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ABSTRACT

elastomers due to its properties such as highly energetic composition,
high density, high oxygen balance, high explosion enthalpy and suitable
compatibility with other components. In addition to its desirable properties, this
polymer has disadvantages such as high glass transition temperature, poor mechanical
properties, and low content of total solid. Also, its elastomer can undergo decuring
process. To remedy these disadvantages, its copolymers are prepared using polymers
with optimal thermal and mechanical properties.
Methods: In this research an energetic polypropylene glycol/polyglycidyl nitrate/
polypropylene glycol (PPG/PGN/PPG) triblock copolymer was synthesized for the
first time by cationic ring-opening polymerization of propylene oxide and PGN as
macroinitiator, in the presence of boron trifluoride etherate (BF,.OEt,) as the catalyst.
The effect of temperature and catalyst content on molecular weight and reaction
; ; yield was investigated. The obtained product was characterized by FTIR, GPC, and
poly glycidyl nitrate, 1H and "*C NMR spectroscopy. Also, the thermal properties of the copolymer were
propellant, characterized by differential scanning calorimetry (DSC) and thermogravimetric
triblock copolymer, analysis (TGA).
Finding: The results showed that by increasing the temperature from 0 to 15°C, the
conversion and yield increased. On the other hand, due to the low boiling point of
thermal properties propylene oxide (34°C) and the exothermic reaction, it is impossible to increase the
reaction temperature above 15°C. By increasing the catalyst content from 0.2% to 1%
by weight of the initiator, the polymer molecular weight increased and the highest
yield was achieved in presence of 1% by weight of the catalyst, but by increasing
the catalyst content from 1 to 1.5 weight percent, yield and molecular weight have
decreased due to the development of adverse reactions. Studies by TGA and DSC
showed an increase in thermal stability and a decrease in glass transition temperature
of the copolymer compared to PGN.

l l ypothesis: Polyglycidyl nitrate (PGN) is used in the manufacture of propellant

propylene oxide,

(*)To whom correspondence should be addressed.
E-mail: y_bayat@mut.ac.ir

Please cite this article using:

Khanlari T., Bayat Y., and Bayat M., and Tabasizadeh M., Optimization of Factors Affecting the Synthesis of Polypropylene Glycol/
Polyglycidyl Nitrate/Polypropylene Glycol Triblock Copolymer and Evaluation of Its Thermal Properties, /ran. J. Polym. Sci. Technol.
(Persian), 33, 63-73, 2020.



SldadaSdiy yaals oS dagh 3 ¥ 5o (sLaJals (5 jleudinga
3J 5SS Ol g bl A dassendS - J 9SalS Gl g
O s2le S ol 93 gty 53

"ol deses Mol Al g U b

\PVEO-YYOY s LBJJW’ “-;Q-rv:' LS""'L"C" B L;Q.;\:;' eSS ‘)‘:"':’| S T Ll cd‘;@.‘v’—\
ARARESAFZAV kf—“'i (5).\.’....4 ‘kf“':’j' AM‘J g(e)) L;.:.a} rLAl gfu'd‘d’-‘-" e&ﬁ‘: 3 O._u};— Y

MM SVAVACEESCSVR VR | S VIVAT7A QRGI I FRT

(e olin U3 (5353 O saat ol sn Gl Jalots (PON) Sl JoasenlS L 14 8
Lo ¥l s 5o il nle b clie 50 5 oby Hladil QBT 5 530uS) 53l
JE) glos ahaa 51 placue Cslle (alsn 5 G580 saaly Gol sddipe S HISe Gy
Sl g3 o T o gia¥) (uinan ol oS IS aela Hlale s SlKe ol ga ol ldud
5 @besS el b plasaly b 0T 51 (bl S dacue ool g @l o oayly Jaale i)
Wy oo s osllae (SIS

