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SUMMARY

The catalvtic activities of V,0JTi0, catalyst for many oxidation processes have been ativacted the
attention aof many scientists for the last ten years. The properties of this catalyst depend on the
property of support materials, the coverage of V.05 on TiQ,, the redox properties, as well as it
acidity. I this paper, the characteristics of V,04Ti0, catalysts prepared from vanadyl oxalate
precursor and their catalytic activity for the oxidation of toluene to benzaldeliyde are reported.

. 1. Mo dau.

Tinh chat xdc tdc cta hé xic tic V,04/TiO, cho nhiéu phén ting oxi hod da thu hut duoc
st chi ¥ cla cdc nha khoa hoc trong hon 10 nam qua. Khi ning hoat dong cla hé xic tic nay
phu thude vao tinh chit cia chit mang st dung, do che phi bé mit cia V,0, 1én chat mang
TiO,, tinh chét oxi hod khir, cling nhu d6 axit cia hé [1-4].

Bai bdo nay trinh bay két qua nghién ciu cdc dic trung cla hé xic tic V,04/TiO, dugce
diéu ché tir tién chét oxalat vanadi, hoat tinh cia xic tic duge xdc dinh cho phan ting oxi hod
khong hoan toan toluen thianh benzaldehit. _

Su thay déi cdu tric cla hé xidc tdc trong qud trinh nung dugc nghién ctiu bang phuong
phip DTA/TGA. Ciu trdc tinh thé cla xdc tdc duge nghién ciu bang phuong phip XRD.
Trang thdi oxi hod khir va trang thdi don ldp bé mat clia xic tic dugc xdc dinh bang phuong
phip TPR. Do axit va su phan bd cdc tam axit bé mit duge xdc dinh bang phmng phép
NH, TPD.

I1. Thue nghiém.

Xic tic V,04Ti0, duge diéu ché bing phuong phdp ngam tdm. Dung dich oxalat vanadi
dugc tim lén oxit titan (dang anatas, ¢6 dién tich bé mat 55 m¥/g), dé kho tu nhién trong vong
24 @iy, sau do sy 0 120°C trong 14 gid. Nghién va riy 1y ¢d hat 0.4 - 0,5 mm. Sau d6 nung o
450"C trong 3 gi& dé chuyén oxalat vanadi vé dang V,0.. Thanh phin cdc miu xic tic di diéu
ché duac thé hién trong bing 1.

Bang 1: Thianh phin cdc miu xiic tdc di diéu ché

Miu e V4T V6T VST ¢ VIOT |
%V.0. (% khai lugng) | 2 4 6 8 0|
% TiO, (% khoi lugng) | 98 96 94 2 | 9 |

Theo GO Bond [5] Ehi bé midt oxiv tiran bi che plat hodn todn bdi cde donvi Va0, pid tei dost lap e
nidit tifomg ting vei 10 Vinee hay 0.145% trong legng V,04nr. Niue vdy vér chdt mang anatas o6 bé mdt ridug 55
witte, mdn e e 85 VL0 100, 56 nreng ting vei frang thai don ldp bé gt

Ciu tric tinh thé xic tic duge phén tich trén mdy nhiéu xa Ronghen Siemens D5005
cua CHLB Pue, tai Trung tam khoa hoc vt liéu, trudng DH KHTN, BPH QG HN. Ché dé phan
tich : ong phit tia Cu véi budc song K,=1,54056 A, dieén dp 4C|I<.1"-"'.ICLIET113_1 do ong phong 30
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mA, nhiét do 25"'C, goc quét 20 = 5 - 60", bude quét 0,003" v.v...

Phan tich nhiét DTA va TGA duogc tién hanh trén mdy Shimadzu DTA-50 va Shimadzu
TGA-50H cua Nhat, tai Phong phan tich nhiét, Vién Hod hoc, Trung tam KHTN va CN QG.
Cic mau phin tich duge dat trong chén cian Pt, nung trong moi truong khong khi tir nhiét do
phong dén 700"C, téc do gia nhiét 10°C/phuit.

