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TOM TAT

Swr dung hiéu qua khi thién nhién chira CO> o
Viét Nam la nhu cau cdp thiét. Do dé trong nhitng
ndam gan ddy, nghién cieu san xudt hydrogen va khi
tong hop bang qud trinh reforming khé methane-
DRM (CHy +CO; = 2H> +2CO) duoc quan tam.
Trong bai bdo nay, cdac hé xiic tac Ni/a-Al,03 va Ni—
Mg/ a-Al,Os dirge diéu ché bang phirong phdp tam.
Tinh chat Iy - héa cia xiic téc dwoc nghién ciu bang
cdc phiong phdp hdp phu BET, nhiéu xa tia X
(XRD), hién vi dién tir quét (SEM), hién vi dién tir
truyén qua (TEM) va khir theo chuong trinh nhiét dé
(TPR). Hoat tinh cac xuc tac trong phan ung
reforming CH4 bang CO; diegc nghién ciru trén so do
dong vi lwong ¢ vung nhiét do phan wng 550-800 °C
voi nong dg CHa va CO; 14 3 % mol. Két qud nghién
ctitu cho thdy, & viing nhiét dg 550700 °C, do chuyén

hoa CHa4 va CO; tang khi nhiét d¢ phdn iing tang, con
o vung nhiét dé >700 °C, d¢ chuyén héa CHyva CO,
ting khéng ddang ké, @ chon loc san pham CO va H2
luén dat trén 91 %. Viéc bién tinh xiic tdc NiO/a-
Al,O3 bang Mg di lam tang phdn tin NiO, tao hén
hop rdn NiO-Mg, lam tang tinh khir ciia xic tdc, dan
dén lam tang hoat tinh, do chon loc va do bén ciia
xiic tde. O nhiét d phan iing 700 °C, dé chuyén héa
CHa va CO; trén xiic tac bién tinh (Ni-Mgl a-Al,03)
dat lan luot la 88,5 % va 72,3 %. Hoat tinh cdc xic
tac giiv on dinh trong suét 30 gio khdo sat. Mdt khdc,
vai tro ciia Mg trong viéc han ché hinh thanh céc trén
bé mat xiic tdc dwoe lam sdng té thong qua két qua
oxy hoa theo chwong trinh nhiét do (TPO) cua cdc
xilc tae sau khi khdo sat dg bén trong 30 gio.

Tir khéa: reforming khd, CHa, CO,, Ni/ a-Al,0s, bién tinh Mg

MO PAU

Cung véi qua trinh céng nghiép hoa trén thé gisi,
nhu cau tiéu thu ning luong ciing ting mot céch
nhanh chong, uéc tinh ting khoang 48 % trong giai
doan 2012-2040 [1]. Viéc @6t cac ngudn nhién liu
nhu: than, ddu mo, khi thién nhién,... dé tao ning
lugng da lam cho néng d6 khi CO2, mot trong nhirng

khi gay bién doi khi hau, trong khong khi tang 1én
nhanh chéng. Theo u6c tinh [2, 3], ndng do CO,
trong khong khi da ting khoang 1,5 ppm mdi nim.
Ngoai ra, khi methane la thanh phan chinh cua khi tu
nhién va dwoc phén loai 1a khi nha kinh nguy hiém
[4]. Tuy trir lugng khi methane 1a rét I6n, nhung do
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han ché cong nghé hda long hoac chuyén héa thanh
céc san pham hitu dung khac nén mot luong dang ké
khi methane da duoc thai vao méi truong [5, 6]. Mat
khéc, khi methane con duoc sinh ra tir ao hd, dam lay,
chay ring, béi rac, nha may xu 1y nudc thai, khai thac
than, chdn nu6i gia sGc va cac hoat dong ndng
nghiép,... [7]. Tuy lugng CHs thai ra it hon CO- (chi
chiém 14 % luong khi nha kinh), nhung kha ning gay
bién d6i khi hau gap 25 lan so véi khi CO, [5-8]. Hai
hau qua 16n ma con ngudi dang d6i mat 1a: lang phi
ngudn hydrocarbon rat ¢ gia tri khi nguon nguyén
liéu hoa thach dang can kiét va tinh trang bién doi khi
hau ngay cang nghiém trong [9]. Gan day, nhiéu
phuong phap giam sy phat thai CO, va CH4 vao
khong khi di duoc nghién ciru. Qua trinh chuyén hoa
CO; va CH, thanh khi téng hop (H2+CO)- san pham
trung gian cho héa dau c6 gi4 tri sir dung cao hon
bing phan ung reforming kho (dry reforming—DRM)
da nhan dugc quan tam.

