CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Simulated Wastewater

The simulated wast ,'lution of anionic wax emulsion

with water to obtain 5 w annt 0.3,0.9,3.0, 4.9, and

7.1 wt %. The samples we y ects of an electrolyte, temperature,

Nl .
4.1.1 Effect of Electrolytes aiﬂf-“ 4.

The effect ~_i" Nat der ‘ >paration are shown in

NaCl 1.0 to

Figures 4.1 to 4.4, Br concentration G 0.0 wt %, and constant

temperature 30, 40%afidh 50°C. The emulsified oil and wax %lrtlcles aggregated to
ﬂml AAE N ELLT)
in the lower hase was develo ume of*élear water decrfased as the solid

ey e 1) S AR

obtain maxirnum emulsified oil and solid content removal was increased as the solid

a large size a e result, clear water

content in the wastewater increased, i.e. 3.0 wt % NaCl for solid content lower than 1.0
%, 5.0 wt. % NaCl for 1.0-4.9 % solid content and 7.0 wt % NaCl for higher than 4.9
% solid content. The simulated wastewaters used in this study are anionic wax

emulsion which is ot water (O/W) emulsion. When NaCl is added into emulsified
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oil solution, Na' ions stabilize hydrophilic head group of surfactant, reduce
electrostatic repulsion of ionic head group and simultaneously increase hydrophobicity
to the surfactant structure, which prefers for solubilizing in oil to water. As the
consequence, the phase separation of water occurs [18]. Increasing of NaCl
concentration to 2.0 wt % for a low solid content caused the wax particles to aggregate

to a larger size and eventually phase separation can occur.

Volume Fraction of Water

Figure 4.1 ﬂ%éﬁ%ﬂﬂ %’:wﬁaa' ﬂ ﬁmlated wastewaters

With different solid content when various amount of NaCl was added at

Q‘I w QFa ﬁﬁﬁﬁi/ﬂ)wq‘?w ElﬂTﬁ:Ealnd 7.1% ().
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Figure 4.2  Volum he simulated wastewaters

with di .- . c s amount of NaCl was added at

AN

30°C; soli 3% (#),0.9% @), 3.0% (a),4.9% (@), and 7.1% (%).
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Figure 4.3  Volume fraction of water separated from the simulated wastewaters
with different solid content when various amount of NaCl was added at

40°C; solid content 0.3% (#), 0.9% (m), 3.0% (a), 4.9% (@), and 7.1% (%).
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with diff: fent when various.amount of NaCl was added at

50°C; soli

hase separation are shown in Fi e results showed that the wet cake
p p ___:_‘?EF# A

solid content in th&ugpgr phase and cl

d

separated. The voluma€ of clear wat d'as' the solid content in the

simulated wastewatenﬂ]creased. Higher solid content req'mfed higher amount of alum

to obtain maxi ‘;ﬁ i icle, ise wit, %,.4.0 wt %, and 5.0 wt
% alum for tﬂtﬁﬂ jdzzj ﬂﬂﬂiﬁiwium, and high (>
3.0 %)-soli | rap iyely, A QT? i rﬁ ion was less
than 'E ﬁjﬁis cﬂiﬁmhe bi dﬂm ﬂns and polar

head of surfactants is in a better degree increase [16]. Furthermore, the simulated

wastewater is anionic emulsion type unstable at pH below 7.0 [S] when alum added.
The binding of counterion increases with the increase in polarizability and

valence, and decrease with increase in its hydrated radius of cation. Hydrated radius of

AT* ions is less than Na' ions, consequently amount of alum were used less than NaCl
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of the same conditions. When comparing a suitable amount of salt used for
demulsification and phase separation, it is found that higher amount of NaCl is
required at the same condition. The suitable amount of salts related a containment solid

content of the simulated wastewater.

