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A b s t r a c t  

New polymeric coating materials have been 
prepared by a triethylenediamine-catalyzed reac- 
tion of hydroxyl-terminated polyesteramides 
(HTPA)  from soybean or linseed oils with di- 
isocyanates. Eight dibasic acids or anhydrides 
were reacted with excess N,N-bis (2-hydroxyethyl) 
fat ty amide to yield t t T P A ;  those containing 10 
mole per cent excess gave isocyanate-modified 
polymers with best overall film properties. Re- 
activity of four diisocyanates with a linseed- 
HTPA was measured by disappearance of the 
isoeyanate band in the infrared. Depending on 
chemical composition, structure and curing con- 
ditions, films prepared from these polymers have 
a wide range of drying characteristics, hardness 
and chemical resistance. Drying times of linseed 
HTPA-urethane polymer films varied from 0.3 
to 48 hr, hardness values (Sward) were from 
4 to 70, alkali resistance ranged from 2 to 126 
rain and the hydrochloric acid and xylene re- 
sistances were good to excellent. Impact resistance 
exceeded 160 in.-lb for all films except two. The 
soybean-derived polymer films likewise exhibited 
a wide range of properties; they chiefly differed 
from linseed-derived films in having greater 
flexibility and improved alkali resistance. 

I n t r o d u c t i o n  

Previously, we described the preparation of poly- 
esteramides from linseed and soybean oils (3,4). The 
base-catalyzed aminolysis of these oils with excess 
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diethanolamine produced the corresponding N,N-bis 
(2-hydroxyethyl) fat ty amides (HEFA)  that were 
separated from the liberated glycerol and were sub- 
sequently reacted with a variety of dibasic acids or 
anhydrides to give polyesteramides. Films from these 
polymers have a wide range of properties related to 
composition. The better polymers dry rapidly to hard 
chemical-resistant films. Po]yesteramides prepared 
with an excess of H E F A  over the dibasic acid contain 
molecules that terminate primarily in hydroxyl groups 
(4). This paper describes the preparation and film 
properties of urethane-polyesteramides from hydroxyl- 
terminated polyesteramides (HTPA) and diiso- 
cyanates. 

E x p e r i m e n t a l  P r o c e d u r e s  
Urethane-Polyesteramides 

Diisocyanate-modified polyesteramides were pre- 
pared according to the following general procedure: 
5 g of HTPA, 15 g of dry toluene, 17 mg of 8.65% 
solution of 1,4-diaza-(2,2,2)-bicyelooctane (triethylene 
diamine) in toluene and an alkyl or aryl diisocyanate 
(mole ratio of NCO/OH of HTPA = 1) were heated 
with stirring at 105 C. Attempts to isolate these 
polymers from solution showed that the last traces of 
solvent could not be removed from these viscous 
materials without partial gelation. Therefore, films 
were prepared directly from the reaction solutions. 

Reactivity studies were made with four diiso- 
cyanates and linsced-isophthalic t ITPA containing 
10% excess t tEFA.  Reactions were carried out as 
described above. Samples were withdrawn periodically 
and examined in the infrared to observe disappearance 
of the NCO band at 2270 cm -1. The results are sum- 
marized in Figure 2. 
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FIG. 2. Reactivity in toluene of diisocyanates with linseed- 

isophthallc polyesteramide containing 10% excess diol at 105 C. 
TDI, toly]ene-2,4 dllsocyanate ; I-IDI, bexamethylene 1,6- 
diisocyanate ; ttMDI, 4,4'-methylene bis (eyelohexyl isocyanate) ; 
Naceouate 80, mixture of tolylene-2,4- and -2,6-diisoeyanate. 
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TABLE I 

Air-Dried F i l m  P r o p e r t i e s  of To ly lene  D i i s o c y a n a t e  (TDI) - l~ iodi f ied  L inseed - I soph tha l i c  Po lye s t e r amides  
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U r e t h a n e -  Dry-to-  Tack-  R o c k e r  ha rdnes s ,  Chemical  resistance 
modified Mol. D r i e r  b touch, f ree ,  days  a g i n g  5 % N a O ~ ,  Xylone,  

