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ABSTRACT

This project studies Lepidocrocite  titanate KygZngaTi; 404 and other nanomaterials
including titanate nanotubes from the rolling of nanosheets, A,TicO.5 (A= K, Na, Li), Na,TizO5,
and K;TiqO, as a basic material. They were characterized by powder X-ray diffraction (PXRD), N,
adsorption-desorption, and. scanning electron microscopy (SEM).. The basic nature of these
materials was investigated using CO, temperature programmed desorption (CQ, TPD). Most of
the tested titanates are weakly basic, desorbing CO; in the range 50-300°C_ similar to anatase
TiO,. The basicity of layered alkali titanates such as NasTisO; and K;Ti;O, is larger than that of
the tunneled alkali titanates (A;Ti;O;3) and Lepidocrocite titanate KygZngqTip 04, but much
lower than that of MgO. These titanates are capable of catalyzing the ketonization of acetic
acid into acetone, without prior reduction, under N,. However, anatase TiO, and Lepidocrocite
titanate are inactive for such reaction. The conversion of acetic acid over titanate nanotubes is
larger than the estimation based on the basicity. These results suggest the synergism between
the basicity and the nanostructures. The. application of K,Ti;Qy3 in the ketonization of
heptanoic acid into 7-tridecanone was further demonstrated. The ketonization of acids is
considered as an important step'in the production of renewable fuel from biomass. Titanate
nanomaterials can be potentially applied as a base catalyst for the conversion of fatty acid

into diesel fuel.

Keywords : Alkali titanates, biomass, ketonization, basicity
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P25 titanium dioxide > 99 50 % Aerosil
Anatase titanium dioxide >99.80 % CARLO ERBA
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Hydrogen gas PRAXAIR
_ 99.99 %
Hydrogen in Argon gas PRAXAIR
. 10°%
Helium gas PRAXAIR
9999 %

3.2 gUnsalild

1. pgiunAgdila

2. DIINANBTNG

3, Wauia (glass bead)
q. lowAa (Glass wool)
5.

O

#aoAL (Glass tube)
lefS9dufinues SGE Analytical Science

|4 GC w84 SGE Analytical Science




8. arunnfnge
9. fouaniau UM500, Memmert

10. Mass flow controller, GFC-1105, Dwyer

11. Mass flow controller, GFC17, AALBORG

12. LT Controller P 320, Nabertherm

13, Teaowd (Quartz wool)

14.  vaoamlavd (Quartz tube)

15, Hudmiuleed KDS-100, KD-scientific

16, @NILUUTDVCTF4, Vecstar

17 309 Powder X-ray diffractometer, a DMAX2200 Ultima+, Rigaku
18. - \dpaiafiuiifiawagaunegnau Autosorb-1, Quantachrome

12 A3ed Thermogravimetric analyzer, Pyris, Perkin Elmer

20, Lﬂ?;ad Scanning electron microscope, EVO®MALQ, ZEISS

21. ASDY X-ray photoelectron spectrophotometer, AXIS ULTRA, KRATOS

ANALYTICAL
B2 BERN Wavelength dispersive X-ray flucrescence spectrophotometer,
Bruker, Tiger
¥ 3 1334 Rarman spectrophotometer, DXR Smart Raman, Thermoscientific
24, Lﬂ%‘laa Thermal conductivity detector, TCD2-c, Valco Instrument

25% \A384 Gas chromatography, Varian 3800
26. Lﬂ%iadGas chromatography, Hewlett Packard 6890

3.3 nMaessuLasnIsiigItanwasdaauilulivnum
3.3.1 MsdaATIziun Ly

asifidulansefueiunuaslanglumsnsfovilduidaeniseud 120 °c 13
Aefunauld asediduausoldliae Suassiansustneureluife KesZnoaTieOs NaTisOws,
KoTigOs5 Wag K;TigOp Med5 solid state synthesis 91nU8emanves K,CO; + ZnO + TiO,
(KoZnoaTis 08), - Na;COs + TiO, (NayTisOs),'* KNOs+ P25 TiO, (K;TieOys), - Wae K,CO3 + TiO,
(K;Tig0o)™ wazduAsIEst LiTiO:5 funsi solid state ion exchange iU LINOs; (100%
excess) MM NasTiO- WWusdnsnsivasuddn Aldrich  Saqunlulnmiuniigaamesilénngh
anifuliluediemes
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2 = ¥ am ey 215 a w

