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T6mtlt 

Trong bdi bdo ndy, nhdm tdc gid dd nghiin cdu tdng hap xdc tdc MOF-ColO, MOF-Co50 vd MOF-ColOO bdng 
phuang phdp kit tinh dung mdi nhiit. Theo kit qud khdo sdt bdng cdc phUdng pbdp nghiin cdu dgc trUng xue tdc (nhd 
XRD, TG/DSC, BET, FT-IR, SEM), MOF-Co 10cd dp dn djnh nhiit vUdt trdi (lin den 30(rC), be mat rieng Idn (66S,58m'/g). 
dd xdp Idn, ed the tham gia ldm xue tdc eho phdn dng Fischer - Tropseh vd cdc phdn dng dj the khdc d nhiit dd dddi 
300fC. Ket qud nghiin cdu hogt tinh xue tdc bdng phdn dng tdng bap Fischer - Tropseh (d200'C, dp sudt lOat, trong 
16 gid) cbo thdy mdu MOF-Co 10 ed khd ndng xdc tdc cho phdn dng tdt han mdu MOF-Co50. Phdn tich sdn phdm phdn 
dng bing CC-MS eho thdy, hdm luang cdc hydrocarbon thu duac trong phdn dogn xdng rdt cao, mdra khd ndng dng 
dung MOF-Co 10 ldm xue tdc cbo qud trinh tdng bdp Fischer - Tropseh sdn xudt xdng. 

1. Gidi thieu 

Vit lieu khung kim loai hdu eo (metal - organic 

framework - MOF) l i cic hpp chat tinh the ma phin tU 

bao gdm mdt hoae mdt nhdm cie ion kim loai lien kit vdi 

cic phin tU ehat hUu ed (gpi la cic linker) de tao thanh cic 

ciu true (mdt hai hoae ba ehieu), tU dd lidn kit tao thinh 

cic mao quan (Hinh 1). MOF vdi eau true mao quin ddng 

diu, dd xdp Idn, didn tich be mat ridng Idn [1 - 9] va ed khi 

ning hap phu tdt ndn dupe ifng dung nhilu de lam chat 

hip phu va luu trU khi. Khi nang sif dung MOF lam xue tie 

vin edn han chl do 2 nguydn nhin ehii yiu: (1) sUdn djnh 

cua vi t lieu theo nhidt dp, dp am, chat phin Ung, tap chit 

kem hon vat lieu mao quin tinh the vd eO nhU zeolite, lien 

ki t kim loai - hUu eo (me - linker) cung yiu hon lidn kit 

Si - 0 cua zeolite; (2) trong eau true eua MOF thi eie linker 

bao quanh ion kim loai, l im giim kha nang xue tic v i hap 

phu hda hpe [2]. 

Gan diy, mdt sd phuong i n tdng hop d i dUOc nghien 

eUu va phit tri ln de khae phuc nhUng han chl trin. Tim 

kim loai thudng bi bao quanh bdi eae lidn kit phdi tri, tuy 

nhien cd mdt sd linker bj tach ra, de lai eie vj tri phdi tri 

trdng trdn kim loai. Vat lieu MOF vdi eie t im kim loai chUa 

Hinh 1. Cdu true cua MOF-5 [9] vd Co-MOF-74 [10] (nguyin tCfCmdu xdm. O mdu dd, Co mdu vdng. tddiin ZnO, mdu xanh) 
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bao hda lidn kit phdi tri ed the dupe Ung dung lam xue 
t ie cd khi ning hap phu va phin Ung cao, do kha nang 
tuong t ic giUa kim loai va chat bi hap phu. Vide tdn tai 
eie t im kim loai chua bio hda cd y nghia rat quan trpng 
ddi vdi khi nang xue t ie cung nhu khi ning hap phu tdn 
chUa khi. Do dd, cic vat lieu duoc tdng hop de dimg eho 
hap phu eung ed khi nang sU dung trong qua trinh xue 
tie hoic ngUpe lai. 

