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Immobilization of Cr(VI) in rice husk ash based geopolvmer

ELS. Budiasih*, A K. Prodjosantesa, and P.Utomo
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“Email; ks_budisihivahoo.conk

Absiract: Geopolymer based on rice hosk ash has been
stodied a5 an  altermative eco-friendly cementitoms
material. Immobilization of CriVI) mn its material was
done for preventing toxiciiy effect of this species imto
buman body. The rise husk ash based geopolimer was
prepared msing mefalaolinite as alomina source and
NaOH a: the activator. The mizture of rice busk ask,
leaolin and NaOH were antoclaving af temperatare 115°C
apd pressare 10 Pua for & bouwrs. The NaOH
concentration was varied of 8, 10 amd 12 A The Cr{VI)
of K;Cr0, salt was introduced in resulting zeopolymer
material with concentration of 15 fo 15 ppm. The final
resulng  material was  characterized by X-Ray
Diffraction, Fourier Tramsform Infra Red (FTIR)
Spectropbotometer and Porosity Analyzer. X ray
diffraction pattern of the geopolvmer indicates that the
material i= amorphons. The FTIR specira show several
peaks at certain wavenmmbers, mdicating the vibradon
band of 5i-0-Al at 1016-1006 cm™, Al-0 at 875 o’ and
Si-0 at 440-450cm™”, respectively. After imtroduciion of
Cr in the sysfem, the vibration stm‘n:lung band of 53-0-5i
shifted from 1004.20-1006.12cm to 10007 0cm”. Porosity
apalysiz shows the highest porosity was L1657 % reached
by :ample prepared at 10A{ NaOH. TCLF (Tozicity
Characteristic Leaching Procedure) tests showed that
CriVI) was stable in fhe zeopolymer material during at
least 10 days.

Keywords: geapolymer, rice husk azk, immeobilizamon,
Cr(¥I), TCLP

Infreducion

Geopolvmer, or Alwmmingsilicatre  Inorganic
Polymers (ATPs) is 3 term of inorganic polymers zroup
of aluminosilicates. Geopolymer shows the cement
characters. It was designed to replace Porland cements
in some applications. Development of geopolymer will
alzo derreasze the nezanve effect of cemenr producnon:
emvizsion of 0, which conmibnres o global warming
I

Pravious reporms used the rerm of polvsialate for
describing the polymer soucmre of geopolymer. The
ziglzts monemer repressnts 500, and AlD, rerahedra
which commected by owygen bridge . Polisialate
could be empirical formoulared:

M. {~(510:)-{ANO)1a

The smucnare of geopolymer was also repored as
S0y and AlQ, terabedra connected by oxyzen bridze
with bvdrated 2" present in framework cavines. The
strucmure is showed in Figure 1. %
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Fiz 1. Froposed strucnuore of a IMa-polysialate

pobymer

Gaopolymer will have advanrzzes o replace
Portland cement in sbility of immobilization of toeic
species froon industrizl waste water. Previous stdy of
meikalomte based Geopolymer showed a high
stabilify when exposed by aguadest, s=a water, sodinm
sulphate and sulphuric acid *.

CrVI) have kpowm as 3 foxmic species, with
concentrafion of 10 mzkz bodyweizht can cause
necrosis (breaking a part of tssues). Average CriVI)
mput in bhmnan body is 303 me'day in their food
Consumpion

In rhis research immobilizagon of CrVI) was
applied in rice hnsk ash based geopolymer. Fice husk
ash 15 an andant waste from the rice production. The
rice huzk as based zeopolymer have besn prepared at
the prelimivary ressarch

Materials and Method:

In the synrhesiz of geopolvmers, there are two
essenfizlly nypes of raw marernals, ahoninesilicate-
contzining solids and alkali-zilicate solubons. In this
paper, rice lmsk ash were nsed a2z silica source and
metakaolinite a5 ahiming source.

The alkali-silicate solumons were preparsd by
dilutng alkali-hydrocdde solids in water, then added
brv rice busk azh to obtan certain silicate and alkali
conceniratons, expressed 23 310w M0 apd HaOWE0
raties (where 3 =Na)."

Fice busk ash was made by calcinating dried rice
bmsk at 800°C. Fice busk consist of £5-98 %o of Si0.,.
MNaOH pellets were obtzined from Merck, The
conceniration of actvating selutonms was vaned
according to et the best result in order to apply in
nnmobilization
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Greopolyiner Synthesis and Characterization

Geopolvimer materials were made by mixing of
aluming source material (metakaclimite) with alkali-
silicate solmrion. Alkzli silicates ware first prepared by
mixing of rice sk ash (silica source) with alkali
solmton (MaOH 5,10 and 12M).

