zhulong.com

\

IR SR T UK TR

iRy

R
S
S
"o 4
15 S HUT:

o A TR B
I 024
2002017058

X158

A



zhulong.com

KGYWOTdS"""’"""""""""""""""""""“‘"'""“"""""""""

N

Para it e w o

E

]‘ﬁ‘\\g'

1.2 SR AT [ P AP EITIF SR oo eve v vesneoneeessnesnstne s annvnenn
HIOTE KT IKIEL G A [ L] oev veeoeevresonvnessnsnesnnaeainsbasonsveesnnaes
0.0 MIA T Ll oo vevervvnvesmnnsessnnanssussnscrens st aes it aee e eeeae e
001 TKTHLI TR L oo veevrennnonneeneesneesnnsieanneesunetaneenaesaeanas
0. 0.0 PHTTIFITE L] veeovevesvesnnnsesenesnsnneeenutsnnneeiaenseenaen e
ST WK AE IR T RIS 0 G T o e veeovevevessnnsenenesinannseennans
3.1 IR TT I G G T eevveeveeveveneeevnesnreee ittt e et e

[\)

o O A R A W W W w

B4 WARIEEEN A SO AR Js

4.2.1 SHGFRIK G (TSR oeveoeneeevremnensseenutenneeriiesneeeieeaae
4.2, 2 JEIRIKGEIRI G  rve oo vrenneernnersnntsnnrtesnstee s eee e e
N I N = 1 R RN



zhulong.com

4.5.2 S ELATY T L 5 HT v vee vervnreensvnvessnnnnesenssineesennneenn |8

4.5, 4 ELATY EE T A oovovrveevessensnnvneenssnsunvee sassnssnnveeeesses | Q

g T O
5.2 BRI AT R A5 enerereeeenenannnnneneetesennsniininens 925
5.3 B F BT eeeeemeemneatsn e e 2
5.5 N2 BRGEIUE verrrerrrrrerrerrennannenninnsnssns e 27



zhulong.com

i

BEVE vk Ve 2 A T PR A B BRI R AR 37 BT, TUT R ] i
FefE 300 Ao PENBE—ANUKi, K524 50 X50m, A G-
73 B 50X 25m [Py s R — 3000 B KER 1. B, o —E82r KIR A
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Abstract

Design this Natatoriummainly give citizenry of recreation the
amusement provide place, expect it can receive 300 people in the
meantime. Established a swimming pool inside, long and breadth is
50X 50 meters, Use a baluster to equally be divided into two parts,
All be 50X 25 meters; One part of average waters deep is 1. 5 meters,
Another part deep is even descend from 1 meter in shallow water
area to 1.5 meters in deep water area. The swimming pool adoption
against the current type. The water processing craft is:
Ountercurrent — filtration — ozone antisepsis — calefaction
— adding chemical — flow back to swimming pool. The water
quality standard is abided {swimming pool with aquatic play the
pond water supply to drain design the rules distance ) swimming
pool water quality and sanitation standard. The water temperature
is 26 degrees, the circulation cycle is 6 hours, the cubage is
3437.5 stere, circulate water current to measure is 810

stere/hour.

Keywords: Natatorium; water treatment; countercurrent
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2.1.1 JKJm
X 1-1 Wkt s B A prvE
75 Ui H bt
1 PH 6.5~7.2
2 VR AKRT 1R, Bb ek i 5 fe
TE/KEE 1. 5m B PY . FlkoE 2k
3 e = AR 6mg/L
4 K% AN 2. 5mg/L
5 A W45 0.4~0. 6mg/L
tE k45 1. 0mg/L DL E
6 AN R L At 1000/ml
7 SO AN 18 1~/L
2.1.2 JK¥E

ANTR] R I R0k, /KU SRAN—HF, Ikt VB KR e, ] AR e i
KM IE, $e A EUERT o

% UK :

1. 3kt : 24~26°C;

2. YNRUsikith: 25~27°C;

3. BhuKiivkith: 26~28°C;

4. )LEFKB: 24~29C.

2.2 WRMEIT

2.2.1 ket

A 0 RS KOKIR B SR

L SPIHTEAR ECR A 5

2. WWEAZ 2. 0~2. 2m PfEECseT . AR 50m B 25m;
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TKEM A AN B AR T I ITE 0 ARV 2 ORI B I R g
J&.

