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Sea water 100 1/hr Fuel oil A 1.7 m}/ min (100 mV/hr) -

. -(P-2, sea water Tank) = . (P-3, Oil Pump)
= - ‘ L r .
Mixed inside P-2
}
Ultrasonic homogenization treatment " Sea water 2 m*/hr -

. - (100 1/hry o P-~1,. Pump)
(UH-1, Ultrasonic Homogenizer) SEITE I

-4

Mixed inside TK-/3 (Preparation Tank)
] L
~ Removal of floating oil components TK~4
‘(Flotation Tank)
| '
Oil-dispersed sea water of with
a concentration of about 10 ppm

| Fig.12 _Oil-dispersed'Sea Water Preparation Method based on Oil-added
' Sea Water Preparation Apparatus

(2) Investigation of oil content removal performance of various filter media
. Oii—disperSed sea water of about 5 - 10 ppm, prepared using the above method, is
passed through filter columns filled with a sand, anthracite and activated carbon
- mediuni, after adding a flocculant. - ' o
e Samples are taken at the outlet of each column over time, and the oil content
measured ' '

Expgrime_ntal conditions _ . -
Columnsize -~ . : ¢ 10cm,L100cm

‘Filtermedia ~~ ;' Sand (0.6 mm), Anthracite (1.0 mm)
| R  Polymer (Chemceptor CM121, 1.0 mm)
Filter height ' : S0cem
Filter media combination : Anthracite + Sand + Activated carbon
- Feed rate - ++ 80 Vhr (LV 10 m/hr, SV 20[hr)
Flocculant ¢+ Ferric chloride '

: Flo«_iculant c_oncentraﬁon. 10 ppm (as FeCl,)

19



@

8.23) .

Slit width LA Excitation 10 nm, ﬂuorescent 10 nm
Excitation radiation wavelength : 310 nm
Fluorescent emission wavelength-  : 343 nm

2]

Experiment results and analysis

1) Change in oil concentration (Fig. 13)

2)

2r
;E:I.S g ) In /. .
E
U.
0 ra— : == - .
0 1. _ 2. -3 o 4 5

' Feedlng duratlon [hr]

Fig. 13 Oil Content Removal by Activated Carbon
(Nute Not corrected for the background concentratmn
. for sea water. (appmx. 100 ppb))

When the filtrate having undergone_ t_locculation and filtration via anthracite and s'and'

media was further passed. through an activated carbon column, the concentration of

fluorescent material in the sample taken at the outlet of the activated carbon column

was approximately 100 ppb as fuel oil A equivalent, which is about the same level as

its background concentration for sea water. Although it is not lmmediately possible

to determine if the detected fluorescent material consisted of oil cumponents the

experiment eonﬂrmed that actlvated carbon adsorption is capab!e of very high level |

ofl content removal

Microscopic observation of the sample . R O A
No oil droplets were ldentlﬁed during the microscopic observatlon of the sample

(Flg. 14), and this seems to suggest that there are aiso very few dispersed oil

components.

20
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Fig. 14 . _Sample from the Activated Carbon Column Outlet (*100)
3 Snrnmary |

. (1) The direct ﬁltratlon method is capable of removmg most of the oil components
. - (dispersed components), but is not effective for those components which are
_' considered to_ be soluble, when used with an ordinary filter medium such as anthracite

- or sand. If a polymer filter medium is used, however, such components can also be -
- removed.

(2) - The filter media combination for the pre_treatment system will be determined
o taking the following into account: ' :
*A guard column is needed to protect the RO membrane from being blocked by flocs
in the event of the breakthrough of the filter medium.
. Direct ﬁltration is capable of removing at least the dispersed oil components
irrespectlve of the filter medium used. If this is sufficient for the RO membrane,
E no further high level treatment is necessary. |
. . *Im cases where soluble oil components adversely affect the RO membrane, the use of
' *_polymer or activated carbon may be considered.
*The actual ﬁlter configuration will be determined, considering such factors as the
' water quality required by the RO ‘membrane, regeneration performance and oil
content rcmoval capacity of various filter media, and associated costs

o
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1. OBJECTIVE

The present study aims at eValuating the efficiency of oil adsorption tower consisting of two
sand mecha filters in removmg the oil by:coagulation - filtration method from the artificially
oil- contaminated seawater. . The study also  includes establishment -of: the ‘operating
conditions. for the removal of oil from oil-contaminated seawater using the coagulation -
filtration method and als_b to achieve suitable regeneration method for the filter media.

