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Vanadium hydrophosphate hemihydrate precursor (VOHPO4.0.5H,0)
was successfully prepared by a stirring-assisted one-step solvothermal
method from the reaction between V,Os, H3PO4 and a light alcohol
including isobutanol, isopropanol, and benzyl alcohol. When using
ethanol as a reducing agent, the VOHPO4.0.5H,O layered structure
was intercalated by ethanol molecules, which may generate a different
phase. The solid precursors were characterized by XRD, FT-IR, and
TGA technigues. Through an activation process of the
VOHPO4.0.5H,0 precursors under nitrogen gas at 470 °C, the
(VO),P,0O7 was obtained. When using isopropanal, the crystallographic
(001) plane of the VOHPO4.0.5H,0 and (200) plane of the (VO),P,0;

are the most dominant.

Gidi thiéu chung

Xuc tac VPO (Vanadium phosphate oxide) dugc nghién
cltu nhiéu trén thé gidi nho Ung dung lam xtc tac
trong qué trinh san xuét maleic anhydride (MA) tU khi
n-butane. MA la mét hgp chét trung gian khd quan
trong, hodc la nguyén liéu trong san xuét cac loai
nhua, polymer nhu polyurethanes, cac sgi cong
nghiép, polyester, hda chat nong nghiép nhu thudc
diét cd, thudc trir sdu; hodc la phu gia trong san xudt
thuc phém, dudc phdm..[1]. Hién nay, MA dudc san
xudt chl yéu bang hai phuong phép la oxy hda chon
loc trén xUc tac di thé trong pha khi st dung benzene
hodc n-butane lam nguyén liéu [2].Trong do, phuaong
phap oxy hda benzene co hiéu suét thu MA cao nhung
viéc phét thai benzene vao khong khi gay & nhiém moi
trusng nghiém trong va tac déng xadu dén suc khoe
con ngudi. Hién nay, qué trinh nay da dan dudc thay

thé bang oxy hda chon loc n-butane nhd ngudn
nguyén liéu ré tién va ft doc hai [3]. Xdc tac VPO con
dugc chiing minh la cé hoat tinh oxy hda chon loc déi
v mot sé loai hydrocacbon nhe khac nhu propane va
pentane [4-6]. Tuy nhién, cac phan Ung oxy hda chon
loc c6 nhugc diém la d6 chon loc khong cao va cé thé
chuyén hda hoan toan thanh CO; khi tdng d6 chuyén
hoa. Xuc tac VPO cod pha hoat tinh la vanadyl
pyrophosphate, (VO),P,05, pha nay dugc tao thanh khi
hoat hoa tién chét wvanadyl hydrophosphate
hemihydrate, VOHPQO4.0.5H,0, trong dong khi tro
hodc hén hop n-butane trong khéng khi [7-9]. Cau
tric cla tién chat VOHPO..0.5H,O gém cac béat dién
VOg lién két vdi cac khéi ti dién PO4 tao thanh mat
tinh thé (001). Cac phan tir nudc nadm gitia va lién két
véi cac mat tinh thé (001) thong qua lién két hydro dé
tao nén céu tric dang I6p [10]. Qué trinh nay chuyén
pha VOHPO4.0.5H,0O thanh (VO);P,0O; dugc ching
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minh & chuyén héa déng hinh, tdc 1a ciu trdc mang
tinh thé truc thoi khéng thay déi sau khi hoat hoa. Khi
do, mat tinh thé (001) cla pha tién chét s& chuyén
thanh mat tinh thé (200) clia pha hoat tinh. M3t (200)
clia pha hoat tinh chlfa cdp vanadium hoat déng
V#(=0)-O-V** lam nhiém vy dinh hudng phan Ung
oxy hda chon loc n-butane cho san phdm mong mudén
MA thay vi hinh thanh cac san ph&dm phu nhu mét s6
hop chét hitu co (axit acetic, axit acrylic, butanol...)
hodc 1a san phdm oxy héa hoan toan CO; va H,O [11-
13].

Viéc téng hap tién chat VOHPO..0.5H,0 c6 thé di tu
ba con dudng chinh la VPA, VPO va VPD bdng cac
phuong phap nhu héi luu, dung méi nhiét... Trong do,
hudng mét giai doan trong pha nudc co tén goi la
VPA str dung HCl lam chét khir hodc trong pha hitu cg
la rugu co tén goi la VPO sir dung cac tién chat HsPO.
va V,0s [14-15]. Hudng VPD gdm hai giai doan suf
dung rugu lam tac nhan dé kh& pha trung gian
vanadyl phosphate dehydrate, VOPO..2H,0 thanh tién
chdt VOHPO..0.5H.O. Pha VOPO4.2H,O nay dugc
t6ng hop bang cach hoi luu hdn hop gom V.0s,
HsPQ4 trong pha nudc [16].

