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TOM TAT: Xiic tic vanadium phosphorus oxide (VPO) di dwoc diéu ché bang phiong phdp

théng thuwong va phirong phdp 10 vi séng, cd hai phirong phdp nay diéu thu dwoc hiéu sudt cao (> 90%).

Tuy nhién, phwong phdp 16 vi séng ngoadi nhing wu diém vé tiét kiém nang liegng, thoi gian, con cho xiic

tac cé dién tich bé mdt lom. Xiic tac nay dwoc vng dung vao phan g dot chdy hon hop khi héa long véi

hiéu sudt dot chay 100%.

Tir khoa: Xiic tac VPO, phan vng oxi hoa, bikc xa vi song, xuc tac di thé.

1. MO PAU

Hién nay, ¢ Viét nam cling nhu nhiéu nuée
trén thé giGi, nguon niang lugng tir khi thién
nhién thong qua viéc sinh ra nhiét lugng cua
quéa trinh d6t chay da cung cép cho cic nha
méy nhiét dién, ddt rac thai va nhat 1a cap nhiét
cho cac 10 nung, 16 dbt ndi hoi trong cac qua
trinh san xuét gém su, thuy tinh, gach ngoi, séy
xa phong, giat ui...Ban chit cua qua trinh dét
chay chinh 1a phan mg oxy hdéa hoan toan cac
hop chit hitu co cia nhién lidu béi oxy co
trong khong khi. Thong thuong, nguoi ta dung
phuong phép dét bing nhiét hay con goi la
phéan tng d6t chay dong thé. Phan tmg d6t chay
bang nhiét thuong xay ra khong hoan toan, do
do, gay tdn kém nhién liéu va tao ra nhiéu khi
doc CO, dong thoi phai tién hanh & nhiét d6 rat
cao (1600-2200 °C) - 1a vang nhiét dd thuén 1gi
vé mat nhiét dong hoc cho su tao thanh NOXx,
mot loai khi thai rdt c¢6 hai cho stc khoé cua

con nguoi va cho moéi trudong.

Trong khi d6 qué trinh d6t chay nhién ligu
c6 su dung xtc tac oxy hoa s€ dem lai loi ich
dang ké cho cac nha san xuat néi riéng va cho
nén kinh t& qudc dan néi chung, dong thoi gop
phin vao viéc bao vé moi truong mot cach
triét dé nhit. Hydrocacbon va céac
monoxitcacbon (CO) trong qué trinh ddt nhién
liéu ¢ thé dugc chuyén hoa thanh CO, va H,0
trén cac xdc tac truyén thong 1 cac kim loai
quy hiém trén chat mang nhu: Pd/ALOs,
Pt/AL,O;.... Tuy nhién gia thanh ctia cac xtc tac
nay kha cao, nguon du trit cac kim loai quy nay
ngay cang it dan trén thé gidi, ngoai ra cac kim
loai nay d& bi ngung két khi thuc hién & nhiét
d6 cao. Chinh vi vy ngay nay da c6 rat nhicu
nghién ctru cho xtc tic nham thay thé ching.

Xuc tac VPO dang khéi 1a loai hdn hop
oxit, 14 loai xtc tac ré tién, duoc xem la c6 hoat
tinh d6i voi phan tmg oxi hoa cac hydrocarbon
[1,2]. Cho tdi nay trén thé gi6i chi quan tim
viéc su dung xuc tac nay cho phan ting oxi hoa

chon loc [3]. Viéc sir dung xtic tic VPO nay
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cho phan Umg oxi hda hoan toan hién chua co
cong trinh nghién ctru nao duge céng bd tai
Viét Nam.

