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ABSTRACT

Spandex is a elastomeric fiber in which the-fiber-forming substance is a long chain polymer consisting

of at least 85% segmented polyurethane.

In the polyurethanes there are the additional oxygen atoms in th¢ main chains of the molecule. The
effect of these oxygen atoms is to make the molecule flexible. From a physical point of view, elasicity and

recovery from stretch are the most important properties of polyurethane, so its use had now expanded

into many knitting industry.

In this paper, we wish to Test the effect of some finishing conditions on the quality of polyurethane.

I. INTRODUCTION

As the elastic fiber, polyurethane fiber in
which contains 85% segmented polyurethane is
generally used to make knitted works or elastic
fabrics for its good taste of wear.

The strong points of this fiber are especially
the properties of its elasticity and its recovery
from stretch, and if the internal structure of this
fiber is affected by some factors in the process
of scouring, bleaching, dyeing and the other
treatings, it is thought that not only the strong
points of this fiber but also the strengh, the
‘elongation and the fatigue of fiber should be
influenced.

Therefore some factors which operate upon
the Process of finishing were selected and were
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treated in this experiment, and from these results
it was intended to examine the affection about
the qualities of spandex, to induce some response
equations.

II. MATERIALS AND THE EXAMINATION
METHOD

1. Spandex fiber.
The white TOYBO 140 was used.
2. PH solution.
The buffer solution of PH 3.19, 4.4, 6.22,
8.0, 9.4, 10.4 is used by mixing CHs COOH,
CH3 COONa, KH2P04, N32B407, N82C03.
3. The examination method
The shrinkage, the strength, the elongation



L.

and the fatigue of spandex fiber which was
treated at several levels of each conditions
of temperatures 70, 80, 90, 100°C, of pH
3.19, 4.4, 6.22, 8.0, 9.4, 10.4 and of period
of times 1.5, 3, 5 hours were measured in
this experiment.

RESULTS AND DISCUSSIONS

The results of experiment.
The data measured from the experimentals

are presented in table 1-1 to table 1-4.

The arrangement of the experimental results.
In order to find the relationship between
the treated conditions and the properties
of Spandex fiber with F-test method, the data
in table 1 were rearranged, and the subtotal
of each shrinkage, strength, elongation and
fatigue are respectively calculated.
Subsequently MANOV A(Multivariate Analysis
of Variance) tables gained from above data
are showed in table 2-1, 2-2, 2-3, 2-4. Wher
Yy y@) yB3) y®) are respectively the
values of 70, 80, 90, 100°C and d. f. means
degree of freedom.

To illustrate one case of preparation methods
of MANOVA table, for example, in case of
RXY(”2 column in table 2-1 from row total
Y value is obtained by;

¢(12.513.06)° (5169  (511.1)*

18 18 18
2
A58106) 49671704
54

And YD y@) that s multiplied the value
of 70°C and 80°C from the row totals.

y(Dy@) - (513.06)(509.7)+(516.9)(510.2)
18 18
(511.1)(507.9) (1541.06)(1527.8)

18 54

= 0.3479259

And the other values are derived from this
same method.

F-test method.

For example at 70°C, M.S.E (Mean Square
Errow) of the shrinkage from MANOVA
table 2-1is

sum of square 60.1066594
MSE= =

d.f 36
= 1.669629428

And from the table 2-1, M.S. Sub-total is
4.3359481

M.S.Sub-total = = 0.2550557706

Hence the measured Value F o is

M.S. Sub-total
M.S.E.

and because F, from the F table, is F(17, 36)

(0.99) = 2.5, the above measured value has

= 0.152961904

no signification.

Since Fo < F 0.99 (17, 36), we may accept

HO at the 1% level and conclude that we

cannot say “at least one”.

Next,

row and the column,

1.9140728
10

MS.RxC 19140728

MSE 1669629428
and compare with F(10, 36) (0.99) = 2.86 in
the F table and above Fo’ this result F, in

to examine the interaction of the

MSR xC= = 0.19140728,

=0.1940728

not significant.

But because above two F-tests are minor

effects and the next two which relies on time

and pH variation in 70°C, are main effects,

these are the main view points of test.

The shrinkage variation (row) according to
0.9671704

time variationis M.S. Row=" 5

= 0.4835852, Fo = 0.2896362462, and
because F (2, 36) (0.99) = 5.25 in the F
table, the above is not significant.

