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Tom tét

Trong bai bdo nay, nhém tdc gia gidi thiéu cdc két qua nghién ciru do du'oc khi tién hanh cai thién tinh néing mau xic
tdc 20%w CuZnO/y-Al,0, véi ty Ié mol Cu/Zn = 70/30 sir dung cho qud trinh tong hop dimethyl ether (DME), bdng cdch
thém cdc kim loai khdc nhau gém Mn, Cr, Zr va Ce (1 - 6%wt). Hoat tinh cta cdc méu xuc tdc duoc ddnh gid théng qua
qud trinh téng hop truc tiép DME mét giai doan tir khi téng hop (H,:CO = 2:1), & diéu kién dp sudt thdp. Két qua nghién
ciru cho thdy, khi duoc tdng cudng bdng kim logi Zr véi ty Ié thich hop, hoat tinh cia mau xuc tdc 20%w CuZnO/y-AlLO,
duoc cdi thién ddng ké vé dé chuyén héa CO (tdng tir 47% lén 60%) va dé chon loc DME ting nhe tir 66% lén hon 67%.
Tuy nhién, viéc bé sung cdc kim loai Mn, Cr, Ce vao xtic tdc nghién citu véi ham lugng 1 - 5%wt lai khéng lam cdi thién
tinh ndng cua xtic tdc vé dé chuyén héa va dé chon loc.

Tirkhéa: DME, tong hop truc tiép, khi téng hop, xtic tdc CuZnO/y-AlLQ.,.

1. Giéi thiéu

Qua trinh san xuat dimethyl ether (DME) truc
ti€p tu khi t6ng hgp dugc quan tdm nghién cdu
trong nhiéu nam qua [1 - 2]. DME dugc st dung nhu
mot nguyén liéu dau vao cho nganh cong ngiép
héa chat [3] va dac biét la dugc st dung nhu nhién
liéu thay thé [4]. Trong 2 cong nghé tong hgp DME
hién nay, cong nghé téng hgp mét giai doan tu
khi téng hop (CO/H,) dugc rat nhiéu nhom tac gia
trén thé gidi nghién ciu, vi dac tinh nhiét dong hoc
va t6i uu kinh té€ cia qua trinh [5]. XUc tac dugc sir
dung nhiéu nhéat cho qué trinh téng hgp DME va
methanol tir khi tong hop la CuzZn/ALO,. Tuy nhién,
viéc nghién ctu dé xac dinh mau xuc tac phu hop
nhat cho qua trinh tdng hop DME mét giai doan tu
khiténg hop & ap suat thap van dugc quan tam. Vai
dé tai nghién ctu diéu ché loai xtc tac téng hap
DME mét giai doan tur khi téng hgp c6 thanh phan
H,:CO = 2:1, & diéu kién ap sudt thap (100psi), nhom
tac gia da tién hanh so sanh va xac dinh dugc mau
xUc tac tot nhat ctia gan 40 mau xuc tac khac nhau,
khi tién hanh phan (ng trong thiét bi I6p xuc tac
c6 dinh la mau xtc tac 20%w CuZn/y-ALO,, n_/n,_
= 70/30, diéu kién t6ng hop DME t&i uu la nhiét d6
275°C va ap suat 100psi. Nham cai thién hoat tinh
xuc tac Cu/Zn/AI203, nhém tac gid da tién hanh
nghién ctu st dung céc kim loai xuc tién gém Mn,
Cr, Zr va Ce trén mau xuc tac nay.

2. Thuc nghiém
2.1. Héa chdt sir dung

Cac hoéa chat st dung trong nghién ctiu nay dugc
hang Merck (Puc) cung cap. Cac hoa chat st dung gém
Cu(NO,),3H,0, Zn(NO,)6H,0, AI(NO,)-9H.0, Na,CO, va
cac loai mudi clia cac kim loai phu trg tuong tng gom:
Mn(NO,) 6H.0; Cr(NO,),9H.0; ZrOCl..8H.0; Ce(NO,),.6H,0
phuc vu qua trinh téng hgp xuc tac.

2.2. Chudn bi xiic tdc

Quy trinh chudn bi xuc tac dugc thuc hién theo quy trinh
da dugc kiém ching [6]. Trong nghién clu nay, mau xuc tac
dugc téng hap bang phuong phap déng két ttia dung dich cda
déng, kém va cac kim loai xuc tién, sau dé tién hanh rua, loc,
lam khé & nhiét d6 120°C trong 12 gig, nung trong 3 gid ¢ nhiét
d6 350°C.

