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ABSTRACT

A series of 10%wtNiO/CeO;-nanorod catalyst without and with Cr,O3
additive was prepared by simultaneous impregnation method. Several
techniques, including N> physisorption measurements, X-ray powder
diffraction (XRD), temperature-programmed reduction using Hz (Hz-
TPR), CO; temperature-programmed desorption (CO,-TPD), scanning
electron microscope (SEM) and transmission electron microscopy (TEM)
were used to investigate catalysts’ physico-chemical properties. The
activity of the catalysts in combined steam and CO; reforming of CH,4
(BRM) was investigated at temperature range of 550-800 °C. The results
showed that 10%Ni00.1%Cr.03/CeQO; catalyst had the best catalytic
performance due to a better reducibility and basicity. At 700 °C and
CH4CO2H,0 molar ratio in feed stream of 3:1.2:2.4, both conversion of
CH4 and CO» on this catalyst reached 98.5%.

Gidi thiéu chung

viéc str dung cac phu gia dé tao cac hé xuc tac ludng tam
kim loai dugc quan tam nghién cltu vai ky vong khac

XUc tac dong vai tro quan trong trong phan Ung
reforming CH4bang CO; va hai nudc. Bén canh viéc gidp
nang cao dé chuyén héa CHs CO,, han ché phan Ung
phy, viéc phéat trién hé xdc tac phu hgp dugc ky vong ¢
thé gidm dugc nhiét db phan Ung. Kim loai Ni da cho
thdy hoat tinh t&t khi dugc dung lam pha hoat déng cho
phén Ung reforming CHa. Tuy nhién, qué trinh tao c6c va
thiéu két & nhiét do phan Uing cao dién ra nghiém trong,
dan dén gidm hoat tinh xtc tac. Nhiéu bién phéap d
dugc st dung nham han ché nhugc diém nay. Trong dé,

phuc nhiing khuyét diém cuia timg kim loai thanh phan.

Nhiéu phu gia d& dugc st dung cho hé xtc tac Ni/chat
mang. Hé xdc tac Co-Ni/TiO, da dugc nghién cltu cho
phan Ung reforming khd CH4 v&i muc dich xac dinh ti 1é
Co/Ni thich hgp dé xuc tac co hoat tinh va do 6n dinh t6t
nhat [1]. So vdi xUc tac Ni/TiO» va Co/TiO,, Co-Ni/TiO, dé
kh hon v&i nhiét ddé khd thdp hon. Xic tac
10%CoOy/TiO, cho thdy hoat tinh thdp va gidm hoat tinh
nhanh trong phan Ung, thém 10% NiO vao xUc tac nay da
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khac phuc dugc cac nhugc diém trén, do ngan chan
dugc sy oxi hda Co thanh oxit kim loai.

Viéc b6 sung Pt vao xuc tac Ni/ALbOs da han ché dugc
nhitng khuyét diém cla xuc tac nay trong phan (ng
bireforming (BRM). Phu gia Pt lam gidm manh kich
thudc hat Ni. Nhg do, tang phan tan Ni va gidm tao
c6c trong phan Ung reforming CH4. Bén canh do, Pt
gilip xUc tac Ni/Al,Os dé khit hon, thé hién qua nhiét
do khir cuc dai clia cac dinh khir giam va dién tich cla
vung khir & nhiét dé thap cao han [2].

F. Menegazzo [3] cho thédy xtc tac Ni-Pd/ZrO, vugt
tréi hon so vdi xic tac Ni/ZrO,. XUc tac ludng kim nay
c6 khad ndng khir cao han so vdi xdc tac don kim loai
Ni. Ngoai ra, xtc tac Ni-Pd/ZrO; c6 kha néng han ché
hinh thanh c6c dang ké so vdi xtc tac Ni/ZrOs.

