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Abstract 

The influence of the support texture (Silicagel, Silicalit and MCM-41) on working performance of Co/Si02 for the 
Fischer-Tropsch synthesis has been studied The differences in textures of three SiOj types were characterized by BET, 
SEM and FE-SEM-EDX techniques. The results showed that different textures of the three Si02 materials strongly 
affected not only on distribution of catalytic sites (cobalt) over the support but also on catalytic activity and selectivity. 
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1. GIOI THIEU 

Tong hpp Fischer-Tropsch (FTS) la mpt 
phan ling hoa hpc co xuc tac nham chuyen hoa khi 
tong hpp (hon hop cua CO va Hj) thanh 
hydrocacbon mach dai [1]. 

nCO + (2n+l)H2 -^ CnH2n+2 + nH.O 

nCO + 2nH2 -^ Ĉ Ĥ n + nHjO 

Cac kim loai chuyen tiep nhom VIII 
(Ru, Fe, Ni, Co, Rh, Pd, Pt) co the dupc dimg lam 
xuc tac cho qua trinh nay. Trong so do, Fe va Co la 
hai nguon xuc tac chinh cho FTS. Dac biet, 
xiic tac tren co sa coban co boat tinh tot, dp 
on dinh cao, kha chon loc voi cac hydrocacbon mach 
dai [2, 3]. 

Dc tang hieu qua lam viec cua xiic tac, cac kim 
loai hoat tinh thuong dupc dua len cac chdt mang 
khac nhau. Chirc nang chinh cua chat mang la phan 
tan cac tam kim loai hoat dong va tao su 6n dinh cho 
cac tani nay sau khi hoat hoa xuc tac [3]. D6i voi 
FTS, de thu dupc xiic tac co dp phan tan tam kim 
loai Co cao, cac chat mang SiOj, AI2O3 va TiOj 
thuong duoc sir dung. Trong 3 loai chSt mang nay, 
do su tirong tac giira kim loai voi AI2O3 va TiO? Ion 
nen kha nang phan tan kim loai cao. Tuy nhien cac 
chat mang nay c6 xu huong tao thanh cac lien kit 
Co-chat mang kho khu, dan to! giam hieu qua qua 
trinh hoat hoa xiic tac. Trong khi do, mirc dp tuong 
tac giira Co voi SiO; thap hon nen kha nang phan 
tan Co CO the khong cao nhung vi khong hinh thanh 

cac lien ket Co-Si02 nen cac CoO^ thuong de khiir 
hon nhieu. Do do, mpt so loai chat mang tren nen 
Si02 da dupc nghien ciru cho phan iimg tong hpp 
FTS nhu Co/SBA-15 [4], CoRu/MCM-41 [5], 
Co/SiOs [6] va cho thdy nhQ-ng kit qua kha quan. 

Trong bai bao nay, cac ket qua nghien ciru ve anh 
huong ciia ba loai cau triic chat mang SiO: khac 
nhau (Silicagel, Silicalit va MCM-41) din hoat tinh 
ciia xiic tac Co va dp chpn Ipc cac san pham 
hydrocacbon trong phan irng tong hop Fischer-
Tropsch se dupc de cap den. 

2. THUC NGHIEM 

2.1. Tong hpp Xlic tac 

Silicagel dupc tong hpp bang each cho tir tir thiiy 
tinh long vao dung djch axit sunfuric, dong thai 
khuay trpn manh dl tao gel o pH = 6,5-7. Sau do, 
ngam rira gel bang nudc cat dl loai bo ion SO4'" (thir 
bang dung djch BaCh). Sau khi sky 6 100 "C trong 3 
gio va nung a 550 °C trong 4 gio thu dupc silicagel 
dang bpt, mau trang. 

Silicalit dupc tong hpp bang phuong phap ket 
tinh thiiy nhiet, sir dung ch4t tao cSu true TPABr 
(Hohenbrunn, Dire). Gel duoc kit tinh a 170 °C 
trong khoang 24 gia._ Cac tinh thi tao thanh dupc 
lpc, rira din pH ~ 7, say kho o 100 °C va nung cr 550 
°C trong khong khi vol thoi gian la 5 gia dl loai bo 
het tap chat. San pham silicalit thu dupc co dang bpt 
min, mau trang. 
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MCM-41 dupc tSng hpp bSng each sur dyng chit 
dinh hudng cau true C„-TMABr (Damstadt, Dure) va 
nguon silic laTEOS (Hohenbrunn," Dire). Trudc tien, 
ci^t djnh hudng cku triic dupc hoa tan vao nuac cit. 
Sau do, NH4OH (25%) va etanol dupc them tijt tiJr 
vio dung djch Cn-TMABr, dong thdi khuay trpn diu 
trong khoing 15 phiit Tiq) theo, TEOS dupc them 
vao h5n hpp vi khuay trong 2 gid de t^o gel ddng 
nhat mau tring due. Ket time qua trinh khuiy, hdn 
hpp dupc lpc, rvta din pH~7, sau do siy, nung d 550 
"'C thu dupc MCM-41 cd d^ng bpt mau tring. 