Fuasgsilymiununiuiinldeds hydrothermal snufififseauld”  Teadudu
PNOTUNNE TIO, wazarsazaty NaOH iudy, defmeuiusimainlessuauan pH wihduih, udn
rnupalesfluenniafi 350°C 2 h

3.3.2 Mangaddnuazdaauilulimaum
figatlassasnevesiannmumaiemalia X-ray powder diffraction (PXRD) 1p301

#ll#ife DMAX2200 Ultima+ (Rigaku) (CukoL) Tutinasa 26 = 5-100° wagld scan step 5° min”’
vmstafufiiovesiisaufisendaeinies Autosorb-1 (Quantachrome)  Tngld
FregneUszanm 0.1 ¢ wagyhns degas #i-300-°Cdunan 12 Flwneunisiesied  Felifine
lulmmulmﬁmmi@ﬂ%’wuﬁuﬁaﬁ -60 °C uawiimudy 1 torr
Funpdugnuresshagnandinisindeuneswnemaia . ion-sputtering  neiAdes
electron microscope (SEM, ZEISS)

3.3.3 N15ANW" basic sites

Anwienuduvavosianuilulnmumilesivalin CO, temperature-programmed
desorption (CO, TPD) /¥inmskeafimanseag1sUssanm 0.2 ¢ meldionnie (30 mL min™) 470
gaumpiviesludl 500 °c lagldgasamslvirrusoudu 10 °Cmin”  uazdaselFeamgd 500 °C 8n
2 filus  vdeelifuasismamgiviesnalivsssmaresielulasion (30 mbmin)  udls
fhathafinnsgeduine Co, Mgamgieaduina 60 i 18 €O, HuAURUIIDE9DouDEN
frefedideniidngidi 30 muh - sndulinmafeusniaglonunsadgamgl 30 °C Wi 600
°C (5 °C min") udmsainnisugaues €O, AnfiuAagae TCO tasduamnudiuuady umol
CO,/g %58 umol COg/m2

3.4 MsAnwIAINAITaluNSE sARBe)
vhn1ssesUfisenlusevy fixed-bed flow reactor fimusuvssennia  Iagld 90%
volivol nsmexdfntu pxylere. fnadnlulufusamedseldlesadvun 10 mL fsafulededtn ko
Scientific) 1§ contact time (W/F) iU 15 gh-mol™ fawinisvageuty Fussfiseesldsy
msuenflmatngamgiiesiulufl 500 °C Ermnsldamadou 10 °C min®) wazegi 500 °C iy
nan 2 Fluameldennia (flow rate 40 mL min™)  WdTRaNIUNsAOETANT sRuUTHTUSERNY N, 191
W dhnsifundndasivesvanlagld water-ice trap (10-15 °C) yn 60 w1l Foeluauasu 360 Wil
Amsgifiegiseunaidieaios gas chromatograph (Varians 3800) fisorfu DB-wax column
(30mx0.53 mm) wag flame ionization detector (FID)
yufiTenisvdavalesndiaueenain heptanoic acid lapaneiu Tnald 109%vol/vol Tu
p-xylene Wil W/F winiu 250 ¢-h mol”
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JUT 3.1 uamsssuuntsnaseudssuizemiltlulasnisil

Syringe pump m R

femperature u

14
§ Tube

controiler

i

i

) = J

§' Hfurnace
i

P
Lo
f Steved catalyst -—-g

PG
: Iy
41 N
3
e e 2l i
L i WGlass rod:
i : i {
Cooled bath :
Alr : T
FfH N | ! § o
Piciie ] H *I 1
. ¥ : I
| ¥ Ay
1 ‘ |~ ¥
[ rt i
V) = bs - 1
i 3
t-Janaoneiinil 0 3 B W
I ~ Trap Tube packing