HTPA,~ ~ w t  ra in  ra in  3 10 2 4  inin h r  

10 5 2 0 0  + 43 50 56  64  62 16 > 1 9 2  
- -  310  350  36 56 59 18 > 5 9 2  

20 3 2 0 0  + 53 19 60 71 62 14 > 2 6 4  
- -  73 101 54 74 66 14 > 2 6 4  

30 3 5 0 0  + 13 15 50 53 60 30 > 2 6 4  
- -  240  280  32 56 60 30 > 2 6 4  

a Conta ins  the  i nd i ca t ed  mole pe r  cent  excess of N ,N-b i s (2 -hydroxye thy l )  fatty amide ( H E F A )  ; H T P A  ~ hyd roxy - t e rmina t ed  po lyes te ramides .  
b +  .~ D r i e r  ( 0 . 5 %  P b  + 0.01% Co),  -- ---- no d r i e r .  

Number-average molecular weights in benzene solu- 
t ion were determined with a Mechrolab vapor-pressure 
osmometer, Model 301. Before molecular weight 
determinations, all polymers  were diluted with benzene 
and almost all the solvent was removed under  vacuum 
in a ro ta ry  film evaporator.  This t rea tment  was re- 
peated several times to ensure removal of solvents 
other than  benzene. 

P o l y u r e t h a n e - A m i d e s  

Polyurethane-amides were prepared  from H E F A  
and an alkyl or aryl  diisocyanate as described above. 
Fi lms were also cast direct ly f rom these reaction 
solutions. 

~'ilm Cast ing  and T e s t i n g  

Chemical resistance, hardness, impact  and dry ing  
tests were run  on films cast on steel Q panels (4 × 
8 × 0.032 in.) f rom a toluene solution containing 
25% solids. Drawdowns were made with a drawdown 
bar  machined to give a 4 mil wet film that  dried to a 
thickness of approximate ly  1 rail. Dried film thick- 
ness was measured with a Permaseope coating thick- 
ness gauge. Fi lms were air  dried or baked at  200 C 
for  10 rain with or without a drier  (0.5% lead and 
0.01% cobalt as naphthenates) .  Hardness  tests were 
made by the Sward Rocker technique. Chemical and 
solvent resistance was measured by  placing a 1.5 in. 

diameter  watch glass, convex side down, on the surface 
of the film and introducing the reagent  or solvent 
between the watch glass and film surface. Periodic 
examination was conducted unti l  the film showed evi- 
dence of softening or other deterioration. Dry-to-  
touch and tack-free times as defined by  Gardner  (2) 
were determined on air-dried films by manual ly  plac- 
ing a small amount  of sand on the film periodically. 

Impac t  tests were run  with the Gardner  impact  
tester  (Cat. No. IG-1120). Fi lms were subjected to 
direct impact  and reverse impact. Fi lms tha t  showed 
evidence of cracking or loss of adhesion were con- 
sidered to have failed. The value shown in the tables 
is the max imum impact  the film would withstand 
without failure. 

Discussion 
In  recent years there has been considerable interest  

in improving alkyd-type resins with diisocyanates 
(1,5). Therefore, we prepared  urethane-modified 
polyesteramides. 

To obtain informat ion on the react ivi ty  of four  
diisocyanates with linseed isophthalic H T P A  contain- 
ing 10% molar  excess H E F A ,  we studied the disap- 
pearance of isocyanate ( I R  band a t  2270 cm -1) with 
time (Fig. 1). Reactions were catalyzed with tri- 
ethylene diamine. Nacconate 80 (mixture of tolylene- 
2,4- and -2,6-diisoeyanate) and tolylene-2,4-diiso- 

T A B L E  II 

Air-Dried Fi lm P r o p e r t i e s  of TDI- l~od i f i ed  Po lyes t e r amides  a 

Dry-to-  
Acid or D r i e r  touch,  

a n h y d r i d e  h r  

Tack-  ]~ocker ha rdness ,  Chemical  r e s i s t a n c e  
free,  days  aging 

5% N a O H ,  5 %  I-1C1,  Xylene,  
h r  3 10  20  min  h r  h r  

I m p a c t  resistance, 
in.-lb 

D i r e c t  Reverse 

Linseed  Po lymers  
Phthalio -~- 0.8 1.0 
Isophtha]ie + 0,7  0.8 
Endic b + 0.3 0.3 
H y d r o g e n a t e d  

endie + 0.3 0 .4  
]~aleie  + 1.4 2.0 
I t a c o n i e  + 0.8 1.3 
Dimer + 20 48 
B r a s s y l i c  -}- 3.1 45  
P h t h a l i c  - -  4 .3  5.0 
I soph tha l i c  -- 5.2 5.8 
E n d i c  b -- 4.3 4.8 
H y d r o g e n a t e d  

end ie  -- ii.0 19 
Male ie  - -  18 41 
naconie -- 140 140  
Dimer - -  70 > 7 0  
Brassylic -- > 6 4  > 6 4  

