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Cobalt titanates (CoTiO,), such as CoTiO; and Co,TiOs, have been synthesized via a solid-state reaction and
characterized using X-ray diffraction (XRD) and X-ray photoelectron spectroscopic (XPS) measurement techni-
ques, prior to being used for continuous wet trichloroethylene (TCE) oxidation at 36°C, to support our earlier
chemical structure model for Co species in 5 wt% CoO./TiO, (fresh) and (spent) catalysts. Each XRD pattern
for the synthesized CoTiO; and Co,TiO4 was very close to those obtained from the respective standard XRD da-
ta files. The two CoTiOx samples gave Co 2p XPS spectra consisting of very strong main peaks for Co 2ps.
and 2pi, with corresponding satellite structures at higher binding energies. The Co 2ps» main structure appeared
at 781.3 eV for the CoTiOs, and it was indicated at 781.1 eV with the Co,TiOs. Not only could these binding
energy values be very similar to that exhibited for the 5 wit% CoO/TiO, (fresh), but the spin-orbit splitting (A
E) had also no noticeable difference between the cobalt titanates and a sample of the fresh catalyst. Neither of
all the CoTiO, samples were active for the wet TCE oxidation, as expected, but a sample of pure Co;O4 had a
good activity for this reaction. The earlier proposed model for the surface CoO, species existing with the fresh
and spent catalysts is very consistent with the XPS characterization and activity measurements for the cobalt
titanates.

Key Words: Cobalt Titanates, Solid-State Reaction, Trichloroethylene, X-ray Photoelectron Spectroscopy,
Continuous Wet Oxidation
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Fig. 1. (A) Catalytic behavior in continuous wet oxidation of TCE at 36°C over 5 wt% CoOx/TiO: as a function
of on stream hour [Reproduced from Fig. 1 in Ref. 13], and (B) earlier proposed model for CosQs nano-

particles on the titania surface [13].
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Table 1. Specific surface area of catalysts used for
continuous wet TCE oxidation at 36°C

Catalyst Seer (m*/g) Ref.
TiO, 38 This work
CoTiOs 0.042 This work
CozTiO4 044 This work
Co304 25.2 This work
5 wt% CoOx/TiO; (fresh) 33 [12,13]

5 wt% CoO/TiOz (spent) 36 [12,13]

TCE A3}ur3-ofj A o] Zufj 34

X-ray diffractometer (Rigaku, Model D/MAX2500PC)
X X-ray radiation source2: Cu Kag AH&-3}
gom ojuf X-ray tubed] 7} AYH A{F=
7}zZF 40 kV9 100 mARH. ¥3te AIZE g
XRD #HEEE 2%min® scanning rate$} 0.02°¢]
sampling step sizeZ 20 ~ 80°%] 26 oA =
APk o)&A o} CoTiOs ¥ CorTiO
3 XRD #HEL JCPDS "ol e E2x5]o]
e Z4z+e] XRD A€ vlm s A

A3 ule} o] {49 CoTiOx &0 gt
Co 2p binding energyE 971 $13t self-support-
ing .8 XPS A)AL 9E 39, ESCALAB 220iXL
spectrophotometer (VG Scientific)& AF&3}led Co
2 XPS 29 Egtg 2434, o]y X-ray ra-
diation source2& Mg KaE ARE8901, pass
energy?} energy widthe Ztz 50 eV}l 100 meV
Ak A Al2" YR EAste 1 (Carbon)
34 I3 2848 eVAA e C 1s HAE in-
ternal standardg® AMRSlY] A|RE9 charging ef-
fectE® on-line A AEFHoz BAIEU.
XPS ~HEZE de T A2F9 AFdEH e
107" Torr A28 #A8ATE ©]gA Qold CoTiOk
A8 Ed NF Co 2p binding energy FEL vh&
AF9) 5 wt% CoO/TiO: FviE 7FA 3 SHH 3%
3 vZHAG.

22. 424 TCE 33 2 A3hikg Axg
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s oz £Eedry 2 Teflon-coated stain-
less steel £ 45 L9 Z&FE A& T 30
ppmol 3938 TCE (Aldrich, 99.9%) 994< 3
d FYstn d&F AHuRty] (BelArt, Model
37028)2 200 rpmolA 1 A3 B9 283 E§e}
Aok o] EFFz ALY ¢¥ Ao)A (Asheroft, 0
~15 psDE H&Fste] A JIgs s AuA
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Masterflex L/S VSDP)E ol&3te 943 {4
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Az 524 RS s Y2 ISP ol
ez £5 ANE #Esed $2 U9
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ole