5U#1 3.1 szvunmsvaaeuaNainsnvesiamnlulnmunlunisssujisevaanse

pEARnwarNSAaUnZLLan



Uni 4
WNAN15798

4.1 msdaaswidaauilulnmum

4.1.1 lasesievedanuily
fudtupfenfidueseilifvundundun  amil 41 uane PXRD  pattemn
vouaRlalaslan KosZnesTip<Oq wudwmiﬁé’qLﬂ'ﬁ'}gﬁlé’ﬁmmﬁqw‘é Liflansudanvaon  uaydl
Tesaduuuailalasloimsmuenanssnds”  uenani annsadusseilmmumuiluiintuas
16 PXRD (5Uf 4.2) saprdasiufislisganls™  amnsafasanliiuluinifinanmsdiush
fuvewuduiivszneuiilasatinailelaslen  Sufe wuiitreussneudundniildusnssnandu

W ifiduriugudnantlussdunlumng, udahuiddetfudaduunluiing

.
e
=
2
g
&
..__,_,JP lg._ir __Jl' A LJ-\L‘ JLM.,L...(J‘ Eu_.
5 45 25 36 45 = 55 65
24 degree
JUN1 4.1 PXRD vaataiilalaslaev KogsZngoTi ¢Oq
z
o
=
2
g
E

¢ 10 20 30 40 50 60
24 degree

gﬂﬁ 4.2 PXRD wadlyyiiuvunluing
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]
=

UM 4.3 uang PXRD vesdanuilu alkali hexatitanate
LONA15971984

a4

.

. |
o E‘-t‘f}’hwmmj%m&j MJMU%WK

[

[ )

28 CuKa

NAVVLAADARADINY

5Uil 4.3 PXRD 984.2) K;TigO4s, b)- NagTi;045 har' 0)-LisTieOs5

PXRD 184 NasTizO7 g KyTigOq (gﬂ%’f‘i 4.4b uaz 4.4d) gespdeviuionasensds
wuinvaaansiieuuRe alkali hexatitanate vadlavdanlatug  vareskndsUiAzeniiladhi
800 °C 10 Flunflenaseuiaslamsidmnuigvnioli © sanisunaedusuf 44c uar 4.de
uamalianunsaidiaitiuvaamaulandaesld sdwlsfinn  wofiaianUassluiinatesly

feee commercial Na,Ti;O7 wiufiu (U9 4.4a)

b W o | S o AR 8. CoOrPIMEreial New TisOr

b. NazTiO:

lntensity/ s

4. KT 0s

b bbb Ao on & Teheated-KsTiOy

Eall
(el
=3b.
=
i
v
>
£3
W]
=]
o)
Lo
)

¢ reheated-NapThOr

D 984 a) Commercial Na;TisO4, b) Na,Ti:0+, c) reheated-Na,Ti;0-, d) K;TisOs AT 2)

reheated-K;Ti,Oq
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MN 4.1 uansAmnsdweirihgwadvesiuseUfisen lnvunnduasisiluay
1 edulsfinny  Wewnlvmumunludindisuisdniaylnssasslilddestusgnadussidoudu
Y1981 FehaildAunamis e svemiiaadi

= = | ¢ o = =
151499 4.1 W'Ti']l“ﬁ]@'ﬁﬂu’]EJLsﬁﬁﬁsﬂﬂﬂflﬂ@}u’ﬂ:u‘LVWﬂLuWVlﬂﬁLﬂi'lgﬁiuiﬂi*ﬁﬂ’ﬁu*

Sample a (nm) b (nm) c (nm) BO)
KesZiisaT a0 0.3812(a) 1.570(9) 0.2987(3) NA
Na,TisO15 1.511(3) 0.3744(4) 0.9138(4) 99.109
Kol isClis 1.54(2) 0.378(3) 0.920(3) 99.894
[isTHO 1.562(3) 0.379(3) 0:910(3) 99.893
Commercial Na;TizOy 0.858(3) 0.3805(4) 0.912(3) 101.339
Na,Ti507 0.8563(4) 0.3803(4) 0.9107(4) 101.285
KsTiaQs 1.274(3) 0.3820(4) 0.889(3) 104.023