DA € IOV /K AR Y, fh T30 2 700 5 B D TR R O o0 e, i B
AT AR R T R, A K K T A BRI E (AR A, R AN BE G
RV R ZK L3 2 A Al FH 225K

31 AR EMI R E (h)

kIt 5 (EEVEE ]
5 ST (2 6~10
Bkt . Rk 8~12
AT} 6~8
Bk UEik S 8~10
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B R A R FH 2 9 a9t i bt 7K o ) ] i R K R VR A
Bk, T4, HIE, 8Ie%) WAL IERSHINERZE. BRYESE
SRR, SE M BRI, R0 5 SR PR AL B % E R IS AT
TR HE N KGRI E VAT, N T DARERR, AR itk 1 T 4K, o

BT IR IR IE N AT R H1 K

. WIESREE, KBS, 7%, k.

2. APFEIN A S RO S A, 2 S e < S A N B EAT B85
A

3. DL AT e R, AL AR, AN TR
EERI AR 2. 0 18

4. S yEFMFLIR HA T M 3~4 mm, RIEMIRE K 10~15 H;

5. BRI YE AR K E N BAENR A KA KR b, 1 ug (KD M
LW UEEE . IANEETEVERCE A, PR AR ZE K AL, A
G IKGRA Ty sEma KSR, T H 2w oK, s mmih K AG 2 4
.

4.2 fH kK R

4.2.1 SHEHIKIE IR

TR IR ALV E AT & F1 2K

L AN R & kit K BfoR K5 K4 B, FEHK
FENL Gy TV

2. MWKIEIRRGIKIRE HILADT 2 6 R A INIBAT IR E ;
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4. WIBEHH KRG B KR . WE 3 G U EKER, BfH
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6. KEIFEAFFNTREAUT i FEANRL IR . BRI B IEM
FOAE. 27K s CROAIND . SARURONRE . B, BLAGR
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7. FKIEMRIKAE IR I3 B B R A 1. 0~ 1. Bm/ss ZKZE HIZKAF I
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8. JKIEHEAKERHAKE b, N E R ) B RME IR 4 K
GEALAVRIE IS, R YR A AT e T it

9. FABATIERMKTAR . TOBE, DREFRSE MK, BAS sk
PN 7

4. 2.2 PRI 4%

WAL EESRE RS, B 4 ANE, PRI 3 ANRIET, 51
M &S ERBLOA, BRI ETET R EAE, T A KE
R R ATTI (R kA8, TR INE SCAN I o J6 ol e 7Rt 252 R e il JEE S e o 38
A A Joke: G A ARSI AL B0 2
TR LR G s RS, W T —42058 55, e
. i NARE RO A LA 2 O 35~80, — it i FIATE 1)
IKIEH 80~150, ¥t K. FHFRKIZKIEA 150~300.

£07% [&1E F 5.0 ASTRAL 7K, H R 300m’/h, #FE24 50m,
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i

4.3 P83 H JE

XA TE KK .

L AEAVE B OB 7 I S N BUE T Y, R AN
P NASL LT HEAL
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AR N LT E -
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2. I
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FEFRIE DR M ATR A K Ab B, SR P 0t s P 2o i Ve o6 8 B 2
FEPILIE . XSUZIERHLIE . R ORIk )8 ke kit ik S
HAH, AREE NI

T AERRIS YEAR AT T IR A

IS ORY30 %23/ S P RAN

H 22 22 55 30T B T AERRIE RS — Fh e dE R, SRS i
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4 EARIH 30~50
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YRS T AR, (<10meg /L), SR Ry s 1] HH K& & /NS Tmg /L
564 il LAORIE T o

2. JERHTHTT R

L8 LUEAT SRR APRER IR 2 AR 7K rh 2% o A 7K SRAG T 1)
SRR N R BE LA VR 22 BRI UBORIEAE ] DTsEEH]
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Abstract