“JsSGE Gl sl 6500 laakian saily S OL Galsl sl (ohasSy ool Lo laghy,
5 Li€aila adyaly (b s, b PPG-PGN-PPG . J 5SuK Sy s ps ool i Joineen L
Sl sl 5 e s Sl Tent e Glsed Sl sl (L ) slas 5o sl Bl g
215k 5 JsSlse o5 oo SHIBE Hlate 5 Les 1 ad w SHIGK Gl seds (BF,.OEL)
0535 (GPC) 1515 U5 6, s slags, b saslomusts Jpans b sy 1Sl
€098 B 308505 bl 5 (FCNMR) 535S 5 ((HNMR) 03550 4heus punlbolise
3 (TGA) (23iisle S slag 55T b sl S ole S (alsd nigas wd olulis (FTIR)
4 dalllas (DSC) LLalis b sy saieolo S

sl Gil3l sl 5 i demss A0°C & +°C 31 Lo Gul3il b ol ol mlis slaassly
ol 33 GESIs G slle S 5 (TY9C) waesSl Blus oS Glsa slos © 428 b S0 s
Vo Y3 SIS lae Ghol581 b Cpriaad cacats sialSel 10°C 5 Gt 4 (3STy (sle
SIS 555V 5o a0l et 5 @il G5l sails (Jslse 55 SSHLRT @ e (355
Jalots oSl 055 5 893k 30 VO @V 51 SOBIS Hlae Gl 38l b el el cusaa
Gl 5 lo S solasly Gil33I DSC s TGA olallias ol (halS ola sla il s by
s oLt PON L deanlie Lo | sadiangs sasly oS (sldiadt JUEml sloo

y_bayat@mut.ac.ir




DLy e SummnslS - J9SalS (puzg piohs s1anbaddus joakinS Aug 22 250 S Jole i lwdis

Ll s itk SOG (ol G5l slaedinm «
ers ol WOl Skl 515 (5551 (e 3,500 Slaedisn
s st glaedl s 4 Sl S yesl g o malBl ) ailela
SoalS Cel odenST Lol o3sa 5 Sldel lie Ll s
b3l laetism s ilr b o530 S s & ol ol
jJ‘Jﬂs‘)é&d‘y})bem‘QW\)L&A&‘}J&&@}\
O rlge 50 Al s Shas Hlde JalS ol sl SRl el
35 s alie ol s (6550 e ks 25 LediSe S
(8550 ek s Ola SIIVYAE] LT o sledis ol slags 5 5
5 e3S lhy iy ol 5 oo 28 5,05 151 GAP 5 PGN
S il aer aclie L VO] Lles Sl 1) o) ax 5
Jdsa ol b8 odolne (955 sbeedisy ol
O35 (Il S5 (5 Ale Cgllas ol ol
5 SO e aombe o sles ol il JT 5 05
33 680 gl aele sliss dixl ple L85l 5
A 3 S5A Ak LR RS el iy
Sl Jole 2 gz s s oS sl O ST (sla oy 05 8 5l e
ol ol sl 0L Kas 5 Thelen s ls (55,1, 2l (ONO,)
5 Sd el s NP s S adllae VA0 s 1, ey
b e S Sl Sl Bl sl e
Slallas ol il o gl S5 nl ol e sladle
501 jagisn s et (nl 4 Glata) €e) U3 sdes sba
P N o O R g B P T
Rl 20 s 5 S LS L slae s (olL anlllan
JdedS L ol Sl S DIV-YY] Cnladdl iy 55 olisy
A RCW W S PRPSCH

Sl costhe (ol s 053 Ol fedS
s SO ol ol glaiad Jaml g dex
Sy Jdoay SUlwspl Jolse b oS oy Lo 5 (6 pdibalr
Gl o szl sy 55 5 el e 5 JonSsoden o5 8
[VY] s ls Mclafferty 21516 JJdsa Of

P s 2l e jesaed SIS JibedS ek 42 S
3o ol s e OlE s ol (oIl O sl glasSs
Jool= 0Lk S el LS5 5 Dbl pl b oy
ol st Sl e Loy GRIBIL 5 ol s ook
Slr oS oledl 35 4 Dbl g5 51 R0 0 gLl
Slaes S Sosp Jdsas a8 ol il OU L5 b ey Cn S
Ol ol b 5 55 oo sl el Sl 25 laes S 4 ey 5Ll OH

.

