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| A new automated liquid-liquid extraction (LLE) apparatus have been designed and the applicability of this device was tested by the
analysis of sodium chloride in crude oil of Gachsaran region in south of Iran. All of the results were compared with the standard test
method. The advantages of this device include portability, water reservoir, cooling system, temperature controller and water level controller.

in crude oils. The results showed that the mean of salt concentration as sodium chloride were 31.0 g m™ with the relative standard

deviation of (% RSD) 7.9 in Gachsaran county oil wells.

The statistical test methods including t-test and F-test showed good accuracy and precision respectively in the analysis of sodium chloride |
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Many processes in chemical engineering require the sepa-
ration of one or more of the components of a liquid mixture
by treating the mixture with an immiscible solvent in which
these components are preferentially soluble'. In some cases
purification of a liquid may be the function of the process, in
others the extraction of a dissolved component for subsequent
processes may be the important aspect. An example of the
former is the preparation of the pure organic liquids from
products of the oil industry. Liquid-liquid extractions may also
be used as energy saving processes by, for example, eliminating
distillation stages. It is possible, of course that the substance
of interest may be heat-sensitive anyway and that distillation
is accordingly an unacceptable process®.

When separation by distillation is ineffective or very diffi-
cult, liquid extraction is one of the main alternatives to consider.
Close-boiling mixtures or substances that cannot withstand
the temperature of the distillation, even under a vacuum, may
often be separated from impurities by extraction, which utilizes
chemical differences instead of vapour pressure differences.
For example, penicillin is recovered from fermentation broth
by extraction with a solvent such as butyl acetate. Another
example for liquid extraction is recovering acetic acid from
dilute aqueous solutions; distillation would be possible in this
case, but the extraction step considerably reduces the amount
of water to be distilled’.

Analysis of the sodium chloride content of crude oil is
important because this allows the oil to be evaluated for poten-

tial to corrode equipment and pipelines. Salt measurements
are taken along the supply line from well head to Refinery,
rapid sample determination allows prompt corrective action
when unacceptable levels of salt are present.

In the present work a reliable and portable liquid-liquid
extraction apparatus have constructed involving water reser-
voir, cooling system, temperature controller and water level
controller (Fig. 1). The applicability of the method was evaluated
by the extraction of sodium chloride to aqueous phase and
measured by the reversed titration using Volhard method.

All the chemicals were of analytical grade and were
purchased from Fluka unless stated otherwise. Double distilled
water was used throughout. A 5.0 x 102 mol L™ potassium
thiocyanate solution was prepared by dissolving 0.4859 g
potassium thiocyanate (99.5 %) in water and the solution was
diluted to 100 mL with water in a 100 mL volumetric flask.

Recommended procedure: According to the standard test
method (ASTM 2038), an amount of 80 g of crude oil was
poured into a 250 mL glass balloon and heated to 60 °C. Then
40 mL toluene was heated to the same temperature and added
to the glass balloon slowly. After that 25 mL ethanol and 15
mL acetone added to the solution and boiled for 12 min. After
cooling at ambient temperature, the aqueous layer was filtered
and separated to a flask. About 100 mL of the filtered aqueous
layer was separated and acidified with 5 mL nitric acid (65 %).
After removing of hydrogen sulphide completely, 100 mL amyl
alcohol and 3 mL ferric alum added to the solution. Then, the
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Fig. Liquid-liquid extraction apparatus

concentration of salt as sodium chloride was determined base
on the Volhard method using potassium thiocyanate as the
titrant.

Reproducibility: To check the reproducibility of the new
liquid-liquid extraction apparatus, analysis of salt in crude oil
was repeated for 5 times (Table-1). As it is shown, the recom-
mended apparatus and procedure has good reproducibility.

TABLE-1
REPLICATE DETERMINATION OF SODIUM CHLORIDE
IN CRUDE OIL AFTER EXTRACTION BY

LIQUID-LIQUID EXTRACTION

S Date S"dl‘zrgnrflgi"“de (I;’Ifna?) RSD (%)
24-02-2010 330
25-02-2010 330

Cg‘i‘fe 26-02-2010 28.0 31.0 79
27-02-2010 33.0
28-02-2010 28.0

Statistical tests

t-test: In order to compare the accuracy of the liquid-
liquid extraction apparatus with older models, the analysis of
sodium chloride in crude oil was replicate five times with each
apparatus (Table-2).

TABLE-2
REPLICATE DETERMINATION OF SODIUM CHLORIDE IN
A CRUDE OIL SAMPLE AFTER EXTRACTION BY TWO
LIQUID-LIQUID EXTRACTION APPARATUSES

Sodium chloride (g m*)

Sample Date

System 1* System 2%%*
31-01-2010 23.0 28.0
02-02-2010 28.0 23.0
Crude oil 03-02-2010 23.0 23.0
04-02-2010 37.0 35.0
05-02-2010 28.0 28.0

*Older liquid-liquid extraction apparatus.
**Constructed liquid-liquid extraction apparatus.

F-test: The F-test is designed to test if two population
variances are equal. It does this by comparing the ratio of two
variances. In this research, a liquid-liquid extraction apparatus
have designed with the advantages including water reservoir,
cooling system, temperature controller and water level controller.
Because of the water circulation in condenser, it is a powerful
instrument as a portable extractor.

The applicability of this system have evaluated in the salt
analysis of crude oil in Gachsaran Oil and Gas Producing
Company. The results of the t-test (t.a < tei) sShows good agree-
ment between two systems (Table-3). The results of F-test on
the replicate sodium chloride analyses (Table-4) showed a good
precision between two extraction apparatuses (Fea < Feri).

TABLE-3
RESULTS OF t-TEST (WITH DIFFERENT SOURCE VARIANCES)
BETWEEN THE RESULTS OF SODIUM CHLORIDE
ANALYSIS IN CRUDE OIL BY TWO DIFFERENT

EXTRACTION APPARATUS
Sources Variable 1 Variable 2
Mean 25 25.4
Variance 9 9.8
Observations 5 5.0
Hypothesized mean difference 0
df 8
t Stat 0.210
P (T<=t) one-tail 0.421
t Critical one-tail 1.860
P (T<=t) two-tail 0.840
t Critical two-tail 2.310
TABLE-4

RESULTS OF F-TEST (CONFIDENCE LEVEL 95 %)
FOR COMPARING THE PRECISION OF
TWO EXTRACTION APPARATUSES

Sources Variable 1 Variable 2
Mean 25.0 25.4
Variance 9.0 9.8
Observations 5.0 5.0
df 4.0 4.0
F 1.19
P(F<=f) one-tail 0.05
F Critical one-tail 6.39
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