TAP CHi KHOA HOC VA CONG NGHE Tap 45, sé 6(DB), 2007 Tr. 227-254

METAN HOA CO, VA HON HOP CO + CO, TREN CAC HE
XUC TAC NIKEN

LUU CAM LOC, NGUYEN MANH HUAN, HO ST THOANG
1. MO PAU

Phan (mg metan hoa CO va CO, dugc img dung trong cac nha méy loc dau, nha may hoa
chit, dé loai bo hodc chuyén hoa cac oxit cacbon, Tai nha may san xuat phan dam Pha My, phan
{rng metan hoa dugc tién hanh theo céng nghé HALOOR TOPSOE sir dung xiic tac PK-7R [1].
Cac nghién ciru truéc ddy cia chiing toi da thu duge mét sé két luan quan trong vé thanh phin,
tinh chét va hiéu qua cda hé xdc tic NiO/chit mang dbi voi phan img metan hoa CO [2, 3]. Tuy
nhién, trong thuc té ludn tdn tai déng thoi ca CO va CO, trong cac hdn hgp khi. Do dé metan
hoa CO, va hdn hop CO + CO, cin dugce quan tim nghién ctru v&i muc dich san xudt hidro,
dang ning lugng méi chit lugng cao va giam hidu img nha kinh trong qua trinh st dung nhién
tiéu [4 - 8]. N6i dung clia bai bao 14 nghién ciru phan ing metan hoa CO; va hén hop CO + CO;
trén cac xic tac ¢6 thanh phéin ti wu dd dugc xac dinh trong cac cong trinh nghién ciru cua
chiing tot trude day cho phan img metan hoa CO [2, 3].

II. THY'C NGHIEM

Cﬂat mang vi cac xic tac duge didu ché theo phuong phap da dwoc mbd ta trong (2, 3] va
sau khi siy, dugc nung ¢ 600°C trong 4 gio. Tién chit cho xiic tac dugc chon la mudi nitrat
(Nl(NOg,)z 6H20) chat mang di tir AI(NO;);.6H;0 va Si0; (Merk, Brirc). Trude mdi thi nghlem
cac mau Xuc tac déu dugc khir trong dong H, véi luu lugng 3 I/h & nhiét d6 400°C trong 8 gid.
Thanh phén t6i vu cha cac mau xuc tac dugc lya chon theo két qua nghién ciru truée day [2, 3]
va dugc liét ké trong bang 1.

Dién tich bé mit riéng, kich thudc quan thé kim loai va tinh chit oxi hoa-khir ciia cac mau
xiic tac dugc nghién ciru bang cac phuong phap hip phu (BET) khi nito, chudn dd xung, khir
theo chuong trinh nhiét d (TPR) trén may CHEMBET3000. Thanh phan pha cta vét liéu dugc
khao sat bang phwong phap nhleu xa tia X (XRD) trén may Shimadzu X-Ray Diffractometer
XD-5A. Sy phin bb clia cac quén thé niken duoc nghién ctru bang phuong phap hién vi dién tir
quét (SEM) trén thiét bj S-4800, Hitachi. Hoat tinh xiic tic dugc khao sat trong so do dong vi
lugng; nhiét d6 phan tmg trong khoang 220 - 300°C; tc d6 dong (khi) phan tng 8 I/h, ti 1€
(mol) H,:CO; (trong metan hoa CO,) hodc H,:CO (trong metan hoda CO) = 100:1 va H2 C0O,.CO

= 100:1:1 (trong metan hoa hén hop). H3n hop phan tmg dugc phin tich trén may sic ki khi,
nhu d3 mo ta trong [2, 3].

