Bl g S gu cimgly - sole 4 i

Voo 5l psm oslod e oz Jlo ™ .
Ol @l yia! cpaasil

Sl g3/ Lol (s cuunnd G5 g il 31 oliiuwl b (359 j wlgi (65 Lwvdientyy
5 S 2y wlwl p fewly o gy 65 4 b saii s yel 1

Tig3lpn Lo pade 5 " iy ol e (5 ST s,
r.akbari@UoK.ac.ir (o «)Lews,S olKails ¢ pwaige 00SLENS ¢ gouds (owaige ¢ Lokl -)
sharif@razi.ac.ir «olisls S (51, oRKils ¢ cord pwiige 00Siils (e JUlS Dlaion 35 10 ¢ ond (guodigee eoliwl =Y
gmoradi@razi.ac.ir colisle,S «(s3l, oBiils ¢ comds cwdigeo 00l (Ul Glabion 35 0 gond (wiige lwl =Y
dolre o g3t
O oY Gapds A YNA Dol o 5Tl jo AYAYVVTY wcdl yo 5 )l)

52 s laige Baa b oS SL (b bl Ealy gl By ol gl 0 tedaS
B33 Sl )3 ol Finds b (o 2 006591 B S okt gndS LIS CunJBS g8 Sl eslinal b 59,000
2 oolital o585l (s SOl (oS 5 o518 9y 5Bl 5 (Fes iBe (b il o a plies jslaen,
Jsb 5> gl sl (2li SaSay onisis 18 sl sl aly 555 2 TiO, JUd 51 (55 wops Ve (5,350
il (plrords (o5 Sleogas I las oLl Glanlil @bt e85 plnil SSD by jiw anl b
2l bl S e e 5 cenbie OGS edblSgd STy sl 1) o a5 Wiy sudpi cannJUlS g
wop e 5 Cendblizs (o N5,L e (Jslxe PH ol (Sllos ol 5 it aw po (uilyly 3BT Jgor
5 e Joloee PH (l5e «iite ds (nl Gloe )3 0313831 ()39 000 05 (lime (595 2 oaimn g Sl ole (o>
oo ke YL L pgda e Jow ly e (Bgy 50 2l s sledoe e 5l 0ebee aSlil Ll
2l S T 09 s Lo lo aliulesT slaoslo b1y sillai oy yiies (R%q=+ [AAFY 5 R%=+/295Y) Stucan
b 2l 3k PH e Lulp 55 ooddgs (gpoen jladie 510> a5 28l 30 s on il (595 QLasdlelss g bl

o sy oz 30 )0 VYO 0aids iy iU Jale Jlade 9 V) g LT e JBLS oo ) -

L i Sl (o il s sy sigped a5 ool S ST 15 3lgaals

dodfo

Gl ez b Saie (e dyg) 2 0l b oS Sl (655 £9090 1ie (59, S SS9 Plus 51 (G 05954
dedods el 00,8 oy Comenl w51 o Sle (bS5 a8l Ol s ((Lnd slacS g mlin S g Lol
S el piynans s SL Rl Gl sw jlesliiul gux ametin; OMAe 5 351 Ol b 2k,
Olgieds ‘).._>| g oo alil iz jaie pinleld g 3 S (op ool Glaeds (ie 0 [Vl ]owl Coenl Sl
Nl oo Cawots Lowd slacs g 5,05l sodss 59,000 120 390 ol > 50 0l dalss sgamel pdsssazs g5
5 059y ddgi 0 Sh gy SO a4y glitws gl el [TV ]0sd co S slajl8 g0l jlade jLacil 4y oxin g5 a5
Ay diile pdsagas (65, mbe jleslaiul b 4 ol ol pdagass mbe 3 ,bil Wlg oo 59,000 dga ‘Sfojﬂ ouals
O3 g sleely G adpoaisyie § (i ige 5l S Bl J¥oar O 5l (3g 00 (Bl 928 g 05d wlg
S anlp Shes lsiea Of rizmen g 009 (S (655 arie S lsiear (it 555 Al 2 3PESS l ST el

