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ABSTRACT 

Halthane 73-18 is a new polyurethane type adhesive being developed 
for an assembly operation. This.report includes the cure rate 
at ambient, 38, 78 and 100 C. An equation relating cure rate, 
time and temperature is established. 

DISCUSSION 

The Halthane series of polyurethane 
adhesives synthesized by Lawrence 
Livermore Laboratories(1) are being 
studied for application to Pantex 
assembly processes. The series con­
sisted of three each two-part systems 
designated 73-14, 73-18, and 87-1. 
In addition to the Halthane series, 
several others were investigated 
but the adhesive chosen for develop­
ment was Halthane 73-18. The require­
ment for a new adhesive resulted from 
(1) the toxicity of the Adiprene L-100 
and L-167 curing agent, MOCA, (2) the 
variations in mechanical properties 
of L-315/polyol over the required 
temperature range, and (3) the high 
viscosity and short working time 
of the DuPont 520/MDA system(2). 

Halthane 73-18 consists of two com­
ponents, the resin prepolymer and the 
hardner which are designated T and R; 
respectively. The prepolymer consists 
of the reactio~ product of 3.5 moles 

-1-

of MDI [4,4-methylene bis (phenyliso­
cyanate)] and 1.0 mole of polytetra­
methylene ether glycol (Polymeg). The 
hardener contains a mixture of 85% 
Polymeg 1000, 10% 1,4-butanediol and 
5% N,N,N,N-tetrakis (2-hydroxypropyl) 
ethylenediane (Quadrol)(l). 

The rate of cure for thin films of 
the Halthane 73-18 (66 weight percent 
component T and 34 weight percent 
component R) was studied by following 
the decrease in the absorbance of the 
4.35 µm band in the infrared spectral 
region. This band was attributed to 
the isocyanate functional group. A 
Beckman IR-12~ infbared spectrometer 
fitted with a RIIC hot stage a.ttach­
ment was used to monitor the loss of 
absorbance. Fig. i·shows the absor­
bance at ambient, 38; 78, and 100 C. 

a Beckman·InstY'UTTlents, 
California. 

bResearch Industrial 
London, Eng land. 

Inc., Fullerton, 

Instrwnr:mt Co., 
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Fig. 1. Halthane 73-18 Cure Rates 

, 
The absorbance was·assumed to obey the 
differential equation 

~~ = -kan, a(O) = 1 (1) . 

where a is the absorbance, t is time, 
k is the rate constant, and n is the 
reaction order. ·If the order is 
neither zero nor.one, the solution to 
the equation is 

ln a 1 = l-n ln [(n-l)kt + l] (2) 
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Nonlinear regression was used to fit 
this model to the absorbance time 
data for four different temperatures. 

The resulting least squares estimates 
of the orders and rates are given 
below. 

Temperature 
(C) 

.Ambient 
38 
78 

lO'o 

k -1 
(min ) 

0.01336 
0.00980 
0.03496 
0.19077 

n 

3.41306 
2.04224 
2.15484 
2.31528 

.• 



As seen in Figs. 2, 3 and 4 the curv~ 
fits .for the 38, 78 and 100 C data 
are satisfactory. The model failed 
to provide ·a satisfactory fit to the 
ambient data and the results of this 
fit were not used for further .analysis~ 
The failure of the model to fit the 
ambient data was probably due to the 
amount of scatter observed in these 
data. · This scatter could be induced 

0 

-2 

by temperature variationc, moisture, 
and sensitivity of the instrument. 
The effects of these factors are less 
pron0unced at. elevated temperatures. 

a . 
Ambient temperature was bay temper-
ature which aouZd have varied over a 
10 C range. 

•••Observed Data 
Curve F~t 

0 200 400 
Tjme ·(min) .. 

600 800 

Fig. 2. ln a (Absorbance) Versus Time for the Cure Rate at 38 C 
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Fig. 3. ln a (Absorbance) Versu~ Time for the Cure Rate at 78 C 
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Fig. 4. ln a (Absorbance) Versus Time for the Cure Rate at 100 C 
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In order to utilize equation (2) it 
was necessary to express n and k as 
functions of temperature. The rate 
(k}. is usually asslll'Iled to have an 
Arrhenius temperature dependence given 
by 

k = Ae-E/RT (3) 

wherJ A is the collision frequency, E 
is the activation energy, and R is the 
gas constant. As seen in Fig. 5, 
ln k is not sufficiently linear in · 
1/T to support this assumption, so an 
empirical model was used instead of 
the Arrhenius equation·. Ari empiric~! 
model was also used to obtain n as a 
function of temperature. The model 
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~hosen for n and k was a modified 
exponential in tei:nperature of the 
f orrn 

' wher~ A1 , A2 , and A3 are the curve 
fit parameters and T is the temper­
ature .. This model passes through 
each of the three temperature points, 
is suff icientiy smooth for interpo­
lation purposes,. and is well-behaved 
outside the range of the data points. 
Figs. 6 and 7 are plots of the rate 
and order as functions of temperature; 
these figures al~o show the curve fits 
of equation (4) to the experimental 
resu,lts. 

• 
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Fig. S. 111 k Versus l/T for the Cure Rate of 100, 78, ·and 38 .C 
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1he cure rate (C) is related to 
absorbance by 

C = 1 - a (5) 

so equation (2) can be used to relate 
cure rate to time and temperature. 
Equation (2) can be expressed as 

a= [(n-1) kt + l]l/l-n (6) 

and by using equation (5), the ex­
pression for cure rate is 

C = 1 - [(n-l)kt + i1l/l-n 

A1 = 0.009049 
A2 -34.7296 
A3 = 0.08854 

(7) 

(7a) 

B1 = 1. 9994 
B2 = -13.1775 
B3 = 0.03224 

(7b) 

Equation (7) can be rearranged to ·give 
time as a function of cure rate and 
temperature: 

t = 
(1-C)l-n - 1 

(n-1) k 
(8) 

Solving equation (7) for temperature is 
not practical. 

Table I gives the Shore A hardness for 
the Halthane 73-18 using different 
ratios of the components. DABCO was 
incorporated into the composition but 
did not appear to increase the cure 
rate. 

Table I. Cure Times at Ambient Temperature of 
Different Ratios of the Halthane 73-18 

Component CUre Time Shore A" 
{g) fhrl Hardness 

T-Component 7.0 23.SO 36/36 
R-Component 3.0 29.00 42/42 

29.33 4S/4S 
46.00 Sl/Sl 
70.67 SS/SS 

T-Component 6.6 23.67 48/48 
R-Component 3.4 29.2S S6/SS 

29.SO SS/SS 
46.2S 60/60 
71.83 63/63 

T-Component. 6.6 6.00 
.. 32/20 

R-Cor.lponent 3.4 23.92 47/4S 
DABCO 0.02 29.42 47/47 

29.7S 47/47 
46.77 47/4S 
71.08 47/47 

*The firot number is the.initial. reading and the second number is 
·where Shore A remained constant. . 
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CONCLUSION 

111.e rates of cure for Halthane 
73-18 (66% component T and 34% 
component R} were determined at 
ambient, 38, 78 and 100 C. An 
equation was established relating 
cure rate, temperature and time. 

-8-
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