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Table 1 Final carboxyl conversion for the

reaction of CTPB with EPPO in the

presence of different catalysts at 85°C
(Cat.J= 0.5 wt% to CTPB, EPPO

=1.0 equiv.

Catalyst Conversion(%)
Ferric acetylacetonate 57.5
Cobalt naphthenate 57.2
Di-n-butyltindilaurate 53.3
1, 4-Diazabiclo [2.2.2.] octane 48.5

1.8-Diazabicyclo [5.4.0.] undecene-7 58.1
Tris[2,4,6-d-dimethylaminomethylJphenol 55,2
None 41.1
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Table 2 Effect of reaction temperature on fina!
carboxy] conversion

[(Cat.); FeAA, 0.5 wt9, to CTPB,
EPPO=1.0 equiv.
Reaction temp. Conversion
(4 9) (%)
75 56.4
85 57.4
100 58.7
115 58.1
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Table 8 Carboxyl percent conversion for
the reaction of CTPB-[1]) and-(2)
with EPPO in the presence of
FeAA at 100°C

Reaction time Conversion (%)

(hr) CTPB-(1) CTPB-(2)

6 - 50.1

12 45.5 54.8

2 51.3 54.9

36 54.3 56.6

48 54.5 57.9

60 56.8 59.8

72 58.7

VARL2- VIuAZFvoINR YRR EL T (CH
DA LEEER) % CTPB mmz TRLAXIGH D4R
Y10 P, b CTPB Hifioth & @M LY, &
OYE, 100% =2zl dbicfE Lk
hidhebirvwoe, CHDA oYz FvnXFuTh
5 L2- vranxd v vt vRBRUVzFNERT
m (CAF (CHDE (BgfE) & ETPB L fERIR
AL, PREFH LREH L oBGRY TR, EORMR
H8iit BV IHRERL B LNGo. L

3 1 ] A
00 1 2 k] 4 5
Ratio of CHDE to ETPB

Fig. 8 Relationship between ratio of CHDE to
ETPB and Ee/Ed ratio

7eio<C, CHDA k CTPB rORANL b 100%
AT b3 hic & T ORBEHE, HEOBEHM
LRIBILLk>TRDBOLID, DX S5 MIEAVTR
P58, CTPB & CHDA oBUt#nY%
Ly ES nolERD Y, HOKERENSOHY M
E¥B3L0L#EFIENS, L L CHDA im0
WhHBIIIBERDSHLDEEDLRS,
coX5eLTHbh CHDASHZF A t=—
o Py ¥ 9wiLk, CHDA oFmety P 0
By kARB S bhd, ¥, CTPB 43
CHDA ob % Nl 0.7 {45580 L 812Py

— 43 —



RAeY, Thr)Yithdiinzess Pro
MOBERIEhS, ChEO/RRS, P, ¥ AR
EHRRESTFRVIVEVREPINR B E2X-T
BEESh SR, SRR HFETIC ENbMS,

(3
(=4

@
(=]
T

| conversion(%)

-3
o
T

Final carboxyl
4]
o

N 2 L 3 2
50 0 ! 2 3 4 5

Ratio of CHDA to CTPB

Fig. 9 Final carboxyl conversion at different
ratios of CHDA to CTPB
Reaction temp : 85°C, EPPO : 1.0 eguiv.
Catalyat : FeAA, 0.0306 mol/total acid equiv

1 B%

Py flioifsl ATR Rk X 5EIRESWTR, X6
ERELYBELDIWEELLRZ0TC, & ChiEftd
BR3C T3,

2T, FrttsicobitErds, 0
EM-ciSUERRIENR KB E—REISBR L % 5
TENTED, COB—RENDIRLBERT S
s, BARI I v v BERL, KISRORY—R
BE, Wb FVEREETS, Fritdieiy
5B ER Y VEISE (P) REIREREHCEEH
ERROY LAY kX - THRIBLTE S,
. ”l_p (3)
T ac EAFERFEELTEZRRAL T LR
¢, 2 HIBEMSHE £ BiBk{LEHE ORI T,

