Effect of Nonionic Surfactant and Heat on Selected
Properties of Nylon 6,6

HOWARD L. NEEDLES, WEN-CHU LU, and KENNETH ALGER,
Division of Textiles and Clothing, University of California, Davis, California
95616 and D. S. VARMA,* Textile Technology Department, Indian
Institute of Technology, Delhi, India

Synopsis

Heat treatment of nylon 6,6 in the temperature range of 100-175°C in the presence and absence
of a nonionic surfactant (Triton X-100) had little effect on the physical properties of the nylon, al-
though the density of the nylon increased with increasing heat treatment temperature. The moisture
regain value for the treated nylons did not change substantially, whereas the overall wettability of
the heat-treated nylon in the presence of nonionic surfactant showed a marked improvement. Both
heat treatment of the nylon alone or in the presence of surfactant had a substantial effect on the
uptake of three 1,4-substituted anthraquinone dyes on the nylon and on the resultant color of the
dyed nylon.

INTRODUCTION

In a recent study,! the effect of heat and surfactants plus heat on the dyeing
and physical properties of selected fabrics including nylon-6,6 was determined.
At the heating temperature selected (150°C), heat alone had little effect on the
physical properties of the nylon compared to untreated fabric. Surfactant
treatments plus heat (150°C) caused the nylon to shrink somewhat more and
improved the wicking and moisture absorbency and dyeing properties of the
nylon compared to nylon that had been heat treated in the absence of surfactants.
Anionic and nonionic surfactant-treated nylons dyed to lighter shades with the
acid dyes used, whereas cationic surfactant-treated nylon dyes deeper with these
same acid dyes. Residual surfactant present on the nylon was thought to be
responsible for the observed variation in depth of dyeing and color of the
nylon.

The effect of heat treatment alone on the dyeing and physical properties of
nylon 6,6 in the temperature range 100-200°C has been studied previously.?*
The tensile properties of nylon 6,6 were found to be only slightly affected, and
the x-ray properties of the nylon were essentially unchanged?®* on heating in the
range 100-175°C. However, the relative rate of dyeing and relative dyeability
of nylon 6,6 decreased as the heat setting temperature was increased?* with the
effect being observed for disperse, acid, and premetallized acid dyes.

In this study, we have examined the effect of application of a common nonionic
surfactant Triton X-100 followed by heat treatment at 100-175°C on the dyeing
and selected physical properties of nylon 6,6. We have compared the properties
of these surfactant heat-treated nylons with the corresponding nylons subjected

* Visiting professor, University of California, Davis, 1979-1980.
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to heat treatment only in order to establish the effect of surfactant on selected
properties of nylon 6,6.

EXPERIMENTAL

Fabric Treatment

Nylon 6,6 woven fabric, style 361 (0.1315 kg/m?), made from du Pont type 200
nylon was obtained from Test Fabrics, Inc. Fabric samples (15 X 15 ¢cm) were
washed in 60°C water, distilled water, and dried at 100°C prior to treatment.
The fabric samples subjected to heat treatment only were heated at 100 &+ 5, 125
+ 5,150 £ 5, and 175 £ 5°C for 5 min in a flatbed press (U.S. Testing, model 6584)
and then thoroughly washed in 60°C water, followed by distilled water, and dried
at 100°C. Surfactant-treated fabrics were immersed for 5 min in neat nonionic
surfactant (Triton X-100) and passed through a pad (280 kPa) to remove excess
surfactant. Then the treated fabrics were heated, rinsed, and dried as described
above.

Dyeing and Color Measurement Procedure

Fabric samples were dyed for 1 hr at 100°C using 2% on weight of fabric (owf)
anthraquinone disperse dye (Eastman reagent grade) at a liquor ratio of 115:1.
After dyeing, the fabric samples were thoroughly rinsed in 60°C water and dried
at 100°C. The uptake of dye on the fabrics (mg dye/g fabric) was determined
by the technique of Weigmann et al.> The color of the undyed and dyed fabrics
was measured on a MacBeth MS-2000 color spectrophotometer and expressed
as x, ¥, and Y color coordinates (Tables III and IV). The color differences (AE)
were measured in CIELAB units.

Test Procedures

The test procedures used were described in our earlier article! and they were
based on standard AATCC and ASTM test methods (Tables I and IT). Density
measurements were conducted using a Techne TC-1 density gradient column
using xylene and carbon tetrachloride at 21°C. Scanning electron micrographs
were taken on a Cambridge Stereoscan II instrument operating in the secondary
mode at 5 kV on small samples cut from the center of fabrics and coated with
silver. Differential scanning calorimetry was performed on 4-mg samples using
a Mettler TA 2000 analyzer at a heating rate of 10°C/min.