Theo thong ké ¢ Viét Nam, tai cac bé tram tich
Séng Hong, Phu Khanh, Nam Cén Son, Ciru Long,
Ma Lay —Thé Chu, Ving Tu Chinh—Viing May,... trir
luong tiém nang khi da duoc xac dinh 1 tir 2.100 dén

2.800 ty m3 khi. Tuy nhién, bén canh thanh phan
chinh CHa4, CO2 ciing chiém ham lugng 16n, nhu & bé
Song H6ng ham luong CO; tor 27-90 %, c6 noi dat
t6i 98 %; & bé Ma lay—Thd Chu, ham luong khi CO;
tir vai % dén 80 % [10, 11]. Do vay, phan tng
reforming CH4 bang CO, cang ¢ y nghia 16n trong
viéc st dung hiéu qua cac moé khi thién nhién cé chira
CO; cua Viét Nam.

Phan tng reforming khé (1) xay ra ¢ nhiét d¢ cao
va &p suit thap. Vé mat nhiét dong hoc, phan tng xay
ra & nhiét do trén 640 °C nhung vé ky thuat, véi dong
nhap liéu co ty 16 CO./CH, la 1:1 nhiét do can thiét
dé xay ra phan ung dat do6 chuyén hoéa chap nhan
duoc 1a trén 800 °C [12, 13]. Su chon loc san pham
CO va H; duogc quyét dinh boi su xay ra cac phan tng
phy, diéu nay phu thugc vao nhiét do phan ung va
xuc tac sir dyng. C4c phan tng phy xay ra nhu phan
ung “water gas shift — WGS” nguoc (2), phan ung
Boudouard (3) hinh thanh cin carbon va phan ng
nghich Ia khi héa carbon tao CO (4) va phan ung
phan hay CHa (5) tao can carbon & nhiét do cao [12,
14, 15].

CHa+COz = 2H2+2C0, AHags = +247 ki.molt (1)
Hz + CO2 = CO + H,0, AHzes = +41 klmol  (2)

2C0 = C + COz, AHaes = -172 kJ.mol* 3)
C + CO2 = 2CO, AHass = +172 kJ.mol-. @)
CHas= C + 2H2, AH298 = +75 kJ.mol* (5)

Do vay, xuc tac st dung cho qua trinh reforming
CH, bang CO; can phai c6 hoat tinh va do chon loc
san pham cao, bén thiéu két, chdng ling dong can
carbon ciing nhu qua trinh oxy hoa kim loai va hinh
thanh céac chat khong hoat dong [16-19]. Bradford
[20] cho ring cac kim loai chuyén tiép nhom VIII dac
biét 1a Ni, Ru, Rh, Pd, Ir, Pt déu c6 hoat tinh xdc tac
cho phan tng dry reforming. Trong d6, kim loai quy
Ru va Rh thé hién hoat tinh va kha nang chiu su ling
dong carbon cao nhét. Xtc tic Ni thuong dugc
nghién cau vi chi phi thap nhung nhugc diém 16n
nhat cua Ni 12 kha ning hinh thanh cin carbon trén bé
mat xUc tac 1am mat hoat tinh xuc tac. Viéc thém kim
loai thur hai vao hé nham cai thién kha ning cua xdc
tdc dang duoc cac nha khoa hoc quan tdm. Kim loai

tha hai phu hop phai ¢6 kha nang chiu nhiét d6 cao va
duy tri sy phan tan kim loai hoat déng trong qua trinh
phan tng. Phan tich tai liéu cho thiy ca d6 6n dinh
1dn d6 chon loc cua cac san phim H, va CO ting, sy
ling dong cdc giam khi xtc tac Ni dugc bién tinh
bing Pt [21], La [22], Mg [23-25], Ca, Ba [24], Ce
[26], Mg+Ce [27], Rh+Ce [28],... Theo Alipour [24],
Mg la chét bién tinh tot nhat gitp tang hoat tinh xdc
tac cling nhu han ché hinh thanh céc trén bé mat xtc
tac. Trong cong trinh nay, hé xtc tac Ni/a-Al,0s bién
tinh bang Mg dugc didu ché va nghién ctu céc tinh
chat ly hoa, khao sat hoat tinh cung do bén xic tac
trong phan ng reforming CH,4 bing CO;, tir d6 lam
sang to anh huong ciia Mg dén tinh chat va hoat tinh
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hé xuc tac Ni/a-Al,O; va qua trinh hinh thanh céan
carbon trén bé mt xuc tac.

