CHAPTER III
RESULTS AND DISCUSSION

In this work, 20 surfactants were evaluated for their effectiveness to be used in the
preparation of the latex from emulsion copolymerization of methyl methacrylate, butyl
acrylate and methacrylic acid monomers. The surfactants are classified into 4 groups, 1.
nonylphenol ethoxylate (NPE), 2 att | _ethoxylate (FAE), 3. nonylphenol
ethoxylate sulfate (NPES), and 4 ‘\ / date sulfate (FAES), representing the
conventional nonionic, green.sgnionie, conventi ionic (Na salt) and green anionic

(Na salt) surfactants respe

"-...: ber of ethoxyl groups (EO

number, n) belonging to th ts was varied (Figure 3.1).
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3.1 Pre-emulsion

The first step in this work is to identify the ability and stability of the surfactants to
disperse the monomers in the emulsion formation before initiating the polymerization. All
20 surfactants were tested by mixing the monomers with a tested surfactant in water and
observed the stability of the emulsion for 3 hours. If there was a separation observed within

3 hours the stability was recorded as “fail” otherwise recorded as “pass”.

There was no significant differer

R

surfactants in their emulsifying nionic surfactants however seemed
to have better emulsifying noﬁ‘factants. While all the anionic
surfactants could provide stab e-emulsion even at concentration as low as
0.22% w/w, the nonio agtanis’ with shorter ethoxyl chain required higher

concentration used. The e i lity ofithe nonionic Surfactants increased with the
increasing length of the et} longer than 30, the nonionic

ir anionic counterparts even at
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Table 3.1 The stability of pre-emulsion formed with the tested surfactants

EO number  %by weight Stability of pre-emulsion
(n) NPE NPES FAE FAES
4 0.22 Fail Pass - Pass
0.44 Fail Pass - Pass
0.66 Pass Pass - Pass
0.88 Pass Pass - Pass
1.32 Pass Pass - Pass
6 0.22 -
0.44 -
0.66 -
0.88 -
1.32 -
7 0.22 -
0.44 -
0.66 -
0.88 -
1:32 -
9 0.22 -
0.44 -
0.66 -
0.88 -
1.32 -
10 022 -
0.44 -
0.66 -
0.88 -
1.32 -
12 022 (A, [t Pass
0.44 —_— N, Pass
0.66 Y — Pass
0.88 E - . Pass
1.32 Pass
15 0.22 all -
°Eé‘uEJ'3;’i'| EJWI‘iW EJ’lﬁﬁ :
Pass Pass -
. aﬁﬁmr&%&u umqwf;ﬁ’ma
Pass
0.66 Pass Pass
0.88 Pass - Pass Pass
1.32 Pass - Pass Pass
40 0.22 Pass Pass Pass Pass
0.44 Pass Pass Pass Pass
0.66 Pass Pass Pass Pass
0.88 Pass Pass Pass Pass

1.32 Pass Pass Pass Pass
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3.2 Use of nonionic surfactants in emulsion polymerization

The first property to be studied for the effects of the type of surfactants on the
emulsion polymerization was the appearance of the resulting latex and its stability upon
storage. The polymerization recipe is shown in Table 2.2 while the polymerization process
is shown in Figure 2.2. The polymerization was also performed using the conventional
anionic surfactant with EO number of 4, (no 1 Table 3.2) currently used in the plant for
ts and the amount of the surfactants

rvation of the copolymer emulsion

Table 3.2 Appearance of

No. Surfactant in factantin 4" . Latex Film
pre-emulsion sactor— . , | , appearance
type % D % " A% After 1
l AEECIE S odetioh  month
NPES-4  0.15 NPESA- 020 =mi milky clear

NPE-7 0.15 = e
NPE-7 : v precipitated
NPE-7 ' A
NPE-40 ) Ky Dprecipitated
NPE-40 0. 45 NPE 40 0. 60 gel -

NPES-4 ﬂ J;SEJ ﬁﬁoﬂ VEG@‘ w qu ﬂ ﬂﬁlky opaque

NPES-4

ATV FNT NGRS

The attempt to use only nonionic surfactant in emulsion polymerization was not

0 N9 AN N B WON e

successful. No homogeneous and stable latex was obtained from the polymerization using a
pure nonionic surfactant (no. 2-6 Table 3.2) even when the nonionic surfactant with the
longest ethoxyl chain (n = 40) was used at the concentration three times higher than the

current dosage used for the anionic surfactant. At high concentration of nonionic surfactant,
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the polymerization led to the formation of latex gel (no.4, 6 and 8). The gelation started
after 1 hour of the continuous feeding of the monomer pre-emulsion. The results suggested
that nonionic surfactants were not suitable for emulsion polymerization of the studied

monomers. Later experiments were thus focused only on the anionic surfactants.