VY


mailto:sharif@razi.ac.ir
mailto:gmoradi@razi.ac.ir

60l pe LoDl g Ls iy 0 ol 0 cains (6 51 Jlzg,

Gy Lasma b IS5 SIS w00 ¥T 5 Cllasls (ile Y game w5 (g 465905585 (ol sodleas il pdinand e
bl jaes oole S5 4 5L \b.j Al STy ol ply S Qi 1) e (b il cad el ol 4l @ g b o
$9) oxdodr ol glasSse ooyl SaSay wlgny g anls |, bao yi 5 layg 25Ul ags gl y98 iz (lls o5 0 )l5 (5598
e 3 Vb olend (g5lak (698 (T dBlS 8 Cdlad @ i b [Fd]ass GluST g Giels coi e ) lew JBls g
Sl 528 (lgisay 00,08 O g0 a5 Conl plalluydes 51 (S posilid aenSlgs w0 a0 xSl slacir SYsb
g ozl dilis bl jans (xhaw 5 IS Sloogas 4 az g b (J onl b oS se )8 eolitul 550 (o] 288
xS0 o] gl Colas (9510l 5 05i— 009 Sl Slacdz @ m oS 5k 0,8 o3l ¢ Jbins S sl (s b5l
Ol SeSa 1y lacgsgame (ol ol co a5 olabg, 5l (Ko AVl g,a9, olacasgame b ol célKs anl,d 4o TiO,
IV Aol Jidiie a4l oy g5, TIO, S5 st 5,5 G )by 390 b

il a1 25 sloaiyl b o Wbl jaas Eodled Sgegy sl iy 35 oy i 51 o5 o) walkizen cladsly ey
SO0 i gy oy o <SSy 5 gty s WU s corlie atilo glodys Slasgas glls laculss;
b o wilgee a5 Wlojlail g IS8 6 pl bl 5 S paigs Sl Vb Qi cldib e ts ;s 0)ie o>
JraS ale aams (lis 055 5l Glofg 688 et Slrogas Wiy oe LS (Grizres Wgd soliitul Lot JULS 928
s Sty (J ol b sl o] 3l oy 615953 sl (2iSTy 4o a8 e,nSIl Uil Ul g L Ul
Jeloay (ormb slocds; ) ookl sl polej g oz iy gl as anlp Gl &S (e sledg;
53 VN el azgi 3550 Sl o 5525 )3 0hgar lge (nl (yiwd)s (ol (Slsl3 9 by ange Lo Goglaly
5 ool 90 (aab Slougs S slte 5 (Ko eanle 958 53 gob5 Golae sl o FedgliypidS (lee ol
Sk (S RS Cwogat (alerd oSS 0B anie g8 g JIB LSl Lo o5 el (B slas )8
gl SN0 Bkl el 4S8 addllas 9550 Sl Gl Seed g (SNl eimres (el P15 caliond 9 Sl
shoslaial (o] pase S 1 diges 0y 62301550 5 (Ko Slge 4 Sl ISt 39 CudslinendS ol b
S lend 69l a8 (0 azlge St b (b slacdgsy S0 aiile | (Bl aly plsiear colshnsils
@D Sste 5 shos x50 OB Caleiys 5 eumb slecds) Sliogas See jsliear e 5 e oSl
DfIV]cwle ) s dbls gs

