CHAPTER III
EXPERIMENTAL

3.1 Materials

3.1.1 Substrates

3.1.1.1 Glass slide =

Glass slide was

bd@&ion from polyelectrolyte and
i poly: yt

dye because samples was ez -Vis spectrophotometer.

In this research, glass slidg ruction of PEM in order to

confirm the growth behavief

0 t at same condition.
3.1.1.2 Silicon #afi
Silicon waferfwz and then immersed in soaping
‘thickness of PEM on silicon

wafer can induce light interfefenéé-swhich le c'appearance of different colors.

solution to check the stabi

The approximate thickness was_ carrelated olor appearance of thin film on

silicon wafer. When [tHe'thin film was half imm ersed-ithe solution as standard

detergent or adjusted‘ ating that film became

'l
-l I
was thinner, it means that the'ilm had decomposed.

AU ININTNYINS

Nyloalmultlﬁlament (Nylon 6, Partially Oriented Yarg,/No twist) were

kindly d@t%r%a;@ﬂ:im Nﬁu t% W%}q ﬂ dhefstudy of the

influence of relevant parameters on the formation of polyelectrolyte multilayers. In

thicker or thinner. If the fi

the pre-study, the nylon multifilament could not be dyed at high pH condition. When
the PEM from cationic polyelectrolyte and anionic dye was constructed at high pH
condition, dye appeared on nylon. So this result unambiguously proves that the dye
fixation was attributed to PEM and the growth of PEM was easily seen by the

increase in color strength.
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3.1.1.4 Silk multifilament

Silk multifilament (Chul 1, Degum, Denier 2.2-2.5, No twist) was used
to study the efficiency of the PEM protection against the releasing of dye. Because the
charged ability of silk depend on pH condition, at low pH, amine group of silk
became positive charge (ammonium cation), vice versa. Therefore silk can
successfully be dyed with cationic and anionic dye solution by ionic interaction. The

disadvantage of dyed silk with acid dye is its low color fastness to washing. In this

3.1.2.1.1 Poly(di -w hylam lk\u hloride)

: \
it ﬁr eight, 20 wt% in water, typical

M,, 200,000 — 350,000) was ,;f{: ' DADMAC was strong cationic
polyelectrolyte which was positive along the backbone chain and independent

pH condition. The chemica cture of PD; ho _’- in Figure 3.1

o 7

'-v-

J
ﬂuﬂ?ﬂﬂ WHW??
%ﬂlﬁ,ﬂﬂ :;QJ olvj ;] ’Almethy a;]mamg‘ln chloride)

: PDADMAC.

3.1.2.1.2 Poly(sodium 4-styrene sulfonate)
PSS (typical My, 70,000) was purchased from Aldrich. PSS was
strong anionic polyelectrolyte which was negative charges along the backbone chain

and independent pH condition. The chemical structure of PSS is shown in Figure 3.2
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-+
SO3 Na

Figure 3.2 Chemical structure of poly(sodium 4-styrene sulfonate): PSS

co-MA was the anionic#polclecirlytc whichuincltded the strong anionic group
OTO p) PSS-co-MA is highly

of the maleic group are

(sulfonate group) and
negatively charge at L
converted to carboxylatg#rodp 4 1 ¢ HCIRICa &.0f PSS-co-MA is shown in

Figure 3.3

Figure Sﬁ y'ﬂﬁww’ﬂﬂlﬂl?md -co-maleic acid),
ammnﬁmmmwma d

Alginic acid was purchased from Aldrich. Alginic acid is a weak
anionic polyelectrolyte. The negative charges of alginate depend on pH condition. At
high pH, the carboxylic group is converted to carboxylate group, then the negative

charges density is increased. The chemical structure of alginic acid is shown in Figure
3.4.
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m
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Figure 3.4 Chemical struCifize'of alginic acid [24]

3.1.2.1.5 Chie

Chitosan_ (vt 00, 84% deaeetylation) was purchased from

Fluka. Chitosan is protogat€d af i6 / o AR

v / 4 Amine group was converted to ammonium
7/

e chemical structure of chitosan is

N

group and the positive chafbes

shown in Figure 3.5

X
of chitosan [24]

AR INYNTNYINT

Chulalongkorn University. The chemical structure of Nylosan is shown in F igure 3.6.
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uao,s
$03Na

Figure 3.6 Chemical structure of acid dye ( phenyl amino )-5- [[4-(3-
sulphonatophenyl) azo]-(1-naphthalenyl) azo]-1-
naphthalenesulfonic acid disodium salt [25].

