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Tom tat

Su gia tang nhanh chdng cla phat thai cac khi nha kinh quan trong nhu 0, va CH, trong thap nién vira qua da gay anh hudng nghiém
trong dén bién doi khi hau va méi truong song trén thé gidi ndi chung va Viét Nam noi riéng. Thém vao d6, nhu cau st dung hiéu qué khi
tu nhién giau (0, da thic ddy cac nghién ctiu nham tim ra cac loai xtic tac méi co hoat tinh va d6 on dinh cao cho qua trinh reforming
methane. NiQ da chiing td la chat xtic tac pht hgp nhat cho qua trinh reforming trong diéu kién cdng nghiép. Nnam khac phuc nhiing han
ché cta xuc tac trén co s& NiO nhu tao coc va thiéu két 6 nhiét do phan (ing cao, nhiéu nghién ctiu khac nhau tir st dung chat mang mdi,
bién tinh xtc tac bang cac phu gia kim loai kiém, kiém thé va cac oxide kim loai dén cai thién phuong phap tong hop xdc tac da dugc ap
dung. Két qua la, cac loai xtic tac ¢d hiéu suat cao hon da dugc tao ra, nha d6 nhiét do phan ting da giam tir800°C vé 700°C, cc hinh thanh
da giam manh va thai gian lam viéc 6n dinh ctia xtc tac 1én t6i hon 600 gio.

Turkhéa: Khi tu nhién giau C0,, reforming kho, bi-reforming, chat xtc tac.

1.Patvan dé

Viéc gidm phat thai khi nha kinh gay néng lén toan
cau va bién déi khi hau la nhiing van dé dang dugc thé
giGi quan tam. Déi vdi Viét Nam, mét trong nhimng nudc
chiu dnh hudng manh mé nhat clia cac hién tugng trén
véan dé cang trd nén cap bach hon. Methane (CH,) va car-
bonic (CO,), hai khi chi yéu gay nén hiéu ting nha kinh,
da gia tang vGi téc d6 cao trong thap nién qua va dugc du
dodn sé tiép tuc tang trong thai gian t6i. Bén canh d6, mét
s6 mo khi thién nhién dugc phat hién vai tr lugng kha
I6n va chifa CO, ham lugng cao & thém luc dia Viét Nam
trg thanh déng luc thuc dy viéc nghién ctiu chuyén hoéa
hai khi nay thanh san phdm va ban san pham cé gia tri cao
nhu khi téng hop vita mang lai hiéu qué kinh té viia gidam
6 nhiém méi trudng.

2. Tinh hinh phat thai khi nha kinh va tang nhiét do
trai dat

Gan day, nong do CO, trong khi quyén khong ngiing
tang, ti 375ppm trong ndm 2001 lén dén 390,5ppm trong
nam 2011, tuong duong tang khodng 1,5ppm/nam, tuc
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la khoang 8 ty tan/nam [1 - 3]. Giai doan 2013 - 2015
néng d6 tang dén muc 400ppm, muc bao déng dé déi
v6i khong khi [4]. Khong diing & d6, néng dé CO, trong
khong khi tiép tuc tang lén dén 403,53ppm vao nam 2016
va du doan co thé tiép tuc tang dén 661ppm vao cudi thé
ky 21 [5]. Hoi déng Lién chinh phi vé bién d8i khi hau
(IPCC) da du doan néng dé CO, trong tuong lai dao dong
tir 541 dén 970ppm vao nam 2100. Diéu d6 ¢ nghia la
lugng khi thai CO, da vuot qua 32 ty tan trong nam 2011
[1], du kién sé dat 36 ty tdn vao ndam 2020 [2] va sé tang
gédp doéi vao nam 2050 [3] néu céac bién phap gidm thiéu
CO, khéng mang lai hiéu qua.

Trong t6ng luong phat thai khi gy hiéu (ng nha kinh,
CO, chiém 76%, methane (CH,) c6 muc d6 nguy hai cho
moi truong cao gdp 21 lan CO,, chiém té6i 16% [6]. Hién
nay “ty 1é hoa lan trung binh” clia CH, vao tang déi luu
dat muc 1,74ppmV, cao gap 2 lan so véi thai ky tién cong
nghiép (0,8ppmV) [7]. Theo két qua nghién clu, sau muic
tang cham tir ndm 2000 dén nam 2006, nong do6 khi CH,
trong khong khi da tang nhanh géap 10 lan trong thap ky
qua. Pac biét, lugng khi nay da tang nhanh vugt du doén
trong nhitng ndm 2014 va ndm 2015.

Khi carbonic [a mét trong nhitng nguyén nhan chinh
gay nén hién tugng trai dat nong Ién va bién déi khi hau
[8, 9] va nhiét do trai dat téng clng lugng phét thai CO,.
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Cu thé, nhiét d6 trai dat da tang 0,5°C trong khoang thai
gian tir nam 1885 dén nam 1940, do thay d6i nong d6 CO,
trong khi quyén tir 270ppm dén 350ppm [10], ting 0,8°C
trong thé ky 20 va du doan tang thém 1,4 - 5,8°C trong
thé& ky 21 [11]. Ndm 2016 la ndm c6 nhiét dé cao nhat ké
tur ndm 1880, cao hon thai ky tién cong nghiép khoang
1,1°C.V6i du doan néng dé CO, dat muic 500ppm trong 50
nam t&i, nhiét dé trai dat sé tang 3°C - theo cac nha khoa
hoc khi hau day la muic tang gay khi hau cuc doan va nuéc
bién dang [4]. Cac nha nghién ctu khi hdu hang dau canh
bao muc tiéu gid muc ting nhiét d6 toan cau dugi 2°C,
von da dugc 196 qudc gia théng nhat dé ra trong Hiép
dinh Paris vé chéng bién ddi khi hau ndam 2015 [12], thuc
su la mét "thach thic I6n" néu viéc gidam lugng phat thai
khi carbonic khong dugc quan tdm xac dang va tién hanh
nhanh chéng.

