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Abstract
Heavy metals are known to be toxic to human and the environment. Despite the growing of petrochemical and refinery industries, the
world is facing problems with the heavy metals contamination from the sludge by the industries. Many methods have been applied to
address these issues from the refinery sludge. In this study, stabilization and solidification of refinery sludge containing heavy metals
using vitrification method was utilized to solve this problem. The ashing temperature of 550°C was selected in preparing the ash of the
dried sludge prior to the vitrification process at 1110°C to 1400°C. After vitrification, all samples were morphologically, thermally
and toxically analyzed using Scanning Electron Microscopy, Thermogravimetric Analysis and Toxicity Characteristic Leaching
Procedure. The sludge contained high amount of iron and aluminum, followed by some amount of magnesium, gold, arsenic and zinc
with some traces of nickel and lead. Results showed that at maximum vitrified temperature of 1400°C, no magnesium, nickel and lead
were detected in the sludge and only some traces of other heavy metals with less than 1 ppm. The vitrification method exhibits
excellent output in immobilizing the transition metals leading to a reduction in environmental pollution caused by petrochemical and

refinery sludge containing heavy metals.

Index Terms:. Vitrification, Heavy metals contamination, Refinery sludge, Toxicity, Leaching analysis
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1. INTRODUCTION

Increasing  population, consumerism and industrial
development have led to an increase in the questitf
hazardous and municipal solid waste (MSW) generated
worldwide. Various thermal processes, includingriecation,
pyrolysis, melting or vitrification have been praea for
treating these hazardous wastes prior to dispdsah@ to
destroy the organic fraction and convert the inoigdraction

into an inert silicate slag, or glass, that canhegit be
advantageously reused, or harmlessly disposed ahimert
landfill [1, 2].

Plasma pyrolysis or vitrification (PP/V) processasunique
thermal treatment of wastes that has been implesdemtd is
growing rapidly. Vitrification process on petrochieal sludge
is a potential new approach for solid waste managetras it
has been proved to be the one of the most promasidgow-
cost methods for the stabilization and solidifioati of
hazardous solid wastes. It has been applied foowsiurban,
industrial and radioactive wastes [3-5].

Vitrification concentrates a number of importantritsesuch
as large waste volume reduction, low cost appbecati
negligible mass of by-products and the ability tmduce

marketable materials. The toxic elements and chemic
substances can either participate on the formatidhe glass
network or be captivated in the form of precipitate crystal

in the glass network [6]. This study aims to essdbla
vitrification treatment by which heavy metal cortgein the
sludge is stabilized and transformed into stabligli§ied form

at the same time.

2. MATERIALS AND METHODS
2.1 Materials

In this study, the refinery sludge was obtainedrfra local
refinery treatment plant located in Melaka, Malaydtor the
acid digestions, 38% nitric acid supplied by Eveegr Sdn.
Bhd. was used for heavy metal composition fromrefaery
sludge before Vvitrification process whereas for idibyx
characteristic leaching procedure (TCLP), acetid aapplied
by the same company was used for heavy metal dietztion
after the vitrification process.

2.2 Proximate Analysis

Proximate analysis and ash temperature on a deeis lvere
determined using Thermogravimetric Analyzer (TGA,
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SDTA851, Mettler Toledo, USA) with heating and dagl
rate of B3C/min at 50 mL/min N as inert gas purging.
Approximately 10 mg of sludge was placed in the T&#d
N, gas (50chmin®) was allowed to flow from room
temperature to 15C for moisture content estimation. The
TGA was then set to 480 to estimate volatile matter in the
sludge. TGA containing sludge was then cooled t6°G5
before switching to air stream and was then hetie@D0C
for ash content. This step could also be used timate the
ash temperature. The TGA analysis was repeateé thmes
for consistency and reproducibility.

2.3 Ashing Sample

Crucible before and after containing dried sludge weighed
and recorded Then, the crucible containing driedgt (dried
previously at 10%C for 1 to 2 days) was heated in the furnace
at a rate of 8/min to the desired ashing temperature obtained
from proximate analysis for 16 hours to ensureoatjanics
content was eliminated. Then, the sample was seatotd
down to room temperature in the furnace. The ctacib
containing ash sample was weighed and recorded.