Volume Fraction of Water
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Figure 4.6  Volume fraction of water separated from the simulated wastewaters
with different solid content when various amount of alum was added at

30°C; solid content 0.3% (#), 0.9% ), 3.0% (A), 4.9% (@), and 7.1% (%).
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Figure 4.8  Volume fraction of water separated from the simulated wastewaters
with different solid content when various amount of alum was added at

50°C; solid content 0.3% (#), 0.9% (W), 3.0% (a), 4.9% (@), and 7.1% (%).
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4.1.2 Effect of Temperature

4.1.2.1 Addition of Sodium chloride
The effect of temperature on phase separation of the simulated wastewater for
3.0 wt %, and 4.9 wt % solid content are shown in Figure 4.9 to 4.10. The result

revealed that temperature had slight effect on the volume fraction of the water. The

volume fraction of water significas \\ solid content of wax particles as

rature increases solubility of the
J

surfactant and NaCl in thé solution a cations binding with polar

described in 4.1.1.1 and 4.1.]1 -.H____‘

varation increased.

head of surfactants can o andthé rate Fphas \

Volume Fraction of Water
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Cl, wt %
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when suitable amount of NaCl was added for 3.0 % solid content;

temperature at 25°C (#), 30°C (m), 40°C (a), and 50°C ().
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d for 4.9 % solid content;

\*\ 0 the simulated wastewaters

5

,40°C (&), and 50°C (o).

4.1.2.2 Addition of Alumintum a sulfate
2 __ o

The effect u! em| ' of the simulated wastewater

M siulated ' P

He s d°4.9 % solid content are

containing alum in

4
shown in Figures 4.1m0 4.12. At low temperature (25 tl , volume fraction of clear

water was lo m & i (30, 40 and 50°C).
The temper:ﬂe fl nﬂﬂm‘;ﬂnmts and salts [19]. The
e T A T
fractionqoﬁ:ar water was 1ncrea§g with temperature as \E’l’i hen‘;ﬂ temperature
increases, more Al cations are available for binding with head of surfactants. Trivalent
AT ions is more capable to bind with surfactant than monovalent Na" ions. Thus less
amount of alum was used than sodium chloride. The maximum solubility of alum is

150 g/l at 20°C, increase temperature increase the solubility of alum in aqueous

solution.
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Figure 4.12 Volume fraction of water separated from the simulated wastewaters
when suitable amount of alum was added for 4.9 % solid content;

temperature at 25°C (), 30°C (w), 40°C (a), and 50°C (e).
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4.1.3 Effect of Stirring Rate

The speed of stirring while mixing the salt into the simulated wastewater was
set at 300, 600, 900, and 1,200 rpm, the time of mixing was 20 minutes, and settling

time was 60 minutes, volume of clear water was then measured.

4.1.3.1 Addition of Sodium chloride

ed using the simulated wastewater

containing 4.9 % solid content.and ' 5°C. The stirring rate was varied

temperatures. The high act L,-.\ at higher stirring rate because

the stirring accelerated t ling patticles to move up and accumulated at the

AusAINeNingIng
RIANTNNRNNYIFE

Figure 4.13  Effect of stirring rate on phase volume separation for the simulated

wastewater containing 4.9 % solid content, 7.0 wt % NaCl was added,
20 minutes o f stirring time, and 60 minutes of settling time.

Temperature was set at 25°C (#), 30°C (m), 40°C (a), and 50°C (e).
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Furthermore, higher temperature gave higher volume of clear water. High stirring rate
at 1,200 rpm and very high temperature was difficult to operate because the
suspending particles accumulated and became a lump. Therefore, the optimized
stirring is the range 600-900 rpm for mixing efficiency of NaCl and simulated

wastewater.

gonium sulfate

The effect of stirring.rate was studiee %simulated wastewater containing
. i #, . .
4.9 % solid content, and4:@-wt% alunr'at cmpem’ﬂlre 25°C. The stirring

rate was varied while ke ' ime at 20 minutes, and settling time at 60
minutes. The results in Fi r d tha \\-,{ fraction of water increase

with the increase stirrin eresults were ob -\:\ at the other temperatures

and higher volume fra Wei ot Yoigher stirring rate and higher
temperature.
:
e
S
FFUEINBNINEINT
ﬂ 0.0 Il l ‘ |
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Figure 4.14  Effect of stirring rate on phase volume separation for the simulated
wastewater containing 4.9 % solid content, 4.0 wt % alum was added,
20 minutes o f stirring time, and 60 minutes of settling time.

