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Tom tat

Trong nghién ciiu nay, cdc hé xuc tdc CuO/Zn0O/Al,0, (30:30:40) da dugc téng hop bdng 3 phuong phdp khdc nhau
dé sir dung cho phdn img téng hop methanol tir hén hop H,/CO, (75:25) trén hé théng xuic tdc tdng cé dinh. Két qua
phan tich nhiéu xa tia X va phan tich Rietveld Refinement cho thdy cdc hé xiic tdc du'oc téng hop co ciing cdu tric va ty
1é thanh phdn cdc pha tinh thé. Tuy nhién, hoat tinh xuc tdc trong phdn iting téng hop methanol rdt khdc nhau vé dé

chon loc cdc san phdm hitu co va dé chuyén héa €O, thanh methanol. Qua cdc nghién citu vé cdc ddc diém hinh thdi
xuc tdc (hdp phu N, va dnh hién vi dién tir quét), nhém tdc gid nhdn thdy cdc thanh phdn CuO-ZnO duoc phdt trién tét
trén alumina déng vai tré quyét dinh hoat tinh téng hop methanol. Nghién ciu ciing cho thdy su khdc biét rdt nhé
giita cdc phuong phdp téng hop c6 thé dan dén su khdc biét rdt I6n vé hoat tinh xuc tdc ctia sén pham thu duoc.

1. Giéi thiéu

Methanol dugc Ung dung dé lam tién chat téng hgp
cac héa chat quan trong hay téng hgp nhién liéu thay thé
[1 - 3]. Trong cdng nghiép, methanol dugc san xuat chl
yéu tr khi tong hop (hén hop khi CO, H, va mét lugng
nhé CO,) théng qua phén ting: CO + 2H, S CH,OH [4]. Tuy
nhién, khi nguén nguyén liéu hoa thach ngay cang can
kiét va dé gop phan giai quyét van dé bién ddi khi hau,
phuong phép téng hgp methanol truc tiép tu CO,vaH,
rét dugc quan tam. Hién CO, c6 thé thu dugc tir qua trinh
khai thac va xu ly khi thién nhién c6 ham lugng CO, cao,
khoi thai cla cac nha may nhiét dién, dam, xi mang. Con
H, trong tuong lai c6 thé thu dugc tir qua trinh dién phan
nudc sirdung cac nguén nang lugng thay thé (nang lugng
mat tr&i, ndng luong gio, thay dién hay sinh khéi) [4 - 6].

Trong cac hé xuc tac dugc phat trién dé téng hap
methanol tu CO,/H,, hé xuc tac CuO/ZnO/AIZO3 dugc
nghién ctru nhiéu nhat va c6 uu diém ndi bat vé do chuyén
hda, d6 chon loc methanol [7 - 13]. Trong d6, phuong phap
téng hop va cac théng sé trong qua trinh téng hop c6 anh
hudng I6n dén hoat tinh chuyén héa CO, thanh methanol.

Theo nghién ctu [14], pH va tac nhan tao két tla c6 anh
hudng quan trong dén kich thudc clia pha tinh thé chia
Cu va hoat tinh chuyén héa CO, thanh methanol. Nghién
cltu nay cling cho thay kich thudc pha tinh thé CuO la mét
théng sé quan trong quyét dinh hoat tinh xuc tac.

Phuong phéap dong két tla thudng dugc st dung dé
téng hop hé xuc tac CuO/ZnO/AlQ,. Tuy nhién, thi tu thuc
hién cac buéc ca qua trinh tdng hop (cho tac chat, thoi
gian khuay, gia hoa két tla hay cach thiic tao két tda...)
sé dnh hudng dén tinh chat sdn phadm thu dugc. Théng
thuding cac théng s6 nay khéng dugc dé cap cu thé trong
cac bao cdo khoa hoc. Trong nghién cttu nay, nhém tac gia
da khao sat anh huéng clia cac théng sé trong qua trinh
téng hop hé xic tdc Cu0/Zn0O/Al0, dén céu truc, thanh
phan pha tinh thé, hinh thai va tinh acid cda vat liéu. Tu
do tim ra mai lién hé gilia cac dac trung hoa ly, dac biét la
hinh thai hoat tinh xtc tac.

2. Thuc nghiém
2.1. Phuong phdp téng hop xiic tdc
Nhom tac gid da thuc hién 3 phuang phap téng hop
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xuc tac dya trén co s& clia phuong phap dong két tla. Do
viéc lua chon théng s6 t6ng hgp phu hop rat quan trong
déi véi nhiing nghién clu tiép theo nén nhém tac giad
c6 dinh cac thong s6 lién quan dén thanh phan xdc tac
gém: chat mang st dung la y-AlLO, (héa chét tinh khiét
cla hang Merck, Cas No. 1344-28-1) va thanh phan xuc
tac CuO/ZnO/ALQ, dé khao sat anh hudng cla phuong
phép diéu ché dugc cé dinh & ty 1& 30:30:40 (ky hiéu la
30Cu302Zn). Khéi lugng xuc tac dugc téng hap la 10g.

