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1. Introduction

Surface of the textile fiber plays an important role
for the fabric characteristics such as the water and oil
repellency, soil resistance, fabric hand and luster. Water
repellency is one of the most practical textile pro-
perty, and also it has been investigated that the water
repellency of the textile fabric treated with fluoro-
carbon resin decreased by the washing and recovered
by the subsequent heat treatment remarkably1).
The effect has been explained by the following con-

sideration; 1) rotation of the fluoroalkyl group of the
fluorocarbon resin from surface to inside of the fiber
by the washing to adapt to the hydrophilic circum-
stance, 2) deposition of the water which bonded or
clustered on the fiber surface by the washing and
release of the water by subsequent heat treatment, 3)
disturbance of orientation of the fluoroalkyl groups of
the resin by washing and recovery after the heat
treatment. Above explanation is all speculation.
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Detail of the phenomenon is not clear at present1-10).
Fluorocarbon water repellent agents contain perfluor-
oalkyl group (CF3(CF2)n-) in its molecular structure,
and it shows water and oil repellency coincidently,
for it has low surface energy, and have been used a
lot as the water resistant agent. While fluorochemicals
fulfill water and oil repellent requirements, some have
expressed concerns about the persistence and wides-
pread presence in the environment of some of them.
PFOS (perfluorooctane sulfonates) and longer chain
PFCAs (perfluorocarboxylic acid with more numbers
of carbons than PFOA) are thought to bioaccumilate.
It has been shown that as the number of carbons in
the perfluoroalkyl group of the chemical compound
increases, bioaccumulation (and toxicity) increase. When
there are the same numbers of carbons in fluorinated
chemical compounds, sulfonic acid has higher toxicity
and bioaccumulation than carbon acid. Conventional
fluorinated water and oil repellent agents have more
than seven carbons in the Rf base (such as PFOA or
PDFA). Asahi Guard AG-E061 has 5 carbons in Rf
base; PFHxA (perfluorohexanoic acid), and it doesn't
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contain any PFOA (at or above detection limit), PFOS,
longer-chain PFCAs or their precursors.
Wakida et. al. investigated on the water repellency

of the film and fabric by the treatment of the low
temperature plasma with carbon tetrafluoride (CF4) gas2)

and of the fluorocarbon resin8). The water and oil
repellencies increased by the treatment considerably.
The contact angle, critical surface tension and ESCA
analysis were measured in relation to the water repell-
ency during the washing and subsequent heat treatment.
The water repellency decreased by the washing and
recovered considerably by the heat treatment. The
behavior was considered on the basis of the critical
surface tension by the Zisman plots and the extended
Fowkes equation8,9), and by the ESCA analysis4).
To improve the water and oil repellency, especially

oil repellency, fluorocarbon resin has been used in
silk fabric, especially silk neck-tie.
In this article, silk fabric was treated with two

commercial fluorocarbon resins, AG-7005 and AG-E061,
and cross-linking agent, Meikanate Neo, for the textile
finishing. Then, the fluorocarbon resin treated fabrics
by the pad / dry / cure procedure were washed and
heated varying the washing cycles and the temperature.
The effect of the cross-linking agent was also exa-

mined by adding it or not with resin. The effect of
the treatment on the water and oil repellency after
the washing and heat processings was evaluated by
the spray test method, and contact angle measurement.
Furthermore, in order to investigate the surface charac-
teristic of the treated fabric, ESCA analysis was carried
out. Change of the F1s, O1s and other chemical com-
ponents during the processing were measured in relation
to a parameter of the water and oil repellencies of
the treated fabric.

2. Experimental

2.1 Materials

As a fabric material, refined silk fabric (Habutae,
58 g/m2) was used. The fabric was treated with two
commercial fluorocarbon resins, Asahi Guard AG-7005
(copolymer of fluoroalkyl acrylate and alkyl acrylate)

and E-061 (eco-friendly type, alkylphenolethoxylate
(APEO) free, and no containing PFCS, PFOA, longer
chain PFCAs or their precursors) (Asahi Glass Co.,
Ltd.) for water and oil repellency. Meikanate Neo
(Meisel Chemical Works, Japan) was used for cross
-linking agent. Fluorocarbon repellent agent on the
fiber was illustrated in Figure 1.
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Figure 1. Fluorocarbon repellent agent on fiber surface.
M = 8~10, X and Y are comonomers, mainly steary-

lacrylates.
R = H and CH3(polyacrylic or polymethacrylic acid esters).
A is the fiber surface.

