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Effect of Organic Molecules Coated on Steel Surface upon Paint Adhesion

Synopsis :

Minoru KiTAYAMA and Minoru YONENO

An investigation was made of the relationship between paint adhesion and the various organic compounds
coated on the surface of cold rolled steel, tin—free steel (T.F.S.), and electro galvanized steel. The effect of
the number of double bounds in aliphatic acids, functional groups in aliphatic compounds and Inductive
Effect of substituted groups in aromatic molecules were discussed on the basis of the results.

It was found that;

(1) Unsaturated linoleic acid (double bond=2) and linolenic acid (double bond=3) improve the paint
adhesion, whereas saturated stearic acid and unsaturated oleic acid (double bond==1) are rather harmful.
(2) Aliphatic molecules should have two functional groups to improve paint adhesion. —COOH and

-NH, are most desirable.

(3) Effect of aromatic compounds are largely influenced by absolute values of substituent constants

(Hammett’s ¢ value).
molecules.
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This shows that Electron Inductive Effect must be considered in the case of aromatic
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Table 1. List of organic compounds used and their purification methods.
Compound Chemical formula Purification method Solvent Conec.
=z Stearic acid ‘C -(CH 6 COOH recrystallized from H,O/EtOH (1/4) Toluene 1% & 0.05%
2 | Oleic acid SR8 ST coon distilled in vacuum, 168~ 170°C/2 mmHg " "
% Linoleic acid H£ (C]({é)I{I,()/f{ng -CH-CH, ” 199~201°C/1 mmHg ” %
= | Linolenic acid H;C+(CH» CH=CH);(CH ;- COOH ” 152~154°C/1 mmHg " "
n-Decane H3C-(CHy)s-CH; Commercial (Guaranteed grade) " 17400 mol/l
» | 1-Decene H;C-(CH,),;-CH=CH, ” (Extra pure) " ”
b n-Capric aldehyde H;C-(CHy)y-CHO " ( " ) ” "
5 | n-Decy! alcohol H3C-(CHy)e-OH " ( " ) ” "
2 | n-Decyl amine H;C-(CHyge:NH, ” ( " ) ” "
g | n-Decyl mercaptane }{3C-(CH2)9-SH " (95% purity) ” ”
9 | 1-Bromo decane H,;C-(CHyeBr " (Extra pure) " "
o | n-Capric acid H3C-(CH )5 COOH ” ( ” ) Acetone "
2 | 10- Undecyl aldehyde H,C=CH (CH,-CHO " ( ” ) Toluene ”
= | Undecylenic acid H,C=CH (CHy).-COOl " ( " ) ” ”
.8 | Sebacic acid HOOC'(CHQ)S-COOH ” ( ” ) Acetone ”
<« | Diaminodecane H,N-(CHj)s-NH, " (Guaranteed gradeg ” ”
11-Bromo undecylic acid Br (CH ) 1pr COOH " ( ” " "
n-Decyl ether H,C-(CHy)e-O-(CHy)o CH; " (Extra pure) Toluene "
Benzoic acid O-COOH recrystallized from H:O ” ”
m-Nitro benzoic acid <:>-COOH ” from EtOH " ”
O,N”
p-Nitro benzoic acid OzN'O'COOH ” from H;O/EtOH (1/1) ” ”
"g m-Amino benzoic acid O-COOH " ” Toluene/Acetone (80/20) ”
3 H,N’
& | p-Amino benzoic acid H,N. COO ” ” ” ”
-Amino be - N
1k N-(_p-coo
o | m-Toluic acid {_>-cooH " from H,0 Toluene "
é H,C”
o HOOC\
< | 5-Nitro isophthalic acid ~-COOH Sce literature 7) Toluene/Acetone (50/50) "
O,N”
Nitro benzene <_>-N0z Distilled 208~210°C Toluene ”
Phenol <:>-OH Commercial (Extra pure) " ”
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Table 2. Effect of double bonds of fatty acids on adhesion strength.