Soybean Po lymer  
P h t h a l i e  + 1.0 1.2 
I soph tha l i c  + 0.5 0.5 
Endic + 1.2 1.5 
H y d r o g e n a t e d  

endic -{- 2 .3  3 .0  
Maleic + 1.0 1.1 
I t a e o n i e  + 2.4  2 .8  
P h t h a l i c  - -  . . . . . . . .  
I soph tha l i c  -- . . . . . . . .  
Endic - -  . . . . . . . .  
Hydrogenated 

endie - -  . . . . . . . .  
Male ic  - -  • . . . . . . .  
I t a c o n i c  - -  . . . . . . . .  

54  52 52 2 0  123  > 1 9 2  > 1 6 0  1 2 0  
56 64  60 ] 5  166  > 1 9 2  > 1 6 0  > 1 6 0  
60 65 70 100  1 1 0  >192 30 20 

24  60 56  1 2 6  150  > 1 9 2  6 0 - 8 0  15 
42 64  48  5 69 > 1 9 2  > 1 6 0  > 1 6 0  
48 61 46  20 76 > 1 9 2  > 1 6 0  > 1 6 0  

4 6 8 36  76 123 > 1 6 0  > 1 6 0  
6 6 4 60  45 97 > 1 6 0  > 1 6 0  

50 55 60 9 123  > 1 9 2  > 1 6 0  100  
36 56 58 18 189  > 1 9 2  > 1 6 0  > 1 6 0  
42 56 61 34 110  > 1 9 2  > 1 6 0  > 1 6 0  

50 60 69 21  110  > 1 9 2  > 1 6 0  120  
4 22 24 2 69 > 1 9 2  > 1 6 0  > 1 6 0  
2 2 12 6 42  1 4 4  > 1 6 0  > 1 6 0  
6 6 8 51 69 0.1 >160 >160 
8 10 8 15  22 > 1 9 2  . . . . . . . . . . . .  

30 36  36 20 190  > 2 2 4  > 1 6 0  > 1 6 0  
39 46  46  45 190  > 2 2 4  > 1 6 0  > 1 6 0  
34 38 38 20 144  0.7 > 1 6 0  > 1 6 0  

36 42 42 2 2 5  168  167  > 1 6 0  > 1 6 0  
24  32 36 10 95 ~ 20 . . . . . . . . . . . .  
16  22  24  7 135  3 . . . . . . . . . . . .  

6 22  30 210  135  > 2 2 4  . . . . . . . . . . . .  
6 18 34 126  135  > 2 2 4  
6 14 20 ISO 144 0.I >160 >160 

7 14 20 1290 >218 167 >160 >160 
5 6 8 75 78 0 . . . . . . . . . . . .  

.... 4 4 90 86 0 . . . . . . . . . . . .  

a Con ta ins  10 mole pe r  cent  excess H E F A .  
b E n d i c  anhydride is Velsicol ' s  des igna t ion  for  endo-cis b i cyc lo (2 ,2 ,1 ) -5 -hep t ene -2 ,3 -d i ca rboxy l i c  anhydr ide .  
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T A B L E  I I I  
B a k e d  F i l m  P r o p e r t i e s  of T D I - M e d i f i e d  Po lyes t e ramides  ( 2 0 0  C / 1 0  m i n )  
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T A B L E  I V  
F i l m  P r o p e r t i e s  of H e x a m e t h y l e n e - l , 6 - D i i s o e y a n a t e  ( H D I ) - ~ I o d i f i e d  

Chemical  resistance 
Acid  Rocke r  ha rdnes s ,  

or  anhy- Drier days aging 5 % 5 % Xylene,  
N a O H ,  H01,  h r  d r ide  3 17 h r  h r  

