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Tém tit. Phan tmg CO, reforming gan day ndi 1én nhu mot phuong phap tiém ning san xuat khi tong hop
tur khi ty nhién giau CO,. Trong khi do, xuc tac Cobalt voi chat xuc tién dang dugc nhan dugc nhidu sy
quan tdm boi chiing khong chi ¢6 hoat tinh xuc tac tét cho phan tng CO, reforming ma con pht hop cho
cac ung dung quy mo l6n. Nghién ctru nay danh gia hoat dong ctia 5%Lal0%Co/Al,O3 trong phan ung CO,
reforming & cac nhiét do phan mg khac nhau trong diéu kién ap sut riéng phan téc chét lan luot thay doi.
Su hién dién qua mirc ciia CH, trong nguyén liéu tao diéu kién thuan lgi cho qua trinh phan hity CH, trén
xuc tac din dén tic nghén cac tim hoat dong. Sy gia ting ctia Pcy , 1am tang kha nang hap thy CH, trén bé
mit chét xuc tac, do d6 lam ting lugng CO; chuyén héa thong qua phan mg. Su ting Peo,thiic day phan
{mg khi héa cin cacbon tir qua trinh phan hity CH,. Tdc d6 chuyén héa ctia CHy chiu dnh hudng nhidu boi
su tang nhiét do so voi CO». Phan tng CO, reforming trén xtic tac 5%Lal0%Co/Al,O3 da dugc chiing minh
1a xay ra theo co ché hap phu dong thoi ciia CHy va CO; trén céc vi tri hoat dong kép hodc cac tim hoat
dong khac nhau va chét xiic tac thé hién su 6n dinh tot trong sudt 48 gid phan ing ¢ 1023 K.

Tir khéa. Khi tong hop, CO; reforming, dong hoc, xiic tac cobalt, nhom oxit.

1. TONG QUAN

Khi hydro (Hz), mét trong hai thanh phan chinh ctia khi tong hop, duoc xem nhur 1a ngudn nhién liu tiém
nang nho vao kha nang tai tao va nhiét nang 16n (120,7kJ/g) [1, 2]. Khi H, cling dugc ting dung trong pin
ning luong dé tao ra dién va sir dung 1am nguyén liéu trong nganh cong nghiép thuc pham va y dugc [3-5].
Viéc m¢ rong pham vi img dung cua H, trong cong nghiép loc hoa dau nhu xir 1y hydro, hydro-cracking...
khién nhu cau ngudn cung cua nguyén liéu nay tang 1én [6].
Trong nhirg nam gan day, CO, reforming ndi 1én nhu 1a mét phuong phap phu hop dé san xuét khi tong
hop thay thé cho phwong phap truyén thong 1a H,O reforming von yéu cau cao vé d¢ tinh khiét cua khi
nguyén liéu. CO; reforming sir dung nguyén liéu 1a CO, va hydrocarbon mach ngan, phd bién 1a CH,, duoc
mo ta nhu trong phuong trinh (1).

CO,+ CH, — 2H, + 2C0 (1)
Qué trinh khai thac tham do dau khi hién nay phat hién ra nhiéu mo khi c6 thanh phan CO, 16n tai khu vyc
chau A nhu Malaysia, Thai Lan, va Viét Nam... va CO,, CHs ciing ton tai trong hau hét cac mé khi thién
nhién, do d6 viéc ap dung CO; reforming dé san xuét khi téng hop s& khong cin cong doan tach loai CO;,
nhu trong qua trinh steam reforming [7]. Ngoai ra, san pham cua qua trinh CO; reforming c6 ti 1¢ Ho/CO
xap xi bang 1, phtt hop cho cic qua trinh tong hop, san xuat tiép theo nhu 1am nguyén liéu cho phan tng
FTS hoac tong hop methanol [7].
Cobalt (Co) trén chat mang Al,Os da chimg minh duoc hiéu qua va c6 nhimg dic diém pht hop cho tng
dung 1am xuc tac phan tmg CO, reforming trong cong nghiép nhu: hoat tinh cao, bén nhiét, it hinh thanh
cbc. Dic biét, cac tinh chat nay cua xiic tac ting 1én dang ké khi két hop voi chat xic tién La,O; [8].
Nghién ciru dong hoc trong phan tmg xuc tac 1a khong thé thiéu dé hiéu day du vé co ché phan tmg va hoat
dong clia chét xuc tac trong phan (mg CO; reforming. Hon nita, ¢ thé thiy ring cac tham sé van hanh nhu
nhiét do co thé anh hudng dén hiéu suit xuc tac va co ché phan rng, dic biét 1a trong viéc xac dinh budc
han ché toc d6. Do d6, muc tiéu ciia nghién ctru nay 1a khao sat anh hudng cua cac thong sé van hanh: nhiét
d6 (923-1073 K) va 4p suét riéng phan tac chat (10-40 kPa) 1én higu suét xiic tic, ciing nhu nghién ciru
dong hoc va co ché cua phan tmg CO; reforming trén xac tac 5%Lal0%Co/ALOs.
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2. PHUONG PHAP NGHIEN CUU
2.1 Tong hgp chit xic tic