III. KET QUA VA THAO LUAN

1. Cac ddc trume li - hoa caa xiic tac
Dién tich bé miit riéng
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Bang 1. Bé mit riéng (Sger) cia cac chit mang va céc chit xiic tac c6 thanh phén téi uu

£ Suers I Sger,
Chat mang mzlg Chat xac tac Ki higu mz/g
37,7% NiO/y-AlOs Ni/Al 125
37,7% NiO + 0,1% CeO; /y-AlLO; NiCe/Al 62,3
¥y -A|203 215
‘ 37,7% NiO + 0,3% Li,O /v-ALOs NiLi/Al 53,3
37,7% NiO + 10,2% CaO0 /y-AlLO; NiCa/Al 57
TiO, 47 7,5% NiO/TiO, Ni/Ti 52
30% NiO/SiO, Ni/Si 70
Si0; 168
30% NiO + 7%Ca0/Si0, NiCa/Si 61
AlLO; +510; 69 25% NiO/ 30%vALO; + 70%S5iC, Ni/AI+SI 69

Cac s6 1igu bang 1 cho thdy, cac chit mang déu thudc loai vét liéu ¢6 mao quan trung binh.
Khi thém céc cac phu gia thi dién tich bé mit riéng cua cac mau xic tic déu giam. So vdi canxi,
liti va xeri lam thay d6i Sger chia xtc tac manh hon. V&i chi 0,1% CeQ, dién tich bé mat riéng
cua x0c tac di giam ~ 50%, con v&i 0,3% LizO - gidm 57%, trong khi d6 thém 10,2% c dién
tich bé mat riéng cua xic tac giam 54%. Déi voi xic tic duge mang trén SiQ,, thém 7% Ca0
dién tich bé mat riéng chi giam 13%; tir 70 xudng 61 m*/g. Sy thay ddi dai luong bé mat riéng
khi mang cdc oxit 1én chit mang nhu duoc md ta trong bang 1 ¢6 thé duoc giai thich 14 do giira
cic phy gia va cac thanh phin cia xic tic c6 tuong tac khac nhau, lam thay d6i cdu tric cia

ching,

1. Két qua khao sat biing phwong phap XRD

nARAAANAAANNR

DO

byl

ML

2 Theta - Scale

Hinh 1. Ph$ XRD cia cdc xic tac NVAL I- Ni/Al; 11- NiCe/Al; 1I-NiLiAl; [V-NiCa/Al
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Phé XRD ciia cac hé xic tac Ni/Al duge trinh bay trén hinh 1, con cia cic miu xic tac con
lai, trén hinh 2,

Hinh 1 cho théy, trong xic tac Ni/Al cé pha tinh thé NiO ty do, spinel NiAl,O4 duge tao ra
do twong tac giita niken va chdt mang, con tinh thé Al,O, khéng xuit hién. Trong phd cia xtic
tac NiCa/Al xudt hién thém vach phd dac trung cia CaO dang tr do. Trong cic miu xic tac
NiCe/Al va NiLi/Al khéng thé phat hién dugc CeO, va Li,O c6 thé vi ham lugng cila chiing rét
thap.

Trong cic mau xic tac Ni/Si (hinh 2), c¢é céc pha tinh thé NiO va 510, dang vd dinh hinh,
mét phin nhé & dang a-tridimite va o- crystobahte Khéng thay xudt hién pha Ni;Si0, chimg to,
twong tac gitta Ni v&i chat mang rét yéu, C6 sy twong tic gilra CaO véi chét mang tao ra cac
spinel Ca;Si0;s va Ca;51,0,, nhung ciing khong thay c6 sy trong tac nao giira phu gia canxi va
niken. Trong méu xac tac Ni/Ti, TiO, ton tai chd yéu & dang anatas va mot luong nhd rutil,
niken tén tai & dang tinh thé NiO va trang thai SMSI dang NiTiO;. Trong miu xiic tic mang trén
chit mang hén hop Ni/Al+Si khong thdy xudt hién céc dinh dic trung cho Al O; ma chi cé cac
dinh dic trung cho SiQ, va NiQ, ddng thoi ciing khong xuat hién cac vach phd méi.
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Hink 2. Phd XRD ciia cac miu xvc tac: 1- Ni/Si; 2- NiCa/Si; 3-NVAHSi va4- Nl/Tl
{A: Anatase, R: Rutile)

