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The contribution of chemical oxygen demand of phenols and other oxidizable
compounds to chemical oxygen demand of phenol waters at co-processing of
shale oils of the Kiviter process and oil fractions of the Galoter process has
been investigated.

I ntroduction

In connection with increasing demand for oil shale phenols, Viru Chemistry
Group, Ltd. has started co-processing of oils obtained at oil shale retortingin
vertical retorts (the Kiviter process [1]) with oil fractions produced at Qil
Plant of Narva Power Plants Ltd., where oil shale is processed in the solid
heat carrier units (the Galoter process). However, co-treatment of oils has
created some problems caused by an increase in the value of chemical
oxygen demand (COD) in both the phenolic water and the dephenolized
water. That, in turn, complicates biological treatment of the waters. A
detailed investigation is needed to assess the influence of phenols and other
organic compounds on COD of waters before and after dephenolation.
Chemical oxygen demand, biological oxygen demand (BOD), total nitro-
gen content and total phosphorus content are the most significant parameters
characterizing ecological danger of wastewaters. Among them COD is the
most used. Under condition of joint discharge of municipal and industrial
wastewaters into the soil or some water reservoir, COD value of biologically
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treated water should not exceeded 125 mg/L, in the case of industrial waste-
water only the limit is 250 mg/L. The maximum permissible concentration
(MPC) of monobasic phenols in the effluent discharge is 0.1 mg/L, that of
dibasic phenols— 15 mg/L [2].

Dephenolized water from the Kiviter process, other industrial waters and
domestic wastewaters are purified together in the wastewater treatment plant
by aerobic treatment. However, mixing of industrial and domestic waters
leads to a COD/BOD ratio more favorable for biodegratation resulting in a
decrease in the COD value. According to the COD value, wastewaters
directed to biological treastment are classified as follows: low-concentrated
(COD 1-5 kg/m®), concentrated (COD 5-20 kg/m®) and high-concentrated
(COD > 20 kg/m°®) ones [3]. Dephenolized water from the dephenolation
plant of Viru Chemistry Group Ltd. belongs to the first-mentioned group.

Kahru and Pollumaa [4] have studied the dependence of COD and BOD
on concentration of total phenolsin semicoke eluents. However, there are no
data on how COD of phenols influences COD of phenolic waters.

Phenolic water, formed at oil shale thermal processing, contains a wide
range of compounds (mono- and dibasic phenols, carboxylic acids, ketones,
basic nitrogen compounds and others), influencing the process of dephenola-
tion and the content of chemical compounds in dephenolized water [5].

Data on quantity and quality of phenols extracted with water from shale
oil fractions are given in [6,7]. A particular feature of this water is
prevalence of alkyl resorcinols[7].

The concentration of phenolic substances dissolved in water depends on
the process of oil shale treatment and on the conditions of the contact between
oil and water in condensers and decanters. Phenol content of the Galoter
phenolic water is 1-2 g/L [6], that of the Kiviter phenolic water — 8.5-12 g/L
[5]. The content of other compounds in water entering the dephenolation plant
is as follows. carboxylic acids 0.3-0.4 ¢g/L, ketones — 0.1-0.2¢g/L, basic
nitrogen compounds (mostly pyridine, picolines, toluidine) —0.05-0.1 g/L [5].

Among carboxylic acids, acetic (90%) and propionic (about 7%) acids
prevail. Carbonyl compounds in retort water are represented by ketones with
carbonyl group in position 2 (methyl ketones) [6, 8], acetone (about 85%)
and methyl ethyl ketone (about 12%).

Among sulfur compounds hydrogen sulfide prevails [6], a component
that oxidizes easily. Group composition of sulphur compoundsin products of
oil shale treatment has been studied by Metsik with coworkers[9].

Phenol content of dephenolized water may vary between 0.2 and 1.3 g/L
[7, 10]. At reduction of the extent of extraction efficiency (phenol concentra-
tion remains higher), the ratio of 5-methyl resorcinol (5-MR) to resorcinol
may even exceed three [6]. However, there are no data on the influence of
COD values of phenols on the total COD value of phenolic waters.

The purpose of this research was to study the influence of phenol con-
centration on COD of waters before and after the dephenolation stage at co-
processing of Kiviter and Galoter shale oils.
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Experimental

Model samples of shale oil and their extraction with water

The initial sample of Kiviter retort oil consists of 48 wt.% light-middle ail,
26 wt.% heavy oil and 26 wt.% gasoline fraction. This sample was prepared
by blending 52 wt.% clarified oil (treated heavy oil containing 50% gasoline
fraction) with 48 wt.% light-middle oil.

