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TOM TAT

Trong nghién ctru nay, xtc tic NiO gén trén cac chat mang khic nhau da dwoc tong hop bang cach tim mudi
Ni(NO3),.6H-O 1én cac chat hodc hdn hop chét twong ng 1a y-Al,Os, Ti0,, Si0,, 30%/y-Al,03+70%S10,. Xtc tac
sau khi tong hop dugc phén tich bang cic phwong phap BET, TPR, XRD, SEM. Hoat tinh ctia xuc tac duoc do bing
phwong phap dong vi lwong véi phan ung metan hoa CO, khi ¢6 mat khi H,. Két qua cho thay xtc tac NiO véi chét
mang la y-Al,O3 cho do chuyén hoa CO, vuot trd1 so voi cac xuc tac N1O duoc gén trén cac chat mang con lai. Pac
biét khi c6 mat phu gia CaO, Li1,0, CeO, thi do chuyén hoa CO, cao hon 10 rét.

Xt tic NiO véi chat mang 1 y-Al,O5 ciing thé hién tinh vuot tréi vé kha ning cho phan tng metan hoa khi
duoc khao sat trén hén hop CO va CO,. Nghién ciru cho thay 1a xtc tic NiO/y-Al,O5 rat 6n dinh, chuyén hoa CO va
CO, rat tot va do chon loc CH, rat cao. Xuc tac 37,7%NiO+0.3% L1,0/y-Al,O3 1a tot nhét cho phan tng metan hoa
CO, va hén hgp CO+CO,, ¢6 kha ning dua vao ung dung thue té.

Twr khoa: Xuc tac, NiO/y-Al,Os, metan hoa, hén hop, do chuyén hoa.
ABSTRACT

NiO loaded on different carriers catalysts were prepared by loading Ni(NO3),.6H,O on many response carriers:
v-AlL,O5, TiO,, Si0,, 30%vY-Al,05+70%S10,. The physico-chemical properties of synthesized catalysts were
charaterized by BET, TPR, XRD and SEM methods. Catalyst activities were tested in methanation of carbon dioxide

by hydrogen micro stream method. The results demonstrated that NiO/y-Al,Oj3 catalysts appear more CO, conversion
than NiO/other carriers. Especially, when catalyst modified by CaO, 11,0, CeO, the activity increased.

NiO/y-Al,O; catalysts got high activity for methanation of CO and CO, mixture. NiO/y-Al,O; catalysts were
very stable, high CO, CO, conversion rate and excellent CH, selectivity. Among the studied catalyst
37.7%Ni10+0.3% L1,0/y-Al,O3 was the best one for CO, methanation and mixture of CO and CO, methanation. This
catalyst has high potential for application.

Key works: Catalyst, NiO/y-Al,O5, methanation, mixture, conversion.
1. PAT VAN DE

Hydro la chat khi rat quan trong trong nha may loc dau (NMLD), cac qua trinh sir dung
hydro nhu hydrocracking, xir ly xing nhe bang hydro, cracking xuc tac, reforming xuc tac,
isomer hoa... déu sir dung hyrdo. Hydro vira tham gia phan tmg vira 1a khi bao vé bé mat xuc tac
nén vé mit cong nghé khi hydro can phai duoc lam tinh khiét trudc khi sir dung.

Hydro duoc san xuét tir cac ngudn nguyén liéu chinh 1a khi metan, dau goc, than da. Qua
trinh san xuét hydro la qua trinh reforming hoi nudc va oxy hoa riéng phan. Trong NMLD hydro
duoc sinh ra chinh tir qua trinh reforming xuc tac [1,2].

Tu than: C+H,0<>CO+H, AH =+130KJ / mol (1)
Tudaucin.  -CH,- + H,O <> CO +2H, AH =+151KJ /mol (2)

CO +H,0 <> CO, +H, AH =—42KJ | mol (3)
Tu khi metan: CHy + H,O € CO + 3H, AH =+205K7 [ mol (4)
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Oxi hoa riéng phan: -CH,- +1/20, <»CO + H, (5)

Céc qua trinh trén cho thay dong hydro san pham luén chita mét luong CO va CO,. Pay la
chat khi gay bat loi cho qua trinh tiéu thu khi hydro do ching chira nhiét tri thép, dau doc xuc tac
va gdy an mon thiét bi. Do do, viéc loai bo CO va CO, trong dong khi giau hydro la qué trinh rat
quan trong.