2. Két qua chuén d$ xung

Két qua phén tich chuén db xung dugc trinh bay trong bang 2. Cac miu xtc tac Ni/Ti,
Ni/Al, Ni/Si va Ni/Al + Si c6 kich thuéc quan thé Ni nim trong khoang t6i wu cho phan tng
metan hoa CO (10 - 20 nm) [9]. Trong mau xtc tac 30 Ni/Si niken ¢o kich thudc tinh thé hoi cao
hon gia tri t01 vu. Nhin chung, d§ phén tin Ni trong cac mau xtic tic déu cé gia trj kha thép,
phén 16n ndm trong khoang 8% - 10%. Riéng trong hai miu xic tac mang trén Si0, 1a Ni/Si va
NiCa/Si, dg phan tan Ni chi dat tu’(mg ang 6 va 4%. Mic du mdu xiic tac Ni/Al + Si cé dién tich
bé mit riéng thép hon so véi cac miu mang trén chit mang don oxit nhung ching lai co d phén
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tan ciia Ni cao hon nhiéu va kich thudc tinh thé Ni rat nhé. Diéu ndy c6 thé dugc gidi thich nhu
sau: céc két qua khao sat b{mg cac phuong phap XRD, SEM va hap phu BET déu cho thay,
trong hé xiic tac mang trén hén hop oxit, Si0, t0n tai & trang théi tinh thé phan tan va pha hén
hop Ni-Al-Si; diéu d6 1am han ché d6 linh déng cua niken, dan t&i két qua la Ni tdn tai trong céc
quéan thé kich thwdc nho tip trung trén bé mat.

Bang 2. Dién tich bé mat Ni trén 1 g xtc tac (Sy;), dién tich bé mat ctia 1 g Ni (S°y), kich thude
tinh thé niken (dw;) va d6 phén tan niken trén bé mit xiic tic (yn;) cha cac hé xic tac

Chit xic tdc Seer(m’/g) | Sw(m’/g) | S’n(mg) | dni(um) | vy (%)
Ni/Ti 52 4 68 15 10
Ni/Al 125 20 54 19 8
NiCa/Al . 70 20 53 19 8

Ni/Si 70 40 12 25 6
NiCa/Si 61 2 27 37 4
Ni/A+SI 69 16 66 10,3 10

Két qua bang 2 cting cho thiy, d6i véi xic tac Ni/AL thém 10,2% CaO lam cho dién tich bé
mat riéng ciia mau xuc tac giam 44%, nhung kich thuéc tinh thé niken va dd phén tan niken thay
ddi khang nhiéu. Trong khi d6 chi 7% phu gia CaO da lam ting gia trj dy; va gidm vy; clhia mau
xtc tic NU/Si xubng 1,5 lan, mc di dién tich bé mat riéng ciia né chi giam 13%. Nguyn nhan
ctia sy khac nhau trong anh hudng coa CaO d6i véi hai hé xic tac nay cd thé 1a do trong xuc tac
NiCa/Al CaO chi ton tai & dang CaO tr do, com trong xuc tac NiCa/Si dang spinel Ca;Si0Os va
Ca;8i,0; duge hinh thanh.

3. Két qua khao sat TPR

1— 37 TNi+10.2Cq/Al 3 37.7NITAI [Lwa& 2 30NI+7CaISI
4 37INHO3LIZAI 2 37.7M+0.1CelAl 350
< % 150 +
7 %100 {:
& 50 -
Terperatue o)
Temperature (o C)

Hinh 3.1, Gian dc"? TPR cia cac¢ xic tac NiQ trén Hinh 3.2. Gian dd TPR clla cac xuc tac NiO trén
chit mang y-Al,O; chit mang SiOQ,
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Hinh 3.3. Gian @5 TPR ciia xac tic NiO mang trén Hinh 3.4, Gian db TPR cia xdc tacNi/Ti

30% - ALO,; + 70%Si0,.