2. EXPERIMENTAL METHOD

(1) _Equlpment S : R

- Artificial oil-—contammated seawater preparation unit as described in section 8.2.3. In
this experiment, instead of the three small experimental column, four large adsorption
. tower were used in series. Each of the towers has 400mm diameter and 1500mm
“height. The first tower was kept empty and second one was filled with coarse sand
(particle size 0.7 - 1.3 mm) and fine sand (particle size 0.6 — 0.8mm) at helght of
1000mm (at 1:1 ratiu) The third tower was filled up to 1000mm using fine sand

(particle size 0.6 - 0.8mm) and last one was kept empty.

(2) s Analytical Method -
... Oil content in the feed and filtrates were analyzed using Shimadzu . FR-1501
‘spectrofluorophotometer as described in section 8.1.2.A.

(3) Experimental Procedure

- Artificially-oil-contaminated seawater (about 10 pmm of oil) was passed through the
“four adsorption tower arranged in series after dosing coagulant FeCl,(10 ppm) at a
flow rate of 1.25 m*/hr. - Samples were collected from feed and the filtrates from the
-two sand_ﬁlters for oil content analysis using spectrofluorphotometer. These analysis
were conducted every 8 hours initially and prior to backwash was conducted using
raw seawater at a flow rate of 6m*hr for 5 minutes followed by air scouring for 10

minutes followed by raw seawater wash for another 10 minutes.
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3. RESULTS AND DISCUSSION

@

2)

Results .

_The results of oil content: analysis using spectroﬂuorophotometer in ‘the: feed and
filtrates from two. sand filters for a period of about 390 hours are shown in Figure 1.
. Backwash' of . the ﬁlters were - conducted” when the ' differential pressure reaches. '

0.9kgf/cm’. - Backwash of the flrst filter was ‘conducted at an average of every 26

hours :

Discussion
It is evident from the Figure 1 that about 10 ppm of oil in the feed is' reduced fo about

-1 ppm .in- the- filtrates. Thls indicates. the eﬁ'lelency of oil : adsorpt:on tower in
-removing most of the oil from- oll—contammated seawater. - Thls was the case with the
. small experimental columns (see section 8.2.3) It was. also found that effi clency was
unaffected even after a number: of- back—washings This confirms that the ‘present

- method of back washmg proce_du_re is sufficient for the sand ﬁll;er-regeneration."

4. CONCLUSION

Present study reveals that oil adsorption tower consisting of sand media fi lters are capable of -
removing most -of the oil from the coagulated oil-contaminated seawater ‘Also the back

washing procedure followed in this experiment is sufficient for the regeneration of sand fi lter

media.

The present study reveals that oil adsorption tower: eons:sting of sand medla l" lters are
capable of removing most of the oil from oil-contaminated seawater after its coagiilation.
Also. the back washing procedure followed in this experiment is sufficient ‘for the
regeneration of sand filter media with backwash flow of 6 m’/hr(LV= 48 m/hr)_—for 5 minutes.
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1. Objectives of_ the Study

It is 'postulated that the performance of seawater RO (SWRO) membrane may deteriorate
when feed seawater to plant is contaminated with oi/THM-. The presence of such
contaminants may lead to plant shutdown. The effect of those contaminants on plant
performance-, however, -is not fully understood, and tends to be dependent on type of
membrane and its tolerance to ml contammatlon, type of oil and its concentratlon it's feed
and the degree of pretreatment followed in removal of oil/THM from the feed. The main
ob_]ectave of this work is to establish the experimental procedure for determmmg the effect of
| ml/THM and their concentration on various comruercial SWRO membranes.

2.1 EXperimental Methods
_ 2.1 Experi_ment_al Equipments

(1) Mini Modnle Tester-2 . _
He performance of vanous membranes was evaluated using membrane tester RUW-5
made by Nitto Denko Corporatlon, Japan ‘The four test cells used in thls test were:
Nitto- ROJ/UF test cell C-70-F made of stain!ess steel (SUS 316) and polyacetal resin
havlng 0- ring of size p-65 {Byton).

@ Ultra so_nic homogenizer j-'— Model. V 2519C —- Cho-Onpa Kogyo
(3) Front scatter method turbid-meter #Model CORONA UT-11
2.2 Materials.

Pretreated seawater having SDI<3, pH ‘_=6.6 and conductivity = 60,800 £s/cm was used as
the feed throughout the experiment. Chemical analysis of raw seawater is given in Table 1.
- Fuel oil type A with a carbon distribution range between C8 and C34 (in the Japanese
Industrial Standard Corresponds to No.4 in ASTM) was used to contaminate the un-
chlorinated seawater (Table 2, Fig. 1, Fig. 2, Fig.3). Four different types of commercially
- available flat sheet membranes Were used: Toray 808, Toray 80M, NITTO NTR 70 SW(C and
 fluid system, TFCL-HP.
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" Table 1 Composition of Seawater

Terg:c,é,rat}-;_u;ﬁe_ i e e 255 s
b ¥ Rl . SRR i e
Conduetivity - oo | - con bt s gszem b 620800

