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transformed into mesoporous ,materials depending upon the hydrotherma'l conditions. It is

observed that a high concentration of Na- ions in ttre supernatant of the fused coal fly ash is
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Conversion of CoaI Fly Ash (C.F.A.) Into Mcmy'I Mesoporous,Ivlolecular Sieves

S. G.B.Mahavidyalaya,Puma

Email : s.bshete@rediffmail. com

Abstract:
Mesoporous molecular sieves in the hexagonal phase (MCM-41) is synthesized from

coal fly ash (C,F.A.) solutions and CTAB surfactants. It is found that C.F.A. could be

critical in the formation of MCM-41 when prepared under controlled:pH of gel, caici
temperature and calcinations duration conditions. We provide direct evidence of MCM-41

MCM-41 became very expensive due to costly silica sources and harmful due to toxic

Resource recovery of the Si-MCM-41 materials in large scale from C.F-A. is one of the

and green.approach for reducing energy consumption and the waste ge,nerated in production

Materials And Methods:
Source materials
Coal Fly Ash

The coal fly ash (C,F

silicates with a homogeneous chemical composition of SilAl=13.78 can be prepared with cati

surfactants. Our results resemble that coal combustion byproducts can be utilized for produ

large uniform pore sizes, mesoporous Si-MCM-4I materials found a lot of applications in
selective catalysis, adsorption of gases and liquidsaT etc. Perhaps the large scale production

mesoporous molecular sieves even if containing significant amounts of impurities. The

crystalline and well defined phase purity MCM-41 is obtained'without hydrothermal treatment

short interval of time.

Keywords: Mesoporous material, surfactants, flies ash, hydrothermal synthesis

Introduction:
In India power sector has been receiving adequate prionty ever since the process of pl#

development began in 1950. Hydro and coal bised thermal power have been the main sources s
generating electricity. In our country more than ninety million tones of coal fly ash (C.F.A.) it b.q
generated annually with more than 6500 acres of land being occupied by ash-ponds and creamgenerated annually with more than 6500 acres of land being occupied by ash-ponds and

environmental and health hazards. The recycling of C.F.A. has become an inctasing concera fl

recent years due to increasing landfill costs and current interests in sustainable development of
society from view points of Energy economy and Environmental strategy, still about only 15%

total C.F.A. produced from coal combustion is reused in various applications i.e. in road

cement productio4 land reclamation and restoration of eroded soil.

Conversion of C.F.A. into usefirl Si-MCM-41 materials is one of the approaches to

C.F.A. which has extensive applications in basic sciences, pehochemical sciences,

conservation, medicine, chemical sensor, air purification and waste remediation. This papu
reported A green, cost effective and fast method for production of Si-MCM 4l from Waste C.F

an inorganic silica source & ethyl acetate as a mild acid hydrolyser. This method gives a high
of crystallanity of Si-MCM 4l even in the comparatively short duration of time. This approach

i8 hrs at298 K (R.T.) to produce Si-MCM 41 from C.F.A. which is so far as the knowledge, is

least time and lowest reaction temperature required to produce pure and ordered Si-MCM
However we came to conclusion that the change of pH of gel solution, change of calcinati

duration, change of calcinations temperature results into the varying yields and crystallinity
synthesized maierial. FTIR, XRD, N2- Adsorption-desorption resembles crystal structure and

porosity.