Theo bao cdo clia B6 Tai nguyén va Moi truéng nam
2014, trong giai doan 1994 - 2010, lugng phat thai khi nha
kinh & Viét Nam tang nhanh tir 103,8 triéu tan CO, quy
déi (million metric tonnes of carbon dioxide equivalents
- MMTCDE) Ién 246,8 MMTCDE. Trong d6, linh vuc nang
luong co téc dd tang nhanh nhat, tir 25,6 MMTCDE |én
141,1 MMTCDE trong nam 2010 [13].

Trong béi canh d6, & Viét Nam téng trit lugng xac
minh cda khi thién nhién trong nam 2015 vao khoang
210 ty m3 va san xuat khi thién nhién dat 9.080 triéu m?
[14]. Bén canh cac mo khi c6 chat lugng, mét sé mo khi
c6 néng d6 CO, cao dugc phat hién trong nhing nam
vlia qua. Dién hinh, L6 B - O Mén c6 trir lugng khi khoang
107 ty m3 va mo khi Ca Voi Xanh trit lugng khoang 150 ty
m?, cao gap 3 lan mo khi Lan Tay va Lan D6 thudc du &n
khi Nam Co6n San [15]. Tuy nhién, nong dé khi CO, trong
cac mo khi nay cao, 20% thé tich déi véi moé khi L6 B -0
Mdn va 30% thé tich d6i véi mé khi Ca Voi Xanh. Ngoai
ra, mot s6 mé khi khac ciing c6 néng d6 CO, kha cao
nhu: S6ng HOoNng, Phu Khanh, Nam Con Son, Cliu Long,
Ma Lay-Th8 Chu, vung Tu Chinh... véi trt lugng khi xac
minh tir 2.100 dén 2.800 ty m3, nhung bén canh thanh
phan chinh CH,, CO, cling chiém ham lugng I6n, nhu &
bé S6ng Hong ham lugng CO, tir 27% dén 90%, c6 noi
dat t6i 98%; & bé Ma lay-Thé Chu ham lugng khi CO, ti
vai % dén 80% [15]. Ham lugng CO, trong khi cao gay
kho khan trong khai thac va van chuyén. Viéc khai thac
sé dan dén mét lugng CO, rat I6n thai vao moi trudng.
Do dé, néu c6 phuong phap st dung truc ti€p cac mo
khi nay thi day sé la mot tiém nang 16n cho phat trién
kinh té.
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3. Tiém ndng chuyén héa va st dung khi thién nhién
giau CO,

Viéc chuyén d6i CH, va CO, thanh cac san pham c6 gia
tri cao vla gidm khi gay hiéu Ung nha kinh vira st dung
hiéu qua nguon khi tu nhién giau CO, van la mét thach
thuc 16n do cac hgp chat nay kém hoat dong [16]. Mac du
vay, hai chat nay c6 thé dugc hoat héa khi c6 cac chat xdc
tac hiéu qua va diéu kién phan tng thich hop.

C6 thé chuyén hda truc tiép va gian tiép khi thién
nhién thanh cac san pham va ban san phdm (Hinh 1).

Ngay nay, khodng 20% tong lugng khi tiéu thu trén
thé giGi phuc vu cho sinh nang lugng (Phan ting 1, Hinh 1)]
va du tinh con s6 nay trén thj truong sé tang manh trong
nhitng ndm t6i. 3 cac nudc c6 ngudn khi thién nhién déi
dao, khi dugc st dung cho phét dién chiém ty lé rat cao -
khodng 80% san lugng khi khai thac dugc. Béi vi, viéc st
dung khi trong san xuat nang lugng it gay 6 nhiém moi
truding, chi phi dau tu thap, hiéu suat nhiét cao. Tuy nhién
hudng ting dung nay sinh khi thai CO,. Cac khi thai nay c6
thé& chuyén hoa thanh khi téng hgp trong phan ung re-
forming methane bang CO, va hoi nuéc (Phan ting 7, Hinh
1). C6 thé oxy hoa truc tiép methane dé thu formaldehyde
(Phan Ung 3), ethan, ethylene (Phan ting 2). Ba hudng con
lai (Phan Ung 4, 5, 6) oxy hda chon loc CH, véi céc chat
oxy héa khac nhau thanh khi téng hgp (syngas), tor d6
san xuat hang loat héa chat. Mot trong nhiing ting dung
quan trong nhat clia syngas trong cong nghiép hoa chat
la nguyén liéu san xuat hydrocarbon va methanol. Phan
Uing nay dua trén nguyén ly ctia qua trinh chuyén hoa “khi
thanh 16ng” (gas-to-liquid - GTL) la qua trinh chuyén héa
khi thién nhién thanh dau téng hap, tir d6 chung cat thu
diesel, naphtha, wax, va cac hgp chat 1dng khac. Téng hop
Fischer-Tropsch dugc coi la nguyén té céong nghé cot 16i
clia qua trinh chuyén hoa syngas thanh nhién liéu van tai
va cac san phdm léng khac [18]. Tuy da cé cach day 100
nam nhung qua trinh Fischer-Tropsch van dang trong giai
doan thuong mai hda [19]. Methanol -
qua trinh hoa hoc C1, tir d6 san xuét formaldehyde, acid

nguyén liéu cho
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Hinh 1. Chuyén héa truc tiép va gidn tiép khi thién nhién thanh cdc san phdm
va bdn sdn phdm cd gid tri [17]
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acetic, chloromethane va cac hda chat khac cho cong
nghiép hda chat, c6 thé dugc san xudt tir syngas hodc tur
CO,. Tuy nhién, dén nay chi c6 san xuc tadc cong nghiép
cho t8ng hop methanol tir khi chia H, va CO.

