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In this paper, &ind of geopolymer porous ceramic was prepared using the physical foaming method combined with the

gel casting proces3he effect of sintering temperature on phase composition and physical proped&sples was

studied. FegDs/geopolymer porous ceramic samples were preparedds Femded on the surface gfeopolymer porous

ceramic samples through the impregnatafcination method. The E@s-loaded geopolymer porous ceramic samples

were characterized by SEFRDS, FTIR, and XPS. The adption experiments were employed to investigate the effect of
testing conditions on t h es):soldtisnoTheresults showatat the pofosity of deopolymert he Pb (
porous ceramic samples decreased while the compressive strength increased, and the proportion of pores with a pore size
range ok 0.1mm and 0.Inm—0.2mm increased. The adsorption capacity and removal rate of Rigflihcreasednd

then decreasedvith the increase oFe(NQ)s solution concentration, calcination temperature, and holding time. The
adsorption capaci ty iaomedsedwith e inerdase ofathe epMalud andRte (initidl Pb(ll)
concentration of the solution.

Keywords:geopolymer porousceramics FeOs, adsorption

1.INTRODUCTION being used. Therefore, the adsorbent or the active
] ] component of the adsorbeistconsideredo be loaded on

_W|th the _groyvth of the population and_the developmente carries, such as hydrogebr porous ceramidd4]. The
pf mdu_stnahzatlon, heavy metal poIIutlpn become angeopolymer porous ceramic samples prepared by sintering
increasing global probleniead (Pb) and its alloys have {he norous geopolymer have numerous advantages, such as
been used iproducingleadacid batteries, paints, cables, |3rge specific surface area, good chemical stability, and
and ammunition1]. The extensive use of Pb inevitably ,achanical propertied §].
causes pollution to ground\_/vater, causing a Ia.rge amount of | this paper, the geopolymer porous ceramic samples
Pb to ente_r the human.beflng and accumulqnon. When the. e prepared by the physical foaming method combined
concentration of Pb within the human being exceeds @iih a gel casting process using metakaolin and potassium
certain level, the organs and tissues of husnaill be  gjjicate solution as the main raw materials. The effect of
destroyed 3]. The list of carcinogens published by thegintering temperature on the meacomposition, physical
International Agency for Research on Cancer of the Worldoperties, and pore size distribution of geopolymer porous
Health Organization lists Pb as a Class 2B carcinogen. Angamic samples was studied..Gggeopolymer porous
it is included in the first batch of toxic and harmful water.aramic samples were prepared by theFadingon the
pollutant lists. , surface of the geopolymer porous ceramic samples using the
At present, the main met;hqdmtofcldnatibnnfethdd®AD ¥ &ame fnfe, theP ()
include chemical precipitation3], ion-exchange 4], adsorption performance of f&/geopolymer porous

membrane separatioB][ and adsorptiond|. Among these, ceramics samples for Pb(ll) from Pb(©solution was
the adsorption method has been widely used due to its 10Wi5gstydied.

cost and excellent adsorptive properties, especially for
dilute solutions T]. The selection of adsorbents is a crucial2 MATERIALS AND METHODS
step in adsorptiommethod including organic adsorbents

such as activated carbor8],[ carbon nanotubes9], 2.1.Raw materials
polysaccharidesl], as well as inorganic adsorbents such

as clay L1] and metallic oxid¢12]. FeOsis one of the ideal etakaolin, made by calcining kaolin (Industrial pure
adsorption materials, which not only has abundant pore. njin Zhiyuan Chemical Reagent Co., Ltd., China) at

structures but also possesses a large number of sites % . _ '
0 Theaverage particle size and specific surface area of

surface functional groups. Therefore, ;B¢ exhibits ) 5 _
excellent activity for the adsption and degradation of m_etakaolln were 8.p m an _d_n/g)'lfh@, r_ﬁolar rat|o_of
x ity Soi g ! SiO; to KO in the potassium silicate solution (Chemically

various inorganic substance$3]. However, the particle ; .
size of FeOsis small, making it difficult to recover after PU'®: Z_hengzhou Borun Chemical Reagent Co., Ltd., China)
€0s g used in the experiment was 3.3he Fe(NQ)s-9HO