L in seed  Po lymer s  
P h t h a l i e  + 26 46  3.5 97 > 1 9 2  
I s o p h t h a l i e  + 28 58 4.5 76 > 1 9 2  
E n d i c  + 14 37 1.0 110  > 1 9 2  
.Hydro- 

gena t ed  
end ic  + 16 30 4 .3  > 1 7 1  > 1 9 2  

~ a l e i c  + 18 36 0.5 69 > 1 9 2  
I t a eon i e  + 15 32 0.3 97 > 1 9 2  
D i m e r  + 6 6 6.0 69 0.7 
B r a s s y l i c  + 8 8 2.3 45  22 
P h t h a l i c  - -  12 36  2.3 45  > 1 9 2  
I soph tha l i  c - -  22 46  0.5 123  > 1 9 2  
E n d i c  - -  10 24  0.1 110  > 1 9 2  
Hydro -  

gena t ed  
endic  - -  10 22 > 7 . 0  171  > 1 9 2  

1Yfaleic - -  10 20  0.1 76  > 1 9 2  
I t a e o n i e  - -  26  32 1.3 45  > 1 9 2  
D i m e r  - -  4 6 > 7 . 0  53 > 1 9 2  
B r a s s y l i c  - -  8 8 3.0 45  > 1 9 2  

Soybean Po lymer s  
Ph tha ] i c  + 14 20 38 135  > 1 9 2  
I s o p h t h a l i e  + 23 38 23 135  > 1 9 2  
E n d i c  + 12 14 8 144  > 1 9 2  
Hydro -  

gena t ed  
end ic  + 12 14 69 78 > 1 9 2  

Male ie  + 14 18 3.8 95  > 1 9 2  
I t a con i c  + 14 18 4.0 95  > 1 9 2  
I~hthalic - -  12 16 12 97 > 1 9 2  
I s o p h t h a l i c  - -  20  26  7 190  > 1 9 2  
E n d i c  - -  20  22 8 > 2 1 8  > 1 9 2  
Hydro -  

gena ted  
end ie  - -  14 16 166  168  > 1 9 2  

i~][aleic - -  12 16 1.0 22 > 1 9 2  
I t a c o n i c  - -  8 10 2.8 97  > 1 9 2  

cyanate (TDI)  react similarly and the reaction was 
more than 90% complete in 6 hr. The reaction of 
hexamethylene 1,6-diisoeyanate (HDI)  with H T P A  
was 70% complete in 6 h r ;  4,4'-methylene bis(cyclo- 
hexyl isocyanate) (HMDI)  was slowest to react. Af te r  
24 hr, inf rared data showed that  all reactions were 
complete. The order of reactivity agrees with that  
expected based on structure. Since the mechanism 
involves nucleophilic attack of an alcohol (or amine) 
on the isocyanate carbonyl, an increase in the positive 
nature  of the isocyanate carbonyl facilitates the reac- 
tion. Ary]  isocyanates (Type  I)  contain an electron 
withdrawing group and react readily, whereas alkyl 
isoeyanates (Type I I )  and par t icular ly  secondary 
alkyl isocyanates (e.g., HMDI)  react more slowly. 

R 
~ _ _  C~ \ ..~ 

 =c=o cK->--  =c=o 
/ 

Type I Type II 

This s tudy compares the reactivity of four  diiso- 
cyanates under  specific reaction conditions, but  not 
necessarily the best, for  a par t icular  isocyanate. 
Stannic chloride is a more effective catalyst than 
tr iethylene diamine for the H D I  and HMDI  reactions. 
At  the 1 mole per cent level (based on OH content 
of the H T P A )  of stannic chloride, the H D I  and 
HMDI  reactions are 90% complete in 1 and 3 hr, 
respectively. Presumably, such catalysts as di-n- 
butyl t in  dilaurate would be even more active (6). 