Cac mlu xuc tac ch6a 10 %Co va 0,2 %K mang 
tren cac chdt mang Si02 khac nhau dupc tong hpp tir 
ngu^ muoi Co(N03)2 va KNO3 theo phucmg phap 
tam d ip su^ thudng. Sau khi tim, xuc tic dupc say 
d 120 "C trong 12 gid va nung d 300 °C trong 4 gid. 
Cac mlu xuc tic da tong hpp dupc li?t ke trong 
bang 1. 

Bdng 1: Cac mlu xfic tic Co/SiOi vdi ciu true 
chit mang khac nhau 

Man xtic tac 

Co/Silicagel 

Co/Silicalit 

Co/MCM-41 

Co, 
%kh6i lugng 

10 

10 

10 

K, 
%khoi luang 

0,2 

0,2 

0,2 

2.2. Dinh gii d^c trung hoa 1̂  cua xiic tac 

Difn tfch be m^t rieng va ciu true 16 x6p eiia xuc 
tic dupc xip djnh theo phuong phap hap phy/khir 
hip phu v|it 1̂  nita. Cac dudng ding nhi^t hip phy -
khii hip phy nito dupc*do tren thilt bj Micromeritics 
ASAP 2010. Di^n tich bl m$t dupc tinh toan tir 
phucmg trinh Brunauer - Emmett - Teller (BET). 

Hinh thii v^t lipu dupc xac dinh bing anh hien vi 
di?n tur qu6t (SEM) (JEOL 5410LV) vdi dp phdng 
dfi 200000 lan. 

Phan b6 kim lo^i tren chit mang dupc xac dinh 
bing h? hien vi di^n hjr quet kit ndi tan xa nang 
lupng tia X (FE-SEM-EDX), th^rc hi?n tren may 
HitachiS-4800. 

2J. Thir nghi$m ho^t tinh xtic tac va ph&n tich 
thioh phkn sin ph^m ph&n ihig 

Phin &ng tong hpp Fischer-Tropsch dupc tiln 
hinh tr€n h? thilt bj phin img vi ddng vdi ldp xuc 
tic c^ djnh. Khi tong hpp dua vio theo ty I? H2/CO 
= 2/1 vi chu» 3 % mol Ni dl chuan npi. Qua trinh 
chuyin hda khi t6ng hgp dupc tien hinh thiJr nghi?m 

Do Thi Thanh Hd vd cgng su 

tren 1 g xuc tac d nhi6t dp 210 *C, ip suit 10 bar, 
trong 16 gid. 

Khi nguy6n lieu vi cic khf sin phim dupc phan 
tich true tilp bing sic ky khf (GC Ultra Thermo 
Finigan) detector dan nhi?t (TCD) va detector ion 
hda ngpn lura (FID). 

Sin pham Idng dupc phan tfch bing sic ky khoi 
phd GCMS (Thermo Finnigan). 

3. KET QUA VA THAO LUAN 

3.1. Dac tnmg hoa ly ciia xuc tac 

3.1.1. Dien tich bi mgt riing vd cdu true mao qudn 
cua xuc tdc Co/Si02 

Kit qua phan tich hip phy vi khi> hip phy v^t t^ 
nita cac miu xuc tic Co/Silicagel, Co/Silicalit, 
Co/MCM-41 dupc dua ra trong bing 2. 

Bdng 2: Kit qua do di?n tich bl mit rigng cic mlu 
xuc tic Co/Si02 

Mau 

Co/Silicagel 

Co/Silicalit 

Co/MCM-41 

Di$n tich 
bl ni§t rieng 
BET, mVg 

243 

315 

520 

Ducmg kinh 
mao quan 

trung binh, A 

90 

20 

40 

Kit qui cho thay, trong ba loai xuc tac sd dyng 
chit mang ciing bin ehit SlOj, nhung khac nhau ve 
lien kit eiu true, di$n tich be m|it rieng cua 
Co/MCM^l li Idn nhit, dat 520 m /̂g va thap nhat 
la vdi Co/Silicagel (243 mVg). Dudng kinh mao 
quan trung binh Idn nhit dupc quan sit thiy d 
Co/Silicagel trong khi eic mao quan h?p han 4 lan 
phd biln d ciu tnic cua Co/Silicalit va h?p han 2 Ian 
vdi Co/MCM-41. NhiJng ket qui tuong ty ciing 
dupc ghi nhan trong m$t sd nghien cuu khie vl 3 
logi v|t li?u niy [7]. 