' Total Dissolved - - / o -
Solids - f A{TDSY v | omgylote 43,8000
Total Alkalinity (Caco ) mg/l | 1led -
Carbon Dioxide = | (CO ) 1 2
2 ST S o
Total Hardness {CaCO ) mg/l " F 8,010
. Calcium (Ca ) mg/l - 508

TN . R A SRR N P o e
Magnesiuwm | (Mg ) 1 mg/l | 1,618

éﬁ

‘Sodium .. . IR _(Na\j'-‘ﬁ'*ui'fmgfl':v¥sA 13,440 -

Potassium . (K )~ 1 “ma/l " :71 483
© ' B 3 : ) ' . :
Strontium . . | (St ) Coemg/l | 1T
‘Bicarbonate - {HCO ) mg/l ' i76

Sulphate (so ) mg/1 3,384 .

s

Bromide A (B ) .- iiiomg/l o - ) .. 83

Fluoride = = vy b men
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Table 2 Carbon Number and Boiling Points of Saturated Paraffin

Numbers| Composition| Summation| Boiling Solubility
of Point i
Carbons A % Degres C mg/l
' b G.22 0.2 125.7 0.68
9 1.30 2.1 120.3

10 3.48 3.60° 174,80

11 4.23 9.33 “196.7

12 C 4,88 14,78 216.3

13 5.88 20.64 233. 4

14 §.18 28.33° 233.7

I3 10.69 39.352 270.6

16 10,686 S 50.18 | 287.1

17 9,06 -59.24: 301.8

18 8,42 §7.66 3161

19 7.68 73.34 329.7

20 §.14d 31.43 343.12

21 5.07 86.35 336.3

22 4,07 80.62 368.6

23 3.03 93.67 380.2

24 2,42 95.049 391.3

23 1.59 97.68 401.9

26 1.09 98.77 412.2

27 0.63 99. 42 142,12

28 .31 " 99.73 431.6

29 0.18 - 99.9] 440.8

30 0.08 99.99 149.7

31 g0.02 100.01 458.3
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Carbon Distribution (%)
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‘Carbon distribution of fuel oil A

27 % - o
-a..,.,QT,l_J.r. r._@@n";
‘8 1B 127 14 16 18 2 2 24 26 2'3 23

. Carbon Nﬁmber

Fig. 1 Carbon Distributi_on of the Fuel oil "A"

Carbon rumber and boiiling point C -

B 18" 12 1< 16 18 20 @@ 24 25 2B |
Carbon Number |

Fig. 2 Carbon Number and Boiling Points of Saturated Paraffin
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23 Analytical method

Concentration determination of oil in seawater was done usmg ‘Turbidity meter. In this

experiment, the Turbidity meter was standardized as described in 2.4.(1) by taking raw
scawater as blank. After the immersion of RO membranes in oil contammated seawater,
the concentration of oiI was determined penodleally This was done to check the stab:lity of
oil concentration and to add more oil when requlred

24 Experimental methods '

) Preparation of Contaminated Seawater

- homogenizer contammg 1 liter of distilled water and homogenized for 10 minutes, so
as to get 1000 ppm- oil in water. Three standard solutions @ ppm, 5 ppm and 10

@

The preparation of oil contammated seawater was done using the standard solutlon of
Fuel oil type A in distllled water prepared as described below. Requlred amount of
this standard oil solution was added to known amount of raw seawater and. mixed
property using a stirrer to achleve the requlred eoneentration '

[Preparatlon -of oil standard solution] : : -
Approximately 1 gm of Fuel oil type A was m]eeted to the inlet tube of the ultra sonic

pPpm) were prepared both in distilled and in seawater

Immersion of RO membranes in oil contaminated seawater ,

For the immersion of the flat sheet membranes in the oil contaminated seawater, three
different methods were employed In the ﬁrst method, membrane samples, 75 mm in
diameter were cut evenly and placed over a rubber sheet of stightly Iarger diameter,
Keeping the active side of the membrane exposed. The membrane along with the
rubber sheet was then kept over a PVC flange having an opening of 65 mm diameter
at the center. An O-ring was placed over the membrane and another PVC flange

was placed over it carefully (Fig. 4). The flanges were then tightened together using -

nuts and bolts, thus only the active site of the membrane was exposed. These flanges
were then immersed in a plastic tank eontainmg 40 liters of oil contaminated seawater
which was mechanically stirred (Fig. 2). The flanges were taken out after a fixed
period, then washed with distilled water and removed from the flanges carefully. It
was further rinsed with distilled water before placing it in the test cell,
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| '_ Tig'htening' the flanges along with membranes and o-ring could damage the
membrane area in contact with the o-ring. To avoid this, another approach was
used in which membranes and o-rings of larger diameters were used. The test of
prdcedufe_'was the same as described above. The membranes were cut carefully to
the required size of 75 mm diameter after removing it from the flange.