2.2 Water and Oil repellency treatment

The fabrics were padded with 1 dip-1 nip in aqueous
solutions containing 8% of the resins, AG-7005 and
AG-E061 each, with or without cross-linking agent,
and the dried (110oC / 90 s) and cured (170oC / 60 s).

2.3 Washing durability and heat treatment

To measure water and oil repellency, the treated
fabrics were laundered one (HL-1) or twenty cycles
(HL-20) at 50 for 30 min using Launder-O-Meter℃
(Hanwon, Korea), and subsequently heat treated (80oC
/ 3 min and 120oC / 3 min) in a pintenter.

2.4 ESCA analysis

To investigate the surface chemical composition,
ESCA analysis was carried out with a VG Scientific
ESCA LAB 50 Spectrometer (England).
The relative intensity of the C1s, O1s, N1s, and F1s

were determined with regard to the water and oil
repellency of the silk fabric treated with fluorocarbon
resin.
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2.5 Water repellency test

2.5.1 Spray method

Water repellency of the treated fabrics was evaluated
by the five steps ofthe KS K0590 spray method accor-
ding to following method7), 250 mL water sprayed onto
fabric fitted on a 20 cm diameter circular frame rota-
ting in a plane at 45o to the horizontal. The effect was
evaluated with a pattern of the index between 1 and
5, where 1 represents complete wetting out and 5
total water repellency.
To evaluate humidity resistibility contact angle was

measured using contact angle meter (Contact angle meter.
ERMA INC. G-1). 10 m of distilled water was fallenμ
from the syringe onto the silk fabric treated with
resins, and the evaluation was done after 1 min.

2.6 Oil repellency test

Oil repellency test was carried out using the liquids
shown in Table 1 approximately on the basis of the
AATCC-118 method11).
Beginning with the lowest-numbered test liquid, care-

fully place small drop (ca 0.05 mL) on the test fabric.
If no wetting of the liquid-fabric interface, place of the
next higher-numbered test liquid. Observe the drop for
30 seconds. Wetting of the fabric is normally evidenced
by a darkening of the fabric at the liquid-fabric interface

Liquid
Surface
tension

(N/m x 103)

Rating
of oil

repellency

n-Heptane 20.0 8

n-Octane 21.7 7

n-Decane 23.9 6

n-Dodecane 25.4 5

n-Tetradecane 26.5 4

n-Hexadecane 27.7 3

n-Hexadecane/Nujor, 35/65 29.5 2

Nujor 32.8 1

Salada oil 33.0 0

*The oil repellency improves with an increase of the rating.

Table 1. Liquids for oil repellency test by AATCC-118
method

or by loss of sparkle within the drop.
The oil repellency was obtained with the rating

between 0 and 8 of the liquid which takes place
the wetting.

3. Results and Discussion

3.1 Water repellency

Table 2 shows the water repellency of the fabrics
treated with AG-7005 and AG-E061 with or without
cross-linking agent. Untreated silk fabric is considerably
wettable. Although the water repellency was improved
remarkably by the treatment with AG-7005 and AG-
E061, the effect decreased apparently by the washing.
We suppose that a little water molecules were bonded
on the fabric surface by the washing and leads to a
decrease of the water repellency, and the water was
released from the surface by the heat treatment. As a
result, water repellency was partly recovered. The more
laundry was carried out, the worse the water repellency
was obtained. Water repellency increased gradually by
the subsequent heat treatment for both resins.
Table 3 shows contact angle of the silk fabric treated

with resins during washing and heat treatment.