The effect of shrinkage according to the
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Table 3. Results of F-Test

Item Sub item Table value Comparison Statistic value Judgement
S hrink }§Ub* tgtal g 36 i 8 153 Not significant
Shrinkage .. . 115 ”
y Row 525 > 0. 290 ”
column 3. 58 > 0.174 ’”
Sub total 2.5 > 0. 052 ” o
Y(Z‘r R % C 2. 86 > 0. 048 ”
Row 5.25 > 0. 045 ”
Column 3.58 > 0. 073 ”
Sub total 2.5 > 0. 055 ”
s R * C 2. 86 > 0. 057 ”
Row 5.25 > 0. 023 ”
Column 3.58 > 0. 065 v
N Sub total 2.5 < 8.943 Significant ]
y4 R % C 2. 86 < 15. 092 Very significant
Rc;w g gg i 0.131 Not significant
column . 0. 168 ”
Strength gub*toéal g 26 Z ; ’(7)32 Significant. -
Q g ) ”
vt Fiow 5 25 > 0. 021 Not significant
Column 3.58 < 8. 560 Significant
2 fS{Ub*toEal 2. 56 2 123. 710 Very significnt
2. 8 148. 631 ’”
Row 5. 25 < 167. 98 "
Column 3.58 < 56. 155 ”
Sub total 2.5 > 5,043 Significant 1
v i3 R % C 2. 86 < 2. 549 Not significant
20\]” i 52;2 2 6. 914 Significant
olumn : 9. 283 ”
Sub total 2.5 < 14. 355 Very significant
v R % C 2. 86 < 10. 840 ”
Row 3 25 > 4. 201 Not signignificant
Column 3. 58 < 25. 449 Very significant
Elonga tion l§tub"‘toéal 5 26 ; 2.139 Not significant
: 2. 2. 221 ”
vy 2o]w 5.25 > 0. 997 ”
olumn 3. 58 > 2. 430 ”
Sob total 2.5 > 1. 272 ” N
y@ R * C 2. 86 > 1. 448 ”
goxiv 5. 25 > 2. 061 ’”
olumn 3. 58 > 0. 605 ”
Sub total 2.5 > 2353 P -
y® R % C 2. 86 > 2. 094 o
Row 5. 25 > 4. 438 ”
Column 3.58 > 2. 036 ”
Sub total 2.5 > 1. 044 ” T
v R % C 2. 86 > 0. 682 ”
Row 5. 25 > 3.759 "
Column 3. 58 > 0. 680 ”
. Sub total 2.5 > 0.373 ” o
Fatigue R % C 2. 86 > 0. 398 -
Y Row 5. 25 > 0. 165 ”
Column 3. 58 > 0, 406 ”
Sub total 2.5 > 1. 135 ’”
v R % C 2. 86 > 1. 043 ”
Row 5.25 > 1. 316 ”
Column 3. 58 > 1. 248 ”
Sub total 2.5 < 3.321 ” ]
Y(31 R % C 2. 86 > 2. 180 ”
Row 5. 25 > 4.716 ”
:C olumn 3. 58 < 5.043 Significant
) Sub total 2.5 > 0. 318 Not significant
v R % C 2. 86 > 2. 593 ”
Row 525 > 0. 186 ”
Column 3. 58 > 0. 377 ”
—4]1—



pH variation is

1.4547049

M.S. Column = —— =0.29094098

F,=0.1742548228,

and because F (5.36) (0.99) = 3.58 in the F
table, the above F ° is not significant.

By using the above method, the results to
examine F-test for total experimental values
are reported in table 3.

The preparation of response equation.

To prepare the response equation is derived
from table 4. In this table A, B and C means
respectively temp., pH, period of time.
For the complication of this table pH range
is 3.19, 6.22, 10.4 and temp. range is 80°C,
90°C, 100°C, time range is 1.5, 3, 5 hours.
And L, M, H are designated from the low
value sequencely. To arrange the table 4,
the coefficients of response equation are
calculated at the final column in table 5,
and the calculated response equations are
showed in table 6.

We described briefly the procedures of testing
for shrinkage. For strength, elongation and
fatigue, we used the same procedures as
described for shrinkage.

The procedures of calculation in the response
equation are complicated and thus for the
questions to this, the data is provided by the
author of this paper.

Discussion.

Searching the major factors which may affect
the quality of Spandex fiber, the variation
of pH, time and Temperature affects only
the strength of Spandex and does not affect
of the other properties. And to calculate
the ab.c values about each factor in the
response equation, in case of low these
values are -1, in case of high these values are
+1 and then the average values of yield to
each condition are obtained.