The solid raw material used in the experiment was

* Corresponding author. Tel.: +088965020668; fax: 55163517457
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(Tianjin Zhiyuan Chemical Reagent Co., Ltd., Chian) an®.2.4.Pb( ) adsorption experiments of
Pb(N), (Shanghai Aladdin Biochemical Technology Co., Fe20O3s/geopolymer porous ceramic samples

Ltd., Ching used were both chemically pure. The wastewater solution containing Pb(ll) was

2.2 Experimental method simulated with an aqueous Pb(R©O solution. The
Fe,0Os/geopolymer porous ceramic samples was put into the
Pb(NQ), solution at a dosages of 1g/50ml. The solution was
stirred at 12@0pm on a magnetic stirrer at constant

The KOH solution of 12M was added to the potassiuniemperature. The residual concentration of Pb(ll) in the
silicate solution to adjust the molar ratio of $#dd KO to ~ solution was determined by atomic absorption
1.2, and the alkali activator solution was obtaink@1g  spectrophotometer and the Pb(ll) adsorption capacity and
polyacrylic acid and 38 metakaolin were added to 234 removal rate of F£s/geopolymer porous ceramic samples
alkali activator solution and stirred for 8@inutes at Were calculated as shown in E@ndEq. 3:
500rpm to obtain the geopolymer slurry. 2y6coconut
diethanolamide was added to the geopolymer slurry, ar® pmmh &)
stirred at 800pm for 7minutes and then 1.9 calcium | .
oxide(CaO) was added to the geopolymer slurry and dtirrel —— @ ®3)

for 3minutes. The geopolymer slurry was injected into the . )
mol d and cur ed .after deolding and WEe.ﬁe.. rﬁpg?erntg _th(_e removal re@%),_Co andCrepresent
then drying, the geopolymer porous ceramic green bodietge Initial an eq_umbrlum concentrations (”_‘g’L) of Pl_)(”)
were obtair;edThe green bodies were placed intbigh- in aqueous solutiong represents thadsorptlon_ capacity
temperature furnace heated to the predetermine&mg/g) V represents the volume of Ph(ll) solution (L), and

. ‘mrepresents the mass of eopolymer porous ceramic
temperature to obtain geopolymer porous ceramic P 2Bg/geopoly P

2.2.1.Preparation of geopolymer porous ceramic
samples

samplesA new paragraph must be indented in the first "nesamples @)

by 0.6cm. 2.3. Characterization

2.2.2.Preparation of FeOs/geopolymer porous ceramic The open porosity of the samples was measured by the
samples Archimedes drainage method. The compressive strength of

e samples was tested by compression testing device
BCLY, Shenyang Hexing Co., Ltd., China). The cross
section from the middle of the samples was cut, grounded
d polished, and then observed under a stereomicroscope
(XTL-30C, Shanghai Pudan Optical Instrument Co., Ltd.,
ghina). The images were analyzég Imagepro Plus
software to count the number and size of pores to obtain the
Haore size distbution. The microstructures of the samples
were characterized by a scanning electron microscope
S(SEM, SU8020, Hitachi Co., Ltd., Japan). All SEM images
were sprayed with Pt coating for facilitating to image. The
phases of samples were determined bgydiffractometer
a(XRD, D8-Advance Bruker Co., Ltd., Germany) using
CuK, radiation [ =1.5406A). The composition of

The geopolymer porous ceramic samples were crushi?
to obtain block geopolymer porous ceramic particles with
size of approximately 43 mm. The geopolymer porous
ceramic particles were placed in deionized water, clean
with ultrasound for 1@ninutes, and then dried. The cleaned
geopolymer porous ceramic particles were immersed in
2M HNO;s solution for 2hours. Finally, theywere taken out
and washed repeatedly with deionized water to obtain t
activated geopolymer porous ceramic particles.

