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Amount of IN Na.f£0s: added (ml)

Fig. 3.1.1 Relationship between Amount of 1N NaZCO3 Solution Added and M-Alkalinity of
Brine obtained by this Experiment
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Assumed alkalinity after having added IN Na,CQ,

= (50)(10%) Vy,/Vs + ALKs [ppm as CaC0,] veervirnsnnins 311
where

(50)(10%): Alkalinity of IN Na,CO0, solution

Vial Amount of IN Na,CO, solution added [lit.]

Vst Amount of brine to be added [lit.]

ALKs: AIkaIiﬁity of brine before being added [ppm as CaCO,]

Since VNA.=0.01, Vs=0.5 and ALKs=181.7 in a normal case, the assumed alkalinity is
1,181.7 ppm as CaCO; and the value that the M—alkalinity of filtrate after having scparated
precipitation has been deducted ﬁom the assumed afkalinity becomes precipitation weight con—
vested to CaCO,.

32 Expenmentai Condition

. Though the experimental condition has been established in accordance with the initial
plan; it has partly been modified in order to adapt it to actual operating and environmental condi—
tions as much as possible. Variable factors are shown below. '

A. Brine temperature
‘Since the outlet temperature of the brine heater durmg normal operation is 90.56 °C in Al
J_uball_ Phase~1I plant, it has been decided to conduct the experment at 95°C,
. 80°Cand 50°C. '
B. Brine concentration -
It has been determined to be in accordance w1th the operatmg condition in Al Jubaﬂ Phase~2
piant .
C. Concentration of scale mhiblt()l’ {0 be added
1t has been determined by using the standard concentration of 5 ppm of polymer:c carboxylic
acid base scale inhibitors as a yardstlck _
However two differrent conccntranon namely 3ppm and 10ppm wcrc consmdercd for com-
parison.
~ D. Cencentration of Oil to be added
~ Three c.undxtions in the range of 1- 100x10"% ml/l have been adopted.
E. Retention time of scale mhlblt()l‘ : :
' 'Threc condmons i.e. 5 minnutes, 17 minutes and 60 minutes have been adopted
Table 3.2.1 shows the combination of these variable factors which allows us to gain the most
effective results.

3111



Table 3.2.1 Experiments Condition

RETENTION | CONCENTRATION [ CONCENTRATION
THST .| TEMPERATURE S | oF
' TIME SCALE INHIBIT. OIL NGTE
NUMBER |——— : — —
C - min ppm ppPm .
S1bt 95 60 0 0
stol -l 95 . 60 5 0
$102 a5 60 5 1
$104 . a5 60 5 100
5105 a5 80 10 100
SIb4 95 ' 17 0 0
$109 95 17 5 0
$110 95 17 5 1
sttt 95 17 5 100
$1b2 85 5 -0 0
$1b3 95 5 0 100
5112 95 5 3 100
$106 95 5 5 0
S107 95 5 5 1
$108 a5 5 5 100
S113 a5 5 10 100
52b1 .80 60 0 0
$201 80 80 5 0
$202 8¢ ' 60 5 1
5203 80 60 5 10
$204 80 . 60 - 5 100
$205 80 60 3 0
| ———- — — " . —f—

$206 80 5 5

5207 80 5 5 1
5208 80 5 5 100
$3b1 50 60 0 0
5301 50 60 5 0
$302 50 60 5 1
$304 - B0 80 5 - 100

) :SCALE INHIBIT. repreéents the scale inhibitor using in this te's‘tsl,
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3.3 Experimental Method
Experiments can roughly be classified to the following two items.

A. Preparation of concentrated secawater
B. Experiment on the deposition of precipitation

3.3.1 Preparation of Concentrated Sea Water (Brine)
(1) Experimental Eqmpmcnt

To imitate recirculating brine of actual plants which have adopted the C.D. Method as a
method of preventing scaling, vacuum ¢vaporation must be adopted under the temperature of
60°C and below to concentrate scawater to 1,4 times without causing precipitation. For this
reason, a rotary evaporator on the market has been used., It takes about one hour for the prepara—
tion of one batch 350 ml with this rotary evaporator. Fig. 3.3.1 shows the configuraticn of the
rotary evaporator adopted.

'RE-524 ,
>4 Coollng W?-tef : : _
: 0/- . — To temp. control unit
To vacuum. pump | g -
N ) e/
Storage bottle for _ _ _ -
dlstlllated water S T R L/’ ' =
o RES2
8
Control unit
' Water Bath

_ Fig.3.3.1 Configuration of Rotary Evaporator using for Concentration of Scawater
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(2) Experimental Methed
Brine has been prepared according to the following procedures.

* Sampling of raw scawater: :
Raw scawater has been sampled at the inlet of feed seawater to - the deaerator of Al
Tubail Phase-1T MSF Plant No. 31 Machine. (Only chlorination has been dong.)

* Filtration of seawater: -

Seawater has been filtered with filter paper to remove suspended substances whiich have
possibility to become kernels at the time of precipitation. The method of filtration under rcduccd -
pressure has been adopted, since scawater of about 20 liters must be treated at a time.

* Preparation of brine:
Seawater has been concentrated to 1.4 times at 60°C with the rotary evaporator. No
occurrence of precipitation has been confirmed af this time.

* Keeping of brine
Brine of 20 fo 50 liters has been kept in a polyethylene vessel. ‘Water quahty has been
analyzed and finely adjusted by addmg pure water at this time. '

(3) Chemical Constitnent of Raw Scawater and Brine .

Raw scawater has been concentrated twice under reduced pressure to prepare brine and
the concentration rate of brine has been finely adjusted to 1.4 by adding pure water. The chemi-
cal constituent of raw seawater and brine is shown in Table 3.3.1. .

The first concentration work has been done on the basis of chlorine ion. However, when
the second concentration work has been done, concentration in M-alkalinity has been adjusted o
1.4 times by reducing the speed of concentration using a pressure réd_uéing pump and Suppress—
ing the diffusion of CO,, since concentration in M-alkalinity could not reach the expected rate at
the first concentration work.

(4) Analytical Apparatus and Method

* pH: pH meter

* Electric Conductivity: Electrical conductivity meter
* M-alkalinity: Automatic titrater

* Chioride ion: Wet analysis

* Calcium ion: ICP emission spectromcfcr ‘
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* Magnesium ion: ICP emission spectrometer

* Concentration Factor; Salt meter

Tabie 3.3.1 Chemical Constituent of Raw Scawater and Brine

Raw Brine
I. TEM Seawater T

#1 CF # 2 CF
pH (25°C) 8. 17
E.Conduc.tivity (g S/cm) 77, 246
M-Alkalinity (ppm as CaCO0j;) 128. 8 154, 1 (1.20]181.7 | 1.4
Chlorine ion (ppm) | 23,513 | 33,240 | 1.41 | 31,769 | 1.36
Calecium ion - (ppm) 400 | 630 | 1.57
.Magnesinm ion (ppm) 1,400 1,967 1.40

note CF:Concentration-Factor
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3.3.2 Experiment on the Deposition of precipitation
(1) Experimental Equipment

In order to observe the experimental conditions shown in Table 3.2.1, the three~neck
flask attached to the cooler has been used and condensed water has fotally been returned to this
flask, as shown in Fig. 3.3.2. An oil bath and a vacuum pump have been used for raising tem-—
perature and keeping it constant,

(fﬁi'To yacuum pump

r.'-
/ \:~—+~E> To temp.control unit (30°%C) Condenser

— Liebig type cooler

95C
- 105C . ‘ |
: ... Cooling water
Thermo. meter @ @ K - From temp.conirol unmit

_— Put N:iaCGs solutilon
J\Lr/ of IN from this point

f:_:—/ = Three neck flask (2 lite)

\,Z_T“\ 0il bath

Fig.3.3.2 Equipment Apparatus using for Deposition of Precipitation
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(2) Experimental Method -
Experiments on the deposition of precipitation have been conducted according to the
following procedures.