¢a=7‘£T (4)
EBbInD, ZBFRCRV EPPO 123 FiBET
DB5DC ae=0.5 %3, RiIrE¥y et
xRy FOMER, p B>k 2 §iEER
LS EhTWBHER, 2BRENFO 3 BRERD
NETH B, RERATIE p=1, LN oT, RN
BALXhTERRDO L 5K S,

ac'—'%i {3y’

ke, ¥ty bRISNEET 5 £ CoBUSHIN
TR, FPAVRTFEEATRBEL T EWHRAY =
— L B{ETIBRRIRBIC Lo T LD LELLN
3. Thwx, TORMO=RkEARISES VBT
S2RRY) - bSPTIR X 3RY—REG

Qo=

—_—dd —

LRBERTED, LbbIDk5EERRB
T2, BIGHoERRIEEEYXR T3, b3
HRRM k- TV 3 b0 Bbh 3,
—%, ERN - Bk bbAa R bl ot
F OB, ERISUSCARG E XE L O=REY
RIS EtkD S MOBUSNTRECH S 5,
R-COOH +R’-CH-CH,—R-COO-CH,-CH-R’
(+isomer)  (5)

R-COOH+HO-Al:——0R'-(x)—0-(Ji-+H;O (6)
R'-C{i—()C}l,+HO—+—~R’—CH—CH,—O—(|E— @

H
R’-CH-CH, + H;0—R’-CH-CH,-OH (8}
No/

du
(A)+H;0—R-COOH+R/-CH-CH;-OH  {9)

H
ERT ¥V 2 FAA BRTCOESTFRIOBKR

L BT, ERSTHIRGINBRMICES - XL

3*‘-1‘-‘60

T K@) WrhoHHERL P BXUFAA
R AW TG hie PR OiRT. BEIZINN
EELTHEIVHI LB ichd, cDX5k

Table 4 Carboxyl percent conversion (Pg)
at gel point calculated by equation
(8) and (4), and final cayboxyl
percent conversion (Pf) at various
epoxide/carboxyl ratios (R)

R Pg P!
0.8 63.2 54.6
1.0 70.7 56.4
1.2 77.5 66.8
15 86.6 B.1
2.0 100 75.2

FErL 4 ORI Y e, ARRTHROALT
RCOFRIZBWTEDSh, ZoFEIE, B
EFTCLF BRI TIRESERNEBDRS)
ORENEHTEEVIZERE VD TH B LIRS
h3, Ef, COZLRMMHFET CORMEGLE
RIS L TR ISHRE RIS T5C LTl T
W3, LirL, MEEETCRRETLIIL Pl
Axd, saecie Py ¥ LR EEB LB LE
2 bh, KSR SBHRHERL Py Py LIXE
BrBERDBT LXERS,

THRARBOE



—%, RN CipRoBltdyEx 5
&, ZOXMTORMEIERLIE LA SBET IV,
Fhx, KB 38toREL Py CiE
REEYREEV-LDLEDbRS, .

wie, B2oERYH2 L, HREERRCR P,
DRSREEHEERBD bhitv, CoFEE LT,
Fritth—BORBECHETS L& 2 v FEHHRM

MEhTHIBESRBHCERVWHEE, ¥/ 2Vl

SHEFTRRCH » THEBESE V- I AR ¢S
BWEAREL OB, TOES 2 v BN, TO
BURRYVTF o2 HLTHE, ChoHFRER
B (T) wr->THHxh3, Bahary 68 297
FozyOMBmE X, VR, E=a) i
EDBE=vDEENE (V) H5REBHL OB
FERRTHEL TS,
T,=91V-106 10)