San xuat dimethyl ether (DME) va chuyén hoa khi
thanh 16ng la nhitng qua trinh hda hen trong st dung
CO, lam nguyén liéu. Ba c6 mot s6 cong nghé si dung
khi thién nhién giau CO, cho san xuat DME va nhién liéu
Idng. DME c6 thé la nhién liéu thay thé cho LPG va die-
sel vi ¢6 tinh chat tuong dong véi LPG va c6 tri s6 cetane
cao. DME c6 thé pha tron dén 20 - 30% vdi LPG [20]. Qua
trinh KOGAS la thé hé cong nghé méi nhat san xuat DME
[19]. Trong c6ng nghé nay DME dugc san xuat ti khi téng
hap (hon hop CO + H,) théng qua cac cdng nghé mét giai
doan truyc ti€p tir syngas hoac hai budc, théng qua giai
doan téng hgp methanol tir syngas. Tuy nhién, cac cong
nghé nay con chua dugc nghién clu day da & mic do
thuong mai [19].

Tir cac phan tich trén ta thdy hudng chuyén déi CH,
va CO, thanh khi téng hgp la mét lua chon kha thi, tir d6
san xuat cac hoa chat khac [21]. Trong céng nghiép héa
hoc, khi téng hgp thudng dugc st dung nhu mét chat
trung gian trong san xuat methanol, ammonia, tong hgp
Fischer-Tropsch, san xuat nhién liéu diesel, phan bon, cac
dan xudt nhu acetic acid, xdng, dimethyl ether... va téng
hap héa dau [22]. Khi téng hgp cling la cc s& quan trong
dé cung cap hydro va san xuat aldehyde tir cac olefin.

Chuyén héa khi thién nhién thanh khi téng hgp.

Chuyén hoa methane thanh khi téng hgp dua vao ba
phuong phéap chinh: reforming hai nudc (steam reform-
ing); reforming kho (chuyén héa methane cé su tham gia
clia CO,) va oxy hoa tiing phan.

Reforming kho (DRM) (1) dugc quan tam do qua trinh
nay tan dung nguén CO, c6 san trong mé khi lam nguyén
liéu.

CH, + CO,«2CO + 2H, AH =+247 kJ/mol M

Khi téng hgp vdi ty 1é 1:1 dugc st dung trong hydro-
forming dé san xuat polycarbonate hodc formaldehyde.

Qua trinh steam reforming (SRM) dua trén phan tng
dung nudc oxy héa nhe methane (2) hay cac hydrocarbon

(3).
CH,+H,0 < CO+3H, AH=+226 kJ/mol (2)
CH_+nH,0— nCO+(n+m/2)H, AH,, <0 (3)

Trong diéu kién phan (ng cac hydrocarbon khac
methane c¢6 ham lugng rat nho, nén phan tng (3) ¢ vai

trd khéng dang ké. Nhugc diém chinh ctia qua trinh steam
reforming la: gid hoi qua nhiét cao; tao thanh lugng Ién
CO, trong phan Ung water gas shift (WGS)

CO+H,0 CO,+H, AH=-41kJ/mol (@)

va khi téng hgp nhan duoc c6 ty 1é H,:CO = 3:1 thuan tién
cho sdn xuat amoniac nhung khéng thuan tién cho téng
hop methanol, acid acetic va hydrocarbon theo phuong
phap Fischer-Tropsch.

Oxy héa chon loc methane (5)
CH, +%0, > CO + 2H, AH=-44kJ/mol (5)

doi hoi st dung oxy tinh khiét va nhiing thiét bi chuyén
dung dé tach khdng khi, nén qua trinh reforming té ra uu
thé hon.

Dac diém cta qua trinh chuyén hoa truc ti€p CH, va
CO, la phén ting thu nhiét manh [23], dong thdi trong re-
forming kho tao coc la van dé nghiém trong vi ham lugng
carbon trong nguyén liéu kha cao va khéng c6 O, tham
gia truc ti€p trong khi héa carbon lang dong trén bé mat
chat xuc tac [24], la nguyén nhan chinh lam mat hoat tinh
xuc tac.

CAc sinh ra tir cac qua trinh phan tng methane crack-
ing (6) va phan ung Boudouard (7):

CH,— C+2H, AH=75kJ/mol (6)
2C0 & C,, +CO, AH=-86,24 kJ/mol (7)

Pé gidm c6c ldng dong, carbon tao ra can dugc tiéu
thu trong phan Ung Boudouard nghich reaction (7) [25].
Haon niia tao c6c trong cac phan tng (6) va (7) thuan lgi
hon & nhiét d6 thap. Do d6 khi nhiét d6 qua trinh reform-
ing kho dudi 800°C carbon sinh ra tif cd hai phan tng. O
nhiét dé trén 800°C céc ldng dong trong qua trinh reform-
ing kho xuat phat cha yéu tur cracking methane (6) va car-
bon ¢é hoat tinh cao hon so véi céc hinh thanh ti phan
Uing Boudouard. Do d¢6 khi c6 CO, trong moi trudng phéan
ing céc tao thanh dé dang bi oxy héa [26]. G nhiét do
700°C t6¢ d6 phan hiy methane cao hon so véi téc d6 oxy
héa carbon bang CO,, nén néu thuc hién qua trinh reform-
ing kho véi ty & CO,/CH, cao (>1) va nhiét do cao c6 thé
gidm thiéu tao céc. Tuy nhién ty 1é CO,/CH, thudng xap xi
bang 1 nham dam bao cac phan tng phu nhu Boudouard
va chuyén héa nudc - khi nghich (RWGS) 1a it nhat dé san
xuat ra syngas vai ty [é H./CO mong muén.