VAT LIEU VA PHUONG PHAP
Hoé chit sir dung

Xdc tac Ni/a-Al,0s va Ni/a-Al,Oj3 bién tinh bang
Mg (ti I khdi lugng NiO/MgO = %) véi ham lugng
NiO la 6,7 %kl (ky hiéu Ni/Al va Ni-Mg/Al) dugc
diéu ché bang phuong phap tam udt tir cac tién chat
Ni(NO3)2.6H,0 (Merck, dé tinh khiét > 99,9 %),
Mg(NOQ3),.6H.0 (Xilong, d¢ tinh khiét > 99 %), a-
Al,O3 (diéu ché tir y-Al,03 Merck, do tinh khiét >
99,9 %, nung & nhiét do 1200 °C trong 3 gio).
Phuong phap tong hop x(c tac

Hoa tan lwong chit can thiét Ni(NO3)2.6H.0 va
Mg(NO3),.6H20 trong 25 mL nuéc dé thu duoc dung
dich hdn hop mudi. Dung dich duoc khudy va danh
siu 4m dé dam bao hoa tan va dong nhat, sau do
thém luong a-Al,Os dd dugc xac dinh dé tao huyén
phu. Tiép theo, huyén phi duoc dénh siéu 4m trong
10 phat va khudy ¢ nhiét d6 80 °C trong 1 gio tao
dang sét va dé & nhiét do phong trong 24 gio. Sau d6
hdn hop duogc sy & 80 °C, 100 °C va 120 °C véi thoi
gian 2 gio cho mdi nhiét do, cudi cung, dugc nung
trong dong khong khi & nhiét d6 900 °C trong 3 gio,
tat 10 nung dé ngudi dén nhiét do phong. Xuic tac
duoc ép vién vai ap suat > 5000 psi va ray liy phan
doan kich thudc tir 0,25-0,50 mm va st dung trong
nghién cuu.
Nghién cieu tinh chat ly hoa

Céc tinh chit Iy hoa cua xtc tic duge xac dinh
gdém: dién tich bé mat riéng bang phuong phap hép
phu N, dang nhiét ¢ 77 K, thanh phan pha bang
phuong phap nhiéu xa tia X (XRD), hinh anh bé mat
xuc tac (SEM va TEM), va khur theo chuong trinh
nhiét d6 (TPR) bang dong 10 % Ha/N; tir nhiét do
phong dén 900 °C voi toc do gia nhiét 10 °C/phdt.
Xuc tac sau khi khao sat d6 bén duoc khao sat oxy
hoa theo chuong trinh nhiét d6 (TPO) bang dong
khong khi tir nhiét d6 phong dén 900 °C véi toe do
gia nhiét 10 °C/phut.
Khao sat hoat tinh xuc tac

Trudc khi thyc hién phan ung, xtc tic dugc hoat
hoa trong dong khi 40 % Ha/N véi Iuu lwong 3 lit/gio
& 900 °C trong 2 gio. Phan wng reforming CH, bang
CO, duogc tién hanh trén so dd phan tng dong vi
lugng trong ving nhiét do 550-800 °C, téc do dong
khi téng 1a 6 lit/gio (khi mang 1a Ny), lugng xUc tac
sir dung 12 0,2 g. Nong @6 CH4 va CO2 trong hdn hop
phan &ng bang nhau, 1a 3% mol (phan tng trong diéu
kién du methane). P bén cac xtc tac duoc khao sat
trong 30 gio phan &ng.

Hon hop phan tng dugc phén tich trén may phén
tich sic ky khi Agilent Technologies 6890 Plus. Bé
phan tich CH4 sir dung detector ion héa ngon lra FID
va cot mao quan DB-624 (chiéu dai 30 m, duong kinh
trong cua cot 250 pum, d6 day I6p phim 0,32 um). Dé
phan tich CO va H, sir dung detector dan nhiét TCD,
cot mao quan HP-Plot Moleseive 5 A (chiéu dai 30m,
duong kinh trong 12 pum, d6 day I6p 16p phim
0,32um). Phan tich CO; bang cam bién két ndi voi
méy vi tinh cai dat phan mém hién thi két qua.

