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Ethyleneamines and Amine Catalysts for the Production of Polyurethane

Sadakatsu KUMOI
Shoji ARAI

Recent advancement of manufacturing processes and end uses of ethyleneamines has been briefly summa-

rized.  Although the demands for ethyleneamines are largely dependent on the industrial structure of

each country, the market of higher polyamines tends to grow at a much faster rate than that of ethylene-

diamine on a world-wide basis, The progress of manufacturing technology, however, allows the EDC

process facilities to be diverted for the production of ethyleneamines of stronger demand. Several new

extraction techniques are developed and introduced into the separation step of the EDC process.
As for ethyleneamine derivatives, “TEDA” and “TOYOCAT” have been developed as catalyst for the
production of polyurethane foams by Toyo Soda Mfg. Co., Ltd.  These amine catalysts have superior

processing abilities and functionalities which enable them to be adapted for the production of either

flexible or semi-rigid or rigid urethane foam.
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Table 1 Ethyleneamine and it’s properties
Ethylene amine Abbreviation IFﬁig'ng rangeD"F‘, Speczg/lgoiié:nsity Freezing Point ¢
Ethylene diamine EDA 115 119 0.897~0.910 11 o
Diethylene triamine DETA 195 215 0. 950~0. 955 —35
Triethylene tetramine TETA 260 290 0. 979~0. 984 {—40
Tetraethylene pentamine TEPA 310 320 0. 993~1. 003 {—40
Pentaethylene hexamine PEHA 1. 000~1. 031 {(—40
Polyeight higher polyamines Appr. 1.027 {(—40
Aminoethylpiperazine AEP 210 230 0. 983~0. 989 —18
Piperazine P Purity 99.0 and 99.99% (Two grades) 110
DEAYNHSEE > T 3,

(2) & & %
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CTYEET, BB - AT ) v - T reoTAEEE
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Table 3 Classification of amine catalyst for

polyurethane

Gelling catalyst

strong TEDA, TMG, TMHMDA

medium DMCHA, PMDPTA, TOYOCAT-NP
DMEA, NMMO, NEMO
TOYOCAT-HP
Blowing catalyst

strong PMDETA, TOYOCAT-ET

medium TMAEEA, DMAEE
TEA

Delayed action catalyst

weak

weak

thermo-sensitive
TOYOCAT-NP, DMIZ

blocked amine
TOYOCAT-TF, TOYOCAT-THN,
TOYOCAT-ETF
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Table 2 Comparison of catalytic activities in the formation reaction of polyurethane
- N o TDLDEG ) TDLHO ¢y
Name (Abbreviation) Ke Ke ratio (2)/(1) pKa
Fﬁ;no—amines
x 103 x10° X107t
triethylamine (TEA) 1.17 0.61 5.18 10. 35
N, N-dimethylcyclohexylamine (DMCHA) 2. 82 1.06 3.76 10.08
Di-amines
N, N, N/, N’-tetramethyl- (TMEDA) 4.86 1.32 2.72 8.95
ethylenediamine
N, N, N/, N’—tetramethyl- (TMPDA) 5.86 1.29 2.20 9.53
propane-1, 3-diamine
N, N, N/, N’-tetramethyl- (TMHMDA)  5.08 1.45 2.85 10. 04
hexane-1, 6-diamine
Tri-amines
N, N, N’, N, N’’-pentamethyl- (PMDETA) 7.39 27. 6 37. 3 9.10
diethylenetriamine
N,N,N’,N”, N’’-pentamethyl- (PMDPTA) 7.66 2.34 3.05 9.65
dipropylenetriamine
tetramethylguanidine (TMG) 7.80 0.81 1.04
Cyclic-amines
triethylenediamine (TEDA) 12.2 1.63 1.34 8.56
N, N’-dimethylpiperazine (DMP) 1.45 0.32 2.21 8.03
N—methyl-N’-(2—dimethylamino) (TMNAEP) 3.02 1.34 4. 44 8.59
ethylpiperazine
N-methylmorpholine (NMMO) 0.37 0.10 2.59 7. 41
N-ethylmorpholine (NEMO) 0.25 0. 01 0.47 7.54
N-(Nv, N’—dimethylaminoethyl) (DMAEMO) 1. 48 0.12 0. 81 8. 49
morpholine
1, 2-dimethylimidazole (DMIZ) 3.69 0.28 0.77 6. 96
Alcohol-amines
dimethylaminoethanol (DMEA) 2.59 0.32 1.23 9.02
dimethylaminoethoxyethanol (DMAEE) 2. 45 3. 40 13. 9 8.49
N, N, N’-trimethylamino- (TMAEEA) 4.23 6.33 15. 0 8.88
ethylethanolamine
N—methyl-N’-(2—hydroxyethyl) (MHEP) 0. 89 0.17 1.86 7.85
Piperazine
N—(2—hydroxyethyl) morpholine (HEMO) 0.23 0.07 3.10 6.85
Ether-amines
bis (2—dimethylaminoethyl) (BDMEE) 4.79 18. 7 39. 0 9.39
ether
ethylene glycol bis (3-dimethy]l- (TMEGDA) 4.51 1.56 3. 46 9. 49