Chat mang nhém oxit (Al,03) duoc tong hop bang phuong phép thiy nhiét, cu thé, 1,96 g Pluronic® P-123
(Sigma-Aldrich, St. Louis, Missouri, My) dugc hoa tan trong 29,5 ml hdn hop dung moi etanol (VWR
Chemicals, Heverlee, Belgium) -nude (ti 1& 25% nudce va 75% etanol theo thé tich). Qua trinh khudy duoc
thyc hién ¢ nhiét d6 phong trong 30 phut trude khi thém 7,36 g tién chat AI(NO3);.9H,0 va 3,14 ml dung
dich HCI1 (37%) (Merck Millipore). Hon hop sau d6 duge tiép tuc khudy trong 1 gid va trai qua qua trinh
thuy nhiét ¢ 373 K trong 24 gi¢ trong thiét bi cao ap. Sau qua trinh thuy nhiét, hén hop chuyén sang dang
gel va duogc sdy 48 gio ¢ 333 K. Sau d6, mau duoc gia nhiét voi tée d6 1 K/phut tir nhiét ¢ phong dén
1073K va thyc hién qua trinh nung & 1073 K trong 5 gio trong 16 nung Carbolite CWF 1200 (Sheffield, Anh).
Nhom oxit thu duge ¢ dang bot trang va dugc nghién tao kich thudc 125-160 um dung cho qua trinh téng
hop tiép theo. Chét xuc tac voi thanh phan 5%La, 10%Co trén chit mang ALOs, ky hiéu 1a 5%La-

10%Co/ALOs, duoc tong hop bing phuong phap dong tam, trong do, mu6i Co(NO:3),.6H.0 va
La(NOs)3.6H20 dugc hoa tan voi luong etanol t6i thiéu va tam 1én chat mang ALOs. Hon hop duoc tiép tuc
dao tron trong 1 gid sau d6 duge dem di sdy qua dém ¢ 373 K. Qua trinh nung ¢ 873 K trong 5 gid duoc
tién hanh sau khi mau duoc gia nhiét v6i toc do 1 K/phut tir nhiét d6 phong dén 873 K.

2.2 Phan tich dic tinh chit xic tac

Thiét bi hdp phu khi (Tristar IT 3020, Micrometrics, USA), sir dung nito hoa 1ong & 77 K, dugc sir dung dé
kiém tra cac dic tinh két cAu cua xic tac. _Trudc thir nghiém, mau thir duoc nung trong dong N» & 573 K
trong 1 gior dé loai bo cac tap chat va hoi am. Phén tich nhiéu xa tia X duoc thyc hién trén may quang phé
Miniflex 600 (Rigaku, Tokyo, Nhat Ban) v6i nguon birc xa Cu (A =1,5418 A) Tat ca cac mau nhiéu xa
duogc ghi lai & pham vi quét 5-80° v&i bude quét 1a 0,02° va toe do quét 1°/phut. Co s& dit lidu tiéu chuan
(JCPDS) duoc sir dung tham khao dé xac dinh peak. Két qua phan tich CO,-TPD duoc thuc hién trén thiét
bji AutoChem 11-2920. Ban dau, mau dugc khir bang dong Ha (10%H,/Ar véi luu luong 60 ml/phut) & 1073
K trong 1 gio, sau do dugc lam ngudi béng N dén nhiét d6 423 K. Qua trinh hép phu CO; duogc thuc hién
& nhiét 6 nay voi dong 60 ml/phiit 10%COy/Ar trong 2 gid. Luong CO; du dugc thdi sach bai N, trong 30
phiit trude khi qué trinh giai hap dién ra. Lugng CO; hap phu dugc do lién tuc khi nhiét d6 tang dén 1073
K va lugng CO; thoat ra theo thoi gian duge phan tich bang dau do TCD. Qua trinh khir theo chwong trinh
nhiét H, (H-TPR) duoc thuc hién trén thiét bj AutoChem 11-2920 (Micromeritics, Georgia, US). Dbi voi
mdi 1an chay, khoang 50 mg chat xiic tic dat & tim clia mot dng chit U bang thach anh va dugc thdi N, ¢
373 K va 30 phut, tiép theo 1a budc khir trong dong 10%H,/N, (50 ml/phut) véi nhiét do dugc 1ap trinh tir
373 K dén 1173 K tc d6 10 K/phiit. Mau khir dugc giit khong d6i ¢ 1173 K trong 30 phut trude khi ha
nhiét Xuéng nhiét d0 moi truong trong No.

