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Tom tat

Trong bai bdo nay, nhém tdc gia da nghién ciu téng hop xtic tdc MOF-Co10, MOF-Co50 va MOF-Co100 bdng
phuong phdp két tinh dung méi nhiét. Theo két qua khdo sdt bdng cdc phuong phdp nghién ciru ddic trung xuc tdc (nhu
XRD, TG/DSC, BET, FT-IR, SEM), MOF-Co 10 c6 dé én dinh nhiét vuot tréi (Ién dén 300°C), bé mdt riéng 16n (665,58m?/g),
dé xop I6n, c6 thé tham gia lam xiic tdc cho phdn ung Fischer - Tropsch va cdc phan iing di thé khdc & nhiét dé dudi
300°C. Két qua nghién citu hoat tinh xiic tdc bdng phan ting téng hop Fischer - Tropsch (& 200°C, dp sudt 10at, trong
16 gi&) cho thdy méu MOF-Co10 c6 khad ndng xtic tdc cho phdn iting tét hon mdu MOF-Co50. Phdn tich sén phdm phén
ting bdng GC-MS cho thdy, ham luong cdc hydrocarbon thu dugc trong phdn doan xdng rdt cao, mé ra khd néing iing
dung MOF-Co10 lam xiic tdc cho qud trinh téng hop Fischer - Tropsch sdn xudt xdng.

1. Giédi thiéu

Vat liéu khung kim loai hitu co (metal - organic
framework - MOF) 1a cac hgp chéat tinh thé ma phan ti
bao gbm mét hodc mot nhém cac ion kim loai lién két vai
cac phan tir chat hitu co (goi la cac linker) dé tao thanh céc
cau trdc (mot, hai hodc ba chiéu), tir d6 lién két tao thanh
cac mao quan (Hinh 1). MOF véi ciu tric mao quan dong
déu, d6 x6p I6n, dién tich bé mat riéng 16n [1 - 9] va c6 kha
nang hap phu tét nén dugc Ung dung nhiéu dé lam chat
hap phu va luu tri khi. Kha nang stt dung MOF lam xuc tac

van con han ché do 2 nguyén nhan chi yéu: (1) su én dinh

cla vat liéu theo nhiét d6, @6 am, chat phan ng, tap chat
kém haon vat liéu mao quan tinh thé vo co nhu zeolite, lién
két kim loai - hitu co (me - linker) cling yéu hon lién két
Si - O clia zeolite; (2) trong cau tric cia MOF thi cac linker
bao quanh ion kim loai, lam giam kha ndng xuc tac va hap
phu héa hoc [2].

Gan day, mot s6 phuong an téng hgp da dugc nghién
clru va phét trién dé€ khic phuc nhiing han ché trén. Tam
kim loai thudng bi bao quanh bai cac lién két phai tri, tuy
nhién c6 mét sé linker bi tach ra, dé€ lai cac vi tri phéi tri
trong trén kim loai. Vat liéu MOF véi cac tam kim loai chua

y ! \ 1.

Hinh 1. Cdu tric ciia MOF-5 [9] va Co-MOF-74[10] (nguyén tir C mau xdm, O mau d@é, Co mau vang, tir dién ZnO, mau xanh)
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bdo hoa lién két phéi tri c6 thé dugc ing dung lam xuc
tac 6 kha nang hap phu va phan Ung cao, do kha nang
tuong tac gitra kim loai va chat bi hap phu. Viéc tén tai
cac tdm kim loai chua bao hoa cé y nghia rat quan trong
d6i vai kha nang xuc tac cling nhu kha nang hap phu ton
chuta khi. Do dé, cac vat liéu dugc téng hgp dé dung cho
hap phu cling c6 kha nang st dung trong qua trinh xuc
tac hodc nguagc lai.

Do su thi€u hut nguén cung dau mé, khi tu nhién dugc
chuyén hoéa thanh nhién liéu I6ng (gas to liquid - GTL)
théng qua qua trinh téng hop Fischer - Tropsch [11, 12].
Quaé trinh téng hop Fischer - Tropsch gém nhiéu phan tng
hda hoc c6 xuc tac, trong d6 hon hgp khi CO va H, dugc
bién déi thanh hydrocarbon theo phuaong trinh téng quat
sau[11,13]:

n(CO + 2H,) —-(CH) - + nH,0
AH =-167kJ/mol

Theo d6, CO va H, phan Ung véi cac ty Ié khac nhau,
tao ra cac san pham phong phu va da dang. Cac oxide clia
kim loai chuyén ti€p nhom VIl (Ru, Fe, Ni, Co, Rh, Pd, Pt) c6
thé dugc dung lam xuc tac cho qua trinh nay. Trong dé,
Fe va Co la 2 nguén xuc tac chinh cho qua trinh téng hop
Fischer - Tropsch. Xuc tac Co dat hon 230 lan so vai xUc tac
Fe nhung van dugc ing dung nhiéu do c6 hoat tinh t6t
trong diéu kién téng hap & ap suat thap, vai chi phi van
hanh thap.