A0
b S e olad Glacige 5 Sl 55 S e el slaal iy
Jolo S Wi e S Lol e a3l il iy ol V] 55 e
ol (gl s dS ol (5 oy 5 2 dbinder) oS yo O e I ek
gl (23S g gl 5 a3 sl 0 o Wy
3550l IS 5 5l Jol 0501 51 g ol oS (55
RIS F=OX N 5 23 50X 5dal 3K (IS il (23
“VOX 5 ,0als| L (research department explosive, RDX)
s (high melting explosive, HMX) oLS1 31 5-VOX 5 2l o
e oo LI I P TS C Uy P
e dw ol g Ol ol Ayl S S S5 A e S 035 55
g 8 e oS Nl iy belge e 1l L Lol
5 SN Jalss s eliSp sy SHIUE st ol il
35ee 53 SIS 8 edign Ol (gl 53 [Y-0] W5ls 35
Sl Ol &S den JI Gla el dsodsy 55l 4l
Slp Al 5 0,136 esle Ol @3S Wl 1) oo g HE
Sl edipm Olpea osllas ok [PV] S o Jos ) 2ls
(oS laedad JUl glos 5 55515 Wb oS e el gladil iy
Cunslie oS (slod 5o oy Sl ol O 4 S S
cole Kb dste 5 (GHS-A85 Jlagad) dgb sbajl (s
5okl Bld 5l e g [AQT 2L 1! Lo b 85k 5 azils
Ghoazas 1365 5l 5 o laedign S 058 53 4 655 e
30 edin S go (gdiad 30 3 3 (i Glaedi sy o Sl 515 oo
(HTPB) oS5 i Lzl b Olsb o b & 018 o aadl iy
35 o)Ll (PPG)I SIS by by 5 (PCL) 058V 518
3L Gl Slude (S (5518 danl s Laedisy 65 ol
Ll sleda Lol lacy s 5l 50 sllas SO ol )l
O3 s s Wedise g5 ol sl &l gaudse b Ll
S e el [FA ] aohs 5 Shes Cossdome wlisy ¢85
Sladl g 53 5,0 Gl oS Conbem b G550 Glaesal &
la 318 a0y 5e 855 SlaediSe 5 s b sady Ll
hele laos S 0T Skl 3 oS ol (e (8550 0 digm
Sz (NO,) s 2 (=NNO,) ool 25 (N 5T le (550
(=NF,) (ool 5, 555653 5 (CF(NO,),) & 123555, 5556 ((ONO,)
S oS L 015 e (6550 (slme gy 5L azils 5 g
Poly(BAMO) (st Sl L (GAP) ol 13T LotendS (PGN)
slesl b Olest e Jus 2 s Poly(AMMO) <Poly(NIMMO)
G 5 ok s [V Y] 5 S o,L3l (NHTPB) oS 5 50

WA s )= 3309,8 A 0 loth (pgan 9o Jw rosly SI99isS 9 pole ool alxe



5 (PPG-PGN-PPG) J SIS Loy -l 2 b dS L
5 bes lld (GRSl bl Obos el 51 OT (s3leane:
5SS ol b SIS s e s e GRS o2
e Sadlel wlia 51 ltle Lo 5 Clle Hb S
SIS los ol e 51l Sl hdS L L
b Jsb abal 5 (V4°0) 0T oS (lated Jsl slos & 015 o
Coanl s caalsl 53 [YAYAT s S o5l 0TAFA-Y 00 e oS
oS ol S Sk, by sl 3 8550 Gl ek b S s,
GO s mele S 5 (TGA) w05l S L (5t

A% axllles (DSC)

e

Slg0

A A5 s o) g D) s JS
‘Jn.:.ws‘g)v\.:.h Viu\.«l cCJ‘JZ.:a ML’.';_ guk; CJLLS}.» vi-/\.-ﬂ ‘(O~/)
Mo oS 5 5 Ok JSgs 5 Fulka oS & 51 Jlgs Ob s
S o

Lol

(FT-IR) 50,553 L;Lacz,,aq?b Sledd e glacS 5 olulls (4l
sablae b, 5 Nicolet <S4 L. Nicolet 800
ablae &, L DPX-250AVANCE J4e (NMR) axes
Ol S5 p 85,8 > s Bruker <5 4 cxle 00+ MHz
osliial iy YOF sl 5 V/04 s olest Ol YO°C (sles
Gl i mle S (b8 laosasl bl o)y s
(TGA) GL«IC)}}LA; s NETZSCHDSC 214 Polyma (DSC)
w5 4 olJT Netzsch S & L. NETZSCH 200F3
S i exle GPC o&aws L (GPC) Ll 5 J5 oKl
A5 bl Oy 585548l 5 = 5 Aglilent

B w9

O ™ g8

S a2 e ld il s oy el 5 Sl e
G/ mol) Yo /¥ g 5 #v7 ded Sl 00 mL VY] W 4l
i3 4 e YOO mL alaoan b 0550 4 Dl el
03 g S e penblae O el @I ol 53

WA bl 33230903 A 0)lash g 9w Jlw posly 539J9385 9 p9de ole dlxo

i Ml A oSS (s 3k SHaalaun aslasS a2 3150 kb Jale 5 Slundinig

D eSOl A ) Do
Table 1. Some properties of polyglycidyl nitrate.

