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TOM TAT: Xic tic TiOysilica dugc téng hop bing phu'o*ng phdp tém uét SiO; bang
Ti(i-PrO) trong dung méi isopropanol ¢ nhiét do phong. Cdc mau vat li¢u dugc ddc trung
bang cdc phuong phdp vat Iy nhu XRD, IR, SEM. Pho X-ray khong xudt hién tin hiéu cua TiO,
& ham lwong thap, nhung pic cia TiO; rd rét hon 6 nong dg: cao. Cdc méu xic tdc duwgc tién
hanh phan img oxi héa pha long stiren dudi diéu kién ém iy, tao thanh san pham chinh la
benzandehit. Anh huong diéu kign phan vmg dén hoat tinh xuc tde ciing dwoc nghién ciru.

1.MO PAU

Benzandehit 1a mot nguyén ligu qui clia céc nganh cong nghiép dugc phidm, my pham,
phdm nhudm, héa chét... Trong cong nghiép, hop chét cacbonyl nay thu dugc tir qua trinh oxi
héa toluen thanh axit benzoic nhu 1a 1 san pham phu. Do vy, d6 chon loc la rat thép. Trong
khi d6, nhu cdu sir dung benzandehit ngay mot gla tang nén viéc tim kiém céc con dudng tong
hop benzandehit thu hit nhiéu sy quan tdm clia cic nha khoa hoc [1-3]. Mét trong nhing
huéng nghién ciru duge chi y nhiéu 13 oxi hoa ancol benzyl thanh benzandehit trén céc hé xic
tac dj thé [3,4]. Uu diém ctia qua trinh oxi héa nay la san phim thu dugc khéng chira benzyl
clorua nén san phdm dugc dung cho cong nghiép dugc pham [1]. Xdc tac oxi héa ancol benzyl
1a céc oxit kim loai chuyén tiép nhu V, Cr, Fe, Mn, Ti... mang trén chat mang tro hoiac zeolit
[2-4]. Trong nghién ciru nay, chung t6i tién tong hop benzandehlt tir tién chat stiren trén xuc
tac TiO, mang trén SiO,. So véi ancol benzyl, stiren 14 nguyén liéu phd bién hon. Do vay, viée
chuyén héa vinylbenzen thanh phenylformandehlt khéng chi cé ¥ nghia khoa hoc thyc tién ma
con mang lai nhitng loi nhuén vé kinh té.

2.THU'C NGHIEM

Vit ligu TiO,/SiO, dugc tdng hop tir SiO, thuong mai va tltanlum ion propioxid bing
phuong phap tAm trong dung mdi isopropanol. Tl(l-Pl’O).; duoc tAm 1én 5 gam SiO, bang cich
cho vao coc thuy tinh chira 100 mL 1sopropanoi va khudy bay hoi & nhiét d6 phong. San pham
thu duge sdy & 50 °C trude khi nung & 550 °C trong 6 gid.

Mau trén co hoc duoc didu ché bﬁng cach tron 7% TiO, véi 93% SiO, theo khéi lwong sau
khi nung & 300 °C.

Phd nhidu xa tia X cic miu ghi trén mdy Bruker D8, éng phét tia X bang ddng véi bude
song Ko = 1,5404, dién ap 40 kV, cudng do dong ¢ 6ng phat 30 mA, nhiét d5 25 °C, goc quét-
20 thay ddi 5-75°, téc d quét 0,2 do/phut, tai phong thi nghiém vat lidu- Khoa Hoa -
PHKHTN - PHQGHN.

Anh SEM mau xiic tac ghi trén JSM 5300-JEOL, Vién hoa hoc Viét Nam

Phé heng ngoai cua cac mau duge chyp trén may FTIR 8101 SHIMADZU tai nhlet do
phong baée song 400- 4000cm™, Vién hoa hoc Viét Nam. )

Phén tng oxi hoa pha long stiren duoc thuc hién trong binh céu 3 ¢b c6 chira 0,01 mol
stiren/ 50 ml axeton va 0,3 g xic tac. HO, 30% (20 ml) duoc nho tir tir bang buret vao binh
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céu ngém trong thiét bj diéu nhiét. San phdm sau phan ung dugc loc lanh va dinh mic téi | thé
tich nhét dinh véi chét chun noi benzen trude khi phén tich trén may sic ki khi khdi phd lién
hop GC/MS HP-6890/5973, cot sic ki (30 m x 0,25 mm) lorp phim méng 0,25 pm, khi mang
He (1 mL/phit). Diéu kién phan tich: Nhiét d6 budng bom mau 250 °C. Nhiét do detector 260
°C. Chuong trinh nhiét 6 40 dén 120 °C (5 °C/phut), ting 15 °C/phut dén 220 °C (5 phit) trén

méy HP- tai Trung tim Hoa dau — Khoa Hoa — DPHKHTN.

