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2 ¢f: Polyoxypropylene  glycol (PPG), polytetramethylene ether  glycol (PTMG),
glycolpropylene (GP) 3} 4,4’-diphenyl methane diisocyanate (MDI), toluene diisocyanate
(TDD 9 FANLE &84 AF3l5on, A8+ Bakere} Sato9] #gel wel 24314
Polyether diol®# W&Z diisocyanate?] £E44 K9 K & 2434t MDI-PTMGA: 2
2} 9 33 vk £xdd] FgsA dxsidcl. TDI-PTMGA 9] d8Ag+s 23 $54d dX)
stg o, o]BHITAd e & #A gttt TDI-PTMGA 9] E[-E; & MDI-PTMGE A9
E;-E Rt 5w i),

ABSTRACT: The kinetics of spontaneous reaction of 4,4"-diphenyl methane diisocyanate
(MDI), and toluene diisocyanate (TDI) with polyoxypropylene glycol (PPG), polytetrame-
thylene ether glycol (PTMG), and glycol propylene (GP) were studied, and the data were
treated by a method developed by Baker and Sato. The rate constants, K and K’ of aromatic
diisocyanate with polyether diol were determined. The reaction of MDI-PTMG system appar-
ently followed second and third order kinetics in good agreement. The reactions of TDI-
PTMG system followed these kinetics experimentally but did not follow theoretically. The
difference of Ej-E; of TDI-PTMG was smaller about 5 times than E; -E; values of MDI-
PTMG system.
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Figure 1. Second order plots for MDI-polyether
system at mole ratio of [NCO]:[OH]=18:1.
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Figure 2. Relation between the RH.S of eq. 2 and re-
action time for MDI-polyether system.;conc. of
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action time for MDI-polyether system.;conc. of
[NCO] and [OH]:2=025M, b=0.14 M.

7} Agton wkeE&EAS 777 e 4 F ¢
o}
TDI-PTMGAI 9] g4 =% goire} o) whe
2% 30~80 ‘CAlolol A E¥3lad whg-Al7te] A}
o) W& isocyanated] ¥E®3} (C,/C)E APs
(X/1-X) 2 plot¥ A%E Fig. 49 JeEhidcl.

Polymer(Korea) Vol 22, No. 4, July 1998



FFALA NN E2NE 2 FFE Toj A ojo|E WMEEEE

0.0 %v L L L L L
0 50 100 150 200 250

360 350
Time [min)

Figure 4. Second order plots for TDI-polyether

system at mole ratio of [NCO]:[OH]=1.8:1.
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Figure 5. Relation between the RH.S of eq. 2 and re-

action time for TDI-polyether system. ; conc. of [NCO]

and [OH]:a=025M, $=0.14 M.
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Figure 6. Relation between the RH.S of eq. 6 and re-
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Figure 7. Arrhenius plot for MDI-polyether system
at mole ratio of [NCO]:[OH]=18:1.

-2.0

22F

24

-2.6 |

28 1

fog (K, Ky'K))

-3.0

321

341

i L . | ] L 1 " L
26 27 28 29 30 31 32 33 34 35
1Tx10° [K]
K=-13034 K =-05064 K, =-1.1967
E=596 Ey =232 E, =5.48 (cal/Kmol)
Figure 8, Arrhenius plot for TDI-polyether system at
mole ratio of [NCO]: [OH]=1.8:1.

|7l Eo] A9 71Z GAlY & A ALFQ
oe ¥ Aoz ¥3Eee 7elU? Fig. 8¢
TDI-PTMGA M= g9 27|dANN = 843
1927} 5.96 x 10-Kcal/molol 1t 271947} At

Polymer(Korea) Vol 22, No. 4, July 1998



EFALuANA EeNEH o BFS ol opo]EY WEEHEE

& dE vhe2 %7} F713e] wa} 5.48 X 107°Kcal/
molol A 2.32x10°%Kcal/molz @43 <=7}
Wi whg vFlUEe] dde A& AR 3
T ¢ ¢ Uk ol WIE (7)~(10)9) e}
Jd uke} o], MDI-PTMGAH 9 TDI-PTMGH ¢}
FHEE 44 #A T isocyanater]o] Whg4
o] xjo]7} dofl wiel §43} oz 9] ¥isst ety
£ Aoz @Y, FHZE Y urethane ¥4
= B oA 299 S8 duHsol o 34
ke A& Yeplle AHeold. Diisocyanates}
polyol®] ¥+g-& urethane-isocyanate 7§ %
ARH o2 d&HY 23 ¥hg2e] 2 w9, TDI
o} 7L 24 9 269] disocyanateE zt= 719
WA zlel7} whegw Ao A 93 X 9l
& ¢ 5 Atk