Xuc tac VPO dugc didu ché rét phic tap,
nhiét d6 tong hop xuc tac cao (khoang 120°C),
thoi gian diéu ché dai (25 gio), tm xuc tac chi
thich hop cho phan Umg oxi héa chon loc [4].
Dé khic phuc van d& trén, viée sir dung dung
moi hiru co cho qua trinh diéu ché s& lam ting
dién tich bé mit din dén hoat tinh x0c tac tang.
Ngoai ra, vi¢c sit dung 10 vi song trong qua
trinh didu ché nham giam gi4 thanh xuc tac
thong qua viéc giam thoi gian, nang lugng.

Trong nhimg ndm gan day, 10 vi séng dugc
sir dung trong linh vyuc tong hop hitu co va
nhiéu qua trinh khac [5]. Tuy nhién, viéc st
dung 10 vi séng trong diéu ché xuc tac thi it co
cong trinh nghién ciru ndo duge cong bd. St
dung 10 vi soéng c6 thé gitip cai thién hiéu suit
phén @mg va tao ra san phdm c6 do tinh khiét
hon khi ding phwong phép dun noéng cb dién.
D6 14 do san phidm niam trong 16 vi séng trong
mot thoi gian rat ngin ¢ nhiét d6 cao nén gidm
thiéu su phéan hily va c6 thé han ché dugc mot
s6 phan tng phy khong mong muén. Viée sir
dung 16 vi song trong téng hop hitu co gitip
don gian hoa thao tac do d6 s& rut ngin duoc
thoi gian phan tng, dong thoi c6 thé 4p dung
cho cic phan tmg cin muc ning luwgng cao
(ting van tdc phan tmg, ting d6 tinh khiét cia
san phdm). Mic khéc, vi soéng c6 kha ning
chuyén dich cin bang phan Ung, tao ra cic
phan g phéan cuc va bay hoi dé dang hon.

Hdn hop céc oxit trong VPO con ¢6 vai trd

khéc nhau trong xic tac. Thanh phan V, P, O

¢6 thé tao mot sb luwong 16n cac hop chét khac
nhau. Vi du: o- va B-VOPO4 y-VOPO,,
VOHPO,, (VO),P,03, VO(PO);, va
VO(H,POy,),. VPO c6 ty 1€ V/P trong gidi han
1:1 dén 1:2 va c6 sb oxy hoa ciia V tir 4,0- 4,3.
Theo cac nghién ctu di dugc cong bd
(VO),P,0; 1a pha hoat dong nhét trong phan
ung oxi hoda n-butan thanh anhydric maleic.
Tuy nhién, nguoi ta cling khong pht nhén vai
tro clia cac oxit khac trong hdn hgp VPO [6].
Trong pham vi bai nay, ching t6i dua ra huéng
giai quyét sir dung xuc tac thich hop cho phan
tmg oxy héa hoan toan hdn hop khi héa léng
(propan va butan), dong thoi didu ché xiic tac
VPO ¢6 dién tich bé mit 1én dic biét 1a sir

dung 10 vi song.

2. THU'C NGHIEM
2.1. Nguyén vit lidu va thiét bi

Hon hop khi héa long duwgc mua tir Sai
Gon Gas, ti 1¢ trung binh propan (25 — 50%) va
butan (75-50%). Vanadium oxit 98% va axit
phosphoric 85% dugc mua tir Aldrich, 2-
butanol 99%, iso-butanol 99% va alcohol
benzyl 99% tiéu chuan phan tich dwgc mua tir
Merck va sir dung ngay khi nhan. Phé nhifu xa
tia X dugc thyc hién trén may Philip X-Ray
diffraction v&i birc xa Cu Ka tai 35 kV/30 mA
vGi goc quét 20 tir 5° — 75° va budc quét
0,2°/phat. Dién tich bé mit duoc do trén may
Single point BET Micromeritic Chembet 3000
sir dung khi mang N,/He & -198 °C. Quang phd
hong ngoai dugc chay trén may Bruker-
Equinox 55 trong ving 400-4000 cm™, ép trén
KBr. Sic ky khi ghép khéi phd duge do trén
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may GC HPAgilent Tech 6890N, cot HPS, khi
mang 1a He. Phan tmg diéu ché xuc tac dugc

thyc hién trong 10 vi song Akira 900w.
2.2 Piéu ché xic tic VPO bz‘“mg phuong
phap théng thuong

