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Tém tat

Trong bai bdo nay, nhém tdc gid da nghién ciru phdt trién hé xiic tdc méi Cu0-Zn0O-CeO, cho qud trinh téng hop
methanol tir hén hop H,/CO, 6 dp sudt thép. Cdc xiic tdc dugc téng hop theo phuong phdp két tia ldng dong Cu, Zn
trén Ce0O, (CZ/Ce), hodc déng két tia Cu, Zn, Ce tir cdc mudi nitrate tuong ting (CZ-Ce). Cdc mau duogc khdo sdt hoat
tinh théng qua phdn iing chuyén héa hén hop H,/CO,thanh methanol 6 dp sudt 5 bar, nhiét d6 250°C, luu luong thé
tich GHSV = 36.000 gi¢''. Cdc mdu xiic tdc déu dugc phan tich ddc trung tinh chdt héa ly bédng cdc phuong phdp XRD,
hdp phu N,, TPR-H,va SEM-EDX. Hiéu sudt téng hop methanol trén méu CZ/Ce (MTY,, = 120,99,..,-kg,"-h"') cao
hon méu CZ-Ce (MTY_, = 110,4g,,.,,-kg ~.h") nhung d6 chon loc methanol trén mau CZ/Ce (S, = 65,5%) lai thdp
hon mdu CZ-Ce(S,,,.,, = 71,1%). Khi so sdnh véi xiic tdc truyén théng trén co' sé CuO-ZnO/AlQ  thi cdc mdu xiic tdc CZ/
Ce va CZ-Ce cho hoat tinh téng hop methanol cao hon 4,3 - 4,7 ldan; dé chon loc methanol cao hon 5,2 - 5,7 lan. Tuong

tdc Cu-Ce (ddnh gid qua TPR-H,) c6 thé la tam hoat tinh cho qud trinh téng hop methanol tirhén hop H /CO,.
Tirkhéa: CeO,, CuO-ZnO-CeO,, tong hgp methanol, CuO-ZnO/AlLO, TPR-H,

1. Mé& dau

Nghién ctru qua trinh chuyén héa CO, thanh methanol
théng qua phan ting hydro héa dang la huéng nghién ciu
dugc quan tam hién nay nham gidi quyét dong thai cac
van dé vé moéi trudng, nhién liéu va phat trién bén viing
[1]. P&n nay, hé xuc tac c6 dd chuyén héa va dé chon loc
methanol t6t nhat dugc biét dén c6 thanh phan trén co s&
Cu0-ZnO str dung chat mang AL, [2, 3]. Tuy nhién, hoat
tinh clia hé xuc tac nay van chua da dé phat trién rong rai
& quy md cdng nghiép. Mot trong nhiing nguyén nhan
han ché hiéu qua clia qua trinh chuyén héa CO, chinh
la su hién dién cta H,0 lam gidm hoat tinh xdc tac. H,0
sinh ra trong qua trinh phan (ing sé hap phu lén tam hoat
ddng clia xuc tdc ngdn can qua trinh tiép xdc cda tac chat
Véi cac tam hoat tinh; dong thoi H,0 cling xuc tién cho
qua trinh thay nhiét dan dén viéc két khoi clia cac tam
hoat tinh [1]. Vi vay, viéc nghién ctu nham giam tac dong
clia H,0 c6 thé la chia khoa lam tang hoat tinh va d6 chon
loc clia hé xUc tac trén ca s& CuO-ZnO.

Ngoai H,0, CO cling la mét san pham phu clia qua
trinh téng hgp methanol theo phuang trinh: CO,+H,©
CO + H,0 (1). Phan (ng (1) ciing sinh ra nudc va chinh la
phan Ung nghich clia phan tng water-gas-shift (WGS). Do
vay, nhom tac gid tiép can viéc phat trién hé xdc tac mai
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theo hudng st dung mot thanh phan cé kha ndang xuc
tac cho phan tng WGS. Da c6 nhiéu nghién ctiu cho thay
CeO, c6 hoat tinh rat t6t do c6 kha nang thuc hién cac qua
trinh oxy héa/kht nhanh trén bé mit [4 - 6]. Hoat tinh cao
cta CeO, trong phan tng WGS la do Ce c6 thé ton tai 6 2
trang thai oxy hoéa (+3 va +4) [5 - 7]. Trong cac hé xuc tac
v@i nhiing tng dung khac nhu xt ly khi thai tur dong co,
CeO, con dugc sir dung nhu chat mang dé phan tan cac
pha hoat tinh nhu kim loai hay oxide kim loai chuyén tiép
[8 - 10]. Tuy nhién, viéc st dung CeOQ, thay thé hoan toan
alumina (vai trdo nhu mét chat mang) ctia hé xdc tac CuO-
ZnO/AlL0O, ting dung trong phan ting téng hop methanol
tlr CO, van chua dugc tap trung nghién cuu.