Adhesion strength (kg/cm?)
. . Number of Conc. of fatty Colled rolled sheet T.F.S. Galvanized sheet
Paint Fatty acid double bond acid (%) -
1 day 15 days 1 day 15 days 1 day 15 days
setting setting setting setting setting setting

S 1 85 17 10 20 43

Stearic acid 0 0.05 O*! 8 12 20 67 80

- - 1 © © 17 20 63 23

Z Oleic acid 1 0.05 o © 80 23 82 63
(]

o 1 © © 183 202 183 19

E Linoleic acid 2 0.05 o o 170 212 157 148
o}

= . o ; 1 © © 202 188 220 175

S Linolenic acid 3 0.05 o ) 175 180 188 195

none — 0%3 ® © 87 53 138 112

I 1 77 27 X2 33 X X

Stearic acid 0 0.05 118 62 x % 39 35

- : . 1 57 78 X x X 28

E Oleic acid 1 0.05 213 117 % 27 38 55
[
[=9

L 1 133 157 62 37 25 37

5 Linoleic acid 2 0.05 123 140 55 a2 62 37
o

3 inolenic acid 3 1 120 172 172 135 28 62

= Linolenic aci : 0.05 185 173 173 128 135 2

none — ox? 185 163 58 42 67 63

*! © : broken within the paint film (very good) *? X : broken before test (very poor) *? dipped in solvent (toluene)

Table 3. Effect of doudle bonds of fatty acids on adhesibility by erichsen tape test.

Value of erichsen tape test*!
: : . Number of Conc. of fatty Cold rolled sheet T.F.S. Galvanized sheet
Paint Fatty acid double bond acid (%) _—
1 day 15 days 1 day 15 days 1 day 15 days
setting setting setting setting setting setting
Stearic acid 0 (1) 05 1[]) Ig } i i {
o
= Oleic acid 1 1 10 10 1 1 1 1
= 0. 05 10 10 1 1 1 1
W
g . . . . 1 10 10 10 10 9 9
E Linoleic acid 2 0.05 10 10 10 10 6 8
o
2 [ e a s s B BB ®  ®m
none —_ 0 10 10 3 1 3 2
Stearic acid 0 (1) 05 i % } i ; %
- 1 1 9 2 1 1 1 1
,g Oleic acid 0.05 9 7 1 1 1 1
a
. . . 1 10 10 1 1 1 1
g Linoleic acid 2 0.05 10 9 1 1 1 1
15
S Linolenic acid 3 (1)'05 ig 18 13 18 i %
none — 0 10 10 3 1 3 3
*1 10 : not exfoliated
§ §
1: fully exfoliated
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Table 4. Effect of substituted aliphatic com-
pounds on adhesion strength (conc.=1/400 mol/l).

Adhesion strength (kg/cm?)

Aliphatic compound Colled T.E.S Galvanized
rolled sheet sEe sheet
n-Decane ©*2 (10)%*  X'*3 ( 1y*4 62 ( 1)**¢
1-Decene © (10 63 (1 23 ¢ 1)
n-Capric aldehyde © (10) 23 (1) 63 (1)
n-Decyl alcohol © 0 89 (1) 95 ( 1)
n-Decyl amine © (0) 20 (1) 67 (1)
n-Decyl mercaptane © ((10) 130 (1) 115 ( 1)
1-Bromo decane © Qo) 67 (1) 46 ( 1)
n-Capric acid © (10) 85 (1) 98 (1)
10-Undecy! aldehyde © (0) 87 (1) 160 ( 3)
Undecylenic acid © (10) 122 (2) 183 ( 1)
Sebacic acid © (10) (9 202 ( 9
Diamino decane © (10) (10) 202 (10)
11-Bromo undecylic acid @  (10) 65 (1) 118 ( 1)
n-Decyl ether 8 (2) x (1 20 ( 1)
Oxalic acid*? — (2 — (D — (1

*1 Extra pure, disolved in toluene

*2 bhroken within the paint film (very good)
*3 broken before test (very poor)

*¢ Erichsen tape test
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Fig. 3. Adhesion strength vs. ¢ values of substi-
tuted benzoic acids.

Table 5. ¢ values used.
m- P~
~CH, —0.07 —0.17
-COOH 0.37 0.45
-NO, 0.71 0.78
-NH, —0.16 —0.66
-OH 0.12 —0.37
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Fig. 5. Models for adsorbed organic acids
on steel.
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