3.1.2.2.2 Scarlet,C C’

Scarlet

yﬁtment of Materials Science,

Chulalongkorn University. Thehef} cal str ~ et G is shown in Figure 3.7

Figure 3.7 _f it of Scarlet G dye [25].

3.1.23 GEgre———————————
\7 ; X

U

3.1.2.3.1 Sﬂlum Chloride ( NaCl )

) LT TS e g o sote
chloride was diss m in the solution. Salt

was used for i 1ncreasmg the ability of PEM deposition on substrafeand thickness of
s QRININIUNATING TN G
3.1.2.3.2 Adjusted pH chemicals
3.1.2.3.2.1 Sodium hydroxide (NaOH )
Sodium hydroxide was used to adjust the pH to value comprise
between 9 - 11
3.1.2.3.2.2 Sodium acetate trihydrate (CH3COONa.3H,0)
Sodium acetate trihydrate was used to adjust the pH to value

comprise between 6 - 8
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3.1.2.3.2.3 Acetic acid glacial (CH;COOH )
Acetic acid was purchased from Lab-Scan Analytical Science, was
used to adjust the pH to value comprise between 3 - 5
3.1.2.3.3 Piranha solution
Sulphuric Acid concentrated : H,SO4 and Hydrogen peroxide : H,0,,
both of solutions were purchased from AnalaR®. Piranha solution was used for

removed organic contaminants and made hydrophilic on surface of substrate.

3.1.2.3.6 Standg Ap yrithout ¢ -  brightening agent
has DC ENTERPRISES LIMITED.
This soap was suitable f0r usé infhfogedurespecified in ISO 105:1989:C01 to CO5.

3.2.1.14 _
c,:-’ig.;“’_" 1ppIng T 7 "1!' ortant equipment. The
number of layers and diﬁing in eac ' were @ermined and controlled by

computer program. This Pachlne made it @nvement for the user to control the

dipping time in ﬁu’ﬁl"“}%ﬁ% %iwm&‘}ompletely thin film.

The automatic digping machine is shown in Flgure 3.8

ama\mmum'zwmaﬂ



(A) (B) ©)

Figure 3.9 Holder supports : Holder for planar substrate (A), Holder for
multifilament substrate ; aluminium holder (B) and transparent
resin holder (C).
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3.2.1.3 pH/ion meter
(Model 25 from Denver Instrument) was used for measure pH in the
solutions.
3.2.1.4 Traghos o'ilg?fgl 2@
Transonic o‘*‘:', afe inorder to mix the composition in
the solution. Finally, homogengou { ston. % adscceived.

3.2.1.5 Thermometer

The ’ he ‘ emperature, when the

soaping solution was heﬁ ase teﬁ

R INENINGINT
L RE SO ek iy O

small channel of the instrument. The test sample was prepared by wrapping the
coated-multifilament two times on plastic 1 x 4 cm” to ensure that the multifilament
covered the plastic uniformly. The instrument analyzes the light being reflected from
the sample and produces an absorption spectrum. The ratio between the sorption
coefficient (K) and the scattering (S) can be extracted from the reflectance data where
R is the reflectance of the fabric at 510 nm. The K/S value is commonly used to

represent the amount of dye fixation or dye content of a given textile fiber. The
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measurement parameters of the spectrophotometer were selected as followed: 10 from
the observer, D65 illuminant, specular and UV-Vis included. Color strength of
coated-multifilament was received from K/S value at wavelength from 360 to 750 nm.

Macbeth COLOR EYE® 7000 spectrophotometer is shown in Figure 3.11

Figure 3.11 }

3.2.2.2 UV-Vi§ Spésitephote PECORD S 100,

Analytikjena) TR 7 ey
Prlogfr—tl) any spectrop ic m

nts, a bare clean glass
slide was first introdteéd and recorded asat r the measurements, the
PEM coated glass shdeb’as measured. The absorbance o&he thin film was measured

in the 400 to 700 nm v1s1bfea'.:nn%J which indlddes the absorbance peak of the Scarlet

G dye. UV-Vi u(%ll ’an %%@%E})’] ﬂaﬁlkjena) is shown in

Figure 3.12

QW']MHTE’IJNW]’MEI’]QEI
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ORD $S 100, Analytikjena)

_ -8 ere cleaned in 70%H,SO4
(concentrated) / 30% Hy0; (aq) £ piranha’; 168 ution. piranha is a strong oxidizer and
should not be stored qﬁ.’k;losed containers) a ho _ﬁ »/ammonia/water, 1:1:7

jultifilaments were used as

received without any fugmer treatment.