Trong nghién ctu nay, nhom tac gia phat trién hé xuc
tac trén cd s6 CuO-ZnO va CeO, ting dung cho phan tng
téng hop methanol tir CO,/H,; khdo sat anh hudng cua
cach thuc dua Ce vao hé xuc tac clng nhu vai tro cda Ce
dai véi qua trinh chuyén hoa CO, thanh methanol va d6
chon loc cac san pham.

2. Thuc nghiém
2.1. Phuong phdp téng hop va tién xir ly xic tdc

Trong nghién ctu nay, cac hé xuc tac trén co s& CuO-
Zn0O-CeO, dugc téng hgp bang 2 phuong phap khac nhau.
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Phuang phap 1: Cu, Zn dugc dua Ién chat mang
Ce0,bang phuong phap két tla ldng dong. Chat mang
CeO, dugc téng hop tirtién chat Ce(NO,), (hda chat tinh
khiét Aldrich, Cas No: 10294-41-4) bang cach nung truc
tiép & nhiét d6 400°C [11]. Mu6i Ce(NO,), dugc nung &
nhiét d6 400°C trong hén hop 20% O_/N, trong 3 gid,
véi toc do gia nhiét 5°C/phat. Chat mang CeO, thu
dugc cé dién tich bé mat la 88m?/g. Sau dd, qua trinh
dua Cu, Zn 1én CeO, dugc thuc hién nhu trong nghién
ctu [12]. Cadc mudi Zn(NO,),.4H,0 (hoa chat tinh khiét
Merck, Cas No: 19154-63-3) va Cu(NO,),.3H,0 (hda chat
tinh khiét Merck, Cas No: 10031-43-3) dugc hoa tan
trong nudc. Qua trinh két tda Cu, Zn dugc thuc hién
v@i tdc nhan tao tua la (NH,),CO, (Guangdong Guang
hua Sci-Tech Co, Cas No: 10361-29-2) & pH = 7 trong
30 phut, nhiét d6 60°C. H6n hgp dugc gia hoa trong
thai gian 30 phut. Sau d6, CeO, (c6 dién tich bé mat la
88m?/g) dugc cho vao hén hop va tiép tuc khuay trong
60 phut. Sau d6, nang nhiét dé 1én 90°C dé cé can dung
dich. Chat ran sau khi c6 can dugc sdy 6 nhiét do 110°C
trong khodng 12 gid va nung & nhiét d6 500°C trong 6
gid véi téc dé gia nhiét 2°C/phut. Mau xuc tac dugc ky
hiéu la CZ/Ce.

Phuong phéap 2: Xdc tac dugc téng hgp hoan toan
bang phuong phap dong két tda. Trudc tién, cac mudi
nitrate ctia Cu, Zn va Ce dugc hoa tan vao trong nudc va
qua trinh két tda Cu, Zn, Ce cling dugc thuc hién tuong tu
nhu phuong phap 1, véi tac nhan tao tta la (NH,),CO, & pH
=7 trong 30 phdt, nhiét d6 60°C. Sau d6, cac qua trinh sdy
va nung dugc tién hanh nhu phuong phap 1. Mau xuc tac
nay dugc ky hiéu la CZ-Ce.

D& so sanh, mau xuc tac trén co sd CuO, ZnO va
AlLO, cing dugc téng hop tuong tu phuong phap 1.
Diém khac biét duy nhat trong qua trinh diéu ché xdic
tac CuO, ZnO va ALO, so véi phuong phéap 1 la CeO,
dugc thay thé bang gamma Al,O, (héa chat tinh khiét
Merck). Qua trinh sdy va nung dugc tién hanh tuong
tu. Bang 1 trinh bay thanh phan va ky hiéu cia cdc mau
xuc tac.