Qua trinh reforming kho chua dugc Ung dung rong rai
trong céng nghiép vi chat xdc tac giam hoat tinh nhanh
chéng do lugng céc tao thanh, kim loai két tu hoac bi oxy
héa. Hiéu qua kinh té cla viéc sir dung khi CH, va CO,
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trong céng nghiép phu thudc vao yéu cau tiéu tén nang
lugng cho phan Ung. Tuy nhién, tur cac phan tich trén cho
thay, giam nhiét d6 phan ting DRM xuéng thap hon 800°C
nham gidm nhu cau nang lugng cho phan ung sé dan dén
tdng tao cOc va gidm thai gian lam viéc 6n dinh cta xdc
tac. C6 cac lua chon khac nhau dé cai thién tinh kinh té cta
phan tng chuyén hoéa céc chat kém hoat déng nhu CH,va
CO,, g6m gidm nhu cdu nang lugng bang cach phat trién
cac xuc tac mai, ti€t kiém chi phi nang lugng théng qua su
dung nhién liéu tai tao cing nhu chuyén héa théng qua
moét qua trinh ¢ kha nang phan ding cao hon dé cé thé
st dung nguén khi tu nhién ma khong can loai bo CO, sé
mang lai lgi ich ca vé mat kinh t& 1an méi trudng.

Bén canh do, ty 1&€ mol H,/CO phu hgp cho qua trinh
téng hop Fischer-Tropsch la khodng 2, cao hon ty lé thu
trong reforming bang CO, (phan ting 1) va thap hon gia tri
thu dugc tir steam reforming (phan (ng 2). Reforming két
hop tao kha nang chuyén héa methane trong 3 phan ting
(1, 2 va 5), dugc goi la trireforming, cho phép giai quyét
van dé tao c6c clng nhu nang lugng. Tuy nhién, viéc két
hop 2 qua trinh reforming kho va steam reforming meth-
ane (CSCRM), dugc goi la phan ung bi-reforming, dugc
Ung dung rong rai hon dé san xudt syngas [22]. Phédn tng
dién ra theo phuong trinh sau:

3CH, + CO, + 2H,0 <> 4CO + 8H, AH = +220 kl/mol  (8)

CSCRM mang lai nhing lgi ich dang ké so véi phén
ung reforming khé, oxy héa mot phan va reforming hoi
nudc [16]. Viéc két hgp nay tao dugc ty lé H,:CO mong
muén, hoan toan phu hgp cho phan ng téng hap Fisch-
er-Tropsch [23], hén hop “metgas”(ty & H,/CO = 2/1) dé
san xuat methanol [27] va giai quyét van dé khi nha kinh
do Co, sinh ra trong steam reforming (4). Hon nita, uu thé
cla bi-reforming la gidm tao céc trong phan tng Boud-
ouard (7) nha vao viéc dua thém hoi nudc vao mai trudng
reforming kho [28].

Trong céng nghé Topsoe st dung hén hop nguyén
liéu CH, + CO, + H,0 (bi-reforming) dé gidm tao cOc trén
xuc tac nickel va tranh tdc nghén dudng 6ng.

4, Xac tac cho qua trinh reforming

Cung véi su phét trién clia nganh cdng nghiép khi, vai
tro cla phan ung reforming methane ngay cang tré nén
quan trong. Cac bang sang ché (patents) vé chat xuc tac
cho qua trinh nay tang nhanh chéng trong hai thap nién
qua (Hinh 2).

Cac qua trinh reforming doi héi nhiét dé Ién t6i 800 -
1000°C [23]. Do d06 cac xuc tac cho qua trinh nay can dap
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Ung 3 yéu cau: bén nhiét, khang thiéu két va hoat tinh cao
[23]. Phan I6n cac kim loai st dung cho qua trinh reform-
ing methane la kim loai quy va oxide kim loai chuyén tiép,
c6 hoat tinh kh{t cao nhat [30]. Dap Ung cac yéu cau dé,
cac kim loai dugc ua chuéng nhat la Ni, Pt, Ru, Re, Ir, Co,
Pd, Rh... [31,32].

4.1 Xuc tdc kim loai qui

Xuc tac kim loai quy thu hit su chi y vi tao c6c thap do
kha nang “hoa” carbon trén bé mat cac kim loai nay thap
[33], khang thiéu két cao, c6 tinh 6n dinh va hoat tinh cao
trong phan Ung & nhiét do cao (>750°C) [34, 35]. Hon niia,
cac kim loai nay c6 thé phan bé dong déu trén bé mat chat
mang c6 electron d, tao thuan lgi cho hap phu hydro. Mot
s6 kim loai quy dugc tiing dung lam xuc tac reforming la Pt,
Pd, Zr, Rh, Ir [34]. C4c xUc tac nay dugc mang trén cac chat
mang ALO,, MSN hodc SBA-15. Thit tu hoat tinh cla cac
kim loai nhém VIl cho reforming hoi nuéc CH, (SRM) nhu
sau: Rh, Ru > Ni > Ir > Pd, Pt [36, 37]. Rh c6 hoat tinh cao
nhat, ti€p theo l1a Ru. Kim loai quy c6 hoat tinh cao nhung
rat dat tién. Trong khi Ni cé hoat tinh kha cao va ré tién.
Mot dac diém thuan lgi 1a cac phan tng reforming déu su
dung cung mot loai xtc tac. Do d6 xdc tadc cong nghiép s
dung cho céc qua trinh reforming methane dugc lua chon
la nickel mang trén chat mang khac nhau.