3.KET QUA VA THAO LUAN

3.1.Nghién ctru dac trung xic tac

Bing céch thay dbi lwong titan ion propioxid trong qua trinh tim, c4c miu xic tic thu

dugc c6 ham lirong TiO,/SiO, bién dbi tir 0-12% theo khdi luong (bang 1).

Bing 1. Cic mau xiic tac

Xiic the T;z%;gii ) Xiic thc Til({)j’;:gf’zi )
Mau trang 0 Mau 3 10

Mau 1 5 Mau 4 12

Mau?2 7 Mau trdén co hoc 2

Xic tac thu duge ¢ dang bot xop, min, c6 mau séc tir trﬁng sang nga phu thudc vao ham
lvong TiO,. Pac trung cia vit liéu xic tic duoc xac dinh bing cac phuong phap nhiéu xa tia

X. Hinh 1 dua ra cac phd Roentger ciia cdc mau xic tic nung & 550 °C trong 6 gio.
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Hinh 1. Gian dd nhiéu xa tia X ciia cdc m3u xuc tac Ti0,/SiO,
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5 ndng 6 TiO, thép (< 7%), gian db nhiéu xa tia X khong xuét hién pic dic trung cua
TiO, (mAu 1, 2, 3) ma chii yéu xu hién céc tin hiéu v6 dinh hinh ciia SiO,. Sy ving mat cia
tin hiéu nhiéu xa TiO, trong cac trudng hop nay co thé duoc giai thich 1a do TiO, phan tan kha
tét trén bé mit Si0,. Thue viy, viée sir dung tién chét hiru co kim loai da gép phén han ché s
thuy phan Ti** dan dén két taa Ti(OH),. Do vy, hat titan oxit dugc tao ra trong diéu kién nay
c6 kich thuéc nhé hon va c6 thé mot phén ion titan tao Ti-O-Si [3,4]. Véi mAu chira ham
lugng TiO, cao hon (> 10%), phd Roentger xuat hién pic dic trung TiO, — anatase v4i thanh
phin phén trdm kha cao (> 80%). Diéu d6 chimg to khi tang ndng d6 TiO, dan dén sy hinh
thanh cac hat titan oxit Ién hon [4].

Kinh hién vi quét dién tir - SEM

Hoat tinh xtic tac phu thudc nhiéu vao hinh thai hoc va kich thude cua hat xic tac nén viéc
quan sat hinh dang hat xic tic cho nhing thong tin quan trong vé dic trung va kha ning xuic
thc clia mAu vat lidu didu ché dugc. Hinh 2 trinh bay anh SEM ctia 1 méu xtc tac dién hinh
7%Ti0,/Si0,.

R o O TS e T e N

IMS »20.0k SE(M) 5/7/2008 2.00um

Hinh 2. Anh SEM cua vét liéu 7%Ti0,/Si0;

Anh SEM cho thiy hat xdc tic cé danh hinh cdu, dudng kinh tir nm dén pm, gitta céc hat
6 chira nhidu khoang khong gian, tao nén céc vi mao quan. Do vy, Xxic téc cd cau tric x6p,
dién tich bé mit riéng kha lon.

Phé héng ngoai (IR)

Phd hdng ngoai nghién ciru dic diém héa hoc bé mit xtc tic. Dya vao cdc tin s6 dic
trung, cac pic trong pho hdng ngoai chi ra sy c6 mit cic cac lién két hoa hoc trén bé mat xic
tac.
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Hinh 3. Phd hdng ngoai (IR) cua vét liéu xtc tic 7%

Hinh 3 du’a ra phd IR cua mu xic tac 7%. Phd xut hién dai phd rong trong khoang 3000
—3600 cm™ dic trung sy tdn tai ciia nude hép phu trong silica. Do vay, dinh phé dic trung cho
nhém Si-OH, Ti-OH bj chéng l4p trong glal ph trén. Hlnh 3 cho thiy khong c6 su xut hién
dinh phé trong khoéang bucce séng tir 2700 dén 3000 cm™ chimg t6 qua trifth xir Iy nhiét & 550
°C da loai hoan toan goc hiru co 1sopropy] Pic & budc song 1106 cm™ c6 cuong do manh dic
trung cho dao dong héa tri ctia lién két Si-O [5]. Hai pic & cuong d6 thip hon & 466 va 607
cm™ dic trung cho dao dong cua céc lién két Si-O, Ti-O trong co cAu tir dién TiO, va Si0,.