Treatment
Water repellency

Resin Resin /
Meikanate Neo

Untreated 1 1

AG-7005 treated washed 5 5
after resin treatment
HL-1
HL-20

3-4
1

4
1

Heat treated after HL-20

120oC/3 min 2 2

AG-E061 treated washed 5 4-5
after resin treatment
HL-1
HL-20

3
1

3-4
1

Heat treated after HL-20

120oC/3 min 2 2
*HL-1: one cycle washing, HL-20: twenty cycles washing.

Table 2. Water repellency of silk fabric treated with fluoro-
carbon resin during washing and heat treatment
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Treatment
Water contact angle (degree)

Resin Resin /
Meikanate Neo

Untreated - -

AG-7005 treated washed 131 136
after resin treatment
HL-1
HL-20

114
58

124
57

Heat treated after HL-20

120oC/3 min 102 105

AG-E061 treated washed 136 136
after resin treatment
HL-1
HL-20

124
57

112
64

Heat treated after HL-20

120oC/3 min 105 71

Table 3. Water contact angle of silk fabric treated with
fluorocarbon resin during washing and heat treatment

The contact angle obviously decreased by washing
and recovered by subsequent heat treatment.

3.2 Oil repellency

In order to obtain a soil resistance, it is necessary to
improve not only the water repellency but also the oil
repellency. For that purpose, fluorocarbon resin has
been used widely in the textile finishing.
Table 4 shows the oil repellency of the silk fabrics

treated with AG-7005 and AG-E061.
The effect of the treatment is almost the same as

that of the water repellency.
Although the oil repellency obtained by the treat-

ment decreased greatly by the washing and recovered
with an increase of the heat treatment, it seems that
effect of the washing and subsequent heat treatment
on the oil repellency of the fabric is much more
greater comparing with that of the water repellency.

3.3 ESCA analysis

So as to determine the relative intensity of the C1s,
O1s, N1s and F1s, ESCA analysis was carried out.
It is expected that change of the surface behavior

during washing and following heat processing of the

Treatment
Oil repellency

Resin Resin /
Meikanate Neo

Untreated 0.5 0.5

AG-7005 treated washed 7.5 7.5
after resin treatment
HL-1
HL-20

5.5
0.5

6.5
1.5

Heat treated after HL-20

120oC/3 min 7.5 7.5

AG-E061 treated washed 7.5 7.5
after resin treatment
HL-1
HL-20

6.5
2.0

6.5
2.5

Heat treated after HL-20

120oC/3 min 6.5 5.5

Table 4. Oil repellency of silk fabric treated with fluoro-
carbon resin during washing and heat treatment

fluorocarbon resin treated fabric is related to the

surface chemical composition.

Tables 5, 6 and Figure 2 show the surface relative

intensities during the process. The F1s intensity increased

considerably by the resin treatment and decreased with

an elevation of the temperature of the heat treatment,

whereas the O1s intensity decreased by the resin treat-

ment and increased by the washing and decreased by

the heat treatment. So, we supposed that an increase

of the O1s intensity of the treated fabric by washing is

attributed to the bound or clustered water on the fabric

surface, especially on the resin surface. On the other

hand, an increase of the F1s intensity and a decrease

of the O1s intensity are result of a release of the

water by subsequent heat treatment.

From the above results, it is clear that change of

the water and oil repellencies of the resin treated silk

fabric by the washing and subsequent heat treatment

takes place on the resin surface of the treated silk

fiber regardless of the substrate chemical composition.

With regard to the change of the water and oil

repellency the silk fabric treated with fluorocarbon

resin, it seems likely that the fluoroalkyl group of the
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fluorocarbon resin rotates from surface to inside of

the fiber by the washing to adapt to the hydrophilic circu-

mstance, and the orientation of the fluoroalkyl groups

Treatment
Relative intensity (%)

C1s O1s N1s F1s

Untreated 66.2 21.5 12.3 -

AG-7005 treated washed
after resin treatment
HL-1
HL-20

Heat treated after washing
120oC/3 min (HL-20)