gt CTPB{1) o' =15 #IE Morero 5908
REFEEHGE it AT BRI ER O R
0.56 €5, shiRUOERATSE, Tox ~55
C &), RISBE (75~115C) HRTHEBLL
BEWilitdd, COR, EREETRSG LS Ay
PADERE R AT WD LR EL bR, Littto
T, MBOZ-DREAD 5 LHEN, giLEEER P,
ST RIE X WER LRSS,

wic, CTPB izxht5 CHDA oY 0.7 £F
WET Priximd58, 2hi#zrsidbt+ac
LHEBEHORE, CORMOBRL LTiE, FF8Y
FELETSEROT, KISROBENESCK->
TeledFHEXbh%b, —F4, CHDA #SEEmL
et P I8R5 H E LTI, 1S
DALY, €72y AERRIIH, Lad,
BB AEREEE Y AmeEaScs vt b tdbs L
#26h3,

5 #h

1) #EitEmRGoldaIREREYH ATR e

Lo THUARAETE S,

2) Py KX -THD L BRI B,
Z O ERS p b CORISHHNOE RIS T2 84
BreRefkETs o L BEHT RS,

3) EPPO @inii¥ima¥s i, Py o LAXNE
wohd, LML, ERGLEERLOZTROEISHS
MERHLTHE LTV B E L BHENCH B,

4) EAFROIAVEVERRIRD L, P, OWIK
BEFHCRIEI RIS, TELNTFET%.

5) P, pEISBEEEZhEWCE, ROUR
RV T 7o vBoEW- Ty 25, RISEIEIRERR
DO HF ALtk b, RISERTEARETCER]
ol LEREDH T LBHPYLA,

fods, AFFFLIEIATER X3 LRIINBEISTAR
BhE& LR Uice KRR TRENAGNIS, CTPB %ig
e 3 hi- BARMMEHNSHE, R HIheH
MITA, BROFRICEHOBRERLET.

x [

1) #5kh, WWTRESE Lokl 34, 323 (1973)
2) P.J. Flory, Ind. Fng. Chem., 38, 417 (1946)
3) D.M. French, Rubblr Chem., Tech., 42, 71

(1969)

4) ¥k, TR, Lk, 32, 315 (1971)

5) L.J. Bellamy, “Infrared Spectra of Complex
Molecules”. J. Wiley, New York (1958), P.
178

6) P.J.Flory, (a) J. Amer. Chem. Soc., 63,3083
(1941), (b) Chem. Revs,, 39, 13 (1946)

7) H. Kakiuchi, Y. Tanaha, J. Org. Chem., 31,
1659 (1966)

8) W.S.Bahary, D.I. Sappar, J.H.Lane, Rubber
Chem. Tech., 40, 1529 (1967)

9) D. Morero, A. Santambrogio, L. Porri, F.
Ciampelli, Chem. e Ind., 41, 758 (1959)

"

Crosslinking reaction of carboxyl terminated polybutadiene with epoxy

compound- (II).

A final carboxyl conversion

by K. Matsunaga and T.Yamashita

The determination of final carboxyl conversion (P,) for the curing reactions of
carboxyl-terminated polybutadiene (CTPB) with tris-[2, 3-epoxypropoxy]-phosphine
oxide (EPPO) was made by use of infrared attenuated total reflectance spectrophoto-

Vor' 86, a1, 1975



metric technique. The reaction behavior for the gelation process was discussed thr-
ough the comparison of P, for ferric acetylacetonate-catalyzed reaction and the extent
of reaction of cabroxyl group at gel point calculated by Flory’s equation. Increasing the
ratio of epoxide to carboxyl group(R) led to a pronounced increase in P,, but it was
found that unreacted carboxyl groups, even at R=2.0, remained appreciably in the
resulting crosslinked polymer. Adding a dicarboxylic acid of low molecular weight to
the system CTPB-EPPO resulted in a remarkable rise in P,. From the independence
of P, on reaction temperature and a low Tg of polybutadiene, it was presumed that"
the termination of crosslinking reaction occurred when the reactive groups could not

approach each other owing to steric hindrance.
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