Theo céc nghién clu trén thé gidi, xic tac téng hop
theo hudng VPO va VPD cho d6 chon loc va dé
chuyén hda cao han han so vdi hudng VPA [17-19]. Khi
téng hop tién chét theo 2 hudng nay, cac phan tu
rugu co thé xen 1an vao cau trdc dang I6p cla pha nay
[20-23]. Sau d¢, chung dudc loai bd trong quéa trinh
hoat héa dé chuyén hoa pha VOHPO,.0.5H,0 thanh
pha hoat tinh (VO),P,O;, ddng thdi tao ra cac khuyét
tat trong cau trdc lam tang do chuyén hoa n-butane.
Viéc st dung rugu dé phan tach pha VOPO4.2H.O
dong thai khir pha V°* cla tién chat VOHPO4.0.5H,0
vé V4 thu dugc pha tién chat cé kich thudc tinh thé
nhé hon va hiéu qué xdc tac cling kha t6t [24].

Trong nghién ctu nay, ching téi hudng dén t8ng hop
tien chat VOHPO..0.5H,0 st dung tac nhan khur la
rugu nhe bang phuong phap dung méi nhiét cé khudy
theo hudng mét giai doan VPO. Phuong phap nay la
kha don gian cho phép téng hap tién chat & nhiét do
cao dong thdi st dung tac nhan rugu nhe, ré tién, dé
kiém.

Thuyc nghiém va phuong phap nghién cdu
1. T6ng hgp tién chat VOHPO,.0.5H,0

Hon hop cac hoa chat gdm 1.0 gam V20s, 14 gam
HsPO4 85%, 50 mL mdt rugu don chic (ethanol,
isopropanol, isobutanol va benzyl alcohol) dugc cho
vao c6c Teflon 100 mL, dat trong thiét bj chiu &p suét.
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Sau do, hén hgp dudc gia nhiét dén nhiét dé phan
Ung 130 °C va khudy lién tuc 24 gio. Sau phan Ung,
chét rdn dugc loc, ria lan lugt véi nudc néng va ruau,
réi sdy & 110 °C trong 16 gio. Chét ran thu dugc c6
mau xanh 14 chudi va dugc ky hiéu la VHP-x (x c6 thé
la EtOH (Ethanol), iC3OH (isopropanal), iC4OH
(isobutanol), BEA (benzyl alcohol)). Cac mau ran & trén
dudc hoat hda trong dong khi No & 470 °C va gilr
trong 2 gidy (ky hiéu mau 1a VPO-x).

2. K§ thuat phan tich dac trung

C4u truc tinh thé cla tién chat trudc va sau hoat hda
dugc phan tich bang nhiéu xa tia X (XRD - X-ray
Diffraction) trén thiét bi SmartLab X-ray Diffractometer
(Rigaku — Nhat) vd&i buc xa Cu Ko tai 40 kV va 30 mA,
gbc quét 26 = 5° + 70° va toéc do quét 5°/phit. Cac
tinh thé dugc dinh danh bang cach so sanh véi ma sé
jcpds clia ttng pha trong cg s& di liéu ICDD-2015 (The
International Centre for Diffraction Data). Hinh thai bé
mat clia mau dudc xac dinh bang kinh hién vi dién ti
quét (SEM - Scanning Electron Microscope) Jeol JSM-
6010 Plus/LV. Cac lién két trong mau dugc xac dinh
bang phS hong ngoai (FT-IR — Fourier Transform
Infrared) trén thiét bi quang phd hdng ngoai Nicolet
iS10 (Thermo — M§). Vung phé quét tir 400-4000 cm'”’
v4i 64 lan 18p. Phan tich nhiét trong truong (TGA -
Thermogravimetric analysis) dugc thuc hién trong
dong khi trag (20 mL/phdt) trén thiét bi Perkin Elmer
STA 6000. M3u dugc do tir 30 °C dén 900 °C vdi téc
dd gia nhiét 10 °C/phut.