3.3 Use of green surfactants in emulsion polymerization

One of the main objectives o h work was to study the possibility in
replacing the conventional surfae L ial plant (Rhodia PPMC Thailand)
with the green surfactants. A rmomomc and anionic surfactants
was selected to be used i - ymeriz . The polymerization was also
performed by using the co i nic, surfactant with EO number of 4 (no 1 Table

3.3) currently used in ; : arison. The concentrations of each selected

surfactant used in the pre-e i invthe or were cither at the same concentrations

Both nonylphenoltﬁnd fatty ﬂ?’ 0 ¢ surfactz ith EO number of 40 did
not provide clear latex 1inrand- AUISION upon storage for 1 month while the shorter

ethoxyl chain did. There was .n sign the conventional and green

surfactants in their ability to’ stablllze the latex partlcles The green fatty alcohol surfactants

Y ﬁ?‘ﬂ“ﬂﬂ“ﬁ%ﬂ“‘?ﬂ‘ﬁ
Qﬁﬂaﬁﬂ‘im UANINYAY



Table 3.3 Appearance of the latices using anionic surfactants.

Surfactant %Surfactant Latex Film Latex
inreactor  appearance stability

NPES-4 0.10 Milky clear pass

0.20 milky clear pass

0.30 milky clear pass

0.60 milky clear pass

clear pass

NPES-10 pass

0.24 ; % pass

NPES-40 . ] ' urb; fail

fail

fail

FAES-4 pass

pass

pass

0.60 pass

; T, pass

FAES-12 | Z=—0:20————milky===olear pass

FAES-30 - 02 '”; pass

FAES-40 ‘4&20 w turbid fail
| NINETINT

Initiator Qléﬂgé;luﬂ w/w,

TRTSRITT riney
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3.4 Properties of latices obtained from emulsion polymerization using anionic

conventional and green surfactants

3.4.1 Latex viscosity
3.4.1.1 Effect of the degree of ethoxylation of the surfactants
Anionic surfactants, both nonyl phenol ethoxylate sulfate and fatty alcohol
ethoxylate sulfate, with various EO numbers were used in the same quantity and condition

to synthesize the copolymer latices by ey ymerization. All latices obtained from

the polymerization were adjusted.to obtain 4 -volatile content (%NV) and pH 8
— 9 according to the factory speeificati wviseosity-of the copolymer emulsion was

independent on the degree 0 : ) ith EO number ranging from
4 to 30 (Table 3.4). At EO g 404 the viscosity of the latex however sharply
decreased due to coagulati X . e ' ation leading to the latex with lower %NV
than the specification. The : y preparation of latices from the

Table 3.4 Effect of EO ni ‘
Vi_@&osity (cP)
NPES-4 _ o 80
QNPES-40 14*
"1 - ars
FAES-30 97
FAES-40 14*

*: partially coagulate during polymerization
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3.4.1.2 Effect of surfactant concentration

Four anionic surfactants, three from nonyl phenol ethoxylate sulfate series (EO
number = 4, 10 and 40) and one from fatty ethoxylate sulfate series (EO number = 4), were
used in this experiment. The concentration of each anionic surfactant in the total
formulation was varied from 0.25% to 1.05% w/w. The viscosity of the latex increased with
the concentration especially obvious for fatty alcohol ethoxylate sulfate surfactant (Figure

3.2). As the concentration of monomers being constant, the increase of the surfactant

concentration would increase the numb celles containing monomer droplets with

reducing sizes in the emulsion: and sizes of the particles in the
resulting latex. The increasin, ually results in rising

viscosity.
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Figure 3.2 ﬂmfmﬂﬁ ﬂ; ?jm@ﬁ M§ﬁlymerimtion