oGS L o pb asdil 5 sdal (n sl Ol plerd ©slp sy, sl
ailed (ol are St 5l rb g diged adg (6,000,155 JSie (50,5 85k 5 50,5 (K0 (Slgms (55518 slad,
s a8k gl e (e Ddx Sl g oy e SRl cuw kiSa g Al Il i, (IS e
S5 o SxlE A s Jemd 8 ) Oyl g e JUE anld g b glacole 4 caies STy e s
Slo 3gug e g amd 13 8l o 1) Clgty (B 3 Shee aigns BB (slagpesls Bio 3kl Wlsi oo
oo ) S olsiea s azolez 181 00,5zl Bkl e sl Ghsy 098 Bl Al lizl Bio g0 i
sl 1y 2Ty plmil Gl cligie sol Cudsy g oo a3 lis bagl ilies glgil o Sliagie J558 5 ol (sl
Y gamme g odins yiiSly oy JESl pioren ¢ 00,5 o0l Oliasg S ojlail 51 55,5 slojlal b sleoaias STy
g ool als |y 3488 slacuogiome donii) g odnldn Sgue s O,y Dlasg S S 4y ailed o a5 ) 5
5 o0d Solshisids JLbe ols Na© (slagys «qigil abmsgay copdleay ams oo i)l 1) Ul 3 )Shos o o
B s sl e gy S 65,4 wosliial 890 b 98 g Sl pogdle b oo RPN Cdg; (b Cuols

1. Water splitting reaction
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1. Solid State Dispersion

2. Response Surface Methodology
3. Central Composite Design

4. Full Factorial Design

5. Box-Behnken Design

6. Orthogonal Blocking
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1. X-ray Diffraction Spectroscopy

2. Field Emission Scanning Electron Microscope
3. Energy-Dispersive X-ray Spectroscopy

4. Ultraviolet Visible Spectrometer

5. Photoluminescence
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| Clinoptilolite tuffs |
v

[ Crushing and Sieving (44-53 pm) ]
v

Washing with deionized water
Filtration and Drying at 110°C for 24 h under air flow
v

| Support: Parent clinoptilolite (CLT) ]

(i) Clinoptilolite preparation

Treatment agent Treatment agent
| NH,NO; ag. solution (1 M)] | NaOH aq. solution (0.5 M) |

Mixing at a ratio of ’

Mixing at a ratio of
[NH,NO; solution ml J/[Clinoptilolite gr] = 10:1

[Agent solution ml J/[Clinoptilolite gr] = 10:1
v

[ Heating at 80°C for 8 h ] [ Heating at 80°C for 2 h ]
v v

[ Filtration and washing with deionized water until pH=7 l

2
[Drying at 110°C for 24 h under air flow] [Drying at 110°C for 24 h under air ﬂow]

(i) Clinoptilolite treatment

[ Calcination at 500°C for 6 h under air flowl

Followed by NaOH treatment

[Calcination at 500°C for 6 h under air flow]
¥

[ Support: NH,NO; treated clinoptilolite ] ------------------------- Support: NH,NO,-NaOH treated

[ Filtration and washing with deionized water until pH=7 ]

‘ Synthesized Photocatalyst: TiO,/CLT(IB)

clinoptilolite (CLT(IB))
[Titanium precursor solution: TiO,(P-25 Degussa) + ethanol (dispersing agent)l
s ‘ Mixing with support in an pestle and mortar |
‘g at a ratio of [Ethanol mlll[solid powder gr]=10:1 |
g |Ultrasound: Ethanol evaporation while sonicated in pulsed condition at 200W|
,'; [Drying at 110°C for 12 h and Calcination at 500°C for 6 h under air flow ]

Figure 1- Synthesis steps of TiO,/CLT(IB) photocatalyst
TiOJ/CLT(IB) oG5 g3 jimw b 2 510905 =) S
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Figure 2- Experimental setup for testing of the photocatalytic performance of synthesized photocatalyst used in water splitting
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1. Thermal Conductivity Detector
2. Calibration
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Table 1- Factors and their respective levels in the Box-Behnken Design

Factor Symbol Level (-1) Level (0) Level (1)
pH A 4 7 10
Photocatalyst dosage (g/L) B 0.5 1 15
Sacrificial agent concentration (vol%) C 5 10 15
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1. Blue shift
2. Quantization effect
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Figure 3- Charactrization of TiO,/CLT(IB) photocatalyst, (a) XRD patterns, (b) FESEM & EDX analyzes, (c) UV-vis Spectra and
(d) PL spectra
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Table 2- Box-Behnken experimental design showing the factors and the response

RuN pH Photocatalyst dosage Sacrificial agent Hydrogen production
(g/L) concentration (vol%) (umol/g.h)