3.2.Phan ing oxi hoéa stiren

Phan trng oxi héa pha ]ong dugc thyuc hién trong trong binh cau, tac nhan oxi héa la H,0,.
Phan g phu thudc manh vao cac diéu kién phan i ing, xuc tac, nhlet d6 phan mg, ban chét tac
nhén oxi hoa, dung moi [6-8]. De xem xét anh hudng cia cac yéu tb trén dén dd chon loc san
phim mong muén, ching tdi tién hanh phan tmg & cac diéu kién thuc nghiém khac nhau.

Anh huomg ctia ham lugng TiO;

Khéo sat anh hudng cia ham lucmg TiO, dén phan tng oxi héa stiren duoc tién hanh &
nhiét d6 65 va 75 °C, thoi gian 4 gio, luong xic téc sir dung la 0,2 g, lugng stiren ban dau la
0,01 mol, lrong H,0, 30% 1a 20 ml. Céc két qua dugc biéu dién & hinh 4. Khi tang ham lugng
titan ox1t tir 0-12%, d6 chuyén héa va db chen loc benzandehit ting 1én va dat cyc dai xung
quanh mau xtc tac 7% TiO,. Hinh 4 ciing cho thay phan g oxi héa stiren 1a kha chon loc voi
sin pham benzandehit.

Véi mau trang khéng thdy xuét hién san phim benzandehit mic du khoang 10% stiren bj
chuyén héa. Piéu d6 chimg to TiO, déng vai tro xtc tic cho qué trinh chuyén hoéa stiren thanh
benzandehit [7]. Tuy nhién, & nong dd cao hon 7% TiO, mang trén silica thi ca do chuyen hoéa
va d chon loc san phim déu g:am manh ching to6 | phan T102 bi co cum lai thanh cac hat Ién
hon, lam giam ndng dd tdm Ti**. Do vdy, do chon loc san phdm benzandehit giam xudng rd rét
[7.8].
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Hinh 4 . Méi lién hé gitta ham luong TiO, /SiO; va db chuyén hoa stiren, d§ chon loc san phim
benzandehit & nhiét d6 65 °C (A) va 75 °C (B)

Pé thay rd hon vai trd hoat dong cua TiO,, phan &mg oxi héa stiren dugc thuc hién trén
miu tring va miu tron co hoc 7% TiO, + 93% SiO,. Két qua nhén dwoc 12 miu tring khong
cho san phz"im benzandehit (< 1%); trong khi do mau trdn cho d6 chon loc san phém 1a khong
dang ké (< 5%). Diéu d6 chiing to TiO, mang trén SiO, khong don thun 14 sy trdn l4n co hoc
giira titan oxit va silica ma cé sy tuong tac gilra chit mang va chit dugc mang. Trong truong
hop tm 1én SiO;, s tuong téc gita Ti'" v6i nhém SiOH cuia chat nén c6 thé dan dén sy hinh
thanh Si-O-Ti [7]. C4c tiéu phan titan nim dudi dang cdu lién két nay déng vai trd quan trong
trong qué trinh xic tic oxi héa ém dju céc néi ddi olefin [7,8].

So sanh két qua phan tmg & hai nhiét d§ (60 va 75 °C, hinh 4A va B) cho thdy viéc dd
chuyén héa stiren va dd chon loc benzandehit phu thudc dang ké vao nhiét 46 phan (mg. Céc két
qua phan tich GC — MS cho thdy c6 sy tao thanh ciia nhidu san pham phu (axit benzoic) & nhiét
db cao. R6 rang, nhiét o phan tmg c6 tic dong manh dén hiéu sult san phdm va viéc nghién ciru
anh hudng ctia yéu td thuc nghiém nay dén qua trinh phan img 1a can thiét.

Anh huong cia nhiét dj phan ung

Khao sit anh hudng cia nhiét d dén phan img dugc thyc hién trong khoang nhiét do 55
°C dén 75 °C trén mau xuc tac 10% TiO,.
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Hinh 5. Sy phu thudc ciia nhiét 46 dén phan {mg oxi hod stiren
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Hinh 5 biéu dién méi lién hé giita 6 chuyén héa va nhiét do phan tmg. Pudng cong mo ta
do chon loc san pham benzandehit c¢é xu hudng giam khi ting nhiét d6. Nhu véy, ¢ nhiét d6
cao bén canh phin {mg oxi hoa stiren thanh phenylformandehit con xay ra mét s6 phan {mg
phu hoac san pham benzandehit da bj chuyén héa thir cap. Két qua phan tich GC-MS chi ra su
c6 mit cia sin phim thi cip nhu axit benzoic, polime... & nhiét d§ cao. Chinh vi vay, viéc
khéng che nhiét do phan {mg 13 hét strc quan trong nhim han ché su tao thanh san phim khong
mong mudn. Hinh 5 ciing cho thay phan mng thyc hién & 60-65 °C 1a thich hop cho qua trinh
chuyén héa vinyl benzene thanh phenylformandehlt Do vay, nhi€t d6 phan tmg duoc c6 dinh
& 65 °C dé khao sat anh hudng cia céc yéu té khac nhu: do bén, phuong phéap didu ché xic tac
dén qua trinh oxi héa stiren.