6
(2

aminopropyl) ether

Reaction rate constants of gelling reaction in toluenediisocya

Reaction rate constants of blowing reaction in toluen

¢ ({*/eq-mo-h) at 30°C in benzene solution

(119)
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RAHETERIZEOR Y v L 2 VT 3 v Sl %
WL TOB, Wb, IR E LT it % & o
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BEE U CoaEtE &0 ET, sg@tkfg s L« TF, TH
N, ETF ©o7'v—F% FHLT03, chdps L —
K% Table 6 iC7:9,

(2) #s{bmmg

C T TRIAMbIEHIC i, HE I REBE L IE D
MEHCONT, ZoW, MEEHEDS X ORRSEE %
EV3,

(1) TEDA

TEDA BxFL vy 7ivX0FHEMIN, —Hom=
BT I v R2EURROS FHESHD, “HOREET
3 TNTREM[OXF L v TN IR ZD D1
WHKOBEEET 5, K)vL EVvERKISICED 3
Table 4 Typical physical properties of Triethylene-

diamine from TOYQ SODA

Nomenclature Triethylenediamine-
1,4-Diazabicyclo [2.2.2] octane

~CH,CH,\

Structural Formula N-CH,CH,-N
\CH,CH,/

Formula C¢H;N,

Molecular Weight 112. 17

Appearance Hygroscopic, white crystals

Odor Ammoniacal

Purity(9% water free bases) Min.99.95

Water Content (%) Max 0.5

Melting point (°C) 159. 8

Boiling point (°C) 174

Crystal structure Hexagonal

Density (g/cc, at 28°C) 1.14

Bulk density (g/ce) 0.6~0.7

Basicity in aqueous solution

pKa;=3.02, pK4,=8.56
Flash point (°C) 80 (P.M.C.0)
Toxicity (oral rat LDg, mg/kg) 1870
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Fig. 3 Solubility of TEDA in typical solvents
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Table 5 Comparison of toxicities and boiling

points
 Catalys (Oral rat LDymg/kg) Egilrﬂ‘t?gc)
TOYOCAT-HP 6,410 >220
N-Methylmorpholine 1. 490 115
N-Ethylmorpholine 2.720 139
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TDI-H: 0 System
151

10}

Reaction rateK( £ /mol-h)

30 50 70
Reaction Temp(C)
TOYOCAT-TF (]

Blowing reaction (~)

Fig. 4 Retarding

EHALT ANVF-%RT? CEBMOENTHBH, NP

BRENSRBEEMES S22,

Table,6 Activation energies of the urea and
urethane formation reactions

4E (kcal/mol)

Amine catalysts
System TDI-DEG TDI-H,O

DMCHA 4.6 4.8
TMHMDA 3.2 3.0
PMDETA 3.2 1.6
HMTETA 2.9 0.9
TEDA 5.3 5.8
TMNAEP 6.4 4.5
NEMO 4.5 6.8
DMIZ 5.8 7.5
DMEA 2.6 3.9
MHEP 5.8 11.4
BDMEE 3.7 1.6