1) In case both oil and a scale inhibitor are added
* Charging of brine
Specified quantities of oil and a scale- inhibitor were added to 500ml of the concentrated—
‘brine and stirred with a blender for 20 seconds. The prepared brine is charged immediately into'a .
three—neck flask attached to the cooler.
A sample of brine into which oil of 100 ppmn was added and has been stirred with a
! blender for 20 seconds, the particle sizes of emulsified oil have been measured with microscope.
Almost all particles of emulsified oil were 10 zm or smaller and dispersed uniformly as shown in
Fig. 3.3.3.

Fig.3.3.3 Micfo'scopc Photo for Measuremént' of Oil Particle Size after Mixing Brine with Qil by
' Blender ' '

X

x
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* Heating of brine: .
To keep. specificd temperature for 30 minutes while returning back condensed water. To

confirm no occurrence of precipitation.

* Time of beginning of reaction and breakage of supersaturated state: -

To add 1IN Na,CO; of 10 ml to brinc in this state and to stir quickly. This time is decided
to be the time of the beginning of reaction. When starting to add 1IN Na,CO,, M-—alkalinity
begins to decrease with the formation of precipitation. When adding 1N Na,CO, further, there is
a point where M—alkalinity begins to increase, This point is the breaking point of a supersaturat—

cd state.

* Formation of precipitation: .

When adding 1N Na,CO, further, precipitation increases together with increase in M- |
alkalinity, | _

To add 1N Na,CO, of 10 ml calculated by Equation 3.1.1 to increase M--alkalinity up to
1000 ppm as CaCO,.

* Separation of precipitation:
To form precipitation for specified period of time, and then to qu1ckly filtrate prccnpita-

tion with No. 5C filter paper.

* Treatment of precipitation and filtrate: :
Supposing the necessity of mass balance chcck and for observmg the shapcs of crystals of

prcmpxtatlon to keep both precipitation and filtrate.

2} In case oil is not added and a scale inhibitor is added.
* Charging of brine

To add specified quantity of a scale inhibitor t():_S(;)Oml of the concentrated brine and to
stir then to charge it into the three—nack flask attachéd t,'o" the cooler.’

To charge this flask with it right after then.(Hereinafter, same as 1)

3) In case both oil and a scale inhibitor are not added
* Charging of brine: .
To charge the three—neck flask that is attached to the cooler with 500mi of conccntratcd

brine.(Hereinafter same as 1)
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(3) Name, Physical Propertics and Composition of Qil Added

* Name: Light Diescl Oil
* Physical propertics:

* Viscosity:. 2.848 cit,

* Sulfur: L 0.64

* Method of analysis:

* Type of analyzér

Carbon number12 or below: SIMADZU GC-14A
Carbon number 13 or above: SIMADZU GC-7A _ _
* Constituent: Table 3.3.2 shows the rates of contents of organic substances

Specific gravity: 0.8679 (15/4°C),

Gas chromatography analysis

included in this oil by carbon number.

" Table 3.3.2 Concentration of Hydrocarbon contained in Light Diesel Oil

Cw | Conc. (ppm)' Cw | Conc. (ppm) | Cw | Conc. (ppm)
| | | ‘ L

C- 1 C-11{ 9,380 C-20] 8,700
. ND i1z 1s3.2¢10° |c-21| 3. 400
c-al !l le-tal 1286100 {co22l 1850
C- 5 11 [ C-14| 24.9%10° |¢-23 708

c- 6 128 | c-15] 27.6%10% |C-24 158

C- 7 A6 | C-16| 18.5410% | C-25 180
e8| 647 |c-17] 28.3¢10° |26 130
C- 9| 3080 C-18 | 21.5%10° | ¢-27 86
c-10| 9,620 | c-19| 12.8410° | C-28 1
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Figs. 3.3.4 and 3.3.5 shows data for C,, or below and C,, or above among measured data
to calculate the rates of contents by carbon number mentioned above respectively.

(4) Name, Physical Properties and Composition of Scale Inhibitor

* Name: Scale inhibitor "x"

* Specific gravity: 1,22
* pH: 1.0-2.0
* Appcarance: Amber Liquid

* Major Constituent: Polymeric carboxylic acid
(5) Apparatus and Methods

* SEM Photo: Scanning clectron microscope Hitachi $-800
* Others: Hereinafter, same as 3.3.1 (4).

4. Results and Discussion
4.1 Experimental Results _

Experimental on the deposition of prempltatlon has been made on thc ba51s of expenmen—
tal conditions shown in Table 3.2.1. o

Table 4.1.1 shows measured results on the M-alkalinity of each filtrate,

Since the tendency that particles of precipitation become fi nc has been observed during
this experiment when temperature becomes 80°C or above and oil conCentrdtzon becomes 100
ppm, precipitation shown in Table 4.1.2 have been observedby SEM examination. Figs. 4. Llto
4,1.8 show the results. '

4.2 Discussion .
4.2.1 Method of Evaluating the Action of Scale Inhibitors

The aim of this research is to cxamine and compare thc performance of scale mhlbltors in
use now in the case where ojl intrudes into water by carrying out laboratory- scale experiments.
Authors therefore wish to review the methods of eValuating the effect of the scale inhibitor used
in this experiment first. ' | '

As stated in Chapter 2, scale inhibitors have two effects, i.e. A) threshold effect and B)
crystal distortion effect.

In the case where the threshold cffect comes into force, the M-alkalinity to be detected
which concerns CaCO3 precipifation becomes more than the critical concentration of CaCO,
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~ this Experiment (Carbon Number: up to 12)
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TINE AREA HEIGHT  ME

CH PENO
1oz 1,181 120588 15043
3 1.295 102592 18195V
4 1.392 169544 - 33513 ¥
5 1.631 155451 - 5256
&  1.B36 450195 69589
T 2.03 724317 23179 .V
8  2.28 196310 20956 -V
g 2.657 856388 73213
1@ 3.102 263314 32690
N 3613 167460 18000
12 5.817 321383 18332V
13 4.407 654600 43231
14 4.768 381295 29036 V
15 5.427 10925 - 995
16 6.138 405530 16394
17 6.658 23815 1786
18 T.167 37455 3115
19 7.782 549204 2393}
C-12 20 s.706 41425 2732
2053 336767 15830
22 10,342 17470 1019
75 11,997 456619 12837
23 11.973 16013 1342
C (13 35 1236 1918664 41050
36 14.47] 1266421 46452
21 14,997 2322311 48374 v
C-14_28 16.79 1972852 46202
29 " 18.961 1706937, 52561
50 19.445 2641127 7i021 ¥
£-15 31 20.45) 2317603 61455
527 21.48 11351 1058
33 22.464 1936011 - 34083
C-16 32 23.897 3611472 96449
35 25.31 7124592 53006
C-17 36 26.899 4700377 139496
5728771 1432288 72358
{-18 38 29.76% 4438173 130187
T3 30.723 517430 13837
a0 31.53 104091 17976
{-19 _4 32.4% 2840897 . 107747
47 33.461 267674 12351
cop B 34.08 198783 9657
94 34.8%6 2125784 91946
45 36.263 104802 3759
C-21 46 37.228 921103 52074
Ay 3807 168122 6608
C-22 4s  39.47 462229 28739
48" 40.286 3469 2224
(-23 5o 41.654 212497 12933
51 42.335 79530 1661
. 52 42.964 23637 1729
[-24 33 33.79%% 113509 £750
. 50 344.453 18145 100t
£-95 35 43.812 55662 3070
36 46.516 20823 60
57 47.133 9230 430
C-96 58 _ 47.889 22161 1439
397 a8.7il 24271 802
C-27 o 49.859 10116 706
_ 51 51.789 3145 363
¢ 2.8 BV 4986 247
63 63.0722 5302 148
TOTAL 16660848 1733604