2.3. Thir nghiém hoat tinh xtic tdc

Hoat tinh cla tat ca cac mau xuc tac dugc xac dinh thong
qua qua trinh thuc hién phan tng téng hgp mot giai doan
DME tu khi téng hap, st dung thiét bi phan tng I6p xuc tac c6
dinh dugc két néi tryc ti€p véi may phan tich sac ky st dung
déng thai dau do ion hoa ngon Ita (FID) va dau do do d6 dan
nhiét (TCD) dé phat hién va xac dinh néng dé clia cac chat co
trong hé, gom N,, CO, CH,, DMME, CH,OH, C,H,OH, acetone,
C,H, va CH, . Hé théng so do thiét bi do thuc nghiém gom 2
thiét bi phan tng, dugc mé ta nhu Hinh 1. Qua trinh thuc hién
phan ng trén so d6 phan Ung vi dong va dugc phan tich bang
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may sac ky GC-450 Varian tai Phong thi nghiém Héa dau - Trusng Cao
dang Nghé Dau khi.

Trong qua trinh chay thuc nghiém, khéi luong xuc tac st dung
la 0,5g dugc nap vao thiét bi phan ting, hat xuc tac cé kich thusc tu
0,3 - 0,6mm. Trudc khi tién hanh phan ng, thiét bi phan ting dugc suc
dong khi N,, sau d6 diéu ap & ap suat 100psi. Qua trinh khir xtc tac
dugc thuc hién bang dong khi H,, néng dé 5% cung véi khi mang N,,
duy tri nhiét d6 khir & 250°C trong thai gian 12 gid. Khi téng hgp st
dung trong nghién ctiu nay la hén hop cta khi gom 10%C0/20%H,/
N,. Pé tién hanh do thuc nghiém, xac dinh va so sanh hoat tinh cta
tiing mau xuc tac da dugc téng hgp véi thanh phan cac kim loai khac
nhau, nhom tac gia duy tri diéu kién do thuc nghiém qua trinh téng
hgp DME & nhiét d6 275°C va ap suat 100psi.

2.4. Xdc dinh dinh tinh va dinh lugng sdn phdam ra khdi thiét bi
phadn irng

May sac ky cho cac két qua phan tich thanh phan cta khi san
pham théng qua sic ky do. Sac ky d6 cho biét dién tich peak clia tiing
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FM: Diéu chinh luu luiong dong khi;
BK: Do luu lugng béng bot khi;

AK: Ap ké do dp sudt hé thong; GC: Mdy sdc ky

RG: Diéu dp hé thong phan tng;

Hinh 1. So d6 phdn ting vi dong xdc dinh hoat tinh xiic tdc

——1:20%wW CuZ/ALO, nCu/nZn=7/3 |

600 Do e e i AR EEEEEES | R (S R —
——2:20%w CuZnZr/Al,0; nCu/nZn=7/3:nZr/nCuZnZr=4% :
—3: jZO%W Cqu1jMn/AIZO3 ntu/nZn=7/§ nMn/nCujZnMn:?»% 'i’.uO :

500 .. 4 20%w CuZnCrALOunGunzn=7/3nCrnCuznCr=s% |\ [\
—— 5:20%w CuZnCe/Al,0; nCu/nZn=7/3 nCe/nCuZnCe=3% |
——6:100% CuZninCu/nZn=7/3 Czo i i

400 - e . v s o B T s

300 -

200+

100 -

5 10 15 20 25 30 35 40 45 50

Hinh 2. Phd' nhiéu xa tia X ca cdc méu xiic tdc tong hop duoc
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san pham va thdi gian luu cda chung. Do do,
dé chuyén héa, dd chon loc, hiéu sudt phan
Ung va van t6c phan Ung dugc xac dinh mot
cach dé dang théng qua dién tich clia cac peak
thu dugc cla cac chat trén sac ky do.

Cac thoéng s6 danh gia dugc xac dinh nhu
sau:

D6 chuyén hoa:
-A

COtruoc pu COsau pu

Conv =
COtruoc pu

Trong dé:
- Conv: D6 chuyén héa;

<0 truoc pu- DIEN tich peak CO trudc phan
ung;

- Ao s oot Dién tich peak CO sau phan
ung.

Do chon loc:

ADME

Sel = ———26
Z(Aspp + Apyi)

Trong do:
- Sel: D6 chonloc;

- A, Dién tich peak Dimethyl ether
(DME);

- A,,:Dién tich peak cia sdn pham phu.
Van téc phan ung:

— YDME X Fmtal
T WDME -

m

cat

Trong dé:
- Wy, Van téc phan ting (mol/g x s);
- Y, S6 mol DME tinh:

ADME X YDME chuan
Youe =
A

DME chuan

F __:T8ng luulugng nguyén liéu (mol/s).

total”

F =100x 10°%(mol/s)

total —
- m_;:Khéi lugng xdc tac st dung, m_, =
0,5g.