The third method tried was to carefully cut membranes directly for the immersion
without using PVC flange or rubber sheet. Here both the sides of the membranes
were exposed to the oil contaminated seawater, 5 liters of which was kept in a plastic
_container and stirred using magnetic stirrer. -After fixed period, membranes were
carefully removed and washed with distilled water.

~(3) Performance test of the immersed membrane with Mini-Module Tester(2)

The membranes to be tested were placed over the permeate passage material
(permeate spacei' cloth) on the bottom portion of the test cell C-70-F. An o-ring
was placed over the membrane and the cell was tightened properly after placing the
top portion of the cell. The four test cells containing 4 different types of membranes
were then connected serially on the membrane tester RUW-5. The performance test
was carried out using pretreated seawater feed at feed flow rate of 7 liter/min.,
pressure of 57 kgffem® and temperature 25°C. The permeate from each cell was
collected separ‘ate.ly over 30 minutes after 1 hr of operation. The volume and
conductivity of the permeates were measured.

3. Results and Discussion
3.1 Results

The t_urbidify of oil in distilled and in seawater with time are listed in Table 3 and Table 4
and in Fig. 4 to Fig. 8. Oil distribution data in distilled water in given in Fig. 6 and the
micro graphs in Fig 12 and Figd. The performahces of the four different types of
membranes were evaluated as freshly cut samples, immersion in pure seawater for 24 hours
and immersion in oil contaminated (1 ppml and 10 ppm oil) seawater for 10 and 24 hours,
The flux (m*/m’d) and salt rejection (percentage %) of each membrane were calculated from
their respective volume and conductivity of the permeate collected in 30 minutes. ‘These
values are listed in the Table 5§ and Fig.14 for the four membrane systems at different oil
concentration. |
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Fig. 4 Flat Sheet Membrane and Flanges to Expose Active Sides

of the Membrane

Fig. 5 Oil Emulsion Seawater Tank with a Stirrer Immersing the Flat

Sheet Membranes 8
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Table 3 Turbidity Changes of Oil Emulsion in Distilled Water

|Sample/Time| O Hrs 2 Hrs | .24 Hrs | 48 Hrs
DIS-Watar 0 0 0o - 0
0il (A) 1ppm 0.68 0.7 0.4 0.4
0il (A) Sppm 4.62 4 4 -9
0ii (A) 10 ppm 16 15.2 12 11

Qil-A- 10 ppm

-

I

0 Hrs

2 Hrs

24 Hrs

48 Hrs

Fig. 6 Turbidity Change of 0il Emulsion in Distilled Water

Table 4 Turbidity Changes of Oil Emulsion in Seawater

Sample/Tims 0 Hrs S Hrs 24 Hrs
_ SW 0. 0. 0
0il (A) 1ppm - |. 0,55 0.1 0.2
| 0il {A) Sppm 3.4 2.7 2.2
[ oit(A)1oppm | 144 15 14
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.3.2 Discussion -

The results of turbidity measurements show that the turbidity slightly decreases with: time.
Thls was observed both for oil in distilled water and in seawater. This could be due to the
.evaporation of the oil.

It is quite clear from the results given in Table 1 and Fig. 14 that for a given membrane there
isno si'ghiﬁcant difference in membrane flux or salt rejection, regardless of the procedure
used in contaminating the membrane. Also, the exposure of membranes to the oil
contaminated seawater containing 1 ppm and 10 ppm oil, does not reveal any performance

deterioration as the flux and salt rejection are found to be within the experimental error.
 These finding were found to be true for all membranes. The small variation observed could
be attributed to experimental artistic. From the results, however, it is not pbssible to derive
a conclusive conclusion on the effect of the exposure of membranes to oil contaminated
seawater on their perfdrmance. The ex;;eriments have to be modified by using oil
contaminated seawater as a continuous feed to the membrane.

4. Conclusion

The present study involves the performance evaluation (flux and salt rejection) of four
different types of membranes and the effect of their exposure to oil contaminated seawater -
on their perforinance. The results did not give any conclusive evidence of the effect of oil as
- the values obtained were not significantly different. To detect the effect of oil on
'mémbranes, oil contaminated seawater need to be fed to the membrane continuously.

5. Summary

~ The results of our experimental studies of the oil tolerance of RO membranes show that we
now need to.use continuous water flow experimental methods to obtain results from
stabilized performance tests.

