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Short Note

EFFECT OF THE GRAVITY SEDIMENTATION AND CHEMICAL PRECIP[TATION
ON THE CONCENTRATION OF HEAVY METALS IN THE REFINERY EFFLUENT

M.A. Khawaja*, M.N. Oun* and S. Alosta*
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INTRODUCTION

Some of the heavy metals are among the list of
harmful elemental substances, such as iron, chro-
mium, copper, nickel, lead and zinc. These elements
can be found in the industrial discharge, such as
refinery effluent.

Our study mainly concentrates in locating suitable,
easily available and economical precipitating agents
and determining their optimal concentration in which
they can be used to achieve the maximum efficiency,
regarding the reduction of percentage concentration
of metallic constituents in the refinery effluents or in
other industrial discharges.

Concentration of heavy metals in the refinery efflu-
ent were estimated by using Atomic Absorbtion Spec-
trometric Technique. Some known chemical coagu-
lants were tested to estimate their efliciency for
reduction the heavy metals level in the effluent. These
are calcium oxide, sulphuric acid and aluminium
sulphate octadecahydrate. It was found that the cal-
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cium oxide or hydrated aluminium sulphate, when
added in the refinery effluent, in the concentration of
500 ppm as coagulant and simultaneous sedimenta-
tion for a period of 24 hours, reduced the percentage
concentration of the contained heavy metals more
than the reduction caused by the sedimentation
alone. In case of sulphuric acid, reduction in concen-
tration of iron, chromium and copper have been
obtained while it has an opposite effect with nickel,
zinc and lead metals. All experiments were carried out
at laboratory scale.

EXPERIMENTAL WORK

(a) Reagents and Materials

(i) Purity of reagents; the following chemicals of
the ACS grade conforming to specifications of the
Committee on Analytical Reagents of the American
Chemical Society were used: concentrated hydrochlo-
ric acid, concentrated nitric acid, concentrated per-
chloric acid, concentrated ammeonium hydroxide
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(contains  30% ammonia), 8-hydroxyquinoline,
diphenylthiocarbazone, methylisobutylketone and
carbon tetrachloride.

(ii) Distilled water, conforming to the specification
given in the ASTM standard (Roberta, 1988) was
used throughout this work.

(b) Sampling and Preservation

Samples of the effluent for the above study
were collected on three different days from the final
discharge of the oil refinery, in 2.5 litres capacity,
clean amber coloured bottles. 6 ml of concentrated
HCI was added for adjusting the pH of the effluent
to below 2. At this pH, metals remain in soluble
form.

(c) Sample Analysis

Every time ten portions of effluent, 400 ml each,
from the effluent samples were transferred into ten
500 ml capacity volumetric flasks identified as Al, A2,
A3, A4, A5, A6, A7, A8, A9 and A10. Samples Al, A6
were analysed immediately for the estimation of
heavy metals.

It was found that the samples contain Fe, Cu, Ni,
Zn, Pb and Cr in the concentration, given in Tables
(1-3). Samples A2, A7 were analysed [or the estima-
tion of the above mentioned metals, after a sedimen-
tation period of 24 hours. 200 mg calcium oxide was
added to samples A3 and A8, 200 mg concentrated
sulphuric acid was added to samples A4 and A9, and
200 mg hydrated aluminium sulphate was added to
samples A5 and Al10. After proper mixing, the
samples were stored for 24 hours, to allow the settle-
ment of any coagulated material. After expiry of the
sedimentation period the supernatant liquid portions
were analysed for the estimation of heavy metals. The
same procedures were followed to analyse samples
collected on other days, to evaluate the aggregation
effect of the precipitating agents on the identified
metal ions. The following Standard Procedures were
used, for digestion, chelation, solvent extraction and
estimation of content.

(i) Digestion

20 ml of HNOj; and HCIO, mixture in the ratio of
(3:1) was added to each 200 ml of the supernatant
fluid of the above prepared samples. All the samples
were heated to boiling point and kept at the same
temperature until the volume was reduced to 20 ml.
After cooling, the mixture was diluted by the addition
of 50 ml of distilled water. The pH of the samples Al
to A5 was adjusted to 6 by adding diluted HCl and

HNGOs, to estimate Fe, Cu, Ni, Zn and Pb. The pH of
samples A6 to A10 was adjusted to 2, to estimate Cr.