RESULTS AND DISCUSSION

The effect of heat in the presence and absence of the nonionic surfactant Triton
X-100 on nylon 6,6 in the temperature range 100-175°C was determined through
examination on various physical and chemical properties, as well as the dyeing
properties of the nylon (Tables I-III). Heat alone and heat in the presence of
surfactant were found to slightly affect selected physical properties (Table I),
moisture-related properties (Table II), the color (Table III), and the disperse
dyeing characteristics of the nylon (Table IV). These findings are outlined
below.
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The overall physical properties of the nylon 6,6 fabric changed only slightly
on heating at various temperatures within the 100-175°C temperature range
both in the presence and absence of nonionic surfactant (Table I). Under the
semirestrained heating condition used, little shrinkage in the overall fabric di-
mensions was found, although surfactant-treated fabric tended to shrink more
than untreated nylon at most temperatures. The stiffness of the fabric increased
slightly on heat treatment both in the presence and absence of surfactant with
surfactant/heat treatment causing greater increases. Recovery of the heat-
treated fabrics from dry bending deformation as evidenced by Monsanto wrinkle
recovery values showed that heat treatment alone at 125°C or above gave in-
creased wrinkle recovery, whereas the presence of surfactant tended to cause
decreased wrinkle recovery except at 175°C. The tensile properties of the nylon
were not significantly affected by heat treatment even when surfactant was
present. Small changes in tenacity and elongation at break owing to heat
treatment in the 100-175°C range have been observed previously.34

Heat treatment in the presence and absence of surfactant caused a small but
detectable increase in the density of the nylon, with the density increasing with
increasing treatment temperature. The presence of surfactant appeared to have
little effect on this increase in density. The progressive increase in density of
the nylon suggests that heat-induced crystallization of the nylon has occurred
which has resulted in a slight increase in the order within the fiber. Small steady
increases in density and increases in the degree of crystallinity with rising heating
temperature have been observed previously for nylon 6,6 (refs. 3 and 4) in the
100-175°C temperature range. In summary, heat treatment of the nylon 6,6
both in the presence and absence of nonionic surfactant has only a limited effect
on the overall physical properties of the nylon.

The effect of heat treatment in the presence or absence of surfactant is more
evident in the moisture-related properties of the nylon (Table II). Although
the apparent moisture regains for the treated nylons do not change much because
of heat treatment, the regain values tended to decrease as the heat treatment
temperature increased with surfactant having no effect on the regain of samples.
Two parameters relating to the wettability of the fiber surfaces, drop absorbency
time and wicking height, show the overall effect of surfactant combined with heat
treatment on the nylon. Whereas nylon samples heated in the 100-175°C range
show an increase in time necessary for water to wet the surface and a lower rate
of wicking, surfactant and heat-treated nylon samples show sharply decreased
drop absorbency times and greatly improved rates of wicking. These observa-
tions suggest that the effect of heat alone, as well as surfactant plus heat treat-
ment, is confined to the surface of the nylon. Whereas heat treatment alone
decreases the wetting of the nylon fabric surfaces, surfactant plus heat increases
the overall wetting of the nylon presumably because of residual surfactant per-
manently fixed to the nylon. These findings are consistent with our earlier
study! on the effect of surfactants and heat treatment at 150°C on the mois-
ture-related properties of nylon.

It became evident that as the heating temperature increased, the color of the
heat-treated samples changed significantly both in the presence and absence
of surfactant. The color differences (AE) between untreated and treated nylons
and between heat-treated samples in the presence and absence of surfactant were
determined (Table III). As the heat treatment temperature was increased, the



NEEDLES ET AL.

1748

9s11 6'L9 F ¥G81 1 ¥ 9% €¢'T F¢b'6 gel g91 ¥l SeA SL1
LGT1T 8'8% F L'G91 6F vy GE'TF08°6 8€1 ¢'8 ¥l ON sL1
belt 0°€9 F 8961 9FOF 66T F ¢V'6 1e1 18 Vi SoA 061
1138 6'VE F 6'091 R A4 12°'T ¥ 60'6 86T ¥'6 g0 ON 0s1
E611 EY9 F 8'ELT 9F V¥ V1 Fov'e yal 101 V1 SoA gel
€STT ¥'9¢€ F 9991 SFEY Gl F 616 ort 98 S0 ON 6zl
(411 § L'89 F 8'¥81 SF v 8L'1 ¥ 81'6 €31 (a4} &1 S8R 001
4941 T'LE F L'y 9F Ly 8T'T F¥¥'8 931 18 o N 001
8¥TL 9'1¢ ¥ ¢'891 V¥ ey 92T F V56 (4391 'L - - -
gW/3y w NW ‘Yeaiq % ‘Yealq N ‘qaduaiys (3ep) daepy w U % jueOBLING Do ‘danjeredwa J,
‘Ansua(] 0] A310uy e uonyesuory 3uiyesxg OJUBSUOIN ‘I9AS[IJUEBD ‘afeyuliys juawyeal],
sonjtadouad apisua ], K19A0091 ssauJINS By
UM

