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ABSTRACT

The potential for water pollution involving heavy metals and organics exists especially when
wastewater treatment is either inadequate or non-existent. This paper reviews a number of investigations where
coal ashes have been studied for the removal of organic matter (COD), color. organic compounds such as
phenol, and heavy metals. Results of experimental studies conducted at the University of Regina. on the
adsorption of 1) phenol and 2) heavy metals such as cadmium, chromium, mercury, copper, nickel and zinc by
fly ash, are presented. The use of fly ash in sludge management is also examined.
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INTRODUCTION

Increased reliance on coal as an energy source has led to significant by-product management
problems of storage or disposal. These by-products include slag, bottom ash and fly ash.
Commercial uses of coal ashes are limited and this paper examines the application of these by-
products in water pollution control.

USE OF FLY ASH IN WATER TREATMENT

Ballance et al. used fly ash as a coagulant aid in water treatment (1). Fly ash from four sources
and in certain proportions was found by the authors to assist in the chemical coagulation of
turbid water and in the settling of chemically induced floc. A denser sludge was produced from
coagulation with fly ash and alum than with alum alone. Laboratory tests using Neyveli lignite
fly ash showed that it aids in the settling of turbid water when used along with alum (2).

USE OF COAL ASHES IN WASTEWATER TREATMENT

The use of bottom ash and fly ash in removing contaminants from wastewater (on-site and
municipal) is examined with special reference to removal of COD, color, organic compounds,
and heavy metals.

On-site Wastewater Treatment

Bottom ash was considered as an alternative medium for the mound type soil absorption
systems used in on-site wastewater treatment. Laboratory work carried out at West Virginia
University showed that the bottom ash filter had the ability to reduce BOD and SS (3, 4).
Three bottom ash mound systems built in Monogalia County, West Virginia based on this work
were reported to be operating well (5). Laboratory studies on four different recirculating filters
using pea gravel, medium sand, bottom ash and fly ash-bottom ash mixture showed that there
was no significant difference in the performance of different media with respect to reduction in
COD and SS (6). A 23-month study examined 11 filters - five bottom ash filters, five sand
filters treating septic tank effluent and one bottom ash filter treating aerobically treated
effluent. The study data showed that sand media filters resulted in a higher quality effluent,
noticeable improvement in the performance of all the filters was observed in the last five-month
period with effluent BOD in the 10-14 mg/L range (5). The Southern Illinois Power Co-op
used unscreened bottom ash in a single intermittent filter treating septic tank effluent. The filter
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operation was monitored from January 1981 to April 1982; the average effluent BOD and SS
values were 7 and 8 mg/L respectively (7). Detailed studies on a bottom ash recirculating filter
treating septic tank eftluent from a residence showed that the system performed consistently
and produced an effluent with average BOD and S8 less than 12 mg/L (8).

Municipal Wastewater Treatment

Batch tests showed that unsieved fly ash (6% carbon) removed in 24h 19 to 56% of COD, and
0 to 77% of ABS from secondary effluent depending upon the adsorbent dose (9). This study
also showed that COD removal increased with an increase in the carbon content of fly ashes
tested (9). Deb et al. found that the removal of COD is logarithmically related to three
parameters - 1) time of mixing, 2) initial COD and 3) concentration of fly ash (10). Nelson and
Guarino found that removals of COD, BOD and SS by the addition of fly ash to a municipal
plant effluent were not appreciable (11). The investigations by Eye and Basu showed that fly
ash was capable of reducing COD of a secondary effluent by about 30 percent at a fly ash
concentration of about 1600 mg/L when the initial COD is around 60 mg/L and removal of SS
containing fly ash by coagulation with lime was very efficient (12).

Removal of color. The removal of Metomega Chrome Orange GL, a commercial textile dye
from wastewater was found to be nearly 99% under optimal conditions (pH = 3.0 and
temperature =30°C) using fly ash as an adsorbent (13); the sorption data fitted the Langmuir
isotherm model. The removal of Omega Chrome Red ME (a popular chrome dye) from its
aqueous solution by adsorption on a mixture of fly ash and coal was studied; a 100% removal
of the dye was achieved at 10 mg/L, 30°C, and 2.0 pH, using a 1:1 ratio of fly ash and coal
(14). The equilibrium data was reported to fit well with the Langmuir model of adsorption.

