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 The adsorption study of Cr(lll) on the adsorbent produced from
coal mining waste was carried out as a function of time, initial
concentration and pH. The Lagergren equation was used to calculate
" the adsorption rate constant. The equlibrium data showed that the
. adsorption of Cr(Ii1) obeyed the Langmuir and Freundlich isotherm
~ equations. Based on the Langmuir isotherm constant it was shown
that the adsorbent produced from coal mining waste was more
effective compared to most of the other adsorbents. The maximum
adsorption for Cr(I11) was observed at pH 5.2. Column studies were
alSo performed 10 simulate lh(ﬁ:‘iﬁdustrial conditions and column
capacities for each flow rate were determined.

,,Kéy ~W0rds‘:“‘f,j Adsorption, ;Chramium(llll), Chromium(V1),
“Activated carbon, Coal mining waste.

- INTRODUCTION

The mining industry has employed processes and produced products at lower
costs and reduced energy ‘consumption due to the development of new techno-
logies and improvements to existing technologies. At the same time, this industry
‘must minimize the adverse environmental, health and safety effects associated
with mining products since a great quantity of solid waste remains and contam-
inates the enVimnmemafterf,the mining process.

Environmental ‘policies put pressures on production, processing and product
costs in mining industry. Therefore, environmental costs are significant and the
future success f~oif: ‘the';minihg‘ industry depends on its relationship with the
environment. S |

Coal mining waste is a mixed ‘alumina-silicate/carbon material. A great
quantity of ‘miningwaste'rémkains after coal mining processes and contaminates
the environment. It contains a considerable amount of carbon material that can
be activated. Therefore, coal mining waste can be considered as a starting material

to produce a new adsorbent, P

- Our 1abo‘rathy‘hays used a program to develop cheap and new adsorbents from
cheap raw materials such as used tyres, spent bleaching earth, contaminated soil! ™

~and the adsorbents produced from coal mining wastes were studied extensively.
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 These studres showed that the adsorbents produced from coal mining wastes had
~a high capacity for chromrum(‘\/][) MCPA and some organic and inorganic
poltutams6 ! : :

Activation of eoal mmmg wastes was also the subject of investigation by some
researchers in the past. Hu and Vansant used ZnCl, to produce activated carbon
from coal mining waste and reported that the adsorbent produced from coal
mining waste exhibited hrgh affinities towards organic compounds. Deng et al. ?

used K,CO3 to produce activated carbon from coal mining waste and reported
that the adsorbents were produced from coal mining wastes.

The nature and behaviour of various Cr forms found in wastewater can be
quite altered physrcochermcal condrtrons of the effluents originating from various
‘industrial sources. Cr(VI) dommates in wastewater from the metallurgical
industry, metal finishing rndustry, refractory industry and production or applica-
tion of pigments. Cr(Ill) is found mamly in tannery, textrte and decorative plating
industry wastewater' ',

The oldest and most frequently used method for removal of Cr(IIl) from
wastewater is the precrprtatnoni Thns process has some disadvantages as it
produces a large amount of sludge ‘

Theretore, in recent years, various studies have been published for the removal
process of Cr(IIl) and a number of materials have been investigated for the
adsorption capacity for chromrum(m) These materials include bemomte
periite’ . activated carbon'? 14, , inorganic- orgamc silicon hybrrd surface'”, biogas
slurry'® . chelating ion- exchdnger resin'” and anion exchanger

In this context, the aim of this study was (1) to develop a new adsorbent from
coal mining waste, (2) to study the capacity of the new adsorbent for the removal
of Cr(Ill) and (3) to reduce the‘amOUm of coal mining waste.

" EXPERIMENTAL

All chemicals used in: the study were of analytical grade A stock solution of
250 mg/L Cr(IIl) was prepared from Cr(NO); 9H,0. All solutions were prepared
with double distilled water.

Coal mining waste was obta‘rnedj ~fr0m a coal mine in Marmara Region. Coal
mining waste was crushed and sieved to a particle size < | mm. The material
used in this study contains; Cy 30 2%, SrOz 37.1%, Al,O4: t'l 2% and other oxides
(Ca Mg, Fe, Mn, Cr): 15.5%. ‘

Absorbents were prepared- aceordmg t0 a procedure described in the study of
: Mahamanlioglu® ’ " and Hu and Vansant 20 g of sample was blended with 1%
ZnCl; solution and this mixture was preheated at 300°C in flowing N, for 4 h.
After pretreatment process ‘sampres were cooled to room temperature and washed
with hot and cold water to remove ehlonde ions. The materral obtarned was dried
-at 110°C for 6'h and stored for acfrvatron process