UofAN jo serpaadol g [eo1sAyJ 943 UO 183} PUR JUR}IRLING JO 198)J5

I 4'IdvL



PROPERTIES OF NYLON 6,6 1749

TABLE 11
Effects of Surfactant and Heat on the Moisture-Related Properties of Nylon
Regain,
Treatment moisture, Drop absorbency Wicking height,
Temperature, °C  Surfactant % time, min 1 min 5min 10 min
— — 3.3 20.5 0.0 0.9 2.0
100 No 3.2 >30 0.0 0.1 0.3
100 Yes 3.2 0.8 3.3 5.9 8.7
125 No 3.2 >30 0.0 0.3 0.6
125 Yes 2.9 0.6 3.3 9.3 9.3
150 No 2.9 20.3 0.0 0.8 1.1
150 Yes 3.0 0.6 3.2 6.4 8.3
175 No 2.9 >30 0.0 0.3 1.0
175 Yes 2.9 0.5 3.3 6.5 8.6

samples became progressively more yellow in character and less reflective, and
the values of color differences between control and treated samples became
progressively larger. Color differences (AE) between samples heated at the same
temperature in the presence and absence of surfactant were very small, and
surfactant seemed to have little effect on color change. Overall, the color changes
observed were small and would not be expected to interfere with or significantly
alter the color of dyed samples.

In order to determine the effect of heat treatment alone and in the presence
of nonionic surfactant on the dyeing and resultant color properties of the nylon,
the due uptake of three 1,4-disubstituted anthraquinone disperse dyes on the
nylons, as well as the resultant color and color differences AE, were measured
(Table 1V). Previous studies have shown that heat treatment of nylon 6,6 in
the 100-175°C temperature range leads to decreased dyeability and dye uptake
with selected acid and disperse dyes.?* The 1,4-disubstituted anthraquinone
disperse dyes selected (1,4-diamino, 1-amino-4-hydroxy-, and 1,4-dihydroxy
anthraquinone) exhibit differing acidities and have been used previously in

TABLE III
Effect of Surfactant and Heat on the Color of Nylon
Color difference (AE)
Compared to
Treatment Color Compared to sample at
Temperature, °C Surfactant x y Y  untreated control same temperature

— — 0.311 0.319 68.9 — —
100 No 0.311 0.320 67.8 0.5 0.2
100 Yes 0.311 0.320 68.4 0.2 ’
125 No 0.311 0.320 67.4 0.7 0.3
125 Yes 0.311 0.320 68.7 0.2 ’
150 No 0.312 0.321 68.0 1.0 0.5
150 Yes 0.313 0.322 67.7 1.5 ’
175 No 0.314 0.324 67.7 2.1

0.5
175 Yes 0314 0323 682 1.8




NEEDLES ET AL.

(3 9y G180 G68°0 8’8 SR 001

1750

& €1 (A4 125°0 %680 ¢l ON 001
o — a4 £25°0 88€°0 L1 - —
auoumbeIyjuBAX0IpAY-F-ourure-|

Z L'e 'y [ ARY ¥4 9 S9X GLT

e 58 4 4284 992°0 8’6 ON GL1

91 584 8¢ (428" 9620 L SeK 061

6'C (a4 EV1°0 4960 €9 °N 061

ze 61 9 8280 §62°0 R SeA gel

6'¢ 8¢ 6€1°0 9920 gL ON szl

Lz ¥e (44 8ET°0 G520 €9 S9A 001

e oy 1o G920 9'9 ON 001

- - (Y 910 9820 8 - -

auoumbesyjuecurwBip-F'1
arnjeradwd) swres [013U0) pajBaUN A X x 3/dw juejoejIng Do ‘danjetadws
7€ oydures 0} paaedwio)) 1010) ‘axerdn ah(g JudwIyeaLy,
03 paredwo))
(FV) 9ous1ap31p 107070)
seA(J suouinbeayjuy paInjrsqng yiim uofAN jo ssraedord 10[0)) pue SuUA(I oY) U0 JeaH Pue jueloRLING JO J08)JH

Al HTdV.L



1751

PROPERTIES OF NYLON 6,6

11

'

