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Abstract—Measurement of the COD of a spent caustic solution In these streams sulfides and organic acids areveth

involves firstly digestion of a test sample wittcliiomate solution
and secondly measurement of dichromate remainetitragion by
ferrous ammonium sulfate [FAS] to an end pointtHis paper we
study by a potentiometric end point with Ag/AgClfexence
electrode and gold rode electrode. The potentiaenehd point is
sharp and easily identified especially for the sSaspwith high
turbidity and color that other methods such as rawletric in this
type of sample do not result in high precision. &ese interim of
titration responds quickly to potential changes hwit the
[Cr+6/Cr+3& Fe+2/Fe+3] solution producing stabladigs that is
lead to accurate COD measurement. Finally resukiscampared
with data determined using colorimetric method fstandard
samples. It is shown that the potentiometric enihtptitration with
gold rode electrode can be used with equal or ibiettdity

from the product streams into the caustic phase. Sddium
hydroxide is consumed and the resulting wastew#teesylic
for gasoline; naphthenic for kerosene/jet fuelfidalfor LPG
-spent caustics] are often mixed and called refingent
caustic [3, 4].

Spent caustic streams from refineries typicallyehavhigh
chemical oxygen demand [20- 500 g/L] and contaienticals
that are hazardous, inhibitory, and/or bio-refractoThe
chemicals of concern in the spent caustic wastewattude
reduced sulfur compounds such as sulfides and i@t as
well as organic species such as the sodium sahsamgfthenic
and cresylic acids [5].

Il.  EXPERIMENTAL

Keywords—chemical oxygen demand, spent caustic and A Samples and standards
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I.  INTRODUCTION
N environmental chemistry, the chemical oxygen daina
[COD] test is commonly used to indirectly measuhe t
amount of organic compounds in water. Most appboat of
COD is to determine the amount of organic polltggound
in surface water [e.g. lakes and rivers] or wastewanaking
COD a useful measure of water quality. It is expegsin
milligrams per liter [mg/L], which indicates the s® of
oxygen consumed per liter of solution [1].
Spent caustic is a waste industrial caustic satutimt has
become exhausted and is no longer useful [or sp&pgnt
caustics are made of sodium hydroxide or

potassiu

Spent caustic waste samples from Merox process$ih§ G
sweetening in gas refinery in Iran South Pars Gamany in
Asaluyeh, were selected for COD analyzing.

The standard solutions were made up on potassium

hydrogen phthalate. Therefore to a 1000 ml voluimékask,
add 3.40 + 0.01 g of potassium hydrogen phthafatevjously
dried at 105 °C for 2 hours] to approximately 950afnwater.
Make to 1000 ml with distillated water [theoretiejuivalent
to 4000 mg/I COD][6].

B. Reagents and materials

Water used for blank determinations and preparatbn
control standards should show negligible interfeeeriWater
With conductivity of less than 2S cm-1 and total organic

hydroxide, water, and contaminants. The contaminave Carbon content of less than 1 mg/l has been shawbet
consumed the majority of the sodium [or potassiungatisfactory. Glassware used for the preparatiohstorage of
hydroxide and thus the caustic liquor is spent,eiample, in Wwater should be cleaned with chromic acid solutionthis
one common application H2S [gas] is scrubbed byNB®H study we used the mixed reagent to prepare thigergain a
[agueous] to form NaHS [ag] and H20 [I], therebg daustic 2-litre flat-bottomed borosilicate flask filled wit250 + 10 ml
is consumed. Refinery spent caustic comes from iphalt of water, we added 6.12 + 0.01 g of potassium dictate and
sources: the Merox processing of gasoline; the Mkero’.5 £ 0.5 g of silver sulfate. We whirled the comteof the
processing of kerosenefjet fuel; and the caustitask to mix. Cautiously,with frequent swirling tesolution,
scrubbing/Merox processing of LPG [2, 3]. we added 750 + 25 ml of sulfuric acid. The contesitghe
flask should be well swirled, in order to dissolie silver
Hamed Harrafi is with the Lab Department, Phase$®&outh Pars Gas Sulfate completely. This mixed reagent should loeest in the
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We employ additional mercury [ll] sulfate for reniog of
chloride interferences when the 2-ml aliquot taf@manalysis
contains more than 1 mg of chloride such that the rof
mercury [l] sulfate to chloride is 40 to 1[7].
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C. Apparatus IIl.  RESULT AND DISCUSSION

Thermostatically controlled [WTW CR3200] heating block After homogenization, samples were digested in closed
capable of accommodating the digestion tubes such that tedux tubes. The method was applied to standards and dilution
level of the liquid in the tube is coincident with or below thépent caustic waste waters, using both potentiometric and
surface of the block. The block should be controlled to givec@lorimetric methods.
digest temperature sufficient to gently reflux the oxidation The reactions taking place during the oxidation can be
mixture. A temperature of 150 + 3 °C is suitable. expressed by the following series of equations [6]:

Potentiometric titration was performed with a computer- Oxidation reaction:
controlled digital Metrohm 888 titrando with a combined

electrode Au/Ag- AgCl system. Cr,07 + 8H* —> 2Cr* + 4H,0+ 30 (1)
All absorbance measurements were made with a Hach