Trong binh cau 2 ¢6 dung tich 100 ml trang

bi hé théng hoan luwu, cho vao lin luot

vanadium oxit (10 g, 55 mmol) va hén hop 2-
butanol (30 ml)/alcohol benzyl (15 ml). Hén
hop phan Umg dugc dun hoan luu trong 14 gio
& 150 °C. Sau d6, thém vao 8 ml dung dich axit
phosphoric 85%, tiép tuc dun thém 6 gio. Két
tia mau xanh lyc duoc loc ra va séy qua dém &
110 °C, sau d6 nung ¢ 480 °C trong 8 gio. Thu
duoc 15 g VPO, hiéu suit 88%.

Hinh 1. So d phan tg dét chay hdn hop LPG
Trong d6 A: Binh phan tmg; B: Binh hiit 4m; C: Luu lwong ké.

2.3 Pidu ché xic tic VPO bing phuong
phap vi song

a) Méu VPO-1S. Trong binh cau 2 ¢6 dung
tich 100 ml trang bi hé thong hoan Iuu, cho vao
1an luot Vanadium oxit (2,5 g, mol) va hén hop
2-butanol (10 ml)/alcohol benzyl (5 ml) va axit
phosphoric 85% (3,5 g). Hon hgp phan tmg
duogc cho vao 10 vi séong dun hoan luu trong 1
gio. Loc lay két tiia va siy qua dém & nhiét do
110 °C va nung ¢ 400 °C trong 8 gio. Hiéu suit
phan tng thu duogc 3,8 g, 91%.

b) Mau VPO-2S. Phan ung dugc thuc hién
tuong ty phan Umg a), nhung axit phosphoric
duoc thém vao sau khi dun hdn hop trong 16 vi

song duge 30 phut va dun tiép 30 phut trong

cung diéu kién trude khi loc 1y két tia. Higu
suat dat trén 93%, 3,9 g.

¢) Mdu VPO-2H. Phan (g dugc thyc hién
tuong tv phan Ung a), nhung axit phosphoric
duoc thém vao sau khi dun hdn hop trong 16 vi
song dugc 1 gid va dun tiép 1 gio trong cling
diéu kién trudce khi loc léy Kkét tha. Hiéu suét co
1ap trén 91%, 3,8 g.
2.4 Phan ng dot chay hén hop khi héa léng

Hon hop khi héa long duge két ndi voi hé
thong phan tng qua ddng hd chinh luu luong
theo hinh 1. Nhiét d6 phan ung duoc diéu
chinh théng qua 16 phan tng c¢6 bd didu khién
giéi han 30 + 600 °C. Van téc dong khi duoc
diéu chinh c¢6 dinh & muc 0,45 lit/gio. Khi ra
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dugc dua vao may GC thong qua kim tiém

chuyén dung.

3. KET QUA VA THAO LUAN

C6 nhidu phuong phap dé diéu ché VPO
khac nhau nhung dugc wa chudng nhét trong
cong nghiép 1a phan ung gitta V,0s va H;PO,
tao VOHPO,.0,5H,0. Chat nay sau d6 duoc
dun néng dé tach nuéc va hinh thanh vanadyl
pyrophosphat (VO),P,0,, day 1a pha hoat tinh
cho phén ng oxi hoa hoan toan. Phan tng cta
V,0s va HiPO, dé tao VOHPO,.0,5H,0 ¢6 thé
tién hanh trong moi truong nudc hoic dung
moi hitu co nhu isobutyl alcohol. Viéce sir dung
dung méi hiru co s& lam ting dién tich bé mat

ctia VOHPO,.0,5H,0 [7].