4.2. Xuc tdc kim loai chuyén tiép

Mac du ¢6 hoat tinh thap han kim loai qui nhung kim
loai chuyén tiép c6 vi tri quan trong trong lich st xuc tac
reforming methane. Uu thé clia kim loai chuyén tiép la ré
va san cé. Phan 16n cac nghién ctu gan day déu tap trung
vao nhém kim loai chuyén ti€p VIIIB ngoai trir Os, dac biét
Ni, Co va Fe c6 hoat tinh cao trong qua trinh reforming
CH, [38, 39]. Hoat d6 cua cac kim loai chuyén tiép trong
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Hinh 2. Cdc bdng sdng ché dugc ghi nhdn vé cdc chdt xiic tdc reforming cdi tién tir ndim
1950 dén 2010 [29]
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phan Ung reforming kho giam theo tha tu sau: Fe > Ni >
Co. Xuc tac Fe co6 hiéu suat cao trong qua trinh reform-
ing khé nhung d6 chon loc kém, lugng carbon ldng dong
nhiéu gay dau déc xuc tac va c6 khuynh hudng tao thanh
cac hydrocarbon mach dai va hgp chat chiia oxy. Chat xuc
tac dua trén Co cé hoat dé cao nhung ching dé tao thanh
carbua trén bé mat xudc tac trong qua trinh phan Ung va
d6 chon loc tép trung chl yéu vao hop chat C,. Tuy khong
chiém vj tri cao nhat trong day hoat d6 nhung Ni la chat
xuc tac thé hién hoat tinh cao va dé chon loc tét, déng thoi
chi phi s&r dung thap hon so véi cac kim loai quy cho phan
Ung reforming [40]. Do d6 cac chat xudc tac cong nghiép
thuong mai hoéa cho qua trinh reforming methane hién
nay chu yéu la Ni kim loai vsi ham lugng cao dugc phan
bé trén chat mang khac nhau nhu ALO,, MgO, SiO,, Cr.0....
hodc hén hgp cac oxide [41,42]. Tuy nhién, van dé 16n nhat
clia xtc tac kim loai chuyén tiép la tao c6c do su nhay cdm
cta kim loai (dac biét la nickel) va su thiéu két cac tam hoat
dong [43, 44] dan dén giam hoat tinh va giam hiéu qua
cla xuc tac. Ni co &i luc véi hydro lam suy yéu lién két C-H,
& nhiét d6 cao phan tng phan huy CH, (6) sé xay ra manh
trén cac tam kim loai hoat tinh, tao 16p carbon trén bé mat
xuc tac [45]. Do d6 xuc tac dua trén Ni thudng bi mat hoat
tinh nhanh hon so véi xuc tac kim loai quy.

Hoat tinh va dé bén clia chat xuc tac trén co s& nickel
6 thé dugc cai thién bang cach b sung cac chat xuc tién
va st dung chat mang phu hgp va cé thé thém céc chat
oxy hoéa céc nhu oxy hodc hoi nudc vao moi trudng phan
ung.

4.3. Chdt mang cho xuic tdc NiO

Chat mang phd bién nhat cho qua trinh reforming
methane la Al,O,, cdc chat mang khac nhu MgO, TiO,, SiO,,
and La,O, cling dugc st dung [46]. Nakamura et al. (1994)
tim thay hoat tinh clia xdc tac NiO trén céc chat mang
xép theo thir tu sau: ALO, > TiO, > SiO,. Hiéu qua clia chat
mang thé hién théng qua su dnh hudng clia chit mang
lén sy hoat héa truc tiép CH, hodc CO, bdi cac oxide kim
loai va su thay déi kich thuéc hat ctia kim loai trong tién
trinh phan tng [47].

Sau khi diéu ché va nung & 400 - 600°C bé mat Al,O,
bi loai nuGc mot phan bén canh cac tdm acid Lewis véi
16 trong phéi tri (ion Al**) va tdm acid Bronsted + con ton
tai cac tam base Lewis (ion O,-). Cac tam base Lewis nay
c6 kha nang hap phu va phan ly CO,, mét khi acid [48].
Tuy nhién, & nhiét do phan tng reforming khé 700 - 900°C
a-AlLO, la chat mang phu hgp hon a-Al,O, do c6 én dinh
nhiét va dé bén co hoc cao. Trong qua trinh nung & nhiét

dé cao (>1100°C) dé tao a-AlL,O, mét phan tam base Lewis
da mat di, dan dén tang ldng dong carbon trong qua trinh
reforming methane.

Cacxuctac NiO/a-AIZO3(NiAI) kich thuéc nano da duoc
diéu ché thanh cong bang cac phuong phap khac nhau
[49 - 52]. K&t qua cho thay xuc tac diéu ché bang phuong
phép tam c6 hoat tinh cao nhét, chuyén héa 90% CH, va
79% CO, ngay & 700°C va hoat déng 6n dinh trong hon 30
gid thir nghiém trong phan ting reforming khoé [49 - 51].
Thém hoi nudc, d6 chuyén héa CH, ctia xtc tac NiAl trong
phan tng bi-reforming cao hon so véi phan tng reform-
ing khd (95% so vdi 90%), nhung do chuyén héa Co, thi
ngugc lai, gidm xuéng dén dén 69% [52]. Diéu nay dugc
giai thich nhu sau khi c6 hoi nudc lugng céc tao thanh
sau 30 gi¢ phan Ging & 700°C giam 3,7 lan, tir 37,5mgC/g
trong phan ting reforming khé xuéng dén 10mgC/g trong
phan Ung bi-reforming, dan dén tang hoat tinh oxy hoéa
CH,, trong khi d6 hoi nuéc va CO, déu la chét oxy héa, hap
phu canh tranh trén tdm base clia chdt mang, mat khac
mét lugng CO, sinh ra trong steam reforming trong phén
ung (9):

CH, +2H,0 <> CO, +4H, AH= +641 kl/mol (9)

dén dén gidm d6 chuyén hoa CO,. Két qua cho thay bi-re-
forming c6 uu thé vugt trdi trong giam tao coc va tang dé
bén xuc tac. Bong thai ty 1é mol H,:CO thu dugc trong bi-
reforming xap xi 2, phu hop cho san xuat methanol va qua
trinh Fischer-Tropsch, trong khi ty |é nay trong reforming
kho la 1, tng dung kém thuan Igi hon.

Theo Ki-Won Jun (2008), ca Ni/a-ALQ, va Ni/y-ALO,
déu khéng 6n dinh theo thdi gian phan ung reforming
methane. Ni/a-Al,O, khéng bén do tao céc, con Ni/y-Al,0,
khéng bén & nhiét dé cao (700°C) do su suy gidam cla
y-ALO,. S. Wang et al [44] cho rang chat mang c6 thé cai
tién hoat tinh cla xuc tac Ni. So véi xdc tadc Ni mang trén
ALO, va MgO xdc tac Ni/SiO, cho d6 chuyén héa cao hon,
dat 96,2% CH, va 93,8% CO, & 800°C. Bén canh d6 thdi
gian lam viéc én dinh cla cac xdc tac nay cao.