Fig. 3.3.5-2 Estimation of Carbon Number from Gas-Chrotogram
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Table 4.1.1 Result of M—Alkalinity Measurement in Each Experimental Condition

RETEN- |  CONC. CONG. CONCENTRATION
TEST TEMP TION | OF . 0F : ]
| TIME | S.INHIBIT. 01l ALK ALKru |- ALK
NUMBER R EES —t L
T min ppm ppm ppm as CaCOs
- S1bl g5 60 0 0 154, 1| 112.7] 140.3
S101 a5 60 5 0 154. 1 98.9 | 126.5
5102 95 60 5 1 154.11 108.1! 185.7
S104 95 60 5 100 154. 1 94.3 | 121.9
$105 95 60 10 100 jo154.11] 140.0 ] 167.6
- — — — S DO H—
S1b4 95 17 0 0 181.7 [ 131.1 ] 131.1
$109 95 17 5 0 181.7 ] 218.5| 218.5
S110 95 17 5 1 181.7 | 174.8| 174.8 1}
$i11 95 17 5 100 181.71 186.3 ! 186.3
$1b2 95 5 9 0 181.7; 455.4 | 455.4
$1b3 95 5 0 100 - 181,7 ] 179.4| 179.4
8112 95 5 3 100 181.7.1 216.21 216.2
$106 1 5 5 0 154.1 | 515.0] 542.6
$107 05 5 5 I | 181.7| 388.7] 388.7
5108 a5 5 5 | 100 181.7 1 213.9| 213.9
§113 95 5 10 100 181.7 | 216.2| 2i6.2
§2b1 80 60 0 0. 154. 1| 108.1{ 135.7
$201 80 60 5 0 154. 1] 210.5] 238.1
$202 ] 80 | 80 5 1 154.1 | 141.5 | 169.1
§203 80 60 5 10 154.1 | 138.0| 165.6
So04- - |- 80 | 60 - 5 100 154..1| 202.4] 230.0
1$205 80 60 3 0 154. § 88.9 | 117.5
5206 80. 5 5 0 - 181.7 | 246.1] 246.1
$207 80 5 5 1 181.7 | 262.21 262.2
§208 80 - 5 5 100 181.7 | 466.2 | 466.2
$3b1 50 | 60 0 0 154.1 | 197.8| 225.4
$301 50 | 60 5 0 154. 1] 218.5 | 246.1
- $302 50 60 5 1 ~154.1] 207.0| 234.6
$304 50 60 5 100 154.1 | 174.8 | 199.4

%) S.INHIBIT. :Scale inhibitor using in this tests
ALKs:M-Alkalinity before heating, ALKew:M-Alkalinity of liltrate
ALK¢:M-Alkalinity be corrected of filtrate
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Table 4.1.2 Precipitate for SEM Examination

RETENTION |  CONCENTRATION | CONCENTRATION

TEST TEMPERATURE oF OF .

TIME | SCALE INHIBITOR 0lL
NUMBER [~ - e o

T min ppm ) ppm
51b2 95 5 0 0

5106 95 5 5 0
5108 95 5 5 100
Sit1 - 95 17 5 100
Sibl 95 60 0 0
$101 95 | 60 5 | 0
5104 95 60 5 100

$204 80 60 5 100
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Figdll

Result of SEM Examiné_tio‘n of Scale Constituent Precipitated(Temp. 95°C, Retention
Time 0 min., Scale Inhibitor Concentration Oppm, Oil Concentration 9ppm)
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Fig.4.1.2 Result of SEM Examiination of Scale C_c»nstitpent Precipitat#d(’l‘cmp, QS?Q,_Rctcntion _
Time 5 min., Scale Inhibitor Concentration Sppm, Oil Concentration Oppm) '
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Fig.4.1.4 Result of SEM Examination of Scale Constituent Prccipitated(Témp; 95°C, Retention
Time 17 min., Scale Inhibitor Concentration Sppm, Oil Concentration 100ppm) |
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Fig;4.1;5 Result of SEM_:Examinat_ion of Scale Constituent Precipitated(Temp. 95°C, Retention
“ Time 60 min., Scale Inhibitor Conceﬁtfation Oppm, Oil Concentration Oppm)
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Fig.4. 1 6 Result of SEM Examination of Scale Conshtucnt Prempltated(’l‘emp 95°C, Retention
Time 60 min., Scale Inhibitor Concentratlon Spprn, ‘Oil Concentration Oppm)
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.Fxg 4.1.7  Result of SEM. Exammat]on of Scale Constltucnt Precipitated(Temp. 95°C, Retention

Time 60 min., Scale Inhibitor C0nccntrat10n Sppm, 0Oil Concentration _100ppm)
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Fig.4.1.8 Result of SEM Exammat:on of Scale Constituent PreCIpltated(Temp 80°C Retention
Time 60 min., Scale Inhibitor Conccntratlon Sppm, Oil Concentration 10Cppm) '
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precipitation which is stoichiometrically calculated. Though it is difficult to estimate the amount
of CaCO, precipitation from this change in M--alkalinity using data which have been gained with
a test unit where fluid continuously flows in and out, it becomes possible in case of a batch test
unit like that for this experiment where the amount of charged brine is known. -

B) will be discussed afterward, based on the results of SEM examination, since it can not
be demonstrated in this rescarch. A) can be confirmed by the analysis of water quality.

From the above viewpoints, residual M—-alkalinity for each influence factor has been
summarized, looking upon that the amount of precipitation corresponds to the value which is
calculated by deducting residual M—aikaliﬂity after the occurrence of precipitation from that at
the time of the charging of brine. Figs. 4.2.1 t0 4.2.4 show summarized results.

4.2.2 Evaluation of Various Kinds of Influence Factors by M—alkalinity
(1) Influence of Retention Time of S_cale'Inhibitoi' on M-~alkalinity {ALK.)

Fig. 4.2.1 shows the relationship between AIKF (M-Alkalinity to be corrected of filtrate)
and retention time at 5, 17 and 60 min. after the moment when precipitation has forcibly been
formed by adding IN Na ,CO, to brine which was added with a scale inhibitor of five ppm be~
forchand. (Initial alkalinity is 1,000 + 181.7 ppm as (,aCO3) ' o

When comparing the blank value at 5 min, after with the value when a scale mmb«—
itor of 5 ppm was added, ALK of the latter is larger and it means that this scale inhibitor
has slowed down the growth of precipitation,  However, when oil is added, the growth
speed of prcmp:tat:on increases (the r»ductmn rate of M~alkalinity increases). When oil
of as much as 100 ppm is added, the reduction rate of M-alkalinity increases up to nearly'
three times of that in the case of no added oil.