Mic khac, CO; 1a chét khi c6 doc tinh cao, co thé gay chét ngudi voi nong do 4% va la khi
thai hau hét cia cac nganh cong nghiép. Véi toc do phat trién ciia cong nghiép hién nay thi nong
d6 CO, trong khi quyén ngay cang cao. Theo thong ké ciia Cuc thong tin nang luong My nong do
CO, trong khi quyén ngay nay la khoang 370 ppmV va dang c6 chiéu hudng gia ting [5]. CO; la
nguyén nhan chi yéu gay nén hiéu tng nha kinh lam cho trai dat dang nong dan 1én dan dén sy
thay ddi khi hau toan cau. Hon nita, CO; la khi acid nén no6 c6 kha nang an mon rat cao. Loai tri
nguy co gy nén sy thay do6i khi hau toan cau va phat trién chién luoc chong lai sy gia ting nong
d6 CO, trong khi quyén 1a nhiém vu cuc ky quan trong ctia chiing ta.

Hién nay, dé xu Iy CO, nhiéu phuong phap nhu thu hoi ngung két hoa hoc duoc dua ra
nhung phan ing metan hoa 1a phan tng c6 nhiéu yéu t6 thuan loi vé mat nhiét dong do phan tng
dién ra nhanh hon nhiéu so véi cac phan ing tao thanh ruou va cac hydrocarbon khac.

CO,+2H +2¢ > CO+H,0 E’=-0.52V (6)
CO,+2H +2¢ > HCOOH  E’=-0.61V (7)
CO,+4H" +4e = HCHO + H,0 E’=-0.48V (8)
CO,+ 6H +6e = CH;0H+H,0 E’=-038V 9)
CO,+8H +8¢ = CH,+H,0 E’=-024V (10)

Do d6, muc dich ctia nghién ctru nay 1a trén co so cua cac xuc tac da nghién ctu tdi uu cho
qua trinh metan hoa CO, nhém da tién hanh nghién ctu cho phan Gng metan hoa CO, dé tir do
dua ra lya chon tot nhat cho qua trinh chuyén hoa dong khi nguyén liéu c6 1an CO, va dong khi
nguyén liéu ¢ 1an hdn hgp CO+COs,.

2. THUC NGHIEM
2.1. Héa chit va dung cu

Bing 1: Cdc héa chit sit dung

Héa chat Noi sin xuat

Nudc cat -
Al(NO;);.6H,0O Merck — Buc
Ce(OH),4 Merck —Duc
LiNO;s Merck — Buc
Ca(CH;C00),.2H,0 Trung Quoc
Dung doch NH; 25% Trung Qudc
Si0, Merck — Buc
TiO, Merck — BPuc
Ce(OH)4 Merck — Duc
Khi H; 99,99% VISOGAS
Khi CO, 4,762% trong N, (SKN VISOGAS
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CO; trong 100KN Ny)
Khi CO 6% trong N, VISOGAS
Khi N, 99.99% VISOGAS
Bing 2: Thiét bi sit dung

Thiét bi Co quan quan ly
May X-Ray Diffractometer Vién Vit liéu TP Ho Chi Minh
May Chemisorption - Vién CNHH TP Ho6 Chi Minh
ChemBET® 3000 TPR / TPD
May CHEMBET 3000 Vién CNHH TP H6 Chi Minh
May Electron Microscope- SEM | Phong thi nghiém Nano —DPai hoc
with EDS Quoc gia TP Hoa Chi Minh
May sac ky khi Agilent Vién CNHH TP Ho6 Chi Minh
Technologies 6890 Plus

2.2. Piéu ché xuc tac
2.2.1. Piéu ché chit mang

Chat mang y-Al,03 dugc diéu ché theo qui trinh sau: hoa tan 50gam mudi AI(NO3)3.6H,0
bang nudc cat, cho tir tir dung dich NH3 25% vao, khudy diéu cho dén khi két tia hoan toan
Al(OH)s, sau 24 gio 14y ra, dé gel ngoai khong khi trong 1 tuan, NH; bay hét, gel AI(OH); s& kho
mot phan. Sau d6 sdy san pham tr tir theo chuwong trinh nhiét d6 (60°C trong 6 gio, 100°C trong 4
gio va 130°C trong 2 gid). San pham sdy cho vao chén nung, dit chén vao 10 nung, tang nhiét do
tir tir dén khi 1o dat nhiét d6 600°C, gitr nhiét d6 10 trong 4 gio. San phdm nung la y-Al,O5 [3].
Tom tit qua trinh duoc trinh bay trong so dd sau:

|.=u-1|-:-,.,.._:1_'_- | e _m_x_J-_l — '{I_ i_J

Hinh 1: So d6 diéu ché chit mang

Chat mang SiO,: tan nho SiO, nguyén liéu, ray lay hat min kich thudc tir 0,32mm dén
0,64mm

Chat mang TiO,: 1a TiO, thuong mai (P25-Degussa), rat min, gdm 82% anatase va 18% rutil.