1 7 15 5 581.83

2 4 15 10 410.70

3 7 15 15 697.96

4 10 1 15 1719.20

5 7 1 10 871.25

6 7 1 10 842.21

7 10 0.5 10 1336.87

8 7 1 10 813.17

9 4 1 5 369.56
10 7 0.5 15 543.38
11 7 1 10 785.13
12 4 0.5 10 275.16
13 7 0.5 5 462.04
14 10 1.5 10 1550.76
15 7 1 10 900.29
16 10 1 5 1360.32
17 4 1 15 383.90
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Table 3- Different models fitted to experimental data

Sequential Sum of Squares Lack of Fit Tests Summary Statistics
Model 7 7
p-value p-value R%qj R pred
Linear < 0.0001 0.0094 0.8797 0.8080
2FI 0.9009 0.0052 0.8521 0.5771
Quadratic < 0.0001 0.9563 0.9932 0.9923 Suggested
Cubic 0.9563 - 0.9889 -

o8 5l S P e s Jlste sle e Slasye ggeme & baye ot 59 45 45pe il b slaberais
55 (P-value>0.1) +/\ 5l i pojlade gl 5,55k 3939 pas sloyge;] @ bgsye ygiw o «(p-value<0.05)
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1. 2 Factorial Interaction

2. Sequential Model Sum of Square
3. Lack of Fit Tests

4. Model Summary Statistics
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Table 4- Analysis of variance (ANOVA) for the fitted model

Source Sum of Squares df Mean Square F value p-value Prob>F
Model 885.46 7 126.49 392.87 < 0.0001 Significant
A-pH 772.59 1 772.59 2399.54 <0.0001
B-Catalyst dose 18.69 1 18.69 58.06 < 0.0001
C-Electron donor 10.27 1 10.27 31.89 0.0003
AC 4.43 1 4.43 13.77 0.0048
A2 22.64 1 22.64 70.32 <0.0001
B? 41.39 1 41.39 12857 <0.0001
c? 17.59 1 17.59 54.63 <0.0001
Residual 2.90 9 0.32
Lack of Fit 0.43 5 0.085 0.14 0.9738 Not significant
Pure Error 2.47 4 0.62

1. Analysis Of Variance (ANOVA)

2. Adjusted Determination Coefficient Value (R2adj)
3.Predicted Determination Coefficient Value (R2pred)
4. Coefficient Of Variance (C.V.)

5. Adequate precision
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Figure 5- (a) Contour and (b) Surface plots showing the interaction effect of pH and photocatalyst dosage on the rate of hydrogen
production
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Table 5- The optimum conditions for maximum photocatalytic hydrogen production.

Optimum conditions Optimum value for hydrogen production (umol/g.h)

pH Photocatalyst dosage (g/L) Sacrificial agent concentration (vol%) Exprimental Predicted

9.95 1.13 12.58 1788 1739

] L J L

4.00 10.00 0.50 1.50

pH=9.95 Catalyst dose = 1.13

|

5.00 15.00 275 1719

Bectron donor = 12.58 Hydrogen production = 1739

Figure 8- The optimum conditions for maximum photocatalytic hydrogen production
O399 sddgi Hlade (0 yilen 41 (2l sl 0 Aot (Fllos Lul b slogei -A S

(252l S O (oS 5 byt edds sl CshitsidS wl (68 o5 S I s codel sty b el
odled b ge ol Gaxe Siw I oanb Sdg; Kges adyi s pi S5 S (3,5 G5k g (3,5 Ken e
i iy o Uy San &y s Sl ot s (55, TiO, )50 (sl lomsipipms (i, 51 oslid
O, los dguge i Coledys a5 by waler Jlisay 1) il g Lilis o iSen n (lidl g s slaasolS
el 535 5 Shos il ol 5500 T S bS58l 5 sl gndS by L e JblS s
odslive Faogds diges ;o L sl fol> iolaz oYL o3l g Jd ool Colesh mer G,k lei oo mizxen
Lyls o ol célks el 518wl 3 il (pen olgS 5 PL g EDX FESEM XRD sl JUT b 90,8