Két qua va thao luan

1. Thanh phan pha va cdu tric tinh thé cla pha tién
chéat

Hinh 11a gidn d6 nhiéu xa tia X clia cac mau tién chét
VHP-BEA, VHP-iC4OH, VHP-iC3OH va VHP-EtOH. Gian
dd cla cac mau (ngoai trir VHP-EtOH) déu xuét hién
cac pic tai vi tri 26 15.5°, 18.5°, 19.6°, 24.3°, 27.1°, 30.4°,
33.7°34.4°, 36.6°, 37.4° tucng Ung vdi cac mat tinh
thé cod cac chi s& Miller hkl 1an luat 1a (001), (020), (101),
(021), (121), (130), (102), (310), (231) cla pha tién chat
vanadly! hydrophosphate hemihydrate
(VOHPO40.5H,0, JCPDS 01-084-0761) v&i cdu tric
mang tinh thé truc thoi va khéng cé su xudt hién cac
pic la khéac. Digu nay cho thdy, viéc thay déi tac nhan
khir tif rugu ndng dén rugu nhe déu thu dugc pha tién
chat VOHPO..0.5H,0. B&i v&i mau VHP-EtOH, gian do
nhidu xa tia X xudt hién cac pic tai cac vi tri 20 5.8°,
11.8°, 11.99, 13.6°, 17.5°, 21.3°, 22.3°, 25.7°, 28.2°, 30.5°,
32.2° khac biét so vdi cac mau con lai. Khi so sanh vdi
ca s& di liéu ICDD-2015, cac pic XRD thu dugc khong
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tuong Ung vdi bt ky pha nao. Tuy nhién, dua trén
nguyén ly Bragg trong nhiéu xa tia X va theo nghién
clu clia 6ng Yuichi Kamiya va Naoki Yamamoto da
cdng bé thi sy xudt hién cac pic & vi tri 20 thap hon 10°
co thé dén tu viéc tang khoang cach gitta cac 16p
VOHPOy4, hodc la su hinh thanh mét pha khac la
vanady! alkyl phosphate, hoac la su két hgp cla ca hai
nguyén nhan trén [22,23].
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Hinh 1. XRD cua tién chét téng hgp VOHPO4.0.5H,0
vai cac tac nhan khir khac nhau.

Béng 1.T§/ lé CU’(\)’ﬂg doé |(om)/|(130)CL),Ia cac mau VHP-BEA,
VHP-iC40OH, VHP-ICsOH va VHP-EtOH

Mau VHP- VHP- VHP- VHP-
BEA iC4OH iC30OH EtOH
Tile 11 15 41 -
loon/1130)

Nhu da dé cap & trén, qua trinh hoat hoa tién chat
VOHPO40.5H,0 thanh pha hoat tinh (VO).P,O; la qué
trinh chuyén pha dong hinh. Nhu véy, mat tinh thé hkl
(001) cllia VOHPO40.5H,0 s& chuyén thanh mat tinh
thé hkl (200) ctia (VO).P,07. Day la mat cé thé cho do
chon loc MA cao trong phan Ung oxi hda chon loc n-
butane. Dong thdi, cac nghién cliu cling da chi ra rang
khi tién chat c6 s6 lugng cac méat (007) chiém uu thé sé
cho hoat tinh xtc tac tét hon [25,10]. M dé chiém uu
thé clia cac mat (001) dugc danh gia thong qua ty 1é
looy/l30) 1 ty 1& cudng do hai peak nhiéu xa tai hai vi trf
20 15.5° va 30°. Theo két qua tinh toan thu dugc trong
bang 1, mau VHP-iIC3OH cho ti 18 looy/lis0) 1a 160 nhét
(4.1). Bitu nay dudc cho la mét tinh thé hkl (001) & mau
nay chiém uu thé nhat. Két qua nay cling khéa giéng vdi
két qua da cong bd trudc day vdi cac mau téng haop

st dung phuang phap nhiét dung méi khéng khuéy
[26].