Chat mang 30%Al1,05/70%S10;: can 30gam SiO,, sau d6 tron trong 200ml dung dich
AI(NO3)3.6H,0 40% m/v khudy déu, nho ting giot NH; 25% vao hdn hop trén, gel sé hinh thanh
va dong cung lai, luc nay hat SiO, min dugc bao boc bén ngoai béi nhdm nitrate va phan tan déu
trong hdn hop gel, sau 24 gid lay ra, dé gel ngoai khong khi trong 1 tuan, NH; bay hét, gel
Al(OH); sé kho mot phﬁn. Sau do séy san phém tu tir theo chuong trinh nhiét d6 (600C trong 6
gio, 100°C trong 4 gid va 130°C trong 2 gid). San pham sdy cho vao chén nung, dit chén vao 10
nung, ting nhiét do tir tr dén khi 10 dat nhiét d6 600°C, giti nhiét do 1o trong 4 gio. San phim
nung 1a 30%A1,03/70%S10,
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2.2.2. Tong hop xiic tac

Cac xuc tac duoc diéu ché béng cach tam chat hoat dong (NiO, CeO,, Li;0, Ca0...) 1én chat
mang: dua vao thanh phan xtc tac tinh toan, can chinh xac khéi luong cac chat mang va hoa chat
can dung sau do tién hanh tim chat hoat dong va phu gia 1én chat mang theo so do sau
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Hinh 2: So do diéu ché xiic tdac

Xuc tac tong hop duoc 1a NiO mang trén cac chat mang khac nhau, c6 thanh phan nhu sau:

37,7%Ni0/y-ALO; 30%Ni0/SiO,
37,7%Ni0+10,2%Ca0/y-Al,0; 25% Ni0/30%y-Al,05+70%Si0,
37,7%Ni0+0,1%Ce0,/y-Al 05 30%Ni0+7%Ca0/Si0,
37,7%Ni0+0,3% Li,O/y-AL0; 7,5%NiO/TiO,

3. KET QUA VA THAO LUAN
3.1. Do dién tich bé miit riéng (BET)

Két qua do dién tich bé mit riéng (Sger, m*/g) cua cac chat mang;

Bing 3: Dién tich bé mqt riéng ciia chit mang

Chét mang Ky hiéu Dién tich bé mit riéng (m2/g)
v-Al203 Al 215
Si02 Si 168
30%y-Al203+70%S102 30AI1+70Si1 69
TiO2 Ti 45

Keét qua do dién tich bé mat riéng cua xic tac
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Bdng 4: Dién tich bé mdt riéng cua xuc tac

Xiic tdc Ky hiéu Dién tich bé miit riéng (m2/g)
37,7%NiO/y-Al203 37,7Ni/Al 56,44
37,7%Ni0+10,2%Ca0/y-Al203 37,7Ni+10.2Ca/Al 25,12
37,7%Ni0+0.1%Ce02/y-Al203 37,7Ni+0,1Ce/Al 60,12
37.7%Ni0+0.3%Li20/y-Al203 37,7Ni+0.3Li/Al 53,31
30%Ni0/Si02 30Ni/Si 76,53
25%Ni0/30%y-A1203+70%Si02 25Ni/30Al1+70Si 69,01
30%Ni0+7%Ca0/Si02 30Ni+7Ca/Si 63.46
7,5%Ni0/Ti02 7,5Ni/Ti 24,77

Khi NiO duoc dua 1én chat mang, dién tich bé mit riéng cua hé xuc tac thu dugc giam va
nho hon chat mang ban dau do cac tinh thé NiO két khoi trén bé mat chat mang [6-8] va vat liéu
NiO ¢6 dién tich bé mat riéng nho. Mac khac NiO duoc dua vao xuc tac voi ham lugng tuong doi
cao (7,5%, 30%, 37,7%) nén su gidn dién tich bé mit xuc tac thé hién rat rd rang.

