Separation of oil-water emulsion from car washes
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Abstract The potentials of UF and NF membrane processes have been evaluated for separation of oil water
emulsion generated from car washing operations. Using membranes, wastewater can be effectively recycled
and fresh water usage could be reduced. The parameters studied were membrane type, emulsifier types,
pressure and competing compounds. Both an-ionic and non-ionic emulsifiers were used for the experimental
runs. The Ca2* and Mg?* were used as the main competitive ions. Results indicate that a polysulfone
membrane caused more flux reduction than the cellulose acetate and thin film polyamide membranes. Higher
concentrations of emulsifier presented negative flux decline in both UF and NF membranes. However, the
presence of nonionic emulsifier in oil emulsion caused more significant flux reduction than an anionic
emulsifier. The NF membrane produced higher TOC removal and less fouling than UF. The results indicate
that increased competitive Ca2* and Mg?2* ions resulted in significant positive NF flux and TOC removal.
Keywords Ultrafiltration; nanofiltration; oil water emulsion; car washes

Introduction

Petrol stationsusually consume alarge volume of water in many activitiessuch as car wash-
ing, floor cleaning, toilet, cafeteriause etc. The averagerate of wastewater generated froma
petrol stationin Thailand is21 m3per day. Most of thewastewater originatesfrom car wash-
ing operations and the average water consumption per car is 250-300 | (Suwit, 1997). Car
wash wastewater creates crucial problems because it contains soil, emulsifiers, free and
emulsifier oil. In general, thiswastewater istreated by conventional techniques such asthe
American Petroleum I nstitute (API) gravitational oil separator, Parallel Plate I nterceptor or
Corrugated Plate Interceptor. The main function of these unitsis to eliminate free oil and
removal of suspended solids. However, the oil emulsion and emulsifier were not fully
removed and still discharged to the public sewer system. Therefore, the quality of treated
water can not attain the existing effluent discharge standard. Aurelle and Verdun (1997)
found that oil-water emulsion formed in the presence of emulsifiers are stabilized emul-
sions. Due to the presence of surface charge, the collision between micro droplets during
the Brownian motion is ineffective. It does not lead to coal escence between drops for the
separation of emulsions.

Considering the large volume of wastewater generated in the car washing processes,
wastewater treatment coupled with recycling could be an attractive alternative. The mem-
brane process has great potential for such recycling options. Among the available physico-
chemical treatment methods, ultrafiltration has been found to be most advantageous for
treatment of oil-water emulsion (Lipp et al., 1987). Using membranes, the wastewater can
be effectively recycled and fresh water usage could be reduced. However, the membrane
foulingisconsidered asthemajor operational probleminsuchrecyclingsystems. Leeetal.,
(1984) showed that fouling was mainly due to adsorption of oil into the membrane struc-
ture, which modifiesthe effective pore diameter resulting in reduction of membrane perme-
ability. In arecycling process, the hardness and emulsifier concentration in recycled water
could beincreased due to water |oss from evaporation. Therefore, the use of recycled water
with high hardness for rinsing could cause unpolished appearance problems such as scales
and spotson the car body colour.
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In many recycling systems, ultrefiltration (UF) has been studied extensively.
Ultrefiltration isthe typical membrane processfor retaining the oil rather than the emulsifi-
er from the oil-emulsion in car wash wastewater. It produces higher flux at lower operating
pressure but allowsthe divalent ionsand |low mol ecular weight molecules such asemulsifi-
er to pass through the membrane. Whereas, Nanofiltration (NF) can provide higher flux at
lower pressure than reverse osmosis (RO) and has a better rejection of divalent ions and
micromolecules than UF. The objective of this research is to examine the potential of UF
and NF membranes for recycling of wastewater from car wash as a function of membrane,
emulsifier types and the interference due to Ca2* and Mg?* divalent ions which contribute
to the hardness.