25T B
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A7LE 4 J=E AAHUT THFZE WY ar
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= TCE= &%% U9 dead space® A9 s}
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Fig. 2. XRD patterns for (A) CoTiOs and (B) Co;TiOs (a) synthesized via a thermal solid-state reaction at
1150°C in flowing air for 4 h, and (b) obtained from the respective JCPDS PDF # 39-1410 and 77-1373

reference files.
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¥ active speciesell B3 =29} 5 wt% CoOx/TiO»
Zuje] 9Tz 2 #3S pAS e ke
o #3 AYFZE 2o ¥y & F L Ao
Le hl=n

32. 48 CoTiOx9) ¥wsletz 7z &4
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9] binding energy: 7798 eVE UElgda ol &
T Co304% th3+ Co 2pse 939 binding energy
(1799 eV)st A9 2. wets, ojgt e A
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Ao, £ AydrMe FAHE 5 CoTios ¢
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Fig. 3. Co 2p XPS spectra for CoTiOs and CoTiOs
synthesized by a thermal solid-state reaction at
1150°C in flowing air for 4 h.

Fig. 394 B0}, CoTiOso Wd Co 2p XPS
2HEgd X Co 2pyedl W F3=9 binding
energyt 7813 eVolal, Co 2piedl gt Fu]=9
binding energy= 797.2 eVolth, CopTi048] 759
£ Co 2mpdl Wd F3=E 7811 VY binding
energylX UEa, Co 2piedl o F3lae
7969 eV binding energyE zZteth wlA, ol&
CoTiO9 FH =) g Co 2pse binding energy
B8 781.2¢]1 €Volx, o]& Brik 79 s B3
H CoTiOs B CorTiO« i3t Co 2pye T3 A9
binding energy #E3% A & Byt ol Ay
A7¥2RE BR1E 5 wt% CoOw/TiO: (fresh) %
o] th3 Co 2pse binding energy$t= Aol 2ot
(Table 2).

AgPAT A FFHURC], 5 wt% CoOx/TiO2

Table 2. Binding energies for Co 2p main peaks in CoTiOx compounds obtained via a solid-state reaction

Binding energy (eV)

Catalyst Co 20w Co Zom AE? Ref.
CoTiOs 781.3 7972 159 This work
CozTi04 781.1 796.9 158 This work
Co304 779.9 79.1 152 {13]

5 wt% CoOx/TiO:z (fresh) 781.3 797.1 158 {12,13]
5 wt% CoOx/TiO: (spent) 779.8 795.0 15.2 [12,13]

# Spin-orbit splitting.
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(spent) Em2] AL CoTiOs, CosTiOs &
CoTiOZ} WHE/NAISE &7 AAge=ZN AR
Cos07} EHLZ & E o] 917) Wi Co 2psndt
Co 2p129) shake-up FZEL Jeh}x ggo?.
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935 EAYGTE gXF. gk, oy A
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(fresh) Zvj9] AE 3t (158 eV)3 A< HY3 A
5 wt% CoOx/TiOz (spent) Zwle] AE 3= 06
eV o9 3ol et 443 A9EL 23A
o7 AHE u) 5 wt% CoO«/TiO: (fresh) Znj2]
EHL CoTiOs, CorTiOs} 22 CoTiOx 3}FEE
o]FA UE & 4 U ole AYAFAA A
U8 CoOx BHTFE Zdy} & I3t ok
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24
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H3 BW 3}8FL TCE 23hukgo| s)ofstx ¢
I ¥R A1F & o 1AZE olof] Ul o g R
fA3] AALRL 2 YR EA3E CoOst F
FA4Ho] He Aoz AYSA=Y? B 4
TFollAE ol Fsr] 93t CoTiOs 2 CorTiOs
9] TCE A+gta 8¢ A9t (Fig. 4). CoTiO37}
36°Co] ¥Hg-2xolA TCE AAWNLS 93 &g
AHEE Ao, WA EA 05% W99 TCE
AAZEE Rold, o]yF vhg 8L B AT oA
388 v A7 B¢ agE A&HE AL 8 S
At CoeTiOZ} FM 2 ALE-E Ao x v FA}
S BT HESAIZY Y] W gkl #RE T
CoTiOs%F CosTiOs9] &4 TCE AH3l8HA4- A4
ojgo| Fuj2A 9 7% FPFA Eixn U=
A DIHFL Y3, ol AFATFI A A3 5
wit% CoOx/TiO2 Zmj9] CoOx EWE}3MH L34
e 2die & dx)3id

5 wt% CoOx/TiO: FWj9] HAAZ AFEHAH
TiO:E 36°C9] vk3-2 %X &4 TCE Atstue-o
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HEHAT (Fig. 4). Cos0ss ¥HS A1334 3 85%

4
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Conversion of TCE (%)
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Fig. 4. On-stream activity of synthesized CoTiOs; and
CoeTiOy catalysts for continuous wet TCE ox—
idation at 36°C with a weight hourly space ve-
locity of 7500 h™. The TiOs and CogOs sam-
ples were used as reference catalysts.
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