3.4.2 Particle size
3.4.2.1 Effect of degree of ethoxylation of the surfactants
The particle sizes of the latex obtained from the emulsion polymerization using
anionic surfactants with various degree of ethoxylation, at 0.35% w/w, were measured by
laser-light scattering technique. Each sample was measured in triplicates to give the average

particle size. The use of higher degree of ethoxylation surfactants gave relatively larger
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average particle sizes of the latex. As the molecular weight of the surfactant increased with
the EO number, the molarity of the surfactant with higher EO number was lower. With
lower molarity, the surfactant molecules usually form fewer but larger micelles surrounding
the monomer droplets. The particle size of the latex obtained from the polymerization using
fatty alcohol ethoxylate sulfate with EO number of 40 was so large (710.3 nm) that it settle

upon storage and it was not included in Figure 3.4.

3422

The relationships be / sizes and the concentration of the
surfactants used were studie 'ﬁeemed to be reduced with the
increasing concentration o E s pports the hypothesis in section

3.4.2.1 proposed for the in€reasefo Ll (| VISCOsit, -.‘n\i e increasing concentration of

the surfactants used. In the"prese ntration of the surfactants, the monomers

R
N

monomer swollen particles bgéauge there nough of surfactant molecules to stabilize the

from monomer droplets tead tof her than going into the old

new latex particle in the system.  the system with lower surfactant

concentration, the monomers te (03 i t0-theold monomer swollen particles and the
> 0
. P ymnd s = .
polymerization occurs inside those pastie: rm _even larger sizes of the latex particles.

Another factor usually uﬂlenm; e latex is the stirring speed. The

high Stirring Speed Will :‘:‘:;j*,t:: all lates
speed in all the polymerizﬁ)n was.

AU INgNINeng
AN TN INGINY

In‘fhis experiment, the stirring

( wﬂiin fixed speed at any period



38

170
160 &
150

5

:

PARTICLE SIZE (nm)
8

N
S
ue

a

110

100 :
0 02 1 1.2
Figure 3.3 Average particle sj Sus ¢ osurfactant in polymerization
mixture '
170
160 ,
e :
. 150
E
£
N 140
(7]
g 130
14 X
.l AUEINYNINGINT
I m = TT T W
I’“
“ARAMNIUININETAY
100 4 = — :
0 02 0.4 06 0.8 1 12 14 16

MONOMER/ SURFACTANT MOLE RATIO (x 10°%)

|# NPES-4  NPES-10 @ FAES-4)

Figure 3.4 Average particle size of the resulting latex versus monomer/ surfactant mole
ratio (x 10°)
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The latex viscosity is usually reduced with the increasing particle size [20].
Interestingly, the plot between the viscosity versus the particle size of the latex obtained
from the polymerization using various surfactants in this work also showed this trend
(Figure 3.5) despite the fact that the latex contained different type of surfactants at different
concentrations. This indicated that the latex particle size is one of the most important
factors governing the viscosity of the latex with the same nonvolatile content. The smaller

particle size means the higher particle density and so the viscosity of the emulsion.
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Figure 3.5 The relationship between average latex particle sm and latex viscosity

s WEEHBANENTNEING

The molecuﬂr weight of the latiees were detﬂnmed with GRC: Poor solubility of

the latex pdadw'q ﬁi@lﬂ@m% %{q }%lﬂf&]@ (E}: analysis. The

molecular wefghts of some latex samples showed significant degree of deviation when

being repeated (Table 3.5). The molecular weights of these latices were in the same range
of 4 x 10* — 1 x 10° for M, and 2 x 10° — 5 x 10° for M,, with polydispersities ranging
between 4 and 8. These figures of the molecular weights are slightly lower than the values
reported for emulsion polymerization of methyl methacrylate-2-ethyl hexyl acrylate
copolymer (~Mn was 2 x 10° and Mw~1 x 10°%) [21].
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It was hard to draw any relationships between the molecular weights of the
polymers and the types of surfactants used in these experiments as the magnitude of
deviation between the repetitive analysis was about the same as the entire range of the
molecular weight spreading due to different types of surfactants used. Besides the

