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Chemisorption has been usually used to quantify the number of surface active sites on metal oxide
catalysts in general, on vanadia in particular. This article reports the method 10 determine the number of
surface active sites of V,04Ti0, caralysts by TPD and explain the role of mono- and polyvanadate species
for the oxidation of toluene.

MG PAU

Phuong phdp hap phu hoi hoc thudng duge ting dung dé xdc dinh s6 tam hoat dong cla
oxit kim loai néi chung, cla oxit vanadi néi riéng trén bé mat xdc téc [1]. Cic chét bi hdp phu
thudng duogc st dung cho muc dich nay 1a O, [2-4], NO, NH, [5, 6], CH,OH [1], N,O [7] ...
Nguyén tic cha phwong phép xdc dinh lugng tam hoat tinh cla xic tic V,04/TiO, biang phuong
phap nha hdp phu O, theo chuong trinh nhiét do (O,_TPD) la dua vao lugng O, nha hap phu tai
cdc nhiét do khdc nhau trén gidn dé O,_TPD dé xic dinh dugc lugng O, hdp phu vi tit d6 tinh
dugce Iugng tam hoat tinh cua xic tic.

Bii bdo trinh bay két qua ctia phuong phép xédc dinh lugng tam hoat tinh cla xdc téc bang
qua trinh nha hap phu oxi theo chuong trinh nhiét d6 va vai trd cia cac tam mono- va polyvanadat
doi véi qud trinh oxi hod Toluen.

THUC NGHIEM

Kic tic V,04Ti0, (ky hieu VxT, trong dé x 12 % trong lugng V,0; mang trén TiO,) duge
digu ch€ bang phuong phdp ngam tdm. Dung dich oxalat vanadi dugc tdm lén oxit titan (dang
anatas, c6 dién tich bé mat 55 m?/g), dé kho tu nhién trong vong 24 gid, sau dé siy & 120°C trong
14 gid. Nghién va ray lay cd hat 0,4 - 0,5 mm. Sau d6 nung & 450°C trong 3 gid dé chuyén oxalat
vanadi vé dang V,0..

Qud trinh nhé hap phu Oxi, Toluen va hén hgp Oxi-Toluen theo chuong trinh nhiét d¢ duge
tién hanh trén miy AutoChem II 2920 Micromeritics (M¥) tai Phong thi nghiém loc hod ddu va
vt liéu xic téc, khoa cong nghé Hod hoc, Dai hoc Bach Khoa Ha néi.

Mau xdc tic (200-300 mg) dugc gia nhiét dén 300°C (30 phiit) trong dong He dé 1am sach
hoi 4m va tap chat bam trén bé mat. Sau dé duoc hap phu bao hoa O, (déi v6i qud trinh O, TPD)
hoac Toluen (461 v6i qué trinh Toluen_TPD) tai nhiét do 100°C trong 60 phiit. Hoi Toluen thu
duge bing cich suc Heli qua binh Toluen dugc dn nhiét tai 80-100°C. Tiép theo thdi dong He qua
bé mat miu trong 60 phiit dé dudi O, hoic Toluen bi hap phu vat 1y va trong thé tich du. Qu4 trinh
nha hdp phu duge tién hanh tir nhiét do hap phu (100°C) lén 700°C (t6c do gia nhiét 10°C/phiit),
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gift & 700°C trong vong 30 phuit d€ O, v toluen bi nha hap phu hoan toan. Ham lueng khi nha hép
phu dugc theo dai bang detector din nhiét TCD.
Dé6i véi qué trinh nha hap phu hén hgp Oxi-Toluen, mau 1an lugt duge hip phu bio hoa

Oxi sau d6 1a Toluen. Céc budc tién hanh twong tu nhu d6i véi 2 qud trinh trén. Qud trinh nha hap
phu dugc tién hanh tir nhiét d6 hip phu (100°C) 1én 800°C (16¢ d6 gia nhiét 10°C/phiit). Thu san
phém cla qué trinh nha hap phu tai cdc khoang nhiét do tir 300-450°C va tir 580-700°C dem phén
tich trén sac ky GC-14B Shimadzu, cot SPB-5, detector FID, nhiét do cot 60°C.
KET QUA VA THAO LUAN.