On this occasion we aini_ed at accelerated tests by trying immersing RO flat membranes in
oil-bearing seawater but, although we could see that there was a drop in the performance of
RO membranes that has been immersed for 24 hours in seawater containing 10 ppm of oil,

there were wide variations. '

.115
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A possible reason for this is that the absolute quantity of oil that comes in contact per unit
area of membrane is so small that there is little permeation to the interior of the membrane
element. '

Consequently, we conclude that we must pre-treat seawater with different levels of oil
fouling and conduct membrane permeation tests by passing the water through the module
continuously. '

16
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1.. Objectives

In the previous research activity, oil tolerance test was performed by measuring performance
of flat sheet membrane before and after immersing them into the oil contaminated seawater.
Fuel oil tyoe A of Japanese standard was used to prepare an artificial oil contaminated
seawater..  Both TOC meter and Turbidity meter were used to analyze oil in the
contaminated seawater. However, the results show that the data obtained was not sufficient.
It was recommended that another -'experimehtal method with continuous water flow is
needed to know the effect of oil in seawater membrane performance..  Analytical methods
used in this experiments such as TOC and turbidity meter did not give accurate oil
cor_nc‘entratidh. A higher sensitivity analytical method is required to obtain more accurate
oil concentration data, especially for the analysis of low oil cunceht_ratinn in seawater.

The objectives of this experiment are as folows:

- A.  To analyze the effect of oil contaminated seawater on the performance of various

membranes and investigate experimental method by using artificially oil contaminated
seawater as continuous feed water to Mini-Module tester(2)

. B. -To ‘d_etle_l_'mine the type of oil to prepare artificial oi'l contaminated seawater
C. - To_analyze oil contaminated seawater using newly installed low concentration oil

.. measuring instrument, i.e. Fluorophotometric meter and confirm that it is useful to
_perform practical anlysis in experimental work.

2. E_xpeﬁmental Methods.

2.1 Preparation of artificial oil contaminated seawater

R Preparatmn of oil standard solution

__Approxlmately 0.1 ml of Diesel 0il No.2 was mjected into the inlet tube of the ultra
- .sonic homogenizer containing 1 liter of distilled water and homogenized for 10
- .. minutes, so as to get 100 ppm oil in water emulsion,

@ Preparation of c_on_t_aminated.seawater

- ;Oil_,_c;ont,'aminated' seawater was prepared adding known amount of oil standard
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solution in the feed tank of the Mini-Module tester(Z) to achleve the requited oll
concentration and mlxmg well by recirculating using hlgh pressure pump of Mlni-
Module tester to prevent segregation of the oi! emulsion. -~~~ - o

| 2.2 .Experimentnl equipment and materlals-_ -‘

.Mmi-ModuIe tester(Z) ; B T R
" Flat sheet . membrane tester RUW-5 made by NI'ITO DENKO Corporatmn, Japan,

The test cells used in the test were Nl’l‘I‘O ROfU F test cells

An_alyt_ical _r'nethod'for. ol in seawater

F'Itiorophotometﬁc' ol contefit measurement meter - -
- Spectroﬂuoruphutometer o

- Fluorometric measurement cell :

= Beaker (100 ml)

~ Measuring flask (50mt)

. ~Isooctane (Fluorometnc analysis grade)

Oll used in this experiment : :
In the prevmus research term Fuel oil type A ot‘ Japanese Industnal Standard was

used as the oil to prepare artificial oil contaminated seawater, However this kind of oit _ |

- could net be obtained in Saudi Arabia. After some investigation - and analysis of Fuel

@)

oil type A and oils available in Saudi Arabia, it was found that carbon distributions of
Diesel oil No.2-D of ASTM  and Fuel oil type A of Japanese standard which was used

in the previous research is approximately same. Consequently, Diesel oil No.2-D is

selected as a suitable oil for the preparation of artificlal oil contaminated seawater to

perform RO-2 experiment.

Analysis of Diesel oil No. 2-])
Carbon distribution of Diesel oil No.2-D and Japanese standard Fuel ol type A was

analyzed using GC-mass analyzer This method depends on taking summation of all
- peak areas of carbon molecules and- impurities molecules, and dlvidmg each large

peaks(carbon molecules) by this summation to obtain coneentration fraetion and

converted as percentage. The cumulative summation of concentration does not add

to one hundred percent, Therefore, the relative c_oneentration of eaeh_ carbon in the

- Diesel oil No.2~D and Japanese standard oil type A was calculated by the following
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equation:

'Conc. of any carbon =[Peak are of carbon/Z of all peaks] x 100
x [100/( Z (peak area of carbon/ L ofall . -
_peaks) x 100)] '

The result shows carbon concentration of C10 to C18 fraction in Diesel oil No.2-D is
slightly higher than that Fuel oil type A.:

- C18 = C26 concentratmn m Fuel oil type Ais sl:ghtly higher than that in Diesel oil
No.2—D

The results of analysns of Diesel oil No.2-D and Fuel oil’ type A by GC-mass are shown in
" Table 1, Flg. 1 and Flg. 2