2.3 Danh gia hoat tinh xuc tac

Hoat tinh ciia xtic tac dwoc danh gia ¢ khoang nhiét ¢ 923 — 1073 K. Anh hudng ctia ap suét riéng phan
tac chat den hi¢u qua phan ng cling dugc khao sat. Hé thong thye hién phan ing bao gom 16 phan tng co
dinh hinh 6ng c6 chiéu dai 17 in va dudng kinh ngoai 3/8 in. Véi mdi thi nghiém, khoang 0,1 g chat xuc
tac duge cb dinh ¢ gitia éng bﬁng soi thach anh. Qua trinh khir hoat héa xuc tac dugc thuc hién béng dong
khi 50% H2/N», nhiét d6 1023 K trong 1 gi¢ va phan ung duoc thyc hién voi van tbe khong gian ¢6 dinh
(GHSV) 14 36 L/(gea.gi0). Cac thanh phan trong dong san pham khi dugc phan tich bang may sac ky khi
v6i dau do dan nhiét (TCD). Hiéu suit va do chuyén hoa dugc tinh toan theo cac cong thirc sau:

D6 chuyén hoa

LTL out

X; (%) == % 100% )
Hiéu suét CO, H,

Fout
Yoo (%) = —L9—— x 100% 3
€0 (FCH4+ Coz) )

out

Yu, (%) = FCH x 100% (4)

4

Tbc do tao thanh Ha, co
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out

F

ry,(mol.g™'.s71) = lezat (%)
_ _ FOut

Tco (mol.g s = choat (6)

Trong do, Xi: do chuyén hoa cta i, Fi: toc do dong cuia i, ¥i: hiéu suét ctia I, W..: khdi luong xuc tac.
2.4 Nghién ciru dong hoc ciia phan ung

Pé xac dinh phuong trinh téc do chuyén héa ciing nhu toc do tao thanh san phdm cua phan ting CO,
reforming, cac so li€u thuc nghiém dugc ap vao mo hinh dinh luat lily thira va dinh luét Arrhenius.

r = k(P X Pl,) (7)
k=AXexp (_IT?) (8)

Trong do r 1a toc do phan tmg, 4 1a hé s6, E, 1a nang lugng hoat hoa, P; 1 ap suat riéng phan ciia chét i, R
la hang so0 khi ly tuong, T'la nhiét d(f)’, m va n la bac phan tng. . . .
Cac thong s6 dong hoc nhu hang s6 toc d6 (k), bac phan tng (m va n) dugc tinh toan bang phan mém
Polymath 6.0 sir dung ky thuat hdi quy phi tuyén Levenberg-Marquardt (L-M) binh phuong cuc tiéu. Mo
hinh Langmuir-Hinshelwood (LH) dugc ap dung dé phan tich chi tiét hon co ché phan mg va xac dinh cac
thong s6 dong hoc nhu hang s toc do phan tmg chung (K, ), hang s6 hip phu tac chat (kg . Vakeo,).
Ngoai ra, cac didu kién Boudart-Mears-Vannice (BMV) ciing dugc khao sat.

InkK; = Az;ds 4 ~ads (9)

10 < —ASeyp < 12, 2 +0,0014 X AH,y, (10)

Trong d6 K; 13 hing s6 hip phu (i = CH, hoic CO.), ASexp 12 bién thién entropy (J/mol.K), AHgyp 12 bién
thién enthanpy (J/mol).

Cac phén tich dong hoc phan ung reforming trén chat xuc tac dwa trén mo hinh Langmuir-Hinshelwood
(LH) véi biéu thuc toc do dé xuat dugc tom tit trong Bang 1.