Temperature was set at 25°C (#), 30°C (m), 40°C (a), and 50°C (e).
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High stirring rate above 900 rpm at high temperature (40°C) was difficult to operate

due to similar problem stated in section 4.1.3.1. The temperature above 50°C that is
closed to the melting point (62°C) of the wax particles will cause the solid wax
particles to become liquid phase, change physical behavior of surfactant and alter the

separation condition.

The optimized condition i.¢ ui ' %nt of salts, and stirring rate for the

ent are concluded in Table 4.1.

The criterion for optimur On Was um clear water was obtained

Awater bath with controlled

temperature was at 30@ mixing procedure operated the sm'ing rate at 600 rpm for 20

o I} WJ i) o S
ammmmumw el
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Table 4.1 The optimized conditions for phase separation of the simulated

wastewater.
Solid content NaCl Alum Stirring rate
wt % wt % wt % rpm
0.3 3.0 2.0 600-900
0.9 | 600-900
3.0 600-900
4.9 600-900
Tl 600-900

4.1.4 Water Quality of ghe

The phase separation | wet cake were obtained. The

Y _‘J .

clear water phase was anly :---:~ ; ie H, total dissolved solids (TDS),

suspended solids (SS), oil and o ‘
and turbidity. - sy
{7—..—* “

4.1.4.1 Treatnmnt with Addition of Sodium chlomde

The ﬁluuﬁ‘%mbﬂ;ﬂ a%"w .s]pﬂ of the simulated

wastewater areigoncluded and shown in Table 4.2 and compared with the limitation of

IR IN NN A

he pH of the simulated wastewater before sal was measured. The pH

ical oxygen demand (COD), salinity,

of clear water after semisolid wax particle was in a range 7.8-8.7. Different pH was
due to dilution of wax emulsion of wax emulsion with different amount of water to
desire different solid content of the simulated wastewaters. Addition of NaCl

electrolyte has no effect on the change of pH for treatment.

72043 %20%
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Table 4.2 Water quality after removal of emulsified oil and solid content using

NaCl.
Solid content pH TDS SS O/G | COD | Salinity | Turbidity

wt % mg/1 mg/l | mgl | mg/l ppt NTU
0.3 7.8 31,500 2.8 1.3 174 29.8 10.5
0.9 79 | 20990 ! [ 03 | 280 | 406 4.6
3.0 8.4 450,200 3| 650 | s15 | 13
4.9 8. 0 | <0._ - 2,200 72.0 1.2
7.1 /1| 504 | =03 ] 2600 | 820 | 11

Effluent standard* | 559.0 4 )0 < < . <120

* Limitation of effluen 4 1 -

ase after wax particles were
Its showed that the TDS were

S _are related to the amount of salts

he simulated v ults’ exceeded the effluent

standard. m '

Suspe lﬁﬁ‘ ﬁ( t through a weighed
standard glassﬂz esi ﬁﬂﬂ ﬂmnﬁ constant weigh at
103-105, ° - result i\‘r . 'ﬁ : sﬁ s much less
than tﬂlﬁ :lﬁ:ﬁoncjm gm;(]o gﬂﬂﬁi aﬂ wastewater

samples
Oil and grease (O/G) were analyzed by partition-gravimetric method and the

results are shown in Table 4.2. The O/G in the water phase was much less than the

effluent standard (<5 mg/l) for all simulated samples similar a suspended solid
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parameter. It was shown that the wax particles were effectively removed from the clear
water phase when suitable amount of NaCl was added.