T khi xuat hién vat liéu silicat cau truc trat tu vao dau
thap nién 90 cla thé ky 20 da c6 nhiéu vat liéu mao quan
trung binh dugc téng hgp nhu FSM, M41S, HMS, MSU-x,
SBA-15, SBA-16..., m& ra hudng phat trién mdi trong linh
vuc xuc tac va hap phu. Cac vat liéu nay cé kich thuéc mao
quan doéng déu (dao dong tir 20 - 100A), réng hon kich
thudc clia zeolit tir 3 dén 4 lan va dién tich bé mat riéng
I&n 500 - 1000m?/g. Santa Barbara Amorphous 15 (SBA-
15) la vat liéu mao quan trung binh vai cau tric 16 x6p luc
giac dudng kinh 4,6 - 30nm dugc st dung lam chat mang
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cho xtic tdc Ni do ¢6 dién tich bé mat 1én (600 - 1000m?/g),
bén nhiét, thé tich 16 x8p 16n (0,5 - 1cm3/g) c6 thé kiém
soat dugc va phan bo kich thudc 16 x6p déu [53, 54]. Su
thay thé cdc nhém silanol trén bé mat bang cacion Nilam
tang su 6n dinh clia cac tdm hoat tinh Ni trén SBA-15.

Trong nghién cdu [55] xuc tac nano NiO/SBA-15 véi
kich thudc tinh thé NiO dao ddng trong khodng 12,9 -
18,3nm dugc diéu ché thanh cong. Trong hé xuc tac nay
¢6 cac hat NiO kich thudc 5 - 6nm phan tan bén trong cac
16 x6p va hat NiO kich thudc 20 - 50nm ndm trén bé mat
cl@ia SBA-15 phu thudc vao ham lugng NiO (30 - 50%). Su
phan tan vao bén trong 16 x6p gilip ngdn chan su thiéu
két Ni va mat mat kim loai trong thai gian phan tng. S6
di NiO c6 dé phan tan cao nhu vay do SBA-15 ¢6 cac 16
x0p déng déu vaéi dudng kinh 16n (5,3 - 6nm), d6 xOp va
dién tich bé mat riéng cao (613m?%/g). Xuc tac c6 kha nang
khtr Ni2* thanh cac tam hoat tinh Nio cao nén c6 hoat tinh
cao trong phan ting bi-reforming, chuyén héa 86% CH, va
77% CO, & 700°C va tuang ting 90,5% va 80% & 800°C. Xuc
tac c6 d6 bén cao (Iam viéc 6n dinh hang tram gid) do c6
cac tam base Lewis yéu va manh, viia han ché tao céc, vira
tang hap phu CO,. Tuong ty, Zhang va cong su [56] cong
b6 xic tac 12,5% NiO/SBA-15 c6 d6 chuyén hoéa CH, va
CO, & 800°C lan luot la 89% va 85% va bén trén 600 gid.
Két qua cho thdy, SBA-15 cé cac tam base Lewis va tuong
tac khac nhau véi NiO la chat mang thich hop cho NiO
trong phan Uing bi-reforming. Tuong tuy, trong xuc tac NiO/
MSN tucng tac gila kim loai - chat mang (Si-O-Ni) tao ra
cac tam hoat déng phan tan, tang cudng phan ly CH, va
CO,, dan dén tang hiéu suat xtc tac [57].

Ceria (CeO,) - chdt mang thé hé mdi, dugc biét dén
nhu chat chiia oxy. Bén canh d6, CeO, c6 thé hap phu va
giai hap H,0 tao H* va OH dé chuyén hoa carbon trén bé
mat xuc tac thanh CO va CO, [58], dan dén giam tao coc.
Luu Cam Loc et al. [59] cdng b6 rang tinh chat ly héa va
hoat tinh xuc tac NiO mang trén CeO, phu thudc vao hinh
thai ctia n6. Cac xtc tac NiO mang trén CeO, dang thanh
nano (NR - nanorod), hat nano (NP - nanoparticle) va khéi
nano (NC - nanocube) déu c6 dé phan tan cao. Cac hat
NiO trén hai chat mang CeO, dang thir nhat c6 kich thudc
la 5-10nm, con trén CeO,-NR céc hat NiO nhd va déu hon
(5nm). Su phan tan cao cua cac hat NiO trong NiO/CeO,
dugc giai thich la do su tuong tac Ni** véi chat mang CeO,
tao thanh cac ion Ce** va céc 16 tréng oxy, kich hoat cho
sy hinh thanh dung dich ran Ni-Ce-0O, tao tuong tac manh
gitta Ni véi chat mang CeO,. Bén canh do, xtc tac NiO/
CeO, ¢6 3 loai loai tdm base, hap phu cao CO,. Véi nhing
dac trung ly héa vuat tréi NiO/CeO, dang thanh ¢6 hoat
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tinh cao hon cac xdc tac mang trén CeO, dang hat va dang
khéi, chuyén héa 89% CH, va 67% CO, & 700°C va tuong
Ung 96% va 72% & 800°C trong phan ung bi-reforming
methane. Hon n{a, lugng céc hinh thanh trén xdc tac nay
rét nhd, 0,54 mgC/g_, sau 30 giG phan tng & 700°C, thap
han gan 20 lan so véi xtc tac Ni/Al (10 mgC/g, ). Do d6 xtc
tac lam viéc 6n dinh trong thai gian dai (hang tram gid).
Cac tac gia [60, 61] cling cong bé Ni/CeO, dang thanh ¢6
do bén va d6 chuyén hoa t6t hon Ni/CeO, dang hat cho
phan tng reforming khé.