The model mixture consisting of Kiviter oil and A- or B-grade Galoter
oils was made by complete or partial aternate substitution of B-grade oil for
light-middle oil and A-grade ail for heavy oil. Asfor physical and chemical
properties, A-grade oil is more dense and more viscosous than B-grade oil
and its flash point is higher aswell.

At water extraction tests, A-grade oil was diluted by a half and B-grade
oil by a third with gasoline fraction (boiling < 200 °C and obtained at
distillation of Kiviter retort oil).

Characteristics of shale oils and oil mixture are given in Table 1.

Test samples of A- and B-grade shale oils meet the local standard [10].

Compositions of shale oil mixtures used in water-washing tests are pre-
sented in Table 2.

Because gasoline fraction (sample 10) from Viru Chemistry Group Ltd.
Oil Plant is used for diluting oils, its water extract was also analyzed.

Shale oil samples were extracted with water in 1.0-L separating funnels.
Heated to 65 °C distilled water was added to the test sample (oil to water
1:1), agitated for 30 min, settled for one hour at 50-55 °C, after what water
layer was separated.

The obtained water samples were analysed for phenol content using
differential ultraviolet spectroscopy [12], and for carbonyl compounds by
measuring the consumption of hydroxylamine chloride (oxymation reaction).
For determination of volatile acids and bases, water samples were distilled and
the didtillates titrated to pH 9 (volatile bases) and to pH 1-2 (volatile acids).
Standard methods were used to determine ammonium nitrogen [13] and COD
[14]. Laboratory samples of phenolic water are characterized in Table 2.

Table 1. Properties of shale oils

Item Shale ail
Prepared sample Grade A GradeB

Density at 20 °C, kg/m® 915 1020 970
Kinematic viscosity at 50 °C, mm?/s 5.8 73 16.7
Solids, wt.% 0.04 0.19 0.08
Ash, wt.% 0.02 0.12 0.06
Water, wt.% 17 0.2 0.2
Elemental analysis, wt.%:

C 82.1 83.1 81.8

H 9.4 9.7 9.6

S 0.7 05 0.6

O+N 7.8 6.7 8.0
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Concentration of phenols in laboratory phenolic water samples, obtained
by washing model samples of shale oil and gasoline fraction, varied from 1
to 8 g/L, that of volatile acids and bases in total is below 90 mg/L in the
water from shale oil washing and below 160 mg/L in the water from gasoline
fraction washing. It follows that the concentration of volatile acids and bases
is one order of magnitude less than the minimal phenol concentration and
has only a negligible influence on the linear dependence of COD on phenol
concentration (R? = 0.9904, see Figure).

The data in Table 2 demonstrate that washing of A- and/or B-grade oils
and retort oilswith A- or B-grade oil addition resultsin an increase in phenol
concentration. At washing retort oil only, phenol concentration is 4.6 g/L, at
washing sample 4, this number is 8.0 g/L. The corresponding values for pH
are 4.35 to 5.46. The last changes, in its turn, have a negative influence on
the dephenolation process. At full substitution of light-middle oil with
B-grade oil or heavy oil with A-grade ail, pH increasesto 4.92.

Phenol water of retort oil washing contains twice as much volatile bases
as the water of washing A- and/or B-grade oils. Changes in concentration of
volatile acids (40-60 mg/L in average) in phenol water samples occur due to
variations in gasoline fraction content of oil samples. Volatile acid content of
phenolic waters exceeds that of volatile bases two-three times.
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Figure. Dependence of COD of phenolic water on concentration of phenols.

1 — Industrial samples: COD (g/l) = 2.7567 C + 4.8133; R? = 0.9783, 2 — Laboratory
samples: COD (g/l) = 2.5411 C +5.4429; R? = 0.9904.
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Investigations of industrial phenol waters

Characteristics of industrial phenolic water samples taken in the period of
co-treatment of Kiviter and Galoter oils are presented in Table 3.

Phenol content of industrial phenolic waters varies in wide limits (0.15—
14 g/L, Table 3), and total content of acids and bases is about ten times
higher than that of laboratory samples (that of bases is 482-580 mg/L, of
acids — 744-912 mg/L). The last numbers do not change much in course of
the dephenolation process, but phenols content decreases from 10-14 g/L to
0.2 g/L. The dependence of COD of industria water samples on phenol
concentration isillustrated in Figure (R® = 0.9783).