Actwatlon pmcess "

10 g of the pretreated sample was mrxed wrth 5 gof ZnC12 and pyro!yzed at
~ 700, 800 and 900°C for 1 h. The adsorbents produced at different temperatures S
will be referred 1o hereafter as A(700) A(80()) and A(900) in the text. After the
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- activation process, the samples were cooled to room temperature and washed with
hot and cold water. The adsorbent obtained was dried at 110°C for 6 h and sieved
again to a particle size < | mm and then stored for adsorption experiments. It is
seen from Table-1 that the surface area decreases with increasing the temperature
and increases again with the increasing temperature. This result agrees with the
results obtained by Hu and ‘Vansant® for the preparation of adsorbent from
elutrilithe. Carbon contents of the adsorbent produced from coal mining waste
also decrease with higher temperature. The effect of temperature on the carbon
' content is similiar to that reported for the similar material. Hu and Vansant® also
reported that the adsorbents produced from coal mining waste at higher temper-
atures were found to possess a greater micropore volume and smaller total pore
volume when higher activation temperatures were employed. These results also
agree with the results obtained in thi's’istudya(fl‘able«i ). This result can be explained
by the fact that a higher degree of carbon burning occurs at higher temperatures
than the boiling point of ZnCl, (732°C). At higher temperatures, carbon burn off
leading to the formation of some new pores, and to the partial removal of meso
and macropores and, therefore, the surface area increases. But the activation
process at temperatures lower than 732°C results in a low degree of carbon lost,
and a porous adsorbent with micropores as well as mesopores was produced. The
activation process at temperatures greater than 732°C results in higher degree of
carbon lost and a highly microporous with a few mesopores adsorbent is
produced. It is seen from Table-1 that A(900) has the greatest surface area. These
findings show that carbon 'burh-‘o"ff'kr‘csu,lts‘"iny'lhe‘,c‘reation of new pores®.
© TABLE:l

THE SURFACE AREA, CARBON CONTENT AND PORE VOLUME OF COAL MIN-

ING WASTE AND THE ADSORBENTS PRODUCED FROM COAL MINING WASTE

Surfaée area -~ Carbon conient . - Pore volume (cm/g)
- Sample (m3/ e =('17) ;
. g;.-~ el Vi i M
Fresh coal mining waste 104 302 0.0311 o
A(00) 122491 OIS 0.0480
AB0O0) W94 178 0.0960 0.0512
A(900) 1619 162 00878 0.0752

- Qutgassing of the adsorbent : |

Surface area of the adsorbent was measured by nitrogen adsorption experi-
‘ments. Prior to surface area and batch experiments all the products were outgassed
at 300°C for 3 h. Surface areas, pore volumes and carbon contents of coal mining
~waste and the adsorbents produced from coal mining waste are given in Table-1.

AdSOrption prdces*sk":_»“; G | ;
~ Batch studies: ";.Ex‘perim,éﬁ_ts:Wéfé?{c\a‘rriédf'olit by taking the known amount
- of adsorbent with 100 mL of aqueous solutions of éhto‘m'ium(lll) of a desired

~ concentration in glass bottles and shaking for pre-determined time intervalé using

a ,‘thcr‘mdstated shaker. The adsorbent and adsorbate were separated by centri-
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~ fugation at 6000 rpm for 10 min. The concentration of supernatant was measured
by atomic absorption spectrophotometry. All the equilibrium and kinetic studies
and column studies were carried out only at pH = 5.2 except pH studies since
this value was obtained as the optimum pH for the adsorption of chromium(III).
Column studies: The adsorption column was made of glass tube. 2 g of
adsorbent was fixed in the ‘column,a‘nd the column was fully filled with distilled
water for 12 h to wet the column to expel all the air existing among adsorbent
particles. After ﬂushmg with distilled water, the soiutnon was pumped vertically
downward inside the column at constant flow rate.
- Chromium(III) solutions of concemratxons 20 mg/L (pH 5 2) were passed
- through the column at different ﬂow rates (0.1, 0.12,0.14, 0.16 L/h). When C/C,
~ ratio reached a constant value, the expcrnments were considered to be finished.
Concentrations in the column oudet were mcasured wnm the method menuoned
above ’ ’ o

RESULI S AND :m*scussmN
Effects of Contact Time on the'Variat‘ion of Concentration of Cr(III)

