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Table 1 Physico-chemical properties of polyepichlorohydrin

(v

(Starting material)
Viscosity cps 175,000(at 20C)
Density g/cm3 1,367
Molecular Weight My*/M,** 76073, 200
Chlorine Content % 38.6
2nd Transition Temp. C —22.3
Hydroxyl Value KOH mg/g 45***

*number average
**weight average
***corresponds to M. W.= 2, 493
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Table 2 Elemental analysis of GAP

prepolymer(Diol)
Elements Lot 1 Lot 2 Theoretical
C 36.3 36.3 36.4
H 5.1 5.2 5.1
N 42.5 42.7 42.4
Cl <0.2 <0.2 -
Ash <0.05 <0.05 -

THKEK



100

(A) Potyepichlorohydiin

g

o
=]
T

N
=]
1

] 1 [l 1 ] ]

(8) GAP Dio!

Transrmissivity . T (%)
8 8o
L

S

a0}

20}

0 1 . 2 Il 1 :
4000 3500 3000 2500 2000 1500 1000 500

Wavo Number , & (em™)
IR spectra of polyepichlorchydrin and GAP
prepolymer (Diol)

Fig. 1

® ®

HO- (CH,CH-0).- H
¥o
CH,;C1l
(1
®
HOoO- (CH,CR-0).- H

NO)
CH:N,
(2)

212 JEOL-FX-200, Bft<— FCHIE L CH
NMRARZ b F = b &RT, #Vx2mtk
FY voOCH,ClOQI &3 ddppmD &' — 2 {1 GAP 7
VHEY DRI bR IR VDT, FitE
LUOTRISHOBRLEDHRTT ¥ FIEOREIZE
RELTTbh T3 D LR TES,

%7, 53ppm, 72ppm, 77ppm OfrFEIZHBAE
DY -7 HBRAL, IXALSOTRANE, FHHO
FELTRREIND,

2.1.3 GPCHELIURBAHAMICLBGAP TLHY

TORR

Kogyd Kayaku, Vol. 51, No. 4, 1990

(A) Polyepichlorohydrin

L 1 i | " L
(B) GAP Diol
1 1 1 1
100 80 60 40 20 0
, {(ppm)
Fig. 2 C" NMR srectra of polyepichlorohidrin and
GAP prepolymer (Diol)
I

High«—— Molecular Weight ——Low

Fig. 3 GPC curve of the GAP prepolymer (Diol)

B TGAP 7 vV ~hiz S ROTHBHOH 5
LEHNHEENRIOT, GPCLE-TE2DB3FES
MrxRDI, -3ICRohBL5KELELTESF
Bz 2D - 25 RBHLA DD THITFHO
a2z x— LARBBHIRE LLBATESFTFEDO7 5
773 v(19.7wt%) L FRETHE LI RELYRR

—209—



100 391
56
496
g0l 397
8 315
s 29
2 sof
5 43 279
< 70
2 aof 85
2 / 99 595
® 20 127
149 340 694
|| l 199 546 I 793
0 l L ! !
0 200 200 600 800 1000
(M/e)
Fig. 4 Mass spectrum of the GAP prepolymer Low M. W, Fraction
H: CH.C1
| |
R, 0-Cc-c-0
| |
| | [
c
P N ClH:C-CH CH,
0 HC-CH.C1 | |
' ! H:C HC-CH.Q
c1ﬂ,c-cQ\\ ///o | H |
]
¢ 0-C-C- 0
' L
H. ClH:C H,
(1) m.p.110C @M m.p.136T

FHmit e, HRRE-4 RS TS,

— B R = —F 20N F 4 YBIRGAIT IV T
BIRA Y T~ 0HERTTRE Sh TR O HEEHE
IZKET AN, Filrad=E2ene Y vOBEAILT
BOLOIeA ) I=DERNERER T3,

ChABERA Y =D CH,Clix7 v FlEDRR
BUTEHBZ 7 V254 —CH,N;icE# 2h 3 &
LZiohsot, TOPM ==, +—(CH,-CH-0)

SN,

DFFRIZEL Y, REFHOF » - biTk L TH
BA99D 1, BI5397, 496, 595, 694, 79308
-2 h£hd,5.6, 7,880 3RRA Y <
iR Ehs,

¥, B FR75 27 3 vEHEHECBNMR 2~

—210—

7 b St B EE-2 KT BHE L RROSS,
72ppm DK — 7 ZYRTEBHRREETS &
KL D, ChRGFHICHFET TR HET
HATHEIEA L

¥, BHFR75 7> a3 vORARR2 brizz
IEGAP 7 vy =D h t—F L,

2.1.4 GAPZLAYTDIRBEBRICOVT

ERoGERID, B6H12GAP 7V # Y =220
w3 DRBA Y T (= s e FY vORIK4L-
BREDT & F 2+ L {LYHERF) ¥ @UGAPD Y
=N ThHdLELLND, HARGAP YA -2 AIC
LY ROTRUKE OISR, @L, FRAY
ez VY vizsene FY Y IRERAFY 2
= L RBRAF—~THBDTCTL FLrFAIL LT
# Y F= L FciER S h, TRMMIRBME &K

