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Catalytic Activation of Various tert-Amines for the Urethane

Foam Reactions

Shoji ARAI

Yutaka TAMANO
Sadakatsu KUMOI
Yukihiro TSUTSUMI

Catalytic activities of tert-amines for the urethane foam reactions have been investigated, The rate

constants of the urethane and urea forming reactions of 2, 4-toluenediisocyanate/polyol and 2, 4-toluenedi-

isocyanate/water systems are determined using various tert-amines as catalyst and benzene as solvent.

The catalytic characteristics of these amines are discussed on the basis of pKa values and activation

energies of the reactions. Influences of carboxylic acids and reaction temperatures on the reaction rates

have been examined using some tert-amine salts of carboxylic acids as catalyst,
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Table 1 Amine catalysts
Abbreviation Formula Name Mole.cular
weight
Mono-amines
TEA (C2Hs)sN triethylamine 101.19
DMCHA < > N< CHs N, N-dimethylcyclohexy]- 127.23
~CHs amine
- CHs . .
DMBA @-CHz—N\ CH3 N, N-dimethylbenzylamine 135.21
MDCHA N — CH3 N, N-dicyclohexylmethyl- 19535
<<:>>27 amine
Di-amines
TMEDA SE>N A NS o N, N, N’, N“tetramethyl- 11621
ethylenediamine
TMPDA eHeS N AANLS o N, N, N, N"tetramethy]- 130.24
propane-1,3-diamine
CH CH
TMHMDA >N Anny NG N, N, N’, N"-tetramethyl- 172.32
hexane-1,6-diamine
CHs~_ ' _~CHs o ,
TMUNDA CH3;— N AAVAVAVAVAN) \CH3 N, N, N s N -tetramethyl- 242.45
undecane-1,1 1-diamine
CH CHs
TMMPDA ¢ >N A n< S N, N, N, N'-tetramethyl- 17232
2-methylpentane-1,5-diamine
Tri-amines
Pt
PMDETA ggj>N AN NG N,N,N',N", N"-pentamethyl- 17331
diethylenetriamine
CiHa H
PMEPTA ggz> NAAN/VN <(C:H; N, N, N’, N", N"-pentamethyl- 187.33
(3-aminopropy!) ethylene-
diamine
C|H3 CH
PMDPTA gg;’> NAANMN N,N,N',N"", N"-pentamethyl-  201.36
dipropylenetriamine
CHa~ —~CHs . . .
BDMAPA CHa" NANHAA N\CHa bis (N, N-dimethyl-3-amino- 187.33
propyl) amine
CHs~_ _~CHs
HMTA CHs~ N NYH\/V NSews o wnw N, N“, N"-hexa- 257.47
C, 2 methyl-(4-aminomethyl)
CHs» N~CH3 octane-1,8-diamine
CHa~ N—C-— N/CH3
T™MG CHs— I “~CHs tetramethylguanidine 115.18

NH
(25)
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Table 1 Amine catalysts (continued)

Abbreviation F 1 Molecular
ormuia Name weight
Tetra-amines
CHs CHs
HMTETA  CIPSNANANANSSE NN NN N7 N 23040
3 hexamethyltriethylene-
tetramine
C'H3 C'Ha CH .
HMAPEDA ggs>NN\ NA/ N AA N<CH§ N, N’.-bls (N", N"-dimethyl- 25846
3 3-aminopropyl) N, N'-
dimethylethylenediamine
CH C'H3 C'H3 CH N,N, N, N”,N"",N 272.49
HMT?TA 3~ /\/\ / 3 , , I, n, III’ ver .
CHs NM NMNMNS oy, hexamethyltripropylene-
tetramine
Cyclic-aimines
I\
TEDA N 7~/ N triethylenediamine 112,18
V2R
DMP CHs—N N-CHs N, N'-dimethylpiperazine 114.19
TMNAEP \gg3> NA/N N—CHs N-methyl-N-(2-dimethylamino) ~ 171.29
3 s ethylpiperazine
CH — / _-CHs bis (N, N-dimethylaminoethyl- 340.57
BAEPE CHZ> N/VN NV N\_/N NN CH; piperazinyl) ethane
\
NEMO CH.—N 0 N-methylmorpholine 101.15
/
NEMO C2Hs—N \__(/) N-ethylmorpholine 115.18
DMAEMO CHs~ A N-(N’, N*-dimethylaminoethyl)  158.25
_/ morpholine
DMIZ N N-CHs 1,2-dimethylimidazole 96.14
CHs
DMAPIZ N N _CHs 3-(dimethylamino) propyl- 153.23
N VYN ScHs imidazole
Alcohol-amines
DMEA gg§> N/ OH dimethyaminoethanol 89.14
DMAEE gg:> N~/ O0A/OH dimethylaminoethoxyethanol 133.19
C .
TMAEEA CHa~ |H3 OH N, N, N’-trimethylamino- 146.24
CHs~ N7V N/ ethylethanolamine