Color Light yellow
Density (g/cm?®) 1.46
Glass transition temperature (°C) -35
AH, (cal/g) -68
Functionality 2
Hydroxyl number (mg,,./g) 37
Oxygen balance (%) -60.5
Enthalpy explosion (kJ/mol) 2661
Degradation temperature (°C) 210
Weight loss at 130°C (%) 5.9
Viscosity at 30°C (P) 163

IVETQ S8 sl 35 pesbi i Skl s Melafferty 1,15
PGN (il iy x5 PON Sl sl 5 lace ol 55 8l

058 28y (PTHF) Oly58 5,0l 5 L0 e ola ey L
(HTPB) Ll JwSssda o5 5 L Olabs L 5 (PCL)
35 Gsae V50 slaaile oyl s bl ool eds ol S
S OS85 Ol sh s Al S Gl e sise oS Cllad ad
5 sles byl b sty el Oles Sde b 5y s e s ey S
U 5055 oad o o5 HTPB ¢ pimman (ol IS0 25515 033
(a3 ol 5> DOXOIVT ol il el 25 oS
G s eslinal ST s 5 n i ST o5 5 5100 sl sl
5dsl g5 wPON g ¢35 el LS sodn 05 5 LS 0558
OLisls 5 MLL & byye OISLe (s o 15
3U5 b STy ses copiaman 3 pd by 55 0T (gl e grY
—JSIS s b oS 4 LSl D ey 55 e 50 0

ONO, ,ONO,

ONO,
ONO,
DBTDL o)
R. —C—= — R
(\/on—g - N=e=o (\io)/—[n AR

ON ONO, ONO,  ONO

O, 2 2
oG Lo G o
+
AN h H : 2
o

NHR
Y

PON) Sl 2 LS 1 oV il -\ IS
Fig 1. Decuring of elastomer based on Polyglycidyl nitrate
(PGN).



DLy e SummnslS - J9SalS (puzg piohs s1anbaddus joakinS Aug 22 250 S Jole i lwdis

o g s WSS (+/00) mol) +/NA ML (e A
0°C 5l aS los 5 03555 s 53 S Ol s Sl 51 Jlso
bz 53 ¥ min Sdaay (ST bglsa 5 03553l STy B b
o e s LS| e (+/0Y mol) Y4/% g A& o350 ‘;)w
ST s il plodl Sl ey S BLSI STy b e o
S S 0350 Jseme gl 55 YF h Cdeay ST b gl
o JT 56 5 335 Olag dSs Vv e mL L b lse ¢ 2iSTs plas!
rckisasr 55 o 3 elle S pesise Bl gl 5 A2
(Yx\0r mL) Jlis OF Lol JI 56 Jlaz| ois LS55
I 5 Ol (Kt Sl g e b s 5 L 0303 2500
Glankban o S FH0 g (Zulg 3 Ll lhr O o oS s
(VY IS0 055 5 00T 033L) el s,
GPC: M = YAYY g/mol, M, = YY'++ g/mol, PDI = /%%,
'H NMR: 3(ppm) = \/\Y (—CH,), /0 (~CH,-), Y/¥O-Y/AV
(CH,0), ¥/¥a-¥/54 (-CH, ONO,);
3C NMR: §(ppm)=\#/Y \V/¥ (-CH,), YO/¥0 (CH,CH,0),
V\/# (CH,-0), V¥/A (-CHONO,),V¥/#(~-CH-0);
FTIR: \$¥+ YAVA Y¥Y$, \YV4 cm.

g W

JeteedS S o 5 D2 oS 55 il )bl 5o
o550 b (s 065 =¥) Jaless IS 2S5 51 (PGN) ol 25
do o 55 KA s BFLOEL S LS O slos 5 eddag
BF, O, 3| 5 Juless ISU Silelecs,s ol ea PGN Sl s
ST ks gLiS Al 0ddady (ES1s SIS Olses
b 355 445 PPG-PGN-PPG (slaskabans oy 58 b i oslind
o2l3 LS ¥ |So ;3 PPG-PGN-PPG (glanksians jarls oS 4y JS
5 S D ples ol gla STy 51 (6 S s (sl el o
3 swon 5o STy el bl el 5 s LSl

