Studies in degumming of silk with aliphatic amines
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The degumming action of triethylamine on raw crépe silk has been evaluated and optimum conditions
have been determined. Experiments have been carried out according to the Box and Behnken
response surface design. The degumming action of three other amines has also been investigated.

INTRODUCTION

Processes for degumming silk are most frequently based
on soap or alkalis, e.g. sodium hydroxide, sodium
carbonate, trisodium phosphate, borax or ammonia. The
stronger alkalis increase the chances of silk degradation
while weak alkalis such as ammuonia are not very effective.
Various aspects of degumming processes have been
recently reviewed [1].

Aliphatic amines possess all properties that would
otherwise make ammonia an effective degumming agent.
Owing to the presence of a lone pair of electrons on the
nitrogen atom, the amines can potentially act as bases. In
aqueous solution the strength of a base is defined in terms
of equilibrium ionisation constant Ky, which is generally
written in terms of its negative logarithm (pKy), the lower
the value of pK,, the stronger the base. The pK|, value of
ammonia is 4.75 while that of most of the aliphatic amines
is below 4.

The objective of the present study was to investigate
triethylamine {(pK, 3.24, boiling point 89.5°C) as an
alternative degumming agent, and to optimise the
degumming conditions using a Box and Behnken factoriat
design. Triethylamine was selected as it has a fairly high
boiling point and is commercially produced as an
intermediate for the manufacture of important industrial
chemicals. The degumming action of other aliphatic
amines has also been evaluated.

EXPERIMENTAL

Fabric, chemicals and equipment
Crépe silk used for the study had the properties shown in
Table 1. An aqueous sclution of triethylamine of 8.25 mol/t

Table 1 Properties of silk fibre used

Property Value
Warp denier 22.66
Weft denier 53.13
Ends/cm 95
Picks/cm 35
Weight (g/m?) 45.04
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was used. The strength was determined by titration
against standardised 0.1 mol/l hydrochloric acid, carried
out by taking 0.1 ml triethylamine in 50 ml water and
adding 6-8 drops of mixed indicator (5 parts 0.1% solution
of bromocresol green in methanol and 1 part 0.1% solution
of methyl red in methanol) until the green coloration
disappeared.

Fabric samples were degummed in the Pretema
Multicolour dyeing machine.

Preparation of samples and experimental design

The process parameters selected as independent variables
were: concentration of triethylamine (x;), treatment time
(vy) and temperature (x3), with three levels for each
variable (Table 2). The experiments were planned
according to the Box and Behnken factorial design for
three variables and three levels for each variable; thus a set
of 15 experiments was performed. The treatment
conditions are given in Table 3.

Fabric samples of 30 x 100 cm were conditioned for 48 h
at 27°C and 45% RH, and degummed in a Pretema
Multicolour dyeing machine at a liquor ratio of 23:1. The
degummed samples were washed thoroughly, dried and
conditioned again before testing for various properties.

Testing methods

The degummed samples were tested for the properties
shown in Table 4. The weight loss was calculated from the
difference between the weights of samples before and
after degumming. The bending length measurements
were taken on the Shirley Fabric Stiffness Tester. Crease
recovery angle was measured on the Shirley Crease

Table 2 Variables and their levels used in the
experimental plan for degumming with triethylamine

Levels
Variable -1 0 +1
Temperature {°C) 65 80 95
Treatment time (min) 15 45 75
Concentration (mol/l)  0.05 0.15 0.25




Table 3 Treatment conditions and observed and calculated values of properties investigated

Elongation at

Bending length Bending Strength Strength break (cm)
Weight loss (%) {warp)} (cm) length  loss loss (weft) (%)
CRA {weft) (warp) -