3. Két qua va thao luan

Pactinh ctiaxdctacsttdung trong nghién
ctiu nay dugc danh gid thong qua cac két qua
chup nhiéu xa tia X, phuong phap XRD (X-ray
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Bding 1. Két qud do dién tich hdp phu don I6p BET cia cdc mdu xiic tdc

Mau xtc tac c6 ty 1é n.,/n,, = 70/30
20%w CuZn/y-Al,O,
20%w CuzZnZr/y-Al,O3 N/Neyizniz = 4%
20%w CuZnMn/y-Al,O05; Nyn/Neysznimn = 3%
20%w CuZnCr/y-AlL,O3; Ne/Neyiznicy = 5%
20%w CuZnCe/y-Al,O5; Neo/Neyiznice = 3%

S,4 BET (m?%/g) V mao quan (m?/g)
108 24,0
107 24,0
94 17,8
123 28,0
91 18,1

Bding 2. Két qud phan tich TPD-NH, ctia cdc mdu xiic tdc dién hinh

Mau xuc tac c6 ty 1é ncu/nza=70/30

Peak 1
20%w CuZn/y-Al,0s3 191,5
20%w CuZnMn/y-Al203, Nvn/Nin+curzn = 3%Wt 175,9
20%w CuZnCr/y-Al20s, Ncr/Nznscuscr = 5%wt 187,0
20%w CuZnZr/y-Al20s, Nze/Nzecurzn = 4%wWt 182,1
20%w CuZnCe/y-AL0s, Nce/Nce+curzn = 3%Wt 176,0

o,
LS5

X 30,000

Hinh 3. Két qud chup anh SEM cda mdu 20%w CuZnZr/y-ALO,, n /n, =70/30;n,/n

€ kich thudc trung binh khodng 15nm

2.50kV SEI

0,03 Nol 20%w CuZn/Al,03
nCu/nZn=7/3
No2 20%w CuZnMn/Al,Os
nCu/nZn=7/3 nMn/nCuZnMn=3%
0,025 No3  20%w CuZnCr/ALO;

nCu/nZn=7/3 nCr/nCuZnCr=5%
No4  20%w CuZnZr/Al,O;
nCu/nZn=7/3 nZr/nCuZnZr=4%
No5  20%w CuZnCe/Al,03
nCu/nZn=7/3 nCe/nCuZnCe=3%

No1

0,02 -

0,015 -

0,01 -

Tin hiéu dau do do d6 dan nhiét (a.u)

o
o
o
v

0 T T T T

Nhiét dé cuc dai peak nha hap phu NHs (°C)

Peak 2 Peak 3 Peak 4 Peak 5
284,5 385,2 526,0 5471
276,5 350,6 500,9 -
285,3 375,0 483,2 542,2
281,8 381,9 509,6 545,3
277,2 345,8 5129 -

= 49%. (dc hat vi cau ctia Cu0 va Zn0 dan xen Idn nhau,

Qu+Zn+2r

diffraction detector), xac dinh dién tich
bé mat hap phu BET (Brunauer, Emmett
va Teller), chup &nh hién vi dién ti quét
SEM (Scanning electron microscopy).
Cac két qua danh gia dac tinh xdc tac
dugc xac dinh tai Vién Ky thuat Héa hoc,
truong Pai hoc Bach Khoa Ha Né6i, don
vi thuc hién phan tich mét cach doc lap
dua trén ma code cla ting mau xuc tac.

3.1. Két qua phan tich XRD

TU Hinh 2, c6 thé nhan thdy mét s6
dinh nhiéu xa xuat hién & 26 32,4°, 35,4°,
38,7° cho thay su hién dién ctia pha CuO,

0 100 200 300

Nhiétds  (oC)

Hinh 4. Két qud so sdnh TPD-NH, cia cdc mdu xiic tdc

trong khi dinh nhiéu xa cta pha tinh thé
Zn0O & 20 = 31,8° 34,5°, 36,3° trong d6 c6
mot phan chéng lan [én nhau. Véi su gia
tang thanh phan clia cac kim loai xuc tién,
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Bdng 3. Két qud phdn tich TPR-H, cda cdc méu xiic tdc dugc nghién ciiu

Mau xuc tac c6 ty & ncu/nza=70/30

Nhiét do cuc dai peak (°C)

Peak 1 Peak 2 Peak 3 Peak 4 Peak 5
20%w CuZn/y-Al,0, 167,2 170,1 182,8 231,5 -
20%w CuZnMn/y-AlL O3, Ny /Nynscuszn = 3%Wt 153,8 163,9 173,1 174,3 438,1
20%w CuZnCr/y-ALO;, N¢,/Nz . curcr = 5%Wt 164,1 169,4 170,0 196,3 419,5
20%w CuZnZr/y-AlLOs, Ny /Ny cuizn = 4%WE 162,2 165,4 177,0 217,0 3794
20%w CuZnCe/y-ALOs, N/ Nercuszn = 3% Wt 158,6 1751 1911 207,7 226,0