On the other hand, as retention time becomes longer the difference in M~ alkahmty
mentioned above becomes smaller gradually and, 60 min. after, M~alkalinity values under all
conditions converges in around 100 ppm as CaCO,. In other words, both the scale inhjbitor and
oil are hardly concemed inprecipitation stoichiometrically, and the former in particular supports
the cstabliéhed theory. For oil, it can be said that the above-mentioned fact has also been con-
firmed by this experiment from the fact that oil has no affinity with water under this temperature,
though it has already been anticipated. . : _

When 100kmg only. data of 60 min. after, the presence of oil has no relation to the OCCUr—
. rence of precipitation and the effect of the scale inhibitor can be said to be only the effect of
crystal distortilon Actuall'y, the above-mentioned state is impossible, since the retention time of
circulating brinie is two to three minutes in actual plants of 20,000 t/d class. Data of 5 min. after
' 'thercfore seem to be the most- important. ‘

" Needless to say, the occurrence of prempltatmn does not dlrectly connect with the
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increase of fouling index and the rate of scaling to heat transfer surfaces slows down when the
crystal distortion effect effectively works, even if precipitation has occurred. - However, the
occurrence of prccipitation is always the primary factor for the increase of fouling index and it is
important to look the influence of oil whether or not it can be the initiation of precipitation.

When evaluating data of § min. after from such a-viewpoint, it can be said that the
presence of oil in actual plants with retention time of two or three minutes becomes the cause of
accelerating precipitation and _highcr_oil concentration acceleratcs more. '

As can be seen from Fig. 4.2.5, S. Steinberg et ai® shows that the amount of circulating
brine containing a scale inhibitor, i.¢. retention time, closely telatcs to the growth rate of precipi-
tation and the latter accclcratédly increases with the increase in retention time. This trend is
similar to this experiment.

It is easily anticipated that the rate of increase in the growth speed of precipitation with
the increase in retention time varies according to the kind of inhibitors.

(2) Influence of Concentration of Scale Inhibitor on M~alkalinity
Fig. 4.2.2 shows the correlation between the residual MFalkalinity and the concentration

of scale inhibitor added at five minutes after the scale inhibitor comes into" contact with precipi~
tation under the conditions of ¢il concentration 100 ppm and 95°C. It is clearly scen from this
figure that thc_l_nlnbltor of more than 3 ppr has no effect to prevent precipitation. This value
perfectly coincides with the concentration of scale inhibitor added of 3 or 4 ppm in’Al Jubail
Phase-2 plants. This fact has uncxpectedly proved that scale prevention has been carried out
effectively and cconom:cally in these plants. This fact has also provcd the adequacy of this
evaluation method. ' '

(3) Inflitence of Temperature on M--alkalinity

Fig. 4.2.3 shows the correlation between temperature and M-alkalinity -at 60 minutes
after the scale inhibitor comes into contact with precipitation under the conditions of the concen~
tration of scale inhibitor 5 ppm, and the same of oil 1-and 100 ppm, together with blank values:
These data have been obtained by the 60 min. test which has been conducted without anticipating
that the contacting time of the scale inhibitor with prec;pltatlon has so Iarge influence on M~
alkalinity. Thé 5 min. test should therefore be conducted separately. However, this test has not
been conducted because scaling becomes an'issue only in high temperature state, data from this
test have alrcady been obfained as described in 5.2.1 and consxdcrably long time is nceded for .
preparing brine. ' L : - ' .

The following can be concluded from the above-mentioned data. -
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1) Though the influence of oil is not so large under the conditions of retention time 60 min. and
50°C, the higher concentration of oil still lowers residual M-alkalinity and accelerates the
growth of precipitation.

2) Under the conditions of retention time 60 min and 80°C, the dccrease in M-alkalinity is
similar to that at 50°C when oil is not included. However, the highér the concentration of oil
is, the larger the decrease in M-alkalinity becomes in comparison with that at 50°C when oil
is included.

3) Under the conditions of retention time 60 min and 95°C, the effects of scale inhibitors and
the influence of the concentration of oil completely dlsappear and the decrease in M-alka-
linity is accelerated.

(4) Influence of Qil Concentration on M~alkalinity

Fig. 4.2.4 shows correlations between residual M-alkalinity and the concentration of oil
for retention times of 5 min. and 60 min. . by temperature., Evaluation on thesc rcsults has already
becn described in (1), (2) and (3).

However, reference should be made to the fact that the particle size of prec1p1tdt10n
becomes very siall when oil of 100 ppm is added. Some pamcics of precipitation have passed
through No. 5C filter paper at the test under the conditions of oil concentration 100 ppm, tem-
perature 80°C and rctention time 60 r_hin, as mentioned in (3). This fact is considered to be the
reason for the abnoﬁnal value of residual M-atkalinity of filtrate under the condition (5204} of
this experiment. (Filter paper of 0.45 micron has becn used for the test under the conditions of
95°C, 100 ppm and 60 min. <S104>). _

Consequently, these data were plotted at the time the figures were madc but thcy have
been neglected when related lines were made.

4.2.3 Effect of Scale Inkibitor on Crystal Distortion

The shapes of cry's't'al's have been compared: for both cases where oil was added and not
added, and from the results of SEM photographs of precipitatc which have been obtained dﬁring
the experiments conducted under the conditions shown in Tablc 4.1.2 Though the shapcs of
crystals have scarcely been changed by the addition of oil of about 1 ppm, they have been
changed to an aggregate of sphcncal shapes with diameters of about overl00, pm by the addition
of oil of 100 ppm. Furthcrmnre, the shapes of crystals have also been observed in the preliminary
experiment when oil of 1000 ppm has been added. As shown in Flg 4.2.6 and 4.2.7 , partlcles
with diamcters of about 100 Hm down to 30 um or smaller were found.
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F1g 4, 2 6 Result of SEM Exammauon of Scale C‘onsntuent Prec1p1tatcd(Temp 95°C, Retention
Time 60mm., Scale Inhibitor Concentration 5ppm, Oil Concentration Oppm)
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Fig.4. 2.7 -Result of SEM Examination of Scale Constituent Prec1p1tated(’I‘emp 95°C, Retcntlon':
Time 60 min., Scale Inhlbltor Conccntratzon Sppm, Oil ‘Concentration IOOOPpm) '
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However, though particles were found down by the intrusion of oil, this phenomenon
does not directly connect with the adhesion of oil to inside surfaces of heat transfer tubes, Exper--
iments with bench-scale equipment which imitates the heat transfer conditions of MSF are
necessary to clarify this connection. :

For the cffect of a scale inhibitor, clear dlffcrcncc has not been found through photo—
graphs which have been taken this time. However, clear difference in the adhesion of precipita—-
tion to the inside surfaces of the three—neck flask has been found during the experiment between
two cases where a scale inhibitor has been added and it has not been added. When a scale inhibi-
tor has been added, precipitation has scarcely adhered, Quantitative data, however, could not be
obtained through this experiment. . _

In any case, bench-scale equlpmcnt mentioned above:is preferable to the present Batch—
type experimental equipment in order to give universality to these data.