Jeax o lubd
BCNMR 5 'HNMR GPC ‘FTIRl{e.LZA.".@J)A.:LUS)mLul:}Lﬂ

ol o3l OLAS oy ¢ s> FTIR b VS s s e
FAVA FEYE gladslos 53 pasein SLSGPON Cib s .ol
6&&[&3)‘ “ Lf}n S S S ol JAUQ YYVA cm’! 5 \PY

O350 s 55 cpdens S 1 (Y mol) AY/0 g luie ) +°C les
YoC los 53 2STy b glss O 51 e i @3lsl OF 4y o Jass Lo
S 5y b Jsloee VWY g (s A3 03508 ¥ h olea
i wlol STy O b o4y s dase la3 0°C 3 S sles s O+,
S ey Sy bl S g5 o 15l el Sl e
Oles S oo b (30 (s A 0550 Lo (les 5 55 a0ls
A axes (YxV oo mL) Jaie T L5 i (g3lulis (Yx0+ mL)
0L o (S oo SaSas P b 5 S Sl s b s
Lol fdedS VY g sty ool 5o .l g5lulas (rotary)

VY] el s #47 e330

(PGN) Ol i s dudl™ by 30

5 eles @I ol i 4 seme YO ML wlasan L«
=Y G/ mo) WY g 05558 s 55 eemblae Ojen
Olpeay Sist OlaydSes Ve mL 5 S5LT ol pea g0l s
(«/v+Amol) Y mL ¢ jurs . dd 3, 0°C gles U 5 aslsl IM>
Sk SIS Olsea S 516 sk S 506 5 oSS
Lo glos ;3 Ve min Sdeas S|y bl 5 wilsl S|
ol = 25 fidendS (/0 MOD) O4/0 g (O 51 g . 03 508
Bl STy bgdse 4 6 lase b (it Oy IS (63 o mL s
LSl byl (558 220 10°C 51 Ul al e ol Les) s
b oa (ST plodl Sl g ok 03508 s (5le3 53 TF D ey
e 5 ol Lot JT 56 5 335 Ol dSes 4+ mL
Dl 5 Dl (St Ol g e b A a2 S S
JeteeedS L YO0 g eulgs L3 s G Ot (S s L O

IYY] el st Av o33l b ol 25
GPC: M =\¥++ g/mol,M =\+#) g/mol, PDI = \/¥.
'HNMR: § [ppm] = }/0Y(~CH,-), ¥/¥0-¥/AV(-CH,0), - /54
¥/¥4 (-CH,-ONO,).
3C NMR: 8 [ppm] = Y0/¥ (-CH,CH,0), V\(-CH,0), Y¥(~
CHONO,), 75.3(CH-O).
FTIR (cm™): \YV4, Y$Y'+, YAVA, Y¥YS.

— ISP 9 n kDA el b (Slartbdn joalygST ik

(PPG-PGN-PPG) &l i s dwal™ b
9 G;“Lw I odl 58l Cad 4y semme YOO mL wlasan U 4
Olgeas Ol 2 bk S L (/Y MOD VA g ¢ bl O an
Blol I Ol geay Sas Ols Sgs Vv mL 5 Skl

WA s )= 3309,8 A 0 loth (pgan 9o Jw rosly SI99isS 9 pole ool alxe



ONO,

H‘EOL”}IS\/%O{/de/OLH . b,c,d
L
ONO,
Hfoww\ogﬂ
' oNo~° e dte h
G)) [ L‘/\L)ljk—hl
8 7 6 5 4 3 2 1 0
5 (ppm)
kS () sPGN Silelc)s (a) "HNMR cab - S
PPG-PGN-PPG

Fig. 4. '"H NMR of: (a) PGN macroinitiator and (b) PPG-
PGN-PPG copolymer.