Qud trinh nha hap phu O, theo chugng trinh nhiét d6 duoc tién hanh & nhiét do tir 100-
700°C. Gian dé O,_TPD ciia cdc miu xiic tic VXT duge dua ra trong hinh 1.
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Hinh 1. Gidn d6 O,_TPD cita mau VxT

Gian d6 O,_TPD cia tit ca cdc mau xdc tic déu xust hién 1 pic nha hap phu ¢6 cudng do
16n tai viing nhiét do cao tir 670-680°C. Pic nha hap phu O, & viing nhiét d6 thap hon (410-430°C)
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bit ddu xuat hién & miu V6T va ting ddn khi hdm luong V,0; ting (thé hién rd nhat & miu V8T
va V10T).

Theo B. Grzybowska-Swierkosz, khi dua V,0; 1én chat mang, ban ddu khi ham lugng V,0;
thdp trén bé mat xdc tic chi ton tai dang monovanadat biét 1ap (VO,), khi tiép tdc ting ham lugng
V,0s dang polyvanadat ([VO,],) xudt hién, tiép theo 1a V,0, & dang vo dinh hinh va tinh the {8].

Céc miu V2T va V4T c6 ham lugng V,0 cdn thdp, trén bé mat chi tén tai cdc tam
monovanadat va trong gian dé O, TPD chi xudt hién 1 pic nha hdp phu & nhiét do cao, nhu vay,
¢6 1€ pic nha hap phu & nhiét do cao (670-680°C) twong tng véi su nha hap phu clia O, bi hdp phu
manh trén cdc tim monovanadat biét 1ap (VO,).

- A m L
0 0 j

Mn+ M(n-m)+

o

Pic nha hap phu & viing nhiét do thap hon (410-430°C) cé thé twong (ng véi sy nha hip phu
cha O, bi hdp phu y&u trén cdc tam polyvanadat [(VO,),] (v pic nay chi xudt hién & cdc miu cé
ham lugng V,0; cao).

- Luogng polyvanadat tang khi ham lugng V,0; tang va do vay lam tang cudng do cua pic nha
hap phu O, & viing nhiét do thap (410-430°C). Tuy nhién khi chuyén sang trang thai che pha da
16p (V10T) thi trén b mat xuc tdc s& xudt hién cdc tinh thé V,0,, do vay lam gidm kha ning hédp
phu O, lén cic tdm polyvanadat va lam giam cudng d¢ pic nha hdp phu O, d ving nhiét 4o thap.

Khi hap phu lén bé mit xiic tic, oxi cé thé tuong tic véi cac tAm hoat dong trén bé mat
xtc téc (ky hieu 0) d¢ tao thanh oxi mang ludi (O%) theo phuong trinh sau:
0,+20+ 4e > 20*
77777
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Dua vio lugng O, nha hap phu ta ¢d thé xdc dinh dugc lugng O, hap phu va tir d6 tinh ra
s& tam oxit kim loai hoat dong theo hé s6 ti lugng: O,/tdm hoat dong = 1/2 (bang 1).

Bang 1: S tam oxit vanadi bé mat tinh theo lugng O, nha hap phu.

Mau Polyvanadat Monovanadat
xuc tac (T... = 410-430°C) (T_,.= 670 - 680°C)
mmol O,/g, mmol (VO,)./e. mmol O./g mmol VO,/g.
V2T 0,035 0.070 2,264 4,528
VAT 0.068 0.136 2,298 4,596
V6T 0,087 0,174 2,315 4,630
V8T 0,115 0,230 2,387 4,774
V10T 0,097 0,194 2,302 4,604

Khi ham luong V,0; tang, s tim polyvanadat v monovanadat trén bé mit ting va dat gia
tri cuc dai tai mau V8T tng véi trang théi che phit don 16p, khi chuyén sang trang théi che phii da
16p lurong tam polyvanadat va monovanadat déu giam xuéng.

Theo chiing t6i, chinh cac tam xic tac ¢6 kha nang hip phu oxi yé&u (cdc tdm nha hip phu
0xi O nhiét do thip) mdi déng vai trd xidc tic cho phan ¥mg oxi hoi. BGi theo co ch€ Mars-van
Krevelen [9-13], trong qua trinh oxi hod hydrocacbon cdc xdc tic oxit s& tham gia vao mot chu
trinh oxi hod - khi. Trudc tién cdc oxit s& nhudng cdc oxi mang ludi cha minh (O*) cho
hydrocacbon (oxit kim loai bi khl) dé chuyén vé trang thai ho4 tri thap hon, sau d6 ching s& bj
oxi hod bdi oxi dé chuyén vé trang thii oxi hod ban ddu. Nhu vay, chi ¢6 tam xic tdc dé dang
tham gta vao qué trinh oxi hoé khir thi méi d6ng vai trd xiic tic.

