CHAPTER 3

EXPERIMENT

3.1 MATERIALS

yarn made of 100 %
polypropylene.
pellets had be

tape-like yarn.

It A =Rt rAt Do after polypropylene
| ' s1it into narrower
was transparent and
colorless, about and about 54 4 in
thickness. It had Degis reo: from Pacific Polysack
Industry Co.,Ltd. ' ;

%1% :} Ta—— o
J
Whlsp 100 % lyester fabric which was
iy “°°ﬂ‘u’ﬁi ”?%Ei?ﬁﬁﬁ’]ﬂ‘i

All dyes used were disperse dyes of both azo
and anthraquinone types.

110909007 '
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3.2.1.1 C.I. Disperse Orange 3 (Kayalon Fast
Orange GR)from Metro Company Limited.

3.2.1.2 C.I. Disperse Red 1 (Kayalon Fast
Scarlet B)from Metro.Company Linmited.

3.2.1.3 C.I. Disperse Orange 5 (Kayalon Fast .

Brown R) from Metro Company Limited.

3214 rse Brown 1 (Kayalon Poly-

olet 8 (Palanil

om BASF. |
let 28 (Resolin
:'33\‘ rom Bayer Co.,Ltd.
ed 60 (Palanil Red
BASF .

persing —agentl (EGANAL PS). Its
appearance was' ki

supplied by Hoecgﬂk.

A WEAVEINS Waan G 1

of methyl naﬂﬁtha;ene as qﬁoor constltuent h anionic and

non-lo&mamgjme %1’]63 Qﬂmacgl was clear

yellow h}quld It was supplied

colorless. Il was
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3.2.3 Chemicals

3.2.3.1 Chlorobenzene (Technical grade,Carlo
Erba, Italy)
3.2.3.2 Sodium hydrosulphite

rcial grade)

idroxide (Commercial grade)
, Dap (Luxnon 9 N)
ade)

. \\\\;iiCLal grade)

3.3 INSTRUMENT

3.3.1

3.

' Type 12 LMP-E, Nippon

Dyeing Machine Mfg. Japan. It contained 12
stainless pots (c

250-350 ml.

served as dyebalhs of

. Apparabtus Type JF,
Werner Mathis JL (Textile Machlnes—- boratory Equipment),

Switzerland

U3 ﬂ&l PAINSANT: oot wraose.

650,JASCO, i%kan

QIR FORGRIMNA TR st

§3.3.4 Ultrasonic Cleaner Model BRANSONIC 12, Branson
Cleaning Equipment Company, U.S.A. :
3.3.5 A Balance which can weigh exactly to 0.0001 gm.

3.3.6 Griffin 0il Bath 100 Series, Griffin & George
Ltd., London
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3.3.7 A Stopclock
3.3.8 Fade O-Meter: Xenon Arc Lamps Model 25 WR,

Atlas Electric Devices Company, U.S.A.

DYE NG OF POLYPROPYLENE TAPE YARN

%with seven available

Ay mperatures,i.e., 90,

3.4 PRELIMINARY STUDY OF
WITH DISPERSE DYE

Pdlyprbpylen~
disperse dyes at thrge

o

110 and 130 5 h‘three representalive

concentrations of cas _ s i1.e., no carrier,

2 and 5 g/1, in L s@dl i 5] eing WwilLape yarn with each
disperse dye was p £l

3.4.1 Preparg of tape yarn of one'

gram each. :

Bud.2 igsolving 0.0300 gm.

of dye in 2 '-; ‘;?ﬁa about 80 °C wiLh

0:27 cgm. . of dis PS) and then divided
h

!
it into 3 dyebaths of 90 ml each. The compos1L10n of each

dyebath ;:iﬂﬁﬂﬁﬂﬂﬂiﬂﬂ’] ﬂﬁowf (on weight

of filwfe/fabric)
A 868 T LN TN BB o
gm. per 90 ml. of
water)
Dispersing Agent Concentration - 1 g/1
3.4 3 Addr emulsion  of carrier, prepared by
stirring 1 part (0.18 ml) of carrier in 3 parts (0.54 ml)
of water, into the dyebath (in 3.4.2) requiring the
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carrier concentration of 2 gr/1.