Removal of organics. Fly ash was successfully used to recover phenol from industrial
wastewater, by lagooning the mixture of fly ash and wastewater; phenol was reduced from
4500 mg/L to 280 mg/L (15). Fly ash was also used to remove TNT in both batch and column
systems; in column systems 90% removal of TNT was reported (16). Bhargava et al. examined
the removal of a detergent in a fixed-bed continuous flow fly ash column and developed a
relationship for the design of such systems (17). Using 1000 mg/L of fly ash containing 23.27%
carbon, 74% removal of ABS was obtained with a two-hour contact time (18). Khanna and
Malhotra examined the kinetics and mechanism of phenol removal by fly ash and provided data
for the design of phenol-fly ash adsorption systems (19). Jain et al. showed that the adsorption
plot of oxalic acid from aqueous solution by fly ash has two linear components each following
the Langmuir isotherm (20). Banerjee et al. examined the use of fly ash as a sorbent in the
treatment of alcohols, aldehydes, ketones and aromatics (21). This study showed that
immobilization of organic pollutants is feasible by adsorbing the contaminants onto fly ash. The
residual carbon content was found to play a significant role in the adsorption process. Percent
reductions of the aromatic compounds were found to be much higher compared to other
functional groups such as alcohols, aldehydes and ketones.

Removal of heavy metals. Gangoli et al. performed batch tests by contacting 40 g of fly ash
with | L of an aqueous solution of chromium (22). They concluded that the removal of
hexavalent chromium using fly ash involved a chemisorption mechanism associated with the
bonding between active alumna sites and the chromate anion. Grover and Narayanaswamy
carried out batch experiments to study the effects of contact time, pH and fly ash dosage on
the removal of hexavalent chromium (23). They explained the equilibrium data for chromium
uptake by fly ash at different pH values on the basis of the Freundlich adsorption isotherm.
They found that there was an improved adsorption of chromium at a pH less than 2.5. Yadava
¢t al. (24) investigated the removal of cadmium by fly ash at different conditions by varying the
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contact time, temperature and pH. They found that the removal of cadmium from aqueous
solutions by adsorption on fly ash increased with time and that equilibium is attained in 2
hours. On studying the kinetics of adsorption of cadmium on fly ash using the Lagergren
equation, they concluded the adsorption process to be first order. They found that the
adsorption of cadmium on fly ash could be explained by the Langmuir equation. Their results
showed that an increase in temperature from 20°C to 40°C decreased the adsorption of
cadmium on fly ash from 96.07% to 83.78%. The removal of cadmium by fly ash increased
from 11.85% to 89.82% on increasing the pH of cadmium solution from 4.0 to 8.5. The ability
of a homogenous mixture of fly ash and wollastonite (1:1) to remove Cr® from aqueous
solution by adsorption was investigated by Panday et al. (25). Maximum removal was observed
at pH 2.0 and 30°C. Studies were conducted to investigate the removal of copper from the
metal cleaning wastes by adsorption on fly ash; these studies showed that adsorption can
significantly increase copper removal (26). The removal of Cu** by adsorption on fly ash was
found by Panday et al. to be concentration, pH and temperature dependent (27). Adsorption
was found to be endothermic; the maximum removal was observed at pH 8.0. Prabhu et al.
showed that fly ash was a good adsorbent for the removal of zinc from aqueous solutions;
maximum removal was obtained in the pH range of 3 to 4 (28). They found that adsorption
fitted the Freundlich isotherm. Studies by Gashi et al. showed that fly ash showed good
adsorptive properties of removal of lead, zinc, cadmium and copper from effluents of battery
industry and fertilizer industry (29). Removal efficiencies were greater than 70%. Adsorption
studies carried out to estimate heavy metal removal using fly ash on wastewater at Varmnasi,
India showed that removal was in the following order: Pb>Zn>Cu>Cr>Cd>Co>Ni>Mn (30).