ﬂ%ﬂst’%@ﬂuﬁm‘ﬁ WBIN73

lon or silk multifilament wer wrapped ontogthe holder before

serre AR %E‘H‘"’&I’%@’% ViR Qb s stice vee

affixed to@ stainless steel shaft with parafin film. The substrate onto holder are shown

in Figure 3.13
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(A) (3))

Figure 3.13 Differen er ; multifilament (A) ,

silico

t 100 ml beakers, two beakers

consist of dilute cationi c solutions, other beakers were

rinse water. Solutions®of yé@rigus pH. wers ixing the appropriate amount
of acetic acid with sodi . hy sodium hydroxide solution was
used to adjust the pH to 1. [ both cationit and anionic polyelectrolyte solutions
sodium chloride salt was addém S0 2@hin order to dissolve. After added salt

. 7
3.3.3 Preparmon of polyelectrolyte multilayD thin films

ﬁl‘ul&l ANBNTEIDT » st o

platform, accommodatlng eight 100 ml beakers, was programuned to expose the
subsialt ) @ o Jbkledb i Hubol] Wi ek fikes of vater or
buffer (ﬂ:pend on type of polyelectrolyte in between. The substrate was dipped at the
first step in cationic polyelectrolyte solution. The sample was then washed by dipping
three times in water or buffer (total washing time 2 minutes). The sample was then
dipped in the anionic polyelectrolyte solution. The dipping and washing procedure
described above was repeated to construct multilayer. The demonstration of the

construction PEM on multifilament is shown in Figure 3.14.
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Silk mq_lltxﬁlament"vﬁu’ch we%ped-‘nt a plastic holder, were dyed
with Scarlet G congelitration-0:5-m: vi, pH 3 at room ten gperature for 30 minutes. The
ionic strength of the’ Scarlet G solution ; Stﬁ to 0.1 M NaCl. Dyed silk

multifilament were rmsed 1n distilled water pH 3 and fresh water 2 times, then dried

e AT NI NN G
fqW’ﬁ”ﬁ%ﬂ*ﬁﬁhﬂﬁﬁnmm ]

The samples which were prepared from this research were multifilament,

without twist. Although the samples were not enough to weave and be prepare into
fabrics, color fastness to washing test in this research could be applied from standard
testing : ISO 105-C01: 1989.

Coated silk were wrapped on the resin holder, then the holder was spun
from small DC motor. The standard soap concentration 0.5 %wt, volume 80 ml was

heated up previously at temperature 40 + 2 °C. The substrate was immersed in
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standard soap for 30 minutes, rinsed two times in cold distilled water and dried. The
multifilament K/S value after washing was monitored using Macbeth COLOR EYE®
7000 spectrophotometer and the standard soap solution after wash was monitored
using UV-Vis Spectrophotometer. The demonstration of color fastness to washing test

is shown in Figure 3.15.

. -, ;"]'ﬁ ._." '_:NI:."
3.3.6 Specific experimenial conditios
3.3.6. ‘ ‘--0_"3"?"""?-" S

The S i ‘i yel 4 il ) by Layer-by-Layer
deposition teﬂiﬂzja lﬂﬁﬂiﬂgﬁﬂ:ﬁd So the preparation
method of construction of PEM anfl the step of @sing t 0 ipping machine
e A AN NS L AR e

with positive charged polyelectrolyte because film growth could be observed and
monitored the increasing color strength of PEM on glass slide by using UV-Vis
spectrophotometer

In this study, PEM were constructed from cationic Chitosan and
anionic acid dye (Nylosan). The Nylosan dye molecule contains two sulfonate groups,

which can electrostatically interact with the positively charged Chitosan on the glass

slide and therefore can be used to prepare PEM. The Layer-by-Layer deposition of the
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Chitosan-Nylosan thin films was monitored using UV-Vis spectroscopy as a function

of the number of layers.
In addition, the characteristic solvatochromism of the resulting thin

films was investigated as a function of the ethanol concentration in water for its

potential use as ethanol sensor.