Khi xtc tac duoc bién tinh bang cach thém cac phu gia CeO,, Li,O voi thanh phan nho
(<1%), su thay doi dién tich bé mit riéng khong dang ké so véi xuc tac 37.7%NiO/y-Al,0; ban
dau. Khi thém cac phu gia CeO,, Li,O véi ndong d6 16n vao xuc tac, cac phu gia nay lam tang kha
nang két khoi cua xtc tac trong qua trinh khir nén lam giam dién tich bé mat riéng cua xtc tac
[7,11,12]. Tuy nhién véi thanh phan nho su tuong tac gitta 03 thanh phan: chat mang, NiO va phu
gia co thé dan dén kha niang phan tan cia kim loai hoat dong trén chat mang tang 1én, lam ting
nhe dién tich bé mit riéng cua xuc tac.

Déi v6i hai loai xtc tac duoc bién tinh bang phu gia CaO, ham luong CaO cang cao thi dién
tich bé mat riéng cua xuc tac giam di cang nhiéu. Piéu nay la do tinh thé NiO, CaO két khdi trén
bé mat chat mang va dién tich bé mat riéng cia NiO+CaO/Al kha nho.

Dic biét khi dua NiO voéi ham lugng 25% lén chat mang 30A1+70Si thi dién tich bé mit
riéng thay doi rat it diéu nay cho thay chat mang hdn hop lam giam kha ning két khoi ciia NiO
[19].

3.2. Po nhiéu xa tia X (XRD)
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Hinh 3: Phé Rongen ciia xic tic NiO/y-ALO;s
1. 37.7%Ni0O/ y-Al,0; 2. 37.7%NiO+10.2%Ca0/ y-A1203
3. 37.7%NiO+0.1%CeQ,/ y-Al,0; 4. 37.7%NiO+0.3%Li20/-A1203

Trén phé nhiéu xa Rongen cua cac hé xuc tac NiO/ y-Al,Os3, cac dinh nhiéu xa dic trung cua
y-Al,O; rat thap. Cac dinh nhidu xa dic trung cia NiO tai 20 =36,2° ; 62,9°; 75.4% 79.5° déu &
cuong do manh va dinh 26 =432° ¢6 cuong do rat manh, chung té NiO két tinh tot trén chat
mang ’Y-A1203. Trong hé xuc tac 7‘7%Ni0+0‘1%C602/’Y-A1203 va 377%N10+03%L120/’Y-A1203
khong thdy xuat hién trén phd cac dinh nhiéu xa méi. Chi trong phd cua xuc tac
37.7%Ni10+10.2%Ca0/y-Al,05 xuat hién dinh nhiéu xa dic trung cua CaO cho théy CaO ton tai
& dang doc lap. Riéng CeO, va Li,O vi ndng dd nho nén khong phat hién duoc trén pho do.
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Hinh 4: Phd Rongen cua xtc tac NiO/SiO; va NiO/30%vy-Al,05+70%Si0,
a) 25%Ni0/30%y-Al,0;+70%Si0; b) 30%Ni0/SiO2 ¢) 30%NiO+7%Ca0/Si02

Quan sat phd Rongen ciia ba xuc tac trén ta thay: khong c6 dinh dic trung cua y-Al,Os,
cuong do dinh nhiéu xa dic trung cua SiO, kha 16n, cho thay SiO, ton tai & dang tinh thé. Cac
dinh dac trung cia NiO thé hién rat rd rang va cuong d6 dinh nhiéu xa cang Ion khi thanh phan
cua NiO cang cao. Piéu nay cho thay su phan tan cia NiO trén chat mang SiO, la réat tot. Ngoai
ra, phd Rongen cua xuc tac 30%NiO+7%Ca0/Si0, tai 26 =29,5° khong thay xuat hién dinh dac
trung ctia CaO. Theo [15] hién tuong nay dién ra la do c6 sy tuong tac giita chat mang SiO;, va
CaO tao cac spinel lam giam ham luong CaO.
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Hinh 5: Phé Rongen ciia xic tic 7.5%NiO/TiO;

Két qua XRD cho théy xuc tac 7.5%Ni0O/TiO, ton tai tinh thé TiO, dang Anatase va Rutile,
lugng it NiO va spinel NiTiO; tai thanh do c6 su tuong tac gitta Ni va TiO,. Nhu vay, kha nang
tao thanh spinel trén chat mang TiO, la rat 16n. Diéu nay 1y giai vi sao dién tich bé mat riéng cia
xuc tac 7.5%NiO/TiO, la nhé nhat trong cac xuc tac trén. Thir tu kha ning tao thanh spinel cta
cac xuc tac NiO trén cac chat mang khac nhau: TiO,>y-Al,05>S10; [3, 4].