(ii) Chelation and solvent extraction

For the treated samples (Al to AS), 10 ml of 1%
solution of 8-hydroxyquinoline was added with
constant shaking. The chelated samples were transfer-
red to a separatory funnel and extracted with three
portions of 10 ml methylisobutylketone. The com-
bined organic extracts were evaporated to dryness
and the residue was dissolved in 20ml of distiiled
water. The resulting solution was filtered to remove
any undissolved precipitate. Similarly in each diges-
ted sample (A6 to A10), 10ml of 1% solution of
diphenylthiocarbazone was added with constant
stirring, and the resultant chelated samples were
extracted with three portions of 10 ml carbon tetrach-
loride. The combined organic extracts were treated
similarly.

(d) Identification and Estimation of Contained Metals

The above prepared solutions were analysed by
Atomic Absorbtion Spectrophotometer. The change
in the concentration of the contained metals, either
by sedimentation alone or with the addition of the
above mentioned precipitating agents and simultan-
eous sedimentation, for the period of 24 hours, were
computed and summarized in Tables 1-3 and elabo-
rated in Fig. 1.

RESULTS AND DISCUSSION

As discussed above, calcium oxide, sulphuric acid
and hydrated aluminium sulphate were used as pre-
cipitating agents. The metal ions are present in the
aqueous solution (effluent) in soluble or suspended
form. The precipitating agents adsorb these micro-
fine metal particles on their surface and settle
under gravitational force. It was found that by
addition of calcium oxide in the concentration of
500 ppm, in the refinery effluent and simultaneous
sedimentation of the same effluent, for the period of
24 hours reduced the percentage concentration of
iron, chromium, copper, nickel, zinc and lead ap-
proximately to 96, 48, 82, 52, 92 and 94 wt.% repec-
tively. Reduction by the sedimentation alone was
only 62, 21, 57, 18, 49 and 53 wt.% respectively. So,
the addition of calcium oxide further decreased the
concentration by 34, 27, 25, 34, 43 and 41 wt.%
respectively.

On the other hand the addition of hydrated
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Table 1. Effect of Aluminium Sulphate Octadecahydrate, Calcium Oxide and Sulphuric Acid on Precipitation of Iron and
Chromium Present in the Refinery Effluent. Concentration was Estimated after 24 Hours Sedimentation

Sample Metal content in ppm Reduction in metal concentration,
No. in samples type A,B,C, and D,
In sedimented 1In sedimented In sedimented In sedimented  in wt%.
samples samples samples samples
containing no containing containing containing
chemical 500 ppm 500 ppm 500 ppm
In fresh  coagulant CaO H,S80, A1,(80,);.18H,0
samples (Samples A) (Samples B) (Samples C) (Samples D) (A) (B) (C) (D)
Fe 1 0.35 0.14 0.01 0.13 0.02 60.00 97.14 6286 94.29
2 0.52 0.20 0.02 0.19 0.03 61.54 96.15 6346 94.23
3 0.35 0.13 0.01 0.13 0.02 62.86 97.14 62.86 94.29
4 0.51 0.19 0.02 0.19 0.03 62.75 96.08 6275 94.12
5 0.53 0.20 0.02 0.20 0.03 62.26 9623 6226 94.34
6 045 0.17 0.02 0.17 0.02 62.22 9556 6222 9536
Average: (0.45) 0.17) (0.02) (0.17) (0.03) (61.94) (56.38) (62.74) (94.47)
Stand. dev. (+0.19) (+0.03) (+0.01) (+0.03) (+0.01) (+1.06) (+0.63) (+0.46) (+0.54)
Cr 1 0.34 0.27 0.18 0.24 0.13 2059 4706 2941 6176
2 0.36 0.29 0.19 0.26 0.13 1944 4722 2778 63.89
3 0.34 0.27 0.18 0.24 0.13 20.59 4706 2941 61.76
4 0.36 0.29 0.19 0.26 0.13 1944 4722 2778 63.89
5 0.35 0.27 0.18 0.25 0.13 2286 4857 2857 62.86
6 0.36 0.27 0.18 0.24 0.13 2500 50.00 33.33 63.89
Average: (0.35) (0.28) (0.18) (0.25) (0.13) (21.32) (47.86) (29.38) (63.01)
Stand. dev. (+0.01) (+0.01) (+0.01) (+0.01) (+0.00) (+2.19) (+1.20) (+2.07) (+1.05)