Cho dén nay céu triic ctia pha hoat tinh van
chua hoan toan sang to, liéu (VO),P,0; ton tai
mot minh hay lién két voi cac pha khac dé tao
pha hoat tinh nhidt. Xuac tac vanadium
phosphorus oxide khong bén, c6 xu huéng mat
P theo thoi gian ¢ nhiét d0 phan Ung. Nhiing
diém nong trén xuc tac cling tang 1én cung voi
su mét P nay. Vi vay, dan t6i giam do chon loc
cua phéan ng. Dé khic phuc van dé trén co thé
thém vao 16 phan mg hgp chat hitu co ¢ dang
hoi ¢6 chira P [7]. Viée thém vao P giup kiém
soat dugc do chuyén hoa va tang dugc do chon

loc cua xuc tac.
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WFIIe: VPO.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 40.000 ° - Step: 0.010 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 10 s - 2-Theta: 5.000 © - Theta: 2.560 ° - Chi: 0.00 © - Phi: 0.

Ay Len Angle: 15.230 ° - Right Angle: 15.880 ° - Left Int.: 2.93 Cps - Right Int.: 2.46 Cps - FWHM: 0.154 ° - Obs. Max: 15.535 ° - d (Obs. Max): 5.69950 - Net He.ghe: 30.2 Cps - Int. Breadth: 0.175° -
Operations: Smooth 0.107 | Smooth 0.089 | Strip kAipha2 0.500 | Background 0.813,1.000 | Import

@00—050—0380 (*) - Vanadyl Phosphate - (VO)2P207 - Y: 121.70 % - d x by: 1. - WL: 1.5406 - Monoclinic - & 7.73440 - b 16.59840 - ¢ 9.58560 - 2lpha 90.000 - beta 90.047 - gamme 90.000 - P-itive - P

EO&OS‘H)TSI (C) - Vanadyl Hydrogen Phosphate Hydrate - VO(HPO4)(H20).5 - Y: 121.72 % - d X by: 1. - WL: 1.5406 - Orthorhomblc - 3 7.42000 - b $.60900 - ¢ 5.69310 - alpha $0.00C - beta 90.000 - g

Hinh 2. Phé nhifu xa tia X ciia VPO diéu ché béng vi sOng, a) trude khi hoat hoa;
b) sau khi hoat hoa
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Daxiang va Mark A. Barteau da diéu ché
xtic tac VPO theo phuong phap chung cat dang
phi khong sir dung 10 vi song [8], két qua cho
thdy tam xutc tac chi thich hop cho phan tng
oxi hoa chon loc n-butan. Hon nita, Andreas
Martin va cac cdng su cling da diéu ché xuc tac
VPO [9] v6i thoi gian didu ché dai, mat hang
chuc gio, hi¢u suét thu duge cling khong cao,
sdp xi 85%. Viéc dua 16 vi séng vao linh wvire
diéu ché xuc tac da dugc nhom nghién ctu cia
Unnikrishnan R. Pillai [7] va nhom nghién ctru
ctia Geoffrey A. Tompsett [10] cho thdy higu
qua ro rét ctia viéc sir dung cac tia vi song, thoi
gian diéu ché giam mot cach dang ké din dén
viée tiét kiém duogc nang lugong. Ngoai ra, st
dung 16 vi séng con cho thiy xuét hién cac tim
xic tac méi, tao ra san phidm ddng nhit hon
phuong phap thong thuong. Tuy nhién, co ché
cho viéc ting hidu qua téng hop van chua duoc
hiéu mét cach 16 rang. Diy séng sit dung trong

cong nghiép, khoa hoc, y hoc va gia dung duogc

4n dinh & bude song > 12,2 cm tc ¢ tan sb £ =
2.450 MHz.
3.1 Xac dinh cAu triic biang nhiu xa tia X

Cac miu VPO sau khi didu ché duoc phin
tich phd nhidu xa tia X trén may Phillips
Analytical X-ray diffractometer. Két qua phin
tich cho thdy mau xuc taic VPO trudc va sau
khi hoat hoa (400 °C) c6 su khac biét vé& cdu
trac va thanh phan.