Concn  Time Temp. (deg) (emj) (%) (warp) (weft)
Case (mol) (min) (°C) Obs. Calc. Obs. Obs. Calc. Obs. Obs. Obs. Calc. Obs.  Obs.
1 0.05 15 80 6.1 8.61 226 325 3.18 3.75 17.34 0.10 3.04 284 264
2 0.25 15 80 1543 16.81 238 471 468 3.860 15.17 515 459 260 390
3 0.15 15 95 19.91 18.85 228 286 296 272 372 16.49 17.52 274 530
4 0.15 15 65 463 1.81 222 508 507 3.60 22.91 11.86 8.45 284 418
5 025 45 95 2431 2818 248 240 2.44 2.18 18.89 2113 21.01 1.88 448
6 005 45 95 2254 19.97 261 283 269 2.20 947 10.72  7.09 2.08 5.02
7 025 45 65 10.90 11.14 220 464 456 3.74 6.50 052 415 3.42 358
8 0.05 45 65 4.46 293 228 462 480 3.45 26.93 5.67 5.79 2.82 418
9 0.15 75 65 1.18  5.30 225 460 450 3.66 4.64 21.20 20.86 314 560
10 0.15 7% 95 2258 2234 256 238 238 2.46 12.82 27.22  29.94 2.44 682
1 0.25 75 80 2279 2030 28B4 229 236 1.98 22.72 2454 21.59 242 4568
12 0.05 75 80 1049 1210 225 432 435 3.60 30.77 10.31  10.87 3.38 296
13 0.15 45 80 2215 2225 248 242 2865 2.43 6.56 31.96 31.24 264 498
14 0.15 45 80 2391 2225 248 248 265 2.91 5.88 28.87 31.24 234 478
15 0.15 45 80 20.70 2225 255 3.05 265 2.70 8.73 32.88 31.24 252 434

Table 4 Propenrties covered in testing programme

Variable Property Unit

¥4 Weight loss %o

Yo Strength loss(warp) %

Ya Strength loss (weft) %

Va Bending length {(warp) cm

Vs Bending length (weft) cm

Y Elongation at break (warp)  cm

¥ Elongation at break (weft) cm

Vs Crease recovery angle degree

Recovery Tester, and the other mechanical properties were
measured on the Instron Universal tensile testing
machine.

Analysis of data

A quadratic polynomial was used to analyse the
relationship between the measured responses and the
process parameters (Eqn 1}:

Yy = bo-»—ibix;+ib;f‘x;2+ib”x,‘x,‘ (1Y

i=1 =1 Q=1

where y is the measured response, b,, b, b; and b; are the
coefficients of the regression equation, and i and j are
integers with i <.

The estimated coefficients of the regression equation
were tested for significance using the student f-test. The
insignificant coefficients were deleted and the remaining
coefficients were recalculated. The closeness of fit was
assessed by means of the Fischer F-test and the adjusted
squared multiple regression coefficient (R?). Three-

dimensional surface plots were prepared to study the
effect of variables on the responses. The optimum degum-
ming conditions were determined and experiments were
repeated at these conditions to check for reproducibility.
Since the physical properties of degummed silk depend
on the sericin content, regression analysis was carried out
with weight loss (i) as the independent variable and the
other responses (¥, to yg) as dependent variables. A linear
relationship of the type defined by Eqn 2 was expected:

1 =bo +biyi (2)

where b, and &; are coefficients and y; = y; to .

RESULTS AND DISCUSSION

The observed and calculated values for the 15 experiments
of all the properties studied are given in Table 3. The b
coefficients of the regression equation, the F-ratio, the
adjusted squared multiple correlation coefficient and
standard error of estimate for all the responses are given in
Table 5. The results of the regression analysis in respect of
weight loss and other properties of degummed fabrics are
givenin Table 6.