Gian d6 TPR cua cdc miu xic tac trén chit mang nhdm oxit va titan oxit (cdc hinh 3.1 va
3.4) da duoc din ra va thao luan trong cic cong trinh trude dy [2, 3]; c¢o thé trinh bay tom tit
nhu sau: Trong x0c¢ tac Ni/Ti chi ¢6 mdt dinh khir & 550°C, dac trung cho qua trinh khir spinel
NiTiO; [9]. Trong xic tac NifAl ¢o dinh khir N trong NiO (T, = 484°C) spinel NiALO,
(500 - 600°C) va dinh thir ba & 825 - 850°C dac trung cho sy khir coa chét mang. Thém 0,1%
CeO; khong lam thay doi nhiét d6 kher cha chait xuc tac, thém 0,3% LiO, cling lam ting nhiét do
khir khéng nhiéu, nhung khi thém 10,2% CaO cac nhiét d6 khir ting xap xi S0°C. Tuong ty, doi
v@i xtic tac Ni/Si, khi thém 7% CaO, nhiét d6 khir cia NiO trong xiic tac ciing ting khoang 30°C
(826°C s0 voi 451°C). Nhu véy, ¢6 thé cho réng, thém CaO vao cac mau xiic tac Ni/Al va Ni/Si
da 1am cho Ni** kh6 khir hon. Gian dd TPR cia méu xdc tac Ni/Al + Si chi cé dinh khir dic
trung cua NiO (T = 480°C) khoéng thay xuét hién dinh dic trung cia spmel N1A104 Nhiét 3o
khir cia NiO trong cac mau x0c tac ting theo thir ty sau:

Ni/8i < Ni/AHSi < Ni/Al = NiCe/Al< NiCeAl <NiCa/Si < NICaJ'AI <NV/Ti. (D

Tuy nhién, c¢6 thém phu gia lugng Ni** bj khir ting lén. Trong miu xuc tic Ni/Al thém
10,2% CaO va 0,1% CeO, da lam ting s Ni*" bj khir 16n 5%, con chi véi 0,3% Li0, d lam tang
dai lugng nay 1én 62%. Anh hudng ciia CaO trong xic tic NiO mang trén SiO, thé hién rd rét
hon. Khi thém 7% CaO lwong Ni** bi khir tang hon hai l4n so voi trong médu Ni/Si. V& luong
tam Ni*" bj khir tinh trén 1 g miu thi cac xic tic mang trén ALO; ¢6 gi tri cao nht, sau d6 dén
NiCa/5Si, xép tiép theo 14 Ni/Si va Ni/Al + Si; con mau Ni/Ti ¢6 lugng tim Ni** bj khir thép nhit
do ham legng NiO trong d6 nho nhit. Ti Ié sé tim Ni®* bj khir tinh trén 1 g ca¢ miu xdic tac so
véi mau Ni/Ti duge xac dinh nhu sau:

Ni/Ti: Ni/Al+Si: Ni/Si: NiCa/Si: Ni/Al: NiCe/Al: NiCa/Al: NiLi/Al =
b 1,9 19 : 42 : 51: 53 : 53 : 86 (2)

Gia trj cac dai lugng ny; va y; xap xi nhau, cho thdy hiu nhu toan b sb tim NiO phan tan
trén bé mit déu dugc khir hét.