After activation treatment, the geopolymer porou
ceramic particlewere impregnated inFgNOs); solution
with a certain concentratidar 24hoursanddried. Thenthe
samplesverecalcined at predetermined temperature for
certain holding timao prepareFe,Os/geopolymer porous

ceramic samples. samples was analyzed by enedigpersive Xray

o _ spectroscopy (EDS, Inca Ener8$0, Oxford Co., Ltd.,
2.2.3.Determination of Fe:0s load capacity on Britain). The functional groups of the samples were
Fe203/geopolymer porous ceramic samples analyzed by using Fourier transform infrared spectroscopy

(FTIR, GD26FTIR-650, Beijing Haifuda Technologgo.,

Ltd., China). The Xray photoelectron spectroscopy (XPS,
o ESCALAB 250Xi, Thermo FisherCo., Ltd, USA) with
AlK ¢ X-ray source (v = 1486.7eV) was used to determine

solution was determined by atomic absorptionh hemical f th .
spectrophotometerand the Fg0; load capacity of the € chemical state of the sampléie Xray beam size was
500y m The analysis begamwith survey acquisition at

Fe,Os/geopolymer porous ceramic samples was calculates
agz sr?/(?wn I?n EQ: P P 100eV of pass energy andeV of step sizefollowed by

high-resolution scans of the regio@iis,Fe2p, Pb4nd O1s
0 1) at 30eV of pass energy and a step size ofed/5All data
’ of XPS were processed by Avantage software. All the

where Q represents theFe0O; load Capacity of the spectra were calibrated reference to a Cls peak positioned
Fezo?)/geop()]ymer porous ceramic Samp|eﬂg/g); Cq at 284.8V to correct for charging effects. During the fitting
represents the concentration of iron ions in the EINOProcess, we assume that the sirgdenponent lines have the
solution afterdissolution(mg/L); m represents the mass of shape of the product of Lorentzian and Gaussian component

Fezo3/geopo|ymer porous ceramic Samp|e5(g)‘/d curves. Smart background was used and flttlng was
represents the volume of HN®olution (L). performed with Lorentzian/Gaussianixed ratio of30%.

The FexO3 loaded on the surface of &&/geopolymer
porous ceramic samples was dissolved in a kidtution.
After dissolution, the content of iron ions in the HN
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The concentration of Pb{( )handevithdhe iecrease ih sirdefing eemperatdreatheurt t i o n
analyzed by an atomic adsorption spectrometer (AAS, A3)f liquid phase generated in the®Al,Os-SiO, system

Beijing Puxi Co., Ltd., China)lhe potential of samples was [16] gradually increases during the sintering process.

tested by the zeta potential meter (Nano ZSE, MalGern
Ltd., Britain).
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3. RESULTS AND DISCUSSION

3.1.Characterization of geopolymer porous
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3.1.1.Effect of sintering temperature on phase
composition of geopolymer porous ceramic
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The XRD pattera of the samples aftesintering at Temperature,°C

900 ~1200 radisplayedn Fig.1. The samples were g 5 Effects of sintering temperature on physical properties of
composed of the amorphous and quartz phases when  geopolymer porous ceramic samples

