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Abstract

The effects of surface free energy of substrates on the soiling and on the detergency of
the oily soil were studied.

The surface tension consisted of dispersion force and polar force components of substr-
ate, oily soil and surfactant solutions were calculated by extended Fowkes' equation. From
these values, work of adhesion(W.), work of detergency(Wp), and residual work of dete-
rgency (Wpn,z) were calculated. The correlations between these theoretical values of the
works and detergency were discussed.

MAA grafted PET film was used as substrate, triolein as oily soil and nonylphenol
polyoxyethylene ether(NPE) having various mole numbers of oxyethylene adducts and
dodecylbenzene sulfonate(DBS) as surfactants.

Detergency was estimated by means of radioa.ctive tracer method using Cl4-triolein.

The results showed that W, was decreased with the increase of surface free energy of
substrate. )

In water, Wo and Wop,r were decreased and detergency of tiolein was increased with the
increase of surface free energy of substrate.

In surfactant solutions, the lower the surface free energy of substrate and the lower
oxyethylene adducts of NPE were the more effective on detergency. The detergency of
DBS solution was the lowest in the case of ungrafted PET film, but even small increase

in surface free energy by grafting showed much increase in detergency.
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Table 1. Surface tension and its components of

triolein
contact angle on paraffin (druree) 30.3
7L (dyne/cm) 27.0
7f (dyne/cm) 25.1
11 (dyne/cm) 1.9

Table 2, Contact angles of triolein on the graft-

ed PET film

. ‘Surface tension| Contact angle
Grafting (%) o | (dyne/cm) .’ﬁ (degree)

0 I 41.4 ] 5.5

1.0 ‘ 43.3 ' 8.3

7.0 ‘ 47.7 | 13.4

19.1 ! 47.1 j 21.8

26.2 : 53.5 ? 19.5
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Fig. 1. Effect of grafting on the work of adhes-
ion of triolein for the grafted PET film.
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Table 3. Contact angles of surfactant solutions
on paraffin and their surface tensicn

Surfactant [ Surface tension

Contact| U™ (dyne/cm) ‘
Solution ’(degrees)!‘ 7L ¢ rh ’7}:/7[,
Water 108.1 75.8 25.0 | 47.8 1 65.7
NPE-7.5 42.8120.9 26.7| 3.2 10.7
NPE-10 i 51.3’; 32.3 27.3| 5.0 155
NPE-15 | 624367 28.6 81 22.1
NPE-18 62.2 135.9 27.5| 8.4 23.4
DBS 58.7 1359 29.5| 6.4 17.8

surfactant conc. 0.1%, temp. 22--2°C
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Fig. 4. Effect of grafting on the work of deter-
gency of triolein for the grafted PET
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Fig. 5. Effect of grafting on the work of deter-
gency of triolein for the grafted PET
film in NPE-15 solution.
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Table 4, Contact angles of triolein on the graft-
ed PET film in surfactant solutions

(degree)
Grafting  'w.. INPE NPE NPE NPE

(/)Wateri 7.5 -10 -15 -18 DBS
o | 90 — | 5.1 3.2 35.3 2.7
Lo | 573 — 1180 918 88.7 1155

7.0 78.5, — 145, 8| 1518 155. 2 180

| |
19.1 9.5 — | 15, 5| 154. 5( 166. o{ 180
26.2  1100.6 — @ I56. 8 158.9{ 161.8 180

i

surfactant conc. (.1%, temp. 22+2°C

tensions between triolein
(dyne/cm)

Table 5. Interfacial
and surfactant solutions

Surfactant

solution Interfacial tension ﬁ;alggijﬁgg 1}:)(‘17’/
Water 23.3 (30 6)
NPE-7.5 2.7 .2)

NPE-10 | 2.5 0.7
NPE-15 ‘, 3.1 (2.3)
NPE-18 | 3.3 2.4)

DBS i 4.2 (1.5)

surfactant conc. 0.1%, temp 22--2°C
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Table 6. Residual work of detergency of triolein
for the grafted PET {film in surfactant

solutions (erg/cm?)
Grafting NPE INPE |NPE [NPE

Cooy|Water ™7 57 g -15  -18) PBS

0 35.20] — 2.02| 3.41 3.73 5.70

1.0 18.05| — 0.24/ 0.95 1.13 0.47
7.0 10. 86 — 0.03] 0.02} 0.01 0
19.1 6.11 — 0.03 0.01; 0.00 0
26.2 5.170 — 0.01; 0.0l 0.00 0

surfactant conc 0.1%, temp. 22:+2°C

Table 7. Detergency of triolein from the grafted
PET film in surfactant solutions (%)

Grafting . NPE NPE [NPE |NPE | ppo
()]

| -7.5 ~-10] -15] ~-18

0 18.7 | 73.0 | 87.0 | 42.3 | 33.6 | 19.9

1.0 26.8 1 88.7|94.9 | 96.8 | 97.6 | 97.6
7.0 53.8 | 96,4 | 98.2198.4|99.599.1
19.1 86.8 | 96.9 | 98.5 ] 99.5 | 99.5 | 98.6
26.2 88.5|97.7198.2198.9|98.9| 98.6

surfactant conc. 0.1% temp 22+2°C;time 5min.
35 r.p.m.
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Fig. 8. Effect of grafting on detergency, work
of detergency(Wp) residual work of det-
ergency (Wpor) in water.
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Fig. 9. Effect of grafting on detergency, work

of detergency(Wp) in NPE-7.5 solution.
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Fig. 10. Effect of grafting on detergency, work
of detergency(Wp) and residual work of
detergency(Wp.z) in NPE-10 solution.
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Fig. 11. Effect of grafting on detergency, work
of detergency(Wp) and residual work
of detergency(Wp.z) in NPE-15 solution.
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Fig. 12. Effect of grafting on detergency, work
of detergency(Wp) and residual work
of detergency(Wo.z) in NPE-18 solution.
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Fig. 13. Effect of grafting on detergency, work
of detergency(Wp) and residual work of
detergency(Wp.r) in DBS solution.
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