PPG-PGN-PPG s PGN g t=Lu LSL“US/}LJ A fl"“.‘ (GPC)
ool Y U5 3 4ot j5ba OF w3 5 JsSsm 055 O gmman
Mﬁ&@jwséM:@ng&&h&d\Mu

ol

Gt (o lido (36935 (595 b Slaxbdaw yoals o5 (J9T30 039 (o
eblie Uiy Loy 3 018 e GPC oy s a0 sl
VJ;J;,-)JASAJSMLL:VAL.l)@b})o.s;e:u;.ﬂl‘(NMR)w

S5se 355 01 3 5 Gl oo GPC gy ol cotl outsl

ONO,

b c
) HJ[OL%I?\/\Q/\o{’\}O‘];]H
(a) b O,NO ‘
a

€

d.fe

beg

ONO, h
Hic )JHOJ/\qLH?\/\/b\ij/OWﬁO]_H
* : € t h y
O,NO
9IO 8|0 7|0 6|0 SIO 4|0 3|0 2|0 lIO 0
8 (ppm)
oS () s PGN S3kles)s (a) :P°CNMR Cib -0 IS

PPG-PGN-PPG
Fig. 5. BC NMR of: (a) PGN macroinitiator and (b) PPG-
PGN-PPG copolymer.

AWAA i Sl 323,93 A o losis 9 9o Jw sl ($J9)9IS5 9 pole (sole dlxo

Dl e dumaalS - U9 SalS (pzg pohs slanbaddns roukinS Aug 22 250 S Jole i dise

ONO

2
O,
H 0. o)
{\O/Qt1 \/\/\0/{/}/ tH . f} _CH, BF,.OFEt,

CH,CL,
o,NO
cH, 0,NO
S Y
H [To o 0 N oT,
o,NO CH,

PPG-PGN-PPG od; S jm -V IS
Fig 2. Synthesis of PPG-PGN-PPG copolymer.

5-CH (slaos 5 Ol 5 Opline 288 ¢ oS godet 058 528
PPG-PGN-PPG (laskiew ,odssS il 5 .oewl ONO,-
FledS o b SIS s L wlie g5l Sl e
5 Ol 228 Gla gl 4 by e S o L ol 5
L ;3 C-0 &, 5 YAVA em™ a=U 5 -CH o3 5 0,lawt
kS5 5 (PGN) oy i Jsb il sl LS Yewe <)Y e e cm!
e s eddang glarkBan ol STHNMR lacib ool o S
bl seadesls 0L ¥ IS s S5l Ol e as sdesliza PGN
S LS s Ol s a8 L by e ey LSS s
PPG- (glaskadan jacls S 5o S IS s b b e
Glaskadan ol S BC NMR ik 0 6 .coul PGN-PPG
JSKa ol 3 a8 5 sboles das s 0L |, PGN 5 PPG-PGN-PPG
iS5 ST a4 b e Sy pled (ol sl sl

LA plalid e g0l ol (il s sdiag

GPC slaskbaw youds o (JoCg0 039 Ly
2ol d5 Gl b ey g5 53 M, M, sSejlul

160
140
120
100 P52
80
60 | v

[PPG-PGN-PPG

___________

Transmitance (%)

1
0] .. PGN 0o ;
20 4 PPG-PGN-PPG oo

0
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)
PPG- LS sPGN ﬁjL&Tcﬁ;); FTIR b avslia - Y |5
PGN-PPG
Fig. 3. Comparison of FTIR spectra of PGN and PPG-PGN-PPG.



SR8 JaunalS G- 9SS lag poh laniadam roslinS dud 22 )50 Sl Jole 5 wding

Sl sy b slarkdan ody S J S350 055 anlis -7 s

GPC 05050 51 Jool ==Y dss

"H NMR ,GPC Table 2. The results of GPC test.
Table 3. Comparison of molecular weight of triblock copoly- M M M
Polymer ? " ! PDI
mer by GPC and '"H NMR methods. (g/mol) | (g/mol) | (g/mol)
M. (g/mol) PGN 1215 1400 1061 1.3
Polymer PPG-PGN-PPG | 2983 3824 2300 1.6
'"H NMR GPC
PGN 804.12 1061 D NMR o5 5355 s e O il L &5 Core jocly 55
PPG-PGN-PPG 2080.12 2300 LS Ot il 55 e a5 Sla0 5 sliles