The zeopolymer bmders wers synthesized in a2
plastic contziner by band mixing of geopolymer
shumies for 5 minutes or longer and then poured iwto
3x3x3 cm oubic plasnc monlds. The saoples were
then sealed and placed inunediately m an air-cironlated
oven or suteclave ar 115°C and 10 Psi for 5 hours.

The products (Ma-gaopolymer) were characrerized
by X-Fav Diffraction, Infrared Spectropbotometar and
porosity test.

Imunobilizaden of Cr (VI) in the Gaopolymer

Imnebilizaton of CrWVT) was carried our simdlar to
the preparaton of the geopolviner. A porton of warer
uzed was replacad by simulation solution of 15,20 Ind
25 ppm Co(VI) from EoOr0y, The resulting Cr-
eopolyiner  were  characerized by Infrared
Specoophoromeater and TCLP test.

Eesults and Discoszion

a.Feopolymer

Fiz I. Fice Husk Ash Based Geopolymer

Figure 2 showed the physical appearance of
resultad Ma-geopolvier i this reszarch. It looks like a
piece of chalk The color of the materzal depsnds on
the raw materizls. Both rice buwsk ash  and
metikaolintts were resuling grayish white material
The shape of the zeopolymer product came froan the
monld shaps,
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b.l.Characterization by X-Fay Diffracrion 2RI

Figure 3. The XED parem of Ma-geopolyer, mads
by MaOH 10

The XPD parmem showed that Ma-
Geopolymer iz an amorpbous marerizl. There is no
characteristic peaks comespond to the  plapes of
crystalline solid.

b 2. Characterizafion by Infrared Specmophotormeter

WL Fr

;l 1 I--I‘-l.l LR LT EA LR I--I;l Trdgn

Fiz 4. Infrared specira of Ma-Geopolymer made by
8,10,12 M NaOH

In gensral, geopolymers consist of a short-rangs
network of tetrahedrallv-bondad 5i-0-51 or'and 5i-0-
Al loaded with water and carbonste species. The
Infrared specmopbotometsr spectra were showm at
Figure 4. The characrerstic  wavenumbers of
geopolymer was listad in Takle 1.
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Tahle 1. Assipoment of wavemunbers (or fequencies)
for molecular vibradons in absorpoon specira of
FanpolyIneTs.

Winrante b imeacnsl wvd g

FIeTNT ) Lbydord CLH i g
E =N Msarhed TLH veeichoag

L ok 5H0-51 o HH0-ATD i wic wnkliag
il Hrwypd A0S B

3. Porosity Test

This test is based on the weight differences of the
saopolyiner before and after absorbron of watar.
Paorosicy (P) was expressed by percentage 3z following
aguation:

tafal welpht-dry welght .
totd walphi-awelpgad af ge opalyvaner fwater *

el

The highest porosity of geopolymer material was
15.57 %o, reached by Ma-geopolimer with 100 MNalH.
This product was applied in nomabilization of
Chrominm (WVI). The result was listed ar Table 2.

Tahla 2. The resul of the porosity test

Code Dy Concenma | Warer Porasicy
weight | ted’ tofal | weight {%4)
(= waight () | (£)

Ma-P5 | 38,08 42.43 14,54 12,02

88

HNa-P5 RN 4348 150

10ML

Ma-P5 | 5598 5807 2144 5,79

120

K-BS 56,52 41,57 | 22,00 12,76

M

K-BS 78,20 8336 | 31,77 13,36

1081

K-BS T7.02 83,88 | 31,00 12,97

128

. Innnobilizaden of CriVI) in Geopolymer

The concenmation of introduced Cr (VI) in the
saopolyiner maimx was varded by 15, 20 apd 25 ppm.
The resalong Cr-Geopolvimoers were characterized
using Infrared spectrophotometsr, siving 3 specma as
expressad at Fiz Sa-3c:
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Fizg 5.a. Infrared Specoa of of MNa-Geopolymer-Cr
(1l5ppm Cr)
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Fizg 5c. Infrared Specwa of  Wa-Geopolymer-Cr
(25ppm Cr).

There are no significanr differences m infrared
patiem of Ma-Geopolvmer-Cr comparad fo the original
geopolymer, except a shifting of several pesks. For
example The srectching vibration peak of 51-0-51 was
shifted from 1004,20- 1006.12em™ to 1010, T0em™.