Bang 1. Cac biéu thirc toc do theo co ché LH duoc d& xuat cho phan tng reforming

STT Phuong trinh toc d§ Mb ta Tai liéu
LH-1 Hap phu phan tir CHs va CO 9
krvnPCHAPCOZ ap phu phan 4va COz [9]

trén 1 tAm hoat dong

(1 t KCH PCH + KCOZPCOZ )2

LH-2 k P. P Hap phu phan tir ca CHs va [10]
rn” CHy~ €Oy CO> ¢ 2 tAm hoat dong khac
(14 Ky, o, ) (14 Koo, P, ) nhau
LH-3 Hap phu phan tir CH4 va hap [11]
rxn CH4 CO phu phéan ly CO; trén 1 tam

LH-4 k. P Hap phu phan tir CH4 va hap [11]
CH co, phu phén ly CO; trén 2 tam
hoat dong khac nhau
(1 K P, ) (1 Ko, P, )
LH-5 k [P, P Hap phu phan ly CHs va CO: [12]
\[ cH,* co, trén 1 tAm hoat dong

(1+ YK P, + Ko Peo, )|
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LH-6 k [P P Hap phu phan tir CH4 va hap [13]
CH," CO, phu phan ly CO: trén 2 tdm

(1+M)(l+m) hoat dong khac nhau

3. KET QUA VA BAN LUAN

3.1 Phan tich xtc tac

Tinh chét hoa 1y ciia xic tac 5%La-10%Co/Al,Os dwoc phan tich va thé hién tom tt thong qua hinh 1.
Pudng hap phu/giai hap thugc dang IV theo phén loai ciia IUPAC va xudt hién vong tré H1 (hinh 1a) ching
t6 xUic tac co cau trac xOp trung binh voi cac 16 rdng hinh try dong nhét. Kich thudc 16 x6p phan bd trong
khoang 3 — 9 nm. Pho nhiéu xa tia X (hinh 1b) cho thay sy ton tai ctia chit mang AL,O; dang gamma thé
hién cac peak ¢ dinh 26 1a 37,4°, 39,6°, 46,0°, 67,0° va 77,1° (JCPDS $b 04-0858) [8]. Cobalt ton tai trong
xuc tac & 2 dang: pha Co304 véi cac peak 26 & 31,3°, 37,0°, 44,9° va 55,8° (JCPDS s6 74-2120) [14] trong
khi pha CoAL,O4c6 cac peak 26 & 59,6° va 65,4° (JCPDS sb 82-2246) [15]. Sy hién dién cua tinh thé La,Os
ciing dugc chimg minh qua peak 26 & 29,9° (JCPDS s6 83-1355) [16].
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Hinh 1. Két qua phan tich xiic tic 5%La-10%Co/AL20; (a) phd hap phu giai hip N2, (b) pho XRD, (c) pho CO2-
TPD, (d) phd H2-TPR

Tinh chat bazo ciia xuc tac ctng duoc lam sang t6 théng qua phén tich CO,-TPD, cu thé trén hinh 1c co sy
xuat hién mot dinh rong cho thay su ton tai cua cac tim bazo trén bé mat vat li¢u trong khoang nhiét do tur
450 dén 950 K. Pho giai hap CO, dugc phan tach thanh 2 dinh véi gia tri cyc dai ¢ 510 K va 625 K thé hién
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hai loai tam bazo trung binh va manh ton tai trén bé mit xtc tac. Tinh chat khir cia xuc tac thé hién qua
phd phan tich H,-TPR (hinh 1d). Trong d6, xuat hién ba dinh riéng biét. Hai dinh dAu tién dic trung cho
qua trinh khtr hai budc ctia CosO4 thanh kim loai Co® thong qua su hinh thanh pha trung gian CoO (Co30s4
— Co0 — Co) [16]. Tin hiéu rong va khong dang ké xuét hién 6 trén 1000 K duoc cho 1a do phan tmg khir
CoAlO4thanh kim loai Co® [17]. Cuong do thip cua dinh nay chimg to ham luong twong ddi nhé CoALO4
50 v6i pha Cos0y4 trong chat xtic tac.