No1: 20%w CuZn/AIzO3 nCu/nZn= 7/3

0,16 ;
 No2 No2: 209%w CUZnMn/AlOs nCu/nZn= 7/3
014 H o nMn/nCuZnMn=3%
4 1 : No3: 2O%wCuZnCr/AIZO3 nCu/nZn= 7/3
nCr/nCuznCr=5%
No4: 20%w CuZan/AI ,0; nCu/nZn= 7/3
0,12+ an/nCuZan=4%
No5: 20%w CuZnCe/AI203 nCu/nZn=! 7/3
01 nCe/nCuZnCe—S%

Tin hiéu dau do do dé dan nhiét (a.u)

0,08 -

0,06 -

0,04 -

0,02 -

100 150 200 250 300
Nhiét dé (°C)

Hinh 5. Két qud phdn tich TPR-H, ca cdc mdu xiic tdc nghién citu

cac dinh nhiéu xa ctia ZnO gidm di dang k&, cho thdy cac tinh thé
CuO dugc phan tan tot. Khong co dinh nhiéu xa cia pha kim loai xtic
tién nao cé thé dugc phat hién, cho thay cac tinh thé cdia cac kim loai
xuc ti€én nay min va c6 dé phan tan cao, két qua nay déng nhat vai
két qua cong bd gan day clia Huang va cong su khi tién hanh téng
hgp xuc tac cing nhom thanh phan [7].

3.2. Két quad do dién tich bé mdt BET

TU két qua do dién tich hdp phu don |6p BET clia cac mau xuc
tac (Badng 1), c6 thé két luan, khi ché tao cdc mau xuc tac khac nhau
bang viéc dua oxide clia Cu va Zn |én trén chit mang y-Al,O, va
mau c6 bé sung thém cac kim loai Mn, Cr, Zr, Ce thi dién tich bé
mat ctia ching khéng khéac nhau nhiéu so véi mau khéng bé sung
kim loai.

3.3. Két qud chup énh SEM

Vé&i da s6 cac mau xic tac tdng hap, két qua nghién ctu bang
phuong phap SEM cho thdy cac hat vi cau ctia ZnO va CuO dugc
phén tan kha déng déu trén bé mat clia y-ALO,. Mdc du van xuat
hién tinh trang von cuc cta CuO va ZnO & mot s6 diém trén bé mat
chat mang, nhung ty & nay khéng dang ké.
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3.4. Két qud gidi hdp NH, theo chuong trinh
nhiét dé (TPD-NH,)

Viéc phan tich hoa ly mau xuc tac theo
phuong phap gidi hdp NH, theo chuong trinh
nhiét do giup viéc giai thich tinh acid manh va
yéu clia mau xuc tac, su phan bé cac tam acid
manh, tdm acid yéu dé tur do6 sir dung xuc tac
cho qua trinh phan ung chuyén hoa khi téng
hop CO, H, thanh san pham DME. Tam acid
manh yéu va phan b6 cac tdm nay sé quyét
dinh t6i phan Ung tach nudc clia methanol dé
hinh thanh DME, cling nhu hinh thanh cac phan
ting phu chuyén hoa sau CO, H, tao thanh cac
hydrocarbon ma khéng tao thanh DME.

Két qua Bang 2 cho thay khi b sung thém
cac kim loai khac nhau vao xuc tac thi d6 acid
cUa cdc mau nay giam so véi mau 20%w CuZn/y-
ALO,, n_/n, =70/30 khéng thém kim loai xuc
tién, tuy nhlen khong co su khac nhau nhiéu vé
dé acid hay su chuyén dich gilra cac tam acid
yéu, trung binh. BGi v&i mau xuc tac dugc bién
tinh bdi kim loai Zr, cdc peak nha hdp phu NH,
G cac tdm acid yéu va trung binh dugc tach biét
nhau ré hon la do su gép mat cla Zr da lam thay
déi cac electron tu do trong mang tinh thé cua
ALO,, giip cho cac tam acid trung binh hoat
déng manh hon, lam tang qua trinh chuyén héa
CO va d6 chon loc san phdm DME [2]. Déi véi
mau b sung kim loai Mn thi dién tich peak nhé
la do Mn tao thanh mét dang phidc Mn(OH) cé
tinh bazo lam gidm tinh acid ctia mau xdctacanh
huéng gidm qua trinh chuyén hoa CO. Két qua
nay cling phu hgp véi két luan cda Palgunadi va
coéng su [8] khi nghién cuu vé vai trd cha phu gia
Mn va phuang phéap téng hgp xuc tac.