Porous solids are an important class of materials due to their wide applications in
separatioq purificatiou and catalytic processes. Although there are many kinds of amorphous

materials which contain micro porous, mesoporous and macroporous, but there were no
possessing uniform mesoporous until the early 1990s. Mobil corporation scientists frst reported

M4lS family of materialsl-3 withpore size from 2nm to 50 nm. Because of high specific areas

fr orn Thermal Power Stations at Clan&apur, uoItr1 *
ical composition of fly ash collected from bbth." lV_aidvanath) Maharashtra (lndi

Co-ardirial'tr
ICiAC Ga---

76 fL_: .. -. " tTFcIry, ., ,
Fo"fd 

/$s r



'lournal of R*earch &Development' A Multidisciplinaty Intemational Lewl Refetred and Peer Reyiewed Joumal,
Impact Factor.7,265,; ISEN: 2230-9578, 30 October20Zl, Volume- 12, Issue- I 4

Agricubure and'Rural Devebpment: St 'ategic Issues and.Refotm Options

nd also their XRD resembled that the required Si/Al ratio is more prominent in the coal fly
l.A.) obtained from Thermal Power Station at Chandrapur. Thus this C.F.A.is used in the
;tudy. The Cheinical composition of fly ash.collected from T.P.S. at Chandrapur, is given in
The amognts of the main conrponents of ash viz. both amorphous (mainly SiO2, Al2O3) and

re components (mainly quartzand mullite) show few variations with the type of coal.

Iable-l: CIIEMICAL COMPOSITION OF AS LECTED COAL FLY

Compound Content (wt%) CFA (moV100g)

sio2 67.16 1.117

Al2os 19.82 0.193

FezOs 5.95 0.039

CaO 3.06 0.053

KrO L.t2 0.012

Tioz 1.76 0.023

NarO 0.33 0.005

Mgo 4.79 0.019

ASH

rls
fhe chemicals rised are Sodium Hydroxide Fisher Scientific, The surfactant solution Cetyl
I ammonium bromide (CTAB), Spectrochern, ethyl acetate, sulfrric aci{
vater. All chemicals were AR grade; hence they were used without further purification.

is method
The amorphous SiO2 comaonent in the C.F.A. was used as Si- source for the synthesis of Si-

l. The synthesis was ca:ried,out as follows:

A. known.quantity of C.F.A. fused with 2M NaOH solution at 1000C for 4 hrs under stirred
r (300 rpm) in stirred autoclave. The ririxture is allowed to cool. The solution was separated

mixture by a filration process. This obtained supernatant solution was mixed with 1. I grn of
nethyl anunonium bromide (surfactant solution) and kept under stirring condition (300 rpm)
Afte.r 30 nnin. ethyl acetated was vigorously mixed and the solution kept under stirring at 600
: uext 30,min The obtained solution was allowed to cool to room temperature by natural
on and was adjusted to the splected pH by adding 5.25N HzSOn solution under slow stirring.
.te obtained during pH adjustment was kept at room temperature for 18 brs. The solid
after filtration was,washed by deionised water number of times and &ied at 1000C for 2 hrs.

:d material was calcined under air &om 5000C to 8000C at the interval of 50t at a heating

'clmin.
erization techniques
X-ray diffractioi:
iy diffraction patterns of the collected CFA and synthesized materials were recorded on a

//15 mA MiniFlex2 goniometer with a wave length of 1.540 A0.
powder patterns of synthesized samples were obtained using Cu Ka radiation on a Rigakau
meter. The samples were sciumed for 20 from I to 20' .

pectra:

.nfrared (FT-IR) specfia of the collected CFA and synthesized materials were recorded on
\LPHA FT-IR spectrometer (ATR eco ZnSe) using dry KBr as standard reference in the

500-4000 cm-l.
{ace area:, . ,

IET surfaee was calculated using Surface area Analyzer Model SAA-2000 for
zed amples. .were measured with a digital pH meter

Co-orq"!!nator
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nd also their XRD resembled that the required Si/Al ratio is more prominent in the coal fly
l.A) obtained from Thermal Powq ltatio-n 

at Chandrapr.n. Thus this C.F.A.is used in the

;tudy. The Cher,rical composition of fly ash co-llected from T.P.S. at Chandrapur, is given in

The amounts of the rnain components of ash viz. both amorphous (mainly SiOz, AlzO:) and

re componelrts (mainly quafizand nnrllite) show few variations with the type of coal.