Materials and method

Fivetypes of flat sheet membranes GM, PS-100, C-100 and C-30 for ultrafiltration and flat
sheet nanofiltration membranetype DK wereused in thisstudy. Characteristics of the mem-
brane are shown in Table 1. The GM ultrafiltration and DK nanofiltration membrane were
from Desalination System Asia. Celgard manufactured the remaining ultrafiltration mem-
branes. A schematic diagram of the ultrafiltration and nanofiltration experiment unitisillus-
trated in Figurel and Figure 2. The ultrafiltration system consists of a 15 | stainless steel
feed tank, installed with a stainless steel coil of 10 mm diameter for controlling feed tem-
peratureat 30°C. Theinlet and outlet of the cooling coil was connected to achilling system.
The acrylic resin plate and frame membrane module type C10-T (NITTO DENKO) with
effective area 6.0x10~3 m? was used astest UF module. The nanofiltration system consists
of a3 stainless steel feed tank installed with a stainless steel coil of 10 mm diameter for
cooling thefeed emulsion. Here, the stainless steel plate and frame membrane module with
effective area 1.15x10-3 m2 was tested. The feed emulsion investigated in this study con-
sists of lubricant oil with distilled water and emulsifier. A Philip’s blender was used for
blending 100 mg/! of lubricant oil type PTT V-120 manufactured by Petroleum Authority of
Thailand with distilled water. A lubricant was added to the distilled water and emulsions
generated by mixing with blender. The mixture was stabilized by adding emulsifier at 0.1%
by weight. The two types of emulsifiers used were an-ionic emulsifier CH5(CH,),—
0SO5;-Na and non-ionic emulsifier C;;H,,CH,O(CH,CH,0)g—H. The concentrations of
oil and emulsifier aswell asemulsifier typeare similar to those generated in actual car wash
wastewater. The characteristics of emulsifiersarelisted in Table 2. The hardness of water is
caused by the presence of polyvalent metallic ions, principally Ca?* and Mg2*. In this
study, CaCl, and MgCl,, at aconcentration range from 100 to 400 mg/| were selected asrep-
resentative of Ca2* and Mg2* in hard water. The membrane permeate was basically meas-
ured in terms of permeate flux, percentage of TOC removal and divalent ion removal.
Permeate Flux was obtained by weighing permeate with an electronic balance. TOC was
anadyzed by TOC analyzer type TOC-500, while Ca?* and Mg?* were

Table 1 Characteristics of membrane

Type Material MWCO (kDalton) Water flux (1/m2-h)
PS-100*  Polysulfone 100 635
C-100* Cellulose acetate 100 580
C-30* Cellulose acetate 30 515
GM* TFM polyamide 8 94
DK** TFM polyamide 150-300 Dalton 58

Note * Pressure 400 kPa for UF
** Pressure 1000 kPa for NF and 98% rejection of Ca2*



Table 2 Emulsifier characteristics

Emulsifier type Molecular structure Mw.
Anionic CH3(CH,),,-0OS0O4-Na 288
Nonionic C,1H,3CH,0(CH,CH,0)g-H 538
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Figure 1 Ultrafiltration experimental set-up
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Figure 2 Nanofiltration experimental set-up

measured by Atomic Absorption. All experiments were operated for three hoursin order to
obtain steady state flux.

Results and discussion

Permeate flux as function of time and membrane type

The membranes and emulsion interaction wereinitially tested with five types of ultrafiltra-
tion GM, PS-100, C-100, C-30 and nanofiltration membrane type DK with anionic emul-
sion. Figure 3 presentsthe effect of membrane material on flux at apressure of 400 KPaand
oil emulsion 100 mg/l. A sharp decreaseintheinitial flux from 635 to 270 1/m?—h of PS-100
was observed when purewater isreplaced by emulsion. Theinitial flux of C-100 and C-30
declined from 580 to 290 |/m2—h and 515 to 400 |/m?—h within one hour respectively. Thisis
dueto theinteraction between the membrane material and hydrophobic part of the oil emul-
sion leading to adsorption on the membrane surface. Asthe emulsifier molecules are much
smaller than the membrane pores, it leadsto internal membrane porefouling. Thisphenom-
enon modifies the effective pore diameter, resulting in reduced membrane flux. The poly-
sulfone membrane is more hydrophobic than cellulose acetate and has a relatively higher

[e19 yuedued 's

111



‘leis I!UEdUEd ‘S

112

600

| ®PS-100 |
500 | mC-100
AC30 |
= 400 * GM \
g |-DK |
£ 300 e
E]
= 200
100
0
0 50 100 150 200
Time (min)
Figure 3 Flux comparison with different membrane types
350 A L] i * C-30 (nonionic-emul) |
= 300 1 | ® C-30 (anionic-emul) |
"é 250 + | 4 GM(nonionic-emul) |
= 200 + | ® GM (anionic-emul) |
= 1507
100
50 .