3.2 Anh hwéng cia 4p suit riéng phan CH4 va CO;

Su phu thudc ciia dd chuyén héa CH, va CO; vao ap suat riéng phan cua tac chét trong phan tng CO;
reforming trén xtic tac 5%La-10%Co/ALOs dugce thé hién trong hinh 2. Vi sy gia ting ap suat riéng phan
CH, tir 10 dén 40 kPa (hinh 2a), & bat ké nhiét do phan tmg d6 chuyén héa cia CHy giam 34,7%. Diéu nay
c6 thé duoc giai thich 1a do sy hién dién ctia nhiéu phan tir CH, trong nguyén liéu lam gia ting phan tmg
phan hity CHy tao thanh cin cacbon va can tré hoat dong clia cac tim xuc tac. Trong khi d6, ¢ chuyén hoa
ctia CO, ting 1én va dat 94,6% (hinh 2b). Két qua trén phi hop voi gia thiét vé xac suat va cham ctia hai tac
chat khi CH, bi hap phu nhiéu hon trén cac tim xuc tic kéo theo sy chuyén hoa nhiéu hon CO, thong qua
phan tmg reforming. Lap luan nay ciing twong ty nhu giai thich trong cac nghién ciru gan day dbi v6i phan
{mg reforming CH, sir dung xtic tic Cerium trén chat mang [18, 19]
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Hinh 2. Anh hudng ctia 4p suét riéng phan CHs dén d6 chuyén hoa ciia phan tmg CO: reforming trén xuc tac 5%La-
10%Co/AL203 ¢ 923,973, 1023 va 1073 K

Dang chu ¥ 1 toc do chuyén héa ca CHy va CO, déu tang cling voi ap suat riéng phan CH, va nhiét d6 phan
tmg, thé hién ¢ hinh 2c va hinh 2d. Khi P¢y;, < 20 kPa, téc d9 chuyén héa CO; cao hon ctia CHa do 4i luc
manh ctia CO, v6i tim bazo trén xuc tac khi ti 1 tac chét thap. Trong khi d6 khi Py , > 20 kPa, phan tmg
phan hity CHy4 dién ra manh mé khién tdc do chuyén hoa cia CHy 16n hon so voi CO, [20, 21].

Mat khac, khi gilt nguyén ap suét riéng phan ctia CHs & 20 kPa va tang ap suét riéng phan ctia CO, tir 10
kPa dén 40 kPa, d9 chuyén hoa ciia CH, tang va dat 94,8% (hinh 3a). Hién tuong c6 lién quan dén sy ting
1€n ctia phan g oxy hoa cén cacbon tao thanh tir qué trinh phan hiy CHy4 [22].
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CH, —CH,_, —> H, + CO (11)
-H, +C0,
Trong d6 C, H;_, 1a can cacbon véi x < 1. i
Trong nghién ctru cua Donazzi va cac cong sy cling chi ra rang d6 chuyén hoa CH, tang 1én khi tang P,

do sy xuat hién cta phan tng reforming v6i hoi nudc hinh thanh tir phan itng RWGS (phuong trinh 12)

trong moi trudong giau phan ti CO; [23].

CO, + Hy, & CO + H,0 (AGy = —0,03T + 38,26 kJ.mol™ 1) (12)
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Hinh 3. Anh huéng cua ap suét riéng phan CO> dén d6 chuyén hoa trong phan tng CO> reforming trén xuc tac
5%La-10%Co/Al203 ¢ cac nhiét d6 923, 973, 1023 va 1073 K.

Tuy nhién, d¢ chuyén héa ciia CO, giam khi ting ap suat riéng phan P¢o, trong nguyén ligu trr 10 dén 40
kPa (hinh 3b). Két qua nay 1a do sy thiéu hut phan tir CH, trong nguyén liéu lam tac chat cho phan tmg CO,
reforming. Bén canh d6 Omoregbe va cic cong su ciing gidi thich rang khi ting mat d6 CO, trong nguyén
lidu, cac tam hoat dong cua xuc tic dé dang bi oxy héa dan dén giam kha ning hip phu CO, [24].

3Co +4C0, - Co30, +4CO (13)
Téc @6 chuyén hoa ctia CO; bi anh huéng nhiéu hon khi ting ap suét riéng phan CO; so véi toe d chuyén
hoa ctia CHy (hinh 3¢ va hinh 3d). Két qua nay 1a do CO; hap phy manh hon trén xuc tac 5%Lal0%Co/ALO;
so v6i CHy. Diéu nay xay ra tuong tu cho phan tmg trén xuc tic Ni/La,Os. Thyc té thanh phan La,O; trong
xuc tac gitp luu gitt CO, tot hon trén xtc tac [20].
3.3 Nghién ciru co ché ciia phan wng reforming trén xiic tic 5%La-10%Co/ALOs
3.3.1 M6 hinh dong hoc theo dinh ludt liy thira
Pé xac dinh toc dd chuyén hoa CH4 va CO;, trong phan tmg CO, reforming trén chat xuc tic 5%La-
10%Co/Al,Os, dit liéu tde do thuc nghiém thu duoc dugc ap vao md hinh dinh luat iy thira nhu dugce trinh
bay trong cong thirc 7. Phan mém Polymath phién ban 6.0 dugc sir dung dé xac dinh cac thong s dong hoc
thong qua thuat toan Levenberg-Marquardt. Cac thong so tinh toan dugc tom tit trong Bang 2.
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Béng 2. Cac tham s dong hoc tir mé hinh dinh luat lily thira