Quan sat anh chup SEM (hinh 4.1, 4.2) cua hai xuc tac c6 do chuyén hoa CO va CO; cao
(Ni/Al va NiCa/Al) cho thiy, b mat cia hai xtic tac nay tuong d6i ddng déu, chira ¢ac hat nho,
min; c6 sy két khdi nhung it. V&i cing mot do phén glal thi bé mit cila xic tac NiCa/Al gd ghé
hon do su c6 mit cia CaQ v&i ham lugng Iém. Diéu nay 1y giai vi sao bé mit riéng cua xuc tac
NiCa/Al thap hon nhiéu so voi xic tic Ni/AL
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Bang 3. Nhiét d khir cuc dai (Tpe ), dién tich dinh khir (S,,,,), s6 mol H, tiéu thu (my,), va
s6 lugng tam Ni®* dugce khir (myz. ) tinh trén 1 g xic tac va % Ni*" duge khir (ny; ) cta cac
xiic tac (toc d¢ gia nhiét 10°C/phut)

Xic tac Taas, °C Smaxs Myz, Mol Mpjz+, Mol ny;, %
Ni/Ti 598 53025 23.2.10° 11,6.10° 11,6
Ni/Al 484 va 808 270276 118,1.10° 59,0.107° 11,8
NiCeAl 488 va 802 282690 123,4.10° 61,7.107 12,3
NiCa/Al 535 va 850 283253 123,8.10° 61,9.10° 12,4
NiLi/Al - | 491 va 824 422864 185,1.10° 95,5.107 19,1
Ni/Si | 451 104057 45,5.10° 22,8.10° 5,7
NiCa/Si | 526 222784 97,1.10°° 48,5.10°° 12,1
Ni/Al+Si 480° 95738 - 41,9.10° 22,0.10°7 6,7

Anh chup SEM

2. Hoat tinh cta xac tac
Hoat tinh ciia xic téc trong phin irng metan hoa CO;

Bdng 4. B8 chuyén hoa CO; ( Xcoa ) va CO (Xco) trong phan irng metan hoa CQO, hodc CO trén
X cac x0c tac & cac nhiét 4o Rhfm (rng khac nhau.
(Diéu kién phan img : ti 1€ mol H;:CO, (CO) = 100:1, toc dd dong khi V = 18 I/gié, luong xuc tac 0,5 g)

Xiie tic Xcozs % Xco,%
Nhiét d phan ing, °C 220 250 275 300 220
37, 7NVAl 17 43 67 95 - 60
37,7Ni+0,1Ce/Al 20 52 90 100 94
37,7Ni+10,2Ca/Al 21 61 92 100 96%
37,7Ni+0,3Li/Al 77 88 100 100 86
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25Ni/30A1+ 708i 11 32 53 78 25
7,5Ni/Ti 8 19 33 46 32
30Ni/Si 7 16 28 43 19
30Ni + 7Ca/Si 9 22 41 66 30

Ghi cha: *) 0,1 g xuc tac.

Khi tdng nhiét d§ phan img tr 220°C 1én dén 300°C d% chuyén hod CO, tang (bang 4).
Theo hoat d6 metan hoa CO,, cic miu xuc tac duge chia thanh ba nhém: nhém hoat do cao gébm
céc xuc tac mang trén Al,O;; nhém hoat d§ trung binh chi gom xuc tac trén chat mang hon hop
va nhom xic tac mang trén SiO; va TiO; ¢6 hoat 40 th:ip. Hoat d% ciia cac miu xic tac trong
phan itng metan hoa CO, duge xép theo thir ty :

Ni/Si < Ni/Ti < NiCa/Si < NYAH-Si < Ni/Al < NiCeAl < NiCa/Al<NILiAl 3)

gan tring véi day thi tr 6 lugng tim Ni** bi khir (2). Didu ndy cho thiy, hoat d6 metan hoa
CO, phu thudc manh vao lugng tAm Ni hoat ddng. Si0; 1a chét mang tro, cho nén, méc du ¢o
luong tim Ni*" bi khir khong phai 1a it nhit nhung vin c6 hoat do thap nhat. Con miu xuc tac
Ni/Ti ¢6 hoat dd thép 1a do né ¢ ham lugng NiO va s6 tim Ni** hoat dong it nhat. Thém CaO
vao xuc tac Ni/Si, mac dit khéng 1am thay dbi ham luong NiO nhung lai lam cho luong tam Ni**
bi khur ting ga"ip doi, vi vy, mac du cd kich thude quﬁn thé NiO Ién hon gid trj t6i wru nhung mau
NiCa/Si van ¢ hoat do cao ge‘ip rudi so vai mau Ni/ Si.