An experimental study to treat and reuse oily wastewater
generated from the automobile—components manufacturing industry
was performed. The feasibility of using an ultrafiltration (UF)
membrane and ozone treatment to reuse oily wastewater was
investigated. The UF membrane system (capacity, 5 t/d) was
employed to treat two kinds of degreasing wastewater and cutting
oil wastewater. Treatment behavior and organic removal strongly
depended on the type of oily wastewater. The UF permeates from the
degreasing wastewater could be reused as make—up water. However,
the cutting oil formulated with the UF permeates had very different
characteristics such as emulsion size and foaming ratio because
surfactant existed excessively in the UF permeates. Partial
oxidation of surfactants in UF permeates using ozone , and thus,
possible to reuse the UF permeates as process water.
Keywords:Membrane; Oily wastewater; Ozone; Reuse; Surfactant

1 Introduction

1.1 0il contaminated wastewater has been recognized as one of
the most concerned pollution sources. This kind of wastewater
comes from variety of sources such as crude oil production, oil
refinery, petrochemical industry, metal processing, compressor
condensates, lubricant and cooling agents, car washing. The oily
wastewater is considered as hazardous industrial wastewater
because it contains toxic substances such as phenols, petroleum
hydrocarbons, polyaromatic hydrocarbons which are inhibitory to

plant and animal growth and also are mutagenic and carcinogenic
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to human being.

The main problem with these oil is a number of manufacturing
facilities uses significant quantities of metal-working fluids.
For example, drawing oil or cutting oil is a typical oil/water
emulsion which is commonly used in a variety of precision machining.
The oil/water emulsion serves the purposes of lubrication, cooling,
surface cleaning and corrosion so that they become contaminated
with use, losing their properties, and have to be replaced by new
ones, thus yielding an oily wastewater. The amounts of oily
wastewater generated from metal-working facilities increase every
year.

Physical treatment of oily wastewater such as API gravity
separator, dissolved air floatation (DAF), ultrafiltration etc.
does not remove the pollutants completely but just transfer them
to a more concentrated waste (Schols and Fuchs, 2000). Moreover,
the physical treatment cannot remove soluble fraction of the
wastewater (Seo, 1997). Currently conventional biological
treatment techniques are mostly incapable of complete elimination
of hydrocarbon in stable emulsion. Removal efficiency of the
conventional biological processes is also low due to inhibitive
effects of toxic substances and hydrophobic characteristics of oil
components (Schols and Fuchs, 2000). Therefore, there is a need
to develop a more efficient treatment technique based on
biological process to treat oily contaminated wastewater. The free
or suspended oils can be readily separated from the aqueous phase

in these wastes by simple physical processes. However, chemically
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stabilized oil/water solutions should be rights reserved managed
in an appropriate manner. The most commonly used process for the
treatment of oily wastewater consists of a series of physical and
chemical steps, namely, free oil removal, suspended solids removal,
chemical emulsion break, dissolved air floatation, clarification,
and filtration. But some soluble organic componentsgo untreated
in these treatment steps, resulting in increased levels of BOD and
COD in the plant effluent. Thus, it is very common to conduct a
biological treatment, such as the activated sludge process .

1.2 Stricter environmental regulations and increasing
consciousness towards wastewater reuse lead to reconsideration of
the conventional treatment processes. Recently there has been
considerable interest in identifying new technologies that are
capable of meeting more stringent treatment standards. For this
purpose, membrane filtration is playing a more prominent role in
the treatment of oily wastes because it provides undeniable
advantages: no chemical additives are needed to destabilize the
emulsion, high COD removal efficiencies are achieved, and
treatment facilities are quite compact and fully automated.
Furthermore, membrane permeates can be reused as make—up water for
emulsification and discharged directly into a receiving water
body.

1. 3 Membrane bioreactor (MBR) process is a novel technology
in wastewater treatment in recent years. It is a modification of
conventional activated sludge process in which solid/liquid

separation is accomplished by membrane filtration instead of using
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a secondary sedimentation tank. One of the advantages of MBR
process is that it can be operated at very high sludge retention
time (SRT) in comparison with conventional activated sludge
process. This will create favorable conditions for the growth of
slow—growing microorganisms which can degrade recalcitrant and
toxic compounds such as petroleum hydrocarbons (Fuchs and Braun,
2001). Other advantages include stability against shock loading,
low rate sludge production, compact size and high effluent quality
which is attractive for water reuse. Many studies have reported the
application of membrane filtration for the treatment of oily
wastewater. Typical processes of the treatment of oily wastewater
by previous investigators included ultrafiltration (UF). UF
combined with ion exchange , microfiltration (MF) , rotary disc
membranes , and ceramic membranes. However, there is little
information available on the field application of the membrane
system because most studies were performed with laboratory—scale
experiments.