Table 2. Effect of Aluminium Sulphate Octadecahydrate, Calcium Oxide and Sulphuric Acid on Precipitation of Copper and
Nickel Present in the Refinery Effluent. Concentration was Estimated after 24 Hours Sedimentation

Sample Metal content in ppm Reduction in metal concentration,
No. in samples type A,B,C, and D,
In sedimented In sedimented In sedimented In sedimented  in wt%.
samples samples samples samples
containing no containing containing containing
chemical 500 ppm 500 ppm 500 ppm
In fresh  coagulant CaO H,S0, Al;(80,);.18H,0
samples  (Samples A) (Samples B) (Samples C) (Samples D) (A) (B) (C) (D)

Cu 1 0.38 0.16 0.07 0.15 0.04 57.80 8158 60.53 8947

2 0.11 0.05 0.02 0.04 0.01 5455 B81.82 63.64 9091

3 0.38 0.16 0.06 0.15 0.04 57.89 8421 6053 8947

4 0.44 0.19 0.08 0.18 0.05 56.82 81.82 359.09 B8R.64

5 045 0.19 0.08 0.18 0.05 57.78 8222 60.00 8B.89

6 0.46 0.20 0.08 0.18 0.05 56.52 8261 60.87 89.13
Average: (0.37) (0.16) (0.07) (0.15) (0.04) (56.91) (B2.38) (60.76) (89.42)
Stand. dev. (+0.30) (+0.06) (+0.02) (++0.06) (+0.03) {+1.30) (+1.05) (+1.53) (+0.80)
Ni 1 0.46 0.37 0.22 0.46 0.37 19.57 5217 Nil 19.57
2 0.56 046 0.27 0.56 045 17.86 51.79  Nil 19.64

3 0.32 0.26 0.15 0.32 0.26 1875 53.13  Nil 18.75

4 0.29 0.24 0.14 0.29 0.24 1724 5172 Nil 17.24

5 0.28 0.23 0.13 0.28 0.23 1786  53.57 Nil 17.86

6 0.31 0.25 0.15 0.31 0.25 1935 5161  Nil 19.35
Average: (0.37) (0.30) (0.18) (0.37) (0.30) (18.44) (52.33) () (18.74)
Stand. dev. (+0.11) (+0.09) {+0.06) (+0.11) (+0.09) (+0.93) (+082) (=) (+099)
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Table 3. Effect of Aluminium Sulphate Octadecahydrate, Calcium Oxide and Sulphuric Acid on Precipitation of Zinc and Lead
Present in the Refinery Effluent. Concentration was Estimated after 24 Hours Sedimentation

Sample Metal content in ppm Reduction in metal concentration,
No. in samples type A,B,C, and D,
In sedimented In sedimented In sedimented In sedimented  in wt%.
samples samples samples samples
containing no containing containing containing
chemical 500 ppm 500 ppm 500 ppm
In fresh coagulant CaO H.S0, A1,(80,);.18H,0
samples (Samples A) (Samples B) (Samples C) (Samples D) (A) (B) (C) (D)
Zn 1 0.62 0.32 0.05 0.47 0.17 4839 9194 2419 7258
2 0.62 0.32 0.05 0.47 0.18 49.11 9194 2381 7145
3 0.66 0.34 0.06 0.50 0.18 4848 9091 2424 7273
4 0.68 0.35 0.06 0.52 0.18 48.53 91.18 2353 7353
5 0.64 0.33 0.05 0.49 0.17 4844 9219 2344 7344
6 0.64 0.33 0.05 0.49 0.17 4844 9219 2344 7344
Average: (0.64) (0.33) (0.05) (0.49) (0.18) (48.57) (9L.73) (23.76) (72.86)
Stand. dev. (+0.18) (+0.01) (+0.01) (+0.02) (+0.01) (+1.27) (+0.55) (+0.24) (+0.08)
1 0.88 0.41 0.05 0.57 0.04 5341 9432 3523 9545
2 0.92 0.43 0.05 0.60 0.04 5326 9457 3478 9565
3 0.68 0.32 0.04 0.44 0.03 5294 9412 3529 95359
4 0.68 0.32 0.04 0.44 0.03 5294 9412 3529 95359
5 0.68 0.31 0.04 0.44 0.03 5441 9412 3529 95359
6 0.66 0.31 0.04 0.43 0.03 5303 9394 3485 9545
Average: (0.75) (0.35) (0.40) (0.49) (0.03) (53.33) (94.20) (35.12) (95.55)
Stand. dev. (+0.12) (-+0.05) {(+0.01) (+0.08) (+0.01) (+0.56) (+0.22) (+0.20) (+0.08)
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FIG. 1.