Bdng 1. Thanh phdn va ky hiéu cdc mau xuc tdc

%Cu0  %ZnO0  %Al,0; %CeO, Ky hiéu xtic tac
30 30 40 - CZ/AP
30 30 - 40 CZ/Ce?
30 30 - 40 CZ-Ce®
- - - 100 CeO,

2: téng hop béng phuong phdp 1
b: té6ng hop bdng phuong phdp 2

2.2. Phuong phdp khdo sdt hinh thdi, cdu tric va ddc
tinh khtr caa xuc tdc

Phuong phap nhiéu xa tia X (XRD) dugc st dung dé
xac dinh cdu tric, thanh phan pha trong mau xuc tac. Cac
mau dugc do trén thiét bi Bruker AXS D8, dung dién cuc
Cu (40kV, 40mA), goc quét tu 20° - 80°, budc quét la 0,02°,
thai gian méi budc quét |a 3 gidy. Kich thudc tinh thé CuO
dugc xac dinh théng qua phan tich Rietveld [13] trén phan
mém X'pert HighScore Plus.

Dién tich bé mat B.E.T, thé tich 16 x8p cung phan bé
kich thudc 16 x6p clia cdc mau cling dugc xac dinh théng
qua sy hap phu N, 6 -196°C (N, theo tiéu chudn ASTM
D3663 va ASTM D4365 véi may Micromeritics). Trudc khi
do, cac thanh phan hap phu trén bé mat mau duoc loai bd
qua qua trinh xt ly & nhiét d6 400°C trong N, trong 8 gig
bang bé x ly mau SmartPrep (hdang Micromeritics). Hinh
thai clia xuc tac dugc xac dinh bang thiét bi kinh hién
vi dién tl quét (SEM) trén thiét bi EVO MA10 (héng Carl
Zeiss). Ngoai ra, viéc phan tich phan bé nguyén t6 bang
phucng phap phé tan sc nang lugng tia X (EDX) cling
dugc ti€n hanh trén thiét bi nay sit dung dién thé gia téc
clia chum electron & gia tri 20keV.

Bén canh d6, nhém tac giad cling khao sat hoat tinh
khir clia xuc téc bang phuong phap khi theo chuong
trinh nhiét d6 TPR-H, trén thiét bi Altamira AMI-200. Mau
dugc lam sach bé mat bang dong N, & nhiét dé 200°C
trong 2 gid. Sau khi ha nhiét dé vé nhiét d6 phong, qua
trinh khir dugc ti€n hanh véi dong khi 5% H, trong N, va
tang nhiét do lam viéc ti nhiét dé phong dén 900°C véi
t6c do gia nhiét 5°C/phut dé thuc hién giai doan khdt. Mdic
d6 tiéu thu H, dugc theo doi nha dau do TCD.

2.3. Phuong phdp khdo sdt hoat tinh xtic tdc

Hoat tinh xuc tac dugc khdo sat nhd mét hé théng
xuc tac tang c6 dinh dugc xdy dung tai phong thi
nghiém. Diéu kién tdng hgp methanol dugc tién hanh &
nhiét d 250°C, ap suat 5 bar, ty 1& mol ciia dong nguyén
liéu la H,:CO, = 3:1.T6c d6 dong khi téng la 150ml/phut
vGi khéi lugng xuc tac st dung la 0,5g tuong duong
V@i téc do thé tich GHSV (gid™) 1a 36.000 gid™. H6n hap
san pham dugc phan tich trén may sac ky khi Agilent
Technologies 6890 Plus (stt dung dau do FID dé phan tich
CH,, CH,OH va dimethyl ether) va may sac ky khi Agilent
Technologies 7890 (s&t dung dau do TCD dé phan tich
H,, CO, CO,). Hoat tinh xuc tac trong phan tng chuyén
hoéa CO, thanh methanol dugc danh gia qua gia tri MTY
“.h7") va dé chon loc clia cac san phdm hiiu

(gmethanol'ng\Jc tac
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co. Gia tri MTY dugc tinh la gia tri trung binh trong 10 lan
rat mau lién tiép (tan suat rdt mau la 1 mau/1 phut) tinh
tir 5 gi dén 5 gidy 10 phut. K&t qua trong nghién cliu trudc
clia nhom tac gid cho thdy déi véi hé xuc tac trén co s&
Cu0-ZnO0, sau khoadng 4 gid phan tng sé dat trang thai 6n
dinh va gia tri MTY sé& khong thay déi trong suét 20 gid
phan Ung tiép theo [12].