0 100 200 300 400 500 600
Pressure (kPa)

0

Figure 4 Variation of permeate flux as function of pressure, UF membrane (C-30, GM) and emulsifier type

adsorption tendency with the membrane material. Therefore, the PS-100 shows more flux
reduction than C-100 and C-30. The above results are in agreement with observations of
others. Richard et al. (1977) also found that in treating the oil-emul sion, membrane fouling
led to reduced ultrafiltration rate over time. Danae et al. (1992) showed thisusing anonion-
ic emulsifier tested with the polysulfone and cellul ose acetate membranes. The reason for
the sharp decrease in flux of the polysulphone membrane is most likely the interaction
between the membrane material and the hydrophobic part of the emulsifier molecule. The
GM and DK arethinfilm polyamide membranesthat have hydrophilic stability. The perme-
ate flux of GM and DK membranes do not show the predominant reduction. Thisis due to
surface membrane charge characteristics. The polyamide exhibits a moderate to strong
anionic surface charge. For this reason, the surface of the polyamide will repel the anionic
emulsifier. Therefore, membrane flux is not decreased significantly due to less adsorption
of the emulsifier on the membrane surface.

Permeate flux as a function of pressure and emulsifier type

The C-30and GM ultrafiltration membranetypeswere sel ected and tested by varying emul-
sifier typeand pressurefrom 100 to 600 kPa. Figure4 illustratesan increase of applied pres-
sure induced higher driving forces through the membrane resulting in increase of
membrane flux. Generally, the concentration polarization is a significant factor in ultrafil-
tration membrane due to the relatively low diffusivity of macromolecules of emulsion. In
addition, the occurrence of agel layer on the membrane surface causes the additional foul-
ing. Asthe applied pressure difference isincreased, the flux of C-30 does not increase lin-
early in both types of emulsifier due to the concentration polarization and gel layer
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Figure 5 Rejection as a function of pressure and two types of emulsifier
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Figure 6 Effect of emulsifier on UF and NF membrane flux

formation, since the nonionic emulsifier has a higher hydrophobic degree and molecular
weight than anionic emulsifier. If there was concentration pol arization under the use of non-
ionic emulsifier it should also affect GM membrane. However, on increase of applied pres-
sure, no significant flux reduction was observed in GM membrane in both types of
emulsifier. Theresults support that cellul ose acetate membrane can cause more fouling due
to concentration polarization than TFM polyamide membrane.

Figure 5 shows that the reduction of TOC removal efficiency increases significantly in
C-30 and GM ultréfiltration membrane, but not in NF with increase of pressure. TOC
removal isin the range of 95-98% and 60-85% for NF and UF respectively. The possible
reason for UF is that the small molecular weight of the emulsifier allows easy penetration
through the membrane pores. However, rejection by NF membranes is constant with
increasing pressure. Thisisdueto larger molecular weight material of emulsifier diffusing
through the membrane at a slower rate, leading to lower concentrations in the membrane
permeate.

Permeate flux as function of emulsifier concentration

Experiments were conducted with concentrations ranging from 0.05% to 0.4% for both
anionic and nonionic emulsifier in oil emulsion 100 mg 11, The effect of feed concentration
on flux is presented in Figure 6. The reductions of permeate flux of DK membraneis|ess
than GM membrane with increasing feed concentration for both emulsifier types. Figure 6
showsthat theincrease in feed concentration of nonionic emulsion causes more significant
GM flux reduction than the anionic emulsion. It could be that the anionic emulsifier

[e19 yuedued ‘s

113



‘leis J!UEdUEd ‘S

114

increases the negative charges on oil droplets and membrane surface and reduces mem-
brane fouling (Richard et al., 1977). However, DK membrane shows less flux reduction
than GM membrane when the nonionic emulsifier replacesthe anionic emulsifier.