Hinh 2. Co ché€ Mars-van Krevelen déi véi qud trinh oxi hod hydrocacbon trén xic tac oxit kim
loai chuyén ti€p [10]

Dé 1am sdng tO hon nita nh4n dinh trén, chiing 18 ciing da ti€én hanh nghién ctu qué trinh
nha hap phu theo chuong trinh nhiét do d8i v6i toluen va hén hop toluen-oxi. Qué trinh hép phu
dugc tién hanh & nhiét 4o 100°C, qué trinh nha hdp phu theo chuong trinh nhiét do tir 100-800°C
Vi t6c do gia nhiét 10°C/phit. Gidn d6 nha hap phu oxi, toluen va hén hop oxi-toluen trén mau
xtc tic V8T dugc dua trong hinh 3.

Nhu da trinh bay & phan trude, trén gidn d6 O, TPD xuat hién 2 pic nha hap phu. Pic thit
nh4t xudt hién & viing nhiét do thap 410°C, tuong tng véi sy nha hép phy cha oxi bi hap phu yéu
trén céc tam polyvanadat. Pic thit 2 tai 670°C tuong tng véi sy nha hap phu cfia oxi bi hip phu
manh trén cac tim monovanadat.

Trén gidn d6 Toluen_TPD ta thdy Toluen chi nha hap phu & nhiét d6 cao 680°C, ¢é thé khi
khong c6 mat oxi, toluen chi hap phu trén cdc tdm monovanadat.

Khi hap phu dong thoi Toluen va Oxi va nang nhiét do d€ tién hanh nha hdp phu, Toluen

va oxi bi hdp phu trén bé mat xvc tdc s& tham gia vio phén ting oxi hod, trén gian dé nha hap phu
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xuft hién 3 pic tai 370, 420 va 670°C. Chiing t6i da tién hanh thu cdc khi bi nha hap phu tai cdc
th

khodng nhiér dé nav va tign hanh phian tich sic ky.

K&t qua cho thdy 2 pic nha hép phu & nhiét do thap 370 va 420°C, tuong Ung Vvéi su nhé
hip phu cla benzaldehit va axit benzoic. Pic nha hidp phu & nhiét do cao (670-680°C) tuong ing
v su nhé hap phu ctua CO,.

bidu nay cho thay su ¢é mat cia Oxi dd lam thay déi tinh chat hap phu cta V8T dai véi
Toluen. Khi khong ¢é mit oxi, toluen chi hap phu trén cdc tdm monovanadat (nha h&p phu & nhiét
d6 cao). Khi c6 mat oxi, toluen s& bi hap phu lén ca cac tdm polyvanadat, va két qua 1a trén gian
d6 'Toluen-Oxi_TPD' xuat hién sidn pham ctia qud trinh oxi hod toluen (nha hap phy & viing nhiét
do thap).

TPD Toluene

TCD Signal

TPD_Oxygen

TPD_Toluene & oxygen
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Hinh 3. Gian d6 Toluen-O, TPD cia miu V&T

Nhu vay, cdc tam polyvanadat sé& xuc tic cho phan tng oxi hod khong hoan toan toluen
thanh benzaldehit va axit benzoic, con cdc tAm monovanadat s€ xic tdc cho phdn tng oxi hod
Toluen thanh CO..

KET LUAN
- Bang phuong phdp nha hdp phu oxi theo chuong trinh nhiét do ¢6 thé xdc dinh dugc
lugng tam hoat tinh cho qud trinh oxi hod clia hé xdc téc V,0,/Ti0,. Lugng tam hoat tinh tang va
dat cyc dai tai mau xdc tdc V8T tuong tng vdi trang thai che phl don 16p bé mat.
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- Cdc tam polyvanadat 1a tdm c6 d6 hoat tinh manh cho qua trinh oxy ho4 toluen thanh
benzaldehit va axit benzoic, cdn cdc tdim monovanadat 12 tam hip phu rat manh (bén), cé thé

L . T R T Aen e s lhad o~ —~e
fOIONE GULE Val ifd NUC ag cho Phuu UnE OXinoa hhf_‘ﬁ 19-

LOI CAM ON.

Téc gia xin chan thanh cdm on Ban gidm déc va cdc déng nghiép Phong thi nghiém loc
hod dau va vat liéu xdc tdc, Khoa céng nghé Hod hoc, Trudng dai hoc Bach Khoa Ha ni di tao
diéu kién cho chiing t6i hoan thanh cong trinh nay.
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