1.4 However, membrane fouling which leads to high—energy
consumption and high cleaning chemical requirement has limited the
application of the MBR process due to high operation cost.
Researches have been conducted to find out various causes relating
to the membrane fouling phenomenon. The presence of extracellular
polymeric substances (EPSs) and the characteristics of the
polarization cake layer such as porosity and particle size are
among the factors affecting the membrane clogging process.

1.5 Recent efforts have been made to modify the MBR process
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to make it widely applicable in wastewater treatment and
reclamation in term of high removal efficiency and reduction of
membrane fouling. Among the modifications is the addition of
filter aid into the mixed liquor to control the membrane fouling
by increasing the porosity of the cake layer. Some researchers have
proposed the addition of iron oxide particles (Chang et al., 1998)
and powdered activated carbon (PAC) (Pirbazari et al., 1996; Kim
et al., 1998). Among the filter aids, PAC has gained special
interests because it also develops biological activated carbon
(BAC) process which is expected enhancing biodegradation and
producing less EPSs (Kim et al., 1998).

1.6 The concept of biological activated carbon (BAC) process
has been applied in water treatment as well as wastewater treatment.
In the BAC process, activated carbon either in powdered form (PAC)
or in granular form (GAC) is added into the mixed liquor. The
removal of contaminants 1is achieved by a combination of
biodegradation and adsorption. The use of PAC in MBR process has
been shown to enhance the biodegradation and also maintain a high
permeate flux for a long duration (Pirbazari et al., 1996).

1.7 This study focuses on the development of a MBR system to
treat the oily wastewater from gas station effectively to meet the
effluent standards for car wash wastewater and to meet the
requirements for water reuse. Effect of PAC addition into the
reactor to the performance of the system is also investigated. In
this study a series of pilot-scale experiments was conducted to

treat the oily wastewater. Additionally, in order to reuse the UF
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permeates as make—up water, partial oxidation using ozone was
performed to destroy the organic components remaining in the
permeates. The aim of this study was to apply membrane technology
for the treatment of oily wastewater and to reuse permeates, and
thus to establish an environmentally benign.

1.8 0il/water emulsion is oil dispersed in water phase. The
emulsion is stabilized at the presence of emulsifier. Generally,
an emulsifier consists of a molecule with hydrophilic and
hydrophobic ends. The emulsifier plays the role of a bridging agent
which helps to lower the interfacial tension of the oil, resulting
in very small oil droplet size (Althers, 1998). The oil droplet
size plays an important role in the stability of the oil/water
emulsion. The oil/water emulsion formed at the presence of
emulsifier may have as small oil droplet as 5 Hm, resulting in
rising velocity of these oil droplets is negligible to the Brownian
movement. Therefore, the emulsion cannot be removed by gravity
force. Emulsifier, which sometimes is called surfactant, is one
of the major constituents in carwash detergent. Emulsifier is also
found in wastewater from oil industry, rising baths from metal
processing, compressor condensates (Scholz and Fuchs, 2000).
Environmental problems associated with emulsifier discharge are
objectionable foaming and low biodegradability of some types of
emulsifiers. Their biodegradability depends greatly upon chemical
structure (Sawyer et al., 1994). There are two main types of
emulsifiers used in industries for cleaning purposes: anionic and

nonionic emulsifiers. About 90% of the industrial wastewater
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streams contains nonionic emulsifiers (Althers, 1998). The
nonionic surfactants formed from polymers of ethylene oxide appear

susceptible to biological degradation (Sawyer et al., 1994).

2 process

2.1 Treatment methods for oily wastewater can be classified
into three categories namely, primary or gravity treatment units,
secondary processes and tertiary processes (Figure 2.2). The
primary treatment of oily wastewater is usually conducted by the
API separator which treats the free oil effectively by gravity
force. Modifications of the API separator include the use of
parallel plate interceptors (PPI) or corrugated plate
interceptors (CPI). These modifications are to improve the removal
efficiency and reduce the space requirement of API separator.
However, the API separator and its modifications have no effect
on the soluble fraction of the oil and on the oil/water emulsion.
Because the densities of the oil/water emulsion and water are
approximate, the oil/water emulsion cannot be removed by simple
gravity separation. Therefore, a variety of secondary and tertiary
treatment methods have been applied to treat the soluble fraction
and the oil/water emulsion of the oily wastewater.