- Phuong phap 1 dugc thyc hién trén co sé phuong
phap dugc téng hgp trong nghién ctiu ctia Luu Cadm Loc va
nnk [8]. Lay 9,639 Zn(NO,),.4H,0 (hda chat tinh khiét cta
hang Merck, Cas No. 19154-63-3) va 9,11g Cu(NO,),.3H,0
(héa chat tinh khiét ciia hang Merck, Cas No. 10031-43-3)
hoa tan trong nudc thanh 250ml dung dich va dat trong bé
siéu am trong 10 phut. Dong thai, hoa tan 8,059 (NH,),CO,
(Guangdong Guanghua Sci-Tech Co.,Ltd., Cas No. 10361-
29-2) trong nudc thanh 250ml dung dich. Sau do6, cho 2
dung dich trén vao 2 buret va thuyc hién qua trinh nho giot
déng thai (t6c d6 khoang 2ml/phut) vao c6c nudc néng &
nhiét d6 70°C, dugc khudy & téc dd 300 vong/phut.

Qua trinh tao két tha dugc tién hanh & pH = 7. Két tua
thu dugc dugc gia hda & cling diéu kién trong 90 phdit, sau
d6 dugc ly tdm va rifa lai bang nudc néng. Cho 4g y-AlLO,
ran va mét chit nudc khudy déu & nhiét d6 thuong trong
1 gid. Loc hén hop thu dugc va dé khoé ngoai khong khi,
sau d6 dem sdy & nhiét do 110°C trong 12 gi& d€ loai bd
nudc hoan toan. Hon hgp nay dugc nung & nhiét dé 500°C
trong 6 gid véi téc dd gia nhiét 2°C/phut dé qua trinh nhiét
phan cac muéi nitrate dién ra hoan toan, chuyén héa
thanh cac oxide tuong Uing. Xuc tac sau khi nung dugc ray
lay cac hat c6 kich thudc 0,1 - 0,15mm. Xuc tac téng hop
theo phuang phap 1 dugc ky hiéu la 30Cu30Zn PP1.

- Phuong phap 2 dugc thuc hién dua trén quy trinh
téng hop hé xuc tac oxide trén chat mang alumina da
dugc nghién clu trude day [15 - 17]. Biém khéc biét 16n
nhat ctia phuong phap nay so véi phuong phép 1 la qua
trinh két tha cta Cu, Zn dugc tién hanh & pH = 10 va dién
ra truc ti€p trén alumina. Khi pH = 10, bé mat alumina sé
tich dién am, do d6 tuong tac tinh dién tét hon vai cac
tién chat Cu, Zn (tich dién duong) [18]. Ngoai ra, do viéc
thuc hién qua trinh két tda Cu, Zn trén alumina 6 pH = 10
khong thuc hién dugc véi (NH,),CO, nén tac nhan gay tda
dugc lva chon trong phuong phap 2 1a Na,CO.,.

Trudc tién, cho 4g \(—AIZO3 vao becher 250ml, cho
thém nudc cat réi khudy bang may khudy tur & nhiét do
60°C, diéu chinh dung dich dat pH = 10 bang Na,CO,
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(Guangdong Guanghua Sci-Tech Co., Ltd., Cas No. 497-
19-8), gilt mau én dinh trong 15 phut. Tiép theo, hoa tan
ting mudi (9,11g mudi Cu(NO,),.3H,0 va 9,63g muoi
Zn(NO,),.4H,0) v6i nudc, réi cho dong thoi dung dich cda
2 mudi nay vao becher chiia y-Al,O,. Dung Na,CO, dé diéu
chinh dung dich dat pH = 10 va giit 8n dinh trong 30 phat
& nhiét d6 60°C. Sau d6, nang nhiét dé lén 80°C dé c6 can
dung dich va thu dugc chat ran. Chat nay dugc ria ky véi
nudc cat dé loai hoan toan ion Na* trudc khi sdy & nhiét
d6 110°C trong 12 gid va nung & nhiét d6 500°C trong 6
gid vdi téc dd gia nhiét 2°C/phat. Xuc tac téng hop theo
phuong phap 2 dugc ky hiéu la 30Cu30Zn PP2.

- Phuong phdp 2B dugc thyc hién theo cac budc
tuong tu phuong phap 2, nhung khac biét & ché nhiét do
¢6 can dung dich 3 90°C. Nhiét do cao giup cho qua trinh
c6 can dién ra nhanh hon, tuy nhién khi cé can & nhiét
dé 90°C qua trinh chuyén hoa két tda thanh dang oxide
Cu da c6 thé dién ra (theo quan sat, két tda chuyén sang
mau den trong qua trinh c6 can & nhiét d6 90°C va cé mau
xanh khi ¢6 can & nhiét d6 80°C). Xuc tac téng haop duagc
dugc ky hiéu la 30Cu30Zn PP2B.

