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Table 1 Nominal Physicochemical Properties of JRC-TiO,.

TIO-1 TIO-2 TIO-3 TIO-4 TIO-5
Composition/wt%
TiO, 95.0 98.5 99.7 >99.5 >99.9
AL O3 0.00 <0.3 Al <10 ppm
SiO, 0.02 0.00 <0.2 Si <10 ppm
Fe,O3 10 ppm 0.0196 <0.01 Fe <10 ppm
SO3 3.64 300 ppm 0.04 S04<20 ppm
P,0s 0.18 0.007
Nb,Os 0.4 0.00 Nb < 10 ppm
Cl 0.001 HCI< 0.3 Cl <70ppm
others K,0 0.01 Heavy Ca <20 ppm
Na,O 60 ppm  Nay0 0.14  metal<Sppm Cu <10 ppm
Sn <10 ppm
Particle size/ um 0.4 0.03-0.05 ca. 0.021 0.64
Specific gravity/g cm™3
true 3.8
apparent 0.99 0.13
Specific surface area/m2g1 72.6 18 40 50+15 2.6—2.7
pH 3.6 (10%) 3—4 (aq. 4%)
Isoelectric point (pH) 6.6
Crystal structure Anatase Anatase Rutile Mainly Anatase Rutile; 93.9%
Preparation method Liquid Phase  Liquid Phase  Liquid Phase Gas Phase Gas Phase
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Table 2 Specific Surface area and Pore Volume of JRC-TiO,.

TIO-1 TIO-2 TIO-3 TIO4  TIOS5
Specific surface areal) (m2/g)
RT/N, D 68.2 13.5 42.8 39.1 2.3
RT/N,? 16.3 50.7 49.3 2.7
200°C/N, 72.5 14.3 49.2 47.6 2.4
RT/CO, 44.5 10.3 34.4 36.3 1.6
RT/NH3?) 69.6 13.6 38.5 41.9 2.4
500°C in H, /N, 9 51 14 41 40 2.8
1000°C in H, /N, 9 0.81 1.2 0.78 0.53 0.78
Pore Volume (10°2 cm3/g)®) 3.3 6.5 11 0.44
1) treatment temperature/adsorption gas.
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Table 3 Acid-Base Properties of JRC-TiO,.
TIO-1 TIO-2 TIO-3 TIO-4 TIO-5
NH3 chemisorption®- 1)
RT (cm3/g) 18.38 1.63 3.53 475 0.28
(Mol./nm?2) 7.23 3.25 221 3.26 3.19
400°C (cm3/g) 11.52 1.90 5.54 6.59
(Mol./nm?) 3.97 3.24 2.90 3.56
NHj3 desorption®)
(mmol/g) 0213 0.087 0.244 0.280 0.059
(#mol/m2) 3.00 5.58 4.54 5.59
Maximum Acid Strength (Hg)9  —3.0 -3.0—+1.5 +1.5-+3.3  +3.3—+4.0 +3.3—+4.0
Tetraethylamine
adsorption® (mmol/g) 0.26 0.03 0.05 0.05 0.01
Acid conc. (4 mol/mz)b) 0.64 2.2 0.49 0.67
pH (5%)?) 2.0 3.7 7.3 4.2 3.9
Isoelectric point9 5.9 3.1 5.6 6.7 5.4
Isoelectric point?) 5.3 3.0 6.3
Isoacidic point? 3.0 6.7 4.0
CO, adsorption (zmol/g)® 11.6 1.2 17.4 9.6 0.4
Acetic acid adsorption®
(nmol/g) 0.2 1.5 1.5 0.1
Phenol adsorption (mg/g)? 5.59 17.9 1.68 0.61
1) treatment temperature.
- HRENHED. TIO-1IDNTRIBOTIKT v
‘ =T DR — 7 B0, YV A-TIVIFEED
E WS DBADTED SN, CORRE L TIRER
210 MIRTH 2 LHEELTWS. TIO-2, 3, 41100~
E 300 C icfihte— 7 HiBD S IEED®S, TIO-
= SICEBBOBALIEE LV EIRENT. B
Zos RERL® THEMRSAEERT>TEY, TIO-3>
o
3 4>2>5 OIRICHREEIMET 2 EHBH SN E
iBotc. &7z, TIO-3 OEAIEES D OBRAIRE
i3 TIO-1 2R MOBRILF 5 YD AfETHY, 7
0

-5.0 0 5.0
acid strength / He

Fig. 2 Acid strength distribution of JRC-TiO,
evacuated at 300°C» (Measured by a n-
butylamine titration method using Hammett
indicators).

The number in the figure denotes the number of
JRC-TIO.
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Fig. 3 Temperature programmed desorption
of CO, adsorbed on JRC-TiO,?
The sample was evacuated at 500°C for 2h before
adsorption of CO, (10 Torr, 30 min) at room tem-
perature.
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Fig. 4 Diffuse reflectance spectra of JRC-
TiO,
The sample was evacuated at 500°C and subsequent-
ly Oj-treated (100 Torr) at the same temperature.
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Table 4 Crystal structure and optical band gap of JRC-TiO,

Crystal Diameter of Optical Band Gap3/eV
Structurel)  crystallite?) direct- direct- indirect-  indirect-
/nm allowed forbidden allowed forbidden
TIO-1 A 29 3.54 3.27 3.20 3.06
TIO-2 A 38 3.48 3.25 3.19 3.12
TIO-3 R 32 3.40 2.96 2.70 2.86
TIO-4 A 73% 23(A), 50(R) 3.48 3.02 2.84 2.82
TIO-5  R88%  58R),58(A)  3.10 2.98 2.95 2.88

1) Determined by the intensity ratio of the strongest XRD peaks; (110) at 3.25 A for
Rutile and (110) at 3.52 A for Anatase.

2) Caluculated from FWHM of the strongest XRD peak. D=0.92/Bcosdp.

3) Re: Rutile 3.0 eV, Anatase 3.2 eV.
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Table 5 Photocatalytic activities of JRC-TiO, catalysts™®

Cétalyst Reduction?® Hydrogenationb) Isomerization® Selectivity, %
of CO, of methyl acetylene  of cis-2-butene 1-butene

(JRCTIO-)  (umol/h-g) (#mol/h-g) (#mol/h-g) trans-2-butene
2 (anat.) 0.03 0.20 2.5 50

3 (ruti.) 0.02 0.12 1.0 250

4 (anat.) 0.17 8.33 9.4 285

5 (ruti.) 0.04 0.45 3.8 73
Reaction: 4 Gggg(k]/mol)

a) CO, +2H,0 —> CH, + 20, 813

b) CH3C=CH + 3H,0 —>CHy + C,Hg + 3/20, 433

C) cz's-2-C4H8 _[: 1-C4H8 5

trans—Z-C4H8 -3
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Fig. 5 Photo-oxidation of Mo(CO)s adsorbed
on JRC-TiO, ¥
JRC-TiO, was degassed at 400°C and subsequently
0,-treated at 400°C before Mo(CO)g adsorption at
room temperature. Photooxidation of Mo(CO)¢/
TiO,; 100 Torr O, and 75 W high pressure Hg lamp.
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Fig. 6 Adsorption of H,O vapor on JRC-TiO, at 25°C
TiO, was evacuated at 25°C before H,O adsorption.
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