Trén phd dd hinh 2a, miu xuc tac dugc sy
trong 4 gio & 110 °C, so sanh cac vach cia pho
voi ngan hang phd chudn ta thay c6 su hién
dién cuia hai pha la VO(HPO,).0,5H,O va
(VO),P,07. Nhung khi ta tiép tuc nung thém 4
gio (hinh 2b) ¢ 400 °C thi san pham dugc loai
hét nuéc va chi ton tai mot pha duy nhat
vanadyl pyrophosphat (VO),P,0-, cac miii & vi
tri 23,1°, 28,4° va 29,9° 1a nhiig miii déc trung
dai dién cho pha nay. Vai tro chinh cla
(VO),P,0; trong phan tmg oxy hda chon loc n-

butan dwgc xem 14 pha hoat dong nhat.

Bang 1: Dién tich bé mit riéng ctia xtc tic VPO

STT Mau Dién tich bé mit riéng BET (m”.g™")
1 VPO-1S 2,95
2 | VPO-2S 78,10
3 VPO-2H 8,56
4 VPO-RT 16,8

3.2 Phan g oxi héa hén hgp khi héa léng
v6i xtc tac VPO

Hé théng phan tung duoc lap dit theo so
d6 hé kin trinh bay trén hinh 1. Trong d6 toc d¢
dong khi vao 1a 0,45 lit/gio. Nhiét d§ phan tmg

dugc thay do6i bang hé dicu chinh nhiét. Dong
khi ra dugc kiém tra baing may sic ky khi GC.
Trén bang 1 ta thiy mau VPO-1S c6 dién
tich bé mat rat thip 2,95 m%g". Trong khi do,
VPO-2S va VPO-2H c6 dién tich bé mat tuong
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d6i 16n. Diéu nay c6 thé 1y giai thong qua co
ché phan tmg nhu sau: Trudce hét, V,0s sé& tao
phtrc lién két voi alcohol thanh vanadium
alcoholate. Sau do6 benzyl alcohol s& khir phirc
nay vé dang V,0,. Khi ta thém H;PO, vao hdn
hop, thi V,0, s& phan ting véi acid dé tao nén
VPO, cu thé 1a (VO)HPO,.0,5H,0. Sau khi
nung s€ chuyén thanh (VO),P,0,. Néu nhu ta
bat dau phan (mg bang mot hdn hop cac chat ké
ca H;PO, thi phdn ing s€ xay ra véi V,05 thay

vi V,0,, dan dén hiéu sudt kém va san phém
tao ra phirc tap. Didu nay c6 thé duoc ly giai
dya vao yéu td dién tich bé mat thu dugc thap
va phd nhidu xa tia X ciia mau VPO-1S thé
hién trang thai vo dinh hinh. Cling chinh vi vay
ma trén bang 2 ta thay hoat tinh xtc tic ciia
mau VPO-1S phirc tap va c6 khuynh huéng
mét hoat tinh khi tang nhiét do phan tng 1én tdi
490 °C.

Bang 2. Phan tmg d6t chay hdn hgp LPG véi xic tac VPO

STT Tén miu Nhiét do (°C) Hiéu suat dot chay (%)
Propan Butan LPG
1 VPO-1S 430 82 83 82
2 VPO-1S 460 58 62 59
3 VPO-1S 490 8 13 12
4 VPO-2S 460 94 94 94
5 VPO-2S 490 100 100 100
6 VPO-2H 430 58 61 59
7 VPO-2H 460 77 77 77
8 VPO-2H 490 84 86 85
9 VPO-2H 520 84 91 86
10 VPO-2H 550 93 97 94
11 VPO-2H 580 93 97 94