Initially, linseed H T P A  was prepared from 1 mole 
of isophthalic acid and 1.1 to 1.3 moles of H E F A  
followed by reaction with TDI  to give urethane- 
polyesteramides. Effect of urethane level on p rop -  
erties of air-dried films with and without drier  is 
shown in Table I. Urethane-polyesteramide films with 
drier  had shorter drying times, improved alkali re- 
sistance, but  not significantly improved hardness as 

Linseed  P o l y e s t e r a m i d e s  

R o c k e r  Chemical  resistance 
Acid Dry-  Tack-  ha rdnes s ,  

or  D r i e r  to- free,  days  a g i n g  5 % 5 v/~ :Xylene, touch,  anhydride h r  h r  N a 0 H ,  HC1, " h r  
8 17  h r  h r  

A i r -d r i ed  
]~aleic + 1.3 1.4 32 44  0 . I  69 > 1 9 2  
~ a l e i c  - -  > 7  > 1 6  25 35 0.1 69  > 1 9 2  
I t a eon i c  + 1.3 1.4 32 38 0.1 35  > 1 9 2  
I t a c o n i c  - -  49  70 T a T 0.1 69  > 1 9 2  

B a k e d  200  C / 1 0  M i n  
]~aleic + . . . . . . . .  18 30  0.2 51 > 1 9 2  
1VIaleic - -  . . . . . . . .  8 10 0.3 110  > 1 9 2  
I t a c o n i e  + . . . . . . . .  8 12 0.2 45  > 1 9 2  
I t a con i e  - -  . . . . . . . .  6 6 0 .5  45  > 1 9 2  

a T, t acky .  

the urethane content was increased. All films with 
drier  cured rapidly to a hardness of 50 to 60 in 3 days 
and then increased only slightly in hardness up to 
24 days. Films without drier  required a longer time 
to become tack free (1.7-6 hr  vs. 15-50 rain) and 
generally were softer af ter  3 days of drying. After  
24 days, the hardness of films with and without drier  
was similar. Impact  resistance of all air-dried films 
was greater than 160 in.-lb. A urethane-polyester- 
amide (containing 30 mole per cent excess linseed 
t I E F A )  was baked at 200 C for 10 rain with drier  
and gave a hard  film with much improved alkali 
resistance (10 hr)  compared to air-dried films (0.5 hr) .  

Table I I  lists air-dried film properties from a more 
extensive s tudy of TDI-modified polyesteramides from 
soybean and linseed oils prepared  with eight dibasic 
acids or anhydrides. The polyesteramides contained 
10 mole per cent excess H E F A  over the dibasic acid. 

All linseed films with drier,  except those containing 
d i n e r  and brassy]ic acids, dried tack free in 2 hr  
and had 3 day Sward hardness values of 24 to 60. 
Films from the endic and hydrogenated endic anhy- 
dride polymers had the best drying properties of all 
those examined. The isophthalic acid, phthalie and 
endic anhydride films with drier  cured almost com- 
pletely in 3 days since there was little increase in 
hardness af ter  this period. The maleie and itaconie 
films appeared to reach a maximum hardness at I0 
days af ter  which they became softer. Alkali resistance 
of linseed films was moderate but  much improved over 
the corresponding unmodified polyesteramides (3,4). 
Resistance of linseed films to both xylene and hy- 
drochloric acid was excellent. 

Air-dried films without drier  cured more slowly 
than films with drier, but  the four  best films without 
drier  developed hardness a f te r  20 days equivalent to 
or better than that  of the films with drier. Hydro-  
chloric acid and xylene resistances of the correspond- 
ing linseed films with and without drier were similar. 

All air-dried soybean polymer films (Table I I )  with 
drier  became tack free in 3 hr or less but  were some- 
what softer than the corresponding linseed films. 
Chemical resistance was similar to the linseed films, 
except the endic, maleic and itaconic polymer films 
had significantly poorer xylene resistance. Soybean 
polymer fihns without drier  were soft at 3 days, but  
at 20 days those from isophthalic acid and from 
phthalic, endic and hydrogenated endic anhydrides 
had cured to moderately hard, alkali-resistant films. 
The hydrogenated endic film had outstanding alkali 
resistance. 