2.2. Phuong phdp khdo sdt cdu tric, hinh thdi, thanh
phdn pha va tinh acid ctia xic tdc

S dung phuang phéap nhiéu xa tia X (XRD) dé xac
dinh cau truc, thanh phan pha trong mau xuc tac. Ty lé
(%) pha tinh thé va kich thudc tinh thé CuO dugc xéac dinh
théng qua phuong phép Rietveld Refinement. Cac mau
dugc do bang thiét bi Bruker AXS D8, dung dién cuc Cu
(40kV,40mA), goc quét tur 10° - 80°, budc quét la 0,02°, thoi
gian & moi budc la 3 gidy. Ty 1& cac pha tinh thé va kich
thudc tinh thé CuO-ZnO dugc phan tich bang Rietveld
Refinement trén co s& két qua XRD vdéi viéc st dung cac
dr liéu cif cla cac pha CuO, ZnO va y—AIZO3.

Hinh 1 la vi du mot két qua phan tich Rietveld
Refinement trén mau 30Cu30Zn PP2B. Ph§ c6 mau dé
tuong Ung vai phd XRD that clia mau, phd ¢ mau xanh la
phé gia lap dugc dung tu dir liéu cda cdc mau CuO, ZnO
va ALO,. Hinh 1 ciing biéu dién cac két qua clia qua trinh
chay Rietveld Refinement nhu R expected (Rexp), R profile
(Rp) va Weighted R profile (Rwp) cho phép danh gia muc
dé tuong thich ca phé gia lap va phd that. Két qua cla
qua trinh gia 1ap chi thuc su t6t khi Rwp nhd hon 10% va
Rp cang gan gia tri Rexp cang tét, gia tri Goodness of Fit
(GOF) chinh la ty s6 (Rwp/Rexp)> Gia tri GOF ly tudng la 1.
V6i GOF nhd hon 2 thi qua trinh gid lap dugc danh gid kha
t6t [19, 20]. Khi d6, nhdm tac gid 6 thé c6 dugc thong tin
vé thanh phan va kich thudc pha tinh thé.



PETROVIETNAM

Dién tich bé mat 30Cu30Zn PP2B
. e, i3 alumina 22,1 %
BET va su phan bo kich m.r%
200 39.3 %

thudc 16 x6p cla cac
mau dugc do thong
qua su hdp phu N,
& nhiét d6 196°C (N,
theo tiéu chuidn ASTM
D3663 va ASTM D4365
véi mdy Micromeritics).
Trudc khi do, cac thanh
phan hap phu trén bé
mat mau dugc loai bd
qua qud trinh xt ly &

30Cu30Zn PP2B
Rp 7,50722
Rwp 9,5315
I. Rexp 8,44344
GOF 1,27433

400°C trong N, trong L x X
8 gi¢ bang bd xu ly
mau SmartPrep (hang
Hinh
thai cla xuc tac duoc
xac dinh bang thiét bi kinh hién vi dién t& quét (SEM).
Trong nghién ctu nay, hinh anh bé mat cta vat liéu xuc tac
dugc phan tich trén thiét bi EVO MA10 (hang Carl Zeiss).
Bén canh d6, nhom tac gia khao sat tinh acid clia xuc tac
bang phuang phép gidi hap theo chu trinh nhiét khi NH,
(NH,-TPD) trén thiét bi Autochem Il (hdng Micromeritics).
Cac mau dugc lam sach bé mét bang N, 6 400°C, qué trinh
hap phu NH, (30ml/phut) tién hanh & nhiét d6 phong. Sau
do, nhiét do dugc diéu chinh tang dén 500°C (t6c do gia
nhiét 1a 10°C/phut) trong dong He (60ml/phut) dé hoan
thanh qua trinh giai hap NH..

Micromeritics).

2.3. Phuong phdp khdo sdt hoat tinh xuic tdc

Hoat tinh xuc tac dugc khao sat qua mot hé thong xuc
tac tang c6 dinh (fixed bed reactor) thiét lap tai phong thi
nghiém. Trudc khi thuc hién phan ting, chat xuc tac dugc
khirbang dong 30% H, trong N, & nhiét d6 400°C, 4p suat
thudng trong 2 gid. Hoat tinh xuc tac dugc khdo sat tu
nhiét d6 280°C, ap suat 5 bar. Ty [& mol clia dong nguyén
liéu H,:CO, = 3:1. T6c d6 dong khi téng la 40 ml/phdt véi
kh&i lugng xtc tac st dung la 1g. Ho6n hop san phdm dugc
phan tich trén may sac ky khi Agilent Technologies 6890
Plus (st dung c6t HP-1.100m x 0,25mm x 0,5um, dau do
FID dé phan tich CH,, CH,0OH, dimethyl ether) va may sac
ky khi Agilent Technologies 7890 (s& dung cac cét 0,5M
Hayesep, 6Ft Hayesep, 6Ft Molecular Sieve 5A va dau do
TCD dé phan tich H,, CO, CO,).