(26)
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Table 1 Amine catalysts (continued)
Abbreviation Formula Name Mole.cular
weight
TMHPDA CHs~_ 1,3-bis (N, N-dimethylami
_CHs ,3-bis (N, N-dimethylamino) 146.24
CHs~ N /;[;\ N SCHs -2-propanol
DETAEO cH C1H3 C|H3 N, N, N’, N"-tetramethyl- 203.33
3 N"’«(2-hydroxyl) ethyl- )
NA/NA/ N ~\v/OH y y y
CHs~ N triethylenediamine
DETAPO CHw CHs CHs N, N, N, N"-tetramethy!- 217.36
CHs—~ N~ NA/N /YOH N"{(2-hydroxyl) propyl-
triethylenediamine
DPTAEO gg; > NAANAAN <gg; N, N-bis (3-dimethylamino- 231.39
~ propyl) aminoethanol
DPTAEO CHi~ OH _CHs N, N-bis (3-dimethylamino- 245 .42
CHs~ N/ 2_/\/\ N cHs propyl) amino-2-propanol
OH
MHEP /\ . N2
CHs—N N/ OH N meth?ll N‘-(2-hydroxyethyl) 14422
\__/ piperazine
MHEPP CHs— N/—\N ¢ OH N-methyl-N '(2-hydroxypropyl)  158.25
\_/ piperazine
HEMO 7N OH .
O\_/ N N-(2-hydroxyethyl) morpholine 131.18
Ether-amines
BDMEE gg;> NAOAN <gg: bis (2-dimethylaminoethyl) 160.26
ether
TMEGDA CHs_ _-CH3s ethylene glycol bis (3-dimethyl-  232.37
CHs~ NMONOMN “~CH3; aminopropyl) ether
MHEPE CH;— ﬂ A~vOCH3 N-methyl-N‘-(2-methoxyethyl) 158.25
-/ piperazine
CHa~ C|H3
AEEAE Chs" N~ N AVOCH; N, N’, N'-trimethyl-N-(2- o 160.26
methoxyethyl) ethylenediamine
T3, ko : A O RICHEBEEH (0/mol-h)
1/(a—x)=kt+1/a 4 K. : iR (¢%/eq-mol-h)

1/(a—z) i3RI X 9 W4 Ui NCO Zg RO ©
BY, RIOJPBRIFC L > TRDONBETH B, (4)
ArACTHELARGEEES X b, GO Bt (1 pHORA®E
ZHDLEREL T, Fific oW THltER K 2Rk% 0.0l mol/¢ DE=H7 3 vKIEWK 50msl h—nv
e Ny PTC75 A5, TOBEY AR —F5—THE

k=ky+K.C %) TrIER 30°C im®gbir st 6 0.02N-HCl %% 50

C : RIGFRDOALLEE (mol/s)
(4 pHORE LpKa
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Table 2 The concentration and quantity of reagents for measuring the reaction rate

-_

T System TDI?-2EHA®

- 5) _
5__‘1_3\\\ TDI-DEG# TDI-GP 3000 TDI-H,0O
(mol/7) (m¢) (mol/¢) (m¢) (mol/¢)  (m¢)
‘Concentration -0OH 0.1533 50 0.1533 50 0.03898 100
of reagents? -NCO 0.1533 50 0.1533 50 0.7796 10
catalyst 0.0735 5 0.0735 20 0.0735 4
Initial c?ncent- -OH 0.0730 0.0639 0.0342
ration of reaction
mixture -NCO 0.0730 105 0.0639 120 0.0684 114
catalyst 0.0035 0.0123 0.00258