KET QUA VA THAO LUAN
Tinh chit ly — héa ciia cac xGc tac

Gian d6 XRD cua ca 2 xuc tac (Hinh 1) déu co
cic dinh dic trung cho chit mang o-Al203 voi
cuong d6 manh ¢ 26=25,5°; 35,1°; 37,8°; 43,32°;
52,5°; 57,5°; 61,3°; 66,5°; 68,2°; 76,8° [29] va céac
dinh dic trung NiO véi cuong do trung binh &
20=37,0°; 45,0 ° va 62,5° [26, 27]. Didu nay ching to
NiO va a-Al,O; trong ca 2 x(c tac ton tai & trang thai
tinh thé. Gian @5 XRD cua xuc tac Ni/Al van c6 xuat
hién cac peak dic trung cho NiAl,O4 ¢ 26=19° va 46°
V6i cuong do rat yéu, cho thiy didu ché xdc tac bang
phwong phap tam 1én chat mang o-Al,O3 ¢ ciu tric
luc dién khép kin, bén, da han ché twong tac NiO véi
chat mang nhu xtc tac Ni/Al diéu ché bang dong két
tua [25]. So véi xlc tAc NiAl, trén gian do6 XRD cua
xuc tac bién tinh Mg (Ni—-Mg/Al) xuat hién thém cac
dinh dac trung cho MgO (26=36,9°; 42,9°; 62,3°;
74,7°; 78,6° [30]); MgAlL,O, (26=19,1° 31,5° va
65,4° [31]), trong khi NiAl:O4 (20=46°) khéng con
Xuit hién, chiung t6 MgO tn tai ¢ dang ty do va
tuong tic manh véi chat mang a-Al,Os.
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Hinh 1. Gian d5 XRD cua x(c tc Ni/Al (A) va Ni-Mg/Al (B)
(AZ a-Al,O3, O: NiO, *k: MgO, +: NiAlL,O4 va [I: MgAI204)

A) Ni/Al

Hinh 2. Anh SEM cua cac xuc tac

Anh SEM (Hinh 2) cho thay bé mat cua hai x(c
tac khdng xdp, xuc tac Ni/Al ton tai & dang 6ng hoic
khéi 16n va khi duoc bién tinh bing Mg cac hat xuc
tac tré nén nho hon, chiing t6 Mg c6 tc dung phan
tan chat mang o-Al,O3 thanh hat nho hon. Véi cau
tric khong xép nhu vay nén a-Al,03 c6 dién tich bé

mit riéng thap (13,4 m2/g [32]). Dién tich bé mat
riéng cuia cAc xdc tac thap hon dién tich bé mat riéng
cta chat mang a-AlO3 (7,7 va 7,1 m?g so véi 13,4
m?2/g), do NiO va MgO c6 dién tich bé& mat riéng thap
va c6 su tao thanh hdn hop ran NiO-MgO [25, 27].

Trang 88



TAP CHi PHAT TRIEN KH&CN, TAP 20, S0 T5- 2017

NIAL_I [ TEM ]
JEM-1400 100kV x50k 100% 10705/

Anh TEM (Hinh 3) cho thay trén xtc tac Ni/Al
c6 cac hat NiO kich thudc khoang 10-20 nm ton tai
roi rac hoac két khéi thanh nhitng dam 16n, trong khi
trén xudc tac bién tinh Ni-Mg/Al pha hoat dong ton tai

TCD Signal, a.u.

Hinh 3. Anh TEM cua cé4c x(c tac

dang hat nho hon véi kich thuéc khoang 10 nm (c6
thé 12 NiO) va mang mong trén chat mang o-Al,Os,
c6 thé 12 hdn hop ran NiO-MgO.