The general properties of this two oils are almost similar as shown in Table 2.
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Table 1 Carbon Distribution of Diesel Oil No.2-D and Japanese Standard Fuel Oil "A"

i e b Comncemration %

_ No.ofCarbons | Fuel”A" | LightDiesel#2 | Boiling Poini (C)
C10 B 0.44 | 246 S 174 |
.ciro. i 063 1 418 . | . 1967

c12. - 142 | s13 1 . 2163

; C15 ¢ . 309 . 6.46 - 235.4

Cld 82T 4. 167 | . 2837

C15 722 S92 270.6
i Cl6 : 8.4 : 976 | 2871
C17 : $.34 ; 110t { 301.8
C18 ‘; 10.1 [ 1118 ! 316.1

: C19 : 10.91 i 109 3297

| C20 10.38 | 89 3432

C21 : 9.38 | 684 356.5

| C22 8.49 | 142 ; 368.6

i C23 6.07 | 1.9 380.2

| C24 4.38 | - 3913

C25 1.34 . 101.9
C26 ; 3.13 : - 4122

*Concenration was estimated from GC-mass peak area



BE

a-z*"ON TIO Tos9Iq JO uonnqunrsyy uoqre) T "big

a2

ST a1

(8. 3. 1. B)

7Cd

€D

[AM)

e ||y

610

81D

710

B
—
-

T

AW

£in

RGOK: 10

TR LA A

3o

mamﬁ

N
- Q
a
[4Y)

lTthTrrT‘l"Y"r

T
Q
-8
Q
m

0 Wdd@B b

sreoIOOmD ot oy



@8 3. 1.B)

o

o C 0 iV TIO Png paepues sseueder 3o UGHAGEA S10 uoqIy _N.._.ma _ o
- BE - &2 ST OT (wnw) gWit
s : " . L e ‘lﬂ% " " ez . B

e

I

9D _ .

[
&)

gA _ e 0t gon -
- o T30 ut satatandur.
_ S - F280¢E

610

.”_ﬁmmw:uMOHdﬂ:umxmzv

(333 v
I "582Ir0dd 3@ 2IL

I TV.OL.

KVEOOLOWORHD NO



(8.3.1B)

Table 2 - General Properties of Diesel il No.2—-D and

Fuel oil type A
Diesel Qil No.2-D Fuel Oil
- Type A -
Flash Point,Degree C _ 52 o 64-107
Distillation Temp.,Degree C -~ 282-338
Kinematic viscosity ~ ~  19-41 1.7-43

at40C at 50 C

: ASTM Standard for Diesel oil No.2 is shown in Attached Material-1 (ASTM D 975-89a
Standard Specification for Diesel Fuel Oils)

2.3 Experimental
(l) Stability of oil contaminated seawater
Oil concentration change of the recirculating oil contaminated seawater was measured

as shown in Fig. 3.

(2) Continuous recirculation operation of flat sheet membrane tester using artificial oil
contaminated seawater.

3. Results and Discussion
3.1 .Experimel"ltal Results

Initial cuncehtratinr_i of oil contaminated seawater prepared using ultra sonic homogenizer is
not stable and changes from initial 3.2 ppm to 0.8 ppm during 24 hours as shown in Fig. 1.

3.2 Discussion

The cause of oil concentration decrease could be either collapsing of emulsified oil particles
or evaporation of low boiling point hydrocarbons. Oil concentration analysis of the feed
water filtrate using 0.2 micron Micro-Filter will be able to determine the cause of oil
concentration decrease.
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Stablllty test of 0|l in sea water
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' HoWéver, this continuous recirculation oil torelance test can be applied as a simple oil
torelance testing method to be performed as a preparatory experiment of the perfect
continuous operation. ' '

4. Conclusion
(1) Continuous feed recirculation to that sheet membranes can be utilized as a
preparation step for the more accurate continuous operation of RO mini modules fed

oil contaminated feed.

(2) Diesel oil No.2-D is a suitable oil for the preparation of artificial oil contaminated
seawater s feed to RO-2 membranes. '

(3) Oil torelance test can be performed by recirculating oil contaminated seawater to
Mini-Module tester

5. Recommendation

Filtrate of feed water filtered by 0.2 micron Micro Filter shall be analyzed during
recirculation continuous oil torelance test.
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1.  OBJECTIVE . .

' The present stndy- aims nt.e'valuating the effect of soluble oil present in the pretreated oil-
_ 'c_onl‘.arninated seawater . on  various flat sheet RO membranes, In this experiment
‘performance (flux and salt rejection) of three different types of flat sheet membranes
obtained from - different manufacturers were monitored for a period of time with the
pretreated seawater feed supplied from the oil removal unit. '

(l)

tz)

&

| 2. EXPERIMENTAL METHOD |

Equipment . - : S .
Mini module tester (2) - Flat sheet membrane tester RUW-5 made by NI'ITO

=DENKO Corporatlon, Japan was .used to. evaluate the performance (flux and salt

rejection) of three different types of flat sheet membranes. ~The test cells used in the

~ tester were NITTO RO[UF test cell.