Xic tac Ciu tir m n A (mmol min! kPa ™) Ea (kj mol ™) R?
504La-10%Co/ALOs CHa4 0.73 0.19 1.77 18.93 0.98
CO2 0.13 0.72 2.11 15.53 0.97
5%Ni/MgAL 04" CHa4 - - - 26.39 -
CO2 - - - 40.43 -
Rh-Ni -ALO5™
1/Ce02-AL20s3 CHa i i i 37.00 i

Y Dt liéu thu dugc tir Tham chiéu Gou [25]
) Dit liéu thu duoc tir Tham chiéu Ocsachoque [26]

Ning luong hoat hoa biéu kién véi CO, 1a khoang 15,53 kJ/mol trong khi véi CHy 1a 18,93 kJ/mol. Piéu
nay cho thiy téc d6 chuyén hoa ctia CHy nhay véi sy thay doi nhiét do phan tmg hon so v6i CO,. Ngodi ra,
ning luong hoat hda trong nghién ciru niy thap hon so v6i nang lugng hoat hoa ciia phan tmg CO; reforming
trén xuc tac 5%Ni/MgALO4 va Rh-Ni/CeO2-ALOs. Su vuot troi cua xic tic nay co thé 1a do két hop hiéu
{mg cua viéc giam giir cac hat cobalt trong ciu tric xdp cuia chat mang va thudc tinh xtc tién ctia La,03. O
bang 2, gia tri R? thu dugc ciia cong trinh nay déu 16n hon 0,97 cho thay rang cac s liéu thyc nghiém phu
hop tot v61 mo hinh dinh ludt iy thira. Bac phan Gmg d6i v6i CHy (m) va COz (n) lan luot 14 0,73 va 0,19
va chi ra rang toc d6 chuyén héa CH, phy thudc nhiéu hon vao ap suét riéng phan cia CH, so voi CO..
Nguoc lai, d6 chuyén héa CO; phu thugc manh vao ap suét riéng phan ciia CO,. Biéu d6 chin 1¢ clia mo
hmh dinh ludt Iy thira gitta gia tri van tde phan ung theo mo hinh dinh luat luy thua ( Tpower law) V& Van
téc phan mg thyc nghiém (— Texp) duoc thé hién trong hinh 4. Ca hai gia tri déu rat gan nhau cho thay dir
liéu dong hoc thu duogc tir thuc nghiém phu hgp voi mo hinh dinh luat Iy thira.
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Hinh 4. Biéu d6 chén 1¢ cho téc d9 phan ting theo mé hinh dinh luat liiy thira

3.3.2 M6 hinh Langmuir-Hinshelwood

Céc tham s dong hoc bao gdm hing sb toc do tong quat, hang sé toc d6 hip phu CH4 va CO; dugc tinh
toan dya trén s6 liéu thyc nghiém bang phan mém Polymath 6.0 theo cic m6 hinh dé xuét trong bang 1. S6
li€u tinh toan dugc trinh bay trong bang 3. Trong cac mo hinh ap dung, chi c6 m6 hinh LH-2 va LH-5 1a c6
gid tri R?> 0,9, cic md hinh con lai ¢6 hé s6 R? khong dugc chap nhan. Do d6, cac mé hinh LH-1, LH-3,
LH-4 va LH-6 khong phti hop dé minh hoa co ché phan tmg trén cht xuc tac 5%Lal0%Co/ALOs.
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Ngoai ra, mo hinh LH-2 va LH-5 cho thiy xu hudng hing s6 toc d6 tong thé ting cing véi sy gia ting nhiét

do tir 923 K dén 1073 K, diéu nay phu hop véi tiéu chi Arrhenius. Do d6, cdc mo hinh nay s& dugc khao
sat thém bang cach su dung ti€u chi Boudart-Mears-Vannice (BMV).