2. Hinh thai bé mat - SEM

Hinh2. Anh SEM clia cac mAu tién chat s dung tac nhan

khir khac nhau téng hop bang phuong phép thay nhiét

khudy. (A- VHP-iC30OH, B- VHP-iC4OH, C- VHP-BEA va
D- VHP-EtOH)

Hinh 2 1& dnh SEM culia cac mau VPO-iC:OH (hinh A),
VHP-IiC.OH (hinh B), VHP-BEA (hinh C) va VHP-EtOH
(hinh D). Cac mau déu co dang chung la cac tdm
mong dién hinh cla tién chat VOHPO,.0.5H,0 [27]. Cu
thé, mau VPO-IC30H (A) c6 dang tdm vdi kich thudc
trong khodng tir 2-3 pm. Mau VPO- iC4OH (B) c6 dang
giéng hoa hoéng, kich thudc khodng 2-4 um. Hinh thai
nay dugc cho la do su sép xép chdng chéo cla cac
dm mong VOHPO..0.5H,0. Dac biét v&i mau VHP-
EEA, hinh théi bé mat xuét hién dang hoa héng cung
vGi cac manh vun nhé bén canh. Trong khi do, hinh
thai bé mat clla mau VHP- EtOH lai 1a cac khéi lién ké
nhau kich thudc khéa Ién (>5 um).

Khi quan sat anh SEM két hgp vdi viéc phan tich gian
dd nhiéu xa tia X clia cac mau, ta thdy mot xu hudng
tuong quan gitta hai két qua nay. Bo6 la hinh thai bé
mat pha tién chét dang giéng hoa héng co ty 1é cusng
do loon/laso thép han so vdi hinh thai daﬂg tam. T),/ |
0o1/li30) clia mau VPO-ICsOH 13 4.12 g4p 3-4 1an so vdi
cac mau VPO- iC,OH va VPO-BEA [an lugt [a 1.50 va
1.05.

3. Phé héng ngoai - FTIR

Hinh 3 13 phS hdng ngoai clia cac mau VHP-BEA,
VHP-IC4OH, VHP-ICs0H va VHP-EtOH. Cac mau déu
c6 céac dao dong déc trung cho céc lién két cda pha
VOHPQO..0.5H,0, bao gébm dao déng gidn v(O-H) tai
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3370 cm™, dao déng gidn v(POs) tai 1200 cm™, 1104
cmva 1050 cm™, dao déng gidn v(P-OH) tai 930 cm,
dao déng uén §(P-OH) tai 1133 ¢cm™, dao déng gian
v(V=0) tai 976 cm™' va dao déng uén §(O-P-0) tai 532
cm va 548 cm [22, 23]. Két qua nay c6 thé cho thay
rang pha VOHPO..0.5H,0 da hinh thanh trong qué
trinh t6ng hgp va phu hop véi két qua XRD da phan
tich d6i véi cac mau VHP-BEA, VHP-iC,OH, VHP-
iC3OH. Mat khac, bén canh céc pic dac trung cla pha
tien chat VOHPO.4.0.5H,0, phd hdng ngoai ciia mau
mau VHP-EtOH con xudt hién cac pic dic trung cho
dao déng dan v(C-OH) tai 3554 cm™, dao dong udn
8(C-H) tai 2941 cm™, 2881 cm™ va dao déng uén §(P-
O-C) tai 784 cm™ [22,23,28]. Sy xudt hién cla cac pic
nay c6 thé la do su cé mat clia rugu trong cu tric cla
pha tién chét va rugu tao lién két hda hoc vdi cdu tric
VOHPO..

0,,(PO3) (1200 el 1104 en'!
va 1050 cm!)

v(V=0)
(976 cm™")

3(P-OH)
(1133 cm)

v,(OH) (3370 cm™!

v(P-OH)

(930 cm!)

VHP-BEA

VHP-iC,OH
¥ o(C-OH)
s SC-H) @94Ten!,  /\ (3554 cm)
2881 cm'!)
VHP-iC,OH
VHP-EtOH
T ™ ” r T T
500 1000 1500 2500 3000 3500 4000

Wavenumber (cm')

Hinh 3. Gidn do FT-IR cla cac mau VHP-EtOH, VHP-
iC30H, VHP-iC4OH va VHP-BEA

Theo két qua nghién cltu cla Yuichi Kamiya khi téng
hop VOHPO40.5H,0 tU VOPO42H;O sU dung n-
butanol lam chét kh(, gidn d® XRD cua tién chét thu
dugc cling kha giéng vdi trudng hgp VHP-EtOH trong
nghién clu nay [23]. Tac gid cho rang, pha vanadyl
alkyl phosphate dugc hinh thanh tUr qua trinh khir pha
VOPO4.2H-0 va tao thanh lién két ester (P=0)-OR (vdi
R la nhém alkyl). Lién két nay dugc tao ra khi nhom
alkyl clia rugu thay thé cac nguyén tif H trong lién két
P-OH clda nhém HPOs thuéc pha tién chéat
VOHPQO.4.0.5H,0. Nhu vay, khi két hop két quad phan
tich XRD va FT-IR, ta thdy rang mau VHP-EtOH c6 thé
ton tai pha vanady! alkyl phosphate.
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4. Phan Tich Nhiét Trong Trudng
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Hinh 4. Gidn d6 TGA clia cac mau tién chét sir dung tac
nhan khit khac nhau téng hgp bang phuong phép thay
nhiét khudy (a-VHP-BEA, b-VHP-iC4OH, c-VHP-iC;OH
va d-VHP-EtOH)