1) Concentration of the functional group as for hydroxyl and isocyanate 2) 2.4-toluenediisocyanate
3) 2-ethylhexylalcohol ~ 4) Diethyleneglycol 5) Polyetherpolyol (OH value 56)

12
10
8
&
6
4 =
ZJ; TEDA
L 1 Ll L 1 1 | |
0 10 20 30 40 50 60 70

Quantity of 0.2N-HCI (ml)

Fig. 1 Titration curves of the various tert-
amines with 0,2 N-HCI solution
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pKa=pK—log —IBE"Tou~ ®)

B
7 TGEDEGRS
pH DRIELRET T log %zo. o7
B
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Table 3 Comparable reaction rate constants on
the urethane formation reaction

Reaction rate constants

Amine K. (/*/eq-mol-h)
catalysts 2EHAV GP-3000»  DEG®
x 10° x10% %108
TEA 1.94 — 1.17
DMCHA 2.00 — 2.82
TMHMDA 3.14 0.31 5.08
PMDETA 4.03 0.57 7.39
HMTPTA 3.54 0.69 9.40
TEDA 7.66 0.81 12.2
TMNAEP 2.20 0.24 3.02
NEMO 0.16 0.015 0.25
DMEA 2.00 — 2.59
TMAEEA 1.91 0.48 4.23
MHEP 0.51 0.09 0.89
BDMEE 3.71 — 4.79
TMEGDA 2.74 0.30 4.51

1) 2-ethylhexanol
3) Diethyleneglycol

2) Polyetherpolyol

kot pKa Offix Table 3 33,

3. MR L EE

(1) k& B RIS OB £

TDI-DEG, TDI-H,0 FRicB\WTHE=MHET 3 vl
BT OWTEER L b Rdte 1/ (a—zx) & FIEER () ©
BAtR% Fig. 2 wiR7d,

TDI-DEG F%iBIL, NCO #E DL 70% B k0D
B EY T ¥ CEEESRD bh b, —F, TDI-H,0
FCFRNTE, ERERI D EIANBEHEANZEDHR
Bh, RENT L2 kEIGA#ETL Tk, BiigL, it
FISE DB RD BArT5Z EFLTWB, RED
BT 2 vicBL ) G)KR X bkl K, 1w,
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1/(a—x)
Conversion of -NCO (%)

1.0 2.0
Reaction time (h)
TDI-H,0 system
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Fig. 2 Reaction of TDI with H,O and of TDI with DEG in benzene solution at 30°C

TDI-2HEA, GP 3000 %5 X ot DEG o [ {i% Table
3 wRT,

2EHA t DEG o OH #ix, & dic—#ko OH #
THhoHH, DEG o K. 11 2EHA oFhic gL ¢,
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K. ik OH EX—fkThoicwd, RIGHEETES
DEG @ K. ©#105D 1 D{ETH 5, 2EHA 1Tk &
DB DT DER LTzAY, GP 3000 11 3 TEER Y 4 — 1
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O BEE LTV AR YR LYY 2 -0
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ADHE=RT 3 VAR OB S TR Y 4 — 40
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HE LI, Table 3 iz TDI-DEG %3 X ¢t TDI-H,O
AOMBEER Ke (42/eq-mol-h) DHE Lh D% R
Lic, ¥k K ¥ #8=H7 3 vOHFETEL, *h
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fECRLT,
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7o b OBIRIIEMIT S =7 3 / ROFS BT L #mT
AYEFmICHY, /273 vEDYT Iy, PYTIVE
D7 b5 vORERALEWHEHIY RT, WERGEE
i, BB EREEEE By, TG IvELL
TT5, LobIRV=FLVvREIVTIVETHS
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HUNDFZIERY e L vRY 7 3 VEIL, o
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T ORUCIEREL T LI Ui, o TEE LI
ISP RE L b KL=/ T 3 vic DT pKa
ZRD, pKa &L LIEEDOBIGRAY B Lic, TDREE,
=7 ¢ v pKa {ENEC & LGB 30
FTLA =KL otz, LL, i pKa a3 vz
LK) VRRERZ O VY LORSRT ¢ vES T
TUEEE S NI VW Lo, chX b pKa ffiti
LI DOBERLRE L1215 2 fovs,