Weight loss

Weight loss is dependent on temperature, triethylamine
concentration and time, and showed good correlation
with these process parameters. The spatial diagram of the
response surface generated from the data given in Table 5
is shown in Figure 1. Weight loss increased sharply with
increase in temperature. It was influenced less by amine
concentration, although a minimum concentration of 0.15
mol/l was essential to obtain a weight loss of 25% or above,
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Table 5 Coefficients of the regression equations

Strength loss

Bending length

Elongation at break

Crease

Weight recovery
Coefficient  loss Warp Weft Warp Wett Warp Weft angle
b, 22.25 6.42 31.24 2.65 2.80 2.53 469 249
b, 4.10 —2.65 3.07 -0.12 -0.19 0.23
b, 1.75 6.21 ~0.29 -0.24 0.48 6.82
by 8.52 —2.01 4.54 -1.06 ~0.61 -0.39 0.49 12.33
by, -21.61 9.51 -15.45 0.44 -1.13
by, -5.64 5.09 =577 0.55 0.37 0.27 -9.39
by —4.54 -6.28 0.53 0.75 -8.16
by 2.30 -0.87 —0.37 6.58
by 7.46 3.89 -0.20
bogy 6.84
R? 0.836 0.748 0.9202 0.957 0.697 0.522 0.699 0.507
F-ratio 12.9 7.93 17.10 46.01 7.44 6.09 7.51 3.88
Std error 4.37 4.37 3.50 0.22 0.36 0.30 0.55 10.88

Table 6 Ccefficients of regression equations with weight loss as dependent variable

Bending length

Strength loss Elongation at break

CRA Warp Weft Warp Weft Warp Wett
[oR 215 5.11 4.05
by 1.55 -0.11 —0.07 1.00
R? 0.706 0.709 0.760 0.004 0.803 0.496 0.103
F-ratio 34.60 35.16 45.28 56.95
Std error 8.41 0.57 0.32 9.09
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Figure 1 Spatial diagram of weight loss versus temperature and
concentration at treatment time of 45 min
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irrespective of time and temperature. Weight loss did not
depend to any great extent on treatment time.

Strength loss

The strength loss in the weft direction showed excellent
correlation with the process parameters (R> = 0.902). It
was dependent on all three factors, although the
dependence on concentration was more than that on
temperature or time.

The strength loss in the warp direction showed good
correlation with the process parameters (R? = 0.748). The
spatial diagram of the response surface generated from
the data given in Table 5 is shown in Figure 2. Strength loss
in the warp direction increased with increasing
temperature at high concentration levels, but fell with
increasing temperature at low concentrations. A similar
effect was observed with respect to concentration. This
was because at low concentration an increase in
temperature did not markedly improve gum removal,
while significant shrinkage of the fabric took place.

Strength loss, being a function of gum removal and/or
fibre degradation, thus showed a marginal fall. This was



Strength loss, % (warp)

Figure 2 Spatial diagram of strength loss (warp} versus temperature
and concentration at treatment time of 45 min

also the case for the trend shown on increasing
concentration at low temperature. However, at high
temperature with increasing concentration, or at high
concentration with increasing temperature, efficient gum
removal was achieved simultaneously with shrinkage of
fabric. Strength loss thus increased in these circumstances.

A good correlation was observed between strength loss
in the weft direction and weight loss (R* = 0.803).

Bending length

Bending length in the warp direction showed excellent
correlation with process parameters; it was influenced by
all three independent variables. The effect of temperature
on bending length in the warp direction was greater than
that of time, while the effect of concentration was the
lowest of the three process parameters. On degumming,
the fabric became softer, and as a result bending length
decreased.

Bending length in the weft direction did not show very
good correlation with the process parameters (R* = 0.697),
although it showed good correlation with weight loss in
both directions. As the weight loss increased, the fabric
became softer and thus bending length decreased.

Elongation at break and crease recovery angle
Elongation at break and crease recovery angle showed
poor correlation with the process parameters. Hence the
data were not analysed further.

Optimisation

To determine the optimum conditions for degumming,
the dependent variables that showed very good
correlation with the process parameters (R? > 0.800) were
considered, giving each equal weighting: weight loss (y,),

strength loss in the weft direction (i) and bending length
in the warp direction (y,). Values for the complete set of 27
experiments were calculated from the fitted models of
these responses and ranked. With bending length and
strength loss, lower values were given higher rankings.
The ranks for all three responses were then added
together, the result having the maximum sum giving the
theoretical optimum treatment conditions. However, this
hypothetical optimum case was found to give a weight
loss of 12% only. Hence only those cases with weight loss
greater than 24% were taken and ranked. There were four
such cases, shown in descending order in Table 7. Three
repeat tests were then performed under the conditions
specified in cases 1 and 4. The results given in Table 8
confirmed the previous results.