Trong nghién ctu nay, hoat tinh xuc tac trong phan
ing chuyén hoa CO, thanh methanol dugc tinh theo
gia tri MTY (g L ... h7").Trong d¢, g la khéi lugng

methanol® ~xuc tac

. 40 50 60 70 80
2 theta (°)

Hinh 1. Vi du vé két qua phan tich Rietveld Refinement cho mau 30Cu30Zn PP2B cting cdc théng s6 cta
két qua qud trinh gia lap. Phé mau dé la phé thét cia mdu, phé mau xanh la phé gia lap

methanol tao thanh trén 1 lit xdc tac trong 1 giG va dé
chon loc cla cac san phdm hiu co. Ly do nhém tac gia
lua chon gia tri MTY vi day la gid tri thudng dugc nghién
ctu Ung dung trén thé gidi [1, 4, 5, 14]. Trong cac nghién
cliu tiép theo, nhom tac gid sé xay dung hé tuan hoan
dong san pham va céac chat chua phan tng (CO, CO, H,
va cac khi hiru co khdong ngung tu) sau khi ngung tu cac
san pham 16ng (methanol, H,O, dimethyl ether...). Vi vay,
2 gia tri quan trong nhat dé danh gia hiéu qua cda qua
trinh tong hop methanol tir CO,/H, trong nghién ctiu clia
nhém tac gid lagia triMTY (g__, L ... “.h")vadd chon
loc clia cac sén pham hiiu co do tat cd cac hop chat vé co
sau phan (ing va qua trinh ngung tu sé dugc tuan hoan lai
vao dong tac chat.

3. Két qua va thao luan
3.1. Két qud khdo sdt hoat tinh cta cdc mdu xtic tdc

Hoat tinh clia cdc mau xUc tac trong phan tng chuyén
héa CO, thanh methanol dugc trinh bay trong Bang 1.
Cac két qua do do chuyén héa CO, thanh methanol c6
su lap lai (it nhat 2 1an) va hoat tinh trén cing mot mau
xuc tac ludén én dinh gilta cac lan khao sat. Bang 1 cho
thay co su khac biét kha rd vé lugng methanol tao thanh
(MTY) va dé chon loc cla cac san pham hiu co gila 3
mau xUc tac c6 cung thanh phan 30Cu30Zn. Cu thé, mau
30Cu30Zn PP1 hinh thanh san phdm phu la dimethyl
ether (27,3%); 2 mau 30Cu30Zn PP2 va 30Cu30Zn PP2B
¢6 d6 chon loc methanol cao (hon 99%). Ngoai ra, lugng
CH, dugc tao thanh khéng dang ké (dudi 1%). Theo két
qua TPD-NH3 (Hinh 2), mau 30Cu30Zn PP1 c6 su hién dién
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cla cac tdm acid manh, trong khi Bdng 1. Hoat tinh chuyén héa CO2 thanh methanol ctia cdc mau xuc tdc. DO chon loc cdc san
mau 30Cu30Zn PP2 va 30Cu30Zn phdm duoc trinh bay trong bang la dé chon loc cia cdc san phdm hitu co. Phdn tng duoc tién

PP2B chi c6 cac tam acid yéu. Két
qua thu dugc cta nhom tac gid

hanh & 280°C, 5 bar, 1g xuc tdc va luu lugng hén hop CO2/H2 (3:1) la 40ml/phat

MTY? %DME

Xuc tac %CH3OH . %CH
ciing phu hop véi Kkét qua nghién (mchzon(g). Lxictac.h™) onrs (dimethyl ether) onra
clu [2] trudc d6 cho rang cac tdm 30Cu30Zn PP1 62 72,0 274 0,6
acid manh 13 nguyén nhan gay ra 30Cu30Zn PP2 69 99,3 0,1 0,6

30Cu30Zn PP2B 99 99,5 0,1 04

hién tugng chuyén héa CO, thanh

dimethyl ether. Su khac biét vé  a:luong methanol tao thanh trén 1 it xuc tdc trong 1 gio 6 280°C

tinh acid clia 2 mau téng hgp bang phuong
phép 2 va 2B la rat nho.