L. 9 BBD C.L:.m dw )9,«5@ dw uus)cb J.AJLO)" (f‘).'a u,..:Lw‘)a w‘ U)B)M J.Jsa )\) oé)’l.f u.‘)—u.u.».) ‘5‘)‘\) AMQA Ls:L..Lo.C



VEe e Sl e ojled ooz Jlo (3l g S g (gl - cale 4y

0055 Al iS55 e 5 STy Jsl PH el (Slilos sl ol (6,138 51 ANOVA suz zlis 51 asliceal

Joe ol whaw oy 5o @bl e sladae o 1 AT wesee L mls sl e SLIT iy ddg 003l
2Eislesl slaosls b1y gllas o i (Rig=+/A9FY § RP=+/29%Y) Stuced cupo o op 50 b pgoas e
Sg B39 Jlade STas aS 2l o Gl oo Fly (g9, OLadelsl g by yelily cnl (IS o gy bl
VYO ooy xSl Jele jlade o VY g LY cedblS Jlade V- b ply 50 PH aigs Ll 5o (VYAA pmol gt b

10.

11.

12.

13.

14.

15.

16.

17.

AJTLSA Cawddy ST dwo 0

i1 g St

J...,S‘sa ‘:'L))Jé 059 Lg\).?-‘ 5 9.3[.‘» 6)5hé ol (_SJ.,..QS; Cole> 9 LS}‘) ‘tho; oKisls Colos )" UKM}:

&b
H. Li and X. Cui, “A hydrothermal route for constructing reduced graphene oxide/TiO, nanocomposites: Enhanced
photocatalytic activity for hydrogen evolution,” International Journal of Hydrogen Energy, 39, 2014, pp. 19877-19886.
S. Sharma, M. R. Pai, G. Kaur, Divya, V. R. Satsangi, S. Dass and R. Shrivastav, “Efficient hydrogen generation on CuO
core/AgTiO, shell nano-hetero-structures by photocatalytic splitting of water,” Renewable Energy, 136, 2019, pp. 1202-
1216.

S. Xu, J. Ng, X. Zhang, H. Bai and D. Sun, “Fabrication and comparison of highly efficient Cu incorporated TiO,
photocatalyst for hydrogen generation from water,” International Journal of Hydrogen Energy, 35, 2010, pp. 5254-5261.
L. Long, J. Li, L. Wu and X. Li, “Enhanced photocatalytic performance of platinized CdS/TiO, by optimizing calcination
temperature of TiO, nanotubes,” Materials Science in Semiconductor Processing, 26, 2014, pp. 107-111.

A. A. Ismail and D. W. Bahnemann, “Photochemical splitting of water for hydrogen production by photocatalysis: A
review,” Solar Energy Materials and Solar Cells, 128, 2014, pp. 85-101.

R. M. Navarro, M. C. Sanchez, M. C. Alvarez-Galvan, F. Valle and J. L. G. Fierro, “Hydrogen production from
renewable sources: biomass and photocatalytic opportunities,” Energy & Environmental Science, 2, 2009, pp. 35-54.

M. Ni, M. K. H. Leung, D. Y. C. Leung and K. A. Sumathy, “A review and recent developments in photocatalytic water-
splitting using for hydrogen production,” Renewable and Sustainable Energy Reviews, 11, 2007, pp. 401-425.

M. Solakidou, A. Giannakas, Y. Georgiou, N. Boukos, M. Louloudi and Y. Deligiannakis, “Efficient photocatalytic
water-splitting performance by ternary CdS/Pt-N-TiO, and CdS/Pt-N,F-TiO,: Interplay between CdS photo corrosion and
TiO,-dopping,” Applied Catalysis B: Environmental, 254, 2019, pp. 194-205.