Do SLf thieu hut ngudn eung dau md, khi tU nhidn dupe 
ehuyen hda thanh nhidn lieu Idng (gas to liquid - GTL) 
thdng qua qui trinh tdng hop Fischer -Tropseh [11, 12]. 
Qui trinh tdng hpp Fischer-Tropseh gdm nhieu phan Ung 
hda hpc ed xue tie, trong dd hdn hop khi CO va Ĥ  dupe 
biln ddi thanh hydrocarbon theo phuong trinh tdng quit 
sau [11,13]: 

n(CO + 2Hj) -> - (CH )̂̂  - + nH^O 

AH = -167kJ/mol 

Theo dd, CO v i Ĥ  phin Ung vdi eae ty Id khac nhau, 

tao ra cic sin pham phong phu va da dang. Cic oxide eua 

kim loai ehuyen t i lp nhdm VIII (Ru, Fe, Ni, Co, Rh, Pd, Pt) ed 

th i duoc diing lam xue t ie cho qua trinh nay. Trong dd, 

Fe v i Co l i 2 ngudn xue t ie ehinh eho qui trinh tdng hpp 

Fischer - Tropseh. Xue t ie Co dat hon 230 lan so vdi xue t ie 

Fe nhung van duoc ifng dung nhieu do cd hoat tinh tdt 

trong dieu kidn tdng hop d ap suit thap, vdi ehi phi van 

hinh thap. 

Vi viy, trong bi i bio nay, nhdm tie gi i t ip trung 

nghidn ciifu, di lu che xue t ic MOF-Co ben nhiet trdn eo 

sd MOF-5, cd khi ning dng dung eho phin Ung tdng hop 

Fischer-Tropseh. 

2. ThUc nghiem 

2.1. Tdng hap xue tdc MOF-Co 

Cic mlu xue t ic 6ugc tdng hop tU mudi Co(N03)2 va 

Zn{N03)j cd him luong khae nhau bing phuong phap 

ki t tinh dung mdi nhidt. Hda tan 0,049g acid terephthalic 

trong 3ml dung mdi dimethylformamide (DMF). LUpng 

mudi Co v i Zn tuong dng ty Id mol Co/Zn = 100/0 (MOF-

ColOO), 50/50 (MOF-CoSO), 10/90 (MOF-ColO) va hda tan 

trong 4,5ml DMF trong Ip dung tieh 8ml. Sieu i m 10 phut 

d nhiet dd 50°C eho tan hoin toin. Do Ip mudi vao Ip acid 

rdi silu Im thdm 10 phut nUa d nhidt dd 50°C. DUa hdn 

hop v io ndi hip (autoclave) v i gia nhidt d nhidt dd 105°C 

trong 20 gid, sau dd d l ngudi d in nhidt dd phdng. Tilp 

theo t i ln hinh loc v l ngim tinh t h i trong 3ml DMF trong 

3 ngay, mdi ngay thay dung mdi mdt lan. Lpc lay tinh the 
va say d nhidt dp 105°C trong 18 gid. 

2.2. Ddnh gid ddc trung hda ly cua xdc tdc 

Nhieu xa tia X dupc tien hanh tren may 08 Advance 
- Bruker vdi dng phat xa don sac Cu - K̂  (X = 1,54A). Phd 
hdng ngoai dUpc thuc hidn trdn may Thermo Nicolet 6700 
FT-IR. May NETZSCH STA409 PC/PG 6ugc sUdung de phan 
tich nhidt TG/DSC, mdi mau lOmg dupc gia nhidt vdi tde 
dp 10°C/phut den 600°C trong ddng khdng khi (30mi/ 
phut). Cac dudng dang nhidt hap phu - nhi hap phu nito 
duoc do bang thilt bj Mieromerities ASAP 2010 va dU lieu 
thu ddgc tai nhidt dd cua nito Idng, 77K. Cie mau dupe 
loai khi d 300°C trong 24 gid va ip suat l i 10' Pa trUde khi 
do. Anh hien vi didn tif quet (SEM) duoc chup trdn miy 
Hitachi S-4800. 