KosZno4Ti 604 8UUY orthorhombic - Yanfimaesdiu monocilinic

& da ar
4.1.2 WuUN N?LLagﬁmg’lu

wuiitvenagululm T uaTeituLERs lwm 1397 4.2

A13797 4.2 WuirhvasTanuilulnmiun

Samples SHET (mZ/g)
Ko.sZNgal11.604 3
Titanate nanotubes 320
Anatase TiO, 6
Na, TizO1 9
KoTigO43 21
(BT 16
Na,Ti;O;

Commercial Na,TisO5
K5 TigOg
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fufitovostanlmumaningedlutas 321 m7g  Awmarirouiisiuazyedi
weRufiinneuen (external surface area) whiuifnnisgaduiellanan Audithoes
KoTieO1s T4fiAsnnndnwes Na,TigO1s Wae LisTiOps aonndosfunanisinssisnamaiia PXRD 4
WA K, TiOp Samuidundndngn "memwuﬂuﬁaﬁﬁﬁuﬁﬁ’sgdﬁq 320 m/g Asaeudile
duflwguld

gﬁf/’i 4.5a wand SEM image veaRlalaslent KysZne Ti O ildnwasidunduiisl
auandaxemUssna 1 am’  wiudinandssneufemedesiouluiviideusududuguasd
uevloseu K egsevinausiy Ul 4.5b wams SEM image vaslymiumunlufind dunsmunaen
dnqididurinugudnandusssululasiunsads

5U 4.5 SEM image 183a) KosZnoaTigOs was b) lnmiununluiing
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Samlalmvmmnseddidnvanduuvivnuandugd 4.6 Saqwandfnnaudney
Tundnfesuosunlumsiandniugiug Wy 180 nm (Li;TigO4s), 200-1,500 nm (Na,TicOys), 200 nm
(K;TigO4q5), 500-3,500 nm (Na,TizO;) wag 500-3,500 nm (K,TiOs)  9814l3fmu commercial-
Na,Ti:0; fidnwaziiuromauiiUssnoudisuiulasuyisifiouin 700-1,700 nm uag 2,800 nm

muay  wulwanmadegiuiunasnanlifisngy  aesndosiunanisnaasinisgadu/nisany

1% N, 1MTARUNRI

a) Na:TisO 7 b} KoTieOnz

gﬂ‘ﬁ 4.6 SEM images U84 a) Na,TigOy3, b) K;TigOq3, © LipTigO43, d) Na,TisO7 ) commercial-
NazTiz07, 48z 1) K;TisOp YUIAUS scale bar Ao 1 um ynAweniunmw (d) Fai1iu 200 nm
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4.1.3 anuduuaradnniun
gﬂ“ﬁ 4.7 uwansmansiensianuiduavenailolaslent KosZng,TiOq LLa:ngﬁ'
4.8 uanwamsimszirruduvavestaguilulmmiuvdug  Tnsuansenuuswesua (gl
muuny X) wasUine (ufildnem)  wWisuidfisuiy Meo SulusenlesiitauaidRiduua
wuitlymumyeladuvaiiseunin MeO  waslivTinaiuatosndt MgO $r8  gamginiman
gan789 CO, fishuanainfing Co, Lﬁmmsaa%’uuuﬁuﬁwaﬂwmmmu:uu physisorption i

Intensity/ mv-g?!

o 200 400 B0
Temperaturef °C

U 4.7 enuntuvasuailaleslan KosZn  TirsOx

e G 1 %MQO

JWR (7x)

M%\M X

S K0, (7X)

//%N\\ﬁﬁ@aﬁﬂ

A NaﬁTiaE; %

AR TR N B YO

Mty @l

e

itg

Commercial NazTEBO?(Tx)