Bang 3. Cac thong sb dong hoc dugrc tinh toan tir cic mo hinh LH duogc dé xuét

M6 | Nhiét do. Keen K, K., R Runsa
hinh X) (mmol min! kPa-("m) ! :
LH-1 923 9.75 x 10! -3.374 -2.78x10° 0.78 0.150
973 5.10 x 102 0.021 0.47x10! 0.98 0.072
1023 10.20 x 10! -1.430 -3.14x10° 0.71 0.412
1073 10.20 x 10! -1.248 -3.23x10° 0.72 0.435
LH-2 923 7.40 x 1072 0.202 0.73x10°! 0.95 0.068
973 8.30 x 102 0.025 2.61x10! 0.99 0.043
1023 9.20 x 1072 0.008 3.71x10! 0.99 0.055
1073 12.80 x 1072 0.005 4.69x10! 1.00 0.028
LH-3 923 17.75 x 107! 0.679 8.32 x 1014 -2.22 0.642
973 13.91 x 10! 0.772 9.96 x 101! -3.15 1.297
1023 14.91 x 10! 0.740 6.46 x 107! -2.90 1.503
1073 15.07 x 10! 0.736 5.76 x 10710 -2.79 1.606
LH-4 923 1.61 x 107! 0.070 1.19x10! 0.95 0.070
973 8.14 x 10! 0.865 -0.40x10"! 0.92 0.155
1023 7.69 x 107! 0.823 -11.67x10° 0.82 0.327
1073 7.83 x 107! 1.073 -12.91x10° 0.33 0.661
LH-5 923 3.06 x 10! 0.070 1.14 x10? 0.97 0.059
973 6.55 x 107! 0.040 4.26 x10° 0.97 0.100
1023 15.42 x 107! 0.121 3.68 x10°14 0.90 0.245
1073 16.27 x 107! 0.122 1.04 x10° 0.90 0.254
LH-6 923 3.43 x 107! 0.002 1.01x10! 0.97 0.060
973 7.82 x 107! 0.407 -0.42x10! 0.89 0.180
1023 9.29 x 10! 1.029 -14.12x10° 0.57 0.498
1073 10.22 x 10! 2.062 -15.72x10° 0.07 0.780

Céc thong sb thu duge tir mé hinh LH-2 va LH-5 duoc st dung dé tinh cac gia tri ning lwong hoat hoa,

bién thién enthalpy thuc nghiém, AH,qs va bién thién entropi hap phu thuc nghiém, AS,q. Két qua dugc tom
tat trong bang 4. Chi cac gi4 tri tinh toan tir mo hinh LH-2 thoa man tiéu chi BMV véi R? trén 0,90 trong
khi dir liéu nay cho mo hinh LH-5 1a R? = 0,43. Pang noi ning lugng hoat hoa tinh toan cho mé hinh LH-
2 (hinh 5) 1a 25,9 kJ/mol, khong khac nhiéu so véi gia tri thu duoc tr dinh luat Iy thira, ching té sy phu

hop ciia co ché dé xuat cta phan img CO; reforming trén xtc tac 5%La-10%Co/AlLOs

Bang 4. Cac udc tinh cia mo hinh LH 2 va m6 hinh 5 cho céc tiéu chi BMV

A AH AS E
STT Chat xp xp a R? BMV
(kJ/mol) (J/mol. K) (kJ/mol)
2 CH4 200.8 -233.7 25.96 0.93 Pat
CO2 96.5 -84.8 0.90 Pat
5 CH4 45.1 -24.3 97.65 0.43 Khong
CO2 1580.3 -769.1 0.93 Pat
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Hinh 6. Biéu d6 chin 1é cho té¢ d6 phan tmg ctiia CHs bang mé hinh dong hoc Langmuir-Hinshelwood

Biéu d6 chan 1¢ thé hién trong hinh 6 cho thay sy tuong quan | t6t gitra gia tri thyc nghiém va gia trj tinh
toan theo md hinh Langmuir-Hinshelwood. Tir d6 co ché dé xuit cho phan tmg CO; reforming trén xuc tac
5%La-10%Co/Al,O31a ¢6 su hap phu lién két hai vi tri kép cua ca CH4 va CO» trén tadm xtic tac va dugc thé
hién nhu sau:
CO; + Cat & CO, — Cat
(4-x)
#
CH, — Cat + CO, — Cat © 2C0 +§H2 + 2Cat

CH, + Cat & CH,, — Cat + H,

3.4 Khio sat dp bén ciia xiic tac

D6 bén cia xuc tac 5%La-10%Co/ALO; cho phan img CO; reforming dugc khao sat trong 48 gio ¢ didu
kién ti 1¢ nguyén li€u bang 1 va nhiét 6 1023 K. Két qua do chuyén hoa cuia tac chat theo thoi gian dugc
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thé hién ¢ hinh 7. Sy mat hoat tinh ctia xtc tac 1a khong thé tranh khoi trong sudt qué trinh phan tng, tuy
nhién, vdi xtic tac 5%La-10%Co/Al,O3 cua nghién ctru nay, mirc do giam do chuyén hoa twong ddi nho cua
CO2 (0.05%/gi0) va CHa (0.03%/gi0) chi ra rang xtic tac ¢6 do bén t6t. Két qua nay khing dinh vai tro cua
chét xtc tién La,0s trong vi¢c han ché su tich lliy cacbon trén bé mat xuc tac va kéo dai tudi tho cia chét
xuc tac.