Mau xiic tic trén chit mang hén hop ALO; + Si0, mic dii ¢6 nhiét d khir cao hon va sé
tam Ni** bi khir x4p xi voi x(c tac Ni/Si nhung thé hién hoat d6 cao hon nhiéu so voi miu Ni/Si.
So v&i mau xtc tic Ni/Al, hoat d6 cua xc tac trén chit mang hén hop thap hon khéng nhiéu
Jam, mic di luong Ni** bj khir tinh trén 1 g NiO thap hon 2,7 1an. Diéu ndy cho thiy, ¢6 thé hoat
do riéng (tinh cho 1 tdm hoat ddng) clia xic tac mang trén chit mang hon hop cao hon so voi
x0c¢ tac mang trén oxit riéng lé. :

Trong s cac xuc tac Nl khéng c6 phu gia, mau Ni/Al ¢6 hoat d6 metan hoa CO; cao nhit la
do nd c6 s6 lugng tdm Ni*' khir nhidu nhat. Thém céc phy gia CaO, CeO; va Li;O déu lam cho
hoat d§ ciia cac xic tac tang I€n theo thir tu Ni/Al < NiCe/Al < NiCa/Al < NjLi/Al, trung véi thir
ty cia s6 luong tam Ni** b1 khir tinh trén 1g NiO trong xuc tac. Hiu qua cua phu gia cang cao
khi né lam ting sb tdm Ni** bi khir cing nhiéu. V& phurong dién nay Li,O 13 phu gia tdt nhét ; chi
vdi 0,3% no lam ting dot ngdt hoat do cia xic tic Ni/Al, déng thai ha nhiét 46 chuyén hoa
100% CO, tir 300°C (trén xuc tac Ni/Al) xudng 275°C (trén x(ic tac NlLl/Al) Thém phy gia CaO
vao xic tac Ni/Al va Ni/Si déu lam tang hoat dé lén dang ké. S& tam Ni’ strong cac xic tac
NiCa/Al va NiCe/Al xép xi nhau nén ching ¢ hoat do tuong du'orng nhau. Nhung két qua trinh
bay trén day chimg to, mt trong nhitng nguyén nhan chinh khién xiic tac bién tinh c6 hoat do
metan hoa CO; cao la do ching lam tang lwong Ni** bj khr.

So sdnh hoat tinh ctia cdc chdt xic tdc trong metan hod CO, va metan hod CO

Hoat d6 metan hoda CO va CO, clia cac xdc tic duge so sanh trong nhung diéu kién phan

trng nhu nhau (bang 4). Tir bang 4 ta thay, hoat dé metan hoi CO cha céc xuc tac tang theo thir
tr sau:

Ni/Si < NI/Al+Si < NiCa/Si ~ Ni/Ti < Ni/Al < NiLiAl < NiCe/Al << NiCa/Al 4

0 cling nhiét d§, d6 chuyén hod CO cao hon nhiéu so véi CO,. Diéu nay c6 thé lién quan
dén céu tric cia CO va CO,. CO c6 hai lién két duoc tao thanh do sy che phu giira cic ON 2p
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ciia C va O theo kiéu gép chung va mét lién két theo kidu cho — nhén giita 20N 2p ty do clia C
va ciip electron ty do ciia O nén dé dang bj bé gay, con trong phan tir CO, hoa tri da béo hoa nén
lién két C — O kho bé gay hom.