Membrane system A process of the UF plant (capacity: 5 t/d)
is consists of pre—filters , a free oil separator, wash tank and
UF module. Two UF modules equipped with hollow—fiber membranes

with a nominal cut—off of 30k daltons were used. Each membrane has
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a 2.2m° surface area, and the raw material is polysulfone.
Transmembrane pressure was regulated at 1 bar. Feed wastewater
flows into F1 where metal chips and suspended solids are removed.
After floating oils are separated in the free oil separator, the
clean solution in the wash tank is directed to the UF modules. By
manipulating the three—-way solenoid valve , downward and upward
flows can be controlled. After every membrane cleaning the flow
direction was altered to minimize the accumulation of clogging
materials in the shell-side of the UF modules.

Preliminary experiments of membrane cleaning were carried out
using several chemicals. They show that a solution containing 0. 1%
Triton , 1% EDTA and 2% sodium tripolyphosphate (Na,,P,O0,)
effectively removes the oily foulants on the membrane. After
emptying and flushing all the equipment with tap water, membrane
cleaning was conducted by circulating the cleaning solution for
20 min.

2.2 Ozone treatment Ozonation experiments were carried out
using an ozone generator . Process flow diagram of the UF pilot
plant for oily wastewater treatment, which produced ozone at a rate
of 3 g/h. To determine the dissolved ozone concentration, ozone
was dissolved in an aqueous solution containing 0.1 N potasium
iodide (KI), and then the iodine formed was quantified by titration
with sodium thiosulfate (Na&0). The COD concentration was measured
spectrop hotometically, and the analysis was conducted by the
procedures described in Standard Methods . Total organic carbon

(TOC) was measured by a TOC analyzer. The degree of foaming of
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emulsion is expressed as a ratio of the foam volume (V,) after
homogenization to the initial volume of emulsion(VI). Emulsion was
homogenized using a blender with 15,000 rpm for 1 min. Emulsion
size analysis was conducted with a particle size analyzer The
refractory index was measured by a refractometer.

2.3 Samples Three kinds of oily wastewater were collected from
the plants producing automobile components such as bearings,
water—pumps and oil pumps: the first is oily wastewater generated
from the degreasing process for aluminum casting; the second is
generated from the degreasing process for iron casting; and the

third is cutting oil wastewater.

3 Results and discussion

3.1 Rejection of organics For the membrane filtration of the
degreasing wastewater from Al and Fe, there was no apparent
rejection of COD (1.3 and 9.9%) and TOC (2. 2and 10.3%). This could
be attributed to the fact that the main organic component of the
degreasing wastewater is not oil but surfactant. Unlike reverse
osmosis or nano filtration membranes, UF membranes do not retain
small dissolved molecules such as surfactant. Typical molecular
weights of the surfactant ranged from 200 to 400 daltons according
to its molecular structure. The molecular weight cut—off of the
UF membrane used in this study was 30,000 daltons. Thus most
surfactants can pass through the pores of UF membranes. However,

if the degreasing solution were used repeatedly, the oil contents

43



zhulong.com

would be increased so that the surfactant could be spent to form
emulsion. In this case, the COD rejection would be increased. On
the other hand, considerable organic rejection of the cutting oil
wastewater was observed. The COD and TOC rejection was 93. 2% and
93. 5%, respectively.

The difference in rejection behavior between the degreasing
and the cutting oil wastewater could be explained by the degree
of emulsification. Since the surfactant in the degreasing solution
should be used for removing the oil on metal surfaces, the ratio
of surfactant to degreasing solution should be maintained high.
Therefore, most surfactants in degreasing wastewater remained
intact after use,i.e., most surfactants existed essentially in
unemulsified form. In general, most oily wastewater contains only
a small concentration of oil. But the ratio of surfactant to oil
in the cutting oil solution should be relatively smaller than that
of degreasing wastewater because most surfactants have to be spent
to form the emulsion. In this study, the average emulsion size of
the cutting oil wastewater was about 123 nm. Accordingly, the UF
membrane readily removed the emulsified cutting oil in the
wastewater.