Tinh chat oxi hod khir ciia hé xic tic V,04TiO, duge nghién ciu bang phuong phép khir
hod theo chuong trinh nhiét do (TPR). Qua trinh duge tién hinh trén miy AutoChem 11 2920
Micromeritics tai Phong thi nghiém loc hod diu va vat liéu xuc tdc, khoa cong nghé Hod hoc,
Dai hoc Bich Khoa Ha néi. Mau xic tdc (khoang 200 mg) duoc khir wrong dong H, (40
ml/phit) déng thoi duge gia nhiét theo chuong trinh nhiét do (10"C/phdit) tir 25'C lén 800'C.
Lugng H, tiéu thu dugc xdc dinh bing detector din nhiét (TCD). Trong qua trinh khir, cdc kim
loai & trang thdi hod tri cao s& bi khir xudng trang thdi hod tri thap. Méi pic khir s€ tuong tng
véi 1 mifc chuyén trang théi hod tri. Dua vio dién tich pic khir nguii ta s€ xdc dinh duoc luong
H, tiéu thu. Lugng H, tiéu thu nhiéu hay it s& tuong ting v&i su khir khé hay dé cha kim loai
nghién ciu [6].

* Luc axit va lugng cdc tam axit tuong ing duge xdc dinh bing phuong phép gidi hip NH,
theo chuong trinh nhiét dé (NH,_TPD) trén may Autochem II 2920 Micromeritics. Miu xic
téc (khoang 100 - 200 mg) duge gia nhiét dén 300°C trong dong He dé lam sach hoi 4m va tap
chit bam trén bé mat. Sau dé duge hap phu bao hoa NH, tai 100°C. Tiép theo théi dong He
qua bé mit miu trong 60 phit dé dudi NH, bi hip phu vat 1y vi NH, trong thé tich du. Qud
trinh gidi hip dugc ti€n hanh tir 100°C 1én 650°C (t6c do gia nhiét 10'C/phit). Ham lugng khi
gidi hap dugc xdc dinh bing detector din nhiét TCD.

Hoat tinh xic tdc duge xdc dinh cho phan ting oxi hod toluen bang oxi khong khi. Qud
trinh dugc ti€n hanh trén so db dong vi luong véi 0,5 gam xic tic, nhiét do phan tmg 350°C, t
& toluen/khong khi : 1/76. San phim thu sau 30 phit & dang khi duoc phan tich trén mdy sic
kv GC14B Shimadzu, cot mao quan SPB5 dai 30m, khi mang N,, detector FID.

III. Két qua va thao luan.
~ 1. Phan tich nhié¢t TGA/DTA.

K&t qua phén tich nhiét DTA/TGA cla miu V8T duge cho trong hinh 1.

Gian dé phén tich nhiét vi sai (DTA) mau xdc tic 8% V,04Ti0, (ky hiéu VET) cho thay
¢6 mat pic thu nhiét tai 65,46"C va mot pic toa nhiét tai 230,03"C. Tuong tng trén gian dé Dr-
TGA, ta thily xuat hién 2 diém thay déi cdu tric tai nhiét do 63,65°C va 230,78"C. Pic thu
nhiét li do qud trinh mit nuée vat 1y, tuong ting véi diém thay déi cau tric & 63,65'C. Pic toa
nhiét xuat hién la do qud trinh oxi hod phin huy tién chit oxalat vanadi thinh V,0; va CO,
theo phuong trinh sau:

O:E_g;v=o £ 300, s 1V,0,%200,
0=C~-

Fod
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Hinh 1. Gian do pldn tich nhiét DTAITGA ciia mdu xic tde VET

Quad trinh oxi hod phéin huy nay tuong tng véi diém thay déi cau tric & 230,78"C.

Hién tuong nay ciing duge nhin thay trén gian do TGA. Tir 25 dén 120"C, miu V8T mit
" 2,254% trong luong do qud trinh mét nudc vat 19. Tir 120 dén 270°C miu mat 5,92% trong
lugng do su oxi hod phan huy tién chat oxalat vanadi thainh V,0.. Khi ti€p tuc tang nhiét do,
trong luong va ciu tric clia miu khong thay déi. Nhu vy tién chdt oxalat vanadi bi phan huy

thanh V,0, & nhiét do dudi 270"C.

2. Khir hod theo chuong trinh nhiét do (TPR).
Gidn d6 TPR ciia cdc mau xiic tdc (2-10%) V,04TiO, dicge thé hién trén hinh 2.

Trong gian d6 phan tich TPR caa
cdc miu xic tic V,04TiO, (2-8%) ta
thiy chi xuat hién 2 pic khir dic
trung & nhiét do thap hon nhiéu so véi
nhiét do khir cua V,0; khéng mang
trén chalt mang. Theo tic gia Israel
[3], 2 pic nay tuong tng vdi qud trinh
" khir VI — V# va V¥ — V™ va phin
dnh su cling 16n tai cua 2 dang
monovanadat  biét lap (VO,) va
polyvanadat ([VO,],).