3.5. Két qud khir héa theo chuong trinh nhiét
dé (TPR-H,)

Dé lam r6 hon su lién két hay anh hudng
l&n nhau cda cac thanh phan hén hgp trong
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Bding 4. Két qud thuc nghiém hoat tinh clia cdc mdu xdic tdc hé 20%w Zn0A-ALO, 1 /n, = 70/30, bd sung kim logi Mn

Mau xtic tac c6 ty 1& ncu/nzn=70/30

D6 chuyén héa (C%)

20%w CuZn/y-Al:03 47,37
20%w CuZnMn/y-Al203, Nmn/Ncu+zn+mn = 2%wWt 25,20
20%w CuZnMn/y-Al203, Nmn/Ncusznsmn = 3%wt 39,60
20%w CuZnMn/y-Al203, Nmn/Ncu+znimn = 4%wWt 29,00
20%w CuZnMn/y-Al,03, Nvn/Ncusznimn = 6%wWt 25,60

ya

Hoat tinh cta xtc tac bién tinh Mn

Do chon loc (S%)

66,10
49,10
53,00
42,70
34,70

Téc dé phan ting tao thanh
DME (mol/gxs)x107®
35,80
11,33
29,09
19,26
11,33

Bdng 5. Két qud thyc nghiém hoat tinh ciia cdc mdu xiic tdc 209%w CuZn/y-ALO,, n /n, = 70/30, bd sung kim logi Cr

Mau xuc tac cé ty 1& ncu/nzn=70/30

Hoat tinh ctia xuc tac bién tinh Cr
Téc dd phan ting tao thanh

D6 chuyén héa (C%) D6 chon loc (S%) DME (mol/gxs)x10°
20%w CuZn/y-Al;03 47,37 66,10 35,80
20%w CuZnCr/y-Al20s, Nncr/Neusznicr = 2%wt 25,20 50,20 23,74
20%w CuZnCr/y-Al20s, Ncr/Neurznicr = 4%wt 29,00 43,90 18,47
20%w CuZnCr/y-Al2Os, Nnar/Neusznecr = 5%wt 28,00 63,90 38,36
20%w CuZnCr/y-Al2Os, nc/Neusznicr = 6%wWt 31,80 25,80 14,16

Bdng 6. Két qud thuc nghiém hoat tinh cia méu xiic tdc 20%w CuZn/y-Al0, n /n, =70/30, bd'sung kim logi Zr

Mau xuc tac cé ty 1& ncu/nz = 70/30

Hoat tinh ctia xuc tac bién tinh Zr
Téc dd phan ting tao thanh DME

D6 chuyén héa (C%) Db chon loc (S%) (mol/gxs)x10°
20%w CuZn/y-AlO3 47,37 66,10 35,80
20%w CuZnZr/y-Al20s, Nze/Ncusznrze = 2%wWt 25,20 67,00 12,97
20%w CuZnZr/y-Al20s, Nzi/Ncusznrze = 3%Wt 53,30 64,70 35,84
20%w CuZnZr/y-Al0s, nze/Ncusznrze = 4%wWt 60,30 67,00 44,05
20%w CuZnZr/y-Al203, Nnze/Ncusznrze = 5%wt 50,80 55,10 21,79
20%w CuZnZr/y-Al20s, Nze/Ncusznrze = 6%Wt 28,40 70,70 17,53

xUc tac, anh huéng gilia cac oxide kim loai va chat mang,
viéc phan b6 cac kim loai trén bé mat hay su trong mao
quan cua cac chat mang co bé mat riéng va kich thudc
mao quan Ién, nhdm tac gia tién hanh phan tich mau xuc
tac theo phuong phap khir héa theo chuong trinh nhiét
TPR-H,. B6i v6i nhitng mau xuc tac khi dua Cu va Zn 1én cac
chat mang thi xuat hién cac peak khir & nhiét dé 16n, cac
peak nay chinh la su khir héa ctia H, doi véi chat mang &
dang oxide. K&t qua phan tich cé 2 peak tiéu thu hydro doi
v6i mau xuc tac 20%w CuZn/y-Al,O, ty Ié n_/n, = 70/30,
cho thay ré rang c6 hai loai CuO khac nhau, peak tai nhiét
d6 thap la do cac hat CuO phan tan tét, trong khi peak tai
nhiét d6 cao la do qua trinh khtr cta khéi CuO hodc cac
oxide kim loai phu gia [9]. That vay, khi thém céac kim loai
phu gia v6i ham lugng tang dan, cac peak tai nhiét do thap
dan mat di va cudi cling chi ton tai mét dai rong.

Dua vao két qua phan tich TPR-H, nhu Bang 3 va Hinh
5 clia cdc mau xuc tac c6 bé sung thém céac kim loai Mn, Cr,
Zr va Ce, nhém tac gia nhan thay rang, nhimg mau dugc
b6 sung kim loai Mn va Cr c6 nhiét do khir cGia peak nhd
hon d8i véi mau “chun’, d6i véi mau bd sung Ce va Zr thi

nhiét d6 khir héa tang 1én va tat cd cac mau nay déu co
nhiét d6 khi nhé han 250°C. Khi bé sung kim loai Min va Cr
thi tuong tac gira Cu, Zn véi chat mang giam xuéng, gitp
cho nhiét d6 khir cac oxide nay cling gidm xuéng dang ké
(Hinh 5). Ngugc lai, kim loai bé sung Zr lai lam tang tuong
tac gitta Cu, Zn va chat mang cai thién do6 acid clia mau xuic
tac, giup cdi thién qua trinh phan ting hinh thanh DME [2].