3. Két qua va thao luan
3.1. Phadn tich cdu tric xtic tdc bdng XRD

Két qua phan tich XRD (Hinh 1) cho thay cac pha
chinh clia cdc mau xuc tadc CZ-Ce va CZ/Ce la CeO,, CuO
va ZnO; trén mau CZ/Al la CuO va ZnO. Khi phan tich kich
thudc tinh thé pha hoat tinh CuO qua phan tich Rietveld
(Bang 2), nhém tac gid nhan thdy kha nang “mang” pha
hoat tinh cta CeO, kém hon AlO,. Kich thudc pha tinh
thé CuO (cho) trong mau CZ/Al la 27,2nm trong khi dCuo
cla cdc mau CZ-Ce va CZ/Ce lan luot 13 34,2nm va 32,3nm.
Hiéu qua clia hé xuc tac trén co s& Cu-Zn thudng phu
thuéc rat I16n vao d_ ., d_, cang nhé thi hoat tinh téng
hop methanol cang cao [14].

Bén canh d9, kich thudc pha tinh thé CeO, clng cho
thay su khac biét gilta cdc mau. Néu su sai khac vé d__
cla 2 mau CZ-Ce va CZ/Ce khéng dang ké (9,6nm so vai
9,2nm) thi dCeoztrén chat mang (13nm) lai l6n hon dCeO2 &
cac mau cé chia Cu, Zn. Két qua nay cho thdy viéc tuong
tac véi cac pha CuO-ZnO cé thé da lam gidm kha nang két
khéi ctia CeO, gitip cac tinh thé CeO, c6 thé 6n dinh & kich
thudc nhé hon.

3.2. Két qud phdn tich hinh thdi xuc tdc bdng hdp phu N,
va SEM-EDX

Cac két qua phan tich dién tich bé mat riéng bang
phuong phap hap phu N, (Bang 2) cho thay cac méau xuc
tac c6 dién tich bé mat riéng tir 54 - 88m?/g. Trong d6 ban
than vat liéu CeO, c6 tinh x6p, mau 100% CeO, c6 S la
88m?/g. Viéc két tha ldng dong cac pha Cu, Zn trén CeO,
cho dién tich bé mat cao han mau dong két tua cac pha
Cu, Zn, Ce (S, mau CZ/Ce = 62m?/g so v&i mau CZ-Ce la
54m?/g). K&t qua nay phu hgp vai két qua phan tich kich
thudc tinh thé CuO va CeO,,d_,vad_O, clia mau xuc tac
CZ/Ce déu nhd hon mau CZ-Ce. Ngoai ra, dién tich bé mat
riéng clia mau xuc tac CZ/Al cao hon CZ/Ce va dan dén
kha néng phan tan pha CuO trén mau CZ/Al tét hon (d_

nhd hon).

Két qua biéu dién cac dudng phan bé kich thudc 16
x6p cla cac mau xuc tac (Hinh 2) cho thady cac mau chua
Cu, Zn déu c6 cac 16 xdp tap trung trong khoang 35 - 40A.
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Doi v6i chat mang CeO, 16 x6p chi tap trung & khoang
110A. Qua qua trinh t6ng hap cac hé xuc tac CZ/Ce hodc
CZ-Ce hoan toan khéng thay su hién dién ctia cac 16 x6p &
khodng 110A. Nhu vay, kha néng cac pha Cu, Zn da dugc
phan bé trong cac 16 x6p kich thudc 110A ctia CeO, va lam
gidm manh kich thudc 16 x6p clia CeO,. Két qua nay cho
thay cac pha CuO-ZnO da dugc phan bé ngay trén CeO, vi
néu cac pha Cu, Zn nam tach biét hoan toan so véi CeO,
thi két qua phan bo kich thudc 16 x6p phai nhan thay cac
16 x6p & khodng kich thudc 110A tuong tng véi CeO..