Table 3. Characteristics of industrial phenol water samples

Samples of phenol water

From
Item pre- |From oil tresting|To dephenolation| Dephenolized
treating plant plant water
plant
Sample number 1 2 3 4 5 6 7
pH 490 | 513 | 501 | 493 | 513 | 512 | 525
COD, g/L 386 | 40.7 | 366 | 379 | 383 4.6 4.6
Concentration:
— phenols, g/L 120 | 140 | 100 | 129 | 115 | 020 | 0.15

—volatile bases expressed as| 626.4 | 590.4 | 482.4 | 580.0 | 482.4 | 189.0 | 396.0
ammonium ion, mg/L
—volatile acids (carboxylic | 768.0 | 912.0 | 864.0 | 912.0 | 744.0 | 606.0 | 732.0
compounds) expressed as
acetic acid, mg/L

— ammonium nitrogen, mg/L| 734.3 | 704.8 | 581.3 | 734.3 | 631.8 | 655.0 | 581.3
— carbonyl groups, mg/L 13,224 13,076 | 13,244 | 13,272 | 13,090 | 13,356 | 13,216

At the final stage of the dephenolation process, dephenolized water is
steam-distilled to remove remnants of the extraction agent. Carbonyl
compounds, which also influence COD of the water further directed to
biological treatment, are also partly removed.

For determination of the influence of phenols and other compounds on
COD of water, amodel sample of dephenolized water was prepared.

Modelling of dephenolized waters

Standard solutions of 5-methyl resorcinol (separated from the concentrate of
oil shale phenals, recrystallized, 99% pure) were prepared to study the
influence of phenols on COD of phenolic water. Concentration of 5-MR
solution was varied from 80 mg/L to 8,000 mg/L considering actual con-
centration of industrial waters entering and leaving the dephenolation plant.
Concentration of total phenols was measured spectrophotometrically as all
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phenaols, in spite of their structure, absorb the light in the region around
295 nm [12]. Characteristics of 5-MR solutions are given in Table 4.

The influence of carbonyl compounds on waters COD was studied test-
ing water solutions containing acetone (Me,CO, Penta, p.a.). The influence
of compounds containing carboxyl groups and nitrogen was tested using
disodium salt of ethylene diamine-N,N,N,N-tetraacetic acid (Na-EDTA,
Merck, p.a).

Asamodel of water leaving the dephenolation plant a solution containing
5-MR, Me&,CO and Na,-EDTA was prepared. The solution is characterized
by COD — 3,590 mg/L, pH — 4.90, quantity of 0.5M NaOH solution
equivalent to 0.5 M solution of NH,OH-HCI — 2.8 cm®. So, these properties
of the model solution are near to those of dephenolized water.

Contribution of each component to the COD value was calculated using
calibration equations. Corresponding data are given in Table 5.

The calculated value of COD,. (3,562 mg/L) differs from the measured
one (3,590 mg/L) by 0.8 %.

The calculated contribution of 5-MR to COD is less than 11% of actual
COD of the prepared solution. It means that COD of dephenolized water is
mainly influenced by other compounds.

Table 4. The influence of concentration (C) of 5-MR, Me,CO and Na,-EDTA on
COD of their solutions

5-MR Me,CO Na-EDTA

C, COD, C, COD, C, COD, mg/L
mg/L mg/L mg/L mg/L mg/L

80 163 3,960 7,850 14 10

160 327 7,920 15,700 71 49

800 1,604 15,850 32,150 285 196
4,000 8,020 39,610 87,130 712 490
8,000 16,040 79,230 166,000 1,424 980

Table 5. Contribution of individual componentsto COD of the model solution

Component Concentration C, Calculation equation COD4c,

mg/L mg/L

5-MR 185 COD (ag’, mg/L) = 2.0045 ¢ + 2.9756 374
R?=1

Me,CO 1,190 COD (ag, mg/L) = 2.1177¢c — 311.59 2208

R?=0,9999

Na-EDTA 1,425 COD (ag, mg/L) = 0.6881 ¢ —0.1492 980
R?=1

Total: 3562

Uagq — water
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Conclusions and recommendations

Research results have shown that the less phenols in water, the greater the
influence of organic and other oxidizable compounds on water COD value.
In case phenol concentration is 8 g/L, the share of other compounds is
40%, but if itisaslow as 0.2 g/L, the share of other compounds increases up
to 90%.

The calculations were based on calibration equation for 5-MR, the main
component of water-soluble phenols in shale oil, and on equations expres-
sing the dependence of COD value on phenol concentration in laboratory
samples.

The results confirm general regularities describing the influence of
oxidizable compounds on COD of both washing waters (after extraction) of
model oil samples and industrial waters.

To reduce COD values of dephenolized waters leaving the dephenolation
unit and entering the sewage treatment plant, it is absolutely necessary to
reduce both concentration of phenols and that of oxidizable compounds at
the stage of shale oil treatment. The final stage of the dephenolation process
must guarantee maximum removal of extraction agent residue and carbonyl
compounds.
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