K.?Tisog {7x

JU 4.8 anuduvavesdaslmumedindue

142399
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A5efl 4.3 uamrnuduiua (basicity) vestanuilulnmium efifsulagddn
uazleituiine MgO Wuwaunn (2,790 pmol/g) WewSsuifisuiunnieranuinddues
muduvadusdio MeO > Na,TiOr > KTigOs > K,TigOys > Anatase TiO, > commercial
NazTi:07 > NagTigO1s = KogZngaTiysOs > LiTisO13  nawutTaneanduanunguldmaeiavesdn
basicity nguusniiianie MgO Fudumsifianuduvanniigaienin MO Wansasuuas
Wy MeCO; Fearaneilyt CO, sonuvayiinsin ﬂémﬁaaaﬁa NayTi,O; wae K,Ti;O0o  FaiiAnna
Duwasgussann 200 umol/g Aetfesndt MeO afusznas 10 wh  waznguaavinefodanlv
niumfideifmuduvadosg  wardloiSsudieulmmuniilasedafofunsiiuenlosou
serdiafufitlasearsuuuglindde A0 wuidwuvaseuduuaie Ui < Na* <K uaz
Fanfilasiaadutuiinnubuuasmndrandfasedaduglusd edilsfinm mamuduva
gaslmmnunuiluiag (alléuan) iy 58 pmol/e wae 1.0 umol/m’. wansipuduualilea
Fudlawdsuanuanluulrsasionubu anaguliilassasrmanianinaunnilasaiianty

an3197 4.3 anuuvavesisaiisenneilulasinsi

Tonset ~ T riaximum Toffset Basicity
Catalysts “ . 5 P e B e AL

(O (O (O pmol/g pmol/m
MgO 30 276 834 2,790 3
Anatase TiO, 54.3 120 a7e © 68 e
KosZngaTi1sOq 30 85 300 39 13.0
KoTigO13 30 128 232 96 0.9
NayTigO13 30 105 238 ¥, 0.9
LizTigO43 30 105 309 30 o/
Commercial Na;Tiz0y 30 94 118 45 240
Na,Ti;O7 30 77 91 241 9.7

Ko TigOp 30 124 580 221 7.4
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4.2 maLseufiizen

WhimsnaseumnuaansavedlmiuvlunsiselfiSendsd fo (1) MU isemMsudn
senvasoandiaulagldnsnas@induliee, uae (2) neasumsvinoenvensaeunsludndadunia
by

4.2.1 NM5YINVBNTLIUYDINTABETRAN
Ul 49 uanimsvineendausenannsnosdfndadadne faquilulmumenag
meldfnelilasiaufigaumgll 400 °C asfivsannsdtlallivhnmsiadsiswiisendeu

rsion (%)

ri3

Cony

5UR 4.9 M3TINBOATLAUNNNINBETANTUTIFIE TR L aiismduas lallaTaag

anmn1svegaude: guugiiivasey 400°C, nmeldtalulnsiau, W/r= 15 gh/mol, wasnanis
kel =i o ymaa =
waapuduAnRdeAInTsEsa iU Asen 60-360 w1l

