J. of Korean Ind. & Eng. Chemistry,
Vol.3, No.4, December 1992, 588-594

Jl2=AR0lE & ZHE AIREH Z2|0|2AI0KFH(0|EY
BIMAl BOjo| EEE 21 2ES0| dg

(F) N33t 71ed T4
*Fad e TS satgaa
(199214 39 119 A<, 1992 89 31 )

The Effect of Water and Butanol of Solvent on the Synthesis of
Polyisocyanurate in the Presence of Carboxylate Salt Catalyst

Suk-Jeong Lee, Hyun-Soo Yang®, Kwang-Sik Choi, and Young-Chul Lee

R &D Center, Aekyung Chemical Co., Ltd.
*Dept. of Chem. Eng., College of Eng., Chungnam National Univ.
(Received March 11,1992, Accepted August 31, 1992)

8  QF: Potassium octoate Zwl &2 3s}ell toluene diisocyanate(TDI)E A2-3led polyisocyanurated §4% o &
wleo] g PRI Helgo] uheEe] Ax wshg, WA ZHAAES FE7) 5 poisert d w7l e] wbEAI7E), AAE
o Bajek 2¥ g TDIAEE] vx&= 988 v 3sdch Butyl acetate ool ¢ 5589 ofe] 0.1%< 2§ 274
A uretidioneo] AAE G o oju] 717 2 TDIAFEo] Joj@ ). Uretidioned butanolg £vlof 718 o= 445
A skoket. A7bE butanoleke] F71&E TDIA S-S Slsta #A18 £-2 % Wzt

Abstract: Polyisocyanurate has been obtained from toluene diisocyanate(TDI) in the presence of potassium octoate
catalyst and the effects of water and butanol in solvent were studied for the determination of the change of viscosity, the
reaction time (length of time required for 5 poise of viscosity of product), molecular dispersity of product, and TDI con-
version. When butyl acetate contains 0.1% of water by weight, uretidione was formed and a higher conversion was ob-
tained at the condition. The uretidione was not formed by adding butanol to the solvent. At a higher concentration of bu-
tanol, a higher TDI conversion and a wider molecular dispersity were obtained.
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% amides] 25 LAsoded o] Argabrights}
Phillips[ 2017}  phenylisocyanate3}3H2-2  7}4=4)
AA @2 buretshgtga dxsiect. zeh) 98
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etate§ufo] ZE B 9 Helso] PAEo Hr
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4. cooling water . dropping funnel

B52el 23 9 alcohol So] ukso] dahe 72 5. reflux condenser 10. calcium chloride tube
e AlE T2 Ased 28] Hax} g} Fig. 1. Schematic diagram for experimental appara-
tus.
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Fig. 2. The effect of water content on the reaction
rate of polyisocyanurate,
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Table 1. TDI Conversion at Different Water Con-

tents
Water Content Results
(%) Free TDI(%) Conversion(%)
0.5 4.55 90.9
0.1 3.87 93.2
0.007 4.25 915
A&HE-E W 3 uretidioneo] A4 e 0.1% <)
T BAZ AhgsledLn) ddojzc).
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Ak oleld fAhe uretidiones] A]4] 3] 7H #h=] vl A
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3. 2. Butanol9 o5t _

Fig. 5& 77] t& %9 butanols H7}ah Ajoke
BAE &2 2}&3}9d polyisocyanurate = 3 A
Al A2kl w2 Yz o} uhe A zhe vehgin)

water content : 0.5%
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Fig. 3. Molecular dispersity of polyisocyanurate
with water content.
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N0 0 I\{ Yo Fig. 5. The effect of butanol content on the reaction
@\ 0 s rate of polyisocyanurate.
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CH. I\.I/C\I,\]
Y eV L, [18]¢] 42 =¥ hydroxidee} 1%9] alcohol =
) gse] AMEA] alcoholg AME-8HA] 9IAL 43 SFEHF
“NCoO hydroxide® @502 A3 7Rt} ubgo] e
AP cie Buel dx) g
Fig. 4. Structures of polyisocyanurate. Table 3& A% 5 pmsed]/ﬂ HhS-& ZFEAA Yo
2 YA EE GCEA sl o1& mjuk$- TDI monomer
Fig. 5ol o 4= gl%o] Alzkel W& HEw 3= ek 9 TDI A3+824 butanol A7eke] 27}k
butanol @] A-&ekel whe} etz .en < 10000 e} Z7hsbedc}. o= wH$-F butanole] Zw)e} hy-
ppm< A7bste] AMgsid S W A wE F8AL drogen bonding S 6] 26} Zvj B4& Z7MA)7) 2 1t
o] dejArh. ol2|g @A butanol®] hydroxide”] o 2o ube ZA AR Qshe] Zu) g_ra 3
‘Q]' %UH%_Q] H] %%Z{lx]’“}o 6}%6}'—‘: A]—ij},}. hyd F/]Q butano o] 1:!] H]-——-E] TDI monomer?,} %
rogen-bonding S HA sl Fuje] &8l F =go2 oz TDINZSGS =3l 7leg A}E%r:}.
W Zo) GHEEZ F7A)7)7] WEoR AlgE Fig. 6& Whe 28 F AE 5 poisecljA] dojzl
olek 2ol butanole] %2 = WAL W buta GPCEA Asfolw o]% BAE # 98 polyisocy-
nol¥=e Z7p7 AR EY AT #Haheg A7 anurate®] ZzvlEadwle Fig 4o Jebd po
' 4gs dda & 4 slen o= YutakaF lyisocyanurat 359 Bzl we} 5EE0 R 1}
) . . o] 77} #akg Table 49 el gt
Table 2. Molecular Dispersity of Polyisocyanurate N
Obtained at Different Water Contents Table 3. TDI Conversion at Different Butanol Con-
water tents
tent
m Oleccuolr;ren 0.007% 0.1% 0.5% Butanol Content Results
distribution (ppm) Free TDI(%) | Conversion(%)
Trimer (1) 11.60 9.87 10.51 1000 3.84 99.3
n=1(II) 9.99 10.23 9.65 5000 3.74 92.5
n>3 (W) 63.48 66.14 63.79 — :
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Table 4. Molecular Dispersity of Polyisocyanurate
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e gy 9% 593