Adsorption of Ci**, Ni**, Cd**, Pb*, Zn** and Ag"* on fly ash was investigated by Weng
and Huang and they found that the process was spontaneous and endothermic (31). Sen and

De found that fly ash was found to have a good adsorption capacity for Hg*"; they reported
that the adsorption conformed to Freundlich model (32). They found that the equilibrium time
for adsorption was three hours and that the optimum pH range was 3.5 to 4.5. Fly ash was
found to be a good adsorbent for the removal of lead; an equilibrium time of two hours and a
pH of 5.0 was found to be most effective for the removal of lead (33).

USE OF FLY ASH IN SLUDGE MANAGEMENT

Eye and Basu concluded, based on their investigation, that fly ash could be a useful agent in
conditioning sludge prior to vacuum filtration (12). Helm et al. concluded that mixtures up to
10% wastewater sludge with fly ash appeared suitable for use in highway embankments and
other structural fills (34). Kincannon et_al. showed that an admix of municipal wastewater
sludge with fly ash could produce a dry, deodorized and sterile product with a potential for use
as a soil conditioner (35).

RESEARCH AT THE UNIVERSITY OF REGINA

Batch studies were conducted to evaluate the use of fly ash in the removal of cadmium,
chromium, copper, nickel, zinc, mercury and phenol from municipal wastewater. The fly ash
used in the study was obtained from unit #2 of the Poplar River Power Station of the
Saskatchewan Power Corporation. The fly ash generated from the combustion of lignite was
collected from the first bunker of the power station's electrostatic precipitators. The
wastewater used in the study was collected from the City of Regina Municipal Wastewater

941



Treatment Plant, before the wastewater enters the primary sedimentation tanks. The first study
related to cadmium and chromium; the second study was conducted with copper, nickel and
zinc; the third study was on mercury removal and the fourth related to phenol. For the studies,
the wastewater was spiked with the respective heavy metals to raise their concentrations to
approximately 1 mg/L. Batch (kinetic and adsorption isotherm) studies were conducted using a
Jar Test Apparatus. Adsorption studies were conducted at various pH values and the best pH
for maximum adsorption was chosen. Isotherm studies were conducted at 5°C, 10°C, 15°C
and 21°C for heavy metal removal. Methods outlined in "Standard Methods" (36) were
followed for the analysis. Batch studies showed that fly ash removed 93% of the cadmium in
the wastewater in the pH range 7 to 8, and 44% of the chromium in the wastewater in the pH
range 2 to 3 in an equilibrium time of 3 hours (37). The adsorption of cadmium and chromium
on fly ash was found to be exothermic. Isotherm analysis of the data showed that the
adsorption of cadmium on fly ash was described by the Langmuir isotherm at 5°C, 10°C, 15°C,
and 21°C whereas the adsorption of chromium on fly ash followed the Freundlich isotherm at
5°C, 10°C and 15°C and Langmuir isotherm at 21°C. Removals of copper, zinc and nickel
attained equilibrium in two hours (38). Removals of the three metals were found to reach
maximum values in the pH range 3 to 3.5. It was found that the adsorption capacity of fly ash
with respect to these three heavy metals generally decreased with an increase in temperature.
Removals of copper, nickel and zinc were approximately 73%, 33% and <9% respectively at
21°C at a pH of 3.0 to 3.5. The adsorption of the three metals on fly ash generally followed the
Langmuir isotherm. It was found that a contact time of two hours was necessary for the
adsorption of mercury from wastewater to reach equilibrium (39). The optimum pH was found
to be between 5.0 and 5.5, The adsorption isotherm data were described adequately by both
the Langmuir and the Freundlich models. In the case of the adsorption of phenol from
wastewater by fly ash, it was found that the removal of phenol was optimum at a pH of 5.0 in
an equilibrium time of five hours. The adsorption data was adequately described by the
Langmuir isotherm.
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