0 miu xic tic 10% V,04Ti0,
(V10T), ngoai 2 pic khir nay, con
thay xuat hién pic khir thit 3 & ving
nhiét do cao 758,3"C.

Nhiét do khir cta ca 2 pic khir dic
trung VY=V va V¥ V™ thay déi
khong dang k& khi ham luong V,0,

PCM < HIUT <Auochem 11 2920 - Micromeritics

TCE Signal
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Hinh 2. Gidn dd TPR ciia cde man xie tdac VT

tang. Tuy vay, luong H, tiéu thu ting din va ting dot ngdt & miu V10T (bing 2). Luong H,
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ticu thu tang chimg t6 kha nang khir cia V*—V* va V¥ V™ ngiy cang khé khi ham luogng

V,0; tang.

Piéu nay cho ta thiy rang: Khi ham luong V,0; thap (dudi trang thai don lap), V,0,
ton tai ¢ dang monovanadat biét lap (VO,) hodc polyvanadat ([VO,],) [7] vi dugc phian tan
déu trén bé mat nén dé bi khir. Khi him lugng V,0; ting chuyén qua trang thdi da 1dp, V,0,
s€ 16n tai ca & pha tinh thé. Sy xuat hién V,0. & pha tinh thé cé thé di che phi cdic nhém
monovanadat bi¢t lap (VO,) vi polyvanadat ([VO,],), do vay lam cdc nhém niy khé bi khi
hon, tirc li cin nhiéu H, hon mdi ¢é the khir V™ thainh V** vi V™. Su xuat hién pha tinh thé
V,0; ciing lam xuit hién pic khir tha 3 ¢ vang nhiét do cao.

Bang 2: Nhiét dé klur cuia cde pic ddc trumg va ham heong H p fién thy

" Pic thit 3

Miu Vis V¥ Vi VY
K':l': léc Tm.n. UHE Tm-: vlll rl‘r-'u\ 1""'Irlli'
(mmol/g,,) (mmol/g,) (mmol/g,,)
V2T 493,5 0,237 629.6 0,208 - -
VAT 497.0 0,311 6379 0,244 -
V6T 505,1 0,466 642,9 0,559 - -
VBT 506,7 0,510 618,2 (0,585 - - |
V10T 507.1 1,820 618.8 1,890 758,3 0,076

Nhu vay, phuong phap TPR chiing minh trang thédi don 16p cta hé xic tic V,04TiO,
tuong ting véi mau xic tic 8% V,0,/Ti0,. Khi vuot qua trang thdi don 16p, luong H, tiéu thuy
cho qud trinh khir s¢ ting manh va ngodi 2 pic dac trung cho qud trinh khir V¥—=V* va
V# V™, thi con thiy xuét hién pic khir thit 3 & viing nhiét do cao.

3. Pho nhiéu xa tia X (XRD).

Phé nhiéu xa Ronghen ciia
Trén phé XRD clia miu 8% == ==

V,04TiO, chi xuit hién cdc pic cb
cuong do manh dac trung cho dang
anatas cla chit mang TiO,, khong |

thiy xuat hién cic pic dic tnmg cho
tinh thé V,0,. Su ving mat cic pic

dic rung cho V,0; & pha tinh thé
mal ldn nita khing dinh xdc tic V8T

van nam ¢ dudi trang thdi don 16p bé

mat, chua chuyén sang trang thdi da
16p bé mit [8].

mdu xiic tdc V8T diwge cho trong hinh 3.

::{h_,cﬂ_,‘ﬁ._n,_. .,

Hinh 3: Pho XRD ciia mdu VST
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4. Giai hap amoniac theo chuong trinh nhiét do (NH,_TPD)

Quad trinh gidi hap amoniac theo chuwong trinh nhiét do (NH,_TPD) duoc sir dung dé xdc
dinh luc axit va lugng cla cdc tim axit tuong Ung. Dua vao dién tich pic giai hdp tai cic nhiét
do khic nhau ta ¢6 thé xde dinh duge lugng NH; tiéu thu, tir dé danh gid duoe do manh vi su
phan bé cla cdc tam axit. Cdc tam axit y&u s& giai hip phu NH, & nhiét do thdp v nguoc lai.

Qua nghién ciu NH, TPD va nghién ctu hip phu NH, bing phé héng ngoai (FT-IR),
Israel E. W. [3], Luca L. [9] va Busca G. [10] da ching minh rang, trén xdc tic V,04Ti0,, cic
© V™ trong nhém (V=0) déng vai trd clia cdc tam axit Lewis, con cic nhém V-OH trén bé mat
dong vai trd cua cdc tdm axit Bronsted.