Impact  resistance of all air-dried fiIms with and 
without drier  was excellent except for the linseed- 
endic and hydrogenated endic anhydride films con- 
taining drier. These films appear  to withstand direct 
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T A B L E  V 
F i l m  P rope r t i e s  of 4,4'-]~:ethylene b ia (cye lohexyl  i soey~na te )  ( H ~ D I ) - M o d i f i e d  Soy- 

a n d  Linseed-Male ie  Po lyes t e r amides  

C u r i n g  
P o l y m e r  condi t ions  

Dry-to-  Tack-  R o c k e r  ha rdness ,  days  a g i n g  Chemica l  r e s i s t ance  

touch, free,  5 %  N a O t t ,  5 %  I-IOl, Xylene,  
h r  h r  3 10 17 24 m i n  h r  h r  

Soybean  B a k e d  ( + ) a  
B a k e d  ( - - )  
A i r  ( + )  

A i r  ( - - )  

L i n s ee d  B a k e d  ( + )  
B a k e d  ( - - )  
A i r  ( + )  
A i r  ( - - )  

. . . . . . . .  8 8 8 10 7 > 1 6 7  > 2 2 1  
8 8 8 8 8 > 1 6 7  > 2 2 1  

< 7 . 5  26 8 16 16 18 4 > 1 6 7  < 1 
> 2 3  

23 29 2 b 2 b 2 h 2 b 7 > 1 0 7  2 m i n  

. . . . . . . .  22 B4 40 44 39 > 1 6 7  ~ 2 2 1  
10 12 16 24 17 > ] 6 7  > 2 2 1  

"2 .5  " 7  39 48 49 52 4 167 > 2 2 1  
3.75 12 4 b 4 b 4 b 6 b 2 > 1 6 7  < 1 

" ( + )  -~ Dr ie r ,  ( - - )  ~ no dr ie r .  
b F i l m s  soft ,  left  r o c k e r  m a r k s .  

impact better than reverse impact. The endic, hydro- 
genated endic and phthalic soybean films with drier  
have better impact resistance than the corresponding 
linseed materials. Films without dr ier  may have 
better impact resistance than those with drier, al- 
though a more severe test is needed to clarify this 
point. 

Baked film properties of the TDI-modified poly- 
esteramides are shown in Table III .  Data in Tables 
I I  and I I I  reveal that the air-dried films were harder  
than the baked. A comparison of the six best baked 
linseed films (with drier)  with the corresponding 
air-dried films showed that  the baked films were much 
softer initially and required 2 to 3 weeks of air  curing 
to approach the hardness of the air-dried films. Linseed 
polymer films that  air dried soft (brassylic and dimer 
acid polymers) did not improve significantly in hard- 
ness when baked. Alkali resistance of the baked films 
was improved over the air-dried films ba t  xylene 
and hydrochloric acid resistances were similar. Baked 
films f rom the soybean polymers were softer than 
those f rom the linseed products and the increase in 
hardness between 3 and 17 clays was less for the 
soybean polymers. 

A significant improvement in alkali resistance was 
observed in the baked over the air-dried soybean 
films. The baked phthalie and isophthalic soybean 
films with drier  resisted alkali for 38 and 23 hr, 
respectively, whereas the air-dried films failed in less 
than I hr. The baked hydrogenated endic polymer 
films were outstanding in alkali resistance. The film 
without dr ier  resisted 5% NaOH for 166 hr. As a 

group, the soybean films were much more resistant 
to alkali than the corresponding linseed films. 

Isocyanate-modified coatings generally have excel- 
lent mechanical and chemical properties (1),  but  using 
aromatic diisoeyanates in exterior coatings may cause 
film yellowing and lead to early chalking in pigmented 
systems (5). Par t  of the difficulty can be traced to 
the degradation of aromatic structures by ultraviolet 
radiation. Aliphatic diisoeyanates should produce 
polymers with better light stability. We prepared 
itaconate and mateate linseed H T P A  containing ]0 
mole per cent excess H E F A .  These materials were 
modified with H D I  to give polymers containing no 
aromatic rings. Their  film properties are given in 
Table IV. Air-dried films with drier  became tack free 
in 1.4 hr and were almost as hard as similar polymers 
containing TDI  (Table I I ) .  Hard  films were also 
formed from the maleic-HDI polymer when air  dried 
without drier  or baked with drier. 

We also prepared the HMDI-modified linseed and 
soybean maleic H TPA ,  which contained 10 mole per 
cent excess H E F A .  Baked and air-dried film prop- 
erties are listed in Table V. Soybean films were soft 
and had moderate chemical resistance. Linseed films 
were harder  than the soybean films and when made 
with drier  at tained hardness values of 44 to 52. The 
baked linseed film with drier  was the best in this 
group. Impact  resistance of the air-dried films from 
H D I  and H MD I  (Tables IV and V) was good to 
excellent, ranging from 120 to over 160 in.-lb. 