Vi vay, trong bai bdo nay, nhom tac gid tap trung
nghién cutu, diéu ché xutc tac MOF-Co bén nhiét trén co
s& MOF-5, c6 kha ndng (ing dung cho phén ting téng hap
Fischer - Tropsch.

2. Thuc nghiém
2.1. Téng hop xiic tdc MOF-Co

Cac mau xuc tac dugc téng hap ti mudi Co(NO,), va
Zn(NO,), c6 ham lugng khac nhau bang phuong phéap
két tinh dung méi nhiét. Hoa tan 0,049g acid terephthalic
trong 3ml dung moi dimethylformamide (DMF). Lugng
mudi Co va Zn tuong tng ty 1& mol Co/Zn = 100/0 (MOF-
Co100), 50/50 (MOF-C050), 10/90 (MOF-Co10) va hoa tan
trong 4,5ml DMF trong lo dung tich 8ml. Siéu am 10 phat
& nhiét d6 50°C cho tan hoan toan. D& lo mudi vao lo acid
roi siéu am thém 10 phut na & nhiét d6 50°C. Bua hén
hap vao ndi hap (autoclave) va gia nhiét & nhiét d6 105°C
trong 20 gid, sau d6 dé ngudi dén nhiét d6 phong. Tiép
theo tié€n hanh loc va ngam tinh thé trong 3ml DMF trong

3 ngay, méi ngay thay dung méi mét 1an. Loc 14y tinh thé
va sdy & nhiét d6 105°C trong 18 gid.

2.2. Bdnh gid ddc trung héa ly cta xtic tdc

Nhiéu xa tia X dugc tién hanh trén may D8 Advance
- Bruker véi 6ng phat xa don séc Cu - K, (\ = 1,54A). Phé
héng ngoai dugc thuc hién trén may Thermo Nicolet 6700
FT-IR. May NETZSCH STA409 PC/PG dugc st dung dé phan
tich nhiét TG/DSC, méi mau 10mg dugc gia nhiét vai toc
dd 10°C/phut dén 600°C trong dong khong khi (30ml/
phut). Cac dudng dang nhiét hap phu - nha hdp phu nito
dugc do bang thiét bi Micromeritics ASAP 2010 va di liéu
thu dugc tai nhiét do6 cta nita 16ng, 77K. Cac mau dugc
loai khi & 300°C trong 24 gi& va ap suat la 10 Pa truéc khi
do. Anh hién vi dién ti quét (SEM) dugc chup trén may
Hitachi S-4800.

2.3. Thar nghiém hoat tinh xuc tdc va phdn tich thanh
phdn san pham phan ing

Phén Ung t6ng hgp Fischer - Tropsch dugc ti€én hanh
trén hé thiét bi phan (ng vi dong vai 16p xuc tac cé dinh.
Khi téng hop dua vao theo ty 1& H,/CO = 2/1. Qua trinh
chuyén hoa khiténg hap dugc tién hanh & nhiét d6 200°C,
ap suat 10at trong 16 gig, toc dé gia nhiét 1°C/phat, van
téc khong gian thé tich 255h,

Khi nguyén liéu va cac khi sdn phdm dugc phan
tich truc ti€p bang sac ky khi (GC ultra thermo finnigan)
detector dan nhiét (TCD) va detector ion héa ngon Ira
(FID). S&n phdm 1dng dugc phan tich bang GC-MS.

3. Két qua va thao luan
3.1. Bdc trung hoa ly cta xtic tdc

3.1.1. C4u truc tinh thé ctia xuc tdc

Giadn d6 nhiéu xa tia X (XRD) cta cac mau MOF-5
(100% Zn), MOF-Co100, MOF-Co50 va MOF-Co10 duogc
trinh bay lan lugt trong Hinh 2 (a, b, ¢, d).

Theo gian d6 XRD ctia mau MOF-5 (Hinh 2a) tai goc
26 = 7° va 10° xuat hién dinh (peak) dac trung cho MOF-5
c6 cudng do I6n, dudng nén phd thap cho thay san phdm
tao thanh cé do tinh thé cao, it pha vé dinh hinh. Khi tién
hanh thay thé 100% Zn bang Co thi gian dé XRD cia mau
MOF-Co100 (Hinh 2b) van xuat hién cac dinh dac trung
tuang tu MOF-5 tai goc 26 = 7° va 10°. Gian d6 ¢ dudng
nén cao ching té ¢ nhiéu pha vé dinh hinh.