Hinh 4 |3 do thi biéu dién do giam khéi lugng theo
nhiét do clia cac mau VHP-iCsOH, VHP-iC,OH, VHP-
BEA va VHP-EtOH l&n lugt dugc ky hiéu la a, b, c va d.
P& giam khdi lugng clla mau VHP-EtOH co thé dugc
chia lam ba khodng & nhiét d6 dudi 130 °C, 130-430 °C
va trén 430 °C. Khoang dau tién la do su giai hdp cla
cac phan ti rugu va nudc hép phu vét ly trong cau
triic clia tién chat. Khoang th( hai la do su gidi hép cac
phan tir rugu hdp phu hda hoc. Va khoang cudi clng
la do su khi nudc cia qua trinh chuyén pha
VOHP04.0.5H,0 sang (VO),P-07. BGi v&i cac mau con
lai, khodng gidm khéi lugng dau tién rét nho. Két qua
TGA khang dinh thém [an nita sy tham gia clia rugu
vao cau trdc pha tién chat khi s&r dung ethanol lam téc
nhan khur.

5. Thanh phan pha va cdu tric tinh thé cla pha
hoat tinh

Hinh 5 13 gian do nhiéu xa tia X cla cac mau VPO-BEA,
VPO-iC4OH, VPO-iCG:OH va VPO-EtOH sau khi dugc
hoat hda & 470 °C, git 2 gig, trong dong khi N cua
cdc mau VHP-BEA, VHP-iC,OH, VHP-iC30H va VHP-
EtOH. Gian do XRD cla cac mau déu xudt hién cac pic
tai cac vi tri 20 18.4°, 22.9°, 28.4°, 29.9°, 33.6°, 36.8°
tuang Ung véi cac mat tinh thé hkl (020), (200), (024),
(032), (016), (224) cla pha hoat tinh (VO).P,O; (JCPDS
00-089-8338). Diéu nay cho thay rang pha hoat tinh
dad dugc chuyén hoa thanh cong tU tién chat
VOHP04.0.5H,0 trong dong khi tra. B6i vai mau VPO-
iC30H thu dugc pha hoat tinh cé cac mat (200) chiém
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uu thé hay tilé l200)/1204) 15 16n nhat. Biéu nay phu hGp
véi nhéan dinh ban dau rang, khi mat (001) ctia pha tién
chit VOHPO4.0.5H,0 chiém uu thé s& cho cac mat
(200) ctia pha hoat tinh (VO),P.0O7 chiém uu thé.

(024)
(200)

VPO-BEA

f

VPO-iC,0H

A
- AW, VPO-EtOH
MW’WMM W had Mt e e et |

Intensity [a.u]

(VO),P,0, jepds 00-089-8338

| . . \‘ ) L. |
. . b : . . . . :
15 20 25 30 35 40

2 theta

Hinh 5. Gian do XRD cua pha hoat tinh (VO):P-0; téng
hop vdi cdc tdc nhan khur khdc nhau

Két luan

Tién chat VOHPO4.0.5H,0 d& dugc t6ng hgp thanh
cobng bang phuang phap dung méi nhiét co khudy khi
st dung tac nhan khir la benzyl alcohol, isobutanol va
isopropanol. V&i tac nhan khit ethanol, mét pha khac
thudc nhom vanadyl alkylphosphates c6 thé da hinh
thanh do sy xen 1an cla rugu vao cau tric tién chat
VOHPO4.0.5H,0 trong qué trinh khir V>* vé V4. Mac
du vay, pha hoat tinh (VO).P,O; déu thu dugc khi hoat
hoa céc tién chat nay trong dong khi tra N, & 470 °C,
trong 2 gid. Tién chat VOHPO4.0.5H,0 c6 cac mat tinh
thé (001), pha hoat tinh (VO).P,07 c6 cac mét tinh thé
(200) chiém uu thé nhat khi s&r dung tac nhan khi la
isopropanol.
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