Chemical oxygen demand (COD), the results are shown in Table 4.2. The
chemical oxygen demand or COD represents the oxygen equivalent of organic matter
content of the sample that is susceptible to oxidation by strong chemical oxidant. The

COD values increased from 174 mg/l to 2,600 mg/l with the increase of added NaCl

from 3.0 to 8.0 wt %, thus COD i ‘#
level of COD was not direc

present in the water. Pota
CI, so the CI ions interf déts N re, the results of O/G were

the amount of NaCl added. The high

rganlc matter when Cl ions was

Turbidity is caused by t - such as clay, silt, finely divided

,.--'"..r""mlp-'r‘"-r'-‘r A ‘-::f-,
=
organic and 1norgaqi’§jnatter and solublefcm nd [17]. The results are

shown in Table 4. a low NaCl (3. , e low solid content of

simulated wastewater e turbidity of water phase was 1@5 NTU. Higher NaCl was

- ﬁﬂﬁ ﬁﬁﬁﬁfm g e
AN Eual,iﬂl:l?aum.ﬂﬁsmw

The suitable amount of aluminium ammonium sulfate or alum was used to

demusify an emulsion. The results of water quality are shown in Table 4.3 and
compared with the limitation of effluent standard.
The pH of the clear water after wax particle has been removed is shown in

Table 4.3. The results showed that pH decreased from the preliminary simulated



38

wastewater (7.0 to 8.8) and further decreased as increase alum, because alum is acidic
inorganic salt (10 % in aqueous solution, pH is 2.6). Decreasing pH is due to
dissociated of alum in aqueous solution. Increasing amount of alum increased proton
(H") in the solution and acidity of clear water is obtained. The pH of the clear water
exceeded the standard effluent (5.5 to 9.0) when more than 2.0 wt % alum was used.

Treatment of wastewater with alum required neutralization of the clear water after

2

Table 4.3 Water qﬁemojal Q oil and solid content using

aluminium

removal of emulsified oil and solid cc

Solids content §- =85 | 0/G.| COD | Salinity | Turbidity
wt. % i ﬂj‘é‘ ‘ mgl | ppt | NTU
03 0. 12 08 | 130 | 125 | 05
0.9 2,800 3| 230 | 130 | 02
3.0 47 | 200 <03 | 610 | 200 | 104
s
49 (140 | 27,040 | <0 (1200 | 250 | 103
7.1 37 |34, Wigoo | 310 | 102
Effluent standard* | 5590 | <3000 | <50 | <5.0 4 <120

eI nenng
BCY NSRS ek (V1)

effluent standard and were increased from 12,660 mg/l to 34,540 mg/l, when were

related to amount of alum used (2.0 to 5.0 wt %).
Suspended solid (SS), the results are shown in Table 4.3. The results were
much less than 50 mg/1 for all simulated wastewater samples. The results showed that

highly effective removal of wax particle from emulsified wastewater was obtained.
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Oil and grease (0/G). The results are shown in Table 4.3. The wax particles
were effectively removed from the wastewater when suitable amount of alum was
added. The lower amount of alum than NaCl added in the same simulated wastewater
sample was achieved. All of results were much less than the effluent standard (5 mg/1).

Chemical oxygen demand (COD). The results are shown in Table 4.3. The

COD values increased from 130 mg/1 to 1,800 mg/l with increasing alum from 2.0 wt

Salinity. The resu? /m it Ta@results showed that salinity
(12.5 ppt to 31.0 ppt) weres Ath ihc reas used.

Turbidity. The

ter phase are shown in Table

4.3. The results were samples. The results were

Investigated of Na @nd AT ions rCm: n1 g in the aqueous and solid wax
portion were analyzed by mdu five— ».‘ na (ICP). The results are shown in
Table 4.4 for NaCl ¢ i th 1 added were present in
the aqueous phase ai ., ery small amc Wax poition.

Table 4.4 Sodlu ontent (Na) in water phase anﬂohd wax portion of the

ﬁﬁﬂﬁﬁ%w%ﬂswri

5 "R STy

3.0 12,167 255
0.9 4.0 16,675 313
3.0 5.0 19,649 388
49 7.0 32,484 439

7.1 8.0 35,412 587
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Table 4.5 shows that most aluminium (Al) are present in aqueous phase and
very small amount in solid wax portion after alum was added into the simulated

emulsified wastewater.