8L
L'e

(22!
(44

€'¢
¢l

9'¢
¢'c

L'9%
§'6%

9%
8'8%

0'Lg
6°9¢

$'9¢
0°Lg

8'6¢

8'G

8y

vy
vy

184
gy

¥8¢°0
G68°0

G860
§68°0

16€°0
06£°0

68¢°0
16€°0

L6E0

061°0

8120

L1%°0
08670

8120
0220

¥or°o
G97°0

¥91°0
89¥°0

0LY'0
0L¥°0

0L¥'0
0L¥'0

¥L¥'0

auouinbeIyjueAxoIpAYIp-¥1

6280
L8E0

06€°0
68¢°0

¥6€°0
£6£°0

9¢
4

0¢

9c

8¢

1€
8'¢

Ly
98

16
g0t

G0t
1l

sax
ON

sax
ON

sax
N

Sox
ON

sag
ON

sax
°N

S9A
ON

GL1
GLT

0S1
08T

Gg1
Go1

001
001

SLT
GLT

05T
061

gel
ge1



1752 NEEDLES ET AL.

studies relating the effect of substrates, including nylon, on the ultraviolet spectra
of these dyes.® In our study, the substitution on the anthraquinone had a marked
effect on the dyeability of the treated and untreated nylons and in some cases
on the color of the resultant dyed fabrics. The specific findings are outlined
below.

With 1,4-diaminoanthraquinone, heat treatment alone caused a greater dye
uptake than untreated nylon, with the increased uptake being greatest at a heat
treatment temperature of 125°C. Heat treatment in the presence of surfactant
showed a similar effect with the greatest increase being observed at 150°C. This
finding is contrary to a previous study using other disperse dyes? in which the
disperse dye decreased the dye uptake with increasing temperature of heat
treatment. The difference in dye uptake may be explained by the difference
in the structure and basicity of this dye compared to the dyes used in the previous
study. Color measurements confirm that the treated nylons dyed to deeper
shades and were somewhat more purple in character than untreated nylon.
Significant color differences (AE) of similar magnitudes were found when
comparing treated versus untreated nylon and heat-treated nylons in the pres-
ence versus the absence of surfactant.

Dyeing of treated and untreated nylons with 1-amino-4-hydroxyanthraquinone
showed that heat treatment alone caused a decrease in the dye uptake with in-
creasing treatment temperature. Nylons heat treated in the presence of sur-
factant exhibited a lower dye uptake than nylon heat treated alone, with the
largest difference occurring at 175°C. The treated nylons tended to dye more
red in character than untreated nylon. The color difference was most pro-
nounced for surfactant heat-treated nylon at 175°C, which was much more blue
in character compared to untreated nylon or nylon heat treated in the absence
of surfactant at 175°C. Heat alone as well as surfactant in the presence of heat
decreased the uptake of this dye on the nylon, and the effects of surfactant and
heat in decreasing the dye uptake were additive. The dye 1-amino-4-hydroxy-
anthraquinone showed greater affinity for the nylon than 1,4-diamino- or 1,4-
dihydroxyanthraquinone.

Heat treatment alone caused a decrease in the uptake of 1,4-dihydroxyan-
thraquinone on the nylon, and the presence of surfactant tended to depress the
dye uptake further. With increasing heat treatment, the nylons dyed more blue
in character and were less reflective, although less dye was present on the fiber.
Color differences between samples heat treated at the same temperature in the
presence and absence of surfactant were larger at higher treatment temperatures
(150 and 175°C).

Whereas uptake of 1,4-diaminoanthraquinone on the nylon increased with
heat treatment alone, uptake of 1-amino-4-hydroxyanthraquinone and 1,4-
dihydroxyanthraquinone decreased on heat treatment of the nylon. The
presence of surfactant depressed the dye uptake further in most cases. The
above findings suggest that heat treatment alone permits greater access to car-
boxyl groups within the fiber permitting greater uptake of the basic 1,4-diami-
noanthraquinone on the fabric. The nonionic surfactant Triton X-100 reduced
dye uptake at most heat-treatment temperatures except for 1,4-diaminoan-
thraquinone at 150 and 175°C where it slightly increases dye uptake.

Scanning electron microscopy and differential scanning calorimetry were used
as methods to detect changes in nylon caused by heat treatment in the presence
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and absence of nonionic surfactant. Scanning electron microscopy showed little
change in the surface of any of the treated samples, and differential scanning
calorimetry showed little change between treated and untreated nylons. These
findings suggest that heat treatment in the 100-175°C range in the presence and
absence of surfactant have little effect on the morphology of the fibers.

References

1. H. L. Needles et al., Text. Chem. Color., 11, 35 (1978).

2. H. W. Peters and T. R. White, J. Soc. Dyers Colour., 77,601 (1961).

3. P.F. Dinsmore and W. O. Statton, J. Polym. Sci. Part C, 13, 133 (1966).

4. W.T. Holfield and M. S. Shepard, Text. Chem. Color., 10, 26 (1978).

5. H.-D. Weigmann, M. G. Scott, H. S. Ribnick, and L. Rebenfeld, Text. Res. J., 46, 574
(1976).

6. R. S. Sinclair and E. McAlpine, J. Soc. Dyers Colour., 91, 399, (1975).

Received October 29, 1979
Revised December 14, 1979