5. Conclusion - : . _

Experlmcnts and investigations have been conducted on the relationships between the
inhibiting effccts of scale inhibitors and each of the concentration of oil, retention hmc(reactlon
time), temperature, and the concentration of inhibitors by excessively adding carbonate ion. This
experiment is different from practice in general, by forcibly depositing scale in brine to clarify
the change in the performance of scale inhibitors which are now used in actual plants when crude
oil has infruded into raw scawafter. Results acquired by these experiments are as follows,

‘(1) The presence of oil is a factor that accelerates scaling and consequently the degree of scaling
becomes greater for higher oil coacentrations.

(2) Polymeric cafrboxylic inhibitor. "X" which has been used in this experiment, has the ability to
suppress scaling when it comes into contact with brine under scale forming condltlons
However, that ability diminishes time as reaction time is extended.

3 There was no difference in the inhibiting effect of scale inhibitor "X" on precipitation and
~ deposition in the range of temperature tested when oil is included, even though more than 3
ppm of this inhibitor was added. '

~ 6. Future Subjects

~ In this experiment, the amount of foulants were evaluated from the results of a decrease
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in M-alkalinity by primarily grasping the generation of foulants when grasping the phenomenon
of scaling in MSF. However, all "scaling substances”, i.c. precipitation, do not necessarily adherc -
to heat transfer tubes as scale. Concentration gradients in the vicinity of heat transfer surfaces are
necessafry for the adhesion of scale and they allow the-phcﬁdmenon of scaling to be related to
the concept of fouling. This is most important for the stable operation of MSF over a tong term.
Also, there is a close connection between the difficulty in removing scale by ball cleaning and a
decrease in the fouling factor. 7 : '

From the above-mentioned viewpoint, a ling—term experiment under various conditions
changing the kind and concentration of oil and the kind of scale inhibitor is considered necessary
as the next stage of research to clarify the decrcase in heat transfer coefficients(increase in the
fouling factor of a heat transfer tube) when oil has intruded into raw seawater.

Though it can be thought to use a test plant directly for these cxperiments in a heat trans— .
fer state, a complicated process such as the cleaning of the inside of equipment when experimen-
tal conditions are changed is necessary, since oil is introduced into the test plant.

If contigency planning is ncccssary in SWCC, it is considered that bench-scale tests
using equipment which has heat transfer surfaces should be carried out and then confirmation
tests using a test plant should be conducted after experimental conditions have been strictly |

selected through bench-scale tests.
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1. Introduction - o

in the Arabian Gulf, contamination of scawater by oil has become a matter of growing
concern. In particular, oil outflow during the Gulf War had posed serious problems to seawater
desalination plants. In the situation, if oil contaminated seawater is used as raw water for the
MSF evaporation type desalting process (i.c. the main desalting process used in the region), part
of oil may be carricd over in the product water, thereby rendering it unsuitable for drinking,

There are several barriers to overcome in counteracting oil pollution of seawater in order
to obtain water from a contaminated scawater outflow. Various methods are available for trial to
prevent oil mixed with the seawater, as it is extremely important that seawater contaminated with
oil, should not be supplied to the MSF plant equipment. However, even if utmost precautions are
taken, the oil is not always totally removed and possibility of a certain level of oil mixé._d with the
scawater always exists. ' |

In order to devise countermeasures to protect the internal equipment of the MSF plants,
together with developing an understanding of behavior.of oil in flash chamber and evaluating its
effects on the quality of the product water, it is necessary to develop a method of analysis of oil
in seawater and product water. ' . 7

Moreover, it is important to survey the relevant data to study several phenomena (particu-
laily evaporation of water and évaporation/condensation of oil which occur in paralie! with it)
which occur concurrently within the piaht. During quantification, if the composition of the oil
present in seawater is simple, it is possible to simulate it by chemical engineering analysis.
However, in fact, the properties of the oil present in seawater are extremely complicated and are
extremely difficult to quantify. - -

Therefore, to cope with the flow of oil into the Arabian Gulf, the purposes of this study are set

up as follows: - |

(D) To compare three methods currently available for the analysis of oil contained in
scawater, concentrated brine and desalted product water.
{2) To conduct a basic experiment for measuring the amount of oil-contaminated sea—
~water transferred into product water (at the desalination plant of the Al-Jubail phase
2

2. Literature Survey , _
‘First of all, it is essential to establish a firm grasp of the most up-to-date technology and
collect fcfcrcnccs and assemble all of the available technological data published to date. Togeth-
er with this, it is necessary to clearly define the method for meaéuring the concentration of oil
~ present i the product water, seawater and brine necessary for clarifying phenomena, whereby
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the oil, which is introduced into the evaporation chamber, is evaporated and redissolved ‘in the
product water. Then, bascd on these results, make comparative experiments on a laboratory—
scale to determine the amount of oil, present in the brine, which passes into the product water.
Thus, acquiring the fundamental data for conducting the demonstration experiments on the 20t/d
MSF Test Plants effectively and expediently, which will form the next stage of the research.

2.1 Method of Investigation . _ ,
(1) To survey the most suitable analytical method for oil present in product water, sca—
water and brine,
(2) To survey the information on behavior of contaminants, particularly oil, in an MSF

plant.

The principal data bases used for the research survey are listed below.
JOIS (JICST Online Information System) |
DIALOG
Other available sources

2.2 Result of Investigation . - _

n order to obtain information that are of use to evaluate the quality of the desalination
plani product water and investigate the countermeasures of the plant equipment when the feed— -
water to the desalination plant is contaminated with spilled oil, literatures published since 1980
using the on-line data basc such as JOIS or DIALOG have been surveyed.

Many literatures have been picked up for the key words "Desalination” and "Contamination”.
Almost all of them were on the radioactive contamination when desalination plants were in
combination with the nuclear power plant. Several literature which meet the objects of this work
have been looked up. The abstract is attached in the appendix. _

Every literature is of value. for reference to the objects of this work. The most compre~
hensive report was the "Countermeasures against oil contamination of seawater desalination
plant by. MSF"! published by Water Re~use Promotion Center, Japanf. Norne of them ’gives any
calculation methods and experimental data with which it is possible in the generality of cases to
evaluate the oil quantity transported from the evaporating brine to the condensate in the process
of seawater distillation, ' ' ' R

‘So, experiments and investigation for this subject are considered to be very important.

3. Experiment ' _
3.1 Experimental Apparatus Set Up
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The experimental set up for this work is shown in Fig, 3.1.1. The system consists of a
rotavapour, heating oil bath, a closed loop cooling system, vacuum pump capable of creating
vacuum up {o 47.5n1mHg and Hg manometers. A matrix of concentrated seawater into
which oil was spiked was prepared by evaporating 1000 ml of filtered seawater of the Arabian
Gulf to approximately 600 ml. An exact concentration ratio of 1.4 was maintained by ditu-
tion with demineralized water. For blank test 500 ml concentrated brine was refluxed to
95°C with condenser circulating water temperature 10°C by a refrigerated constant temperature
circulator. Then 630 mmHg vacuum was created in order to flash brinc inside the flask when
the system was eqml:brated and the distillate was collected for 10 min. Then brine was cooled
down to 80°C and was allowed to flash at 350mmHg. It was further cooled to 50°C and
flashed at 90mmHg pressure. The temperatures and vacuum were created to simulate MSF
conditions in 1st, Sth and 15th stages of evaporators. Appmmmatcly 20 ml of distillate was
collected under cach conditions,

Calculated amounts of heavy oil was mlxed with the conccntratcd scawater in order to
get oil concentrations  of 10, 50 and 100 mg/l - in 500 ml brine for the actual experiments. The
flashing from the brine were collected and the distillate fractions were analyzed: for oil by
total organic carbon analyzer, infrared oil meter and gas chromatography/mass s'pectrorr'lctry.
To start with the distiliate from each experiment was divided f(_)l‘ TOC, IR and GC-MS analy-
ses. The analytical results so obtained were found to be unacceptable due to the non-homogene--
ity of the fractions. Later .the entire distillate was used for GC/MS analysis including the
rinsing of the receiving flask of rotavapour with methylene chloride. For TOC and IR analy-
ses separate experiments were done. Only 1 ml of thoroughly mixed samples was drawn for
TOC. The concentrated brine left in distillation flask was analyzed by GC/MS and IR. “The
brine - fraction was not analyzed for TOC due to hig,h salt contents that cause poisoning of the
catalyst in the TOC equipment.