Effect of competing compounds on NF membrane

In this study, CaCl, and MgCl, were used as competing compounds, because car wash
wastewater always contains divalent ions, especially Ca?* and Mg2*. The nonionic emulsi-
fier was sel ected instead of the use of anionic emulsifier to avoid the precipitation of saltson
membrane surface. It was observed that an anionic emulsifier reacts with Ca2* and Mg?*
result in the scaling formation, which blocks and reduces the membrane productivity. The
results in Figure 7 show that NF flux increases slightly with increases of both CaCl, and
MgCl, concentrationsin order to maintain €lectroneutrality on both sides of the nanofiltra-
tion membrane. Thisis because at higher concentrations, higher Donnan potential allows
more solvent to passthrough the membrane. |n addition, the higher charge, such as Ca2* and
Mg2* will result in a greater decrease in charge with distance from the particle interface,
resulting in a decrease of potential barrier. However, Figure 8 shows that the TOC in per-
meate reduces significantly with increases of competing compound concentrations. As
reported by Schirg and Widmer (1992), flux increaseswith increasing feed concentration of
divalentions. In addition, the solution diffusion modelsin Egs. (1) and (2) show that thedif-
ferential in concentration and pressure gradient drives the solute and solvent flux through
the membrane. It diffuses across the membrane due to the chemical potential which isthe
result of both concentration and pressure differences across the membrane. This solution
diffusion equation showshow the chemical potential playsanimportant roleinalowingthe
solvent to pass through the membrane. The total flux (J;) is a summation of solvent flux
(Jy) and solute flux (J5). Under higher Ca?*, Mg?* concentrations and constant applied
pressure, more solvent and solute pass through the membrane resulting in an increase of
total flux (J;) and divalent ionsin the permeate. However, the TOC in permeate remains
constant with increase of pressure according to the results from Figure 5. Therefore, the
ratio of TOC in permeate per total flux (J;) declines, which means areduction of TOC con-
centration in permeate with an increase of divalent ion concentration.

The solution diffusion equations associated with Figures 7 and 8 are asfollows:
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Figure 7 Effect of CaCl, and MgCl, on NF flux
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Figure 8 Effect of CaCl, and MgCl, on TOC in permeate

where:

Jyy = solvent flux (I/m?—h)

K= solvent masstransfer coefficient (1/h)

Ap = pressure difference across the membrane (m)

A1t = osmotic pressure difference across the membrane (m)
Js = soluteflux (mg/m2-h)

K g = solute masstransfer coefficient (m/h)

C,, = solute concentration at the membrane surface (mg/1)

Cp = solute concentration in permeate (mg/l)

Conclusions

With the nanofiltration, TOC removal is significantly higher than UF membrane. The aver-

age of TOC removal was 75% for membrane types PS-100, C-100, C-30, GM and 98% for
DK respectively. The improvement of TOC removal and permeate flux are presented with
increasing Ca2* and Mg?* concentration in emulsion due to the solution diffusion model

and Donnan effect behaviors. The parameters such asmembrane material, pressure, emul si-

fier types and concentrations are the significant parameters influencing permeate flux. By

selecting the polysulfone membrane, the effect of membrane fouling is higher than cellu-

lose acetate and TFM polyamide membrane, because the hydrophobicity degree of polysul-
fone membraneis higher than the cellul ose acetate and polyamide membrane. Theincrease
of pressure does not affect the permeate quality of DK. In contrast, it shows dramatically a
decrease in permeate quality of all UF membranes. The nonionic emulsifier predominates
in significant flux reduction in UF membrane rather than the anionic emulsifier. However,

using both emulsifier types, they do not show the considerable flux reductionin DK. Dueto
the better membrane performance of DK in terms of flux, divalent ion rejection and TOC
removal, the DK membraneisrecommend for recycling wastewater from car wash.
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