Déi véi cac xic tac khong bién tinh kha ning metan hoa CO, CO, tuong tu nhau. Xuc tac
c6 hoat d¢ metan hoa CO cang cao thi cling c6 kha ning metan hoa CO; cang cao. Cac xuc tac
NiO mang trén Al;O, c6 hoat d6 cao nhat cdn xuc tac mang trén SiO; c6 hoat d6 thip nhit. Tuy
nhién gitta hai phan (g ciing c6 mot sb khac bigt. Déi véi metan hoa CO thi Ca0 13 phy gia tot
nhit; thém 10,2% CaO lam tang hoat do metan hoa CO cia xtic tac Ni/Al trén 11 lan [10],
nhung do chuyén hoa trong metan hoa CO; chi ting 20 - 30%. Con trong phan g metan hod
CO;, thi Li,O lai la phu gia t5t nhat. Thém 0,3% Li,O lam tang rAt manh d6 chuyen hoa CO; trén
xtic tac Ni/Al, nhirng d6 chuyén hoa trong metan hoi CO chi ting vira phai. Xoc tac Ni/Ti cé
hoat d6 metan hoa CO cao hon nhiéu so vdi xiic tac mang trén Si0O, nhung lai cé hoat d& metan
hoa CO; thép hen Ni/Si.

D6 chon lge tao metan trong tit ca cac trudng hop déu trén 99%. Két qua do dd chuyén hoa
theo thari gian cho théy,'Ni/Al va NiCa/Al rat bén. Sau 72 gi phan tng d6 chuyén hoa CO, trén
xic tac thir nhit chi giam khong qua 20%, cdn trén x0c tac tha hai glam 15%. Xuc tac chira CaO

bén hon 1a do trong xiic thc ndy twong tac gitta CaO va NiO lam giam kha néng tao thanh hgp
chét cacbua Ni(CO,),.

Hoat tinh xiic tdc trong phan vmg metan hod hon hop CO + CO,.

Bang 5. DG chuyén hoa CO va CO, trong hén hop cia ching (diéu kién phan (ng: ti 1& mol
H,:CO, (CO) =100 : 1, toc dd dong khi V = 18 l/gid, luwgng xuc tac 0,5 g)

Xuc tac’ Nhiét do phan (g, °C 4
220 250 275

CcO CO, Co CO, CcO Co,
Ni/Al 90 15 100 66 100 90
NiCe/Al 92 15 100 65 100 93
NiCa/Al 55 17 76 46 100 67
NiLi/Al - | 100 46 100 92 100 100
NI/AL+Si 20 6 41 14 68 37
Ni/Ti 20 4 41 12 68 17
Ni/Si 21 7 28 14 33 21
NiCa/Si | 38 9 45 13 58 29
Xic tac cong nghiép PK-7R 100 57 100 92 100 99

Trong thuc té, khi hidro céng nghiép luén c6 chira cac khi CO va CO,. Pé danh gia kha
ndng Ung dung cic chét xuc tic trong metan hod cac OXIt cacbon (vi du, dé lam sach hidro) cac
thi nghiém dwoc tién hanh & didu kién gan vai thuc té. Ket qua dugc dan ra trong bang 5. So
sanh céc bang 4 va S co thé thdy, trén phén 1én cic miu xic tac mirc 4§ metan hod cac oxit
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cacbon trong hdn hop thép hon so vai metan hoa oxit don 1é. Dac biét, xiuc tac NiCa/Al mic du
¢ hoat dd metan hoa CO rit cao, nhung trong hdn hop hoat 46 cua né lai thép hon so vdi cac
xuc tac NVVAI con lai. Cac tac gia [11] cho ring, su gidm hoat d6 trong phan (mg cda hén hop 14
do ¢o sy hap phu canh tranh giira CO va CO; trén sb lugng tim c6 han. Trén hai xuc tac Ni/Al
va NiLi/Al mié d6 metan hoa trong hdn hop lai cao hon so véi trong cdc qua trinh metan hoa
riéng ré CO va CO,. Su ting hoat d6 metan hoa ciia cdc xiic tac Ni/Al va NiLi/Al trong hdn hop
CO + CO; co thé dugce giai thich 1a do hai xic tac nay ¢6 sé tam Ni*' nhiéu va chang cé hoat do
cao, do do, trong hdn hop cac tic chit CO va CO, hiéu ung hiép df“mg da xuét hién. Sy co mat
clia CO, lam tang s phan tir CO trén bé mit do két qua chuyén hod CO, — CO*.0 250°C xuc
tac NiLi/Al dd chuyen hoa 100% CO va 92% COz, cdn xhiec tac NVAlL & 275°C chuyen hoa hiu
nhir hoan toan hon hop CO + CO,. Véi hoat tinh t5t nhu vay, céac xiic tac nay co thé duge (g
dung vao thyc 1€, vi trong cong nghlep qué trinh metan hoé thuomg duge tién hanh & 300°C [1].