Data in Table VI relate polymer film properties to 
the chemical linkages they contain. Polymers that  

T A B L E  V I  
Compar i son  of A i r - D r i e d  F i l m  P r o p e r t i e s  of P o l y m e r s  C o n t a i n i n g  U r e t h a n e  L inkag 'es"  

Diol  Diiso- P o l y m e r  
cyana te  l inkages  

D r i e r  Ai r -d r ied  fihn p roper t i e s  
w i t h  ( + )  

or  Dry- to-  Tack-  R o c k e r  Alka l i  I m p a c t  
w i thou t  touch,  free,  h a r d n e s s  r e s i s t ance  r e s i s t ance  

( - - )  h r  h r  

H T P A  T D I  Es te r ,  amide,  
u r e t h a n e  

H T F A  H D I  Es te r ,  amide,  
u r e t h a n e  

H T P A  H M D I  Es te r ,  amide,  
u r e t h a n e  

H E L A  T D I  Amide ,  u r e t h a n e  

t t E S A  T D I  Amide ,  u r e than~  
I t E L A  H D I  Amide,  u r e t h a n e  

H E L A  H M D I  Amide,  u r e t h a n e  

H E S T A  T D I  Amide ,  u r e t h a n e  

H E L A  D D I  Amide,  u r e t h a n e  

D A  D D I  U r e t h a n e  
D A  T D I  U r e t h a n e  

+ or  - -  T a c k y  to v e r y  h a r d  P o o r  to mode ra t e  Good to 
(Tableg  I I ,  I I I )  excellent 

+ or  - -  T a c k y  to modera te ly  P o o r  Good to 
h a r d  (see Table I V )  excellent  

+ or - -  Sof t  to h a r d  (see P o o r  Good to 
Table  V)  excellent 

- -  . ..... 0 .07 54 Excel lent  P o o r  
> 1 0  days  

- -  ...... 0 .07 63 Exce l len t  P o o r  
+ 0.90 1.0 24 ExceIIent  Excel len t  
- -  5.0 6.0 22 > 1 0  da: /s  
+ 0.05 0.07 73 Excel len t  F a i r  

- -  0.03 0.03 70 > 1 0  days  
- -  Bri t t l e  w a x y  solid, . . . . . . . . . . . . . . . .  

mp  110 C 
+ 3 4.2 6 Excel len t  Excel lent  

- -  8 - 2 3  6 > 1 0  days  
T a c k y  . . . . . . . . . . . . . . . . . . . . . . . .  

- -  0.75 0.8 "'4 Excel lent  Excel len t  
> ] 3  d a y s  

a A b b r e v i a t i o n s :  H E L A ,  N ,N-b i s (2 -hydroxye thy l )  l inseed a m i d e ;  I~IESA, N ,N-b i s (2 -hydroxye thy l )  soybean  a m i d e ;  H E S T A ,  N,N-b i s (2 -hydroxy-  
ethyl) s t e a r a m i d e ;  D D I ,  d imer  d i i socyana te ;  DA,  d i m e r  alcohol. 
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contain ester, amide and urethane groups produce 
films that range from soft to very hard, possess good 
to excellent impact resistance, but lack alkali resis- 
tance. Polymer films containing amide and urethane 
but no ester linkages have good drying characteristics 
and excellent alkali resistance. Impact resistance 
varies from poor, for films from polymers containing 
TDI, to excellent for those made from ttDI-modified 
polymers. A polymer prepared from TDI and N,N- 
bis (2-hydroxyethyl) stearamide is a brittle waxy solid, 
melting at 110 C. 

An industrial company prepared a clear varnish 
and a white enamel (rutile titanium oxide pigment) 
from the TDI-modified linseed HT FA containing 10% 
excess HEFA. A commercial urethane-modified oil 
was used as a control. Formulations were brushed on 
cedar panels (3 coats) and exposed at Buffalo, New 
York, in a vertical position facing south. After 1 

year the experimental varnish showed no checking, 
cracking, erosion, discoloration or loss of gloss. The 
experimental paint had better gloss retention than 
the control but appeared dirty. The industrial con- 
cern reported that the experimental vehicle appears 
to have merit as a clear varnish and gloss retentive 
enamel. 
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