TR



LTVw3,

. 2.2 GAPFLRYI(SF—-N)EYGAPTIS X
CORRILEHOFELEBRNIBE,N B, *io

kT DER2)(3)

RALMKLTEXE UG ZEN -0 CLlED
HRCRFULHL AL T EHEHL,

2.2.1

PANES L TN IFS 4

x x # R

’—-GAPD'I«#U?("/'FI'—A«) 100 part
P ) # % o - 0 7 o N v (THP) .
E 4L MW £ N

(NN'-¥ -B-% 7

S S A Y

AT 2= P UAORFIE2-3torr DRET,

F L ~p-T7 x =

(PR A 4

20
A
~—
[

$ % L - b (DBIDL) 0.1
Y4V v T R - } -
— [% &8 #® ) 5-10
* R & W
== fL B % R K
(] £ B & X o % /m

80T CIB¥M+ S RAMA T2, TMP i = DiRfF ) Nco

TRECHERT 5. BRICSHE, o1 707x-} (ﬁ

FHM LBCRET C0-05BRRA L, #5 2K @—$@

E#3mmBor — b & LTHE, 60CH=74— nco M Neo
Triphenylmethone U X

7 /i 168B IR - THft s R, BEATHS
TMPixpt=( F ¥ # — 2 (TMP) OXEKI/{( >+ —
A (GAP 7 v # Y =) D KB+ Y # — 2 (TMP)
OKBEN Offi% 27 4 — 212k H0-0. 450 REA X
Bhawts, ¥4, AV T7E—-bELTCidbA=y
47 v7%—+(MI-TDI, 2.4-, 2.6-Ritthkok
#£1220/80), ~FHAFLVCA VTR =PV

(v)

'‘NCO

NCO NCO
©red oy
0

Polymethylane polypheny! isocyanate

)

OCN=—(CHz)e~- I'W —=CONH=- (CHz)e~NCO
CONH - (CH;)s—NCO

Sumicho N®
—HDI)#IUW Yihevd4 77 %~ (M-IPDD) P H
D 3ER1, H;QNCO
2.2.2 RYLIIPR-bEEBEML H H:NCO
2R TMP, DBTDL 3s X OSR8RI %R F Isophorone diisocyanate (1PDI)

CL2 M U BTy — FRER LA, #YV 1Y
STR—bPELTIRIY 72228V UL YT
F=F(I), BV 2AFVVHEY T 22AL VST F—
F(N) 3 L O'Sumidur NR( V) D3fix AV, 2 h
LDA VT F— b OREREE-SILRE L,

2.2.3 GAPIZ X hYRDFIRSHMERBE LY

BRFEORE
EROFETHORIGAP=F A b= — b,

Kégyd Kayaku, Vol. 51, No. 4, 1990

(m

OCN~ {CHz)¢—NCO
Hexamethylene diisocyanate (HDI)

(m)

CHy 3
@-NOO 4+ OCN NCO

NCO
Toluliene diisocyanate (TD1)

Fig. 5 Structural Formulae of Isocyanates

—211—




JIS-K-6301ic#i b, No. 3RBH % ¥ 17 5 b L3I
EEES00mm/min CHMIEBE L RD, L, [
BicoDy— 1+ X OO0 I5SmmoRKLTOHL,
7 % b v VT2 Ciz 53 ARRARBR Y T Bl
HQ (ZEHoRBERIcHT3EREKOBNOK)
LI/ A HREEACER LEE Y ~ O ASR)
RIS,

fods, FHRRT, GAPXML~<v¥yv, ba=
vHRIABR TCHH EREBELL,

3. RERERLSUVCTR

3.1 AV IPR—hOBRMERERA(TMP) O

ol

$A4 7o TF—bELd— A DRETREAIRNCH
RREREHIGETT 5150 CRIEARER L\ 13T
55M, GAP7v# Y = (v4—-1) e TDID 2%
DAEXREBHZREL, 2.2.1BRDOHETX 273
BEHEEES 2 FATY 7 b Tk IH—ILOELY
Afions, Chiddy =RFHihov v vEEIC
BRTIKERZE,, AU BBREK=FAFDOI VX
v 7 iy MEEOSSIZE S B RIGENERE
TEDEELLbRY PR AT ARICERLTL
¥H I ENBE IR,

—%, ZOGAPZ L4y </TDIR&#HE ¥~ + T
7R, 7L LTH 27385, BENETFL
BL7 Fv2= A7 A REORESLBLADN, &
Y 2T ATEARCRZI LY, TOHERYT TR
ILREAIRERL, Caly tEEPTE7 22—}
BENERLT, Ho'BE"X—FHRIh 0L
Fx bhah, BB v FELTOFTRIYT
155 B RS EIELE D (F i TMP) O ASLE
THb,

2EHE LTCTMP, 24 7> 74—+ & LTCIPDI
EAL, BENBEY 5 —2ELTC=FAL?
OWWHMER L1006 € 2 FADHE 7w, b
LRy E-6 LR, 4R, REARE (Y 0N
mieohTEy . 7 A, @EQENMT 3K,
ET+3,

