer(GDNPF)8] & #HF £
ZAFMn)S o 2,500~3,500018..1, Prepolymer
(GDNPF)9] Az 49 % =711& GDNPF :
Catalyst = 13 : 19 & H|Z Elo| 8493 WY
(AM)2.2 0Col4 GDNPF monomerd FY &
= ¢ 4N FYPEY FEE AL
Prepolymer(GDNPF)¢] GPC EAdME cyclic
ologomer@4e] 79 IS ¢ F UMt ol&
A ZEY Az FHANAM ¥ xS 2w F
Y &5 5 ol HHIS el

AL 87| &8s 2] Al8E A23.(2005 69)/ 75
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5. Prepolymer(GDNPF)®] % Al GDNPF& %A
3l =71 96% o] 7A9-ol % Prepolymer
(NEO)®} EA E¥71 SharpstAl Jelyta
oligomer peake WEL}A] @kgko ™ polydispersity
= o 12~1309, £ HT EAFMn)L <
2,500~350002 Uyttt o]  Prepolymer
(GDNPF)2] £Ag ZHo] monomerst 7A1A Y
g AzFgAHoE J153e Felstych

6. Prepolymer(GDNPF)2] €3 542 TGAMA ¢
200C7HA 23202 HAgE & & don, f{e
Aol 2% (Glass transition temperature, Ty)&
of -20~-25CZ A Zewo zdd dHES
13t &3 DSC thermogramoilA] @< gko]
oF 1870J/g2 AYAEF A ZEvy 54 F
e

7. A Z892 Prepolymer(GDNPF)S] EAL ¥ 4
o Prepolymer(NEO), PGNT} ujm QoF3}lgom
PGN Bt} 93 M4 723 NS 714
221, Prepolymer(GDNPF)¥ AAtlo] o=
g6 A EgdE FEYe A2 2FA 9
Elshdrt.

[Z 4] Properties of Prepolymer

) Prepolymer Prepolymer
Properties (GDNPF) (PGN)
Molecular Weight| , 50y 3500 | 1 800~3,000

(Mn)
OH value
(eq/Kg) 06~08 0.6~09
Density 124~125 | 125~126
(g/cc)
Decomposition
(C. DSC, 10C) 180.0 180.0
Glass transition
temp.(Tg, C) 200~-25.0 15.0~-20.0
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