molecular weight determined here may not represent the whole samples of the latices due to

their poor solubility.
Table 3.5 The average molecular we A ices obtained from the polymerization
with various surfactants ‘;\
Surfactant S ular weight PDI
Mw (10°)
NPES-4 3.71 4.86
NPES-4 (repeated) 5.63 5.50
NPES-4 1.96 4.62
3.12 5.79
4.68 5.92
4.01 5.88
NPES-4 (repeated) 1.90 4.16
NPES-10 4.38 6.78
3.24 4.88
A Y] 325 5.20
NPES-40 3.09 4.61
- 0.35 4.55 2.44 5:37
ﬁ 4.07 5.23
FAES-4 ﬂuEJ ﬂﬂwjﬂﬂqﬂ‘jZﬂ 5.01
FAES-4 (repeated) 0.25 6.31
AT RSARDIUN RN
0.45 4.03 2.02 5.01
0:75 3.38 1.65 4.88
1.05 2.88 1.93 6.69
FAES-4 (repeated) 1.05 3.80 2.24 5.90
FAES-12 0.35 9.12 4.21 4.62
FAES-30 0.35 6.59 5.04 7.65

FAES-40 0.35 9.97 R 5.24
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3.4.4 Latex stability

Two samples from each latex were studied for their stability at 60°C and at room
temperature. It was found that almost all latices have good storage stability in both
conditions except for the latices possessing average particle size larger than 200 nm (Table
3.6). The surfactants which provide small latex particle size lead to good stability of the
latex. From the latex stability point of view, fatty alcohol ethoxylate sulfate with EO

suitable for preparation of the latex froin

number of 30 and 40 and nonylphenol ethopate sulfate with EO number of 40 are not

yer emulsion.

Table 3.6 The effect of type a rfactant c_lnc ntra e onon latex stability
Surfactant ' u’"’} _Appearance
Group Concentra- K\ t6 ° Storage at room
tion useg temperature
(%) I/ : ﬁ (3 months)
NPES-4 0.25 mi milky
0.35 milky
0.45 milky
0.75 milky
1.05 o milky
NPES-10 0.2 U TR / milky
SR £ ' S——" ' milky
P milky

04SB

NPES-40 0.25 61 1.8 precnpltated precipitated

E NI T
"awidanidi um“ﬁﬂmd’ﬁ

0.45 133.5

0.75 118.4 mllky milky

1.05 117.0 milky milky
FAES-12 0.35 150.0 milky milky
FAES-30 0.35 228.6 milky precipitated

FAES-40 0.35 710.3 precipitated precipitated
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345 Water / alkaline stability

The water and alkaline resistance of the latex films were evaluated by visual
observation giving the scale ranging from 0-5. The score 0 indicated a transparent film and
the score 5 indicated a totally white film. When the surfactants were used at the
concentration 0.25 — 0.45% (no. 1-3, 6-13, and 16 Table 3.7), all dry films from latex had
the same water resistance. When the dosage of surfactant used was increased to 0.75% w/w
or hlgher (no. 4, 5, 14 and 15), the water re51stance of dry film slightly nnproved This

No. Surfactant ¥ : |§‘ﬂ\\\\ m appearance

Group  Concentragi 3hrs 6hrs 24hrs 48 hrs
used (%) - 4
1. NPES-4 0.25 - 3 3
- ] 0.35 2 3 3
3. 7 3 3
4. 2 2 2
5. 16, %1 > 2 2
6. NPES-10 , 231] 2 3 3
7 035 134.5 2 2 3 3
8. EJ z] ﬂ 3 3
9. NPES-40 ﬂﬁﬂ "] ﬂﬁﬂjw 2 j 3 3
10. 0 45 2134 a2 2 3 3
n e TGN TR TN NE
12. 0.35 136.3 2 2 3 3
13. 0.45 133.5 0 2 2 3 3
14. 0.75 118.4 0 2 2 2 2
15. 1.05 117.0 0 2 ) 2 2
16. FAES-12 0.35 150.0 0 2 2 3 3
17. FAES-30 0.35 228.6 0 2 3 3 4
18. FAES-40 0.35 710.3 2 3 3 3 4
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With various surfactant concentrations from 0.25 — 1.05% w/w, all dry films
from latex had the same alkaline resistance except for the dry films from the latex obtained
from the polymerization using nonylphenol ethoxylate sulfate with EO number of 40 and
fatty alcohol ethoxylate sulfate with EO number 30 and 40 were apparently poorer than the
others. These results can also be rationalized in term of the latex particle size similar to the

results observed in the water resistance experiment.