Trén Hinh 2c van xuat hién cac dinh dac trung tai
gdc 26 = 7° va 10°, dudng nén thap hon so véi mau MOF-
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tich nhiét (Hinh 4), dinh
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trong lugng, c6 thé la do
linker h(tu co bi phan hay.
Nhu vay, mau MOF-Co10
c6 dd bén nhiét tét (dén
300°C), do d6 cé thé lam xuc
tac cho phan tng t8ng hop
Fischer - Tropsch & nhiét do
trén 200°C.
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Hinh 2. Gidn db6 XRD ctia cdc mdu MOF-5, MOF-Co 100, MOF-Co50 va MOF-Co10

Co100, chiing t6 mau MOF-Co50 c6 it pha vo dinh hinh
han m&u MOF-Co100. Tuy nhién, dudng nén van cao nén
dé 6n dinh tinh thé chua tét. Vi vay, nhém téc gia tiép tuc
thay thé bang mau chiia 10% Co.

Trong Hinh 2d van xudt hién cac peak dac trung tai
goc 260 = 7° va 10°, dudng nén rat thap, ching td6 mau
MOF-Co10 c6 it pha vé dinh hinh va d6 6n dinh tinh thé
t6t hon so véi mau MOF-Co100 va MOF-Co50.

Trong gidn d6 XRD clia cac mau MOF-5 va MOF-Co,
ngoai cac dinh dac trung cho vat liéu MOF, nhom tac gia
khong thdy xuat hién cac dinh dac trung cho dang ton tai
khac ctia Zn va Co. Diéu nay cho thdy toan bé lugng Zn va
Co da nam trong mang tinh thé ctia MOF, s6 con lai dugc
loai bd trong qua trinh ngam rtra véi dung moéi DMF.

3.1.2. Khdo sdt do bén nhiét va dién tich bé mdit cua vdt liéu
MOF-Co10

P& nghién ctiu d6 bén nhiét ctia mau MOF-Co100,
nhom tac gia nung mau dén nhiét dé 300°C. Theo két qua
phan tich XRD (Hinh 3), mau sau khi nung & trang thai vo
dinh hinh, bi sap khung, khéng con & pha tinh thé, chiing
td mau khong bén nhiét. Do d6, nhém téac gia ti€p tuc
thay thé 50% Zn bang Co (khéng thay thé hoan toan Zn
bang Co).

Gian dé phan tich nhiét va dusng déng nhiét hap phu
clla mau MOF-Co10 dugc trinh bay trong Hinh 4 va 5.

38  DAUKHi- SO 4/2013

(Hinh 5), mau MOF-Co10
¢6 dang | (theo IUPAC) dac
trung cho vat liéu vi mao
quan vai dién tich bé méat 665,58m?/g. Mdu MOF-Co50 c6
dién tich bé mat thap hon (480,95m?/g). So véi vat liéu
MOF-5, cdc mau nay c6 dién tich bé mat riéng khéng Ién,
nguyén nhan c6 thé do su thay thé 10% va 50% Zn bang
Co da lam thay d6i cau trac clia vat liéu hodc do diéu kién
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téng hop chua tét. Tuy nhién, dién tich bé mat ctia mau
tuang duong dién tich bé mat clia moét s6 zeolite ding
lam xUc tac trong cac phan tng loc hoa dau.

Trong anh hién vi dién ti quét ctia madu MOF-Co10
(Hinh 6), mau xuc tac c6 dang hinh que, cau tric xép lop,
do x6p kha 16n. Két qua nay tuong tu két qua nghién ciu
cla tac gia C.E.Phillips [14].