(2) EHET XL FE— RO

RENLE=HR 7 3 Vil T TDI-DEG %I
O° TDI-H,0 RoRs#% 30°C, 50°C 3 X 8 70°C ©
L, RISEEXELL, chx7r=pzx7a,
b (Fig. 3 3X08 Fig. 4) L, ZooMEE X b Eik{=
F V¥~ (4E kecal/mol) %3k, Table 4 ZRLUT

BIIBLRISS X ORMLRIGD 4E 1%, %4 2.6~6.4
keal/mol 35 X 0* 0,9~11, 4 keal/mol T3 b , XHERED
DFy 8keal/mol 1= UL/ IMELE SN, &
BkH5 Z &, TMHMDA, PMDETA, HMTETA,
BDMEE 7z &0 EgEREES b of =7 ¢ Vb,

WML - WALEIED 4E 11 0,9~3.7 kecal/mol & ftiis
Fha <, FHBERIED 4E 1% 0.9~3.0 keal/mol
ThY, FECDIv, —HeRs o vEPe LR v
BRick O BT ¢ Vg% 4 > TEDA, TMNAEP,

2.0r

~ L0
S
s
E
~
N .
~ |
! ]
o |
1 1 1 | 13
29 3.0 3.1 3.2 33
(1/T) x10*
Fig. 3 Arrhenius’ plots of the urethane forma-
tion reaction on TDI-DEG system in
benzene solution
2.01 BDMEE
MDETA TMNAEP
1.0

log k (¢/mol-h)

=]

—1.0

1 | 1 I

2.9 3.0 3.1 i 3.3
(1/T)x10"®

Fig. 4 Arrhenius’ plots of the urea formation
reaction on the TDI-H,O system in
benzene solution
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Table 4 Reaction rate constants*
TDI-DEG (1) TDI-H,O (2) pKa
Abbreviation ratio (2)/(1)
K. K, K. w pK, pKo pK,
Mono-amines x10°  x10  x10°  x10 x 1071
TEA 1.17 1.16 0.61 0.60 5.18 10.35
DMCHA 2.82 2.22 1.06 0.83 3.76 10.08
DMBA 0.50 0.37 0.02 0.01 0.32
MDCHA 0.41 0.21 0.18 0.09 4,39
Di-amines
TMEDA 4.86 4.19 1.32 1.14 2,72 8.95 5.61
TMPDA 5.86 4.50 1.29 0.99 2.20 9.53 7.46
TMHMDA 5.08 2.95 1.45 0.84 2.85 10.04 9.15
TMUNDA 3.91 1.61 1.10 0.45 2.81
TMMPDA 2.80 1.63 1.38 0.80 4.93
Tri-amines
PMDETA 7.39 4.26 27.6 15.9 37.3 9.10 8.01 2.39
PMEPTA 8.59 4.59 4.03 2.15 4.69 9.34 8.25 4.14
PMDPTA 7.66 3.80 2.34 1.16 3.05 9.65 8.42 7.42
BDMAPA 4.29 2.29 0.53 0.28 1.24 9.87 8.52 7.19
HMTA 6.14 2.38 3.22 1.25 5.24
T™MG 7.80 6.77 0.81 0.71 1.04
Tetra-amines
HMTETA 9.40 4.09 19.5 8.48 20.7
HMAPEDA 10.7 4.14 5.02 1.94 4.67
HMTPTA 10.1 3.71 3.47 1.27 3.44
Cyclic-amines
TEDA 12.2 10.9 1.63 1.45 1.34 8.56 3.02
DMP 1.45 1.27 0.32 0.28 2.21 8.03 3.89
TMNAEP 3.02 1.71 1.34 0.78 4.44 8.59 7.48 1.95
BAEPE 8.71 2.56 4.42 1.30 5.07
NMMO 0.37 0.37 0.10 0.10 2.59 7.41
NEMO 0.25 0.22 0.01 0.01 0.47 7.54
DMAEMO 1.48 0.93 0.12 0.08 0.81 8.49 3.78
DMIZ 3.69 3.84 0.28 0.29 0.77 6.96 2.03
DMAPIZ 2.91 1.90 0.14 0.09 0.49 8.63 6.03 2.42
Alcohol-amines
DMEA 2.59 2.91 0.32 0.36 1.23 9.02
DMAEE 2.45 1.84 3.40 2.55 13.9 8.49
TMAEEA 4.23 2.89 6.33 4.33 15.0 8.88 5.13
TMHPDA 3.60 2.46 0.50 0.34 1.38 9.21 7.13
DETAEO 6.46 3.18 16.1 7.92 24.9
DETAPO 7.09 3.26 13.2 6.07 18.6
DPTAEO 8.31 3.59 1.98 0.86 2.38
DPTAPO 7.57 3.08 2.16 1.14 2.85
MHEP 0.89 0.61 0.17 0.11 1.86 7.85 3.69
MHEPP 0.83 0.52 0.16 0.10 1.96
HEMO 0.23 0.18 0.07 0.05 3.10 6.85
Ether-amines
BDMEE 4.79 2.99 18.7 11.7 39.0 9.39 8.06
TMEGDA 4.51 1.94 1.56 0.67 3.46 9.49 8.76