100
| R P
90_.,.....A..l...:...........:f..t..f":.—'fu'.f.T:_T.‘.:T.‘..T.'..T.‘.t.‘
. 80+
S
<
70
60 = CH,
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Hinh 7. DB chuyén héa ctia tic chit theo thoi gian trong phan g reforming trén xuc tic 5%Lal0%Co/AlO3 &
nhi¢t d¢ 1023 K va ti I¢ nhap liéu 1a 1

4. KET LUAN

Trong nghién ctru ndy, xtc tac 5%La-10%Co/ALO; di duoc tong hop bang phuong phap dong tim kho va
cac dac tinh cia xuc tac duoc lam sang to. Sau qua trinh tam, xuc tac van giti duoc cAu trac xép va cobalt
hinh thanh trén cht mang & dang 2 pha 15 rét 1a Co;04 va CoALO4. Tt ca Cobalt oxit déu chuyén hoa
thanh Cobalt kim loai khi thyc hién qué trinh khir & 1073 K. Két qua khao sat hoat tinh xtc tic 5%La-
10%Co/Al,O3 cho phan tmg CO; reforming cho thay, su hién di¢n qua nhiéu cua CH, tao diéu kién thuan
loi cho viéc tao cde tir qua trinh phan huy CH, dan dén tic nghén cac tim hoat clia chat xtic tac, dong thoi
lam cho d6 chuyén hoéa ciia CO; tang 1én théng qua qua trinh reforming. O huéng nguoc lai, khi nguyén
liéu gidu CO», qua trinh chuyen hoa CH, tang 1én trong khi do chuyén héa cta CO, c6 xu hudng giam
xudng do sy thiéu hut tac chat CHa.. Cubi cung, phan tmg CO; reforming trén xic tac 5%La-10%Co/ALO;
duogc ching to 1a tuan theo sy hap phu lién két hai vi tri kép cua ca CH4 va CO; trén tm xtic tac. Chét xuc
tac cling co d6 6n dinh 6t trong 48 gid véi toc do giam do chuyén hoa khong dang ké ctia tac chat CO, va
CH. m¢ ra kha niang g dung trong san xuét khi tong hop trén quy mé 16n.

LOI CAM ON
Ching t6i ciing xin cam on cac nha khoa hoc da phan bién, gop y dé chiing t6i hoan thién hon bai viét ciia

minh
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THE KINETIC STUDY OF CO; REFORMING WITH CH4 USING La;0O3; PROMOTED
COBALT SUPPORTED ALUMINA CATALYST

TRAN NGOC THANG", BACH THI MY HIEN
Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City
*Corresponding author: tranngocthang@iuh.edu.vn

Abstract. The CO; reforming reaction has recently emerged as a promising method for producing syngas
from COs-rich natural gas. Whereas the Co-based materials with the addition of promoter appeared to be
potential catalysts and gained much attention since they not only own considerable catalytic activity for
CO; reforming reaction but are also suitable for large-scale applications. The performance of 5%La-
10%Co/Al>Os3 catalyst in CO; reforming reaction at various reaction temperatures while alternating initial
partial pressure of CH4 and CO- have been studied. The catalytic evaluation revealed that the excessive
presence of CHy could facilitate the direct CHs decomposition resulting in catalyst active site blockage. The
increment of Py, also gave rise to greater CH4 adsorption on the catalyst surface, consequently elevating
the CO; intake through the reaction. The increase of P¢(, provoked the gasification rate improvement of
deposited carbon from methane dissociation, therefore motivating the CHs conversion. The consumption
rate of CHy4 was evidenced to be more sensitive toward the changes in reaction temperature than CO,. The
CO; reforming reaction performed over 5%La-10%Co/Al,O; catalyst was convinced to follow an
associative adsorption mode of CH4 and CO> on dual or different active sites and the catalyst exhibited a
good stability during 48 h reaction at 1023 K.

Keywords. Syngas, CO- reforming methane, kinetic study, cobalt catalyst, alumina.
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