Materials

The flat sheet_rnembrane_s used in this experiment are Toray 80M, Toray 80S and
Nitto NTR 70SWC.

Experimental Procedure

The performance (flux and salt rejection) of the flat sheet membranes were
determined using pretreated vil-contained seawater feed. The feed flow rate was 7
liter/min. and at pressure of 56 Kg/cm?. The oil content in the feed was about 0.85

_ ppm as determined using spectrofluorophotometer.

3. RESULTS AND DISCUSSION

)

Q)

Results

~ The results of performance evaluation (permeate flow and conductivity) of three

different membranes for a period of 220 hours are shown in Figure 1. Permeate flow
for Toray 80M and 80S with temperature corrections are shown in Figure 2.

‘Discussion

It can be observed from the Figure 1 that the permeate conductivity of the all the

three _memb_ranes were unaffected during the entire operation period. However, the
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Figure 1 shows that permeate flow slightly d'ecreases with time for 'ﬁll“thé’*three
_different membranes This decrease can be attributed to the decrease in - feed

B temperature with:. time. - - 'This - has been confirmed by applying temperature

" corrections to permeate- flow of Toray 80M and Toray 80S membranes (see Figure 2) | _
- From these results it can be ‘concluded " that -the presence of sllght amount of the |
* dissolved oil in the feed dld not affect the performance of all the three ﬂat sheet .

membranes.

4. CON_CLUSIO_N

The present study reveals that ali the three different types of ﬂat sheet membranes viz, Toray

80M, Toray 8()S and Nitto NTR 70DSWC are unaffected by the presence of trace ‘amount of

oil in the ofl contammated seawater ‘feed whlch s supplled to the membranes by the oil -

. removal pretreatment umt.



(8.3.2)

WL, SA IUBIQUISIA OHMS I°L1 19) amuh._ PdUeBOY, O I Sy |
) | . SHNOH AWIL NOlLvHNa
T AA 89l vvL oZi 96 zL g ve

- 0:52-W08LRZ D.62-S08L 4 WO8L| S08lLo

NlIN 0€/00 MOT4 IvaWE3d .

. {OMS 0L HLN OMN3Q OLLIN ® W08 AVHOL ‘S08 AVHOL :SEINVHBWNIN) R
__;s_naomm.n._.zm.pzoo,.:o.,z\._.hao._mmz_mm.NE&mxmmumm:mmmma"mzo:._ozoozo_t_q_mmag

0s



PERMEATE CONDUCTIBITY ps/em

(8.3.2)

PERMEATE FLOW CC/30 MiIN

< Tsos FTaom HKNITTO 2XTEMPC

2,500

2,000

1,500

1,000

500

24

48 72 a6 120 144 . is8 220

OURATION TIME HOURS

& 71805 X TeoMm ¢ NITTO

24

48 72 96 120 144 168 192 216 240

DURATION TIME HOURS

Fig. 2 Qil Tolerance Test for Flat SWRO Membrane vs Time









(8.49)

Contents

) 1. OBJECI'IVE .....lIl.lf llllllllllll (AL NIRRT RN NI NEN Y] AR LA IR R R RN R IR R R R YN Y] LA AL NENY]
. ' 2. EXPERIMENTAL METH_OD rrerrensssserenasanas teernererranasserrrnnas coveseresiisiennnni -
(l) E(l“ipment -------------- SermnERzENay avsnssesnnnas ll.lh...l'l-lll‘lllllllll;lllltl.‘ ---------------
(2) Maten.als -....-.-...... .............. SESEPEPIPNSIRERERARABREITES .l’....l. IIIIIIIIIIIIIIII (LR X NLN)
3) Experimental Procedure «+sererarasineiisiiiioinnrnrrrrrnssssarsosrsses esmssscerenvasneanss

'3, RESULTS AND DISCUSSION :srviersencesansnrnss Sesseivecrorsnarencantsentteianarnnnnronantr
(1) Results -«:----- srreerensseasieas 4ersassressasnannesnatnanas SEeNENEITriRsts st e saraEaeea Avresinene

(2) Discussion ------- ‘l.'.'Il.ll'lIll‘ll‘lll.....Illlllllllll.ll; nnnnnn TRATRASIREAINANN NIV ENED shsvevnen

4. CONCLUSION -+:ee- et e e e Cereeitresrrasnrenanns



8.4)

List of Tables.