(31)




32 R EEDT S 5528% 15 (1984)

Table 4 Reaction rate constants (continued)

TDI-DEG (1) TDI-H,0O (2) pKa
Abbreviation ratio (2)/(1)
K. K, K, K, pK; pK, pKs
x10° x10 x 10 x10 x107!
MHEPE 1.17 0.74 0.18 0.11 1.51 7.95 3.72
AEEAE 3.40 2.12 2.33 1.45 6.85

* Reaction rate constants in benzene solution at 30°C, K. (¢2/eq-mol-h), K, (¢%/g-mol-h)

Table 5 Activation energies of the urea and NEMO, DMIZ, MHEP i, 85t « IbIED 4E i1
urethane formation reactions 4.5~11, 4 keal/mol & He#fk & <, B lLRIED
1 4E (kcal /mol) AE i3 4.5~11.4 kecal/mol LA Z\MEER KL,
Amine catalysts A4E 7 U IRT TR, YVvE VT 4 —AD
System TDI-DEG TDI-H,0 A& fﬁ%ﬁ? o .
REIO X 5w Kbt & RORIGRENE i ote §
DMCHA 4.6 4.8 b, MEIRESTRIBOCER T 52 L2 ERT 5, -
TMHMDA 3.2 3.0 TAEV LE i b0 3887 ¢ VRN “RIRIE” 208
;ﬁ%@?ﬁ > - VRS B &SI BB o E IRV BBRICH T,
- . SESRE i 2 DA =2 %,
TEDA i 58 PRI R U COBEY L BT 5 L5415 _
TMNAEP 6.4 4.5 (3) E{bEEIE{ERIEDEL
NEMO 4.5 6.8 a1k & SR ILRUG DR (a3, FRIGD 5 v A
DMIZ 5.8 7.5 CRIFETRED FEPRGI Lo, 30°C & BT 5ER
DMEA 2.6 3.9 1.00& LT 50°C, 70°C COEELS EHETELL
MHEP 5.8 11.4 Table 6 IZ/RLT,
BDMEE 3.7 1.6 DMCHA, TMHMDA ¥ X TEDA (3RGRED
L THEERIIEFL.00TH D, ks BEILRIG
DN BEE B DR E LI ARTE U e\ E % o il
E=2%, PMDETA, HMTETA, TMNAEP X U°
Table § Relative ratios of the reaction rate con- BDMEE R RIGHEED R 5 &, HEHAL.00LD
stants on the urea and urethane forma- XL ID, Thik, RIGEENAEL a5 & NN
tion reactions at various temperatures B LIE M T B A B oMt 5 5, F7- NEMO,
. Relative ratios* DMIZ, DMEA 3 X 08 MHEP i3, RIESREA S 725 .))}
Amine catalysts Reaction temperature (°C) LEESKE LD, 1.00X b b RkE\ELKD, B
30 50 70 b, ZhbOMBIRIGREN R 7o b & xR
DMCHA 1.00 1.00 0.95 A BT R T B B
IMHMDA 1.0 094 100 (4 BENILABROFMHE
If;l‘&lilgi 1.00 0.85 0.75 H=%7 3~ PMDETA Lffix OFE» LA VEEE
.y igg ggz . DR B E LT, %0 9L & VAR R
.’ . . i EE =2 = - -~
TMNAEP . 1.00 0.80 0.74 01%:75%7: AR /R&"@Fi;‘ztﬁﬁl‘,f o BRALIHBS
NEMO 1.00 1.92 1.33 NAE VERE, BEER - A SV AR - T JEERTHD, £
DMIZ 1.00 1.47 1.41 DfER% Fig: 5 KiRLic,
DMEA 1.00 1.11 1.30 PMDETA oifei s fhii i\ 7o 834, PMDETA
MHEP 1.00 1.97 3.02 BMOMMBEMCH L, ALK T 30°C THELWE
BDMEE ' 1.00 0.81 0.75 MK S 2, RUGRED LR & & b SuCEESY
* Relative ratios are calcurated when the ratio WL, (’_ﬁi 50°C -« PMDETA L[ UEP{:*&'%L?‘\:t
of the urea/urethane reaction rates is set to —77, BIRIEBIG T, & 5 LIEHE @D b,
1.00 at 30°C. W SRR IAREECR Y 3 i K&V BIREEEY R
(32)
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Catalyst ; PMDETA, non-Modefied( O ), Formic acid ( ® ),
Cyanoacetic acid ( [J), n-Caprylic acid (R),
Carboxylic acid/PMDETA =1.5(mol/ mol).