Trong nghién clu trudc day cla chung tdi, xUc tac
10%NiO mang trén CeO; dang thanh (Ni/Ce) c6 hoat
tinh cao va dé bén t6t trong phan Ung reforming CH4
bang CO; va hai nudc (BRM). Viéc bién tinh xic tac
nay bang kim loai thi hai dugc ky vong nang cao hon
nlfa hiéu qua trong phan Ung. La oxit kim loai c6 hoat
tinh oxi hda va co gia thanh ré trong nghién clu nay
Cr,03 dugc chon lam phu gia tang hoat tinh oxi hoa
CH4 cho xuc tac Ni/Ce. Théng qua viéc danh gia tinh
chét ly hda va khédo sét hoat tinh cac hé xuc tac bién
tinh, ham lugng Cr,O3 phu hogp cho xic tac
10%NiO/CeO; sé dudc dé xuat.

Thyc nghiém va phuang phap nghién cdu

Chét mang CeO; c6 kich thudc nano dugc diéu ché
theo phuang phép thly nhiét [4]. Xdc tac 10%kl NiO
mang trén CeO, dugc diéu ché bang phuong phép
tdm udt dung dich mudi Ni(NOs), 1én chdt mang CeO;,
theo quy trinh trong céng bé trudc day cia nhdom
nghién clu [4]. XUc tac bién tinh dugc diéu ché theo
phucng phap t&m dong thai dung dich mudi Ni(NOs).
va Cr(NOs); 1én chat mang CeO,. Céc xuc tac dugc ki
hiéu nhu sau. Xuc tac 10 %kl NiO mang trén CeO;
thanh nano khéng bién tinh dugc ky hiéu Ni/Ce; xic
tac Ni/Ce bién tinh bdi 0,1; 0,3 va 0,5 %kl Cr>0s 1an luct
dugc ky hiéu nhu sau: Ni0O,1Cr/Ce; NiO,3Cr/Ce;
NiO,5Cr/Ce.

Hoat tinh cac xUc tac trong phan Ung bi-reforming
CH4I

3CH4 + COy +2H20 = 4C0O + 8Ha,
AH298 = 4220 kJ.moI*W (1)

dugc khado sat & vung nhiét dé 550-800 °C trén sg do
dong vi lugng, lugng xtc tac st dung la 0,2 g, luu

lugng dong téng 6 L/h, ty 1&é mol CH4:CO2:H>O trong
dong nhap liéu la 3:1,2:2,4.

Céc xUc tac sau khi diéu ché dugc khdo sét cac tinh
chét ly-hda nhu: thanh phan pha (XRD), hinh thai bé
mat (SEM va TEM), dién tich bé mat riéng va dudng
kinh 16 x&p (BET) bang phuong phap hdp phu dang
nhiét N> & 77 K, khit theo chuong trinh nhiét do (H.-
TPR) bang dong 10% Ho/N; tr nhiét d6 phong dén 900
°C vdi t6c dod gia nhiét 10 °C/phut va hdp phu - giai
hap CO; theo chuang trinh nhiét d6 (CO,-TPD).

Két qua va thao luan

a) Ni/Ce b) Ni0,1Cr/Ce

) Ni0,3Cr/Ce

d) Ni0,5Cr/Ce

Hinh 1: Anh SEM clia cac mAu xuc tac Ni/Ce bién tinh
vdi ham lugng Cr,03 khac nhau