Table .. -~ Description

Table 1 . . Oil Turbidity Tolerance of Nitto NTR 70SWC Membrané



(8.4)
ﬁst of Figures

Figure ' Description Page

Fig.1  Oil Turbidity Tolerance of Nitto Denko NYR 70 SWC
SWRO Membl‘ane --------f---n--n--n-n-‘n---ou-o.nn.-ouotoa-lo-ﬁ-qo-c-.‘n----- ------------- 3

Fig.2 0il Turbidity Tolerance of Nitto Denko NYR 70 SWC
SWRO Membrane, Oil Content in Feed, Brine _
and Permeate(Ppm) «r«sctecesioriniaiiiiniiiininiiiiii, Verrcnnn vemrsres 4

-Fig.3 GC-MS Spectra of Oil i.n the Feed,Brine and Permeate «+++ssseeeessssiesiencnnsas 5






1.

(8.4)

OBJECTIVE

The present study aims at evalju'a_ting the effect of the oil in the pretreated oil-contaminated
seawater on 2._5"_' x 40" SWRO membrane module. - In this experiment performance (flux
and salt rejection) of this membrane was monitored for a peried of time using the pretreated
" seawater obtained from oil removal unit,” :

(1)

2. EXPERIMENT_AL METHOD

quupment

- Minimodule tesfer (2) -RUW-5 made by NITTO DENKO Corporation, Japan was
- used to evaluate the’ performance (flux and salt rejection). of the 2.5"x40" SWRO

- " membrane module.

@

3 -
a -_'The performance (flux and salt reJectxon) of the 2.5"x40" SWRO membrane mndule

(1)

Matenals
. 'The 2.5"x40" SWRO memhrane module used in this expenment was Nitto NTR 70

Expenmental Procedure

was determined using pretreated ofl-contaminated seawater feed. The feed flow rate
was 7 literlm:n and at pressure of 56Kg/cm®, The pH was maintained at 6.8, The
oil. content in the feed, brine and permeate was also determined using
spectroflurophotometer. GC-MS was also used to analyze oil content in the feed,
brine and permeate in the beginning and at the end of the experiments.

3. .RESU'LT_S.AND DISCUSSION

Results

. The results of performance (permeate flow and conductivity) evaluation and the oil
= cqnte_nt -analysis- using spectrofluorometer for a period of 528 hours operation are

shown in Table (1). Figure (1) shows permeate flow, conductivity and bundle
pressure drop with time and Figure (2) shows oil content as determined by
spectroflucrometer in feed, brine and reject of the mini module. Figure 3 shows the

. GC-MS spectrum of oil in feed, brine and reject in the beginning of the experiment.
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{2) Discussion

~ It can be ohserved from the Figure 1 that the permeate conductivnty of the membrane '
was. almost unaffected - throughout the experiment. However, permeate t‘low and '

~ bundle pressure drop were found to be _at'fected with time, Differential pressure was
- . found to increase and flow was- t‘ound to decrease with'time One of the reason for
the increase in differential pressure. could be high SDI of about 5.8 of the seawater

feed obtained from the oil removal unit. During the course of experiment  efforts
were taken to reduce the SDI value by reducing the dosmg of FeCD3 from 10 ppm to

2ppm and feed flow rate in the pretreatment from 1.25 m*%hr to 1 m*/hr without

affecting the oil removal efﬁclency However, these changes did not i improve the SDI.
value due to the fact that the present pretreatment system was madequate to. prevent -

- ferric from. escapmg through the media filters. - From these results it-is- difficult to
find the actual cause of performance decline of this membrane. This can be either

due the presence of oil in the feed or due to the high SDI value. Further_ s’tudy with

low SDI feed is to be conducted to establish the actual cause.

The oil concentration in the feed and brine: were found to be- almost same, whereas in

permeate it was almost zero in the begmmng and there was slight increase in

concentration later on. These measurements were made using spectrofluorometer

(see Figure 2). However, GC-MS spectra for the feed, brine and. permeate were

| quite identical in the beginning and also at the end.of the experiment (see-Flgure 3).
Since GC-MS is more reliable, it can be said that the. soluble oil present in the feed
were completely rejected by. the membrane. S -

4. CONCLUSION

The performance evaluation of a 2.5"mini-module using pretreated oil contamina"ted
seawater reveals that membrane performance is affected. = Since pretreated seawater used in
this experiment had high SDI value, it is difficult to conclude from this study that which

factor (high SDI value or presence of oil) is responsible for the performance. detenoratmn.'

Further investigation with low SDI pretreated feed is necessary to establish the actual cause.
From the GS-MS analysm, it can be concluded that the membrane rejects. almost all the
dissolved oil in the feed. ' '
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‘. Fig. 3 GC-MS spectra of ofl in the Feed, brine and permeate
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