sintered at 900 . After the samples were sintered at
950 , the kaliophilite (K,0-Al,Os-2Si0;) phase began to Ll s
appear in the XRD patterns. After the samples were sintered 0T —e—average pore szsum) T g
at 1000 , the kaliophilite phase disappeared, and the L Sf 124 8
leucite phase(¥O-Al03-4Si0;) appeared. After being EI 3
sintered at1100, t he an o r@:AjiG)phase Ca O & 20 £
appeaed Eaor I &
a0l ' . 1163
4t 4 Leucite w Anorthite i
4 +Quartz eKaliophilite 10 F ’i g 4112
‘v X “‘A * . 0 ‘.»x
1200°C 800 900 100 1100 1200
i ‘ | '\ Temperature,”C
o |
E _A_,-’LM_,»‘“m_n-"wuﬁw..%w_,q\_mml_mo_c_ Fig. 3. Pore size distribution and average pore eizgeopolymer
2 *L——/M«M.MAWA___ porous ceramic samples at different sintering temperatures
- . 1000°C - . L .
I S S Its fluidity also gradually increases, which is conducive
osiec to the densification of theamplesand the crystallization of
. . , . o the leucite phase with higtrength. Therefore, as the
10 20 e jggree s0 60 70 sintering temperature increased, the pore size of the pores

_ _ gradually decreased. Some of the pores were closed, leading
Fig. 1. XRD patters of geopolymer porous ceramic samples atto a decrease in the open porosity. The generafingeo
different sintering temperatures leucite phase caused an increase of compressive strength.

After being sintered at 1200, there was no change in 3 o Preparation and characterization of

the phasecomposition except for the enhancement of :
diffraction peak intensity of the leucite phase and anorthite Fe:05/geopolymer porous ceramic samples

phase. The reaction formula for generating leucite and.2.1 Effect of the calcination temperature and holding
anorthiteareshown in Eq4 [16, 17] andEqg.5 [18]: time of FexOs/geopolymer porous ceramic

K 20+Al,03-2Si0+2Si0, - K20-Al,05-4Si0y; (4) samples
Based on previous research, crystalline water in

Al203:2Si0+ Ca O - C 2:0:- 230 ©) Fe(NQy)s-9H,0 is removed atabout 150 and dsis ( NO

3.1.2 Effect of sintering temperature on physical decomposed into F®; completely until 300 , as shown
properties and pore size distribution of in Eq 6 and Eq.7 [20]. Therefore, the calcination
geopolymer porous ceramicsamples temperature was chosenfrom350 t o 650 he hol di

time was chosen from Hour to 6 hoursin the preparation

The physical properties and pore size distribution of thﬁnrocessof FeOs/geopolymer porous ceramic samples.

samples at different sintering temperatures are shown
Fig. 2 and Fig 3. With theincreasef sintering temperature, Fe(NQ)z9H,O - F e (MaH0; (6)
the porosity of the samples gradually decreasgkile the
compressive strength gradually increagdue average pore 4 Fe(NQ)s~ 2 F@s+12NO+30. 7)
sizes of the samples decreased, and the proportion of pores The SEM images of the samples calcined at different
with a pore size range of 1mm and 0.IJnm-0.2mm  temperaturegor 2 hoursare shown in Fig4, Fig.5, and
increased Fig. 6. After being calcined at 350, there were
On the one hand, the amorphous geopolymers wilFeO; particles on the surface of the samples, and th@sFe
undergo significantsintering shrinkage whenhey are particles were tiny. After being calcined at 450 t he
transforned into crystalline phase[16, 19]. On the other number of FgD; particles on the surface increased
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significantly and the distributionf FeOs particles was temperature. In addition, after being calcined at 450f o r
uniform. 6 hours, some of the HK@; particles on thesurface
: agglomerated.

a b

Fig. 4. SEMimages of Fgs/geopolymer porous ceramic samples
prepared by calcini:ae50@0t F@ §(§EM migages of ?)dgﬁogolypwer porous ceramic samples

L 3 e repar e aIC|n||a-g310@Ot 450
magnification b OOOO magnification magnlflcatlonb 35000magnification

3.2.2.Effect of Fe(NGs)s solution concentration on
Fe2Os/geopolymer porous ceramic samples