F55 055 N 2) Sz hdeedS o sisn dols S S0
(AENY g/mol) 358 0 avsle Sl 20 ngdb g
U 00 IS Glas ol el Sy o8 S ks L raes
el (CH,) Jize (sais5 5 den a5 b gy e a5 VF/PY JILSEIL VO
SLOisde 4 by e S 5 S nl LSS Sl s i L
Sas Xy e ) e 5 VOY 4l s digs 065 —Fo)
25 &S Wl e s JSUS Sl b ekl SO sladsls
e OAg) St oy psipe Al SO J S0 o
IS Ghasnih B S 055 Jols sae 5 s
SN 05 3 95 ol o b VYV g/mol) das o OLES |,
AV ANY g/mol) ol o Cowsay (S50 jonks S a0 by o oo &
5 (PPG 5 PGN) oy 53 o alin 31 Jltle o am 55
(CH,0) 5l el sbadsisn & by e Sy Slises Joe
p\? Slloes 5 YIVO-T/AY 4l fove 5 o &S el

s p Ol AU cplely 5 IS0 055 cns 12

oN19 S ilwdug
oy 3l PPG-PGN-PPG ok S ag iS5 oleang iy
5 S50 035 5 S IUE 5 les i 53 I PGN Sileleis s
05 F sladsd s e,uh;ww@u A ey 2 0L el S 0330
Sl 55 ek s gl enil p i SIS ol el ol
ST @ s SB35V 5w 5 YEh Obey A= 10°C

o519 Slod §1 iy
s L L)l cilises glos Hler 53 STy sles (g 5lwang:
03 &S b0k (ol sl enls QLIS Y Jsd s sdel s
SIS 0°C Sl S slas 53 S5 033k 3k s o> sk
o plol ol 55ha Les el 53 (2815 cdas e OLES oS wily

ddag oy S oS JS5e 055 Jdoas 2o sy S 90 50
OB~ SHLT ladis e o5 5 asis 5 pluls 0Kl
338 3l sy Sy onl s plaw JILSEN SNl 5 Jiss
Ol or e packi s il 53 0210 o5 50 sl e b g
D658 oS S a3lail 5 amnloms |y k58 J5S050 035 i
spms AL el eldeg e lisS JsSdse 055 Al Gl

b lpd pluld il s digs 0b5 =T e ol
VLSS LY s ekl oS 5 opl 'THNMR Cabs o
wars by il (CHY JIaoby -¥a ladis s 4 by e
LFOT-F/2Y el 3 ol i Ll L Larls Ko oSl
oS b ol CH,~ONO, (slal5 s, 4 by e Y/4) J1 Kl
DY slaisdes sl 5 S 3 cpl JLSE! Obe o3l
PR PRRRICIN S KT AU IO SRS Vo) JPICS SN (PP
035 5% w2 b aS Ll e oty Ol a8 LS 052,15

PPG-PGN-PPG

50
Retention time (min)
PPG- laskdan o S s PGN ol GPC sla pove —F S5
PGN-PPG
Fig. 6. GPC curves of PGN polymer and PPG-PGN-PPG tri-

block copolymer.
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Table 5. The result of optimization of amount of catalyst copo-

lymerization reaction (reaction condition: 10-15°C for 24 h).

Catalyst' | OH number M ? Yield
Entry
(%) (mg,,,,/g) | (g/mol) | (%)
1 0.2 66 1700 53
2 0.5 54.73 2050 71
3 1 48.78 2300 90
4 1.5 52.18 2150 82

(1) Percent weight ratio to initiator and (2) calculated from hydroxyl
number.
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Fig. 7. DSC thermograms of PPG-PGN-PPG and PGN

polymers.
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Table 4. The result of optimization of temperature copoly-
merization reaction (reaction condition: catalyst content

1%wt ratio to initiator for 24 h).

Temperature | OH number M* Yield
B (og (mgo/®) | (fmol) | (%)
1 0-5 86.3 1300 | 21
2 5-10 56.95 1970 | 53
3 10-15 48.78 2300 | 90
4 >15 79.57 1410 | 37

*Calculated from hydroxyl number.
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Fig. 10. The chemical structure of PGN.
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Fig. 11. The chemical structure of PPG-PGN-PPG.
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Table 6. Oxygen balance of polymers. -8 . . . . .
50 150 250 350 450 550
Molecular M Oxygen balance Temperature (°C)
Polymer "
formula (g/mol) (%)
PPG-PGN-PPG 5 PGN (sl ol DTG (slac2lSiles -4 IS
PGN C,H,NO,, | 1061 -70.87 Fig. 9. DTG thermograms of PGN and PPG-PGN-PPG poly-
PPG-PGN-PPG |C H NO, | 2300 -148.87 mers.
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