'3.4.4 Add emulsion of carrier, prepared Dby
stirring 1 part (0.45 ml) of carrier in 3 parts (1.35 ml)
of water, into the dyebath (in 3.4.2) requiring Lhe

carrier concentration of 5 g/1.

samples of tape yarn

3.4.5 Immerse the:

prepared in 3.4.1 h and dyed them soon

after by Jet Dyein for 60 minutes with
rate of increasing °C/win (Figure 3.1)
and speed of rotali ; yeba “holder through dyeing

period al 50 RPM.

i
23

(

VAl — A c—

Tr Y AT RE ko —

F'T‘IJEJ’JVIEJ‘VWWEH"ﬂ@w
361 ﬁ“"’fﬁi‘é“r’ffi ﬁ‘w’ﬁ‘ﬂtﬂa ¢)

.6 Rinse all he tape yarns after dyeing and
allowed them Lo dry.

3.4.7 Repeat all the above steps (from 3.4.1 to
3.4.6) with the same dye at 110 °c, and 130 °C respectively.
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3.4.8 Repeat all the above sbteps (from 3.4.1 to
3.4.7) with the other six dyes.

3.5‘ DYEING POLYESTER FABRIC WITH SELECTED DISPERSE DYES

From section 3.4 above, it was apparent that not

all the dyes could

conditions. Two dyesgh ) ' were considered not
capable of ‘dyeing yagn 4 pasw of comparatively

inadequate dept.}w'——‘ two dyes are C.I.
Disperse Brown

dyes were neglecte

tape yarn under the test

8. Thus Lhese two

experiments.

Polyeste ' "_,ﬂ Were dyed with five
selected disper shade, were primarily
prepared for the %EP M.ﬁ ab.-v tion curve preparing
experiment. The pr ng-=f;pg_ cing were described as in

the following:

1

Flvqw ieces of lte 100 % polyester fabric

were preparﬁl‘tjﬂq wg%ﬁrﬂﬂﬂ’}ﬂﬁ get all samples

of nearly a the same sxze. Each piece of fabric had its

o) e F R Th i) 11N

dyeing Iw1th the Colourpet 12 Machine, and had its length
about 60-65 cm. providing the weight of about 10 gm. for

each sanmple.
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3.5.2 Preparing Dye Solution

Each of the five selected dyes ofrequired

weight (weighed accurately for 0.3000 + 0.0005 gm.) was
ml. of distilled water at the

spersing agent 0.25 gm. of

separately dissolved in

<

temperature of 60
temperature for about

g‘ . ' .
s O utﬁsometlme Lo get well

weight. While maintan

10 minutes, stirr

18 already prepared

above (in 3.5.208 separately into five

stainless pots used e Colourpet 12 Machine

The pots were all the machine the water-

bath temperature  ( f which was contlrolled

at 90 °“C. Then (---J-——-un—;;------nm-i—sf- piece of fabric '

)

asitsdyebath wheir

prepared in 3. ach pot which acted

T

dyeing. The compostlion of each dyebalh

"“ﬂum NUNTHEANT. v con worene

re/fabrlc

awammm um'mmwm 10 on.

per 25Q- ml. of

water)

Dispersing Agent Concentration- 1 g/1

The temperature was then gradually raised up

to 130 “c, which was the dyeing temperature, wilh the
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rate of increasing abt 1 “C/win. (Figure3.2). The lenglh
of dyeing was 60 minutes. After dyeing, bthe dyebalh was
cooled Lo below 60 °C before all Lhe dyed fabric samples

were rinsed with water.

130

90

TEMP.
B R

TIME ( min.)