4. Két qua do hoat tinh xtc tac va thao luan

4.1. Hé xiic tdc 20%w CuZn/y-Al,0, n_/n, = 70/30 bo
sung kim loai Mn

TU két qua xac dinh hoat tinh xtc tac ctia cdc mau khac
nhau trong hé xuc tac 20%w CuZn/y-AlL,O,, n  /n, =70/30
dugc b6 sung thém kim loai Mn ¢6 ty 1é N/ Neuiznamin lan
lugt 2, 3, 4, 6%, nhdm tac gia nhan thay, mau xuc tac 20%w
CuZn/y—AIzos, ne,/n,, =70/30,n, /N .70 .= 3% cho hoat
tinh cla xdc tac tét nhat, két qua so sanh dugc thé hién
nhu Bang 4.Tuy nhién, cac gia tri nay lai thap hon so véi do
chuyén héa cila mau xuc tac khi khéng thém kim loai Mn.
Su anh huéng cua kim loai Mn dén hoat tinh xuc tac qua

trinh téng hgp DME la khéng ré rang ma anh hudng nhiéu
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Bdng 7. Két qud thuc nghiém hoat tinh mdu xiic tdc 20%w CuZn/y-ALO, n /n, = 70/30, b sung kim logi Ce

Mau xuic tac cé ty 1& ncu/nzn=70/30

Hoat tinh cta xuc tac bién tinh Ce
Téc dé phan ting tao thanh DME

Do chuyén héa (C%) Dd chon loc (S%) (mol/gxs)x10°
20%w CuZn/y-Al;03 47,37 66,10 35,80
20%w CuZnCe/y-Al2O3, Nce/Ncusznice = 2% Wt 25,40 47,10 10,47
20%w CuZnCe/y-Al2Os, Nce/Ncusznice = 3% Wt 33,40 45,20 24,81
20%w CuZnCe/y-Al2Os, Nce/Ncusznice = 4% Wt 30,90 39,90 17,98
20%w CuZnCe/y-Al203, Nce/Ncusznice = 5% Wt 21,70 40,90 13,08

Bdng 8. So sdnh hoat tinh cia cdc mdu xtic tdc trong hé 20%w CuZn/y-AL0, n,/n, = 70/30, bd sung cdc kim logi Mn, Cr, Zr, Ce

Mau xuc tac 6 ty 1& ncu/nze = 70/30

Hoat tinh cta xuc tac bién tinh Mn, Cr, Zr, Ce

Téc dé phan ting tao thanh DME

D6 chuyén héa (C%) D6 chon loc (S%) (mol/gxs)x10°
20%w CuZn/vy-Al>0s3 47,37 66,10 35,80
20%w CuZnMn/y-Al20s, Nwn/Ncurznimn = 3%Wt 39,60 53,00 29,09
20%w CuZnCr/y-Al2Os, nc/Neusznicr = 5%wt 28,00 63,90 38,36
20%w CuZnZr/y-Al20s, Nzi/Ncurzniz= 4%wt 60,30 67,00 44,05
20%w CuZnCe/y-AlOs, Nce/Ncusznice = 3% Wt 33,40 45,20 24,81

bdi phuang phap téng hop xuc tac st dung, nhém tac gid
da thuc hién kiém tra qua trinh téng hgp xuc tac nhung cé
thé diéu kién thuc hién phan tng khong nam trong pham
vi t6i uu clia loai phu gia nay, két luan nay tuong déng vai
két qua nghién ctu cla Palgunadi va cong su [8] khi xét
anh hudng cda kim loai Mn dén xuc tac qua trinh téng
hop DME tu khi t6ng hop.

4.2. Hé xuc tdc 20%w CuZn/y-Al,O, n_/n, = 70/30 bé
sung kim loai Cr

Tu két qua xac dinh hoat tinh xtc tac ctia cdc mau
khac nhau trong hé xuc tac 20%w CuZn/y-Al,O,,
= 70/30 b& sung thém kim loai Cr c6 ty I& N/Neyizmec, 18N

luot la 2, 4, 5, 6%, nhdm tac gia cling nhan thdy mau xuc
tac 20%w CuZnCr/y-Al. O n./n,, =70/30, n_/n =

273 Cu+Zn+Cr —
5% cho hoat tinh cta xuc tac la t6t nhat (Bang 5). Mac du
téc d6 hinh thanh DME c6 tdng so v&i mau xuc tac “chuin”
nhung d6 chuyén héa CO va do chon loc DME lai khéng

duogc cai thién.