Vé hiéu sudat clia qua trinh tao methanol,
lugng methanol tao thanh trén 11 xuc tac
trong 1 gid (MTYg_ L T h')trén mau
30Cu30Zn PP2B (MTY = 99). Két qua nay cho
thady su vugt troi cia mau 30Cu30Zn PP2B so
v6éi mau 30Cu30Zn PP1 (MTY = 62) va mau
30Cu30Zn PP2 (MTY = 69). Quy trinh tdng hop
xUc tac theo phuong phap 2 va phuong phap
2B khong cé sy khéc biét 16n, chi chénh léch
10°C trong qua trinh ¢6 can dung dich. Do do,
nhom tac gia sé tap trung nghién ctru méi lién
hé gilta phuong phép t6ng hop dén cau truc,
thanh phan, hinh thai ctia xuc tac, ti d6 giai
thich su khac biét vé hoat tinh xdc tac.

3.2. Ddic trung cdu tric cdc mdu xuic tdc bdng
XRD

Phuang phap nhiéu xa tia X dugc st dung
dé nghién ctu dac trung cdu truc va thanh
phan pha tinh thé clia cdc mau xdc tac téng
hop dugc. Nhdom tac gid s dung phucng
phép phan tich Rietveld Refinement - phan
mém X'pert HighScore Plus dé khdo sat dinh
lugng thanh phan va kich thudc pha tinh thé
cla cac mau 30Cu30Zn (da dugc téng hop
bang 3 phuang phap khac nhau). Két qua cho
thay gan nhu khéng c6 su khac biét vé thanh
phan cac pha dac trung trén cac mau (Hinh 3).
Cac pha chinh nhan dugc bang XRD la CuO va
Zn0. Vé phan chat mang alumina, do thanh
phan alumina trong mau chi cé 40%, hon niia
phd XRD cua alumina ciing cho thay cac dinh
(peak) co cudng dé khong cao (ludn co phan
vo dinh hinh trong y-ALO.). Vi vay, khong thay
su hién dién ré rang clia alumina trong cac két
qua XRD.

Cac két qua vé thanh phan (% mol) clia cac
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Hinh 2. Két qua TPD-NH3 ctia cdc mdu 30Cu30Zn téng hop bédng cdc phuong
phdp khdc nhau
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Hinh 3. Phé nhiéu xa tia X cda cdc mdu 30Cu30Zn PP1, PP2 va PP2B cling cdc
dinh (peak) chudn cua cdc pha ZnO, CuO vay-AlL0O,
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pha tinh thé cung kich thudc tinh thé
CuO cla cac mau thu dugc sau khi phan

téng hap theo 3 phuong phdp khdc nhau

Bdng 2. Két qua phan tich Rietveld refinement ctia cac méu 30Cu30Zn

tich Rietveld Refinement (Bang 2). Xtic tac % molCu0 % molZnO  dcwo(nm) Rwp  GOF

‘Dél V(ljl ca'c méu 30Cu3OZn gla’ tri 30Cu30Zn PP1 36% 37% 21 9,39 1,44
30% la ty & thanh phan theo khéi lugng. 30Cu30Zn PP2 35% 36% 19 978 1,29
Khi chuyén déi sang thanh phan % mol 30Cu30Zn PP2B 38% 39% 12 223 127
thi gia tri tuong Ung la khoang 36% doi A

vGi CuO va ZnO. Nhu vay, két qua thu dugc tir XRD cho

DUONG PHAN BO KiCH THYGC LO XOP THEO THE TiCH

thay gia tri tinh toan bang Rietveld Refinement rat gan ~o-30Cu30zn PP1
Vvéi gié tri ly thuyét, ching té viéc gid lap da dugc thuc ::-, . 4 DO
hién rat tot (cac gia tri Rwp va GOF déu thich hgp). Bang 5 '

2 cho thay ca 3 phuong phap déu cho két qua vé thanh € Il

phan pha tinh thé hoan toan tuang tu. Theo Hinh 3, d6 % P

rong clia cac dinh (peak) tuong Ung véi cac pha CuO va é 0z

ZnO trong phé nhiéu xa tia X cGla cdc mau 30Cu30Zn PP1, B

PP2 va PP2B co ban giéng nhau. Do d6 c6 thé két luan 3 §

mau xUc tac trén c6 cung cdu trdc pha tinh thé. Vi vay, su ° ) ®

khac biét vé hoat tinh sé khong anh hudng béi cac yéu to
cdu truc tinh thé va thanh phan xuc tac. Théng thudng,
su khac nhau vé hoat tinh clia cac hé xuc tac dugc gidi
thich do su khac nhau vé thanh phan hoac cau tric don
tinh thé. Tuy nhién trong nghién cdu nay, cac hé xdc tac
c6 cung dac diém vé cdu trac don tinh thé va thanh phan
van cho két qua khac nhau vé d6 chuyén héa va dé chon
loc sdn pham.