B ———

Y
Since disperse dye was substanbially water-

w1010, QAAR AT RUH AN B Robrarticren

loosely dttached onto the fabric and could be removed by

reduction clearing treatment. The dyed fabric sawples which
were rinsed from the above dyeing procedure were separately

immersed in the solution balh whose composition was:
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Sodium hydrosulphite (Na_S_0,) 1 g/l
Sodium hydroxide (NaOH) 1 gr/1
Non-ionic soap (Luxnon 9 N) 1 =gkl

o

The treatments were carried out at 50 C

fo minutes before the five fabric samples were rinsed

r
againwith water and allo \ 'w

3.6 CALIBRATION CUFR ﬂ?;L.P A

Calibrati“"”ff s | ve plotted between

various concent: solution, i.e., dye

solution, against c:ﬁqr\\\ed spectrophotometri-
cag] »)\\ ration. Calibration

call correspondi
-\\ s study was important
)

curve of each di

LY
- %,

s d
15, Lhe

for the purpose o ount. of dye uptake per

1 gm. weight of po ster fabr or polypropylene tape yarn
(mg. of dyes >

1 gm. tape yarn) and the purity

of each dispe 4.in the subsequent
experiment. J“ calibration curves

were as followed

ﬁu%wﬂﬁiwmmm g

purified dlsibrse dye.

W Qﬂﬁmﬁﬂﬂﬂﬂ%ﬂ o
each d rse dye maximum ight the visible

region (A __ - in nanometer).

3. Determination of the concentration of each

stock solution prepared above in step 1.
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4. Preparation of a series of standard solution
with wvarious concentrations for each stock dye solution and
measure their absorbance.

5. Plotting calibration curve.

The detail of each step was as described in the

2

following:

3.6.1 ock Solution of Each
erse dyes (in powder
form) used for t pure. They were

Ny
manufactured by \5\\ ng agent and some

diluents or sonm necessary to purify
then before s L was done. The
purificationA'hhat easily classified into

2 ways, namely,

, }’om organic solvents
repealedly to lgnove 1es Bombined with the dye
till the pure dyg&as left. "s melhod was Lime consuming

and dlfflﬂl“ﬂ%ﬂ%{]%ﬁﬂlﬂ’](ﬂ? solvents for

dissolving &11 many klnds of impurities was nolt so easy

iy TR arN T I N T

3.6.1.2 Solvent extraction of pure dye from
dyed fabric, e.g. polyester fabric. In the case of dyeing
polyester fabric using disperse dye and without any carrier,

only the dye was adsorbed onto the fabric. So when tLhe dyed



fabric was extracted by a suitable solvent, the pure
disperse dye on the fabric would come out and after the
removal of solvent, pure dye sample would be obtained. This

method was chosen in this study.

er fabrics, already dyed
with disperse dyes as described in section
3.5, were used fo Dyed fabric of each

color of about 3 gmn, jas weighed and placed

lpped with an waler

in a 250 ml roug
' ask with 120 ml of

condenser on L

chlorobenzene proceeded during

healing up to [ the solvent used and
maintained for \ ‘\ ect the dye solution,
.afLer cooling for'v~ bime 1\‘ 0 ml volumelric flask
through filter ' "7 again with 120 wl of
chlorobenzene and -;“ijﬁ.f sond dye solution, in the
same volumetricE=fiasi and Chen TITTEETORL o the mark by the

f ')
same solvent. Sh 5 rmix the solvent. By

I

above ste

doing the same 'n all hhe s for the remaining

:szersiaz:ﬁuﬁﬁ ﬁtocﬁgﬁtﬁﬁ each pugified
AW a\ﬂﬂﬁm URIINYIA Y
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Table 3.1 The weight of fabrics, dyed with various

dyestuffs, used for preparing stock solutions

DYESTUFF WEIGHT (gm.)

C.I. Disperse 3.2610
C.I. Disperse 3.2082
C.I. Disperse 3.1341
C.I. Disperse 3.13338
C.I. Disperse 3.20083

B8.6.2 or Disperse Dyes
ible for spectrophotometric
measurement were pared byt out a small volume df

dye solution ;;yﬂfiifjffttfiggg_ﬁ===f;.section 3.6.1 and
diluted with chier imum concentration was
obtained. Then tlie absorpﬁidﬁ épectra gzrresponding to each
dye were mea 63 &§d$ﬂ ectrophotoneter
using chlorﬁ ﬁegi wﬂﬂ zr’jﬂligth determined
was in the reglon of 3004700 nm mhich was @uisible llghL

et SR b S0 LA ) v

on the bsorbance of all measurements (determined prior to

desired measurements, Figure 3.3). . The conditions of
operating were as followed:
scale = 40 nm/cm.
scan speed = 100 nm/cm.