3.3. Khir theo chwong trinh nhiét d¢ (TPR)
Bing 5: Két qud khdo sdt TPR ciia xiic tic NiQ trén cdc chit mang khdc nhau

o Tocdogia | 1ya ich dinh | Dién tich dinh | Nhiét do khir téi da
Xue tac nhiét trén 1 g xtctac | trén 1g NiO °0O)
(°C/phut) gxu &
37 7N/AI 10 270276 724600 484 va 808
37.7Ni+10 2Ca/Al 10 283253 751334 535 va 850
37.7Ni+0.1Ce/Al 10 282690 749840 488 va 802
37 7Ni+03Li/Al 10 422864 1121655 491 va 824
25Ni/30A1170Si 10 95738 382952 480
7.5Ni/Ti 10 53025 707000 598
30Ni/Si 10 104057 346856 451
30Ni+7Ca/Si 10 220784 742493 526

So sanh nhiét d6 khir NiO trong cac xtic tac co thanh phan t6i vu khi chua thém phuy gia cho
thdy nhiét do khu cuc dai ciia Ni*'" trong xuc tac mang trén SiO; la thap nhat, ké dén 1a y-Al, 03,
sau cung la TiO, nghia la su tuong tac gitra Niken v6i chat mang sap xép theo thu tu nguoc lai va
luong spinel trong xuc tac ting theo thir tu Si0,< y-Al,05<TiO,. Tuy c6 nhiét do khir thap nhat
nhung luong Ni*" ¢6 kha nang khu tinh trén 1g NiO chua trong xuc tac mang trén SiO, bién tinh
bang CaO 1én hon hai xuc tac khong bién tinh con lai khoang 2 lan. Gia tri dai luong nay cua hai
xuc tac 37.7Ni/Al va 7.5Ni/Ti xap xi nhau va 16n hon khoang 02 lan so véi xuc tdc mang trén
Si0, chua bién tinh. R rang tuong tac giita Niken véi chat mang y-Al,O3 va TiO; ¢ 1a cao hon
so voi chat mang SiO;.

Khi thém phu gia tuong tac niken voi chat mang tang nén nhiét do khu tang va luong Ni** bi
khu tang. Poi véi xuc tac 37.7%Ni0O/y-Al, O3 khi thém 10.2% CaO hoac 0.1% CeO; luong Ni*
bi khir tang x4p xi 6%, con thém 0.3% Li,O lam ting x4p xi 57% luong Ni*" bj khr. Bdi véi xuc
tac 30Ni/Si them 7% CaO s luong Ni*" bi khu ting 2 lan. Luong Ni*" bi khir trén xtic tac
25%Ni0/30A1+70Si xap xi voi xtic tac 30%Ni0/SiO, va la xuc tac ¢6 luong tim Ni** tinh trén
1g NiO thap nhit.

Quan sat két qua do TPR trén cho thay trudc khi phan Gng xtc tac nén khir trong vung nhiét
d6 400-600°C. Tuy nhién, khi nhiét d 16n hon 500°C thi c6 su két khéi NiO do d6 nhiét d6 khur
duoc chon khoang 400-500°C.
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3.4. Po cau triaic bé mit bang kinh hién vi dién tir (SEM)
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Hinh 6 : Anh SEM ciia xiic tic 37.7%Ni0/y Al,O;3

Hinh 7: Anh SEM ciia xiic tic 37.7%Ni0 +10.2%CaQ/ yAl,O3

Xuc tac 37.7%Ni0/y-Al,05 va 37.7%Ni10+10.2%Ca0/y-Al,O3 1a hai xtc tac dién hinh co6 do
chuyén héa CO, cao. Quan sat anh chup SEM cta hai xtc tac trén cho thiy bé mat hai xuc tac
nay tuong d6i dong déu, cac hat nho, min, c6 két khéi nhung it. Cing mot do phéan giai thi bé mat
ctia xuc tac 37.7%NiO+10.2%Ca0/y-Al,03 gd gé hon do ¢ su c6 mit cia CaO véi ham luong
16n, 1am tang kha nang két khoi. Theo két qua nghién ciru [15] khi thém CaO kich thudc tinh thé
cua NiO tang tir 19nm Ién 21nm. Diéu nay ly giai tai sao dién tich bé mit riéng cua xtc tac
37.7%Ni0+10.2%Ca0/y-Al,03 giam di rat nhiéu so voi xtc tac 37.7%Ni0/y-Al, O3,

3.5. Hoat tinh cua xic tac

1.Van khoa; 7.Noi lay mau;

2.Van tinh chinh; 8 .Reactor;

3 Luu luong ké; 9. Lo phan ung;

1 4 4.Van ba ngi; 10.Thiét bi diéu khién nhiét do;
Cl—epl—pa-+ [} : 5.Van mot chiéu; 11.Binh tach Iong;

' 6.Bo tron khi; 12.B6 phan theo ddi khi;

13. Binh hap thuy khi thai

Hinh 8 : M6 hinh thwe hién phdn irng.