The results of elemental analyses of the oil used during this study are listed in Table
3.1:1. The highest'[imit posed in Japan for sulfur concentration in fuel oil is 2%. A concentra~

‘tion of 1.6% S further confirms that this is a fuel oil used in various industries in Japan.

Tablc 3.1.2 shows pH, electrical conductlvxty and chloride concentrations of concen—
trated brine (concéntration ratio = 1.4) used during the catire work. The chloride concentration
of Arabian Gulf water is 23500 mg/l and electricat conductivity 59,000 us/cm. Conceritrated
brine was used in order to match the composmon of rccnrculatmg brine in actual MSF desalina—
tion plant conditlons

3.2 Analytical Me_thods _ |
Analytical techniques sclected for this study were based on well - recognized methods
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Table 3.1.1 Average Elemental Determination of Diesel Fuel Oil

% C : % H % N % S

87.5 11.4 - ND 1.6

ND= Not Detected

Table 3.1.2 Quality of Brine Before and After Tests

Before . _ Brine After Tests
Parameter Test 10 mg oil/l 50 mg oil/l | 100 mg oil/t
pH . 808 8.49 863 841
EC(us/cn) - 7.83x10* 8.58x10* 8.37x10¢ 8.54x10%
Cl(mg/L) . 32900 .  NA - NA NA

NA = Not Analyzed

using TOC, IR and GC/MS analyzers for characterization of organics especially oily matter in

water.

(1) Total Organic Carbon: The total organic carbon analysis was - performed by Shimadzu TOC
Analyzer model TOC-500 using NDIR - detector by total carbon and i morgamc carbon
- difference method. =
Conditions : TC oven temp. 650°C IC oven temp. 160°C, carrier gas flow 150 ml, dual.

channel NDIR detector,

(2) Total Oil Analysis by IR : Total oil in brine, water fractions collected at 95°C, 80°C,_5(_}?C- :
and concentrated brine left in flask was determined by extraction method using carbon tetra—
chloride. The extracted oil was measured by Yanaco potable oil meter 103 with ~.i10n_—
dispersive infrared analyzer whose selectivity is set at 3.4-3.5 um of wave length. chane,
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cetane, benzene (OCB) have been used as standard,

Volatile Aromatics : Volatile aromatics present in the heavy oil were analyzed by purge
and trap method. Known amount of oil was mixed in brine, vigorously shaken for about 2
minutes and $ ml of brine was purged with helium gas for 10 minutes using Tekmar model
LSC2 liquid sample concentrator connected to Hewlett Packard gas chromatography model
5880. The volatile organics adsorbed on a 30 cm tenax column were desorbed at 180°C and

- injected directly in the gas chromatographic column through a sample splitter.

Hewlett packard model HP 5880 gas chromatography with Flame Tonization Detector
(FID) was used for detection and HP integrator was used for the quantification of volatiles.
Supclco volatile organics standards were used for quantification. Fused Silica capillary
colimn VOCOL, 30 m x 0.53 mm LD, film thickness 3.0 gm was used for volatile
components separation with GC conditions: Injector temperature 240°C, detector tempera-—

- ture 250°C, initial column temperature 35°C for 4 minutes and then raised to 200°C at the

4)

ramp rate of 4°C/min. 10 ml/min helium and 30 ml/min nitrogen were used as carrier and
make up gases, respectively. .

Total Oil by GC/MS: The distiflates, and concentrated brine obtained at 95°C, 80°C and
50°C experiments  were extracted with methylene chloride using a separatory funnel. The
methylenc chloride extract was dried on anhydrous sodium  sulfate and concentrated as per
the requirements. After each extraction water ‘volume was measured for the purpose  of
concentration calculations. USEPA method No.625 hes been employed to determine the
extractable organics during this work with 'slight modifications. The extracted oil was

* analyzed by gas chromatography HP 5880 and MSD model 5970 coupled to 7914 data

system with double disc drive computer HP 9000/236. MSD operating conditions: Scan
m/z 50-500, scan threshold 15, solvent delay 2.2 minutes, dwell time 2 ms/ion.

The mass spectmmeter was operated in selected ion mode (SIM) with dwell time 100 ms/mn
for monitoring of m/z 57,77 and 178 for hydrocarbor_l_s, substituted phenyls and polycyclic
aromatic compounds, tespectively, in order to perform qualitative analysis oil alone,

GC Operating Conditions : Fused silica capillary column .HP 1.30m x 0.50 mm L D, 0.30
mm fifm thickness interfaced dxrcctly to MS ion source. Hehum gas flow through column
was 1 ml/min.

- Temperature program .initial tc'mp' 50°C, hold 3 minutes, ramp at the rate of 10°C/min

up 1o 250°C, hold 17 minutes, injector temp. 200°C, GC/MS interface temperature 280°C.
The identification and quantification of the distillates were done using standard heavy oil
mixture. '
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4., Results and Discussion
4.1 Evaluation of the analytical methods for oil :

~ Table 4.1.1 shows data on the determinaﬁdn of total oil by three different methods
i.c.,, TOC, IR and GC/MS. TOC determination was made by direct injection of oil impregnat-—
ed water, however, IR and GC/MS determinations were done by carbon tetrachloride and
methylene chloride cxtractions, respectively. Examination of this data reveals anticipatéd_ wide
range of fluctuations in TOC determinations. The accuracy of this method appears to be
questionable. Morcover, determined concentration of oil by this mcthod remained lowest
compared to IR and GC/MS methods in 50 mg/l and-l_(_)O mg/l experiments. The possible
reason of low concentration by this method may be attributed to ﬂoating oil on the water
surface which could not be taken by sampling syringe during analysis. In fact, the oil analyzed
by this method is largely dissolved in water column or emulsified oil after shaking samples prior
to the analysis. '

Table 4.1.1. Evaluation of Analytical Methods:for Oil -

mg/loil - - Analytical Oil mg/l in collected fractions Coné.
in brine Method : 95°C 80°C. . 50°C . Brine
- TOC 30 094 . 402 NA
10 R .06 2.5 S % N |
GOMS' . 191 629 - . 275 0.90
TOC 730 113 233 NA
50 IR 1931 . 917 152 1133
GC/MS’ 1469 . 146.05 - 616 - -3.35
- TOC 285 782 . 698 - - . NA
00 R 445 351 273 . 963
GC/MS* - 537 453 . . 245 . . 1755

* Average
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A coinparison between IR and GC/MS analyses revealed edge of the latter on the former.
However, determined concentrations by both methods were - in- very close proximity. It was
found that highest concentration of oil was extracted in first fraction (95°C) followed by second

fraction {80°C) and third fraction (50°C). Lowest oil concentration was recovered in the concen—
trated brine which is negligible compared tothe oil distilled over, Fig. 4.1.1 shows average
transfer of oil at different temperatures and concentrations, It could be casily seen that in all
concentrations maximum oil was transferred in the distillate at 95°C followed by 86°C and
50°C. The transfer rate was also found to be directly proportional to the concentration of oil,

Since gés chromatography/mass spcctfo‘me.try remained the most widely used method for
oil spill identification, it was decided to use GC/MS technique in the entire study. Two dif-
ferent columns, one for volatile aromatics and other for total. oil fingerprint have been used in
an effort to attain resolution the alkane fingerprint components of oil. For quantification of vola~
tile aromatics flame jonization defector was used whereas for alkane finger print mass detec—
tor was employed. With GC/MS the quantification of individual n-~alkane carbon number
could be achieved whereas in case of_IR determination, only total oil concentration is possible.