The SEM images dthe surfaceof FeOs/geopolymer
porous ceramic samples papered by impregnating with
0.1M, 0.2M, and 0.6M HR&IOs)s solution are shown in
Fig.9, Fig.10, andFig.11. When the concentratioof
Fe(NG)swas 0.1M, as shown in Fi§, there were fewer
FeOs particles loaded on the surface of saraple

Fig. 5. SEM images of F®s/geopolymer porous ceramic samples
prepared by cal cihours ¢ 50@0t
maghnification b—3 50000 magnification

Fig. 9. SEM images of E©s/geopolymer porous ceransamples
prepared by impregnating in 0.1M Fe(§y& a—3 1000

Fig. 6. SEM images of Fs/geopolymer porous ceramic samples magpnification b—* 5000 magnification
prepared by cal ci ni:@a¢1l0@0t ‘ ;
magnification b—3 5000 magnification

The size of the E®;particles increasedanging from
tens to one hundred nanometetdowever, when the
calcination temperature increased to 650 hetFeOs
particles were dispersively distributed on the surface of the
samples. The particle size of E®s; further increased,

ranging from several hundred nanometers to two a b
micrometers. _ Fig. 10.SEM images of F®s/geopolymer porous ceramic
The SEM images of the samples calcined at 45f@r samples prepared by impregnating in 0.2M Fe{O

differentholding imeare shown in Figs, Fg. 7, andFig. 8. a—3 1000 magnificationb—23 5000magnification

Fig. 7. SEM images of F©s/geopolymeporous ceramic samples Fig. 11.SEM images of FE&s/geopolymer porous ceramic
prepared by cal cini a-¢5000t 4 5 Osamplésoprepargéd by onpregnating in 0.6M Fe{itO
magnification b—3 50000 magnification a—231000 magnificationb—3 5000 magnification

The effect of holding time on the particle size and  When the concentratiaf Fe(NG;)s increased to 0.2M,
distribution of FeOs was consistent with the calcination as shown in Figl0O, the number of E8s particles loaded
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on the surface of samglsignificantly increased. When the adsorptioncapacityof FeOs/geopolymer porous ceramic

concentratiorof Fe(NG;)s increasd to 0.6M, as shown in  samples was poor.

Fig. 11, a large amount of K&; accumulated on the surface
of the sampls andsomeporesin the samplswere blocked
and covered.

The SEM imagsand EDS pattesiof samples before
and after Fg; loadedareshown in Figl12.
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Fig. 12.SEM images and EDS patterrs—geopolymer porous However, when theamplesvere preparetly calcined
ceramic samplesb—FexOz/geopolymer porous ceramic at high temperatureor calcinedfor a long holdingtime, as
samples shown in Fig6 and Fig8. The FeOs particles on the

Geopolymer porous ceramic samples were mainl
composed of Si, Al, and O. After loading with,Be, the
elemental peaks of Fe appeared in the EDS pa#iern
indicating that Fg3; was successfully loaded on the surfac
of geopolymer porous ceramic samples.

surface of the sammevere larger, which may block some
¥iny pores. Additionally, the agglomeration among the
FeOs particles has occurred, which led to a decrease in their
number and specific surface area. The adsorption
eperformance of the samples was weakened.

3.3.2.Effect of Fe (NQ)s solution concentration on the

33.Pb( ) adsorption perf or mgdhin p&ibrmance of FeOsgeopolymer

Fe,Os/geopolymer porous ceramic samples

3.3.1.Effect of the calcination temperature and holding

porous ceramic samples

The effect of the calcin%\apqlegsnShOWnénrﬁ%%Srature

on

adsorption capacity and removal rate of samples is shown in
Fig.13. With the increase of calcination temperature, the
adsorption capacity and removal rate of Pbifijreased

first and then decreased. When the samples were calcined at

450 , their adsorption capacit?
reached maximum. As shown in Figl, the effect of
holdingtime on Pb(Il) adsorption capacity and removal rate

of samples showed the same trend. The adsorption capacity
increasedfirstly then decreasedwith the extension of
holdingtime. Whenthe samplesvere calcinedor 2 hours