P& lam rd6 han kha nang phan bé gan gilia cac pha
hoat tinh, nhom tac gia tiép tuc dac trung hinh thai mau
xtc tac CZ/Al va CZ/Ce bang phuong phap SEM-EDX (Hinh
3,4). Két qua phan tich phan bé nguyén t6 trén 2 mau xdc
tac CZ/Alva CZ/Ce cho thdy cac thanh phan Cu, Zn va chat
mang (ALO, hodc CeO,) déu dugc phan bé gan nhau. Vi
du & Hinh 4, cac vi tri ¢6 tam Cu déu c6 Zn va Ce. Két qua
nay khdng dinh thém két luan thu dugc trong phan khao
sat phan bo kich thudc 16 x6p. Ngoai ra trén xuc tac CZ/
Al, cac tam Cu, Zn va Al cling dugc phan bé gan nhau.

+

h J Lu & ++ cz/nl

*
| 4'\ ; CZ/Ce
/ | CzCe
| —— ‘*-J \...-,-......_.-wl Vvt ‘v-‘\-- —-ﬁ-w
20 80
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Hinh 1. Phé nhiéu xa tia X cia cdc mdu xuc tdc
(*) CeO,, (+) ZnO, () CuO

Bdng 2. Kich thutc tinh thé CuO va CeO, trén cdc mdu xuc tdc va
dién tich bé mat S, tuong ting

Xuc tac dc,o (NM) dc.0, (nm) Sger (M?/g)
CZ/AP 27,2 - 66
CZ/Ce* 32,3 9,2 62
CZ-Ceb 34,2 9,6 54

CeO, - 13 88
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Nhu vay, cac phuang phép st dung dé t6ng hop xuc tac
cho thay uu diém trong viéc két tda dinh hudng cac pha
hoat tinh trén chat mang.

3.3. Hoat tinh xtic tdc ctia cdc mau trong phadn ting téng
hop methanol

Hoat tinh ca cdc mau xuc tac trong phan ting chuyén
héa CO, thanh methanol thé hién trong Bang 3. Trong cac
xuc tac da dugc st dung thi san phdm clia qua trinh tong
hop methanol ti CO,/H, chu yéu chi cé CH,OH, CO (ngoai
ra c6 mét lugng rat nho CH, nhung d6 chon loc thap hon
0,5% nén nhom tac gid khéng dua vao Bang 3). Phan tUng
dugc tién hanh & nhiét d6 250°C, ap suat 5at, khéi lugng
0,5g xuc tac vai téc do thé tich GHSV 1a 36.000 gid™.

Pwing phan bé kich thwéc 16 x6p clia cac mau

Két qua cho thay cac hé xuc tac chira Cu-Zn-Ce cho
hoat tinh téng hgp cao hon rat nhiéu so vai xUc tac truyén
théng trén co s& Cu-Zn-Al. Cu thé, lugng methanol tao
thanh trén 1kg xuc tac trong 1 gid (MTY) trén cac mau CZ-
Ce va CZ/Ce cao hon mau CZ/Al tit 4,3 dén gan 4,7 lan.
Ngoai ra, d6 chon loc methanol clia cac xuc tac chua Cu,
Zn,Ce cling cao hon 5,2 - 5,7 lan so vGi xUc tac truyén théng
CZ/Al. Két qua nay hét surc thuyét phuc khi cac xuc tac Cz/
Ce va CZ-Ce vlra cho d6 chuyén héa CO, thanh methanol
cao hon xuc tac truyén théng lai vita cho d6 chon loc tét
han. Hon nira, hé xdc tac nay dén nay van chua dugc phat
trién trén thé gidi. Tuy nhién, can luu y rang d_ , trén xdc
tac truyén théng nhé hon d_ , & cdc mau CZ/Ce va CZ-
Ce (Bang 2). Biéu nay ching t6 d_ , khong phai la yéu to

duy nhat quyét dinh hoat tinh cla cac hé xuc
tac cé Ce hay CuO khong phai la tam hoat tinh
duy nhét cho phan ting chuyén hoa CO, thanh

Kich thwérc 16 x6p (A°)

Hinh 2. Budng phdn bé kich thudc 16 x6p cda cdc mdu xuc tdc
va chdt mang CeO,

Hinh 3. Két qua phan tich phdn b6 nguyén té (theo phuong phdp SEM-EDX)
trén mau CZ/Al thuc hién & dé phéng dai 1000 ldn