There wera two interpreted facts: First, there isn't
a bond produced between Cr and zeopolymer only
phwvsical imteraction The sacond the Cr-O bonding
was pot detected wmrl the wavemmwber S00cm™. Tt
coresponds to vibradon of towic bond whickh sbsorb
higher enerzy and lower wavelength

TCLP  (Tomicity  Characteristic  Leaching
Frocadure) was dore for detennining the concenmation
of Cr (W1} dilared from the geopolymer mamx io 3
carmain time. The procedurs was adopted from Japan
Environmental Agency '

The leaching agents were aguadest, well waner,
rain water and ses water. The effect of mmpregnated
CrIV) concentraton also smdied. In 10 days, there is
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Table 1. Assisnment of wavemunbers (or frequencies)
for molecular vibradoms in absorpoon specra of
raopolylnars.

- oy
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b.3. Porosity Test

This test is based on the weight differences of the
raopolyinar before and after absorizion of water.
Porosity (B) was expressed by percentage as following
aquaton:

tatel welght-dry wefight .
tosal walipho-walpht of propalvnar i water i

e

The highast porosity of zeopolymer marerial was
18.57 %, reachad by INa-geopolimer with 105 WaOH.
This product was applied in nnmaobilization of
Chromimm (WI). The result was listed ar Takle 2.

Table 2. The resul: of the porosiny tast

Code Diry Concenma | Warer Porosiry
weighr | ed’ total | weight | (%4
E) waight (z) | (£)

Ma-P5 | 38,08 42,43 14,56 12,02

M

HWa-P5 R 4348 150

10N

Ma-P5 | 3598 58.07 21,44 5,79

12M

E-F5 36,52 §1,57 | 22,00 12,74

M

KE-F5 78,20 8536 | 31,77 13,34

1081

E-F5 77,02 83,88 | 31,00 1297

12M

. Immobilizzoen of Cr{VI) in Geopolymer

The concenmanon of inroduced Cr (VI) in the
zaopolymer mamix was vared by 15 20 and 25 ppm.
The resalfing Cr-Geopolvioers were characterized
uwsing Infrared specwophotometsr, giving 3 specoa as
epressad af Fig Sa-300
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Fig 5.3 Infrared Specomz of of Ma-Geopolymer-Cr
(15ppm Cr)
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Fizg 5b. Infrared 5Specma of  Ma-Geopolymer-Cr
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Fiz 5c. Infrared Specmra of  Ma-Geopolymer-Cr
(25ppm Cr).

There zre no significant differences m infrared
patem of Ma-Geopolvmer-Cr compared to the origmal
geopolymer, except a shiffing of several pesks. For
exarnple, The swactching vibraton peak of 51-0-51 was
shifted from 1004,20- 1006.12cm™ to 1010, T0eny™.

There wers two interpreted facts: First, there isn't
3 bond produced beoween Cr and geopolymer only
phyvsical inreracdon The secomd, the Cr-O boading
was not detected wmtl the wavenurober S00cm . Tt
coresponds to vibration of towic bopd which absorb
hugher enarzy and lower wavelength

TCLP  (Temicity — Characienstic  Leaching
Procadure) was dope for defenuining the concenration
of Cr (VI dilared from the zeopolymer mamix in &
carmain fime. The procedure was adopted from Japan
Environmental Agency .

The leaching agents were aquadest, weall warer,
rain water and ses water. The effect of impregnated
CnTV) concentraten also smdied. In 10 days, there is
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oo Cr (VI detected in the leachare water. The result
was listed at the Table 3.

Table 3. TCLP test of Or (VI) m rce bmsk azh
zeopolymer (Mz-Geopolimer for 10 days

arzbles cads (ppom) Amoanr of Cr

Cr VI [ C15% (15 ppun) Undetected
inmmodaced’ 20 (20 ppm) Undetected
impregnated C25(25 ppm) Undetected
0 (blank) Undetected

Leachmg Al fwall watsr) Undetectad
AZENTE A2 (rain water) Undetecrad
A3 (z2a warer) Undetacred

A4 (agquadast) Undetectad

Conclusions

Immneobilizaton of Co{VI) in WaOH-nce ok ash
zeopolymer obrain a good result up to 25 ppm of
Cr{WVI). TCLP m 10 days showed that there is no
Cr{VI) derecred in the leachate warer.
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