b) Ni0,1Cr/Ce

¢) Ni0,3Cr/Ce

d) Ni0,5Cr/Ce

Hinh 2: Anh TEM cuia cac mau xuc tac Ni/Ce bién tinh
Cr203 vdi ham lugng khac nhau
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Anh SEM (Hinh 1) va anh TEM (hinh 2) cho thay cac xuc
tac ton tai chu yéu & dang thanh va mét phan nhd &
dang hat hinh cdu. Cac xtc tac bién tinh Cr (hinh 1.b, ¢,
d) van git dugc dang hinh thanh cta thanh CeOx,
nhung cé kich thudc thanh xdc tac Ién hon so vdi xdc
tac khong bién tinh Ni/Ce (hinh Ta). XUuc tac Ni/Ce cé
ducng kinh khoang 20-40 nm, trong khi xtc tac bién
tinh Cr céc thanh c6 dudng kinh 70-100 nm vdi chiéu
dai khodng 150- 200 nm va céc hat hinh cau dudng
kinh 20-100 nm. Khi tdng ham luong phu gia Cr, cac
hat xUc tac ¢6 xu hudng phan tan rdi rac han dong
thai mat do hat hinh cdu cao han. Két qua TEM (hinh
2) cho thdy & tat ca cac mau, cac hat NiO vdi kich
thudc 10-20 nm, tuong déi dong déu gitta cac mau cd
bién tinh Cr.03 va khong co bién tinh [5]. Anh TEM
cling cho thay cac hat NiO phan tan rdi rac trén bé
mét va trong 16 x&p cla chat mang CeO: [6].

Khi thém Cr,0; vao xuc tac Ni/Ce, dudng kich 16 x6p
clia xUc tac co xu hudng ting, dan tdi dién tich bé mat
riéng gidm manh tir 24,7 m?/g xuéng 2,9-7,7 m?/g va
thé tich 16 x6p t&r 0,018 m?/g xuéng 0,002 — 0,005
cm?/g (Bang 1). Két qua nay phu hgp véi anh SEM clia
cac xuc tac. Mau Ni0,3Cr/Ce cé dudng kich 16 x8p 16n
nhat, nén co dién tich bé mat riéng va thé tich 16 x6p
thap nhat. Budng kinh 16 x8p clia cac xuc tac phu hop
cho su khuéch tan cla CH4 va CO, do dudng kinh
phan tif clia CHa va CO, tuong Ung 1a 3,8 va 3,3 A [7].

Bang 1: Dién tich bé mét riéng (Sger), dudng kinh (dpore)
va thé tich (Vpore) 16 x8p clia cac xtc tac Ni/Ce bién tinh
Cr203v6i ham lugng khac nhau

XUc tac SeeT dpore Voore
(m*/g) | (A) | (cm*/q)
Ni/Ce 24,7 21,4 0,018
Ni0,1Cr/Ce 49 21,6 | 0,004
NiO,3Cr/Ce 2,9 2741 0,002
NiO,5Cr/Ce 7,7 23,0 | 0,005
ﬁ I L 10Ni0.5Cr/Ce
Jo- o L |
z g L J' i 10Ni0.3Cr/Ce
932 ] A L J An|
g i LA J\ A 10Ni0.1Cr/Ce
g’_
3]
A 10Ni/Ce
a " e - - -‘J\'--aJ\-A
20 30 40 50 60 70 80

2 theta, ©

Hinh 3: Ph& XRD clia cac mau xuc tac Ni/Ce bién tinh
Cr,03 v&i ham lugng khac nhau

Trén gidn dd XRD (Hinh 3) cla cac xUc tac déu xudt
hién cac dinh dac trung cho CeO; tai cac vi tri 26 =
28,5; 33,1; 47,5; 56,3; 95,1; 69,4; 76,7, 79,1 [8]. Bén canh
do, cac dinh dac trung clia NiO véi cuong déd yéu déu
xudt hién trong cac mau xuc tac & cac vi trf 26 = 37,
43,5; 62,5; ching t& NiO phan tan kha cao trén chat
mang [9]. Sy phan tan cao cta NiO trén CeO, dugc
gidi thich do su tuong tac manh cla Ni®* v&i chét
mang CeO; tao thanh cic ion Ce?** and oxygen
vacancies lam phan tan cac hat NiO t6t hon trén bé
mat xUc tac [10].

Hon nlta khdng quan sat thay céc tin hiéu dac trung
clia Cr20;5 trong cac xUc tac bién tinh. Diéu nay c6 thé
do ham lugng Cr,O; trong xdc tac thdp va/hodc Cr.0s
phan tan cao trén chdt mang. Khi thay déi ham lugng
Cro0s, Vi trf va cudng dé cac dinh khéng thay déi ré
rét, ching té Cr.0s khong lam thay déi thanh phan
pha cla xuc tac.