2.4 Heavy Metal Determination

Dried sludge was mixed with 38% nitric acid via daci
digestion according to US EPA method 3050B [7]. The
mixture was heated to 70 - ®Dfor two hours for digestion to
take place. The, the filtrate was taken for heavgtain
determination using Inductively Couple Plasma (ICES,
Perkin Elmer Optima 7300DV, USA). The process was
repeated three times for consistency and reprotlitizib

2.5 Vitrification Process

The ash samples were vitrified in the furnace atperature
ranges from 1100 to 1480 for 2 hours with a constant rate of
5°C/min, followed by a cooling stage until room temgtare
was achieved.

2.6 TCLP Analysis

The toxicity characteristic leaching procedure veapted
from US EPA Hazardous Amendments of 1984. Thefigtti
material was crushed into particle size less th&men prior
to leaching process. The crushed material wasrtiirad with
diluted acetic acid and water to a pH of 2.88+0rD%a liquid
to solid weight ratio of 20:1. The pH mentioned abdavas
being chosen due to its acidic condition commomwlynid in
landfill. The sample was stirred for 18 hours atrth and
22°C [8].

2.7 Morphology Analysis

A scanning electron microscope equipped with an EDX
detector (SEM, Hitachi S 3400N, and Japan) was used

examine the texture and chemical elements presenthe
surface of the samples.

3. RESULTS AND DISCUSSIONS

3.1 Chemical Characteristics of Raw Sludge

The proximate analysis and ash temperature werainauot
from the thermal analysis via TGA. The total weiiigs was
87.37% with moisture content of 76.71% and volatilatter
of 10.66%. The estimated ash temperature was(&50he
moisture content obtained from this refinery sludges in the
range obtained by Lin et al. [9]. Chart 1 shows tihermal
analysis on the dried sludge.

Weight
Percent, % 100.00 T at 550°C is selected:; all
100 s volatile materials have been
80 ! decomposed.
60
40
20 9.97 910
. s ..
0 13404 1051 9.57 g
0 100 200 300 400 500 600 700 800 800
Temperature

Chart -1: Ash temperature determination from the thermal
analysis

Table 1 presents the metal compositions obtained¢ha
digestate raw sludge via ICP analysis. Eight hemsgtals
namely Fe, Al, Mg, Au, As, Zn, Pb and Ni were dé&tec
These compositions as tabulated in Table 1 werergtn
similar to those found by Lin et al. [9] and Browhal. [10].
The concentrations of the heavy metals detectede wer
compared with the Malaysia Environmental Quality
Assurance (EQA) standard.

Table -1: Heavy metals concentrations of raw sludge and
EQA limits (ppm)

Analyte (ppm) Fe Al Mg Au As Zn Pb Ni

349.40 10391 41.47
£76.40 +14.29 *8.40

30.08
+0.22

26.95
+0.35

2582 189 166

Average conc. £209 +127 +2.79

EQA standard 5.00 NA 0.20 NA 0.05 2.00 0.10 0.20
NA - not regulated

3.2 Morphology Analysis

The vitrified samples in the range of 1110 — 14D@vere
initially examined through naked eyes for the castgahess of
the melting and the smoothness of the sampleshéars in
Fig. 1(a) and (b), both temperatures were notaefit enough
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to cause the refinery ash to completely melt legdonrough
surface of the vitrified samples. The incompletsne$ the
melting could cause the in homogeneity of the fildi sample
leading to enhancement of the heavy metal leaclfiigg.1(c),
(d) and (e) show a complete melting of the vitdfisamples
with smooth surface could be observed.

The vitrification process was re-examined in theroaer
temperature range of 1320 - 14G0Q as shown in Fig. 2. As
can be seen in all figures, the surfaces were dmeith Fig.
2(c) and (d) the smoothest, which could be coneullgood
since the ash samples were completely melted pioglstiny
and smooth vitrified material. The vitrified matdd were
morphologically examined using Scanning Electron
Microscope as presented in Fig. 3.

o

Fig -3: SEM microphotograph at magnification 2000 times
with vitrified temperature at (a) 1320 (b) 1356C
(c) 1380C (d) 1406C

From the image, it should be noted that some unsueface
were seen reflecting the existent of contaminakigified
material at 138 (Fig. 3(c)) reveals that the solid produced
has a non-glass morphology under 2000 times image
magnification. The probable material could be thft bver

© organic matters, metals or organometals materkits. 3(d)

' ‘..
@)
(d) portrays a stable and smooth surface at vitrifocati

. i temperature of 140C€. The vitrified material at 135G was
Fig -1: Vitrification at temperature: (a) 118D, (b) 1206C, : . :
(c) 1300C, (d) 1356C, (e) 1406C further tested using EDX to determine the existemde

chemical elements on the surface as tabulatedhirea

: "