3.1.3. Phé hdng ngoai

Phé héng ngoai (IR) cia mau MOF-Co10 va acid
terephthalic, tién chat déng vai tro tao linker hitu co
trong qua trinh téng hap MOF (Hinh 7). MOF-Co10 sau
15 gi® két tinh xuat hién dao déng véi cudng d6 manh
tai s6 song 1.660,2cm™, thap hon dao ddng dac trung cla
nhom C=0 trong acid terephthalic tu do véi s6 song la
1.683,3cm™. Bay 6 thé la bién dang ctia nhém C=0 trong
-COO- sau khi xay ra qua trinh proton bi thay thé bai ion
Zn** va Co*". Phé héng ngoai ctia mau MOF-5 (chi c6 Zn?*)
dugc nghién cdu trong céng trinh [1] cho thdy dao déng
nay lui vé s6 séng 1.593,2cm™. Nhu vay, khi thay thé mot
phan Zn? bang Co?* da c6 su thay déi dinh dac trung cla
dao déng bién dang ctia nhém C=0.
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Nhom dao dong bién dang c6 s6 séng 1.489,5 -
1.391,0cm™ va nhém dao dong bién dang c6 s6 séng
1.615,5 - 1.567,9cm™ dac trung cho dao déng clia nhom
C = C vong benzen. Nhém dao déng bién dang cé sé
s6ng 879,4 - 654,2cm™ la bién dang dac trung clla nhom
C-H trong vong tham (u6n). Nhom dao dong bién dang
c6 s6 séng 3.064,2 - 2.937,6cm™ la bién dang dac trung

clia nhom C-H trong vong tham. Nhém dao déng bién
TR T T T T dang cé s6 séng 3.506,0cm™ 1a bién dang dac trung

BB MO0 - Ty 2T ok - St 500D - 6,020 - Sap: 0011 -Sip i 1.9 T 25°C (Rom)-Ti Sttt 103 -Thets 5.00° - Tt 200" - G-0.00° -

wwwwwwww cla H,O vi trong qua trinh t6ng hgp MOF-Co ¢6 su hinh
Hinh 3. Gian d6 XRD cua mau MOF-Co100 nung & 300°C thanh ctia nudc, do d6 ¢ thé van con nudc trong mao

o s quan cua vat liéu.

3 8 8 8 8

Lin (Cps)

Ngoai ra, nhdm tac gia con thay xuat hién cac nhém
dao déng bién dang c6 s6 séng 1.249,9 - 1.086,4cm’;
2.830 - 2.695cm™; 3.064,2 - 2.937,6cm™ lan lugt la bién
dang dac trung cla nhém C-N, C-H aldehyde, C-H alkan.
Diéu nay chiing td mau MOF-Co10 sau 15 gid két tinh van
con dung méi DMF ((CH,),NCHO), phu hgp véi gia thiét
trong phan phan tich nhiét.

TU phan tich trén cho thay MOF-Co10 cé d6 bén nhiét

100 200 300 400 500 600
Nhiet do (°C)

b s tét (& 300°C), phu hgp véi diéu kién cla qua trinh téng

Hinh 4. Gian d6 TG/DSC cia mau MOF-Co10 hagp Fischer - Tropsch & diéu kién mém (< 280°C). Ngoai ra,

160 mau co dién tich bé mat riéng I16n, c6 nhiing tam hoat tinh
//k Co, do d6 c6 kha nang Uing dung lam xuc tac trong phan
Uing téng hap Fischer - Tropsch.

140.

120

3.2. Hoat tinh va dé chon loc cta xtic tdc

100-

3.2.1. Anh huéng cia ham lugng Co t&i dé chuyén héa

80

Thuc hién phan tng Fischer - Tropsch ti 2 mau xuc tac
la MOF-Co10 va MOF-Co50 véi lugng xuc tac bang nhau
& nhiét d6 200°C, ap suat 10at. Theo két qua (Hinh 8), d6
0 chuyén héa ctia phan ung khi st dung xtc tac MOF-Co10
(khoang trén 20%/g xuc tac) cao hon so véi dé chuyén
hoéa clia phan ung khi s& dung xuc tdc MOF-Co50 (trén

60

Dung lugng hap phu (cm?/g STP)

20

. 10%/g xUc tac).
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Ap suét tuong déi (P/Po) D6 chuyén hoa CO clia phan tng khi dung xuc tac
Hinh 5. Budng déng nhiét hdp phu ctia mdu MOF-Co10 MOF-Co10 tang dan roi dat cuc dai & 26%/g xuc tac sau 3

g — R o [
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Hinh 6. Anh hién vi dién ti quét ciia mdu MOF-Co10
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Hinh 7. Ph6 héng ngoai ciia mdu MOF-Co10 sau 15 gid két tinh va
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S6 C trong phan tr
Hinh 9. Su'phdn bé san phdm véi xtc tdc MOF-Co10

gid ti€n hanh phan Uing, sau do xuc tac bat dau giam hoat
tinh va d6 chuyén héa. Tuy nhién, sau khi tién hanh phan
tng khodng 12 gid tré di, dd chuyén héa CO c6 xu hudng
6n dinh & khoadng 16%/g xuc tac.