Anh huong cia thoi gian phéan ung

M@t xtc tac ng dung trong cong nghiép khi dap tng dugc cac diét kién vé do ben hoat
tinh. Xuét phét tir yéu ciu trén, chung t6i d4 tién hanh khao sat phan g oxi héa trén miu xtic
téc 7% TiO, trong khoang thoi gian kéo dai tir 2 gitr dén 8 gir & 65 °C. Két qua dugc trinh bay
trong hinh 6.
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Hinh 6. Sy bién ddi ciia d chuyén héa va do chon loc benzandehit theo thri gian phan tng

Vi phan ng oxi héa pha long stiren tlen hanh trong thiét bj phan Urng giadn doan nén khi
kéo dai thoi gian phan ung dan dén do chuyén hoa tang Ién (hinh 6). Sau 2 gio phan Urng, san
phém thu dwoc duy nhat 1a benzandehit & mot do chuyen héa khiém tén 13 11,2%. Tuy nhién,
dé chuyén hoéa ting gép 2-5 lan khi tang thoi gian phan tng lén 4-8 git. Hinh 6 cho thay sau 8
gio phan tng, trén 50% stiren da bi chuyén héa nhung d6 chon loc ctia san pham mong mudn
I kh4 thip (45%). Bén canh d6, mot luong dang ké cac san phim oxi héa sdu (axit
benzoic,...) d3 duoc tao thanh. Trong moi trudng oxi héa (co mat H,O,/xtc tac), mdt phan
benzandehit bj chuyén héa thir cip thanh axit benzoic din dén sir giam manh dd chon loc sén
phim (hinh 6) [7,9]. Két qua nay cho phép dé nghi khoang thoi gian phan g khoang 4 gid
trén thiét bj phan (g oxi héa pha Iong stiren la thich hop.

4 KET LUAN
ba diéu che thanh cong vat liéu TiO,/SiO, tir nguén ban dau 1a SiO, vé dinh hinh va Ti(i-
PrQ),. C4c miu xic tac c¢6 ham lugng TiOy/SiO, tir 0-12 %.

Di khao sat dac trung xdc tac bang cac phuong phép nhiéu xa tia X (XRD), phan tich phd
héng ngoai (IR), phan tich nhiét va hién vi dién tir quét (SEM). Két qua XRD cho thdy & ham
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lugng TiO, thap (£5%) khéng c6 tin hiéu nhiéu xa cua titan oxit. Hinh anh SEM cho théy cac
hat xdc tac hinh ciu c6 kich thudc kha déng déu véi duomg kinh tir mét dén mot vai micromet.

Cac miu xbc tac TiOy/SiO, téng hop bang phucng phép tim to ra kha hi¢u qué doi véi
phan rng oxi hoa stlren thanh benzandehit. Mau xtic tac ¢6 ham lugng 7% TiO; cho hoat tinh
xuc tac kha tdt. Cac yéu t6 thuc nghiém nhu nhiét d§, thoi gian phan g cling dugc xem xét
dén. Két qua chorthay nhiét do thich hop 12 65 °C sau 4 gio phan tng.

STUDY ON CATALYTIC ACTIVITY OF TIO,/SIO; IN THE OXIDATION OF
STYRENE

Nguyen Tien Thao, Nguyen Thi Ngoan, Dang Van Long
University of Natural and Science, VNU-HN

ABSTRACT: All TiOy/Si0, samples were prepared by the impregnation of Ti(i-PrQ) in
isopropanol at room temperature followed drying and calcination. The solids were
characterized by several techniques including X - ray diffraction (XRD), IR spectroscopy,
Scanning Electron Microscopy (SEM). No reflection lines of TiO; are detected at a low
content of TiO; (< 7%), but are more visible at a higher concentration. The catalysts are
tested in the liquid oxidation of styrene under mild conditions, producing mainly
benzaldehyde. The effects of variables on the catalytic activity are also investigated.
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