2 £

Triol 7l2Al& F71¥& ® MDI % TDI-
polyether4l9] ¥he-£x 83 13& 93l ¥hE2x
30~80 C AloldlA] Z¥3}o isocyanates] Fx ¥
3E o] &3l dgH Be FES I

1. MDI-PTMGA A f1olA k= KbE o] &3}
221 &S kRS Pl 33 WEEEAF
K 2 Kig AFsAL = 60 ColA
0.3993 eq 'min"'g?2 AXEHUTH. EF LHAE
ARk 23 whe& e o]E4d HEIAS o
22} Rkg& e AXHAY

2. TDI-PTMGHA A MDIAo| A&} o] #43%
27 AP FEAL 2a wg-&x2d ulgto
v} Sato9] |24 25| ¥l

3. Isocyanate-polyether# 2] 3%l QQoiA] E-x}
9] A EY o 43 FHEL urethane-Z
o3} ¥hg-o] FHAYPANA vi$ F85H FE3he
o, TDI®} & 2,4 2 2,69 diisocyanateg zt=
BE7)9] WA xlolrt Wre4 = AA A IF
£ PHI USE &+ U

2 a8 8

1. C. S. Schollenberger, “Polyurethane-and Isocyanate-

#alo A2278 A4z 19983 74

Based Adhesives, Handbook of Adhesives”, ed. by L
Skeist, vol. I, p. 359, Van Nostrand Reinhold, New
York, 1990.

. Y. Camberin, J. P. Pascault, ]| M. Letoffé, and P.

Claudy, J Polym. Sci.: Polym. Phys. Ed., 20, 1445
(1982).

. E. N. Doyle, “The Development and Use of Polyure-

thane Products”, p. 93, McGraw-Hill Co., Inc, New
York, 1984.

. C. Hepburn, “Polyurethane Elastomers”, p. 3-4, Ap-

plied Science Publishers, London, 1982.

. G. Oertel, “Polyurethane Handbook”, Hanser Publish-

ers, 1985.

. R. G. Pearson, J. Chem. Ed., 45(10), 643 (1968).

7. M. S. Yen and S. C. Kuo, J. Appl. Polym. Sci., 61, 1639

10.

1L

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

(1996).

. Z. S. Petrovic and I Javni, J Polym. Sci, 27, 545

(1989).

. T. L. Davis and ]. M. Farnum, THIS JOURNAL, 56,

883 (1934).

J. W. Baker and J. B. Holdsworth, J. Chem. Soc., 8, 713
(1947).

J. W. Baker and J. Gaunt, J Am. Chem. Soc., 9, 27
(1949). -

J. Burkus and C. F. Eckert, J. Am. Chem. Soc., 80, 5948
(1957).

M. Kaplan, J. Chem. Eng. Data, 6, 272 (1961).

F. H. Westheimer, W. A. Jones, and R. A. Lad, J.
Chem. Phys., 19, 178 (1942).

D. French, THIS JOURNAL, 72, 4806 (1950).

W. G. MaMillan, THIS JOURNAL, 79, 4838 (1957).

M. Sato, J. Am. Chem. Soc., 82, 3893 (1960).

T. Kajiyama and W. ]. Mcknight, Macromolecules, 2,
254 (1969).

J. N. Greenshields, R. H. Peters, and R. F. T. Stepto, /.
Am. Chem. Soc., 21, 5101 (1964)

E. Dyer, H. A. Taylor, S. ]. Mason, and J. Samson,
THIS JOUNAL, 1, 4106 (1949).

J. H. Saunders and K. C. Friseh, “High Polymer : Poly-
urethane Chemistry and Technology”, vol. 16, part I,
p. 1, 129, Interscience Publishers, New York, 1969.

0. Levenspiel, “Chemical Reaction Engineering”, vol.
1, p. 32, Tower Press, Seoul, 1972.

535