2.3. Thd nghiim hogt tinh xue tdc vd phdn tich thdnh 
phdn sdn phdm phdn Ung 

Phin Ung tdng hop Fischer -Tropseh dupc tien hinh 
trdn he thilt bj phin Ung vi ddng vdi Idp xue t ic cd djnh. 
Khi tdng hap dua vao theo tJ- Id H/CO = 2/1. Qui trinh 
ehuyen hda khi tdng hop dupe t i ln hinh d nhidt dd 200°C, 
i p suit lOat trong 16 gid, tde dp gia nhidt rC/phut, van 
tde khdng gian the tieh 255h-'. 

Khi nguyen lieu v i cic khi sin pham dupe phin 
tieh true tiep bang sac ky khi (GC ultra thermo finnigan) 
detector dan nhidt (TCD) va detector ion hda ngpn Ida 
(FID). Sin pham Idng 6\J0c phin tich bang GC-MS. 

3. Ki t qu i va th io luan 

3.1. Dgc trUng hda ly eua xue tdc 

3.1.1. Cdu true tinh the cua xue tde 

Giin dd nhieu xa tia X (XRD) ciia eac mau MOF-5 
(100% Zn), MOF-ColOO, MOF-Co50 va MOF-ColO dupc 
trinh bay lan luot trong Hinh 2 (a, b, e, d). 

Theo giin 66 XRD eiia mau MOF-5 (Hinh 2a) tai gde 

26 = 7° va 10° xuat hien dinh (peak) die trUng eho MOF-5 

cd cUdng dp Idn, dudng nen phd thap cho thay sin pham 

tao thanh cd dp tinh the cao, it pha vd djnh hinh. Khi t i ln 

hanh thay t h i 100% Zn bang Co thi gian dd XRD ciia mau 

MOF-ColOO (Hinh 2b) van xuat hidn cac dinh die trUng 

tuang tu MOF-5 tai gdc 29 = 7° va 10°. Gian dd cd dudng 

nen cao ehUng td cd nhieu pha vd djnh hinh. 

Trdn Hinh 2e van xuat hidn cic dinh die trUng tai 

gdc 26 - 7° va 10°, dudng nen thap hon so vdi mau MOF-
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Hinh 2. Gidn do XRD cua cdc mau MOF-5, MOF-Co 100, MOF-Co50 vd MOF-Co 10 

Col00, ehUng td mau MOF-Co50 ed it pha vd djnh hinh 
hon mau MOF-ColOO.Tuy nhidn, dudng nen van eao ndn 
dd dn djnh tinh the ehUa tdt. Vi viy, nhdm tic gii t i lp tuc 
thay t h i bing mau chUa 10% Co. 

Trong Hinh 2d van xuat hidn eie peak die trUng tai 
gde 26 = 7° v i 10°, dudng nin rat thap, ehUng td mau 
MOF-ColO ed it pha vd djnh hinh va dp dn djnh tinh the 
tdt hon so vdi mau MOF-ColOO va MOF-Co50. 

Trong giin dd XRD eiia cic mau MOF-5 va MOF-Co, 
ngoai eie dinh die trUng eho vi t lieu MOF, nhdm tie gi i 
khdng thiy xuat hidn cic dinh die trung eho dang tdn tai 
khie eua Zn v i Co. Oieu nay eho thay toin bd lupng Zn va 
Co d i nim trong mang tinh the eua MOF, sd edn lai dupe 
loai bd trong qui trinh ngim rifa vdi dung mdi DMF. 

3.1.2. Khdo sdt do bin nhiet vd diin tieh bi mat eua vgt lieu 
MOF-ColO 

Oe nghiin eUu dp bin nhidt eua mau MOF-ColOO, 
nhdm tic gi i nung mau din nhidt dp 300°C.Theo kit qui 
phin tieh XRD (Hinh 3), mau sau khi nung d trang thai vd 
djnh hinh, bj sip khung, khdng edn d pha tinh the, ehUng 
td mau khdng ben nhidt. Do dd, nhdm tie gi i tiep tue 
thay t h i 50% Zn bing Co (khdng thay th i hoan toan Zn 
bing Co). 