Table 3.8 Alkaline resistance of dry
No. Surfactant '

Film appearance

Group 3 6 24 48

hrs hrs hrs hrs

1. NPES-4 0 0 0 2
p A 0 0 0 2
3. 0 0 0 2
4. 0 0 0 2
3. 0 0 0 2
6. NPES-10 0 0 0 2
% 0 0 0 2
8. 386 £ 0 0 2
9.  NPES-40 L7035  2ii7 Bk 2 2 2
10. EAS 213. 0 m 2 2 2 2
11. FAES-4 146.0 4 , 0 0 2
2 AUBINERINENT . o
13. 0.45 ‘133 5 0 q,?v 0 2
. QW']MI‘TEEU’?IW]’J’V]EP’] X4 I
16. FAES-12 0.35 150.0 0 0 0 0 2
17. FAES-30 0.35 228.6 0 2 2 2 2
18. FAES-40 0.35 710.3 2 3 3 3 3
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3.4.6 Electrolyte stability

The electrolyte stability of the latices was evaluated by visual observation. The
results were recorded as (-) for stable and (+) for coagulated latex. When the surfactants
were used at the concentration higher than 0.75% for nonylphenol ethoxylate sulfate (no. 4
and 5 Table 3.9) and higher than 0.45% for fatty alcohol ethoxylate sulfate (no. 13-15 Table
3.9), the electrolyte stability of the latices was decreased. The latex with bigger particle
size tended to have a little better electrolyte stability than the latex with smaller particle

size. As the electrolytes destabilize the late by salting out the surfactant, smaller

latex particles can quickly move themselves )h other to reduce their unfavorable
. o = _‘. <

surface interaction with wate and coneentration of cation would effect to the

stability of the latex. The in on concentration and the higher

*-.._

charge of the cations make atices were thus stable in the

1% NaCl solution than i
were not stable in 10%Nag
Aly(SO4);3 solution excepted fg

tively. Some of the latices
ere not stable in CaCl, and

ge particle size

=

ﬂ‘lJEJ’J‘VIEJWﬁWEJ’]ﬂ‘E
QW']ﬁNﬂ‘iELJ UA1AINYAY
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Table 3.9 Electrolyte stability of the latex

No Surfactant Pal:ticle Latex appearance

Group Concen- (j:.z:) NaCl CaCl, AL(SOy)3

tration 1% 10% 1% 10% 1% 10%
used
(%)

1. NPES-4 0.25 148.9 - - - + 4 +
2 0.35 133.3 - - - ;2 + +
3 0.45 - - + + +
4. 0.75 + + +
- + + +
6. NPES-10 + + 4
T + + =
8. + + +
9, NPES-40 + + +
10. + + +
|1 FAES-4 + #* +
12. + + +
I3 + + +
14. + + +
15. + + +
16. FAES-12 - - +
17 FAES-30 y 35 228. 6 - - + +
18. - +

FAE“wmmsjmm -
Wﬁmmam‘mmmaa

3. 4 7 Minimum Film Forming Temperature (MFFT)

The Minimum Film Forming Temperature (MFFT) is one of the most important
properties of the latex. It represents how difficult for the latex to form a film. The higher
MFFT values, the more difficult to form the film, and normally the latex with low MFFT is
prefered. The MFFT was measured by the MFFT bar. There was no significant difference

between the latices obtained from the polymerization using conventional and green anionic
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surfactants. The degree of ethoxylation and the surfactant concentration did not effect to the
MFFT of the resulting latex as all MFFT were observed in the same range (24.6 — 27.0 °C)
(Table 3.10).

Table 3.10 Minimum film forming temperature (MFFT) of the latex.