Xic tac NiLi/Al ¢6 hoat d6 xdp xi vai xiic tac thuong mai PK-7R hién dang duge sir dung
& nha may dam Pha M¥. G 220°C trén hai hé xnc tic NiLi/Al va PK-7R 100% CO va khoang
50% CO, 43 duoc chuyén hoa thanh CH,. Khi tang nhiét 45 thi do chuyén hoa ciua CO; ting
nhanh, dat 92% & 250°C va 100% & 275°C. Nhur vdy, cac mau x0é tac nay c6 kha niing chuyén
hoa hén hgp CO va CO, thanh metan tuong dwong véi xiic tac thuong mai.

IV.KET LUAN

Tir cac két qua nghién ciru, c6 thé dua ra mdt so két luan nhu sau vé phan (ng metan hoa
CO; va hon hop CO + CO, trén céc x(c tac niken:

Dbi vdi ca hai phan (g metan hoa CO» va metan hoa hdn hgp CO + CO, yeu 16 quyet dinh
poat do xtc tac la lugng tam Ni™* bi khir. Lugng tim Ni*' phu thudc vao ban chit chat mang va
phu gia. Nhém oxit y-Al;O; da chiing to 1a chit mang phi hgp nhét,

Xoc tac trén co s& NiO/ALO; ¢é hoat d6 metan hod cao nhit. Trén hé xuc tic ndy CaO {a
phu gia c6 hiéu (mg cao cho metan hoa CO, con Li,O la phu gia hiéu qua nhit cho metan hoa
CO; va hén hop CO + CO,. .

Phan {mg metan hoa CO, xdy ra & nhiét do cao hon so véi phan dng metan hoa CO. Xic
tac NiLi/Al (37 7% NiO + 0 3%L|20/A]203) thé hién hoat do twong duong v¢i xuc tac thuong
mai, né chuyen hoa hoan toan hén hgp CO va CO, & nhiét do khong qua 250° C véi 6 chon loc
metan xp xi 100% va d6 bén cao, ¢6 kha nang duoc dng dung trong thuc té.
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SUMMARY

METHANATION OF CO, AND THE MIXTURE OF CO + CO, ON NICKEL BASED
CATALYSTS

Eight catalysts on the basis of NiO with different supports (TiO,, y-ALQ,, Si0; and y-QbO;
+ Si0,), promoted by CaQ, Li,O, CeO; have been obtained and studied. Their physico-chemical
characteristics were determined by methods of BET adsorption, XRD, pulse (hydrogen) titration,
TPR and SEM. Activity of the obtained catalyst samples were investigated in the methanation of
CO;, CO and their mixtures at temperatures 220°C - 300°C and mole ratios H,/CO = 100. It has
been found that the activity in CO, methanation increased in the following order:

Ni/Si < Ni/Ti < NiCa/Si < Ni/AI+Si < Ni/Al < NiCeAl < NiCa/Al<NiLiAl.

The catalyst 37.7% NiO + 0.1% Li,O/AlLLQ; has been indicated to be the most active for
methanation of CO, and the mixture CO + CO,;, while the sample 37.7% NiO + 10.2%
CaO/ALO appeared the best activity in CO methanation.
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