Fig. 5 Effect of the modified catalysis of PMDETA with some carboxylic acids
on the reaction rate constants at various temperaturés

LTw%. ¥7 / BeFRiES filE e LTV 5 & (bR
JGTUE, 30°C TSRO BA L ik ISHEET Y iz
h, THiL 50°C THEERT, 70°C DL X ULHT
PMDETA &R UTEM: & 7D, —F, & DA E L
TSIEERIE TS 80°C, 50°C CIEHETAZD b,
BMLRIS & F#f 70°C ¢ PMDETA oiE#:¥ cEE
Tho A7V AEREE ARIEEE LC VB LS Ti
30°C & 50°C TIEME T2 bh, 70°C Ti3iEE
"5, LL, ZOFEMETOLSTEEEY 7 /B
FRICHIE L TN Sy e IS LG C U I IR B SR
TINTERETHARD SR, 70°C T EHEET
DR BDiehotc, ZhbofEE: PMDETA
BN VR VR EINT S Lk, B L0 RISERE A
HEYFT D LR RLT WS, CHIIH=HT 3 v b
FEI VR BIE LRy, PSR R 5D, RIGER
EoLRLriw, ZofanBwmiialicn, By
WRVEBHA VT A7 — N ERIGT D100, BT 3
YHRAREL T LI ERA BT 5 2 L CHBTE
B T, HECHIE(LREEE, A2 G
AR VRO pKa, S FEECKIGRER X ) B8y ST
b0 CNOLDFERIFE=H7 s vicBYBEHI VRV
BRhBIRT D &, KIGREIMEWREY v L x vAERRKG
T REES E TS, RISOETE & bicEis
NGB X b, RFOMBIERLY R IV 5559 5
BIEHAMEORL G ABETH B & L RL T B,

4. & ¥ U

ABETRY v x VARRIGCBL, =7 A%RCR
TEIRIL & WAL RIGEEY BIE L, #EE=%7
IO EOREE B E Lic, YL & vARKIS
DRI ORI X - T b B8 21 2 0 fA e
BABEDYEEIL Z D~ v € VIFBERIC R\ T B BN I
FKicb#Ex 5, THEMREMAE L LT, MEdEoMh
OB S 2 100N, FHESHRAE & O ERIE, B
IBLVTVE VT 3 — R b LT ZD7 4 — Al
BIL, &< DERMEELD B, 65T, T DORIERED
WER R GE DI ERH LOMEL BRT 5 2 LIk
IROH, FUCEEED 4 THEECIE D TR s X Ohst
A DfgEtE LTHIATE S L EL D,
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