DR2800 digital spectrophotometer. Chloride interference reactions:
D.Sample preparation Cr,0; +6ClI"+ 14H" —> 2Cr* + 3Cl, + TH,0  (2)

We Placed 2 ml of sample [or standard and blank water] in
a 10 ml refluxing tube or in a special COD tube [close Organic matter contained in a water sample is oxidized in
digestion tube] and after that added some powder of HgS®4% sulfuric acid, by a known excess of potassium
[depend on the chloride content]. Then we whirled and mixetichromate.After digestion, the content of tube in a beaker
well. And finally added 3.7 ml mixed reagent solution to thwas stirred magnetically and the titrante was added from
tube placed in ice cubes. microburrete. Near the equivalence point, the titrante was

We closed the tube securely, whirled the tube to mix traglded in 0.1 ml increment. The addition of titrante was
contents and placed in the heating source. Reflux was donedontinued until was no significant change in potential on
120 + 10 minutes. Then we removed the tubes out and allowfedther addition of titrante. After digestion, remaining
the contents to be cooled to below 20 °C, approximately Breduced dichromate is determined by potentiometric
minutes under running water[6]. titration using a Fe [l1] solution according to teguation [3].

E. Measurement Iron [ll}/dichromate titration:

Colorimetric analysis works because the two chromium
ions absorb in the visible range but at different wavelength§F€”" + Crz0;% + 14H" —>  6F€”" + 2Cr*" + 7TH;0 (3)
The dichromate ion does not absorb at the” don
wavelength, and the &rion absorbs only a small, correctable Table | shows the results of COD that is measured by
amount of the wavelength in the dichromate range. This sligfRlorimetric and potentiometric titration with FAS. Figs
interference is zeroed out in the calibration step. For the 18flank] and 2 [sample] show the changes potential via
mg /I range greater sensitivity is achieved by measuri¢plume of titrant. A sharp slope is observed in potential
reduction in yellow colour at 420 - 450 nm, and determininghanges while titrating [see figs 1 and 2].
remaining Ct'. For the 1600 mg/l range, the increase in blue Smith observed that the potentiometric end point to the
colour at 600 - 620 nm determines the amount of Crtitration of dichromate [ie. Cf with Fe™ fitrant

produced. corresponded to a sharp change in potential [9]. This
In this study because the COD range of dilution sample wagservation forms the basis for the potetiometric
0-1600 mg/L, we used 620nm wavelength [6, 8]. determination of COD presented here. The observed change in

The resulting mixture is refluxed for two hours and residudioltage with addition of titrant reflects the equilibrium
dichromate is determined by titration with standardized iroghemistry of the Fé&Fe™ and Ci%Cr® subsystems in

[Il] ammonium sulphate solution. The amount of dichromat@dueous solution [9].

reduced is expressed as COD in the form of milligrams of Average COD values determined potentiometrically are
oxygen consumed per liter of sample. Blank and analyticEﬂWGr than those determined using the colorimetry method
quality control determinations should always be undertaképee Table I]. Our idea, this is because the end point to the
with every batch of samples. potensiometric titration offers a method with greater accuracy

The COD of the sample is given by [8]: and precision [see Table II].
Furthermore, the colorimetric method cannot be applied on

COD [mg /L] = 8000 x DF x M [Vb - Vs] / sample size turbid samples, such turbidity may be present in raw samples

Where or generated in the digestion process. In addition, colored
Vb is the average volume [ml] of iron [Il] ammoniumSample especially the samples that can absorb in 620nm
sulphate solution used in thetitration of blank solution; wavelength like this spent caustic waste have positive errors.

Vs is the volume [ml] of iron [I] ammonium sulphate
solution used in the titration ofthe sample;

DF is the dilution factor, if appropriate;

M is the molarity of standardizediron [lI] ammoniurn
sulphate solution.
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TABLE | high turbidity and colored samples such as spent caustic waste
COD VALUES DETERMINED BY POTENTIOMETRICAND COLORIMETRIC 9 y . P p - .
METHOD water. In addition, to make use of closed reflex digestion
Spent caustic Colorimetric COD Potentiometric ~ instead of open reflex digestion is easy and rapid.
waste water [ma/l] COD[mg/l]
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Fig. 2 potentiometric titration curve for sample

TABLE II
POTENTIOMETRIC AND COLORIMETRICCOD DETERMINATION OF STANDARD
1000jMG/L] KHP

Potentiometric colorimetric
998 1016
1002 1019
1001 1015
998 1012
STD:1.81 STD:2.88
LOQ: 18.1 LOQ:28.8
Average Error:0.25 Average Error:15.5

IV. CONCLUSION

The potentiometric method is based on the observation that
the end point corresponds to a redox region of minimum redox
buffer. That is, the end point of titration is sharp and easily
identified. Furthermore, the Au-Ag/AgCl system used in this
method responds quickly to potential changes within the
[Fe'¥/Fe™?: [Cr'®/Cr'¥] solution producing a stable reading.
These factors allow rapid and accurate identification of the
true end point and this method is very useful especially for the
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