% T ABS scale = 0.000 - 0.600 ABS.
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The absorption spectra of each disperse dye
solution were shown in Figure 3.4 - Figure 3.8 and Lhe

wavelengths corresponding to . peak of maximum absorption

of each dye were listed in Table 3.2.
=1 : - 5.0

SV R T gl

, 0.0
300 500 700

Figure 3.4 Absorption speclrum of C.I. Disperse Orange 3.



0.6

S NS . .
Figure 3.5 Absor I. Disperse Red 1

9N IR INEAY

300 500 700

M

Figure 3.6 Absorption spectrum of C.I. Disperse Orange 5



0.6

b 0.3

Figure 3.7 Absogptioc C.1. Disperse Violet 28

INPNINLING
HUNNYIaY

300 500 B ..

Figure 3.8 Absorption spectrum of C.I. Disperse Red 60
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Table 3.2 The wavelengths of maximum absorption for various

disperse dyes in chlorobenzene solvent

DYESTUFF

: Qﬂ‘ 7/
C.I. Disperse Ol"dl g -n.._;__'u

C.I. Disperse Red _ 482.8
C.I. Disperse q:ga‘!"’f. N - o N

- C.I. Disperse Vio 553.2
C.I. Disperse 516.8
3.6.3 AAen g e Concentrations pf Stodk
"‘-_'_‘!"‘:‘:‘___"’!'f‘_'.",‘“—“i“‘{:" ard solutions of
each disperse ed: in next section of

‘“oncentratlon of each ld.l.ock solution taken

out ﬁ g‘%%ﬂﬂ’ﬁl determined. By
evaporating ﬁeﬁﬁ ﬁ s01 i each stock

solulion (1n Lhe section 3.6.1 above) of examct volume and

aowrmﬂ ol 0@ L W W E) D) Ehoenteunio

n
edc stock solution then could be obtained. The

experiment, th

procedure for each stock solution was:

3.6.3.1 Determine the constanl weights of
two 50 ml beaker after 2-3 Limes of drying in an oven al

above 100 °C and kept cool in a desiccator.
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3.6.3.2 Pipet 100 ml of stock solution into
two 250 ml beaker individually and heat the beakers until
a small amount of stock solution was left in each beaker.

3.6.3.3 Transfer stock solution of each

beaker from above into
weights in 3.6.3.1 _ )
130 “C until their constant we. Jere obtained.

ml beakers of known exact

evaporating in anovenal

dye weight of Lhe

pipetied 100 -\Jution and calculated

Th- of stock solulions

of various dlbperb‘ d yle s 2, 'low in Table 3.3.

Table 3.3 The conCentrations stock solutions of various

. ; ,"'.--'H
disperse dyes

-
Y )

ONCENTRATION (mg./1)

’l

|

C.I1. Dispe

0 o) ‘nsmvpmni

Cuds leperse Orange 5

c.r. RFAFIAF AN e

c.I. niks sperse Red 60 328
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3.6.4 Preparation of Standard Solutions and Their

Absorbance Measurements

A series of standard solutions for each
dye were prepared by pipetting stock solulion (in section

3.6.1) in various volumes to yield, after diluLing Lhem

W volume of 10 ml, an
‘ % This is the range which

Béer’s law can u-._-' @plled in subsequent

with chlorobenzene

absorbance 1in the ra

calibration curve O Lot i - absorbance measurements for
each series of a i i b \\\ﬁ\\ ere performed al its
corresponding . LY .\ \a using UVIDEC-650

Double Beam Spectraphg

3:6.58
'\Jn F
ﬂ: o L]

The zufﬁgﬁha‘ :ufve for each dye was
plotted between its ggas _7 various concentrations of
standard solubiﬂ agai spbonding absorbances.

oot o
By applying thefl 1 Q a linear straight

ﬂhe» bet
and the absorbanquhfor eachy s dye was obltained and the

e o484 3] S HRSRG v 10 e

CONC = K(ABS) + C where CONC was concentrutlon, ABS was

abaorbwwﬁmeme mw f]o‘g Wﬁﬂiﬂ E] the curve,

and C was n concentration axis. The data of

line representin

en the concentration

preparing each calibration curve were summarized in Table
3.4, +the «calibration curves were shown in Figure 3.9(A) -
3.9(E) and the expressions for each curve were presented

in Table 3.5 conseculively.
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Table 3.4 The data for calibration curves preparalion