The identification of pbly_cyclic aromatics, substituted phenyls and hydrocarbons
in the parent oil was done by selected fon monitoring of m/z 178, 77 and 57, respectively. Fig.
4.1.2 shows a single poiycyciié aromatic compound detected near 15.5 retention time, Similarly
substituted phenyls (Fig. 4.1.3) were either absent or if present were in very low concentration.
Fig. 4.1.4 shows reconstructed ion chromatogram of heavy oil in selected ion mode monitoring
of m/z 57 and Fig. 4.1.5 shows the total ion chromatogram of oil sample in the $can mode. The
chromatographic temperature program rate was deliberately set at faster rate to allow rapid
analytical time due to project time constraints, '

The chromatograms of original oil revealed a- smooth distribution of n-alkane overrid-
ing unresolved complex mixture (UCM) material. On the UCM hump aserics of resolved
componehts throughout n—C,, fo n—C,, boiling range could be seen. One dominant n—-C,; to n-
C,, chain n—alkénc_: is a major feature of the both ion chromatograms in scan and selected ion
monitoring mode (Fig.4.1.4 and 4.1.5). Senn and Johnson @ have reported similar type of
chromatogram . of héa_v_icr diStillate_in kerosene—dicsel fuel oil range. The presence of UCM
well above the base liﬁe produced by a solvent blank is diagnostic for petroleum. If the UM
shows:a maximum--at above n~C,, and another at about n--C,; this is.diaghostic.for'crudc oil
sludge residues. Our chromatograms élearly show ' that this should be heavy oil fraction of
petroleum crude since apex of UCM is in between n-C; and n-C,,. Alkanes generally were
accounted for the majority- of hydrocarbons with no consistent. preference to odd or even
chain length observed. -~ =~ . =+ .- _ _ - _ |

. Fig. 4.1.6 shows the methylene chioride extracted hydrocarbon distribution after oil was
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mixed in water. The overall concentration in Fig. 4.1.6 is much lower than in Fig. 4.1.5 which
was dissolved in methylene chloride. '
To sum up the above, in this experiment, a comparison between three widely recognized
methods® (TOC, IR, GC/MS) for analysis of organic substances in water has been done.
Needless to say, for the comparison of analytical methods, the same sample should be
used. However, in the case of water mixed with il {i.e. two liquid phase), b'éing heterogencous,
it is very difficult to take out the sample with exactly the same quality. Also, it is thought to be
necessary for the sample to go through a certain theimal process. Taking these things into
accc)ﬁnt, samples for each method have been prepared by conducting separate distillation and the
comprehensive evaluation was made. As shown in Table 4.1.1. the values obtained by the IR
method is roughly the same as those by GC/MS method, whereas the TOC values greatly differ
from them, even if some fluctuations in the distillations for three methods are taken into consid-
eration. _ R
The TOC method is unsuitable for the samples containing water—insoluble organic sub-~
stances such a casc as in this experiment. This is due to the characteristic limitation for TOC that
samples should be taken directly from inhomogencous water—oil mixture rather than from organ-—
icsolvent. -~ SR o o
The result of the experiment indicates that both IR and GC/MS method could be applied
to measure total oily matters in water. Among them, GC/MS method makes it possible to analyze
not only total oil but also cach oil constituents. Moreover, GC/MS method in which less foxic
methylene chioride is used as extraction solvent rather than toxic carbon tetrachloride is superior
to IR method. ' ' :

4.2 Amount of transferred oil and oil concentration in distillate

Many competing factors $uch as femperature, vacuum, brine concentration and flow
rate act concurrently to determine rate of transport of oil prcserit in MSF feed water to product
water. -By measuring hydrocarbons in the different stages, calculations of. over all transport
of oil is possible. Results of simulated calculations of oil fransport in product water from
feeds containing 0.1-100 mg/l for - Al-Jubail desalination plant have -been presented (Water
Reuse Promotion Center, Japan, 1991). As per the findings low boiling - point component -
evaporate first and if external vacuum deacrator is installed majority will be -vented out -
and where final stage deacration system is installed chances of product water contamination
by oil remain fairly good. ' | :

Since the oil used in this work was diescl fuel oil which is a heavy fraction of kerosene
and diescl oil, therefore, does not contain components below n-C,. It's due " to this reason that °
benzene, toluene, . ethyle benzene and xylenes (BTEX) were absent in the dissolved aromatic
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hydrocarbon chromatogram (Fig.4.2.1) by purge and trap method. However, Kutty ct al.* have
reported presence of benzene and toluene in seawater and occasionally in product water of '
Al-Jubail plant after Mina Al-Ahmadi crude oil spillage during the War in the Gulf. But the
concentration never exceeded 0.1 mg/l. _ : |

In the laboratory test conditions three temperatures and corresponding negative pressure

at which water could be flashed were selected for this study. The brine was allowed to flash at
95°C, 80°C and 50°C for 10 minutes and condensed product water and remainder brine were
analyzed for oil. In addition, expeﬁmcnts were conducted to determine- the possible transfer of
hydrocarbons from water column in the deaerator system. In this case sequence of exper—
imental conditions of temperature and vacuum were changed i.c. brine was allowed to flash first
at 50°C (90 mm Hg) and then at 95°C (630 mm Hg) with only 10 mg/! of oil. Very interest—
ing data were obtained during this experiment. A_im(')st' all low boiling n-alkane C,, C,,,
and C,, disappeared from both fractions (Figs. 4.2.2-4.2.3). The primary mechanism for this
loss from the system is hypothesizcd to be initial high negative pressure in the system and
cscape through pump outlet was the p0351b111ty By m¢asuring carbon number concentration in
all fractions (viz distillates at 95°C, 80°C and 50°C) mcludmg concentrated brine overali
carry over of oil was calculated. While doing so essentially 2 small fraction of oil in the form
of UCM might have remained unaccounted which could be safely ignored.