Dua vao cdng thuc Scherrer xac dinh dugc kich thudc
tinh thé trung binh clia CeO; tai vi tri cb cudng dé tin
hiéu cao nhat (206 = 28,5 °) lan luct la 29,27; 26,44 va
2732 A, tuong Ung V& cac mau  Ni0,1Cr/Ce;
Ni0,3Cr/Ce va Ni0,5Cr/Ce. Kich thudc tinh thé CeO,
khéng chénh léch nhiéu gitta cac mau xuc tac bién tinh
NiCr/Ce nhung I6n hon so vdi kich thudc clia mau
khéng bién tinh Ni/Ce (19,5 A). Do do kich thudc hat
CeO; tang khi thém phu gia Cr nhu d& thay trong anh
SEM va TEM.

370
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1 390
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1 10Nio.1crice
350
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330

10Ni/Ce

100 200 300 400 500 600 700 800 900
Nhiét do, °C
Hinh 4: Gidn do H»-TPR clia cac mau xUc tac Ni/Ce
bién tinh Cr,Os va&i ham lugng khac nhau

Theo Xianjun Du [11] d&i vdi xtc tac NiO/CeO, cé hai
vung khtt ctia NiO, vung th nhat nam trong khoang
nhiét doé tu 265 dén 285 °C, dac trung cho su khit cla
NiO tucng tac yéu véi CeOy, vung thit hai nam trong
khoédng tU 360 dén 380 °C tuang Ung vdi su khir cla
NiO tuong tac manh vai CeO,. Do vay, dinh khir xuét
hién vung khtr & 320-550 °C cla cac xuc tac Ni/Ce va
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NiCe/Ce trén gian do H,-TPR (hinh 4) dac trung cho
qua trinh khir NiO tuong tac manh vdéi chat mang. So
vGi mau khéng bién tinh Ni/Ce, trén ma3u bién tinh
Cr,03 cac dinh khir nay dich chuyén sang ving nhiét
dé cao hon, ching to NiO tuong tac manh haon véi
chat mang khi c6 mat Cr,0Os Diéu nay gidp han ché
hién tugng thiéu két cac tdm Ni khi phan Ung & nhiét
dé cao. Bén canh do, gidan dd H,-TPR cla xUc tac
Ni/Ce xuét hién dinh khir & 730-900 °C, dac trung cho
su khir CeO: [12]. O cac mau bién tinh Cr.0s dinh khu
CeO; dich chuyén vé ving nhiét dé thdp hon, cho thay
Cr.05 gitp CeO, dé khir hon. Biéu nay gép phan tang
cuong su khr CeO; & bé mat t Ce** thanh Ce** va
gidi phéng oxi, tang khi héa céc hinh thanh trén bé
mat xUc tac theo phan Ung sau:

C + Opatice — CO (2)

[
|
|

100 200 300 400 500 600 700
Nhiét do, °C

Tin hiéu TCD, a.u

Hinh 5: Gidn d& CO,-TPD cla cac mau xuc tac Ni/Ce
va Ni0,1Cr/Ce

Trén gidn do CO,-TPD cla cac xUc tac khong bién tinh
va bién tinh bdi Cr.Os (hinh 5) déu xuét hién dinh gidi
hap phu CO, & vling nhiét d6 tur 70 dén 170 °C, tuong
Ung sy hdp phu CO; trén cac tdm baza yéu. Tuy nhién,
khi c6 mat 0,1% Cr,Os trong xUc tac, mat dd cua tam
baza trong xUc tac tang dang ké thé hién qua dién tich
dinh gidi hadp I6n. Cac két quad nghién clu trudc day
cho thay viéc bién tinh xtc tac bang kim loai chuyén
ti€p lam tang kha nang hép phu CO, méac du lam gidm
dién tich bé mat cua xuc tac [13].