Két qua nay cho thay CeO, la chat mang tiém nang,
c6 uu thé vuat troi trong phan tan cao kim loai hoat dong
dan dén tang hoat tinh clia xuc tac, chéng tao cdc, tang
tudi tho clia xuc tac.

4.4. Chat xuc tién cho xtc tdc NiO

Dudi tdc dong cla nhiét do phan Ung cao trong qua
trinh reforming methane nhiéu chat xdc tac khéng 6n
dinh, bién d&i vé cau tric, thiéu két kim loai hoat déng va
tao thanh coc trén bé mat xdc tac. Nhitng nguyén nhan
nay lam cho xuc tac mat hoat tinh nhanh chéng [62]. Nhu
da biét [63] trén xuc tac NiO/chat mang, CH, hap phu phéan
ly thanh cac hgp chét trung gian CH_trén cac tam kim loai
hoat tinh (Ni), trong khi dé chat mang hoat héa Co,. pé
giam tao cdc¢, can tao ra cac tam base bang cach bién tinh
chat mang bang cac oxide kim loai kiém hay cac nguyén
t6 dat hiém, con dé tang hoat tinh oxy héa chon loc, can
thay déi tinh khir ciing nhu tuong tac ca NiO trong hé
dé tang do phan tan va gidm thiéu két cia n6 trong diéu
kién phan Uing & nhiét d6 cao trong thoi gian dai str dung
cac chat xdc tién nhu kim loai quy, oxide kim loai [64, 65]

a) Phu gia kim loai kiém, kiém thé

Mot yéu t6 quan trong anh hudng dén lugng carbon
lang dong la @6 kiém cla xuc tac [66], su hinh thanh car-
bon c6 thé dugc gidm bdt hodc tham chi bi tc ché khi
kim loai hoat déng dugc phan tan trén chat mang la ox-
ide kim loai v&i cac tam base Lewis. Nhiéu nghién ctiu cho
thay thém cac phu gia kim loai kiém va kiém thé lam thay
déi tinh chat cta chat mang, gidm tao céc va ting hap
phu CO,, tao I6p che phi phan Ién bé mat, bao vé xuic
tac khéng bi ldng dong carbon [47]. Thi du, thém chat xuc
tién c6 tinh base Lewis nhu cac oxide kim loai kiém (Na,O,
K,0), kiém thé (CaO, MgO) va cac base yéu (NH,OH) lam
gidm mat hoat tinh xtc tac do céc lang dong hoac thiéu
két kim loai cGa cac xuc tac Ni/Al,O,, Ni/SiO, va NiO/SBA-
15 vi cac chat nay sé ho trg kha nang hap phu héa hoc CO,
[47, 54, 67]. Cac nghién cltu ctia chung téi bién tinh xutc
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tac NiO mang trén a-ALO, va SBA-15 bang MgO [49, 52,
68] cho thdy do tuong tac manh cla NiO véi phu gia tao
hon hop ran (Mg Ni,_0), dan dén gidm kich thudc hat NiO,
gidm su thiéu két cac hat Ni déng thai tang tinh khar, tang
mat d6 tam base Lewis, ho trg hdp phu CO, va gidm lang
dong carbon. Tir d6 tang hoat tinh va dé bén clia xuc tac.
D6 chuyén héa CH, va CO, dat 92% va 87% & 700°C, téng
tuong Ung 5% va 9% so véi xuc tac NiAl va giam lugng
c6ctao thanh 7 1an (tir 37,7 xudng 5,25mgC/g) trong phan
ung reforming khé [49]. Viéc gidam c6c khi thém MgO vao
xuc tac NiO/a-Al,0, dugc gidi thich Ia do c6 I16p MgO hoac
MgO-NiO ph trén bé mat xuc tac nhu két qua phan tich
TEM da minh ching. Két qua tuong tu cling quan sat thay
trong nghién ctu [69], tac gid cho rang I6p MgO phu trén
bé mét xuc tac Ni-MgO/SiO, gilip né hoat dong 6n dinh
trong 18 gig thi nghiém va sau phan ng khéng cé can
carbon dugc tim thdy. Tuy nhién, MgO khéng thé hién
anh hudng ré rét dén hoat tinh ctia cac xdc tac NiO mang
trén a-Al,O, va SBA-15 trong phan ting bi-reforming ca vé
phuong dién hoat tinh va tao céc [52, 68]. Kiém héa xuc
tac NiO/SBA-15 bang NH,OH ciing cho hiéu qua cao trong
viéc gidm kich thudc tinh thé NiO xuéng dén 10 - 15nm,
tang tinh khir cGia Ni?*, tang mat d6 tam base yéu cla xuc
tac, dan dén tang hoat tinh trong bi-reforming methane
[70]. Xdc tac kiém hoa cé d6 chuyén héa CO, cao, dat 83%
va d6 chuyén hoa CH, trén 98% & 700°C [70]. Théng qua
nhiing két qua nhan dugc c6 thé két luan, trong cac phu
gia kiém MgO la mét chat xuc tién day hida hen trong
phan Ung reforming methane vi lién két manh gilta NiO-
MgO gitip ich trong viéc ngan ngura thiéu két hat Ni va su
ldng can carbon. Ngoai ra, kiém hoa bang amoniac cling
la phuong phéap xt ly xtc tac NiO ¢ hiéu qua.