Table 4.5 Aluminium content (Al) in water phase and solid wax portion of the
simulated wastewater.
Solid content Alum - r/ ater phase | Alin solid wax phase
wt % wt % N // ppm
0.3 — b 20
0.9 20 | 1,32 32
3.0 g0/ | - 19 117
49 [ 1= 202
71 §of [ %% 300
I [2dcomag\\
A2
For both metal content i.c., cllli e ium re most present in water phase,
which confirmed that total dissg'_.#—hl’l’ ear water is increase, when increase
e e AR

amount of salt was added.

4.2 Emulsified Wastemater m

An ac 1‘;@§ ‘ = i ss of wax emulsion
manufacturinﬂaﬂ:ﬂe mﬂmzﬂ g:jjrljalance method. The
result,qp 5% seli Elil imiz Ah?l(: eﬁ’ ted according
to solid@m.eamqi , ;J) \ﬁjg, sti gl‘:cl zjmm, stirring

time 20 minutes, settling time 60 minutes and controlled temperature at 30°C for
further study. The demulsification and phase separation of clear water and solid wet
cake were obtained. The clear water phase were analyzed for water quality, i.e., pH,

total dissolved solids (TDS), solids suspended (SS), oil and grease (O/G), chemical

oxygen demand (COD), salinity, and turbidity.
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4.2.1 Water Quality of Emulsified Wastewater

The results of water quality are shown in Table 4.6.

Table 4.6 Water quality of actual emulsified wastewater after the wax particles
removed with NaCl and aluminium ammonium sulfate addition, and

effluent standards.

Type of pH COD | Salinity | Turbidity
salt addition ppt NTU
NaCl 50 2.0
Alum 7 0.0
Effluent standard*

‘Was 9.0'with NaCl addition, which was

slightly decreased from the iniﬁm@g_ astewater (9.1), and still not exceeded the
‘ ST ,
effluent standard. Whiereas treating with alum salt, the weSult showed that pH was

A WX
acidic (3.6), which wa§ much less than ard Nithit.

i 1l
Total dissolved*solid (TDS). The results are showfi in Table 4.6. The results

[
showed that ¢ Tj‘@ ?m] W%{QWE:JMJ aﬂ ﬁm mg/l with alum
addition. The results obtained were similar to the simulated wastewater.
¢ v
RERIIREEY A 1AL L
Suspended solid was 6.0 mg/1 for NaCl addition, and 9.0 mg/1 for alum addition. Both
salts gave obtained a good SS removal within the effluent standard limit (< 50 mg/1).
Oil and grease (O/G). The results are shown in Table 4.6. The O/G in the clear
water phase was 5.1 mg/l with NaCl addition and 2.5 mg/l with alum addition. The

result indicated that the efficiency of alum higher than NaCl for separation of

emulsified wastewater.
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Chemical oxygen demand (COD). The results of actual wastewater are shown
in Table 4.4. The COD is 49,844 mg/l with NaCl addition and 19,053 mg/l with alum
addition. The results showed that the COD values were exceeded the effluent standard
for both salts addition.

Salinity. The results are shown in Table 4.6. The results showed that salinity is

50 ppt for NaCl addition and 7 ppt for alum addition.

We 4.6. For both salts addition, turbidity
—

Turbidity. The results are s

value was much less than 1

From above re(

‘the simulated and actual emulsified
wastewater can be conc ded thé LY AN _

Oil and grease, suspeated Solid . ] \ resenting high efficiency of

wax particle removal“werg achicved f&" ?\

o NaCl or alum added and
d ﬂ‘\l.ﬂd
processed at optimized‘Congditig ?& iz
; Jl"

The pH values aré acidic when i Was ad \ d. Tt indicated that neutralization

\\

. g ICEas 1 s

process is required for treat aqugous phase

- ’ . L _.i"' 4.:.‘.r 4
addition pH is predicable harged:

ore 1t can be discharged. For NaCl

Total dlSSOl 9 -solid, salinity, and ¢ ' .J demand were related to

amount of salts added@ne value increase with increase s@ concentration. The results

were exceeding the limitatipn of effluent standard.

ﬂﬂﬂ’i‘i’lﬂﬂ‘iﬂ&l”ﬂ‘i
Q‘W']ﬁ\‘lﬂ‘im UAIINYIAY
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