Vé kich thudc pha tinh thé CuO & cadc mau co su
khéac biét rd rét, kich thuéc 16n nhat & mau 30Cu30Cu
PP1 (21nm), sau d6 dén mau 30Cu30Zn PP2 (19nm) va
kich thudc nhé nhat & mau 30Cu30Zn PP2B (12nm).
Theo két qua nghién clu trudc d6 [14], qua trinh téng
hgp methanol phu thudc nhiéu vao kich thudc pha tinh
thé CuO, cu thé kich thudc pha tinh thé CuO cang nho
thi hoat tinh t6ng hop methanol cang cao. Két qué phan
tich Rietveld Refinement cho két qua phu hgp khi mau
30Cu30Zn PP2B c6 kich thudc pha tinh thé CuO nhé nhat
(12nm) la mau co6 hiéu suat tao methanol cao nhat. Tuy
nhién, kich thudc pha tinh thé khéng phai la yéu té duy
nhat anh hudng dén chat lugng cac mau xuc tac, vi du
mau 30Cu30Zn PP1 khac biét véi cac mau khac & hiéu
suat téng hap methanol (gié tri MTY) va dé chon loc san
pham (tao nhiéu dimethyl ether).

3.3. Ddc trung hinh thdi cdc mdu xiic tdc bdng phuong
phdp hép phu N, va dnh hién vi dién tir quét

Theo két qua phan tich XRD, ca 3 mau xuc tac c6 cing
thanh phan va cau tric pha tinh thé, nhung khac biét
kich thudc pha tinh thé CuO. Trén ca s& d6, nhom tac gia

Pwong kinh 16 x6p (A)
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Hinh 4. Budng phan b6 kich thudc 16 x6p (A) cdc méu 30Cu30Zn

theo 3 phuong phdp téng hop khdc nhau; (B) y-ALO (C)

tap trung khao sat yéu t6 hinh thai clia cac mau xuc tac 50Cu50Zn PP2
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bang phuong phép hap phu

N, va phan tich anh hién vi ;

dién tir quét cla cac mau. .\ ¥

Dién tich bé mét clia 3 mau
30Cu30Zn PP1, PP2 va PP2B
kha tuong déng véi cac gia tri |

lan lugt la 70, 65 va 65 m?/g.
Nhu vay, dién tich bé mat
khoéng phai la nguyén nhan

dan dén su khac biét vé hoat -

tinh gila cadc mau. Két qua

cho thdy 3 méu xuc tac nay

tuang déng vé tinh chat dac
trung héa ly thong thudng
(cdu truc, thanh phan, dién

tich bé mat). Do do, su khac [

A i

EHT= 500K WD= 90 mm

biét vé hoat tinh gilia cac xuc (Ems

tac can phai dugc phan tich
sau hon vé hinh thai.

Khao sat su phan bé kich
thudc 16 x6p (Hinh 4A) cho
thay co su khac biét gilra cac
mau. O tat ca cdc mau déu cé
2 dang 16 x6p véi kich thudc
tap trung trong khodng 5nm
va 40 - 50nm. Khi so sanh véi
mau doi chiing y-Al,O, (Hinh
4B) va 50%CuO - 50%Zn0O
khong chua AI203 (Hinh 4Q),
ky hiéu 50Cu50Zn, nhém
tac gid thdy cac 16 x6p co
kich thuéc 5nm tuong Ung
v6i chat mang y-ALO, va cac
16 x6p c6 kich thudc trong
khoang 40 - 50nm tucng Ung
vGi cac phan CuO-ZnO khong
mang trén ALO,. Khi khong
¢6 alumina, su phan bé kich
thudc 16 x6p 5nm trong hé
CuO-ZnO khéng déang ké.
Nhu vay, su khac biét kha rd
rét clla cdc mau xuc tac dugc

EHT= 500k WD= BS M

Hinh 5. Anh hién vi dién tir quét ctia cdc mdu xtic tdc 30Cu30Zn (duoc diéu ché béng PP1, PP2 va PP2B)
va chdt mang AlLO, & cdc d6 phong dai 1.500 lan va 4.000 Idn

thé hién thong qua yéu t6 hinh thaila su phan b6 cliakich  va din dén viéc tao thanh 2 loai 16 x3p: (1) & khoadng 50A

thudc 16 x6p.

cta ALO, va (2) 6 khoang 400 - 500A tuong Ung véi cac

Néu & phuong phép 1 xuat hién nhiéu1dx8p Gkhoang ~ Pha CuO-ZnO. Trong khi d6, phuong phap 2 va déc biét
400 - 500A thi phuong phép 2 va 2B lai gidm rat nhiéu 16 la phuong phép 2B cho thay sy gidm manh ctia cac 16 x6p
x8p & vung nay. K&t qua nay cé thé lién quan dén cac pha c6 kich thudc 400 - 500A cho thay nhiéu kha nang cac pha
Cu0-ZnO khong dugc mang trén AL,O, ma nam riéng biét CuO-ZnO da dugc mang tét hon trén ALO,. Gid thuyét
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nay trudc tién dugc thé hién & két qua kich thudc pha tinh
thé CuO phan tich tir két qud XRD: mau 30Cu30Zn PP2B
cho kich thudéc pha tinh thé CuO nhé nhat (12nm) ciing
la mau ¢ it 16 x6p & viung 400 - 500A nhat, tuc 1a CuO va
ZnO chi yéu dugc mang trén chat mang Al O, va do véy
kich thuéc CuO nhé hon. Nhém tac gia da tién hanh kiém
ching ky hon gia thuyét nay bang viéc phan tich cac anh
hién vi dién t& quét clla cdc mau xuc tac 30Cu30Zn PP1,
30Cu30Zn PP2, 30Cu30Zn PP2B va clia chat mang Al O,
(Hinh 5).