.
"
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-
A
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3.5.1. Hoat tinh ciia xiic tic cho phan ing chuyén héa CO2

Phéan tng metan hoa CO, trong khi H, trén xuc tac NiO mang trén cac chat mang khac nhau
duoc nghién ciu trong diéu kién ty 1€ khi CO,/H,=1/100, luong xtc tac khong doi 0.5 g nhiét do
phan ung khac nhau, hdn hop sau phan tng duoc phan tich bang may sac ki khi.

Bing 6: Két qud nghién citu dp chuyén héa (%) ciia CO;

. Nhiét d6 phan ung (°C)
Xue tac 220 250 275 300
37.7Ni/Al 173 428 67.4 95.0
37.7Ni+10,2Ca/Al 20,5 61.3 91,9 100
37.7Ni+0,1Ce/Al 19.9 52.4 90.0 100
37,7Ni+0,3Li/Al 77.1 88.1 100 100
25Ni/30A1+70Si 11.3 323 53.4 775
7.5Ni/Ti 7.9 19.0 32.9 46.3
30Ni/Si 7.4 15.5 275 4.7
30Ni+7Ca/Si 0.1 22.4 413 65.6

Hoat d6 cla cac xuc tac xép theo thu tu nhu sau: 37,7Ni+0,3Li/Al > 37,7Ni+0,1Ce =
37,7Ni+10,2Ca/Al > 37 7Ni/Al > 25Ni/30Al1+70Si > 30Ni+7Ca/Si > 7.5Ni/Ti > 30Ni/Si. Trung
v6i thir ty sap xép theo s6 tam Ni*".

Tur két qua khao sat co thé dua ra két luan chung cho xtc tac trong phan Gng metan hoa CO,
nhu sau:

e y-Al,0; la chat mang phu hop nha cho xiic tac NiO trong phan ng metan héa
CO,, cac xuc tac trén chat mang y-Al,03 ¢6 hoat d6 cao nhat.

e Hoat do cua xuc tac phu thudc vao tam Ni*" bi khi va dai luong nay phu thudc
vao su tuong tac gitta Niken voi chat mang. y-Al,O5 tuong tac manh véi Niken nén Ni**
khur 6 nhiét d6 cao hon nhung s6 cation Ni*" khir nhiéu hon. Nguoc lai Si0; 1a chit mang
tro nén Ni*" trong xuc tac mang trén Si0, khir & nhiét do thép hon nhung $6 luong Ni*" bi
khtr thap nhat. Xuc tac mang trén chat mang hon hop chiém vi tri trung gian.

e Cac phu gia lam tang tuong tac Ni-chit mang nén tang sb ion Ni*" bj khtr va nho
do tang hoat d6 xuc tac. Li,O la phu gia tot nhat cho hé NiO/y-Al,03.

3.5.2.Hoat tinh ciia xiic tac cho phén @ng chuyén héa hén hgp CO + CO2
Trong thuc té dong khi nguyén liéu luon ludn chira mot hon hop CO va CO,. Dé danh gia
day du kha niang metan hoa cta cac xuc tac trén can tién hanh thuc hién qua trinh metan hoa voi
dong khi nguyén liéu 1a hdn hop khi CO va CO,.
Phan ng duogc tién hanh ¢ diéu kién nhu sau : nhiét d6 phan Gng tir 220-275°C, ty 1é
H,:CO :CO,1a 100 :1 :1 ; téc dd dong khi 18 lit/gio ; luong xuc tac st dung la 0.5g. Két qua thé
hién ¢ bang sau :
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Bing 7 : Két qud nghién citu dp chuyén héa (%) ciia CO va CO,

Nhiét d6 phan ung(°C)
Xc tac 220 250 275

CO CO, CO CO, CO CO,
37, 7Ni/Al 90.5 147 100 65.8 100 898
37,7Ni+10,2Ca/Al 549 17.4 76,2 457 100 66.8
37.7Ni+0,1Ce/Al 91.6 15.4 100 65.0 100 932
37,7Ni+0,3Li/Al 100 462 100 922 100 100
25Ni/30AI+708Si 19.9 6.4 41,4 14.4 682 36,9
7.5Ni/Ti 19.9 43 41,0 122 67.5 17.4
30Ni/Si 21 6,0 282 13,5 33 .4 20.6
30Ni+7Ca/Si 381 0.1 44.9 132 58 4 292