Fig -2: Vitrification at temperature: (a) 1320, (b) 1356C,
(c) 1380C, and (d) 140t

(d)
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Table -2: Weight percentage of elements found in vitrified
refinery sludge at 135Q

“Element Point 1 Point 2
C* 4.32 9.60
Non-metals O~ 39.96 37.34
Si* 7.25 4.87
Mg~ 3.09 2.81
Al* 5.59 5.08
K* 0.64 0.30
Ca* 9.01 5.91
Ca*
Fe* 17.42 22.61
Fer
Co*
Co* 1.38
Metals o
Cu* 4.29 3.31
Zn*
Zn* 2.94 1.88
I* 0.30 0.62
Ba* 1.56
Ba*
Ir*
Ir* 3.64 2.41
Ir*
TI* 1.87
TI*
Total 100.00 100.00

* Sandard

Two points were taken to be elementally tested. ddritie
non-metals group, oxygen had the highest averagghtve
percentage of 38.65% from the overall weight ofrifietd
material whereas carbon had the lowest averagempage of
6.96% During vitrification, high temperature caustdse
oxygen to escape from metals oxide to form glasscsitre
leading to high concentration of oxygen. The carbon
concentration on the other hand is the lowest amoog:
metals since the element may combine with the axyige
form carbon dioxide during vitrification processorFthe
metals group, iron is expected to have the highesight
percentage, similar trend showed by the ICP armlyBhe
most important finding is that ICP analysis indesafridium
(I) as gold (Au). This might be due to (i) no dahie
standard solution for indium in the ICP analysisl @old in
the EDX and (ii) the ICP spectrum for both are elts each
other.

Even though both values for point 1 and point 2 rawe the
same, the trend is quite similar indicating sonesregints have
not been completely melted during the vitrificatiprocess,
leading to identified elements using EDX.

3.3 TCLP Analysis

The TCLP results on the vitrified material at igd
temperature of 1320 — 14 are shown in Table 3. The
results revealed that all traced elements wereinvitie EQA
standard, except arsenic (As). As shown in theetatile
concentrations in the vitrified sample were sigrfitly lower
than the metal concentrations in the raw sludgeneStraced
elements are possibly due to (i) inhomogeneouskechprior
to ashing and vitrification process leading to impbete melt,
(i) higher melting temperature in comparison tosteéel
vitrification temperatures for example iron andkei; and (jii)
spectrum mixed up between gold and iridium. In gahe
chemical stability is consistent with the progressiormation
of more compact and interconnected glass netwatlctstre
[4]. Therefore, vitrification of refinery sludge st resulted in
the reduction of metal leachability.

Table -3: Traced metals of vitrified material

Melting Concentration (ppm)
Analyte Temperature |nitial ~EQA Vitrified Vitrified Vitrified Vitrified
(C) sludge standard 1320°C 1350°C 1380°C 1400°C
Fe 1535 349.40  5.00 0.14 0.31 0.54 0.26
Al 660.4 10391  NA 1.81 1.55 2.45 1.15
Mg 650 4147  0.20 0.00 0.00 0.00 0.00
Au/lr 1064 30.08 NA 0.71 0.71 0.71 0.71
As 816.8 26.95  0.05 0.03 0.05 0.06 0.07
Zn 419.6 25.82  2.00 0.47 0.46 0.45 0.45
Pb 3275 1.90. 0.10 0.00 0.00 0.00 0.00
Ni 1453 1.66 0.20 0.00 0.00 0.00 0.00

*NA: not available

CONCLUSIONS

The ash, moisture and organic content of refindugges
were found to be 12.63%, 76.71% and 10.66%, reispdct
Ash temperature was found to be B50The solid residues
obtained after vitrification treatments exhibitedansiderably
lower leaching of heavy metals contents than tierefinery
sludge with a smooth surface morphology obtainedtafied
temperature of 1380 and 1400 Some improvements can be
made such as thoroughly mix prior to ashing andficiation,
and higher tested temperatures for melting compéste
resulting more smooth morphology and untraced heastals
during TCLP analysis for wider application suchvasdow
panel. Consequently, vitrification process shalpresent a
reliable environmental friendly and safe solutioror f
managing, stabilizing and converting refinery slkedg
containing heavy metals into useful products.
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