nsAgu (conversion) ﬁuaqmmazﬁﬁﬁﬂﬁumﬁéﬁgﬂLwinmﬁﬁwﬁﬁ%ml,vhﬁu 60 UM
Juduld  wazdunslinumsidetanimesiniseliisen - lugnnsdiduesdlaudundnsusivie
Feafinrany gsunelsnesdlauifinannsvineendauosniun19n1sAIULLILYDINSABLTRAN
nswasureansaezdanSediulieiae - Titanate nafiotube (15.4%) > KoTigOy5 (6.19%) >
LipTigO5 (5.1%) > K;TiyOs (4.9%) > NayTigOq3 (4.5%) > Na,Ti;O; (0.9%) > Anatase
KiaBrgall, 404 (0%) wamiwﬂﬁaqiﬁmlﬁlﬁuﬁi’aalwmLuwﬁﬁ%mﬂqiaﬂaﬁﬁmmL“‘Zluwﬁ 7l
aunsasasasunsnesanludueslauldudidnsisuvensaezddnaeiiddning  agslsh
surmmswAsudlifienuduiusioa  basicity awemilsfoluanavasnsnosdinduunslnginii
Tuanaves CO, Avfusumisiiinnsgedu o, undn Tamewsfiluemdn  e1slifianis
anduluianavesnsnavdmndadvunslnaniy
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fddnineruinauaziaflalaslen KosZngeTi<Os lijaWMWiﬁL'ﬁﬁﬂ’]‘?Lﬁ@Uﬁﬁ%m‘lﬂﬁ
Tuvafilrmumnluindlfmnsisussdanfigunndefioufutiueuduuaiiiiunans
namsviaaenNT s uuakalasiadanueaaiu iy
dlernmsiBsuvensnesdindiddn SeldinsSadiuiaiiSend 400°C Wunan 2
ol rounsiiter Ui 4.9 wanehnsieuluvesnsnesEndrunntunudwuiinge
Fudinlaglaifinigsdndu wasdulusiiie Titanate nanotubes (54.3) > KoTigOq3 (33.0%) >
NagTigOs5 (25.1%) > LiTigO1s (14.3%) > K,TigOg (14.0%) > Na,Ti;0; (4.3%) > Anatase TiO, =
KosZNoaTis0q  (0.519%) aenslsfimu  mamsmesosiiuandliifiuin oxygen vacancy sites U9vana
somswAsuresnmesdinunnniemdus
U 4.10 LLamﬁhﬂmﬂﬁﬂuﬁuammaa%ﬂLﬁauﬁuﬁuﬁﬁ’mmrﬁl’aLﬁwﬁﬁ%m (unie m’/g)
WU sUREuLU SR SIAURLT R Y s RSN lﬁdﬁﬂﬁﬁ%mﬁu%gﬂLi’aﬁw(ﬁ’uiwﬁﬁ‘%mﬁ
Luilign3find (Fla basic sites) vﬁaﬁ’u&’aﬁqﬂﬁﬁ’%m%n%ﬁqemﬁq (A oxygen vacancy sites) aSuula
’.l’ﬁJQﬂﬁEJ’?'E‘”'WTNﬂiﬂay*‘?jﬁﬂ‘V]LU‘uﬂ'WjLLau’Aﬂﬂl‘ﬂ‘lﬂ’lLU%UULUUUQﬂ‘iH’MMﬁB&LWﬁ wazAauRARIUNg

auwaﬂwaqa'ﬁmmmamummamaﬂlwmmmumm

‘Reduced-catalysts

- -
- y

(¥
L
e

: ?\éc-».n—fedux:ed catalysts

3

U 410  aswdsuveanseesdnnifisuiuiuiilavesianuilulnmiumvsisamduaglallasid
anwnsveaaue: gungdnveeey 900°C, areldfalulnsiay, W/F= 15 gh/mol, uasnams
[ d = =g aaa =
naaealuriadenssesiianivinu]Asen 60-360 unil

= g o A =

4.2.2 nMsWanwamwAILwaINnIatEUngludn
IAdenld  KqTis0us m’iwmm‘sLUaaummﬂsmauﬁ?jmﬂmﬂwamuﬂmwaﬂﬂmmimaﬂ
Fomddsannnsaieuasiudn a-J*m 4.11 aLamamwmaqqmmgmﬁ’twmgmm (400-500°C)

= v

neldussemeidu N, # W/F = 250 sh/mol  msmeaesibisluiidninaves basic sites Jalalle
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Wnsiidduselisen  wudldrnsildeuvesnsaednsludnmindu 24.2-100.0%  uasll 7-
tridecanone (BufinanUfjfisen ketonization voansaaunzludn) [undndnsindn

%
7

Conversion and Yield (%)

o0 4z ity et LB

Reaclion temperatuye (50

/ g - €
L8 vy & Shalaeiong
X
e Z ',,' B G2
% !
3= -*“"ﬁ 7= AT B
o S S atic
¥ 42 A6 JE0 48
e 5102 OF
Reaction temperature 30)
P = a Y o .
JUn 4.11 (a) nMswdsuvesnsaeunzTudn waz (b) Sesaznald (percentage yield) ¥aq