Table 5. Formation of Uretidione at Butanol Con-

Obtained at Different Butanol Contents tents
butanol Butanol Butyl Acetate | Uretidione o
molec(iﬁgiem 100ppm | 1000ppm | 5000ppm 10000ppm C(O;;il)t water(%) | assay(%) }ZZ?TS]SL“? ;1 m. p.(C)
distribution
100 0.1 99 1 he? 150—-152
Trimer (1) 9.87 10.00 9.39 8.42 1000 0.1 99 nd.° _
n=1 (II) 10.23 9.64 9.36 8.95 5000 0.1 99 n d. .
Hexamer (V) 6.73 8.35 8.80 8.12 8000 0.1 99 nd —
n=2 (1) 7.01 6.93 7.08 6.98 10000 0.1 99 nd. _
n=3 (V) 66.14 65.08 | 65.36 | 67.62

Trimer
n=1

Hexamer
n=2
n=3 N\

butanol IOOOOppm

butanol 5000ppm ;~
butanol : 1000ppm f

Retentlon Tlme(min)

Fig. 6. Molecular dispersity of polyisocyanurate wi-
th butanol content.

Fig. 63} Table 40|45 < 4= 9)l%o] butanolofo]
STV 33ste] Raleke zh: isocyanurated)
Pk A n=30] 49 Rk 2= poly-
isocyanuratedeke- Zvlslednt, o]2]d # AL alco-
holo] ols] $i% %o} Bojse Pagoz
W o S5 R po ylsocyanurate7} A
7] o2 Al

3.3. Uretidione2| MAnl x 3ol

K-oct& Zwl& polyisocyanurateE 44 BA
$o)F2] FHo] 0.007% %% BAS} 05%9 &
§-4 BAS £0)2 2489 4% Sayigh [17]9)
A3 w7 Sl A AAG WA Abeks) ule wpy)
olflel £ Ade) A% 1 ko] 0.1%< Aok
4 BAZ &0l2 L8892 A% uretidioneo] A4

a) Literature[ 28] value of the m. p. of uretidione is 150
-151¢C.

b) Uretidione was detected at a reaction time of 1 hour

¢) not detected

€ F o uretidione®] 7ol AT Ateks} whe
o] doydrh. e} fr-gefo] 0.1%4l Alekg BA
o] butanolg® H7}3led ISl uretidiones AAH
A ogsketh.

Table 5= F~#3t3o] 0.1%9) Alek& BAd| A7}
g butanolzkel] W uretidioned] AYAoRZ }e}
Wlew o]Z4 uks-E3 butanole] 1000ppme] 4
N 4% lsocyanurate,] AL Sayigho] ek
3 dl7hEE A Abestl dslanl o] Fejxji
Aoz Asdd

3.4 UISE A MME9 2x M

Fig. 7& TDI, &A% uretidione % polyisocyan-
urate?] R 2dEgdogs EX wz2 Agpd
DI 2275-2250cm~'e| 4 NCO EA sl=v} 7}st
Al vebden uretidione®] 7% 2275-2250cm™'¢)
NCO Hat ZFosx 1400-1410cm™'o| &4 2] C-N
stretch®] =9} 1750-1770cm "ol 41 2] =C=0 stretch
¥ 77} viebgol gt polyisocyanurate®] 7% 1410

2 1,0 100
=
.2
2 180
E -
g 60
2 440
8
g 420

1 1 i i i 1 A
4000 3500 3000 2500 2000 180016001400 11200 1b00 éOO 600

Frequency (cm™')

Fig. 7. a. IR spectrum of 2, 4-toluene diisocyanate,
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1430cm "ol 4} 2] C-N stretch®] =9} 1720-1730cm™!
|4 =C=0 stretchs] A7} Jepytcl
L3 =
Potassium octoateZ Zu 2 3}o] toluene diisocy-
anate2%-8] polyisocyanurated A o fujldf
I3 i B Q%s 1A 42 27
[ d e
2 AYF 01%9 sE¢%E ¢ Ak BA
4oj 2 ARgA] WEg-27]el uretidionee] WA H S
o] & TDIAEF W 2% L5 L)
T2 butanold 718t W uretidioned A A A

o mm = rr

2. 49% butanol®] F7h= TDIAHSE o FA
& 735 WedA butanol?
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