Gian dd phan tieh nhidt va dudng ding nhidt hap phu 

cua mau MOF-Col 0 dupc trinh bay trong Hinh 4 va 5. 

Trong giin dd phin 
tfch nhidt (Hinh 4), dinh 
thu nhidt tai 308,7°C vi 
giim 11,58% trpng luong, 
nguyen nhin cd the do 
qui trinh bay hoi dung mdi 
trong mao quin. Oinh tda 
nhiet tai 396,5°C giim 23% 
trpng lupng, cd th i l i do 
linker hOu eo bj phin hiiy, 
Nhu viy, mau MOF-ColO 
ed dp bin nhidt tdt (din 
300°C), do dd ed the l i m xiic 
t ic cho phin Ung tdng hop 
Fischer - Tropseh d nhidt dd 
trdn 200°C. 

Theo kit qui phin tich 
dudng ding nhidt hap phu 
(Hinh 5), miu MOF-ColO 
ed dang I (theo lUPAC) die 
trung eho v i t lieu vi mao 

quan vdi didn tich be mat 665,58m7g. Mau MOF-Co50c6 
didn tich be mat thap hon (480,95mVg). So vdi vit lieu 
MOF-5, cie mau nay cd didn tich b l mat ridng khdng ldn, 
nguydn nhin cd the do sU thay t h i 10% v i 50% Zn bing 
Co da lam thay ddi cau true eua vat lieu hoae do dieu kidn 
tdng hpp ehUa tdt. Tuy nhidn, dien tich b l mat cua mid 
tuong duong dien tieh b l mat cua mdt sd zeolite diing 
lam xue t ic trong cie phin Ung Ipc hda dau. 

Trong inh hien vi didn tif qudt eua mau MOF-ColO 
(Hinh 6), mau xue t ic ed dang hinh que, eau true xip Idp, 
dp xdp kha Idn. Kit qua nay tUOng tU kit qui nghiin cijfu 
eua tie gi i C.E.Phillips [14]. 

3.1.3. Pho hong ngogi 

Phd hdng ngoai (IR) ciia mau MOF-ColO v i acid 
terephthalic, t i ln chat ddng vai trd tao linker hUu eO 
trong qui trinh tdng hpp MOF (Hinh 7). MOF-ColO sau 
15 gid ki t tinh xuat hidn dao ddng vdi cUdng do manh 
tai sd sdng 1.660,2em', thap hon dao ddng die trUng cOa 
nhdm C=0 trong acid terephthalic tU do vdi sd sdng l i 
1.683,3cm'. Diy ed th i l i biln dang eua nhdm C=0 trong 
-COO- sau khi xay ra qui trinh proton bj thay t h i bdi ion 
Zn^* va Co *̂. Phd hdng ngoai ciia mau MOF-5 (chi cd Zn^) 
duoc nghien eufu trong cdng trinh [1] cho thiy dao ddng 
nay liii v l sd sdng 1393,2cm'. Nhu viy, khi thay t h i mdt 
phan Zn'* bing Co^ d l cd sif thay ddi dinh die trUng cua 
dao ddng biln dang ciia nhdm C=0. 
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Hinh 3. Gidn dd XRD cda mdu MOF-ColOO nung d SOVC 

Hinh 4. Gidn dd TG/DSC cua mau MOF-Co 10 

"1 

„• 

... ̂  

Ap suit tuang 66\ (P/Po) 