xuc tac . ’
1.2 methanol. Diéu nay dugc thé hién qua dé chon
z loc san pham khi xu hudng hinh thanh céc san
:g' : i pham trén cac xuc tac c6 chiia CeO, hoan toan
‘E 0.8 P CZIAl khac biét so v&i hé xuc tac CZ/Al
= P —+—CZiCe Dé lam ré nguyén nhan lam ting hoat tinh
gue o —o—CZ-Ce e . e e s
- ;o rensiliilie khi bién tinh véi Ce, nhom tac giad tién hanh
5 04 \ khao sét hoat tinh clia mau CeO,. Két quéa Bang
é’ - 3 cho thdy hé xdc tac nay cé hoat tinh téng
2 hgp methanol rat thap nhung cho d6 chon loc
0 R | methanol rat cao, Ién dén 99,5% vai 0% CO hinh

thanh trong san pham. Nhu vay, véi dinh huéng
ban dau st dung Ce dé xuc tac cho phan tng
WGS nham chuyén héa CO va H,0 thanh CO, va
H,da cho thay hiéu qua ro rét trong viéc giam
su hinh thanh san phdm phu CO. Tuy nhién, nhu
da trinh bay trong phan 2.3, gia tri MTY trong
Bang 3 la gia tri thu dugc sau 5 gid phan Ung.
Viéc theo déi dnh hudng cua thoi gian phan tng
dén hoat tinh trén cac hé xuc tac chia Ce van
chua dugc tién hanh trén nghién clu truéce cla
nhém tac gid [12].

Hinh 5 biéu dién anh hudng cla thsi gian
phan Ung dén hoat tinh clla cac mau xuc tac
nham lam ré hon tinh chat cta Ce trong hé xuc
tac. Két qua cho thdy cac mau c6 chiia Cu, Zn déu
thé hién cuing mét xu hudng la hoat tinh rat it
thay déi theo thai gian phan ting. Tuy nhién, két
quéa & mau CeO, hoan toan ngugc lai. Gia tri MTY
sau 10 phut dau ctia CeO, la MTY_ O, = 30,4 cao
hon mau CZ/Al (MTY,,,, = 25/9). Sau do, gia tri
nay lai giam lién tuc theo thai gian va sau 5 gid
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chi con MTY = 9,4. Két qua nay cho thdy CeO, cling la pha
hoat tinh cho phan tng chuyén hoéa CO, thanh methanol
nhung hé xdc tac nay lai rat dé bi gidm hoat tinh. Khi két
hgp thém Ce vao hé xuc tac chira Cu, Zn (mau CZ-Ce va
CZ/Ce) da ngan chan dugc hién tuong gidm hoat tinh nay.
Nhu vay, c6 thé viéc CeO, dugc tuong tac véi CuO va/hoac
ZnO da gilp cho qué trinh mat hoat tinh cla pha CeO,
khong xay ra. Két qua khao sat dién tich bé mat BET trong
Bang 2 cho thay viéc tuong tac véi cac pha CuO, ZnO cling
lam gidm van dé két khoi ctia CeO, thé hién qua cac gia tri
kich thudc tinh thé CeO,.

P6i vsi 2 hé xtc tdc Cu, Zn, Ce thi hé xuc
tic téng hgp bang phuong phap két tda
lang dong pha Cu, Zn lén chat
(MTYCZ/Ce= 120,9) cho hiéu qua téng hgp methanol cao
hon mau dugc téng hap bang phuong phap déng két tla
MTY¢, ¢
mau CZ/Ce c6 dién tich bé mat riéng cao han cling kha
nang phan tan pha hoat tinh CuQ, CeO, tét hon (thé hién
qua kich thudc tinh thé d_ ., d O, nhé hon). Tuy nhién,
diéu dang luu y 1a dé chon loc methanol clia mau CZ-Ce
(71,1%) lai cao hon mau CZ/Ce (65,5%). Két hop véi két qua
d6 chon loc methanol rat cao cia mau CeO, (99,5%) va cac
két qua phan tich kich thudc pha tinh thé CeO,, c6 thé thay
d..,, I6n lai thuan lgi hon cho phan Ung chuyén hoéa CO
thanh CO,.DBiéu nay dan dén d6 chon loc CO gidm manh

hay d6 chon loc methanol tang lén.

mang CeO,

= 110,4). K&t qua nay co thé lién quan dén viéc

Nhu vay, d6 bén hoat tinh, d6 chon loc va dé chuyén
héa CO, thanh methanol ctia cdc mau CZ-Ce va CZ/Ce c6
thé lién quan dén tuong tac gitia Ce va pha Cu, Zn. D&
lam rd tuong tac nay, nhom tac gid da khao sat ddc tinh
khir cia cdc méau theo phuong phap TPR-H,. Mét s6 mau
dai dién la CuO mang trén AlLO,, CZ/Ce va CZ/Al dugc lua
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chon dé phan tich dac tinh khir (Hinh 6).