[
wn
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D

their adsorption capacif Pb () r eached maxi
As shown in Fig4 and Fig.7 when thesampleswvere
preparedoy calcinedat high temperaturer calcinedfor a
long holdingtime, the surface of the samples had fewer
Fe0; particles, and their particle size was small, resulting

in a small specific surface area otBeparticles. Therefore, With the concentration of Fe(NJ solution increased,

0.1

0.2 0.3 0.4
Concentration,mol/L
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_ : The effect of Fe(Ng)s solution concentration on the
time on the adsorptionp e r f or manc e 0 g0 IBad capacity of F©s/geopolymer porous ceramic

t he

of

Fig. 15. Effect of Fe(NQ@)s solution concentration on Kes load
capacity

Pb(

Pb (I

the available adsorption sites were scarce, and thbe FeO; load capacity of geopolymer porous ceramic
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samples gradually increased, and the load amount0kFe negat i v e, whi ch was conduci ve
onthesurfaceof samples gradually increased too. The effectvith positively charged.

of Fe(NQ)ss ol uti on concenatlsorptibn on on Xr
capacityandremovalrateof samplesareshownin Fig.16. 15f
21}k —=— Adsorption capacity 7 100 > 10
—+— Removal rate E' sk
e IP =
?Z.II 95 E 0 . , .
& S =] 1 2 3 4 5
ot Joo 3 £ sl pH value
£ g g
S18} = N
g 85 2
.g.l.'.' - 5 A5
; =4
ﬁ Lok 180 20 F
sl : . . . L3 Fig. 18.Zeta potential of F&s/geopolymer porous ceramic
e oy samples at different pH values
Fig. 16. Effect of Fe(NQ)z solution concentration on absorption When the pH value was 5.22, the Pb(ll) ad_sorption
performance of Pb( ) capacity and removal raté Pb(ll) reached the maximum,
which was 1.944ng/g and 98.286.,
The removal rate and adsorptlonggcapaC|ty of Pb( )
increased firstly and then decreased with itteaseof 3.34.Ef fect of Pb( ) solution ir
Fe(NG;)s solution concentration. When the concentration of the adsorption performance

Fe(NG;)s solutions reached 0.2M, the Pb(ll) removal rate

and adsorption capacity of the sansgkached maximum.
As shown in Figl5 and Fig9, Fig. 10, andFig. 11, a

high occurrence of&0;onthe surfaceof samplesvith the

increaseof Fe(N(Q); solution concentration, can provide

more adsorption sitée improve adsorption capacity during Rl vy

the adsorption process. However, the impregnation with a :zg:ﬁt

high concentration of Fe(N{ solution during the prepared ——80mg/L ///
process caused the pores on the surface of the samples to be 220 1“““M/
blocked and covered. The synergistic effect between the |

catalyst and the porous ceramic carness weakered,
which led to decrease in adsorption efficiency.

The effect ofi ni ti al Pb( on theoncer
adsorption oP b ( at pH value of 5.22 is shown in Fit.

The adsorption capacity incredseith the increasing initial
concentration of Pb( ).

o
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3.3.3.Effect of solution pH value on the adsorption
performance of Pb( )

in

At the initial Pb(Il) concentration of 4@g/L, the effect
of solution pH value on the adsorption of Pb(ll) is shown in
Fig.17. The Pb(ll) adsorption capacity and removal rate of

samples increased with the increase of solution pH value.Fig. 19.Ef f e c t of Pb( ) solution i
adsorption performanag P b ()