Table 3.1 Experimental condition of the possibility construction of PEM

from Chitosan /ye on glass slide.

los Salt
No. of bi-layers | ¢ e 3 tration | Dippingtime | pH
/ W ) (min)
= d_& 2
5,10,15,20, ’ . L1 2 -
25,30,35,40 b (=
b
Table 3.2 Experi e i ochromic behavior of the
i ‘
Nylosan dye =
Lin s
)
Nylosan concen o 3;4,.5;.7

g 0,0.1,0.5,1

0.14‘& 0 m 0,10, 20, 30, 40
Tableﬁ.’;ﬁﬁ@ﬁﬂﬁ ﬂpgip\laffﬁsf Chitosan-Nylosan
q’l m cohol senso
| | o &

9 | | | an alcohol sensor
Dipping time (min) 2
Salt concentration (M) 0.1
Chitosan concentration 0.1
(Yow/w) PEM was immersed in different ethanol content
Nylosan concentration (mM) 0.14 10,20,25,30,35,40, and 45%wt
pH 4
Number of layers 40
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The next experiment, PEM from dye and oppositely charged
polyelectrolyte were constructed on nylon multifilament. Nylosan was not selected
because solvatochromism property of Nylosan depend on ionic strength and pH of
solution. This reason might affect to the experiment, so Scarlet G dye was selected

because it is more stable in various solution.

3.3.6.2 Investi

multifilament

was pre-study in order to find non-

e olution. A certain pH of non-
G5

\\‘\\ PEM. PEM from PDADMAC
tion & ’-\\ \ in order to prove that the dye
v AN

n n multifilament.

and anionic acid dye®(Scaf ultifilament compare with

dipped nylon in the Sgéfrleg ‘

“NE

appearance indicated that PEMicould 6ro% o

Table 3.4 Experime e al itil on nylon multifilament.

Substrate ) pH Exhaustion time
i 821174 —— ., —— (hr)
Nylon ;-:p. :
multifilament J 3,57, 1
length 3 m ‘.& 9,11,12

JUINETTIWETITT:
PAATUAMINYAE
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Table 3.5 Experimental condition of the preparation of PEM on nylon

multifilament at pH11
Experiments No. of PDADMAC Scarlet G Salt Dipping

layers concentration concentration concentration time
(mM) (mM) ™) (sec)

4,8,12,

Construction of 16, 20,

PEM
0.1 30
Dyeing
- il \

TN

\_,_ PEM on nylon multifilament

The differe
that PEM could construct on n:

the experiment 3.3.6.2 was assured

aent. The next interesting topic was the

parameters controlligg t PEM were

D 1 ltiﬁlament.

-
=9

constructed on ny 0 71 jarameters such as deposition

time, salt concentrati on, polyel oncgntration which were expected

to affect to control the gipwth of PEM.

ﬂuﬂqwﬂwswﬂwni
ammnmuwrmmaa



46

S0

0S ‘01 ‘I ‘1°0 ‘10°0 ‘100°0

0S ‘S S°0 ‘500 ‘500°0

0Z°01 ‘I°1°0‘10°0

0]

[0

ST10

JAW §'() UOTIBIUOU0D DJO[IEdS PIXI] €°¢

N

3 ﬂ%ﬁs&s OVINAVAd PXI T'€

houzom 10q Ul UOTJEIUaIUOD JWES [ '€

1JU90U0D 9Ap pue 2)A[01199[94]0J €

¥

3pIIs SSE[D T'T

NENTNYINT

Tl

9)e)sqns Uo[AN ['C

UONBIUIIUOD J[BS T

ISTEIRLEIS

&

d m& U g dwn uonisodap paXI] €'l

oviavad

ul uw g oy uonIsodap paXL '

¢

(JNW) uonEenuUIdUod
Ap D 19[IeOS

(JNW) UoIEIUIOUOD
ovavad

(2]
coﬁmbcoucon- 1[es

(urur)

swrn uonisodag

suonnjos
yj0q ur awr uonisodop awreg ']

owrn uonisoda(g |

-ﬂuﬂ?
WIAINT

©n
—_
(5]
>
<
p—
G
o
=]
Z

sIojoweleJ

1

Jusuwre[R[W UO[Au uo NHJ JO Ymoid oy Jurfjonuod siejowered Jo Apnis oY) JO UORIpUOd [EIusWLIdAXF 9°¢ QR