C.lJiang, K. Y. Lee, C. M. A. Parlett, M. K. Bayazit, C. C. Lau, Q. Ruan, S. J. A. Moniz, A. F. Lee and J. Tang, “Size-
controlled TiO, nanoparticles on porous hosts for enhanced photocatalytic hydrogen production,” Applied Catalysis A:
General, 521, 2016, pp. 133-139.

Q. Sun, X. Hu, S. Zheng, Z. Sun, S. Liu and H. Li, “Influence of calcination temperature on the structural, adsorption and
photocatalytic properties of TiO, nanoparticles supported on natural zeolite,” Powder Technology, 274, 2015, pp. 88-97.
H. Enzweiler, P. H. Yassue-Cordeiro, M. Schwaab, E. Barbosa-Coutinho, S. Olse and N. R. C. Fernandes, “Evaluation of
Pd-TiO,/ZSM-5 catalysts composition effects on hydrogen production by photocatalytic water splitting,” International
Journal of Hydrogen Energy, 43, 2018, pp. 6515-6525.

H. Enzweiler, P. H. Yassue-Cordeiro, M. Schwaab, E. Barbosa-Coutinho, S. Olse and N. R. C. Fernandes, “Catalyst
concentration, ethanol content and initial pH effects on hydrogen production by photocatalytic water splitting,” Journal
of Photochemistry and Photobiology A: Chemistry, 388, 2020, pp. 112051.

C. Baerlocher, W. M. Meier and D. H. Olson, HEU, in Atlas of Zeolite Framework Types, Amsterdam, Elsevier, 2001,
pp. 146-147.

R. Akbari Sene, G. R. Moradi and S. Sharifnia, “Sono-dispersion of TiO, nanoparticles over clinoptilolite used in
photocatalytic hydrogen production: Effect of ultrasound irradiation during conventional synthesis methods,” Ultrasonics
Sonochemistry, 37, 2017, pp. 490-501.

F. Rahmani, M. Haghighi and M. Amini, “The beneficial utilization of natural zeolite in preparation of Cr/clinoptilolite
nanocatalyst used in CO,-oxidative dehydrogenation of ethane to ethylene,” Journal of Industrial and Engineering
Chemistry, 31, 2015, pp. 142-155.

A. Ates and C. Hardacre, “The effect of various treatment conditions on natural zeolites: lon exchange, acidic, thermal
and steam treatments,” Journal of Colloid and Interface Science, 372, 2012, pp. 130-140.

F. Rahmani, M. Haghighi and S. Mahboob, “CO,-enhanced dehydrogenation of ethane over sonochemically synthesized
Cr/clinoptilolite-ZrO, nanocatalyst: Effects of ultrasound irradiation and ZrO, loading on catalytic activity and stability,”
Ultrasonics Sonochemistry, 33, 2016, pp. 150-63.

)



18

19.

20.

21.

22.

23.

24,

25.

26.

27.

60l pe LoDl g Ls iy 0 ol 0 cains (6 51 Jlzg,

. F. Rahmani and M. Haghighi, “Sono-dispersion of Cr over nanostructured LaAPSO-34 used in CO, assisted
dehydrogenation of ethane: Effects of Si/Al ratio and La incorporation,” Journal of Natural Gas Science and
Engineering, 27, 2015, pp. 1684-701.

B. Shahrooie, L. Rajabi, A. A. Derakhshan and M. Keyhani, “Fabrication, characterization and statistical investigation of
a new starch-based hydrogel nanocomposite for ammonium adsorption,” Journal of the Taiwan Institute of Chemical
Engineers, 51, 2015, pp. 201-215.

S. L. C. Ferreira, R. E. Bruns, H. S. Ferreira, G. D. Matos, J. M. David, G. C. Branddo, E. G. P. da Silva, L. A. Portugal,
P. S. dos Reis, A. S. Souza and W. N. L. dos Santos, “Box-Behnken design: An alternative for the optimization of
analytical methods,” Analytica Chimica Acta, 597, 2007, pp. 179-186.

S. Ray, J.A. Lalman and N. Biswas, “Using the Box-Benkhen technique to statistically model phenol photocatalytic
degradation by titanium dioxide nanoparticles,” Chemical Engineering Journal, 150, 2009, pp. 15-24.