150 300 450

600 750 900

Temperature, °C
Hinh 4. Gian dd TPR-Hz cua xuc tac Ni/Al (a) va Ni-Mg/Al (b)

Gian d6 TPR-H. cua xdc tac Ni/Al c6 mot vai
khit & Tmax1= 425 °C va hai dinh khr & Tmax2 =
504 °C va Tmaxa= 820 °C (Hinh 4, duong a). Céac
dinh khir thir nhat va thir hai twong tng dic trung cho
su khir caa NiO kich thuéc nho va khéi lon [26, 28]
va dinh khir nhiét d6 cao Tmaxs = 820 °C dac trung
cho sy khir cua NiO tuong tac manh véi chat mang
hoic spinel NiAl,O4 [25]. So sanh cuong do cac peak
khtr cho thdy, trong xdc tac Ni/Al, NiO ton tai chi
yéu & dang khéi 16n. Gian @6 TPR-H, cua xuc tac
bién tinh Ni-Mg/Al (Hinh 4, duong b) c¢6 2 dinh khir
& 337 °C va 875 °C. binh khur cua NiO phén tan
(Tmax1 = 337 °C) ¢6 nhiét do thap hon so véi xdc tac
khéng bién tinh, do Mg da lam ting phan tan NiO
nhu trong anh TEM d cho thay, gitp xdc tac d& khu
hon. Khéng xuét hién dinh khtr thir hai, cho thay trén
xuc tac nay NiO chi ton tai ¢ dang phan tan min,
khong c6 dang két khdi lon. Theo tac gia [25], dinh

khir ¢ nhiét @6 875 °C dic trung cho su khir cua
NiAl,O, hoic NiO tuwong tac manh véi MgO (hén
hop rin NiO—MgO). Tuy nhién theo két qua XRD &
trén, MgO da han ché hinh thanh NiAl,O, ma thay
vao d6 MgO tuong tac manh vai NiO tao hdn hop ran
NiO-MgO, vay dinh khu ¢ 875 °C dugce cho la dac
trung cho su khir NiO trong hdn hop ran NiO-MgO.
Cuong do dinh khir cua hdn hop ran NiO-MgO cao
hon nhiéu so véi dinh khir caa NiO, pht hop véi két
qua phan tich anh TEM. Véi dic diém cua gian dod
TPR ndy, nén cdc xuc tac sir dung cho phan ung
reforming CH4 bing CO; trén co s& Ni/Al thuong
duoc khir & nhiét do cao 900 °C truéc khi tién hanh
phan tng.

Hoat tinh cac x(c tac

Hoat tinh xtic tdc Ni/Al va Ni-Mg/Al trong phan
ung DRM duogc trinh bay ¢ Hinh 5.
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Hinh 5 A va B cho thiy khi ting nhiét d6 phan
{ing tir 550 dén 700 °C, d6 chuyén hda cua ca CHq va
CO, ting déu va dat ~90 % ¢ 700 °C. Con trong ving
nhiét d6 >700 °C, d6 chuyén hoa ting khong dang ké.
Hai xuc tac déu thé hién hoat tinh cao, dat d6 chuyén
hdéa cao ¢ 600-700 °C thay vi 800 °C nhu trong cac
nghién ciru [12, 13]. O nhiét do 600 °C va 650 °C xc
tac Ni-Mg/Al c¢6 do chuyén héa CO; cao hon so vdi
xuc tac Ni/Al, nho vao viéc MgO cai thién su phan
tan NiO, su hinh thanh pha MgAl,O4 [33] va Mg lam
tang ndng do tm base Lewis trén bé mat xic tac, dan
dén ting kha nang hap phu héa hoc CO, trén bé mat
xUc tac gitp CO, chuyén héa tét hon [34].

Bén canh do, d6 chon loc tao CO va H; trong
phan ung trén hai xtc tac déu cao, trén 91 %, trong
phan @ng san pham phu (C, H,0) tao thanh < 10 %.
Tuy nhién xdc tdc Ni-Mg/Al ¢6 do lya chon CO cao
hon xdc tdc Ni/Al & vung nhiét do phan tng 650 —
700 °C. Nhur vay, viéc bién tinh xtc tac bang Mg lam
tang kha nang chuyén hda CO, thanh CO. Phan tng
(1) dién ra trong diéu kién du methane nén d6 chuyén
hoa CH,4 cao hon CO, (Hinh 5) va ty I¢ san pham
H»/CO khoang 1,0-1,2 (Hinh 5E).