Gidn do gidi hdap NH; theo chiong trinht nhiét do cita TiO, va cde mdn xiic ide VaT duee
dita ra trong hinh 6.

Trén gian dé NH,_TPD cia PCM- HUT - Autochem 11 2920 Micromeritics
cac mau xic tdc V2T, VBT, V10T 5
(hinh 6) ta thiy c6 2 pic gidi hap / \ P "‘-55
chinh v6i T,,= 170 va 420°C, " .:; |
lwong Ung vai cdc tam axit hip 21 R

\,
phu NH; y€u via manh. Ngoai ra, _;,Jj w@\ﬂmﬂw
trén gian d6 NH,_TPD cta méiu
V10T con thady xuat hién mét vai

nho & ving T, .= 370°C, tuong ’J/\
ling véi cdc tam axit trung binh. o s
~ Néu chi can ctt vao sy xuit hién L " VET

cla cdc dinh pic giai hdp thi ta
thdy & miu V2T va VBT khong

ton tai cic tAm axit trung binh. /ﬁ\
II \ SR
e _\-""\n-\.
// \b,-ﬂfv--“f

\.,-._p-\.'-"'-"\ R

TCD Signal

Tuy nhién, theo Dao Li [11]
vi Subrahmanyam [12], trong
gian do giai hdp NH,, cdc pic giai
hidp tuong Ung véi cic tam axit N . TiO,
y€u, trung binh va manh bj che |~ W, AT TR T I ™

. V2T

S A

phit 18 nhath i 30 PHAN BB CAE° A T ik o e ok e e e ek

Temperabire [7G)

tam axit ¢6 thé duge xdc dinh theo Hinh 6. Gidn dé NH,_ TPD ciia TiO, v cdc indu VT va sie phén
dang dudng cong Gausse (hinh 6). b cde idm axit theo dang diing cong Gausse

Ving gidi hdp NH, tir 100-320"C
fwong (ng véi cdc tam axit y&u, tir 240-430"C tuong ing vdi cdc tim axit trung binh v tir 320-
600"C turong dng véi cdc tim axit manh [11, 12].

Dua theo su phan chia gian dé giai hap NH; theo dang dudng cong Gausse ¢6 thé xic
dinh su phan bé cudng do clha cdc tam axit nhu trong bang 3.

Bang 3: Dé axit (ymol NH g, ) va si phan bo cwong do cde tam axir.

Mau xic the Tam axit yéu  Tam axit trung binh  Tam axit manh  Da axit tong
(umol NHy/g,,) (umol NHy/g,,) (nmol NHy/g, ) (pmol NH fz,)
V2T 48,08 5.17 1541 68,66
V&T 63.03 5.50 3321 101,74
CVIOT 5115 10.94 4756 109,65
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O ham luong V,0; thip (V2T), cdc tam axit yéu c¢é cudng do 1én, tam axit manh c6
cutmg do thiap hon nhiéu. Khi ting ham luong V,0,, 6 tim axit manh vit trung binh tang din
Ién, trong khi dé tam axit yéu tang va dat cuc dai tai mau V8T (dmg vai trang thdi don 16p bé
mat) va giam di khi vuot qua trang thdi don 16p (mau V10T).

Nhu viy su ting cudng do pic gidi hdp NH; & viing nhiét do cao ¢ thé wong dng vdi su
tang s6 lugng nhém polyvanadal va su xudt hién cia V,0; tinh thé tén bé mat xic tic khi
ham luong V.0, tang.

4, Phan tng oxi hod toluen trén xic tac V,0,/TiO,.
P& chuyén hod (C), do chon loc (S) tao thanh cdc san pham benzaldehit, axit benzoic va
benzen ctia phan tng oxi hod toluen trén céc xtc tdc VXT dugc trinh biy trong bang 4.

- Bdng 4. Anh Inedng ciia ham ligng V,0, dén dé chuyén hod (C) va dé chon loc (S) ciia
phan img oxi hod toluen.