D6i véi CuO va CeO, dang khoi (khong cé chat mang)
qua trinh khir cda hai vat liéu nay dugc dac trung & dinh
(peak) nhiét d6 duy nhat tuong Ung véi moi chat la
khoang 300°C va 520°C [15, 16]. K&t qua & Hinh 6 cho thay
viéc mang trén chat mang da giam nhiét dé ctia peak khi
CuO xudng 270 - 280°C. Sy hién dién ctia ZnO gilp tang
kha nang phan tan CuO thé hién qua nhiét dd peak khr
CuO trén mau CZ/Al & khoang 250°C. Dac biét, mau CZ/Ce
c6 nhiét d6 peak khir thap hon (chi & nhiét d6 240°C) va
khong thay xuat hién peak & khoang gan nhiét dé 520°C
ching t6 trén cac mau bién tinh véi Ce da co su tuang
tac gitfa CeO, va CuO, dan dén CeO, va CuO déu dé bi
khir hon. Ngoai ra, viéc khong thdy peak khir ciia CeO, &
khodng nhiét d6 1an can 520°C c6 thé lién quan dén viéc
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Hinh 4. Két qua phan tich phan b6 nguyén té (theo phuong phdp
SEM-EDX) trén mau CZ/Ce thuc hién & d6 phéng dai 1000 ldn

Bdng 3. Hoat tinh chuyén héa CO, thanh methanol va dé
chon loc san phdm ctia cdc mdu xuc tdc

Xtic tic MTY Pochonloc D6 chonloc
(9 cuzon- K9y '-h")  CH,OH (%) CO (%)
CZ/Al 25,9 12,5 87,5
CZ-Ce 1104 71,1 28,4
CZ/Ce 120,9 65,5 34,1
CeO, 9,4 99,5 0,0
500 -
400 a a . -t CZIAI
z =B~ cZiCe
é 300 4 = = e = g | i CZCe
? “3= CeD;
é 200
100 4 v ; .
0 .
0 1 2 3 4 L] 6

Thei gian (giev)

Hinh 5. Anh huéng cla thoi gian phdn (ing dén hoat tinh téng
hop methanol tir CO/H,

cac peak khir ciia CeO, va CuO bi chéng vao nhau [15, 17,
18]. Nhiét dé khit cia cac mau bién tinh véi Ce déu thap
hon nhiét d6 cGa Cu/Al va CeO, cho théy da cé su tuang
tac gitta CuO véi CeO, theo dang CuO phan tén trén CeO,,.
Cac két qua TPR-H, cho théy viéc bién tinh véi CeO, c6 thé
lam tang hoat tinh khit ctia CuO va tang hiéu suat clia qua
trinh téng hop. Tuy nhién, ban than CeO, cling c6 hoat
tinh cho phan ting chuyén hoéa CO, thanh methanol mac
du hé xdc tac CeO, c6 d6 bén hoat tinh thap. C6 thé viéc
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Hinh 6. Két qua phan tich TPR-H, ctia cdc mau CZ/Ce, Cu/Al
va CZ/Al

két hop véi CuO va/hodc ZnO da gidp hién tugng mat
hoat tinh ctia CeO, khong xay ra.

4.Két luan

Trong nghién clu nay, nhém tac gid da nghién cuu
phat trién hé xuc tac trén co s& CuO-ZnO-CeO, va so sanh
v6i hé xuc tac truyén thong CuO-ZnO/ALO,. Két qua thu
dugc cho thdy hé xdc tac CZ/Ce va CZ-Ce déu c6 hoat tinh
chuyén héa CO, thanh methanol cao hon rat nhiéu so voi
hé xuc tac truyén théng CZ/Al. Cu thé lugng methanol thu
dugc cao hon dén 4,3 - 4,7 lan va d6 chon loc methanol
cao hon 5,2 - 5,7 lan. K&t qua thu dugc cho thay viéc thém
Ce da lam gidam rat manh su hinh thanh CO trong san
pham va tir d6 lam tang d6 chon loc thanh methanol. Nhu
vay, dinh hudng ban dau clia nhdm nghién ctru trong viéc
st dung Ce lam thanh phan bién tinh nham gidm su hinh
thanh CO la hoan toan hgp ly.