Khao sat do bén cua cac x(c tac trong phan @ng
DRM ¢ nhiét @ 700 °C trong 30 gio (Hinh 6) cho
thdy, d6 chuyén hoa cua CH, va CO; trén hai xuc tac
xap xi nhau va 6n dinh trong suét 30 gio, tuy nhién
dd chon loc CO cua xuc tac Ni-Mg/Al (> 84 %) cao
hon va 6n dinh hon so véi xtc tac Ni/Al (66-83 %)
(Hinh 6C). Biéu nay ching to trén xc tac khdng bién
tinh phan tng phuy (3) dién ra manh hon, mét mat lam
giam lugng CO tao thanh, mat khac lam tang lugng C
tao thanh ling dong trén xuc tac. Hinh 6D cho thiy
do chon loc H cua xdc tic Ni-Mg/Al luén dat 6n
dinh ¢ 100 %, trong khi d6 cua xdc tac Ni/Al c6 sy
bién dong sau 20 gid phan ung. Piéu nay la do trén
xuc tac Ni/Al phan ang phu (2) dién ra manh hon xuc
tac bién tinh. Gian 6 TPO cua 2 x(c tac da sir dung
sau 30 gio phan ng (Hinh 7) cho théy, lugng CO2
thu dugc trén xtc tac Ni/Al cao hon rat nhiéu so voi
xuc tac Ni-Mg/Al, c6 nghia 1a carbon hinh thanh trén
bé mat xtic tdc chua bién tinh nhiéu hon so véi x(c
tac bién tinh. Két qua nay chirng minh MgO da c6 vai
trd trong viéc ngan ngtra cac phan tng cracking CHs
(5) va phan tng Boudouard (3) dé giam cin carbon
hinh thanh trén bé mat xdc tac.
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Hinh 6. Hoat tinh cac xuc tac trong subt 30 gio phan ing (V = 6 L/h; mx = 0,2 g; CH4/CO2 = 1; Cqi, =Cp, =3%mol; T
=700 °C)
60004 ,
‘EZ; 40000 -------- Ni‘aAl
= i Ni-Mg Al
-__; 20000 | :;
MNhigt d4,°C

Hinh 7. Gian db TPO cua cac x(c tac sau 30 gio phan ting

KET LUAN

Bing phuong phép tdm dd ché tao thanh cong
xuc tac st dung cho phan ung DRM trén co s NiO
mang trén a-Al,0s. Viéc bd sung MgO da gitp ting
kha nang phéan tan cua tdm kim loai hoat dong, hinh
pha mgi NiO-MgO va MgAl,04, tang hip phu CO»,

nén trong diéu kién du CHs d6 chuyén héa CO, ting.
Bén canh d6 thém phu gia Mg la giam cac phan tng
phu, tang d6 chon loc va dé bén cua xuc tac. Trén xdc
tac bién tinh Ni-Mg/Al, d6 chuyén héa CH, va CO;
dat 1an luot 12 88,5 % va 72,3 %.
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ABSTRACT

Effectively using COz-containing natural gas is
an urgent requirement in Vietnam. Therefore,
producing hydrogen and syngas by dry reforming of
methane (CHs+CO, = 2H;+2CO) has gained
renewed interest in recent years. In this paper, Ni/ -
Al>,0O3 and Ni-Mg/a-Al,O3 catalysts were prepared by
impregnation. Physico-chemical characteristics of
catalysts were investigated via nitrogen physi-
sorption  (BET), X-Ray Diffraction (XRD),
Transmission Electron Microscopy (TEM), and
Temperature Programmed Reduction (TPR) methods.
The activities of catalysts in CO; reforming of CH.
were studied in a micro-flow reactor in the
temperature range 550 —800 °C, and content of CH4
and CO; of 3 % mol. It was found that the conversion
of CHs and CO. remarkably increased with the
increase of reaction temperature from 550 to 700 °C,

but increased inconsiderably when the temperature
reached more than 700 °C. The selectivities of CO
and H; reached over 91 %. The modification of Ni/ -
Al,O; catalyst with Mg led to reduce the NiO particle
size forme the new ZnO-MgO solid solution and
increase the reductivity of catalyst. These improve the
activity, selectivity and stability of catalyst. At the
reaction temperature of 700 °C, the conversions of
CH4 and CO; on Ni-Mg/a-Al,O3 reached 88.5 % and
72.3 %, respectively. The activities of catalysts were
stable for 30 hours of reaction. Moreover, the role of
Mg in the resistance to the coke formation on the
catalyst surface was clarified via the results of
temperature programmed oxidation (TPQO) of spent
catalysts after running the reaction for 30 hours at
700 °C.

Keyswords: dry reforming, CHa, CO-, Ni/a-Al,0O3, Mg addition
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