WA TRINDEZRT I ¥ OB KBRED S 12 5 Al
i, BRRILE 73R RO E)ART T I v M
BARAVLN, 7uy s F7T I vt EIhs, 7o
vy I FT7T IV HRBOBELENEICLY, &b
HTREVEUEANEONG, CCTREZEHD 7 o
vy 7 FTIVvEEOHELIGHIC DN TE LD B,

(1) TOYOCAT-TF
TF (& TEDA Z~x—2 & L TEAI NI &
W7oy s F7TIVvETH B, Flg. 4 KRIGREICX
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Fig. 5 Retarding Effects of TOYOCAT-ETF
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Table 7 TOYO SODA’s polyurethane
ApplicatiOnS
Product Structural Formula Charecteristics
Flexible] Rigig
— Strong catalyst for isocyanate-polyol
TEDA N N reactions. Suitable for all urethane
7 S © | ®
foam applications.
Y S Liquid TEDA in DPG. Odorlessness
TEDA-L33 NN N and low viscosity make handling easy. © ®
DPG solvent Suitable for flexible and rigid foams.
e Liquid TEDA in 1,4-BDO. Suitable
TEDA-L25B N\/\//N for elastomer, RIM and micro-cellular A A
1,4-BDO solvent applications.
N Liguid TEDA in EG. Suitable for
TEDA-L33E ) A A
hard elastomer and RIM
EG solvent
CHy cHy Very effective blowing catalyst with
\N WA 0 AL N< excllent compatibility.
TOYOCAT-ET CHg/ CHy ETS is a special grade catalyst contain- © o
DPG solvent ing no DPG.
Medium activity catalyst, suitable for
TOYOCAT-NP e Amine aI‘I urethane foam. e'lp.plications. Exhibits © o
high thermo-sensitivity and large syn-
ergistic effects with organic tin catalysts.
Odorless, non-bleed, weak catalyst.
TOYOCAT-HP t-Amine in DPG © @)
Similar in activity to morpholine.
Delayed action catalyst based on
TOYOCAT-TF t-Amine in DPG TEDA. Exhibts good foam flowability © [®)
and fast curing
Delayed action catalyst based on
TOYOCAT-THN t~Amine in DPG TEDA. Excellent retarding effects and O ©
gelling reaction activity.
Delayed action catalyst based on
TOYOCAT-ETF t-Amine in DPG TOYOCAT-ET. Excellent foam flow- © AN
ability and fast curing.

© Normall use
(O Often use

A\ Occasionally use

(124)
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foam amine catalyst series
- Typical properties Packing %
S| Specific ; : o Freezing | Flash Toxicity .
Others | Appearance | Color Gravity (\glssc‘%%log) isr?l$;ltl;¥ point *Point (Oral Rat )Net(l:m;lght
CH) ps: ) (c)  \LD50mg/kg &

White 38

©® 1.140 — 159 1. 870 25
crystals at 20°C
Colorless, | Gardner 18

© 1.033 114 ) <-20 104 4. 480
clear liquid | < 5 200
Coloress, Gardner 18

G 1. 030 123 oo <=2 102 1. 590
clear liquid | < 8 200
Colorless, | Gardner 18

© 1.098 61 co <23 96 3.900
clear liquid | < 8 200
Colorless, APHA 15

® 0. 902 5 co <—80 86 1.230
clear liquid | <200 170
Colorless, | APHA 15

@) 0. 886 3 oo <—20 82 1.420
clear liquid | <200 170
Yellowish | Gardner 0. 994 30 15 |

O o0 < 30 98 6. 040 ;
liquid <5 (35C) |(eps:35C) 170 |
Yellowish | Gardner 18

© 1. 062 186 0 <—5 102 3.110
liquid <5 200
Yellowish | Gardner 17

O 0.975 40 oo < =20 108 2. 470
liquid <10 180
Yellowish | Gardner 18

®) 1. 046 63 oo <—=20 74 1. 220
liquid <8 200

COC method.

NP and ETF; P.M.C.C. methods
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