Scanning electron micrographs of the original and the
samples degummed under the above mentioned
conditions are reproduced in Figure 3. The sericin present
in raw silk can be seen as surface deposits in Figure 3a,
while Figure 3b shows that most of these deposits were
removed by degumming at 80°C, and the filaments
appeared cleaner and smoother. Some of the samples
degummed at 95°C were found to be degraded, as can be
seen from Figure 3c.

From the results of the present investigation, the
optimum conditions for degumming with triethylamine
recommended are those used in case 4 in Table 7, i.e.
triethylamine conen 025 mol/l, time 45 min and
temperature 80°C. By carrying out a raw silk degumming
treatment under these conditions, more than 90% of the
sericin can be removed without damaging the fabric.

Degumming with other amines

Further experiments were designed for degumming with
other amines, listed in Table 9. The degumming was
carried out at 80°C for 30 min with a 0.2 mol/ solution of
the respective amines. Three repeat runs were carried out
for each amine and the average values of all the
parameters studied are presented in Table 9. The pKj
values of these amines, which provide an indication of
their respective strength, and boiling points are also
reported.

For comparison, two samples were degummed with
20% o.w.f. Marseilles soap solution for 1.5 h at the boil. The
averaged results of the properties of these samples are
presented in Table 9. This showed that, in terms of weight

Table 7 Best sets of process conditions found
experimentally, in decreasing order of effectiveness

Triethylamine  Process Process
Rank conen (mol/l) time (min) temp. (°C)
1 0.25 45 g5
2 0.25 75 95
3 0.15 45 95
4 0.25 45 80
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Table 8 Results of experiments performed after optimisation

Bending length {cm)  Strength loss (%)  Elongation at break (cm) Crease
Weight recovery
loss angle
(%} {warp) (weft) {warp}  (weft) (warp) (weft) (deg)
Set 12
Sample 1 26.18 230 2.01 19.5 247 1.76 4.00 250
Sample 2 2517 256 219 17.7 18.6 1.97 4.10 249
Sample 3 26.14 232 2.09 13.6 206 2.52 4.32 248
Average 2567 234 2.10 16.9 21.3 2.08 4.14 249
Set 2t
Sample 1 22.89 2.52 2.80 1.5 17.4 2.60 4.14 242
Sample 2 2389 283 2.62 15.8 22.9 2.30 4.08 248
Sample 3 2351 277 2.55 14.6 21.7 2.30 412 242
Average 23.45 2.71 2.66 13.9 20.6 2.45 412 244
a  0.25 mol/l, 45 min, 95°C
b 0.25 mald, 45 min, 80°C
Table 9 Observed responses for degummed samples with amines
Boiling Weight Strength  Elongation at  Bending Crease recovery
Amines p&, point {°C) loss (%) loss (%)  break (%) length (cm) angle (deg)
Methylamine 3.37 -6.3 25.31 10.10 40.96 1.05 255
Ethylamine 3.25 16.6 25.20 17.41 38.74 1.3% 228
Diethylamine 3.89 55.5 2515 17.41 37.62 1.28 226
Triethylamine 324 89.5 21.86 17.25 40.50 1.40 240
Marseilles soap 25.92 29.15 29.50 1.06 250

it 20, - s EMF= 200KV D= 16 o
gz we = A

Figure 3 SEM photographs of raw and degummed silk (1500x)

loss, all the amines were as effective as soap. However,
amines permitted a shorter process time and lower
treatment temperature to be used, which was beneficial
from the point of view of handle, lustre and productivity.

CONCLUSION

Aliphatic amines have been shown to be effective for use
as degumming agents for silk. Although methylamine
gave the best results among the various amines
investigated, its low boiling point makes it unsatisfactory
for commercial application. Triethylamine is therefore
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considered to be the most effective amine for degumming
purposes.

The authors acknowledge the assistance provided by Mr
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amines.
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