3.2 Permeation]Jlux Flux variation during UF of the degreasing
wastewater was plotted as a function of volume reduction. The
volume reduction is expressed as a percentage of accumulative
permeate volume to initial feed volume

VR (%) = V/K x 100

During the UF of each wastewater, an immediate flux decline was
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not observed. On the contrary, the permeate flux increased from
66 to 82L/m’. h and from 75 to 84 L/m’h until the VR reached 40-50%.
The initial flux increase must be due to the temperature rise
resulting from the circulation pump. Thus, we need to take into
account the temperature effects on flux. Initial wastewater
temperature was 30° C. It increased to 34° C and then kept constant
throughout the entire UF operation. Viscosity ratio can tell us
how much flux had improved according to the temperature rise. It
is that flux increase arising from the temperature rise is about
10% of the original flux values.

Even though we take the temperature rise into consideration,
it should be noted that the flux had not decreased abruptly, while
the VR reached 40-50%. Most investigations about membrane
filtration report that flux decays exponentially at the initial
stage, decreases gradually, and then finally reaches a steady
state. In general, the initial immediate flux decline is
attributed to concentration polarization and/or cake layer
deposition on the membrane surface. For the present study, however,
surfactant molecules in the degreasing wastewater could not build
up on the UF membrane surface because they passed freely through
the UF membrane pores. The remaining of surfactants and emulsion
after the VR arrived at 40-50%. Although there may be a close
correlation between flux and surfactant concentration, additional
studies are needed to understand the phenomena. Flux of the
degreasing wastewater from the aluminum casting decreased to

38L/m’h at a VR of 80%, whereas flux of the degreasing wastewater
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from the iron casting was reduced to 33 L/m’h at the same VR.
Considering that the initial flux of the iron casting was higher
than that of the aluminum casting, the degree of flux decline of
the iron casting was much greater than the aluminum casting . This
result is attributed to the difference in organic content between
each wastewater .

3. 3 Permeate reuse The main components of the UF permeates from
the degreasing wastewater are water and surfactant. Thus it can
be reusable as make—up water in the degreasing process. The UF
permeates of cutting oil wastewater, however, cannot be reused as
make—up water for emulsification. Because they contain large
amounts of surfactant, the emulsion size and the foaming ratio
would be changed. Change in emulsion size and excess foaming
produces negative effects on the metal works. Thus the UF permeates
cannot be reused directly as diluent for emulsification.

Therefore, ozone treatment was used to oxidize the surfactants
in UF permeates. Partial oxidation of the UF permeates with ozone
makes it possible to destroy the structure of the surfactant, and
thus the surfactants become unable to change the emulsion
characteristics. COD concentration and foaming ratio of UF
permeates are plotted as a function of ozone contact time. It
should be noted that the surfactants were partially decomposed.
Only 13% of COD decreased for 60 min of contact time. Foaming ratio
also decreased along with contact time. The characteristics of
emulsion formulated with the ozone—treated UF permeates were

investigated. A great variation in emulsion size as well as
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refractory index was not observed. The emulsion size with
ozonation was about 110 nm, whereas the size of emulsion formulated
by water was 123 nm. Refractory index of the emulsion formulated
with water was 5. 0. Considering that the mean size of the emulsion
without ozonation was 30nm, partial oxidation of surfactants using
ozone makes it possible to reuse the UF permeates as process water.
A great variation of COD and emulsion size was not observed after
5 min of contact time. Thus, the optimum contact time is 5 min.
The UF pilot plant was employed to treat the degreasing and
cutting oil wastewater generated from the automobile—components
industry. The COD rejection and flux behavior strongly depended
on the characteristics of the oily wastewater. The COD rejection
of the degreasing wastewater wbas smaller than that of the cutting
oil wastewater. But the permeate flux of the degreasing wastewater
was greater than that of the cutting oil wastewater. These results
are attributed to the difference in the ratio of surfactant to oil.
The UF permeates of the degreasing wastewater could be reused as
make—up water. However, the cutting oil emulsion formulated with
the UF permeates has quite different characteristics such as
emulsion size and foaming ratio. Partial oxidation by ozone
treatment did not significantly change the emulsion size and other
characteristics. Thus, pretreatment using ozone makes it possible

to reuse the UF permeates as process water.
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