nCu/nZn

4.3. Hé xuic tdc 20%w CuZn/y-AL,O, n_/n, = 70/30 b6
sung kim loai Zr

Kim loai ti€p theo dugc ti€n hanh thuc nghiém la Zr,
lugng kim loai bé sung thém vao xuc tac 20%w CuZn/
y-ALO,, n_/n, =70/30 lan lugt co ty lén, /n_ . =23,
4, 5,6%. Tuong tu nhu cac mau xuc tac trudc, khi ti€n hanh
so sanh kha nang cai thién do chuyén hoa CO, d6 chon loc
DME va t6c dé hinh thanh DME, nhém tac gia nhan thay,
khi ham lugng Zr thém vao xuc tac < 3%, muc doé cai thién
hoat tinh xtic tac khong ré rét, tham chilam gidm hoat tinh
xuc tac. Tuy nhién, cac thong s6 nay lai tdng theo ty 1é tang
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cla Zr thém vao mau xuc tac va dat gia tri cuc dai tai mau
20%w CuznZr/y-ALO, n_/n, = 70/30, n,/n = 4%
(Bang 6).

Cu+Zn+Zr

Clng vdi két luan nay, Bae va cong su [10] da nghién
clu sy anh hudng ctia ham lugng Zr khi thém vao xuc tac
CuZn/ALO./Zr st dung cho qua trinh téng hgp DME truc
tiép tir hon hop khi biomass c¢6 thanh phan khi H,/CO =
0,93, nhém tac giad két ludn mau xuc tac véi 3%wt Zr cho
hoat tinh t6t nhat trong diéu kién thuc hién thi nghiém.
Trong mét nghién ctiu khéac clia Kang va céng su [2] khi
nghién clru tdc dong clia Zr va Ga dén xtc tdc CuZn-ALO,/
v-AlLO, cling cho két luan cac kim loai b6 sung déng vai
trd tang qua trinh phan tan kim loai Cu trén chat mang,
thic day qua trinh hydro héa CO va tach nuéc methanol
vGi d6 acid phu hgp hon cho qua trinh. Cac két luan nay
tuong dong vai két qua nhom tac gia thu dugc, mac du
diéu kién tién hanh phan tng c6 khac nhau.

4.4. Hé xuc tdc 20%w CuZn/y-ALLO, n_/n, = 70/30 b
sung kim loai Ce

Kim loai cu6i cing dugc xem xét la Ce, véi 4 mau xuc tac
mai dugc téng hop trén co sé xuc tac 20%w CuZn/y-ALO,,
n./N,, =70/30 vGi thanh phan kim loain_/n_, .. .. thay doi
tur 2 - 5%. K&t qua thuc nghiém thu dugc c6 xu hudng gan
giéng mau xuc tac c6 bé sung thém kim loai Mn, mac du
nhém tac gia xac dinh dugc mau xuc tac cho d6 chuyén héa
CO, d6 chon loc hinh thanh DME t6t nhat (20%w CuZnZr/y-
ALO,, n_/n, =70/30,n_/n = 3%), tuy nhién két qua
thuc nghiém nay lai khong cai thién dugc hoat tinh xtc tac
50 v6i mau xuc tac “chuan” khi chua thém kim loai Ce.

Cu+Zn+Ce
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4.5. Két qua so sdnh hoat tinh xiic tdc ciia mau 20%w
Cuzn/y-ALO, n_/n, = 70/30 khi b6 sung kim logi Mn,
Cr, Zr, Ce vdi cdc ham luong khdc nhau

Trén co s& két qua nghién cuiu xuc tac téng hop DME
mot giai doan tu khi tdng hop da thu dugc, nhom tac gia
da ti€n hanh th nghiém cai thién hoat tinh xuc tac bang
cach b6 sung mét s6 kim loai dang dugc khuyén cdo su
dung cho qua trinh t8ng hgp methanol ti khi téng hop
va tadch nudc methanol dé tao thanh DME. Tur két qud xac
dinh hoat tinh xuc tac cia cac mau xic tac téng hop trén
o s6 mau xuc tac 20%w CuZn/y-AlLO, n_/n, =70/30b6
sung thém cac kim loai Mn, Cr, Zr, Ce, c6 thé dé dang tién
hanh so sanh va xac dinh mau xuc tac cho hoat tinh tét
nhat clia ting nhom kim loai (Bang 8) va rut ra két luan:
khi thém kim loai Zr vao mau xuc tac 20%w CuZnZr/y-
ALO, n./n, =70/30Vvéitylén,/n_ ,  =4%, do chuyén
héa CO, dd chon loc hinh thanh DME déu duogc cai thién
dang ké, ké ca téc do hinh thanh DME cling ting lén so
vdi mau xuc tac “chudn” khi chua thém kim loai b6 sung.
Tuy nhién, viéc thém cac kim loai con lai gém Mn, Ce, Cr
vao xuc tac, hoat tinh mau xuc tac khéng nhiing khong
cai thién ma con gidm so véi mau xuc tac “chuidn” mac du
dé chuyén héa CO, d6 chon loc DME va téc¢ d6 hinh thanh
DME c6 diém cuc dai, bién déi theo ham lugng kim loai
thém vao xuc tac.