Két qua nghién ctru phan ing metan hoa hdn hop CO va CO, cho thay do chuyén hoa CO va
CO, trong hdn hop phan 16n déu thap hon so v6i phan tng riéng 18, trir 2 xtc tac 37,7Ni/Al va
37,7Ni+0,3Li/Al. Trén hai xtc tac nay hoat do0 metan hoa CO va CO, déu tang. Trén xuc tac
30Ni/Si hoat d6 metan hoa trong hai truong hop metan hoa hdn hop va don chét xap xi nhau. Su
tang hoat do trong phan mg metan hoa hon hop CO+CO, trén hai xtc tac 37,7Ni/Al va
37,7Ni+0,3Li/Al c6 thé duogc giai thich 1a do day la hai xtc tac co hoat do cao, trong phan ing
v6i hdn hop CO+CO; da co6 hiéu tng hiép déng. Su c6 mat caa CO; lam tang sb phan tia CO trén
bé mit do két qua chuyén hoa CO, = CO* hon nita xuc tac 37,7Ni+0,3Li/Al c6 sb luong tam
Ni** bj kht 16n con trén xuc tac 37,7Ai/Al Niken phan tan thanh cac quan thé nho, déu dan tao
diéu kién cho cac phan tng dién ra dé dang.

Trén cac xutc tac con lai hoat do trong phan Gng metan héa hon hop giam, do theo N.M.
Gupta [9] va A. Jhalani [10] c6 su hap phu canh tranh giita CO va CO, trén s6 tdm hoat dong c6
han lam giam hoat d6 cua chung. Riéng xtc tac 37,7Ni+10,2Ca/Al khi thuc hién phan rng metan
hoa trong hdn hop CO va CO, thi hoat tinh cia xtc tac nay giam di rat nhiéu va thap hon nhiéu
so vOi cac xuc tac khac. Ngay ca khi thuc hién ¢ nhiét do 275°C thi do chuyén hoa CO;, chi dat
68% (thap hon nhiéu so voi cac xtc tac NiO/y-Al,Os con lai). Piéu nay cho thiy xtc tac
37,7Ni+10,2Ca/Al ¢6 hoat tinh rit manh cho phan ing metan hoa CO, nhung trong hdn hop CO
va CO; thi xtc tac nay it phat huy tac dung.

Pac biét xtc tac 37,7Ni+0,3Li/Al c6 hoat tinh rat manh cho ca CO va CO,. Khi tién hanh
nghién ctru trén hdn hop CO+CO, xtc tac nay cho d6 chuyén hoa CO va CO, rat cao (cao nhat
trong cac xuc tac nghién ctru): CO chuyén hoa hoan toan con CO, thi ngay ca khi & nhiét do
250°C da dat do chuyén hoa 92,2%. Cac xuc tac NiO trén cac chat mang con lai cho do chuyén
hoa CO va CO, thép va khi thyc hién trong hon hop CO+CO; thi van khong kha quan.

O nhiét d6 275°C cac xuc tac NiO/y-Al,03 gan nhu chuyén hoa CO, CO, hoan toan. Piéu
nay phu hop véi thuc té: cac nha may loc dau su dung cong nghé metan hoa déu van hanh & nhiét
do khoang 300°C.

3.6. Do bén xic tic

Hai xuc tac duoc lua chon dé nghién cuu do 6 dinh 1a: 37, 7Ni/Al va 37,7Ni+10,2Ca/Al.
Piéu kién nghién ciru d6 6 dinh 1a : nhiét do phan Gng 275°C, ty 18 H, /CO,=100/1, téc do dong
khi 18 lit/gio, luong xuc tac sir dung 0.5g, thoi gian phan tng lién tiép 72 gio.
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Bing 8 : Két qud nghién citu dp bén xiic tic

Thoi gian Do chuyén hoa (%)
(gio) | 37,7Ni/Al | 37,7Ni+10,2Ca/Al
0 67,38 91,85
4 67,20 88,80
8 64,51 87,41
12 64,35 87,25
16 63,70 87,21
20 63,60 85,68
24 62,70 84,31
28 62,22 83,55
32 61,80 83,45
36 61,60 83,22
40 61,20 81,28 Hinh 9: Sw bién thién dp chuyén héa CO,
44 60,64 81,21 theo thoi gian trén cdc xuc tdac
48 60,33 80,85 1) 37.7NiO/Al; 2) 37.7NiO+10.2Ca/Al
52 59,50 80,83
56 57,10 80,55
60 56,90 79,08
64 55,60 78,88
68 54,80 78,82
72 54,02 77,89

Két qua trén cho thay xtc tac NiO/y-Al,O; rat bén. Phan ting xay ra lién tiép trong 72 gio ma
d6 chuyén hoa ctia CO; chi giam 20%. So sanh hai xuc tac thi xuc tac 37,7Ni+10,2Ca/Al bén hon
(chuyén hoa chi giam 15% so véi 20%).