(A) C.I. Disperse Orange 3

Conc.(mg/1)| 4.280 6.420 8.560 12.84 1T.12 21.40

ABS 0.195 587 0.787 0.987

(B) C.I. Disperse

' "
Conc.(mg/l)| 2.554 5.40¢ &

ABS 0.113 -» ,u'_ 342 | 0 0.683 | 0.902

[

5.30 20.40

(C) C.I. Disperse Or

Conc. (mg/1) | 4. ;é}_-,,;;g;._,,qy:e—?z,—,;}‘ 28.08(35.10

7=

ABS 0.13'[1.183 0.24610.364(0. 494 0.604]10.718]0.882

ﬂUﬂ?WHﬂﬁWHWﬂi

(D) C.I. Dispérse Violet 29

./
..Hiﬂ DA 01"
Conc. 3( .840 & «681 171 (!.)2 !9.65 34.20(41.04
(mg/1)
ABS 0.110{0.150({0.224]/0.2980.368 0.442(0.555(0.754]|0.890




(E) C.I. Disperse 'Red 60

Conc.(mg/1)]|6.560(9.840[13.12|19.68(26.24|32.80(39.36

ABS 0.130/0.207|0.281(0.401]0.53110.684(0.809

.ﬂlad

0.8 gg _

o8 @
ZTRA 7z
0.4}

o YUY INIINENAS .
ﬂma@nﬁmﬁm’ﬂﬂ’maa

Figure 3.9 (A) cCalibration curve of C. I. Disperse Orange 3

25



Absorbance

Figure 3.9 (B

1' Absorbance

T AudInpninens
| amstiIniNmIngna s

1i
0.8
0.6
045 ‘f"
' } —
0.2 i / N, .
L . 20 25

. Disperse Red 1

Figure 3.9 (C)

Concentration (mg/I)

Calibration curve of C.I. Disperse Orange 5



g Absorbance
0.8r
0.6
04r
0.2
0 4
0 10 40 50
Figure 3.9 (D) . Disperse Violet 28
. Absorbance
e wdi :"'=
]
0.6 FI - |
ol ﬂUEJ'JVIEJ e
| L a v
| Tl amIngnsy
0 ‘ - a : |
0 ; 10 20 80 40

Concentration (mg/ )

Figure 3.9 (E) Calibration curve of C.I. Disperse Red 60
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Table 3.5 The expressions for various dyes

DYE EXPRESSION
C.I. Disperse Orange 3 CONC = 21.60 ABS + 0.115
C.1. Disperse Red 1 I\ CONE ;= 22.58 ABS - 0.054
C.I. Disperse Orange 5 \\\gf” .03 ABS - 0.516
C.I. Disperse Viole 8- 7’ Né4 ABS + 0.072
- 0.058

C.I. Disperse _co! ABS
s NN

3.7 DETERMINATION

Each dye eight was dissolved in
50 ml of chlorobeén r bath at 60 °C. Fron
each dye solulion pre baned, an. t was pipetted to yield,

after diluting to eq 'z"\‘ )f 10 ml, an absorbance in

!

the range of O ‘ : n_ purity of each dye

B Lhe expression in

g
o BT Y HREULART"

wmammmm ¥

solution; V, 1is the volume of pre-diluted dye solution;
v

in percent was '3! ;
Table 3.5, by equmion

e is the volume of diluted dye solution; V_ is the

volume of pre-diluted dye solution pipetted; and W is the
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dye weight dissolved. The % purity of each dye obtained

was shown in Table 3.6

Table 3.6 Each dye purity

DYE PURITY (%)