Anh hién vi dién tir quét cho thay xuét hién 2 dang
khéi hat rdn kha rd rét trén 2 mau 30Cu30Zn PP1 va
30Cu30Zn PP2 (Hinh 5). Trong d6, dang khéi hat thir nhat
cé kich thuéc I6n hon (khoang 10 - 25um) c6 bé mat hoac
tron lang (mau 30Cu30Zn PP1) hodc it tron lang hon véi su
hién dién cia cackh8ix6p trén bé mat (mau 30Cu30Zn PP2
va 30Cu30Zn PP2B). Dang khoi hat thi hai ¢6 kich thudc
nhoé hon nhiéu va c6 dang nhiéu chum hat nhé hinh cau
(mbi hat cau chi khodng 1 - 2um) két tu lai véi nhau (mau
30Cu30Zn PP1) hodc nhu dang béng (mau 30Cu30Zn PP2
va 30Cu30Zn PP2B). Khi so sanh vé&i anh hién vi dién ta
quét ctia alumina, c6 thé thay khdi hat thi hai nay tuong
Uing v&i cac pha CuO va ZnO do bé mét ctia alumina gém
nhiing khéi vudng vic va tron lang hon. Nhu vay, 6 mau
30Cu30Zn PP1 cé su hién dién ro rét clia cac hat alumina.
Cac hat nay c6 kich thudc nhé hon alumina ban dau do
giai doan khudy trdn trong qua trinh téng hgp da dan
dén viéc pha v& khoi hat alumina. Tuy nhién, bé mat clia
alumina khong thay déi va gan nhu tach biét so véi céc
pha CuO-ZnO (cac khéi hat dang thu hai). Trong khi d6 &
cac mau 30Cu30Zn PP2 va mau 30Cu30Zn PP2B, bé mat
cac khéi hat dang thi nhat khong tran ldang ma c6 nhimng
kh&i x6p phat trién trén d6, dic biét la mau 30Cu30Zn
PP2B (d6 phdong dai 4.000 lan).

Dua trén két qua anh hién vi dién ti quét, viéc diéu
ché theo phuong phap 2 va phuong phap 2B vsi dinh
hudng ban dau la lam tdng tuong tac gitta pha CuO, ZnO
vGi chat mang da gilp cac pha CuO, ZnO phat trién truc
ti€p trén bé mat chat mang va gidp cho cac pha CuQ, ZnO
phan tan t6t hon. Két qua la kich thudc pha CuO trén mau
30Cu30Zn PP2 va 30Cu30Zn PP2B nhé hon mau 30Cu30Zn
PP1. Khi so sanh anh hién vi dién t& quét mau 30Cu30Zn
PP2 va 30Cu30Zn PP2B & d6 phong dai 4.000 lan, nhém
tac gid thdy cac pha CuO-ZnO dugc phat trién tét va rd
hon trén mau 30Cu30Zn PP2B. D4y chinh la nguyén nhan
dan dén kich thudc hat CuO trén mau 30Cu30Zn PP2B
(d., = 12nm) nho hon so v6i mau 30Cu30Zn PP2 (d_ , =
19nm). Ngoai ra, két qud tir dnh hién vi dién ti quét rat

phl hgp véi két qua hap phu N, khi su hién dién cta cac
khéi hat CuO-ZnO nam riéng biét véi alumina trén mau
30Cu30Zn PP1 nhiéu hon hadn so v6i mau 30Cu30Zn PP2
va 30Cu30Zn PP2B. Cac khoi hat dang thir hai tao nén cac
16 x3p & khoang 400 - 500A va xuét hién rét ré trén dudng
phan bé kich thudc 16 x6p (Hinh 4). Trong khi ¢ mau
30Cu30Zn PP2B, cac khéi hat CuO-ZnO dugc phat trién
rat tot trén chat mang alumina va cé it khéi hat CuO-ZnO
nam tach biét so véi alumina, do d6 téng thé tich clia cac
hat c6 16 x6p 400 - 500A rat nho.