MBoi truong H, 1a méi truong bao vé xuc tac, tranh kha nang tao coc, sy giam hoat tinh 1a do
nhiéu nguyén nhan trong d6 chu yéu la do ban déu xtic tac moi duoc khir nén s6 tdim Ni*" nhiéu
nén dat chuyén hoa cao nhung sau thoi gian s& on dinh (& cac NMLD ciing vay khi méi str dung
xuc tac doi khi nguoi ta cho vao cac chat lam giam bt hoat tinh di). O dy co su chénh léch do
bén giita hai xtc tac, trong do xtic tac c6 tam CaO bén hon la do CaO tuong tac voi NiO lam
giam kha nang tao Carbide (Ni(CO,)s). Pay 1a mot trong nhitng nguyén nhan lam mat hoat tinh
cua xuc tac.

3.7. Do chon loc CH4

Trong thanh phan sin pham sau phan ung duoc phéan tich bang may sic ky khi, ngoai san
pham chinh 1a CHy, hoi nudc, CO, chua phan tng con c6 cac san pham phu khac nhung rat nho
(<1%) va khi d6 chuyén hoa CO, dat 100% thi sian pham hoan toan 1a CH, va hoi nudc. Noi cach
khac d6 chon loc & day 1a >99%. Két qua nay mang y nghia rat quan trong, dam bao nguyén liéu
sach cho cong doan ké tiép trong nha may san xuat khi sir dung xtc tac.

CO, CO;, la khi gy dau doc xuc tac (xuc tac qua trinh Reforming xuc tac, qua trinh Isomer

hoa...), sau khi metan hoa tao ra san pham la hoi nudc (dé loai trixr bang cach lam kho) va CH,
khong gy dau doc xuc tac.
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4. KET LUAN

Chat mang anh huong dén hoat dd metan hoa CO, cua xuc tac trén co s& NiO do su tuong
tac gitra NiO voi cac chat mang khac nhau. Su tuong tac ciia NiO voi cac chat mang ting theo
thr tu nhu sau : Si0; < Si0,+A1,0; < y- Al,O; < TiO,. y- Al,O3 la chat mang phu hop nhat cho
xuc tac NiO trong phan Gmg metan hoa CO2 do tuong tac gitta Niken va chit mang nay tao ra
nhiéu tAm hoat dong Ni+.

Vai tro cua phu gia: Cac phu gia CaO, CeO; va Li,O lam tang hoat d6 metan hoa CO; la do
lam téng s6 tam Ni2+ bi khu, tao cac tAm hoat dong cho phan ung. Thu tu hoat d6 cua xtc tac
dong thoi 1a tht tu s6 luong tdm Niy+ bi khir tinh trén 1g xuc tac nhu sau: 37,7Ni+0,3Li/Al >
37,7Ni+0,1Ce = 37,7Ni+10,2Ca/Al > 37,7Ni/Al > 25Ni/30A1+70Si > 30Ni+7Ca/Si > 7.5Ni/Ti >
30Ni1/Si.

D6i v6i phan ng metan hoa CO2 va hdn hgp CO+CO2 xuc tac t6i uu la xuc tac
37,7Ni+0,3Li/Al. Xuc tac 37,7Ni+10,2Ca/Al c6 hoat d6 cao cho phan ting metan héa CO va CO2
riéng 1€ nhung khi thuc hién cho hon hop CO+CO2 lai cho d6 chuyén hoa khong cao.

Phan iing metan hda CO2 xdy ra ¢ nhiét do cao hon so voi phan ing metan héa CO. Su co
mit ctiia CO2 trong hdn hop CO+CO2 lam giam kha nang chuyén hoa CO va CO2 riéng 1é. Tuy
nhién khi ¢ nhiét d6 xap xi 3000C thi hdn ho CO+CO2 gan nhu chuyén hoa hoan toan.

Xuc tac 37,7%Ni0O/y-Al203 va cac xuac tac bién tinh cia n6 co dd bén va d6 chon loc cao
trong phan ung metan hoa, phu hop véi diéu kién cong nghé hién tai cia cac NMLD, tao kha
nang ung dung vao thuc té tot.
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