7 af‘¢
C.I. Disperse Orange 23—
C.I. Disperse RV
C.I. Disperse O

C.I. Disperse Vi

C.I. Disperse Re

e v
3.8 DETERMINATION OF /% DY} UPT, KE_ON POLYPROPYLENE TAPE

YARN FOR VARIOU: n@- -

The ount e rbed on polypropylene

tape yarns, wi irious conditions with

five selecled Jiyes
and C.I. Violetys¢ 8  in section 3.4, were determined by

sovvss e ERIH LIRSS TE) Sea o eoh aved

sample of dbout 0.15 g was extracted Lhree times, each

e WIS IR g e

extraclting period in each time was 5 minutes. The three dye

4y i O Disperse Brown 1

solutions extracted from each sample were combined and

diluted to 25 wl. Its absorbances was then measured at

max

A . The amount of dye adsorbed per tape weight ratio



then c¢ould be evaluated, utilizing the expression in
Table 3.5, by equation (3.2)

Anount of dye adsorbed/tape weight ratio = CONC (3.2)
A0W

3

where the ratio has the

CONC is the concentre

mg dye /1 g tape (or mg/g),

of dye solution and W,
is the weight of dye or extraction.
Since th bed per tape weight
ratio was not b)r of dyeabilily for
each final dyein {l‘iu“', . ount of dye used per
weight of tape : not taken into
consideration. ould be expressed in
the relative form ‘which was a new ratio

between two above former divided by the

Q RIAND mmmmwm PR,

; dye determlned as Lhe most suitable on the basis of
highest dye adsorption per tape weighl ratio or highestl %
dye uptake from seclion 3.8 above. The conditions of

dyeing were carried out at the temperature of 10 degrees
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interval in the range of T0-130 °C, and in the presence
of sixdifferent concentrations of carrier (Matexil CA-MN),
1:8., Do carrvier, 1. 2. 3, 4, and 5 g/1. The preparation
steps, the composition of dyebath and the dyeing procedure

by Jet Dyeing Machine were

rformed in the same manner as
in section 3.4. V

3.9.2 1 At d« f ""-u" Uptake

, The _# ¢ ake of . \yost suitable dye on
polypropylene tap y & 4 & g' ‘f-\\?rlous conditions in
section  3.9.1, same manner as in

section 3.8 B % dye uptake was

that all tLhe dyes

uptaken on the. extracted by the

procedure mentiongd

\; pe yarns were re-
;Er- dﬂiOXhlet for 2 hours.
s performed to see how much amount of

residual ﬁﬁﬂ wzjuiﬂﬂqﬂﬁaﬁ.er the prior
extraction. fJ or this purpose

were the ones dyed with @.I. Dispesse Red 60%inder various

cosie 10 T SR TAE SH e .10

at 120 ¥¢ without carrier (S.2), and at 130 °C without

examined through

This procedure

carrier (8.3). The residual dye uptakes, determined after
re-extraction, for these samples re}ative Lo their
corresponding % dye uptakes determined before were shown in

Table 3.7 below.
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Table 3.7 % Residual dye uptakes for extracted tape yarn

samples

SAMPLE |RESTDUAL DYE UPTAKES % DYE UPTAKES| % RESIDUAL DYE

AFTER RE-EXTRACTION ',/// UPTAKES
(3)

(1)

s.1 0. 0.000
S.2 0. 0.006
S.3 0. 0.002

The vuptakes shown in Table

3.7 were found to ind hence the residual dye
uptakes after re tion : sdmple could Dbe

e Ht——i ‘J the extraction
1aent and could be

neglected. Th1

procedure perforﬁﬂd
applied for this s udy.

i it ) mmma W
QhW'}ﬁNﬂ‘si@.J AIRATH BAGHent = o

uptake, etermlned in section 3.9.2 above, was examined for

its fastness Lo light under specified condilions according
to the standard method of 1ISO 105-B03-1978(E) (29). The
Lape yarn specimen with the area of 1.5 x 6 cnm, wound
parallel close together on a card, was exposed to sunlight

along with outdoor weather condition for 120 hours (only 6
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hours during 9 A.M. - 3 P.M. per day for 20 days period of
experiment were accounted). A master set of the standards,
made of eight blue color dyed wool fabrics with different
level of light fastneés from 1-8 and each wilh the sanme

area as Lhe specimen \ xposed to sunlight under

prescribed conditions to he h the specimen.

AU INENTNEINS
QAR TUUNAINENAE
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