Trong khi d6, d6i v6i mau VPO-2S, phan
ung qua hai giai doan tu V,0, va H;PO, nén
dién tich bé mit thu duoc 16n, dat trén 78 m?/g.
Két qua nay cao hon nhiéu so véi cong trinh
trudc diy dugc cong bd bdi Unnikrishnan R.
Pillai [7] chi c¢6 16,5 m”g. Ddng thoi, phd

nhidu xa tia X thé hién rd rang mot pha
(VO),P,0; sau khi nung khir H,O. Diéu nay
dugc thé hién rd hon trong bang 2, hoat tinh
xtic tac cia VPO-2S dat dén tuyét ddi, hdn hop
khi hoa long bi d6t chay hoan toan (100%) &
nhiét do 490 °C.
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Hinh 3. D4 thi biéu dién hoat tinh cua xuc tac

Mat khac, v6i méau xtc tic VPO-2H, khi
tang thoi gian phan Umg trong 10 vi séng tir 30
phut 1én 1 gid, sau khi thém vao hén hop phan
{mg axit phosphoric va tiép tuc phan ting thém
1 gio nita. Do blrc xa vi song trong thoi gian
kha dai, hinh thai bé mit ctia san pham c6 thay
d6i, thé hién dién tich bé mit giam di dang ké
[5] dudi 10 m*/g, bang 2. Piéu nay phu hop véi
két qua dugc cong bd trude day, hoat tinh xuc
tic cho phdn ung oxy héa chon loc cua
cyclohexane giam xuéng dudi 40% hiéu suét
chuyén hoéa [7]. Chinh vi vay, mac du nhiét do
phan @mg dugc tang 1én dén 490 °C, nhung higu
suat dot chay chi dat 85% va 94% & nhiét do
550 °C. Khi tang nhiét d6 phan tng 1én cao nira
580 °C, thi hoat tinh xtc tac bat dau giam. Vi
diéu kién phong thi nghiém han ché, nén ching
toi khong khao sat nhiét do phan tmg cao hon
600 °C. Tuy nhién, theo nghién ciru ciia nhém
Doshi [11], xtic tac VPO sé& hoan toan mét hoat

tinh & nhiét do cao hon 700 °C.

4. KET LUAN

Xuc tac VPO dugc diéu ché bang phuong
phap 16 vi song di thé hién dwoc nhimg uu
diém vuot tréi so véi phuong phap thong
thuong. Hiéu sudt phan ung diéu ché xic tac
thu duoc trén 90% va dién tich bé mit tinh theo
BET dat trén 78 m?/g trong thoi gian chi co 1
gio. Bén canh d6, khong chi vé khia canh tiét
kiém nang lugng, thoi gian ma xic tac VPO
con thé hién hoat tinh cao bang phan tmg oxy
hoéa hoan toan hon hgp khi héa léng (propan va
butan) dat 100% hiéu suat oxy hoa.

D¢ bén hoa 1y va kha ning tai sir dung clia
xtic tac ciing nhu yéu té dong hoc dé xay dung
mot co ché phan tmg hoan chinh dang dugc
tién hanh nghién ciru. Két qua khao sat budc
dau cho thay xic tac gan nhu khong mét hoat
tinh & nhiét d6 phan ing 490 + 550 °C htra hen
khd ndng mé rong pham vi tmg dung cua xic

tac VPO.
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PREPARATION OF VANADIUM PHOSPHORUS OXIDE CATALYST BY USING
MICROWAVE IRRADIATION AND THEIR APPLICATION TO HYDROCARBON
COMBUSTION

Co Thanh Thien, Nguyen Trung Kien, Ho Pham Anh Vu
University of Science, VNU - HCM

ABSTRACT: Vanadium phosphorus oxide catalysts were prepared by conventional and

microwave irradiation method. Both methods generated high yield (> 90%). Nevertheless, VPO

catalysts prepared via microwave irradiation method appears to have different surface morphology

from that of the catalysts prepared by conventional method. All the catalysts show excellent activities on

hydrocarbon combustion reaction (up to 100%).
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