Hinh 6 cho théy khi tang nhiét d6 phan Ung tir 500 °C
lén 700 °C d6 chuyén hda cla ca CHa va CO; tang
nhanh do BRM (1) la phan Ung thu nhiét manh, sau dé
tdng chan khi tiép tuc tdng nhiét dé 1én dén 800 °C. o]
moi nhiét dé céc xUc tac bién tinh Cr déu thé hién hoat
dé cao hon xdc tac khong bién tinh. Diéu nay dugc
gidi thich la do Cr,0O3 lam tang tinh khir ctia NiO va
CeO; va tang hép phu CO, nhu da phan tich & trén.
Dac biét, xUc tac bién tinh c6 d6 chuyén hoa CO, vuct
tréi so vdi xtc tac khong bién tinh Ni/Ce do cé kha

nang hédp phu CO, cao nhu quan sat thédy trén gian do
CO-TPD (hinh 5). Trong cac méau bién tinh, Ni0,1Cr/Ce
la xUc tac cé hoat tinh cao nhat vai do chuyén héa cla
cad CH4 va CO, dat 98,5 % & 700 °C va khong tang khi
tang ti€ép nhiét d6 phan Ung. Trong khi d6 mau
Ni0,3Cr/Ce c6 hoat tinh thdp nhat do bé mat riéng va
dién tich cac peak khi nhd nhét. Mau Ni0,5Cr/Ce c6
do chuyén héa CH, xap xi mau Ni0,3Cr/Ce, nhung do
chuyén hoa CO: cao hon, nhu quan sat théy trén hinh
6. Két qua cho thdy, bién tinh xic tac Ni/Ce bang
Cr,03 v&i mét lugng thich hgp tuy lam gidm dién tich
bé mat nhung lai lam tdng hoat tinh clia xUc tac. Két
qua tuong ty cing nhan dugc khi xtc tac nickel dugc
bién tinh bang kim loai chuyén tiép khac [14].
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Hinh 6: D6 chuyén héa ctia CHa4 (a) va CO» (b) theo
nhiét dé cla cac xuc tac Ni/CeO> bién tinh CroO3 vdi
ham lugng khac nhau

So sénh dé chuyén hoa cla CHs va CO; cho thdy,
trong vuing nhiét dé thap (dudi 600 °C) db chuyén hoa
CH4 cao hon dé chuyén héa CO,. Tuy nhién, tang
nhiét dé phan Ung dé chuyén hoa CO tang nhanh
hon va & 800 °C db chuyén héa cla CO;
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cao hon so véi CH4 doi chut. Biéu nay c6 thé la do &
nhiét dé thép cac phan Ung tda nhiét nhu phan Ung
Water Gas Shift (WGS) (3) sinh thém CO2 chiém uu thé
[15].

& nhiét d6 cao (800 °C), ngudc lai, phadn Ung chuyén
hda khi — nudc ngugc (RWGS) xdy ra thuan Igi lam
tang chuyén héa CO2.

CO + H:O = COy + Hp, AH298 = - 411 klmol -1 (3)
K&t luén

Thém phu gia Cr.0; dan dén giam dién tich bé mat
rieng va thé tich 16 x6p clia xtc tac NiO/CeO, nhung
lam tang muc dé khir ctia NiO, dan tdi tang dé chuyén
hoa CH4 trong phan Ung reforming. Bén canh do,
thém phu gia Cr.0s lugng tdm bazg yéu tdng manh va
hap phu CO; trén xtc tac NiCr/Ce tang. Két qua la, do
chuyén hoa CO; trén cac xuc tac bién tinh Cr.0s cao
hon xdc tac khong bién tinh. Trong cac xUc tac bién
tinh, Ni0,1Cr/Ce thé hién d6 chuyén héa CH. va CO;
t6t nhat do cé dién tich bé mat riéng, thé tich 16 xSp,
muc dé khir NiO tét han va méat dé tam baza cao.
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