Xiic tic C. % S % | S

i Oy N Seon %

V2T 20,43 62.99 591 3.98 2702 |
E V4T 25,84 63,62 6,15 6,72 23,51
| V6T | 3260 | 6846 686 | 853 16,15
| VBT _ 40,12 73.89 7.58 9,12 9,47
| VIO0T 28,91 62,32 8.23 11.76 17,69

Khi ham lugng V,0; tang tir 2 dén 10 % (twong tng véi cdc miu tir V2T dén V10T), do
chuyén hod va do chon loc tao san phim benzaldehit tang va dat cuc dai tai mau V&T. Trong
khi dé do chon loc tao sin phdm axit benzoic va benzen ting din, do chon loc tao CO, giam
vi dat cuc tiéu tai miu V8T (img véi trang thdi don 1ép bé mat).

- Theo Zingmin Zhu [13] va M. Hassan Zahedi Niaki [14], qud trinh oxi hod toluen dién
ra theo so do sau:

CHy CHO COOH ' 0
. . '5?
Q=000 (e
s0e7
0,

fa) o

|

Co,

Nhu vay, ngoai san phim chinh 1a benzaldehit, qud trinh con ¢6 thé tao ra cdc san pham
phu khdc nhu axit benzoic, benzen, quinon, anhydrit maleic va CO,. Cing theo so do nay
benzen ducc tao ra do phan ing decacboxyl hod axit benzoic. ;

Tuy nhién theo Subrahmanyam Ch. [12], benzen dugc tao thinh do phan tng dealkyl
hod toluen trén cdc tam axit. Nhu da trinh bay & trén, dé axit téng clia cic miu xic tdc tang
khi ham lugng V,0; ting (bang 3), do vay lam tang luong benzen tao thanh (bang 4).

Theo két qua nghién ctu trude day cia ching t6i [15], cdc tam polyvanadat xtic tic cho
phin tmg oxi hoa khong hoan toan toluen thanh benzaldehit va axit benzoic, trong khi dé cic

tam monovanadat xic tic cho phan ng oxi hod hoin toan toluen thinh CO,. Vi viy, ¢ ham
g
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lugng V,0; thdp (mau V2T), trén bé mat xuc tic ton tai chi yéu la cdc tdm monovanadat, nén
do chon loc sdn pham benzaldehit ciing khong cao, do lvong CO, tao ra lén. Khi xic tic ton
tai & trang thai don 16p bé mat, ti 1& cdc tam poly- vi monovanadat 14 thich hop nhat cho phin
tng oxi hod toluen, vi vay do chuyén hod toluen vi dé chon loc benzaldehit 14 cao nhat.

Theo co ché Mars-van Krevelen [3,16-19], trong qua trinh oxi hod hydrocacbon trén xic
tic kim loai chuyén ti€p, cdc xic tic oxit s€ tham gia viao mot chu trinh oxi hod - khir. Trudc
tién cdc oxit s& nhuong cdc oxi mang ludi cia minh (O%) cho hydrocacbon (oxit kim loai bi
khir) dé chuyén vé trang thdi hod tri thap hon, sau dé ching sé bi oxi hod boi oxi dé chuyén vé
trang thdi oxi hod ban diu. Nhu viy, chi ¢6 tdm xic tic dé dang tham gia viio qui trinh oxi
hod khir thi méi dong vai tro xic téc.

Khi xic tic chuyén qua trang thai da 16p bé mat, trén bé mit xidc tdc con 1én tai ca cic
tinh thé V,0;, cic tinh thé nay che phi cdc 1am poly- vi monovanadat lam cdc tam nay khé bi
khir hon va do véy lim giam dé chuyén hod.

1V. Két luan:

Da tién hanh diéu 5 miu xdc tic V,04Ti0, v6i ham luong V,0; thay déi tir 2-10% va
nghién ciu cdc dac trumg xic tdc bing cdc phuong phip DTA/TGA, TPR, XRD, NH,_TPD va
thir hoat tinh xdc tdc cho phan ting oxi hod toluen. Miu xic tic 8% V,04/TiO, cho do chuyén
hod toluen va d6 chon loc benzaldehit cao nhat.

Trang thdi don 16p bé mat cua xic tic duge xidc dinh bing phuong phdp TPR tng véi
xdc tdc 8% V,04/TiO, phil hop véi tinh todn 1y thuyét vi duge khing dinh bing phé XRD.

Luc axit va cudng do cua cdc tam axit duge xdc dinh bing cédch phén chia gian dé giai
hip NH, theo dang duding cong Gausse.

Loi cam on.
Tdc gia xin chdn thanh cam on Ban gidm déc va cde dong nghiép Phong thi nghiém loc hod diu
va vat liéu xiic tac, Khoa céng nghé Hod hoc, Triong dai hoc Bach Khoa Ha néi da tao diéu kién cho

chiing toi hodn thanh céng trinft nay.
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