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Abstract: The catalytic effect of Fe(AA); on polymerization of HTPB-IPDI system was in-
vestigated. It was found that the reaction of HTPB-IPDI system obeys the pseudo-second order reac-

tion law and the dependence of the rate constant on Fe(AA); concentration is parabolic while the ad-

dition of small amounts of acetylacetone (HAA) to the Fe(AA); catalyzed reaction causes a hyper-

bolic response. The experimental results obtained are as follows: (1) In both cases of low molecular

weight alcohol-isocyanate system and high molecular alcohol-isocyanate system, the reaction obeys
the Bruenner’s mechanism. (2) Activation energies of HTPB-IPDI system are 13.63 kcal/mole for
uncatalyzed reaction and 12.57 kcal/mole for Fe(AA)3 catalyzed reaction.
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Fig. 1. Change in concentration of IPDI  with
time for the reaction of HTPB-IPDI at
various temperature. (®) at 30T ; (&)
at 40C, (M) at 50C, (W) at 60T, no
solvent, NCO/OH=1.
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Fig. 2. Second-order plots for the reaction of
HTPB-IPDI at various temperature,
(®) at 30T ; (a)at 40T, (M) at 50T,
(W) at 60T, no solvent, NCO/OH =1,

Table 1. Pseudo-second Order Rate Constants,
ks, at Various Temperature for the
Reaction between HTPB and IPDI, no
Solvent, Rate taken at 50% Reaction

Temperature (C) ks X10* (1/mol - sec)
30 0.18
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Fig. 4. Second order plots for the reaction of
HTPB-IPDI at various catalyst con-
centration. (@) at 1X107*M Fe(AA); ;
(4) at 2X107*M Fe(AA), ; (M) at 4X
107‘M Fe(AA),, (¥) at 7X107 ‘M Fe
(AA)s, reaction temperature 30C, no
solvent, NCO/OH=1.
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Fig. 6. Second order plots for the reaction of
HTPB-IPDI on Fe(AA); (7X107*M)
catalyzed reaction at various(HAA)/[Fe
(AA); Jmolar ratio, (X) at molar ratio
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Fig. 7. Dependence of rate constant on the
ratio of (HAA)/(Fe(AA);] in the reac-
tion between HTPB and IPDI.
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Table 4. Pseudo-second Order Rate Constants,
ky;, at Various Temperature for the
Reaction between HTPB and IPDI, no
Solvent, Rate taken at 50% reaction

Temperature(T)  ky (1/mol-sec) X10°  Fe(AA),, 10

)
20 2.29 1
30 4,05 1
40 8.39 1
50 17.20 1
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Fig. 10. Arrhenius plot for the reaction of
HTPB and IPDI system. Fe(AA),
catalyzed reaction.
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alcohol®] uF3-2E-q) Fe(AA);OR7} FZAql
Aol 4 4L FelshAl AL ¢4 Aok
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Table 5. Activation Parameters for Fe(AA),
Catalyzed and Uncatalyzed Reaction
between HTPB and IPDI at 40T,
NCO/OH=1

E, AH* AS* —TaS* AG*
(keal/  (kcal/ (eu) (kcal/  (keal/
mol)  mol) eu mol) mol)
uncatalyzed
. 13.63 13.00 —37.19 11.63  24.65
reaction

catalyzed

. 12.57 1190 —34.53 10.81 22.71
reaction

% Fe(AA),OR complexdll 4 diol?} &= hy-
droxyl 7| &l Wb A& F7k4 71 T4 Aast
Aeg AT 5 Ut

4 8

Hydroxyl - terminated polybutadiene(HTPB)
2} isophorone diisocyanate (IPDI) 2| urethane
A AukSoll 4 Fal gl "R, ferric acetylac-
etonate 2| ZFoful3oll 4 WFEEZHAHE 5
gt obgal e AES Agirh

1) prepolymersl HTPB2} diisocyanate 3l
IPDI9] ub2oll4] Zumjgl: ub2, Zoutlg

ik,
B & 7399l A diisocyanate®] 5 isocyanate”]
9| ekzbo] wkgAzlolr} QYo F|uES L &
AF 2 &; ubSAE Aol A RS zhelakoich

€T

rlo oy o
e B 3L op -

2) Fe(AA),? Ful =% F7t2 <% ‘L

A
o] 93k uk-e<£ 5 9] %24 (hyperbolic) &
0

AbzZro] & O‘j] 2 o] vl

z}2ko] & prepolymer®} isocyanate?] Hu}-2o]
Z|ub 2]Ez}2] alcohols} isocyanate® ub%-

mechanism3} 413t A2 & F3lo ubLo] A
P ¢gkch o] A4 prepolymer HTPB
8} IPDI9] urethaneul3-4 Z<43-8 Fe(AA),
o Zofe TEASH A Tol A, @SS
mechanism3} A}o]3lA| Fe(AA)s7t = & alco-
holg F7A3ld Fe(AA),OR9 &g A3
I o] FA=R AE3 isocyanater} uF33FA
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Hydroxyl-Terminated Polybutadiene®} Isophorone Diisocyanate?] HF-2of 4]
Fe(AA); 9 Z=ja 3tol] gt o7 ()

urethane o] 44 5& -go]gich.

3) Arrhenius4] & o] &3} A4} Zaiy
+ 59 &43}bol 42 (Ea)+ 13. 63kcal/mole
01912 Fe(AA)s Zojult3 9 FAsloix)=
12. 57 keal/moleo] 2 A 3lofl 14219  z}o)r}

L8 o) asht Hou SEabte] 2 A4S
¢ 8 F3= Entropy(aS*)4rgoz Qi
Fe(AA),9| w7249 402 Qg ¥4
Aol 2] (AGY) & 42 Yol g
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