47

3.3.6.4 Dye loading and release behavior of silk multifilament

Dye loading and release behaviors were studied in order to better
understand the parameters which were exhaustion time, speed of spinner, salt
concentration, and pH condition of dye solution for dyeing process. Dye release was
studied because the relationship between length, time and pH which was adjusted in
soaping solution with sodium hydroxide for high pH and acetic acid for low pH, can

affect the dye release behavior,

aping solution was received from pH

hydroxide and acetic acid.

arameters controlling of

Factors Length ‘. : 1% Salt Dipping | Speed of
(m) : it J‘. concentration time spinner
M)~ () (min) | (V)
30s, 1,
1 Deposition time : 2,5, 10,
E | 20, 30, 0
¢al 3 0.1 60 .
2 Speed of spipnér Fa X ‘ ;
FUBINBENINEINT
EET ¢ .y 30
-~ ARINEIGY |
pH cﬁﬁon ' ' '




3.3.6.4.2 Dye release behavior

Table 3.8 Dye loading condition of each experiment.

48

Scarlet G
Experiments Length concentration pH | Exhaustion
(m) (mM) time (hr)
1 Dye release of different length
2 Kinetic of dye release ‘
3 Effect of pH of soaping solu -‘"’}m\ ; ‘ 0.5 3 1

which adjusted by sodium hydre:
—

and acetic acid on dye rel€as

- N
/l |

7AW

Table 3.9 Expéfiny

dye release behavior.

72 AN
e

V. | =0

F
f
o
=
<

Experiments Sodping splutio Temperature | Exhaustion time
onffentratiofi /| Wete adj ) (min)
"W |9 :
1 Dye release of ':.; -
different length y 30
l‘ll Monitored using
"3 = Qs 978 UV-Visat 1, 2,
2 Kinetic ofdﬁ%% | ’J w ﬂ : w El'] ﬂ ‘%ﬂ 3,4,5,7,12, 15,
LT} ¢ 30
L - & 171.3.6,9.12, 15,
ARIAINTUNRINEINY " o
3 Effectiof pH of
soaping solution on dye 4,5,6,7,8,9 30
release
Note :

* Kinetic of dye release: at pH 6, the soaping solution after washing were added

NaOH in order to make the solutions clear.

 Effect of pH of soaping solution on dye release: at pH 4-9 were added NaOH

1 M 35 drops and KOH 2-3 pellets in order to make the solutions clear.
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3.3.6.5 Study the stability of PEM on silicon wafer

The stability of PEM on silicon wafer was the important experiment
which had to be done before constructing PEM on silk. Because of the suitable
constructed condition, approximately thickness, and the stability of PEM in soaping
solution must be studied on a substrate which would be easier to see the changed
phenomenon. When the suitable conditions were found, PEM were constructed on
dyed silk.

Positive ands negative C degerdansities of PEM were selected by
suitable type of polyeleetrotyte=If PEM~¢ buted to high negative charge
barrier, it indicated that P ; arge was washed in standard

= D > .u EXCESS ‘“:"&
detergent in order to repg ..‘/-‘(/ e eleased at high pH. If PEM

was positive charged bz : 'PEM had'the excess positive charge in

order to attract the ani@nic@ys Stectd \{ '. \
Polyelegtfol yte éfe selected 10, construct PEM in order to
. . ey \ .
compare their potential ggowth of PEM © on wafer. The important parameters as

salt concentration and pH ¢ .-‘---';-‘- hichShere affected to the growth of the PEMs,

were studied. PEM from this ms tested about the stability in soaping

solution in order o) ch ilicon~wafer when the PEM was

decomposed. Fina &,_ abl :‘n order to coat dyed silk for

protecting dye releasﬂ

Note: ‘Soaping solution in this experiment means that standard

@18 )N UNTNYING
RN IUNRINYIAY
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Table 3.10 Experimental condition of selected the suitable polyelectrolyte

pairs to construct PEM on silicon wafer.