DGi véi mau xuc tdc MOF-Co50, dé chuyén héa CO
ban dau thap do hé chua 6n dinh, sau dé tiép tuc ting
va dat cuc dai & 12%/g xUc tac tai thoi diém sau gan 8 gis
ti€n hanh phan Ung. Tuy nhién, sau khi ti€n hanh phan
tng khoang 12 gi& tré di, d6 chuyén hda gidm va c6 xu
hudéng 6n dinh & 8%/g xuc tac.
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Nhu vay, kha nang xuc tadc cia mau MOF-Co10 tét hon
5o v6i mau MOF-Co50. Diéu nay hoan toan phu hgp véi cac
dac trung clia cdc mau xuc tac. Do mau MOF-Co50 cé nhiéu
pha v6 dinh hinh nén dién tich bé mat va do bén nhiét kém
han mau MOF-Co10, dan dén hoat tinh xuc tac thap hon.
Mac du c¢6 hoat tinh thdp hon nhung mau xuc tac MOF-
Co50 lai c6 d6 bén hoat tinh cao hon mau MOF-Co10.

3.2.2. Phdn bé sdn phdm cta qud trinh chuyén héa Fischer
- Tropsch

Viéc danh gia su phan bé san phdm ctia qua trinh
chuyén hoa Fischer - Tropsch dugc thuc hién dua trén s6
lugng nguyén t C cé trong cac phan t hinh thanh (phan
tich bang GC-MS). Qua trinh tién hanh phan (ng Fischer
- Tropsch véi mau xuc tdc MOF-Co10 cho cac san pham
C,- C,, trong d6 C, va C, chiém ty & cao nhat va khong
c6 san phadm nhe hon C.. Do d¢, sir dung xuc tac MOF-
Co10trong phan ting t6ng hgp nhién liéu 16ng tirkhi téng
hap c6 thé thu dugc san pham gém cac hydrocarbon ndm
phan 16n & phan doan xang (Hinh 9).

Khi ti€n hanh phan tng trong diéu kién tuong tu st
dung xuc tac Co/y-ALO,, san phdm nhéan dugc chi yéu
trong phan doan diesel [12]. Nguyén nhan do sy khac biét
vékich thuéc mao quan cia MOF-Co va Co/y-AlLO,. Xc tac
MOF-Co10 la vat liéu vi mao quan nén cé kich thudc phu
hop véi kich thudc ctia cac hydrocarbon trong phan doan
xang, san pham tao thanh chl yéu la cac hydrocarbon C, -
C,.Trong khi d6, néu s dung xuc tac y-AlLO, c6 kich thudc
mao quan trung binh sé cho san phadm chu yéu trong
phan doan diesel.

4. Két luan

- Nhém tac gid da nghién cuy, téng hop thanh céng
vat liéu MOF-Co10, MOF-Co50, MOF-Co100, trong dé tiéu
biéu 1& mau MOF-Co10 véi dé 6n dinh nhiét vuot troi, cé
thé tham gia xUc tac cho phan tng Fischer - Tropsch va
cac phan ing xuc tac di thé khéac & nhiét d6 300°C;

- Danh gid kha nang xuc tac cho qua trinh Fischer -
Tropsch, xuc tac ctia mau MOF-Co10 t6t hon so véi mau
MOF-Co50. Madu MOF-Co10 dat dé chuyén hoa CO cao
nhat 1a 26%/g xuc tac, con mau MOF-Co50 chi dat do
chuyén héa CO cao nhit a 12%/g xuc tac;

- K&t qua phan tich GC-MS san phdm clia phan tng
Fischer - Tropsch s dung xuc tdc MOF-Co10 cho ham
lugng C,, C,ndm trong phéan doan xdng cao, goi ma& hudéng
nghién ciu mai dé san xuat xang dua trén phan ting téng
hop Fischer - Tropsch s dung xuc tac vi mao quan.
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Characterisation and evaluation of catalytfic activity
of MOF-Co catalyst for Fischer-Tropsch synthesis
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2National University of Civil Engineering

Summary

Metal-organic framework materials (MOF-Co 10, MOF-Co50 and MOF-Co100) were synthesised by solvothermal method.
The catalysts were characterised by XRD, TG/DSC, BET, FT-IR and SEM. The results show that MOF-Co 10 has good thermal
stability (up to 300°C), high surface area of 665,58m?/g, and high porosity. MOF-Co can be used as catalyst for the Fischer-
Tropsch synthesis (FTS) and other catalytic reactions which are carried out at temperature less than 300°C. The results
obtained from the FTS at 200°C, 10 atm in 16 hours prove that the catalytic activity of MOF-Co10 is better than that of
MOF-Co50. The reaction products (analysed by GC-MS) are mainly hydrocarbons in gasoline fraction. This opens a trend
to use MOF-Co10 as catalysts for gasoline production by FTS.
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