FU<ptio LCEEREQ.Y 72 5 F LIDAR-
7CHYH, ptoMMIZOoN TRIEAMS T Mc L{E
TFLTVBZ EMNBBICRER DA, pt> 0. 42 k\
T/ AFRS OB ELF &, BiGREHT
ST LCVB o EMTRERD, ZOBHLEKBORE
BiCizot=0.4% M & LTHRALL,

GAPZ7 VvV = (LA =R)ESA VT HR—-+ &
ORGEXHET 5 & TDI>HDI>IPDI & e 2 &
MR IRz, LoHLiehis, o1 v e 75— +OR
R — AN E VA Vo T R — PR B LTES

—212—

(x 10"

5 -
==0-—: Ullimate Tensile Strength 15
—&— 100% modulus
== Elongation 4
I 413
i 1 —1.2
3 \ 4 /
Sqf / 411 §
b \ a8
. \ / °0
% iy /
/ dio§
:  / 5
3 ,l &
2 2[ 'T Joo 3
: g
/ -los
di ? T\ o7
_
- -10.6
- 1
0 1 L L ! 05

0.1 0.2 03 04 0.5 06
Cross-Linker Density , A

Fig. 6 Tensile properties of IPDI-cured GAP
elastomers (TMP as the cross-linker)
20 - 40
0= Swell Ralio
—=h==: Sol Fraction
A
15 130
g
< »
° .
2 10} -20%
3 £
3
5 410
[1] (] [ L [} e
0.1 0.2 03 04 05
Cross-Linker Density , Pt
Fig. 7 Swelling test data of IPDl-cured GAP

elastomers (TMP as the cross-linker)

{RdeHe LCDBTDLOHFEXLELT5, pt=0.4
LLTHELIEEGAP=7 X t=DQ,SEHE L
DOHRE-8 THBH), Jfiosa v +7x— bt
X2 iEE -0 QffixRT, TDIORGEREV- DT,
DBTDL# B Lic Th—D=F R F =il h

IHkE



Swell Ratio , Q

10 1§ 20

IPDI/0BTOL

]
- WOV BT OL L T

TDI/DBTOL

)
YOl Oty e

Sumidur N /OBTOL

. —

e rorrrermreemre—————
BRI

| eeerrermepmmeemerm)
e T A Y

IR

i +

) : Sweil Ratio
: Sol Fraction

0

40
Sof Feaction . S (%)

Fig. 8 Effect of isocyanates to the swelling of GAP elastomers

Table 3 Tensile and swelling Data of GAP elastomers

Basic ormulation: GAP Diol (M. W=2,500) 100
TMP 2.4(pt=0.4)
Antioxidant* 1.0
Isocyanate Equivalent to total-OH(R=1.0)
(DBTDL 0.1)
Tensile Swelling (acetone)
Isocyanate Antioxidant | DBTDL Strength | Elongation | Swell Ratio | Sol Fraction
¢ MPa E% Q S%
IPDI - O 2.87 250 - -
IPDI A) O 2.88 312 - -
IPDI B) O 30.3 620 6.91 15.41
HDI (B) O 1.98 176 4.97 20.49
TDI (B) O 2.21 220 5.39 24.75
TDI (B) x 1.69 184 6.08 35.09
**Sumidur N-75 (A) O 2.46 60.1 4.31 21.61
**Sumidur N-75 (A) x 1.54 85.8 5.50 37.88

*(A) : 2,2-Methylenebis-(3-tert-butyl-p-cresol)

(B) : N, N-Di-g-naphthyl-p-phenylene diamine
**TMP was omitted from the basic formulation
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Fig. 10 Effect of plasticizers to the swelling of IPDI-cured GAP elastomer
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Synthesis and Characterization of Glycidyl Azide Polymer

by Harusuke TOKUI* and Akira IFAMA*

Corresponding to the needs of new fuel-binder and chlorine-free oxidizer combination
which generates both high performance and low pollution exhausts and can be replaced for
conventional composite solid propellants, this paper presents a synthetic process and
characterization of glycidyl azide polymer. Glycidyl azide polymer (GAP) is synthesized
through a route of the azidomethylation of a diol type polyepichlorohydrin with sodium
azide in the presence of dimethyl sulfoxide and an elaborate refining procedure.

It is witnessed that two cyclic oligomers inherently existing in the raw material,
polyepichlorohydrin, do not exert serious influence on the physical properties of cured
polymers. The characterization experiments such as elemental analysis, infrared spec-
troscopy, CI2NMR, gel permeation chromatomatograph, swelling test are conducted on the
synthesized GAP diol and elastomer. The results showed that GAP preparation and the
mechanical properties are performed satisfactorily.

For the applications of GAP to the fuel-binder of composite propellants, isophorone
diisocyanate and trimethylolpropane as the cross-linker and extender respectively, and
diethyl phthalate, dioctyl adipate and dioctyl sebacate as plasticizers are recommended.

(*The Institute of Space and Astronautical Science, Ministry of Education,

Culture and Science. 3~1-—1 Yoshinodai Sagamihara, Kanagawa 229 Japan)
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