Hinh 5. Dudng d&ng nhiit hdp phu cua mau MOF-Co 10 

Nhdm dao ddng biln dang cd sd sdng 1.489,5 -
1.391,0em' va nhdm dao ddng biln dang cd sd sdng 
1.615,5 -1.567,9em-' die trung eho dao ddng cua nhdm 
C = C vdng benzen. Nhdm dao ddng biln dang ed sd 
sdng 879,4 - 654,2em-' la biln dang die trung eua nhdm 
C-H trong vdng thom (udn). Nhdm dao ddng biln dang 
ed sd sdng 3.064,2 - 2.937,6em-' la biln dang die trUng 
cua nhdm C-H trong vdng thom. Nhdm dao ddng biln 
dang ed sd sdng 3.506,0em' l i bi ln dang die trUng 
eua Hp vi trong qui trinh tdng hop MOF-Co cd sU hinh 
thinh eCia nUde, do dd ed the van edn nudc trong mao 
quin cCia v i t lieu. 

Ngoii ra, nhdm tie gi i edn thay xuat hidn cic nhdm 
dao ddng biln dang ed sd sdng 1.249,9 - 1.086,4cm-'; 
2.830 - 2.695em-'; 3.064,2 - 2.937,6em-' lan lUpt l i biln 
dang die trUng cua nhdm C-N, C-H aldehyde, C-H alkan. 
Dilu niy chUng td mau MOF-Col 0 sau 15 gid kit tinh van 
cdn dung mdi DMF ((CH3)jNCH0), phii hop vdi gi i thi l t 
trong phin phin tich nhidt. 

Tif phin tich trdn cho thay MOF-Col 0 ed dd bin nhiet 
tdt (d 300°C), phil hdp vdi dilu kidn cCia qui trinh tdng 
hop Fischer -Tropseh d dilu kidn mim (< 280°C). Ngoii ra, 
mau ed didn tieh b l mat ridng Idn, ed nhUng t im hoat tinh 
Co, do do ed khi ning Ung dung lim xue tie trong phin 
dng tdng hop Fischer -Tropseh. 

3.2. Hogt tinh vd dp ehpn Ipc eua xue tdc 

3.2.1. Anh hudng eua hdm lugng Co tdi do ehuyin hoa 

Thife hidn phin Ung Fischer-Tropseh tU2 mau xue t ic 
l i MOF-ColO va MOF-Co50 vdi luong xue t ie bing nhau 
d nhidt dp 200°C, i p suit 10at. Theo ki t qui (Hinh 8), dp 
chuyen hda ciia phin Ung khi sddung xdc t ic MOF-ColO 
(khoing trdn 20%/g xue tie) eao hon so vdi dp chuyin 
hda eua phin Ung khi sif dung xue t ie MOF-Co50 (trdn 
10%/gxuetac). 

Op chuyen hda CO eua phan Ung khi diing xue tie 

MOF-Col 0 tang dan rdi dat cUe dai d 26%/g xue t ie sau 3 

Hinh 6. Anh hiin vi diin td quit cua mdu MOF-Co 10 
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So song, cm' 
Hinh 7. Phd hdng ngogi cua mdu MOF-ColO sau 15 gid kit tinh vi 
tiin chdt acid terephthalic 
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Hinh 8. Dd chuyin hda cua CO trin mdu xue tdc MOF-Col0 vd 
MOF-CoSO 
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Hinh 9. Strphdn bd sdn phdm vdi xue tdc MOF-Co 10 

gid t i ln hinh phin Ung, sau dd xue tie bat dau giim hoat 

tinh v i dp ehuyen hda. Tuy nhidn, sau khi tien hanh phan 

dng khoing 12 gid trd di, dp ehuyen hda CO ed xu hUdng 

dn djnh d khoing 16%/g xue tie. 

Odi vdl mau xue t ic MOF-CoSO, dp chuyen hda CO 

ban dau thap do he ehua dn djnh, sau dd t i lp tuc tang 

v i dat cue dai d 12%/g xue tie tai thdi diem sau gan 8 gid 

t i ln hanh phin Ung. Tuy nhidn, sau khi tien hanh phin 

Ung khoing 12 gid trd di, dp ehuyen hda giim va cd xu 

hudng dn djnh d 8%/g xue tie. 