The concentration data obtained from the contact time experiments using
different initial concentrations were piotted agamst time in order to determine the
equlibrium time (Fig. 1).
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'F;g. 1. The‘vafriauonjdfco'nccmrmion ofCr(l!I) with time

The results show that the cqurhbnum tlmcs for the initial concentrations m,
20, 30 mg/L was found to be 55, 60 and 65 min, respectively. It is seen from
Fig. ﬂ that the equnhbrlum time depends on the initial concentration.
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The adsorption rate equation

The adsorption of chromium(Iil) on the adsorption produced from mining
waste was found to follow the first order adsorption rate expression of Lagergren
given by : . e ‘

In(g.-q = Ing.-K-t ,
“where qe and q are the amounts of chromium‘(lll)'adsorbed at equﬂibﬁ’um at any

time., 1, respectively and K is the rate constant of adsorption. The values of K
were determined by least square method Vanyd:fou'nd to be 0.038, 0.036 and 0.033
L/min for the concentrations of 10, 20 and 30 mg/L, respectively.
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 Effect of pH on the adsorption of Cr(Ill) |
 The pH of the aqueous SOIuk(ion;’;s,ah -imkp0‘rt‘a‘m k"v‘a‘ri'ablke that controls the
~adsorption of the solute at the adsorbent-water interface. Therefore, the effectof pH
" on the adsorption of Cr(IIT) was examined for the initial concentration of 20 mg/L
inthe pHrange 2.3 and 5.2. A maximum adsorption was attained at pH 5.2. Itis seen
from Fig. 3 that the adsorption increases with increasing pH. This result can be
attributed to the sorbent charge and speciations of Cr(I1l). Similar results for the
~ sorption of Cr(Ill) on mommOrilloniteg:z,ljc;ti'vated carbon, Al,O;, bentonite and
‘expanded perlite have been reported'’. ‘

~ Chromium(IIl) in aqueous solution lfOfmSﬁthC following complexes':
. CrOH);+3H'=Cr*+3H,0  pK;=1183
O+ H0 = Cr(OW* +H* . pK,=385
 CR42H0 =CrOHF42H pKy=1006
A +3H,0 =CrOH" +3H"  pKe= 18.70
 CP44H,0 =CrOH)"+4H"  pKg=2787
3G 4 4H,0 = Cry(OHY" + 4H' . pK,=840
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Fig. 3. Eff¢¢t of pHon adsorption of Cr(I111)

According to the values of pK. the predominant species below pH 2 1s crt
At pH 4, the Cr** and Cr(OH)™" species are present in an approximate distribution
of 40 and 60% respectively. AtpH 5, the Cr(OH)™* species dominates accounting
for around 70%'%. The distribution of species clearly indicates that between pH
values of 2 and 4, thei‘compiex,Cr(QH)Z*is~seiecxively adsorbed on the adsorbent,
but between pH values of 4 and 6, Cr(l11) is adsorbed principally as Cr(OH)™,
although Cr(OH)3* complex is also adsorbed."”

Adsorption isotherms
The capacity of any ads‘o‘xfbc‘:m'fo‘r_uthe removal of substances is generally
represented by the Langmuir and Freundlich isotherms. Therefore, the data ob-
tained from equilibrium studies were used to calculate the value of the Langmuir
and Freundlich isotherm constant. o
Langmuir isotherm: The‘:iiheariZed Langmuir isotherm is
|  Clg=1/Qe b+CIQ
where C is th‘eye’q\uiiibrium concentration, q is the amount of solute adsorbent at
equilibrium and Qp and b are th{é La,ngmuirnco%nstams. Qg and b were calculated
from the least square method applied to the linear relation between C/q and C
shown in Fig. 4 and found to be 15.11 and 1.15 L/mg, respectively.

~ Although the capacity of the adsorbent produced in this study is less than some
adsorbents, the capacity for Cr(IIl) is not low (14.95 mg/g) and the adsorbent
produced from coal mining waste has a high capacity for the removal of Cr(VI)and
some organic substances mentioned above and;rcprocessin(gghe coal mining waste

~ reduces the environmental pollution around the coal mines™ .

Freundlich isotherm: It is an empirical isotherm and has the following form:
‘where q is the amount of solute adsorbed, C is the equilibrium concentration, k
and n are~‘th¢Frc‘undii,cyrh‘co}ris_tants Lo ey : ~ e



oL18. No.1 (2006) Removal of Cr(lll) by Adsorbents Produced from Coal Mining Wastcs 151

409
5
()] .
5 20
(O]
soleinnee i
0 10 20 30 40 50

C(mg/g)
F:g 4. Langmunr plot for lhc adsorptnon of Cr(lil}

A linéar form of the Freuyndlnch expressxon can be written as
Ing=ink+ninC
~ Fig. 5 depicts the results obtamed by ploltmg In q vs. In C for the adsorption of

chromium(IID. k and n parameters were calculated from the least square method
applied to the straight line in Fxg S and found to be 3.19 and 0.36, respectively.