Bén canh do, Ce ciling la thanh phan cé hoat tinh cho
phan Ung tong hop methanol tir CO,/H, véi d6 chon loc
methanol rat cao. Tuy nhién, d& bén hoat tinh clia xuc tac
chira 100% CeO, rat thap. Theo két qua SEM-EDX, TPR-H,
va khao sat dé bén hoat tinh, nhom tac gia nhan thay qua
trinh tuong tac véi cac pha CuO, ZnO clia pha Ce da lam
tang dé bén hoat tinh clia xuc tac. Viéc két tla cac pha Cu,
Zn trén chat mang CeO, ciing cho hiéu qua cao hon viéc
két tha doéng thdi cac pha Cu, Zn va Ce trong viéc téng hop
methanol. Két qua nay lién quan dén su khac nhau vé dién
tich bé mét va kich thudc tinh thé clia cac pha CuO, CeO,.

Cudi cung, kich thudc pha tinh thé CeO, I6n gitp
tang do chon loc thanh methanol nhung lai lam gidm dé
chuyén héa CO, thanh methanol. Két qua thu duoc trén
hé xuc tac cho khd nang téng hgp methanol cao nhat:
xuc tac CZ/Ce cO MTY =120,9 (9, 30 kgxt'1.h'1) v&i d6 chon

loc methanol 1én dén 75,5%; xuc tac CZ-Ce cO MTY =110,4
(9eson k9,."-h") cho d6 chon loc methanol cao nhat 13
71,1%. Cac gia tri nay dat dugc & diéu kién 4p suat thap
(5bar). Hién nay, gid tri MTY trén cac xuc tac cobng nghiép
dat khoang 700 - 1.000 (g, ., kg,,"-h"") nhung phai thuc
hién & ap suat cao han rat nhiéu lan (50 bar).

Nhu vay, hé xic tadc dugc nhém téc gia nghién clu
cho thdy tiém nang Ung dung rat I6n khi ca hoat tinh va
dd chon loc déu cao hon rat nhiéu lan so véi hé xuc tac
truyén thong trén co s6 CuO-ZnO/ALO,. Van dé tiép theo
can tap trung giadi quyét trudc la kha nang chu dong vé
nguodn nguyén liéu Ce khi hién nay tién chat dat hiém nay
van phai nhap khiu ti nudc ngoai.
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A study to develop new catalyst CuO-ZnO-CeO, for
methanol synthesis from H,/CO, mixture

Le Phuc Nguyen, Bui Vinh Tuong, Vu Thi Thanh Nguyet, Ho Nhut Linh
Nguyen Phan Cam Giang, Dang Thanh Tung, Nguyen Anh Duc
Vietnam Petroleum Institute

Summary

In this study, new catalysts based on CuO-ZnO-CeO, were developed for the methanol systhesis from H,/CO, mixture
at low pressure. The catalysts were prepared by deposition of Cu-Zn over CeO, (CZ/Ce) or by co-precipitation of Cu, Zn
and Ce (CZ-Ce). Samples were evaluated by the reaction of converting H,/CO, to methanol at 5 bar, 250°C, and GHSV =
36,000h". In addition, the catalysts were characterised by XRD, N, adsorption, TPR-H, and SEM-EDX. The methanol pro-
ductivity of CZ/Ce catalyst (MTY_, . =120.99 ... kg .. '-h") is better than CZ-Ce (MTY_, = 110.4g_,. ... kg . "-h") but
its methanol selectivity is lower (S, , (CZ/Ce) = 65.5%; S .., (CZ-Ce) = 71.1%). It clearly demonstrated that the activity
of CZ/Ce and CZ-Ce in methanol synthesis is 4.3-4.7 times as much as traditional CuO-ZnO/Al O, catalyst. Furthermore,
the methanol selectivity of the new catalyst is also higher than that of CuO-Zn0O-Al 0, (5.2 - 5.7 times higher). The Cu-Ce

interaction (revealed by TPR-H,) could be the active site for methanol synthesis from H,/CO, mixture.
Key words: CeO,, CuO-ZnO-CeO, methanol synthesis, CuO-ZnO/Al,O,, TPR-H,

cata

58  DAUKHI-SO 112014  Xuin Gidp Pigo