Anionic
Salt PDADMAC | polyelectrolyte conc.
Type No. of Dipping conc. conc. (mM) pH
layers | time (min) ™M) (mM) Alginic PSS-co-
acid MA
PDADMAC /
Alginate 20, 30, 1 - 4.5
PDADMAC/ | 40,50
PSS-co-MA - 1 3
Table 3.11 EffeguT saff dOddeniration and pH. colidition on the growth of
PEM § MAC c6-MA o silicon wafer.
No. of Dipping PSS-co-MA
layers time (min) conc. (mM)
40
20 1 1

Stabilify-tes afer-

J i
P 0 ‘gi‘ ‘ ifﬂe in soaping solution 0.4
Y%wt ovemight.ﬁzu ﬁlm ﬂjﬂgr because the soaping
solution could pgrlletrateinthin filmfand complexas We could th@éfore not see the
changedQ Wﬁl@é& maﬁms'umm g rmlai%aeﬂing a solution
with simildr pH than the soaping solution and immersed thin film in order to avoid the

interference from anionic surfactant. The induced decomposition of PEM was

checked by changed of color on silicon wafer.
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3.3.6.6 Improving color fastness to wash of dyed silk multifilament by

coating with PEM

The suitable condition which were found from 3.6.6.5 were used to
construct PEM on dyed silk multifilament in order to investigate the efficiency of
protect dye release from PEM coated silk. The experiments in this study had 3 parts as
follows, construction of PEM from PDADMAC/PSS-co-MA and PDADMAC/PSS.

Both of them were observed

effected from charged density

Experiments 7 pgth- 2 0 pH Exhaustion
| ' time (k)
1 PEM from PDADMAC/PSS40- r
MA 3 1
2 PEM from PDADMAC/PS
3.3.6. 0.AC ) ',f‘_,‘ C/PSS-co-MA on dyed
silk multifilament &4 p ‘ X

U

This experimeqt describes thegffect of PEM which were constructed at

s ) I AL s i
AR VIR TN TR B

_co_

Experiments No. of | Dipping Salt PDADMAC PSS-co-MA pH
layers time concentration concentration concentration
(min) M) (mM) (mM)
Effect of the 6, 10,
number of 20, 30, 1 1 1 1 4.5
layers 46, 60
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Table 3.14 Washing condition of coated dyed silk with PEM from
PDADMAC/PSS-co-MA.

Experiments Soaping solution Temperature Exhaustion time (min)
concentration (%owt) (°C)
Effect of the
number of layers
of PEM on color 0.5 30
fastness to wash.
. _ o _
3.3.6.6.2 M from PDARMAC/PSS on dyed silk
multifilament \
This experi seribe the effect of | which were constructed at

different salt concentr on the potential protecting dye

release

cted PEM from PDADMAC

o ad
el

I"

PDADMAC PSS pH

concentgation concentration | concentration

Tt b I
frinenqe

Experiments

1 Effect of salt
conc.

2 Effect

type of tofl
layers 30, 31 1

1 3
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Table 3.16 Washing condition of coated dyed silk with PEM from

PDADMAC/PSS.
Experiments Soaping solution Temperature Exhaustion time
concentration (%wt) (°0) (min)

1 Effect of salt conc.

2 Effect of type of top layer 0.5 40 +2 30

3.3.6.7 Comg ' ~_‘- dye release

were constructed on silicohl vfer in, :

PEM with equal thicknes
different type of top layer o

First ti

fie © ondition which could construct
used to construct PEM with

rved dye release behavior compare
with uncoated dyed siH -

Y= P

Il
Table 3.17 Experimental condition of constructi ‘,,J PEM from PDADMAC

ﬂ ﬁﬁ“fi"*ﬁ“ﬁ%Wﬁﬂ Sf'T%hickness on dyed silk.

Types of No. of | Dipping PDADIﬂC PSS-co-M@ PSS pH

R ORI W1 T G

(mM) (mM)
Uncoated 0 - - - -
dyed silk
PSS-co-MA 30 1 1 1 1 - 4.5
PSS 20 1 - 1 3
PDADMAC 21 1 - 1 3
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Table 3.18 Washing condition of coated PEM from PDADMAC/PSS-co-MA
and PDADMAC/PSS at same thickness on dyed silk.

Soaping solution Temperature Exhaustion time
Types of top layer concentration (%wt) (°C) (min)
Uncoated dyed silk
PSS-co-MA 0.5 40 +2 30
PSS
PDADMAC

Note: Coated dyed sil ution which was a standard

soap using applied coud! er to investigate the color

fastness to wash. The ount of dye released into

the standard soap solutiga'a V pectroscopy technique.

AULINENINYINT
ARIAINTAUIM TN
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