Surfactant Concentration used (%) Average MFFT (°C)

NPES-4 25.0
25.8

24.6

7 150 24.4
05 24.2
NPES-10 402 ’ 2538

25.8
25.6
26.5
26.9
26.7
26.1
26.9
26.8
0.75 26.3

ﬂ‘lJEJ’J‘VIElWﬁWEJ’]ﬂ‘i 2D

FAES-12 26 2

SRR TN NN

NPES-40

FAES-4

3.4.8 Freeze-thaw stability
The effect of surfactant on freeze-thaw stability of the latex was studied by
observing the appearance of the latex after it was freezed at —10 °C for 17 hours and thawed

at room temperature for 7 hours. This one cycle took 24 hours and a latex was tested for 5
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cycles. The stability was recorded as “stable” for the latex which did not form any
noticeable changes, otherwise recorded as “unstable”. The concentration of the surfactants
has more obvious effect to the freeze-thaw stability of the latex than the surfactant type
(Table 3.11). The suitable concentration of the surfactants was in the range of 0.35 — 0.45%
to provide latices with good freeze-thaw stability.

Table 3.11 Freeze-thaw stability of the latex

Surfactant \l ’ // eX appearance
Group Concen- x—“"” of cycle
tration 4 5
used (%
NPES-4 0.25 - -
0.35 Stable Stable
0.45 Stable Stable
0.75 Stable  Coagulate
1.05 Unstable =
NPES-10 0.25 - -
0.35 Stable Stable
0.45 ta a Stable  Stable Stable
NPES-40 0.35Y Stable : [ Stable  Stable
0487 U/ Stable  Stable
FAES-4 0.25 B ab Stabl tabla Stable Stable

035 ¢ Stable Stable  Stable  Stable Stable

RHE M ﬁaﬁ BT s

Unstable
FAES-12 quﬂﬂmumquﬂ;!l—bQ E]Stable
FAES-30 0.35 Stable Stable  Stable  Stable Stable

FAES-40 0.35 Stable Stable  Stable  Stable Stable
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3.4.9 Gloss value of dry film

A high quality latex normally gives a film with high gloss value. The gloss value
of dry film was measured by gloss meter ten times for each film. The use of either
nonylphenol or fatty alcohol surfactants gave relatively the same gloss value (Table 3.12).
All the surfactants gave acceptable values of gloss (over 100) excepted for the surfactant
with EO number of 40. The concentration of the surfactants also did not affect the gloss of
the latex film.

Table 3.12 Gloss value of the d
Surfactant

Gloss value

NPES-4 110.0
112.8
115.0
110.4
114.3
111.1
116.4
113.2
(= ¥ 88.8

] 90.7
0.45 91.9

A UL INPRINGINT

ARASN TP INNTY

FAES-30 0.35 111.8
FAES-40 0.35 86.6

NPES-10

NPES-40
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3.5 Emulsion polymerization using mixed surfactants

There are reports claiming that nonionic surfactants can improve freeze-thaw and
electrolyte stability of the latex [12, 13], so the polymerization was also conducted by using
mixed anionic and nonionic surfactants. The mixing ratios (in reactor) between the nonionic
fatty alcohol ethoxylate with EO number of 40 and the anionic fatty alcohol ethoxylate
sulfate with EO number of 4 surfactant were 1 : 1 and 3 : 1 w/w. The polymerization recipe

f#} is shown in Figure 2.2.

lﬁlar weight

Mixed surfactants : and in the reactor or 1:2.50 and 1:

is shown in Table 2.2 and the polymeri
3.5.1 Latex viscosi

1.33 w/w in total formu OniQ and anionic fatty alcohol ethoxylate

surfactant, were used in

copolymer latices by emulsi . [l lafices obtained from the polymerization
were adjusted to have 49 — 5 ‘ ") and pH 8 — 9 according to the
factory specification. The vigeo r emulsion was determined by
Brookfield viscometer model LV, sizes of the latices were measured
by laser-light scattering technique. vas measured in triplicates to give the
average particle size Theﬂo, re determined with GPC. There
was no significant different-in-viscosity and molecu of the latex from anionic

green surfactant and But the use of higher ratio of

nonionic surfactant gave relatively larger average particle sizes of the latex agreeing with
g ‘l y larg %J,P greeing