HanAunRguminviugAseraiulesld K TiO,s Aldlasfdilususwiien anmmmeseu
fo: maldfiwlulasiay, W/F= 250 gh/mol, wasnanisneaesainssesaivhuinseniiiu 60
U
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wudﬂﬂmﬂ?{aumaéﬂimaﬂmﬂuﬁmﬁu%mﬁaqmwgﬁﬁﬁﬂiﬁ%a%ﬁﬁu uazwu 7-
tridecanone (@auduAlmuanuinsfiiaan ketonization TeansaeUnsludn) Jundadosingn lne
U3110uve4 7-tridecanone Lﬁmﬁué’wLﬁ@qquﬁﬁﬁmﬁﬁ%m;ﬁmﬁu wAnStsia U @alidosndin 29)
W 2-octanone, D-nonalactone, 5-undecane, 6-dodecanone, 1,12-tridecadien-7-one,
heptanoic anhydride, heptancic butylester, heptanophenone uag 1-(4-methylphenyl)-1-
pentanone (U7l 4.11b) s liiwdadausinaniiinainns cracking 989 7-tridecanone
TUdundnsarfifvnnmdnas  luussamdadasinaiinuin 2-octanone Wundndosivdn uay
innn1suaAneenues T-tridecanone fisumis o nalnwesufAseniiiarudumesifemiduas
wniaey waxiin1sidin <hydrogen abstraction siae



uni 5
dyUNan1TIduastalauaLuY

5.1 a5Unan1339y

nafedldfnvmsliialalaslevilnmumuas Saqululmvnumiiflasaddu ey
FssUfRoiitnuantiduus  uassefifenuAsunsnesiin (waznsmeunslugn) Uudlay
guns - AsiedAlausananiiniunsminesndauesreusanlunnluanavesnsafiduansieiu
mstdneendauesneuruUfA3en ketonization Mduwummwisiiimsfnsfuiienandomas
AlaanTIa

i’aﬂﬁﬁnmﬁa;aﬁiﬂiﬂﬂsﬂﬁ Ko ZMo.qTiy <Oa TilAStadalBudy, lymuumunluindiinan
nsshufursnnluinivssnevtuduadilalasles, | ATiO, (A= Li, Na, K #ilasiadady
gland, Na,Tis0; wag KpT,0, @afllassasnaduduisaosvin) Iegilanvusvesiaguily
Inmunlaamalingnegde Power X-ray diffraction (PXRD), Scanning electron microscopy (SEM),
N, adsorption/desorption wasAnwiaaliuuasmemada CO, TPD  wudtlymumiiFneidiu
Tngduuadoutswasefng Co, sontutie 50-300°C sulnddesuesuma Tio, uazd1AuYeY
auduiva (basicity) (Duseiie MeO > NagThOr > KiTiuOs > K,TigOys > Anatase TiO, >
commercial Na,Ti50;->/ NagTieQis = Ko sZMoaTing®s > LisTisQis GlowSeudiaulnmumidl
IpssasaRefuudfianlopoumsiniu (AsTiOw) Muhadurasandduuade Lt < Na© < K
wasdaniiillasauduiudaniuvananiiagiillaseaduglieg vonsni  Aruduiva
LilgidndusioigounnndnluidulasadaunTuiog a1vasUlmlaswaawdniBvnauinnd
lassasaunlu

wuiviagualulymiun - FliliRad)  emnsalsamswasunspesdRnluduesdlauld
meldannng N,  luvaegfiosuana Tio, bissnsavials . amsveassinandliifiui basic sites
ausassufitenldmaiinantauly Gesndudesdoailalesluilvmdn)  venaninui
TassaaunluindlidnmaastvasnsaesdfninnninfineBidefasananerudua  tufe
Tprnduvauasiaswadouily fauduidiiasuiulumsounseesdanludues 8y
stalsfmy  sumisiduuatinaasnsalunsisaliisedosnin oxygen vacancy sites &
ausnaiililaensifadasuiisenou

awnsadsunsaieunsludnduflaufe T-tridecanone Witufy  wan1smaansinuyin
Samululymumerafumadenlndlunismdnidomasdimannnssluty - fowldulpeazmnan
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