Table 4. Design of Response Equation (Shrinkage)

1 LLL| 290 29.3 26.6
C LLM| 27.6 27.1 29.9
c? LLH| 289 29.2 26.5
b LML | 27.4 29.8 28.0
bec LMM | 26.8 28.8 29.3
b ¢ LMH | 27.3 29.7 27.9
b? LHL | 29.8 27.8 27.3
H_bi c LHM | 27.5 29.3 27.8
b ¢? LHH| 29.5 27.9 27.2
a MLL | 266 28.6 29.1
ac MLM| 29.6 27.6 27.1
a MLH| 270 29.4 27.6
ab MML | 28.7 29.0 26.3
abc |MMM| 2838 29.1 26.4
—_—
abe? | MMH| 27.2 29,0 28.1
ab? MHL | 26.6 28.6 29.1
abc |MHM| 27.3 27.0 29.7
a b’ |MHH| 290 26. 6 28.4
a? HLL | 269 26.5 30.3
a’c HLM | 27.4 26.9 29.7
a’c? HLH | 27.08 26.78 29.48
a’b HML | 26.8 29.2 27. 4
a?bc |HMM | 2848 28,78 26. 08
a’b ¢ | HMH | 26.62 29.02 28 02
a?b? HHL | 29.2 26.9 27.3
a’b’c |HHM | 28,22 28.22 26. 72
a’b’c? |HHH | 29.02 26.52 28.12
Tt =
ABC
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Table 6. Response Equation REFERENCES

1) Shrinkage (1) J.W.S. Hearle, What is a Spandex Fiber,
Y =27.9-27.7c+27. 7¢* —27. 9b+27. 8bc—27. 8bc? Spinner’s Record, Oct., 918-920, 1962
+27. 7b*—28. Ob*c+28. 0 b?c’—28. 0a+28. Dac (2) F. Smith, Spandex Elastic Fibers, Am. Dyes-

—28. 1ac*+28. 1ab— 28. labc + 28, 1abc?—28. Oab? tuff Rep., Mar., 48-55, 1965,

+28. 1ab*c—28. 1 ab%c? + 28. 3a*~— 28. 4a’c+28. 6a’c?
—28. 5a’b+28. 5a’bc— 2. 87a%bc?+28. 4a?h*—28. 3
a’b’c+28. 5a’b?c?

2) Strength

¥ =0.2—0.2c+0. 2¢*—0. 4b+0. 3bc—0. 3be?+-0. 2b?
—0.2b%c+0. 1b°c®>—0. 2a+0. 2ac—0, 2ac? +0. 3ab—
0. 3abc+0. 3abe’ —0. 2ab®4-0. 2ab%c— (), 1ab%c? 40, 2a2
—0.2a%c+0. la®c*~ 0. 3a’b+-0. 3a%be—0, 2a%be?
+0. 2a’h?—0. 2a%b%c— 0. 1ab2c?

(3) Anon, What makes Spandex hot, Text.
World, Dec., 44-61, 1965.

(4) W. Stump, Dyeing and Finishing of Spandex
Fabrics, Am. Dyestuff Rep., Aug., 56-63,
1965.

(5) J. Ehlert, Dyeing Elastomeric Yarns and
Mixtures with other Fibers-1, Man-made
Text., July, 84-85, 1964,

(6) 1. Ehlert, Dyeing Elastomeric Yarns and

3) Elongation Mixtures with other Fibers2, Man-made

Y =32, 7—32. 2c+30. 2¢2—33. 6b+33. 3bc—32. 5bc? Textiles, Aug., 45-47, 1964,
+32. 7b?—33. 2b%c+34. 7b%c?*—31. 0a+ 33X 2ac
—32. Tac?+32. 7ab—32. 8abc+32. 0abc?—33. 3ab?
-1-30. 9ab%c— 26. 4ab’c? +29. 3a*—32. 2a’c+32. la’c?
—33. 8a’b+32. 4a’bc—30. 6a’bc?+33. 3a’b*~30. 6
a’b%c 4-22. 7a’b%c’

(7) R.A. Pearson, 0.S. Larson, R.J. Thomus,
Dyeing of Blends Containing Dacron poly-
ester and Lycra Spandex Fibers, Am. Dyestuff
Rep., Nov., 65-67, 1965.

(8) T. Yamane, “Statistics”, Harper International

4) Fatigue Edition, 1130, 1964.

Y =15.8—15. 9¢+17. 1c? —15. 1b+14. 8bc—15. Obc?+4
+15. 5b—16. 0b%c+-13. 6b%c’—16. 6a+16. Tac

2 o
—18. Oac’+14. 4ab—14. 2abc+13. 4abc®—18. 5ab?
+15. 6ab’c—16. 6ab’c*+17. 58 —15. 7a’c+14. OaZc? ) 1o 2 e o =
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1. The finishing conditions of Spandex fiber 40 BgkA f’j_xg of =3la ¥ g4l FA3E
affect the strength but does not affect nearly AN S0z g 4 oy g EAd wE
shrinkage, elongation and fatigue. EAH3E Agd 22 g et}
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