H. Lin, Q. L. Liu, Y. Dong, Y. H. He and L. Wang, “Physicochemical properties and mechanism study of clinoptilolite
modified by NaOH,” Microporous and Mesoporous Materials, 218, 2015, pp. 174-179.

A. Rivera, T. Farias, L. Menorval, G. Autie-Castro, H. Yee-Madeira, J. L. Contreras and M. Autie-Perez, “Acid natural
clinoptilolite: Structural properties against adsorption/separation of n-paraffins,” Journal of Colloid and Interface
Science, 360, 2011, pp. 220-226.

Y. Garcia-Basabe, . Rodriguez-1znaga, L. C. de Menorval, P. Liewellyn, G. Maurin, D. W. Lewis, R. Binions, M. Autie
and A. R. Ruiz-Salvador, “Step-wise dealumination of natural clinoptilolite: Structural and physicochemical
characterization,” Microporous and Mesoporous Materials, 135, 2010, pp. 187-196.

M. Akgiil and A. Karabakan, “Promoted dye adsorption performance over desilicated natural zeolite,” Microporous and
Mesoporous Materials, 145, 2011, pp. 157-164.

A. H. Alwash, A. Z. Abdullah and N. Ismail, “Zeolite Y encapsulated with Fe-TiO, for ultrasound-assisted degradation
of amaranth dye in water,” Journal of Hazardous Materials, 233-234, 2012, pp. 184-93.

H. Yahiro, T. Miyamoto, N. Watanabe and H. Yamaura, “Photocatalytic partial oxidation of a-methylstyrene over TiO,
supported on zeolites,” Catalysis Today, 120, 2007, pp. 158-62.

English Abstract

Optimization of Hydrogen Production over TiO,/Treated Zeolite
Nanophotocatalyst using Response Surface Box-Behnken Design

Rojiar Akbari Sene'*, Shahram Sharifnia?and Gholamreza Moradi®
1- Department of Chemical Engineering, Faculty of Engineering, University of Kurdistan, Sanandaj, Iran, r.akbari@uok.ac.ir
2- Catalyst Research Center, Department of Chemical Engineering, Razi University, Kermanshah, Iran, sharif@razi.ac.ir
3- Catalyst Research Center, Department of Chemical Engineering, Razi University, Kermanshah, Iran, gmoradi@razi.ac.ir
*Corresponding author
(Received: 2021.02.11, Received in revised form: 2021.06.08, Accepted: 2021.07.04)

In present study, the optimization of hydrogen production by water splitting over TiO,/treated clinoptilolite
photocatalyst was investigated using Box—Behnken design (BBD) combined with response surface
methodology (RSM). In the photocatalyst preparation, the combined ion exchange-alkaline treatment was
used to achieve a chemical homogenous, reproducible and effective natural support. Moreover, 10 wt.% of
TiO, nanoparticles was loaded over zeolitic supports using facile and cost effective solid state dispersion
(SSD) method in the presence of ultrasound irradiation. The characterization results indicated suitable optical
and physico-chemical properties of the as-synthesized photocatalyst which making it effective in the water
splitting reaction. The operational variables considered in Box-Behnken method included pH solution,
photocatalyst dosage and sacrificial agent concentration. Based on the ANOVA results, all three process
variables affect the hydrogen production. Among them, the most significant effect is attributed to pH
solution. The application of the RSM resulted in the formulation of several models out which the quadratic
model with the highest value of the determined R* coefficients (R?=0.9967 and R?,4=0.9942) was adjudged to
adequately fit the experimental data. By examining how the process variables and their interactions affect the
response, it can be found that the maximum efficiency of hydrogen production was obtained at optimum
conditions of alkaline solution pH of 10, catalyst dosage of 1.1 g/L and sacrificial agent concentration of 12.5
vol.%.

Keywords: Water Splitting Reaction, Hydrogen Production, Response Surface Methodology, Box-Behnken
Design, Titania
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