Tabte-i: CHEMICAL CO1gpOSITIONIF AS CQILECTED CIAL FLY ASH

Compound Content (wt%) CFA (moV100g)

sio2 67.r.6 1.117

Al2o3 19.82 0.193

FezOs s.95 0.039

CaO 3.06 0.053

KrO L.t2 0.012

Tio2 1.76 0.023

NazO 0.33 0.005

Mgo 0.79 0.019

rls
fhe chemicals rjsed are Sodium Hydroxide Fisher Scientific, The surfaotant solution Cetyl

I ammonium bromide (CTAB), Spectrochenq ethyl acetate, sulfuric aci{ de-

vater. All chemicals were AR gradi; hbnce they were used without furtlrer purification.

is method
the amorphous SiO2 component in the C.F.A. was used as Si- source for the synthesis of Si-

l. The syn&esis was carried out as follows:

A. known'quantity of C.F.A. fused with 2M NaOH solution at 1000C for 4 hrs under stirred

r (300 rp*; i, stitred'aufoclave. The mixture is altowed to cool. The solution was separated

"ii*t"rd 
by a filtration process. This obtained supernatant solution was mixed with 1'1 gn of

nethyl ammonium bromide (surfactant solution) and kept under stirring condition (300 rpm)

Aftei fO mia. ethyl,acetated wasvigorously mixed and the solution kept under stirring at 600

: nefi 30 min . The obtained solution was allowed to cool to room temperature by natural

on and was adjusted to the selected pH by adding 5.25N H2SO4 solution under slow stirring.

.te obtained during pH adjustment was kept at room teulperature for 18 trrs. The solid

after filtration was,washed by deionised waier number of times and dried at 100t for 2 hrs.

,J-r*t"riuf was calcined under air from 5000C b 8000C at the interval of 500C at a heating

'clmin.
eriznliep techniques

X-ray diffraction:
iy difhaOion pattems of the collected CFA and synthesized materials were recorded on a

//15 mAMiniFlex2 goniometer with a wave length of 1'540 A0.

powder patterns of synthesized samples were obtained using Cu Ko radiation on a Rigakau

meter. The sanples were scanned for 20 from I to 200 .

pectra:

.nfrared (FT-IR) spectra of the collected CFA and synthesized materials were recorded on

\LPHA F'T-IR spectrometer (ATR eco ZnSe) using dry KBr as standard reference in the

500-4000 cm-1.

{ace area:
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FIg-l: FT-IR.s$€ctrr of CFAcotlectedfro[tg$6$qf,:ggf_Gtf-E)Il{r.l)Ascott8ctcdB)crlctqcdrraoo:g

FTIR spectra shown in the Fig. I provide valuable information about the basic characteristir
of the molecule, namely, the nature of atoms, their spatial iurangement *a tn.i. .fr.rri.;i fiffi
forces. In&ared spectroscopy has been extensively ur.d fo. identif,ring the various ftnctionat groul

9f$e support, as well as identifuing the various iUnctional groups ofhe active cornponent. The mi
ffiared region of the spectrum contains the fundamental frime work vibration of Si(al)O+ groupinl
The absorption band in between the wave nurrbers 980-1320 cm-' in IR spectrum oi ny-61 u,
treated fly ash represent the presence of substitutated At atoms in ttre tetrahydral forms of ;iilafi;;
work.

XRD of collected fly ash :

-. ^The 
XR! pauEn of Coal Fly fuh (CFA) collected from Chandrapur TPS shown in Fig. I

The different minerals have different unit cell composition, therefore xito tecnniqr. utto*r"f.
qualitative identification of the phases present in the cillectedmineral. The )1pD peak iofoimtio" i
inrportant to.quantity changes in the corryosition of Quartz and Mullite r*.Lrt tGt .f"rii,
reaction conditions of hydrothermal syntheiis of materials and reaction products. F'tom these XRI
patterns it can be seen that t!9 rnajor crystalline pbases found in the fly ash- are conamoo mineralogica
phases such as quartz, mullite and aiumino-siiidate glass amorphous uaterial formiag durini th
combustion process.
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MPc tt.2 2.40 36.78 0.09 42.1 30 2t

MPs 11.87 2.60 33.95 0.03 39.4 25 14.274

@id from presented data in the table 4 that pH of gel solutiol a 6.9

gives good results. The variation of pH of gel plays an rmportant role in thg forpation of MCM.4|.