b) Phu gia oxide kim loai

Bén canh lam chat mang, véi tinh chat ndi trdi nhiéu
nghién cttu chiing minh CeO, con thé hién la phu gia uu
viét cho xuc tac NiO trong phan Ung reforming hai nuéc
va reforming kho, gitp tang kha nang chéng tao céc, tang
tudi tho cutia xuc tac [50, 71, 72]. Bén canh CeO,, cac kim
loai quy cling dugc nghién clu lam phu gia cho xuc tac
Ni trong phan Uing bi-reforming. Su hién dién cta Pt giup
lam giam nhiét d6 kh( ctia NiO do Pt c6 nhiét dé khirthap
hon Ni va né hap thu phan ly H, thanh nguyén t(r H. Cac
nguyén ti H di chuyén trén bé mat xuc tac va giup khur
NiO dé dang hon, nha d6 d6 chuyén héa CH, tang [73].
Bén canh dé Pt gidm su ldng dong carbon, tang dd én
dinh ctia xdc tac NiO va tang dé chon loc H, va CO [74].
Rhodium (Rh) tdng d6 6n dinh clia xuc tac va dé chon loc
tao H,, CO, dong thai gidm su 1dang dong céc trong phan

ting reforming CH, bang CO, [75]. ZrO, téng hap phu phéan
ly CO,, gidm su hinh thanh NiALO, dan dén tang nhe hoat
tinh cGa xdc tac Ni/ALO, trong phéan tng reforming kho
CH, [76]. CuO c6 vai tro 6n dinh cau triuc xuc tac, can trd
thiéu két cac hat kim loai. Su hinh thanh hén hgp Cu-Ni
thic ddy qua trinh phan ly CH, va ngan chan su gia tang
cla carbon dang sai trén tinh thé Ni [77]. Thém phu gia
vanadium mot mat tao cdu trdc vi mo gidp han ché su
hinh thanh spinel NiAlLO,, mat khac la xdc tac oxy héa phu
gia nay giup cai thién hiéu suat ctia phan ung reforming
CH, béng CO, [78]. Thém V,0, vao xuc tac NiO/CeO, dang
thanh lam tang d6 chuyén héa CH, tir89% lén 96% va CO,
tir 67% lén 76% & 700°C, déng thai sau 30 gid phan tng
khéng co coc tao thanh trén bé mat xic tac trong phan
ung bi-reforming methane [79]. Vay, xtc tac NiO mang
trén CeO, c6 lugng céc tao thanh thap nhat, dac biét khi
n6 dugc bién tinh bang vanadium (V).

5.Két luan

Hién nay CO, va CH, dugc coi la cac khi nha kinh co
ban gay bién déi khi hau, su néng |én cla tréi dat va nudc
bién dang, gay tham hoa cho loai ngudi. Tuy nhién, néu
tan dung, chuyén héa cac ngudn khi nha kinh do6 thanh
cac san pham cd ich, thi ching sé la nguén nguyén liéu déi
dao cho mét linh vuc cong nghiép hoa dau mdi, linh vuc
chuyén hoa khi thién nhién giau CO,. Thong qua chuyén
hoéa thanh khi téng hop tir khi thién nhién c6 thé san xuéat
hang loat hoa chat quan trong, trong d6 quan trong nhat
la hydro, hydrocarbon va methanol. Qua trinh nay cang cé
y nghia vé kinh té va méi trudng hon déi véi Viét Nam khi
su phat hién va khai thac mét sé mé khi thién nhién co trir
lugng I6n véi ham lugng CO, cao dét ra van dé nang cao
hiéu qua st dung nguén tai nguyén nay.

Xu huéng gan day cho thay reforming methane la giai
phap chuyén hoa hiéu qua khi thién nhién giau CO,. Két
hop reforming kho va reforming hai nuéc (bi-reforming)
mot méat chuyén hoa hai loai khi nha kinh CO, va CH,
thanh nguén nguyén liéu cé ich véi ty 1& H,:CO theo mong
mudn, mat khac han ché hinh thanh cdc do su cé mét clia
hoi nuéc. Nickel dugc chon la xtc tac hiéu qua cho cong
nghé reforming methane. Trong 2 thap nién gan day da
c6 nhing né luc manh mé trong viéc nghién ctu va phat
trién cac chat xdc tdc mai dé cai thién qua trinh chuyén
héa CH, va CO, thanh khi téng hop theo hudng téang hiéu
qua va tiét kiém nang luong. Viéc kiém héa chit mang va
bién tinh xuc tac bang phu gia cling nhu thém hoi nuéc
vao moi trudng phan ung reforming khoé la nhing bién
phap hitu hiéu tang hoat d va dé bén clia xic tac NiO. Pa
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c6 nhiéu thanh céng trong viéc st dung cac chat mang
mdi nhu CeO, va silica mao quan trung binh ciing nhu
bién tinh cac xuc tac Ni bang cac phu gia oxide kim loai
kiém hodc kim loai chuyén ti€p dé gidm tao céc va ting
hoat dé va d6 bén cla xuc tac trong qua trinh bi-reform-
ing. Cac hé xuc tac mdi gitp ha nhiét d6 phan tng xuéng
dén 700°C van thu d6 chuyén hoa CH, dat dén 97 - 99%
va ty 1é H,:CO ~ 2, phl hgp cho san xuat methanol va qua
trinh Fischer-Tropsch, déng th&i gidm thiéu tao céc.
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PROGRESS IN CATALYST OF REFORMING METHANE PROCESS -
A POTENTIAL SOLUTION FOR EFFECTIVE USE OF CO,-RICH

NATURAL GAS SOURCES

Luu Cam Loc
Ho Chi Minh City University of Technology (HCMUT)
Email: luucamloc@hcmut.edu.vn

Summary

The rapid increase in emissions of major greenhouse gases such as C0, and CH, in the last decade has seriously affected the climate
change and the living environment in the world in general and in Vietnam in particular. In addition, the demand for efficient use of (0 -
rich natural gas has promoted studies to find new, highly active and stable catalysts for the reforming methane process. NiO has proven
to be the most suitable catalyst for industrial application of the reforming process. To overcome the disadvantages of NiO-based catalysts
such as coke formation and sintering at high reaction temperatures, many diverse researches from using new carriers to supporting
catalyst by alkali, alkaline earth metals and other metal oxides to improve the catalyst synthesis method have been conducted. As a
result, highly efficient catalysts were created, partly thanks to the reduction of the reaction temperature from 800°C to 700°C, the coke
formation significantly decreased and the stable working time of the catalyst increased to over 600 hours.

Key words: (0,-rich natural gas, dry reforming, bi-reforming, catalyst.
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