42.1

51.6
64.9

51.7

5.3

7.5
17.4

9.3

-

0.9
6.3

3.2

52.6

40.0
11.4

35.8
AG-7005 / Meikanate Neo treated washed
after resin treatment
HL-1
HL-20

Heat treated after washings
80oC/3 min (HL-1)
120oC/3 min (HL-1)
120oC/3 min (HL-20)

44.5

48.3
59.3

47.7
39.9
49.7

4.9

6,4
20.3

6.5
6.8
14.3

-

1.6
7.3

1.3
1.8
3.9

50.6

43.7
13.1

44.5
51.5
32.0

Table 5. Relative chemical composition of silk fabric treated with AG-7005 resin during washing and heat treatment

Treatment
Relative intensity (%)

C1s O1s N1s F1s

Untreated 66.2 21.5 12.3 -

AG-E061 treated washed
after resin treatment
HL-1
HL-20

Heat treated after washing
120oC/3 min (HL-20)

48.0

47.6
60.0

54.2

7.5

11.0
16.9

12.9

1.3

3.1
4.7

2.1

43.2

38.3
18.4

30.8

AG-E061 / Meikanate Neo treated washed
after resin treatment
HL-1
HL-20

Heat treated after washings
80oC/3 min (HL-1)
120oC/3 min (HL-1)
120oC/3 min (HL-20)

49.5

55.8
63.2

50.8
51.9
56.8

7.8

8,4
16.6

9.8
7.7
13.5

0.6

2.3
4.5

2.2
2.6
5.9

42.1

33.5
15.7

37.2
37.8
23.8

Table 6. Relative chemical composition of silk fabric treated with AG-E061 resin during washing and heat treatment

of the resin disturbed by the washing recovers after

subsequent heat treatment.

As the result, water and oil repellency are recovered.
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Figure 2. Change in chemical composition of F1s of fluorocarbon resin (AG)-treated silk fabrics after washing and heat
treatment.

4. Conclusions

Silk fabric was treated with commercial fluorocarbon
resins, AG-7005 and AG-E061, and cross-linking agent,
Meikanate Neo, for the textile finishing. Then, the
treated fabrics were washed and heated varying the
washing cycles and the temperature.
The fluorocarbon resin treated silk fabric showed

excellent water and oil repellency.
AG-7005 treated-silk fabric showed higher water

repellency than AG-E061 treated one. Furthermore,
as evident from the surface chemical composition by
the ESCA analysis, the F1s intensity increased con-
siderably by the both resin treatments, and decreased
by the washing. The intensity increased again by sub-
sequent heat treatment. On the other hand, the O1s
intensity increased by the washing and decreased by
the heat treatment. The behavior coincided well with
the water and oil repellencies during the washing and
subsequent heat treatment.
After treating the fluorocarbon resins onto silk fiber,

F1s intensity increased. Water and oil repellency of
the resin treated silk fabric decreased by washing and
recovered by subsequent heat treatment.
It is expected that fluoroalkyl group of the fluoro-

carbon resin rotated from surface to inside of the fabric
by the washing, and get it back to the surface of the

fabric by subsequent heat treatment. After washing,
F1s intensity of the AG-7005 treated silk fabric showed
a much more decrease than that of the AG-E061 treated
one.
Yet it showed that the recovery of the water repel-

lency of the AG-7005 treated silk fabric was higher
rather than that of the AG-E061 treated one. When it
comes to washing cycle, 20 cycles washing made
water repellency more decreased than when 1 cycle
washing was carried out.
The effect of cross-linking agent was not much

after washing and subsequent heat treatment, even though
it showed a little higher water repellency when applying
it before washing. In particular, the AG-7005 treated-
silk fabric with 20 cycles washing and heat treatment
at 120 showed the best water and oil repellency℃
than any of the resin treated fabric. Considering a change
of the water repellency of the silk fabric treated with
fluorocarbon resin, it seems likely that the fluoroalkyl
group of the fluorocarbon resin rotates from surface
to inside of the fiber by the washing to adapt to the
hydrophilic circumstance, and the orientation of the
fluoroalkyl groups of the resin disturbed by the washing
recovers the orientation to the fiber surface after the
subsequent heat treatment. As the result, water and
oil repellency are recovered.
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