I o pbmarpon eapacity /‘ When the initial concentration was B@/L or
e 40 mg/L, the number of Pb(ll) adsorbed was lower than the
number of available adsorption sites. A larger number of
adsorption sites remained unutilized after the adsorption of
P b (, so)the adsorption capacity of samples was low. The
P adsorption equilibrium time was also reduced. In a solution
with an initial concentration of 2@g/L, adsorption
12 equilibriumwasreached after only 24@inutes. When the
"o ) , , ) . initial concentration reackle60 mg/L or above, the Pb(ll)
1 2 H value* 5 number relative to the adsorption sites gradually inctease
) ) At this point, it was difficult for a limited number of active
Fig.17.ef fect of  Pb( ) soluti ongedPflfyny ddséted Pb(I) iR B SIRiIGN. 8l these
performance oPb(ll) active sites quickly tended to saturate during the adsorption
As shown in Figl8, when the pH value was low, the process. Although the adsorption capacity still incréase
surface of the samples was positively charged the the amplitude decreased. In a solution with an initial
electrostatic repulsive force limited the adsorption of Pb(Il)concentration of 10éhg/L, the final adsorption capiy
In addition, there was competitive adsorption betweén Heachd the maximum, of 2.786fg/g. The SEM images
and Pb( ) at a | ow pH val uaad EDghpatteshof th¢ sudacd & dOst geopalymere c r e a
adsorption capacityWith the increase of pH value, thepor ous ceramic samples after
surface potential of the samples changed from positive fa Fig.20 and Fig21.
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Fig. 20. SEM

images of F®s/geopolymer porous ceramic

samples after adsorption
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Fig. 21. SEM- EDS images oFeOs/geopolymer porous ceramic
sampleaf t er adsorption

Aft

particles appeaid on the surface of the sample, which may
be adsorbed lead compounds. Meanwhile, the elemental

(o]

Si2p
f Pb( ) o/

er adsor pt i osmall adbletikgb (

peaks of Pb appeared in the EDS pa#ieimdicating that

Pb(ll) was successfully adsorbed on the surface of the

samples

3.4.Investigation of themechanism of Pb( )
adsorption of FeOs/geopolymer porous
ceramic samples

3.4.1.FTIR analysis

adsorption of Pb(ll) are shown in F2R.

Transmittance,%

3500 3000 2500 2000 1500 1000 500
Wave number,cm'l

Fig. 22.FTIR patters of geopolymer porous ceramic samples

before and after loading with ks

FexOs/geopolymer porous ceramic samples afterélectrons during the adsorption process, which may be relate

adsorption of Pb( )

and
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There were a large numbertofdroxyl (OH) groups in
the region of 346em™ after loading with Fgs, which
relate to the large number @DH groups distributed on the
surface of FgD; [21]. These-OH groups can improve the
hydrophilicity of thesurfaceof samples and achieve better
Pb(ll) adsorption performance of the samples. After

adsorptio

n of PR®Hgroypdisappeaed,p e a k

indicating that theOH groups on the surface of samples

underwent a complexation reaction with Pb(ll). FiaH

groups were consumed during the adsorption process. This

is consistent with the results observed by W& ét al

3.4.2.XP& @najysis

The survey XPS pattern of the sangdlefore and after
loading with FeO; and the Fe&xOs/ geopolymer porous
ceramic samples afteced sor pt i on

Fig.23. A peak of Fe emerged aftading with 03,

of

Pb (

indicating that Fe element was present on the surface of

samples.The peak of Pb emergedin the patternsafter
adsorptomf PbfOd) cating

adsorbedn the surface of the samgle

)

Intensity,a.n
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Felp

After absorption
of Ph(Il}
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Fig. 23.Survey XPS pattern of geopolymer porous ceramic

samples before and after loading with B¢ and
FeOs/geopolymer porous ceramic samples

adsorption of Pb( )
FTIR patterns of geopolymer porous ceramic samples The highresolution XPS pattern of Fe2p before and
before and after loading with ¥®;, as well as the FTIR
pattern of FgDs/geopolymer porous ceramic samples afteipeaks assigned to Fegpand Fe2p, with the binding
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