Fig. 42.4 shows the presence of n-C, to n- C,, in 10 mg/i oil experiment at 95°C (630
mm Hg). In sccond fraction (8(}°C) n-C, disappeared (Fig.4.2.5). While in third fraction n-
C, to n-C,, were lost (Fig. 4.2.6) from the distillate. Invariably concentration of all hydro-
carbons deereased considerably. In 50 mg/l oil experiment though concentration of n—alkanes
decrease in second fraction compared to first fraction but n-C, could be detected, however, in
third fraction n—-C, and n—C‘iO disapﬁearcd completely (Fig. 4.2.8-4.2.10). Lowering of concen~
tration was also seen in the concentrated brine (Fig. 4.2.7, 4.2.11).

| ~ Similar trend has been found in the experiments of 100 mg/l oil (Figs. 4.2. 12-4.2.15).
. Examination of chromatographlc profiles of all figures are. schf explanatory of hydrocarbon
distribution in different fraction at different concentration of oil. As per expectations overall
‘concentration of oil is consistently highest in the first fraction followed by second and third in
a given set of expériment It can be concluded that rates of loss of hydrocarbons from
the increasing fractions, and thus the occurrence of chromatogrdphxc peaks depend greatly
on the negative pressure followed by temperature,

Table 4.2.1 shows transport of oil from concentrated brlnc to dlffcrent fractlons of distil-
late at 95°C, 80°C, 50°C and residual oil in a rotating flask, Several variables Wthh can infiu~
ence the transport of oil have been identified as density, vapour pr\..ssurc of oil, vapour pres—
sure of water and solubility of ol in water’, temperature and vacuum. The vapour pressure of
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hydrocarbons with C;or more is lower than that of water. Thercfore cscaping possibility of

lower molecular hydrocarbons by condensation is more compared to higher molecular weight.

However, this phenomenon is applicd in normal distillation/condensation” processes. In this

experimental sct up an additional dragging force in the form of ncgative pressure was ap-

plied in order to flash the brine at-a lower temperature. This might have allowed some of the low

molecular weight cdmpounds escape without condensation. The average recoveries in case of
10, 50 and 100 mg/l were 21%, 39.4% and 57.2%, respectively (Table 4.2.1):

Table 4.2.1 Transfer of Oil to Distillate (Mass Bak«mce)=

oil in Oil in Feactions : - oil in Total % % loss '

Brine 95°C 80°C 50°C - Conc.  Recovery  Escape
630mmHg 350mmHg 90mmHg  Brine Sedimentation

- ' . Adherence etc.

mg ' mg B mg

5.01 054 - 011 0.03 0.31 200 80.0

471 0.41 012 011 039" 219 - - 781

4.86(Avg) 0.48 0.12 0.07 035 210 79.0

26.02 4.91 365 170 1.87 467 533

25.69 3.40 269 - 107 © 105 32.0 68.0

25.86(Avg.) 4.16 3.17 1.39 © 146 39.4 60,6

50.64 104 106 755 345 632 368 -

50.06 114 726 377 314 . si2 0 488

50.35(Avg.) 10.9 8.93 566  3.30 572 - 428
50°C 95°C

4.98 252 - 0.85

5.05 157 0.98

5.02(Avg) 2.05 0.92




These data clealy indicate that a large amount of hydrocarbons have been lost during
experiments by venting through pump outlet, sedimentation or adherence. As a principle no
hydrocarbon or water vapours should have been lost since the latent heat of hydrocarbons
above Cg is much lower than that of watcr. However, during experiment water dioplets were
observed in the vacuum tubings though the cooling water temperature was constantly main—
tained at 10°C. It is thought that some- of the hydrocarbon could not be condensed due to
vacuum. and escaped via vacuum system. This hypothesis was later further strengthened when
experiment were done to simulate the deaerator conditions. All hydrocarbons of C~C,, boiling

range escaped without -condensation (Figs. 4.2.2-4.2.3). Furthermore, a dramatic fall in the - . .

detector response of aother peaks of higher boiling point hydrocarbons was also observed.

Table 4.2.2 shows the normalized transfer rate of oil in 20 ml distillate/10 minutes. It -
could be seen that highest transfer (0.38) followed by 0.13 and 0.05 mg oil was observed in
first, second and third fractions in case of 10 mg/l oil. Similar trends were observed in case of
50 mg/l and 100 mg/l oil concentrations. The values in first and second fractions of 50 mg/l oil
were very close which could be attributed to the experimental errors. Howecver, in all cases
highest transfer was found in first and lowest in the third fraction of distillate. |

To sum up the above, as shown in Table 4.2.2, under the condition that brine flashes, the
distillate resultihg from the first fraction showed the greatest amount of oil regardless of tempera~
ture and pressure. With a high degree of vacuum, the oil amount in the first fraction is particular—
ly high. After the second fraction, the transfer of oil graduaily decreases.

_ Undetected oil (the difference between the amount of oil contained originally in brine and
the fotal of oil contained in evaporated brine and distillate) may be due to the disappearance of

“the ol to the outside without being condensedi(mainl'y light—gravity oil), adherence on the walls
of the equipment or the chénge of efficiency of extracting organic solvent (methylene chloride)
caused by the change of oil quality. Such oil loss decreases as the oil originally contained in
brine becomes greater. .
. As for the composition of oil in distillates and brine after flashing, their Carbon number distri-
bution pattern of oil (the greatést peak at C, ). For the first distillate, however, although C ~C, |
exist in the case of 50°C (high degree of vacuum ). For the third distillate, Cy—-C,, disappear.
C,,~C,; remain in the post—ﬂa‘shin'g brine.
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Table 4.2.2 Transfer rate of oil(mg) in 20 ml of Distillate/10 min (normalized)

mg oil : mg oil. - Average % Transfer

in Brine In Fractions (normalized to 20 ml) :
95°C 80°C - 50°C 95°C - . B0°C 50°C
5.01 040 015 0.03
471. - 029 0.12 0.08 : ‘
4.86(Ave) 038 0135 005 7.81 278 1.02
2602 . . 298  3.40 1.51
25.69 2.89 2.44 0.95 S . ,
25.86{Avg)y - 293 294 1.23 11.3 113 475
50.64 101 103 6.04
50.06 114 7.85 3.77 - : S :
50.35(Avg.) 108 907 490 : 21.35 1801 973
S°C - 95°C - 50°C 95°C
4.98 2.46 0.87
5.05 1.37 1.15 :
5.02 (Avg) 1.92° 1.01. . | 382 - 201

3212



"mmﬁw?

5. Conclusion

)

@)

The initial observations lead to several conclusions concerning the transport behavior of oil
from brine to distillate at different temperatures, pressures and oil concentrations. First, the
greatest transport of oil was observed in the first fraction of distillate collected at high
temperature and low pressure (95°C, 630mm Hg) and the lowest transport was at low tem—
peraturc and high vacuum (50°C, 90mm Hg). Secondly, the highest transfer of oil was
also found in the first fraction of distiilate when conditions were simulated to deaerator
conditions i.c., 50°C, 90mm Hg followed by sccond fiaction (95°C, 630mm Hg). It could be
hypothesized that wheth'er'b'rine boiled at high temperature (100°C, 760 mmHg) or flashed
at high negative pressure (22°C, 20mm Hg) the transport of oil will occur maximum in
the first fraction of distillate. Thirdly the oil transport was found to be directly propor—
tional to the concentration of oil present in the brine. The % total recovery of oil was also
increased with the increasing concentration. |

Capillary gas chromatographic/mass spectrometry method for the determination of oil was
found to be superior to infrared spcctroscopy because of individual compounds identifica~
tion and use of relatively less tox:c extraction solvents. Total organic carbon analysis
method appears to be inefficient for the analysis of undissolved portion of oil. -

6. Recommendation for Fature Work

1

)

In order to obtain meaningful data to be able to quantltatwely evaluate transport of oil into
product water in desalination plants, highly simulated MSF test plant will be required.

More experiments with lower concentrations (1-5 mg/l) of oil and varylng conditions of
temperature and vacuum shonld be planned.
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