Mac du cac két qua vé do chuyén hoa CO, d6 chon
loc hinh thanh DME thu dugc trong nghién cdu nay
khéng cao han céc cong bé nhu clia Bozga va cong su
[11] (mau xuc tac CuZn-Al,0,/y-AlL,O, dé chon loc DME
cao nhat thu dugc la 83,4%) nhung nhém tac gia da s
dung nguyén liéu khiténg hgp cé ty & H,/CO rat khac veoi
nghién cttu hién tai, véi ty 16 H,:CO = 6:1 & cung diéu kién
nhiét d6 275°C nhung ap suat 40psi. Hay khi xét két qua
cta Ozbelge va cong su [12] khi nghién ctu vé xuc tac
téng hop DME & diéu kién &p suat 50psi, nhom tac gia
da nghién cru thuc nghiém véi nhiéu mau xuc tac khac
nhau, ¢ st dung bé sung kim loai Zr, da xac dinh dugc
d6 chon loc hinh thanh DME cao nhét la 60% & diéu kién
nhiét d6 275°C.

Theo tim hi€u ctia nhém tac gia trén cac tap chi, chua
c6 cong bé nao nghién clu vé xuc tac diéu ché DME mot
giai doan tu khi téng hgp thuc hién & diéu kién thuc
nghiém tuong tu nhu nhém tac gia thuc hién, tuy nhién,
nhing két qua hién tai thu dugc lai c6 cung két luan vé
su phu thudc cta hoat tinh xuc tac vao ty 1é Cu/Zn/Al cé
trong xuc tac hay su phu thuéc vao kim loai xuc tién, vi du
Zr trong cdng bd s6 [111.

5.Két luan

Trén co s& két qua nghién clu d6i véi hé xuc tac
20%w CuZn/y-AlLO,, n_/n, = 70/30 da dugc cong bé
trudc day, cho d6 chuyén hoa CO cao nhat, d6 chon loc va
téc dé hinh thanh DME cao nhat tai diéu kién phan tng
275°C va 100psi, nhdm tac gia da tién hanh nghién ctu so
sanh hoat tinh ctia cdc mau xuc tac khac nhau bang cach
thém mot s6 kim loai b6 sung. TU két qua thuc nghiém
thu dugc trong nghién cltu nay, nhém tac gia rat ra két
luan nhu sau:

- Trongtat ca cac kimloai thém vao mau xuc tac 20%w
Cuzn/y-ALO,, n_/n, =70/30, chi c6 kim loai Zr cho phép
cai thién dang ké do chuyén hoa CO (ti 47% Ién 60%), lam
tang nhe d6 chon loc hinh thanh DME (tir 66% lén 67%) va
t6c d6 hinh thanh san phdm DME (tur 35,8 thanh 44 (mol/g

x s) x 10) khi st dung ty 1é n,/n 4%.

Cu+Zn+Zr

- Déi véi tat cd cac kim loai khac da dugc do thuc
nghiém trong pham vi nghién ctu nay, bao gém Mn, Cr,
Zr, Ce, déu khong lam cai thién hoat tinh xtic tac mac du
dé chuyén hoa CO, dd chon loc DME c6 gia tri cuc dai khi
thém kim loai véi ty 1é thich hgp, su xuat hién ctia cac kim
loai nay tham chi con lam gidam do chuyén héa CO va do
chon loc DME.

Vi giGi han nghién ctu thuc nghiém hién tai dugc
tién hanh & diéu kién nhiét d6 270°C va ap suat 100psi,
céc phép do kiém nghiém & pham vi nhiét dé réng hon
sé dugc thuc hién trong thai gian tai, v6i mong mudn xac
dinh dugc diéu kién téng hgp DME t6i uu hon, phu hop
Vi viéc trién khai tng dung céng nghiép.
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Summary

Ngo Xuan Hung, Le The Duy, Nguyen Huynh Dong
Petrovietnam Manpower Training College
Email: ngoxuanhung@pvmtc.com.vn

In this paper, the authors present the results collected when adding Mn, Cr, Zr, Ce (1 - 6wt%) to improve catalyst
performance for direct dimethyl ether synthesis on a 20%w CuZnO/y-Al,0,, nCu/nZn = 70/30 catalyst sample. The
modified catalyst’s activities were measured to perform the direct synthesis of dimethyl ether (DME) from syngas (H,/
CO =2:1) under low pressure conditions. The results indicated that modification of 20%w CuZnO/y-AlO, catalyst with
a suitable adding amount of Zr significantly enhanced the CO conversion (from 47% to 60%) and slightly improved
the selectivity for DME from 66% to more than 67%. However, when adding the Mn, Cr, Ce contents from 1% to 5%wt
on the studied catalyst, both the conversion of CO and the selectivity for DME were not improved.

Key words: Dimethyl ether, direct synthesis, syngas, CuZnO/y-Al O, catalyst.
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