aluminium sulphate in the concentration of 500 ppm,
in the effluent and simultaneous sedimentation for a
period of 24 hours reduced the percentage concentra-
tion of these metal ions approximaltely to 94, 63, 89,
19, 73 and 96 wt.% respectively. The increase in the
percentage reduction was calculated to be 32, 42, 32,
1, 24 and 43 wt.% respectively.

Fresh sedimented Addition
of CaOd

Addltien Addlitlon of

of H,S04  A1,(504)5.18 H,0

a)3-18 Hy

Reduction of metal concentrations by sedimentation and the addition of coagulants.

The addition of sulphuric acid in the effluent, in a
concentration of 500ppm and simultaneous
sedimentation for 24 hours, reduced the percentage
concentration of the metals approximately to 63, 29,
61, zero, 24 and 35 wt.% respectively. Further re-
duction in the percentage concentration of iron,
chromium and copper was observed while an oppo-
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site effect was found in case of nickel, zinc and lead
metals.

Regarding the degradation mechanism, calcium
oxide and aluminium sulphate octadecahydrate,
upon disolution in aqueous medium, are converted
into insoluble hydroxides. These hydroxides act as
metal scavangers and adsorb the microfine metal
ions from the medium. The following model equa-
tions explain the aggregation of metal ions as metal
hydroxide. Metal hydroxide in the aqueous medium
converts into positive or negative charged particles
depending on the pH of the medium, as shown
below:

M(OH), + H" - [M(OH),-,(OH,)]"
M(OH), — H* — [M(OH),-,(0)1~

The postive charged particles of the metal hydro-
xide assist in aggregating the negative charged metal
ion complexes. The negative charged metal hydrox-
ide ion attracts the positive charged metal ions and
bring out their sedimentation. Metal ions which car-
ried ligands form bonds with metal hydroxide by
displacement of either hydrogen ion or hydroxil ion,
depending on the pH of the medium. The possible
metal ligand bonding may be as follows:

M—-OH M-0

S

+ M=t — Mt="242H*

M—-OH M-0

MtZ* = Metal pollutants

or

M(OH), + Mt"*L é M(OH),_, - OM¢e "L
M(OH), + Mt=*L iﬁh M(OH), - HMt=*'L

But there is a reversible equilibrium between the
metal ions or metal complexes already sorbed by the
metal hydroxide and the metal ions or complexes
present in the aqueous medium. The change in con-
centration of any of the species brings change in the
concentration of other species in the reaction vessel,
as shown below:

Mt=" (sorbed) =——= M¢t* (aqueous)

[

Mt=*L (sorbed) =——= Mt**L (aqueous)

[

L (sorbed) — L (aqueous)

Sulphuric acid acts as precipitating agent only il
the medium is able to convert sulphate ions into
sulphide ions. These sulphide ions are metal
precipitants, which convert metal ions into insoluble
metal sulphides. Desulfovibrio bacteria are respon-
sible microorganisms for the conversion of sulphates
ions into sulphides ions. From the experimental re-
sults, it has been found that the effluent does not
contain these bacterias and sulphate ions remain in
the medium as such. Due to the high concentration of
sulphate ions, metal ions are converted into
soluble metal sulphates.

CONCLUSION

It has been proved that calcium oxide and
hydrated aluminium sulphate are suitable precipi-
tants for metal ions present in the refinery cfiluent
and can be added in concentration of 500 ppm in the
refinery effluent, for reducing the comcentration of
heavy metal ions, when they exceed the thresh-hold
limits. These chemical substances are cheaper and
available. They have appreciabie efficiency when used
in the concentration mentioned.
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