2.4
o
£
204
1000 e e 4.0

in ¢
Fig s Freundlich plot for the adsorption of Cr(111)

;Column studxes , , e s

Adsorpnon 1so[herm§ are used for prelxmmary mveshgatlons and obtaining
operational parameters before runmng more costly column tests, but in_practice
treatment plants use column type Thereforc ms necessary to carry out ﬂow tests

uszng columns.
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'Fig. 6 shows the breakthr';oughCur\?'esbbitained from the fixed bed experiments
for Cr(I1I) solutions at four different feed concentrations (0.10.0.12,0.14,0.16 L/h)
and at the constant concentration (20m/L). The results obtained from breakthrough
curves in Fig. 6 are given in Table-2.

' . TABLE2
PARAMETERS CALCULATED FOR DIFFERENT FLOW RATES
IN COLUMN STUDIES
IR S o : “Flow rates (L/h)

| 016 014 o 0.10
V.(L) o 060 080 1.00 | 140
X; (mglg) ol e ‘ 8  ‘ - 10 14
V(L) 3. 340 360 4.00
X (mglg) 520 1860 2010 24.40
th) 1875 2429 30.00 40.00
CICy yee s | |
Q (mg/g) R0 e 36 40
R 5050 5480 5580 61.00

V, = volume of cffluent at flhe]'hr¢~zlkthrough,:'point of the column (L), X; =amount of Cr(Ill)
adsorbed per g of adsorbent at the breakthrough point (mg/g).V; = volume of cffluent at the close
~pointof the column (when C/C, reaches a platcau), t = experiment period (h), Q is the amount of
Cr(111) passed through the column umi‘i;thcclkosc«poim (mg/g) adsorbed per g of adsorbent at the
close point, R = removal eff iciency of the column (120).
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Fig. 6 'B‘rc‘aklhf:o‘ugh, cu:rvesfty;of CTf(!LIl)“()"r’\ﬁ{lhcladsorbent‘brodu‘ced from coal mining waste




Vol.18, No.1 '(2006) Remov’a‘l of ‘Cr(lil‘) b)'/"fAd‘SO’rbe‘n‘ts"Ptoduced from Coal Mining Wastes 153

If one compares the results obtamed from the fixed bed experiments with those
obtained from the batch experiments, it is seen that the amount of Cr(III) adsorbed
per g of adsorbent for each flow rate is greater for the fixed bed than for the batch
experiments. Several researchersl("’“2 have reported the same dissimilarities be-
tween the adsorption capacity found by batch and column studies. This result was
also expected in the present work due to different conditions such as the different
- durations of experiments and dxfferem adsorbent/solution ratios used in the batch
and column studies. Other factors can be explamed by the fact that the solution
~ phase concentration is commuously decreasing in the batch system while that
concentration is continuously increasing in the column system.

Comparison of the breakthrough curves obtained at four flow rates showed a
consistent trend wherein the breakthrough curves for the faster flow rates were
shifted leftward of the slow flow rate. The parameters obtained in this part are given
in Table-2. When the flow rate increases, the residence time in the column decreases
which results in lower bed utilization. Therefore, as can be seen in Table-2, the
breakthmugh time and the bed capacity decrease with increasing flow rate of
Cr(IID). Similar ﬁndmgs have been obtamed by Koet al 2

Conclusion

Adsorbents were produced from eoal mining waste and adsorption capacity
for Cr(III) was calculated. The contact time results were described with Lagergren
equation. The values of Langmuir and Freundlich isotherm constants were
calculated. The capacity value obtained from the Langmuir isotherm was found
10 be higher than some adsorbems The maximum removal was obtained at pH
=5.2. The column studies showed lhdt the column capacity was higher than batch
capacity and this capacity decreascd with mcreaqmg flow rate. The use of
activated coal mining waste as an ddsorbem after suitable treatment process can
be an option for minimizing solid waste in mmmg industry. Therefore, it should
be borne in mind that a low-cost feedstock can be used in the case of coal mining
waste and that reprocessing of coa] mining waste into valuable produus is
assouated wwh appreuabie envuronmental benefats
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