Effect of Calcination Time
The crystallizaiion kinetics was also studied by changing calcinations period from th to 12 I

at constant ternperature 5500C .The different powder XRD patterns obtained in this time variatior

were plotted and given in Figure 7. It shows that at 4 h well crystalline and phase purlty of MCM

4l was obtained.

Fig-5: XRD Patterns of MCM-41 at different calcinations time pertod

The XRD data further analyzedto calculate I/[o, Unit Cell parameters ao, percent crystallinitl

and obtained data presented in Table 3.

Table - 3 : The effect of calcined of Si-MCM-4Lat550 
oC 

on its
BET *

Surface Area m2'

886.184

1801.788

620.702

564.092

time duration increases, percent crystalinity also

increases up to 4.3 h then after decreases for the synthesis system under the study. During the change

in calcinatiors time duration pH of the gel was kept constant at 6.9 and calcinatins temperature at

5500C. The highest crystaltinity sample was obtained at 4 h .

Effect of Calcination Temperature
The synthesized sample* *".. calcined at different temperature from 500 to 800 

oC 
to study change

in crystalline nature of synthesized sample, thermal stability etc. All these sarnples of MCM-41

'ere calcined at various tempaature for contsnt period of 4 h.
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The FT-IR spectra of as synthesized MCM-41 from coal 4y ash are shown in Fig. 10. Flom

FT-IR spectra, the absorption bands around 292L and 2851 cm-t corespond to n-C-H and d-C-H

vibrations of the surfactaff molecules, such bands disappeared in the calcined sample indicating.the

total removal of organic material dr:ring calcinations. 
- 

The broad band around 3392.65 cm-I as

o-bserved due to surf,ace silanols and O-H stretching frequency of adsorbed water molecule. Moreover

the peaks in the range of 1500-1600 crn-l are because of the deformation mode of surface hydroxyl

Soup. A peak at 1070.63 cr:r 
land 964.44.--1 ,oo.rponds to the asymmetric and symmetric Si-O

groups, respectively. The peaks in the range 1010-1079 .*-1 ur" assigned to M-O-M bonding the

bands from 960 to 990 cm-l appeared due to Si-O-M (M=metal ions) vibrations in metal incorporated

silanols. The shift in the lattici vibration bands to lower wave numbers is due to the substitution of
silicon by other metal ions.

Conclusions:
Based upon the experimental study it was concluded that pure and ordered MCM-41 material

could be successfully synthesized from coal fly ash at room tempoature during 18 ks of reaction.

The parametric variations such as change of calcination tenryerature, the change of calcinatiotr time

duration and the change of initial pH value of gel suggested that from CFA the well ordered

mesooorous materiai MCM-4 I can be svnthesized at 5500C for 4 brs. keeping pH of gel 6.91. Themesoporous materiai MCM-41 can be synthesized at brs. keeping pH of gel 6.91. The

maximum calculated surface area amounis to 1801 m'/g for the MCM-41 rnaterials keepin€ pH of

This study d.-;;;t;r thJ;;;;*;ing CrA into mesoporous materials not only eliminate

the disposal problem of CFA but also hrns a waste material into a value added producl The

synthesized MCM-41 materials may Iind applications , in the .waste water treafinent, Ctemican

ioarrtrio and Agriculture indsstry 
"rc. 

Ttr. piopose{ method provides one of the wa1's of ricycling

CFA
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