‘h""“’”““e“"‘“ﬂ]uﬂ’él‘V]EW]'?WEJ'Wﬂ‘ﬁ
Qﬁqaﬁﬂ‘im URNINYAY
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Table 3.13 The viscosity, particle size and molecular weight of the latex obtained from

mixed surfactants

Surfactant Viscosity Particle size Molecular weight
(cP) (nm)

M, (10 M, (10%)
FAES-EO4 67 136.3 7.00 3.39

ll//

FAE-40 : FAES-4 (1: 2.50) 153.3 4.01 1. 75

FAE-40 : FAES-4 (1:1.33) 7.06 4.10

3.5.2 Latex sta/

Two samples from e

~\ \ ability at 60°C and at room
temperature. It was foun
(Table 3.14).

stability in both conditions

Table 3.14 Stability of the latex ¢

Surfactant Appearance
—': ‘] Storage at room
@ temperature (3 month)
FAES-EO4 ’” Mllky Milky

el Anedneng o
’QW’]@\‘m‘iﬂJ URNINYIAY

3.5, 3 Water / alkaline resistance of the dry film

The water and alkaline resistance of the latex films were evaluated by visual
observation. There was no significant difference between anionic and mixed surfactants
(Table 3.15 and Table 3.16).
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Table 3.15 Water resistance of the dry film from mixed surfactant

Surfactant Film appearance
initial 3hrs 6hrs 24hrs 48 hrs
FAES-EO4 0 2 2 3 3
FAE-40 : FAES-4 (1: 2.50) 0 2 2 3 3

FAE-40 : FAES-4 (1:1.33) 3 3

Table 3.16 Alkaline resistance of

0 2
"-‘-'e. y &surfactant

Surfactant appearance
*A‘\ irs 24 hrs 48 hrs
FAES-EO4 0 0 2
FAE-40 : FAES-4 (1: 2 0 2
FAE-40 : FAES-4 (171.3 wolZ ‘ 0 2
wisy Y \
LA
3.5.4 Electrolyte stabili g -r'-‘f-‘-';"'
The latices obtamed from.mixed surfactar S$'had a little poorer electrolyte stability

in CaCl, than the latexsbbtained from anionic surfactar - € blending of nonionic

T — ability of the latices which

disagreed with the literature ) ork [12, 13)

Table 3.7 sl ummmmmm

No. Group of surfactant 2 Latex appeéarance

AR1aN 300 H VR Mo i o anson,

1% 10% 1% 10% 1% 10%

L. anionic - - = =7 =3 5
= FAE-40 : FAES-4 (1: 2.50) - - * + + +
3. FAE-40 : FAES-4 (1:1.33) - - 4 + + -

- ; no coagulum + ; coagulaum
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3.5.5 Minimum film forming temperature (MFFT) and Gloss value of dry
film

The MFFT of all latices and the gloss value of the dry films were in the same
range (Table 3.18).
Table 3.18 Minimum Film Forming Temperature of the latex and gloss value of the dry

IFF //1 e latex Gloss value of the
dry film

FAES-EO4 110.4
FAE-40 : FAES-4 (1: 114.7

FAE-40 :.FAES-4 (l.: .. ’ 111:6

3.5.6 Freeze-ths

film obtained from mixed surfactant .

Surfactant

There was no differen f the latex obtained from anionic

and mixed surfactant.

Table 3.19 Freeze-thaw s b ed surfactant

Surfact: i,, ES D

™

- -

; appearance

[umber of cycle

fa 1 Qs 2 3 4 5
FAES-W o Stabl ble  Stable Stable
FAE-40 : FAES-41:2.50)  Stable Stable , ,Stable  Stable
e )01 T Y15 ] 1 ] B

3.6 Scanning Electron Microscopy (SEM) of the latex

The scanning electron microscopy of the latex was conducted to comfirm the

particle size of the latex obtained from the light scattering technique. The tested latices
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showed that the particle sizes observed from the electron micrographs were comparable to

the average particle sizes obtained from the light scattering technique (Figure 3.6).

(A)

(B)




(D)
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