Nhu viy, khi ning xue tie eiia mau MOF-Col 0 tdt hon 
so vdi mau MOF-CoSO. Oieu niy hoan toan ph ii hop vdi cic 
die trUng cua cic mau xue tie. Do mau MOF-CoSO cd nhilu 
pha vd dinh hinh ndn dien tieh be mat va dp ben nhidt kdm 
hon mau MOF-ColO, dan den hoat tinh xue tic thap hon. 
Mac du cd hoat tinh thap hon nhung mau xue tic MOF-
CoSO lai cd dp ben hoat tinh cao hon mau MOF-Col 0. 

3.2.2. Phdn bo sdn phdm eua qud trinh ehuyin hoa Fischer 

- Tropseh 

Vide dinh gi i sU phin bd sin pham eua qui trinh 
chuyen hda Fischer - Tropseh dUOc thifc hien dUa trdn so 
lupng nguydn tU C cd trong cie phin tif hinh thanh (phin 
tich bang GC-MS). Qua trinh tien hanh phin Ung Fischer 

- Tropseh vdi mau xue t ic MOF-ColO cho eac sin pham 
Cj- C,̂ , trong dd C^ va C, chilm ty Id cao nhat va khdng 
cd san pham nhe hon C,. Do do, sU dung xue tie MOF-
ColO trong phan Ung tdng hop nhien lieu Idng tU khi tdng 
hop cd the thu dupe sin pham gdm cac hydrocarbon nim 
phan Idn d phan doan xing (Hinh 9). 

Khi tien hinh phin Ung trong dieu kidn tUOng tU sif 
dung XUC tie Co/y-AI^Oj, san pha'm nhin dupc chii yiu 
trong phin doan diesel [12]. Nguydn nhin do sU khie bidt 
ve kieh thudc mao quin ciia MOF-Co va Co/y-AiPj. Xiietic 
MOF-ColO la vat lieu vi mao quan nen cd kieh thude phii 
hpp vdi kich thudc ciia cac hydrocarbon trong phin doan 
xang, sin pham tao thanh chii yeu la eie hydrocarbon Cj-
C,.Trong khi do, niu sU dung xue tie y-Al^Oj ed kieh thudc 
mao quin trung binh se eho sin pham ehu yiu trong 
phan doan diesel. 

4. Ket luan 

Nhdm tie gi i da nghien cUu, tdng hop thanh cdng 
vat lieu MOF-Col 0, MOF-CoSO, MOF-Col 00, trong dd tieu 
bieu la mau MOF-Col 0 vdi dp dn dinh nhidt vUOt trdi, c6 
the tham gia xue t ie eho phan iifng Fischer - Tropseh va 
cae phan Ung xue t ic dj the khac d nhiet dp 300°C; 

Oinh gi i kha nang xue tie cho qui trinh Fischer -
Tropseh, xue t ic cua mau MOF-ColO tdt hon so vdi mau 
MOF-CoSO. Mau MOF-ColO dat dp chuyen hda CO eao 
nhat l i 26%/g xue tie, edn mau MOF-CoSO chi dat dd 
chuyen hda CO eao nhat l i 12%/g xue tie; 

Kit qui phin tieh GC-MS sin pham eua phin Ung 
Fischer - Tropseh sd dung xue t ic MOF-ColO eho ham 
luong C C,nlm trong phin doan xing cao, goi mdhudng 
nghidn cifu mdi d l sin xuat xing dua trdn phin Ung tdng 
hop Fischer -Tropseh sd dung xue tie vi mao quin. 
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Summary 

Metal-organic framework materials (MOF-Co 10, MOF-CoSO and MOF-Co 100) 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 of665,58m^/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-ColO is better than that of 
MOF-CoSO. The reaction products (analysed by GC-MS) are mainly hydrocarbons in gasoline fraction. This opens a trend 
to use MOF-Co Idas catalysts for gasoline production by FTS. 
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