bac biét han, phuong phap 2B chi khac phuong phap
2 & giai doan c6 can dung dich (nhiét d6 cao hon 10°C)
nhung cho két qua phan bé CuO-ZnO trén chat mang tét
hon nhiéu, do dé hoat tinh xdc tac t6t hon. Nhom tac gia
cling téng hop xtc tac CuO/ZnO/AL0, & ty Ié khac (nhu
20:20:60) bang phuong phép 2 va phuong phap 2B va
thu dugc két qua tuong tu (Hinh 6). Mau diéu ché bang
phuong phap 2 cho thay su phan bé kich thudsc 16 x6p &
ving 400 - 500A rat rd, con mau diéu ché béng phuong
phép 2B chi xuat hién mot loai 16 x6p & 50A. K&t qua hoat
tinh clia cac hé xuc tac nay cho thay mau diéu ché bang
phuong phap 2B (MTY = 35,7) t6t hon hdn phuong phéap
2 (MTY = 24,2).

DUONG PHAN BO KiCH THUO'C LO XOP THEO THE TiCH
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Hinh 6. budng phdn bé kich thuéc 16 x6p ctia cdc mau 20Cu20Zn
theo 2 phuong phdp téng hop khdc nhau

4. Két luan

Trong nghién ctiu nay, nhém tac gid da nghién cdu
su anh hudng clia cac théng sé trong qua trinh téng hap
xuc tac dén cac tinh chat dac trung héa ly xdc tac va tir dé
quyét dinh dén hoat tinh cta cac hé xuc tac Cu0/Zn0O/
ALO, cla qua trinh chuyén héa CO, thanh methanol.
Cac phuong phap t6ng hgp xuc tac khac nhau tao ra
cac san phadm cé cung thanh phan héa hoc, cung ciu
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tric don tinh thé, nhung cé su khac biét chu yéu & hinh
théi xuc tac va tinh acid. K&t qua mau xuc tac téng hap
bang phuong phéap 1 xuat hién cac tdam acid manh va uu
dai cho qua trinh hinh thanh san pham phu la dimethyl
ether; cac thanh phan CuO, ZnO khéng phat trién tét
trén chat mang ma nam tach biét khoi chat mang
alumina. Trong khi d6, xuc tac téng hop bang phuong
phdp 2 va nhat la phuong phap 2B cho thay su phan bé
clia cac pha CuO-ZnO trén alumina t6t hon nhiéu. Két
qué mau téng hop bang phuong phap 2B cho kich thudc
pha CuO nho nhat, kich thudc 16 x6p tap trung chd yéu
trong khodng 5nm va c6 hoat tinh chuyén héa CO, thanh
methanol t6t nhat.

Nghién cttu nay cho thay anh hudng quan trong cla
yéu t8 hinh thai dén hoat tinh cla hé xuc tac téng hap
methanol tir CO,/H,. C6 thé thay, 3 mau 30Cu30Zn dugc
téng hop bang 3 phuong phap khac nhau déu cé cling
thanh phan, ciu tric va dién tich bé mat nhung hoat tinh
c6thé chénh léch dén 2 1an. Viéc phan tich ky két qua phan
b6 kich thuéc 16 x6p va két qua tir dnh hién vi dién ti quét
giup nhom téc gia giadi dap dugc su khac biét nay va dinh
hudng cho cac nghién ctiu téng hop xuc tac ti€p theo. Cu
thé, dé hé xuc tac chuyén héa CO, thanh methanol trén
€6 s CuO/Zn0O/Al0, c6 hoat tinh va dé chon loc cao thi
mot s6 tinh chat dac trung quan trong can c6 dé thiét ké
xuc tac trén quy mo cong nghiép: tam acid yéu, kich thudc
tinh thé nho, pha hoat tinh Cu-Zn dugc phan bé tét trén
chat mang alumina... Tl két qua nay, nhom tac gia sé ti€p
tuc nghién ctru van dé t6i uu kha ndng tuong tac gitia pha
CuOva ZnO.
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Influence of morphological characteristics on the catalytic reactivity
of CuO/ZnO/Al O, catalyst for methanol synthesis
from H,/CO, mixture

Summary

Le Phuc Nguyen, Dang Thanh Tung, Ha Luu Manh Quan
Tran Van Tri, Bui Vinh Tuong, Vu Thi Thanh Nguyet
Nguyen Anh Duc

Vietnam Petroleum Institute

In this study, CuO/ZnO/Al O, (30:30:40) model catalysts were prepared (by 3 different methods) for the synthesis of
methanol from H,/CO,(75:25) mixtureina fixed-bed flow reactor. XRD and Rietveld analyses showed that all samples
had the same crystalline structure and crystalline phase composition. However, the catalytic performance of these
samples is very different in both the product selectivity and the CO, conversion to methanol. Then, a special attention
was focused on the catalyst morphology in regard to the pore size distribution and SEM images. It is noted that the
interaction between CuO-ZnO and alumina plays an important role in the catalytic activity. The study also showed
that minor differences in preparation parameters can lead to remarkable differences in the catalyst performance.
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