Ve eiu true vgt !i?u tir hinh 1 co the nh|n thay, 
trong ca 3 mau xuc tic Co/Silicagel, Co/Silicalit, 
CoMCMAl, dudng hip phy vi khir hip phy khdng 
trimg nhau va tgo thanh mpt vdng tri, hinh dgng d|c 
trung cho vat li$u mao quan trung binh. Quan sat 
tren giin do hip phy - khu hip phy cua mau 
Co/silicalit vi Co/MCM-41 nhgn thiy tgi viing ip 
suit tucmg ddi P/Po < 0,05, dudng ding nhi?t hip 
phy cd hinh dgng giong dudng logi 1 eua lUPAC d§c 
tnmg eho vgt li?u vi mao quin (d§c bi?t li vdi 
Co/siliea!it). Nhu vgy sy ton t^i cua vi mao quin lim 
cho kich thudc mao quin trung binh cua 2 mlu niy 
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giam so vdi mau Co/silicagel. 
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Anh htmng ciia cdu true chdt mang..\ 

cho su hinh thanh cic san pham hydrocacbon mjch 
dai. 

3.1.2. Hinh dgng vd kich Ihirdc trung binh cua hql 
xuc tdc 

Hinh dang va kich thuoc tmng binh ciia cac hp 
Xlic tac Co/SiOi vai cac ciu tnic khac nhau dui;rc xac 
djnh qua anh SEM (hinh 2). 

Hinh la: Duong ding nhiet hip phu va khu hap phy 
N2 ciia mlu Co/Silicagel 

-—//—-
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f 
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Hinh lb: Dudng dang nhiet hap phy va khu hap phu 
Nj ciia mlu Co/Silicalit 

Hinh Ic: Dudng dang nhipt hap phu va khir hip phy 
N2 cua mlu Co/MCM-41 

Nhu vay, ciu tnic chat mang khae nhau cd anh 
hudng den di?n tich bl mat rieng va dudng kinh mao 
quan cua xuc tac Co/Si02. Moi cau true cd nhirng uu 
viet rieng. Di?n tich bl mat rieng Idn (Co/MCM-41) 
CO kha nang tgo dieu ki^n tot cho phan tan dong diu 
cac tam kim loai hoat dpng trong xuc tie, trong khi 
duong kinh mao quan Idn (Co/Silicagel) thuan Ipi 

Hinh 2a. Anh SEM ciia mau Co/Silicagel 

Hinh 2b: Anh SEM ciia mau Co/Silicalit 

Hinh 2c: Anh SEM cua miu Co/MCM-41 

Ket qua cho thiy, mau xuc tic Co/Silicagel (hinh 
2a) CO hinh dang khdng xac dirJi, trong khi dd tinh 
thi Co/Silicaiit (hinh 2b) cd dgng khoi lap phuong, 
kha ddng diu, cdn cac tinh thi Co/MCM-41 (hinh 
2c) lai CO dang khdi cau, tap trung thinh timg cym. 

Nhu vay, vdi ba cau triic chit mang khie nhau, 
xuc tac tao thanh co nh&ng hinh dang va kich thudc 
rat khac nhau: vd djnh hinh vdi Co/Silicagel, tinh the 
lap phuang 140-280 nm d Co/Silicalit vi tinh tĥ  
khdi ciu 500 nm vdi Co/MCM-41. 

3.1.3. Phdn bd thdnh phdn kim logi trong xuc tdc 

Phan bo thanh phan kim loai trong xuc tie dupc 
xem xet qua phan tich cic kit qua FE-SEM-EDX. 
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Hinh 3 li pho EDX tuang ung ciia mau 3.2. Hoat tinh va do chon loc cua xuc tac 
Co/Silicagel, Co/Silicalit, Co/MCM^l. 

3.2.1. Anh hudng cdu true chdt mang din hogt tinh 
cua xuc tdc 

Ket qua nghien ciru boat tinh cac mau xuc tic 
dupc danh gia tren ca sd sir bien ddi cua dp chuyen 
hda nguyen lieu CO theo thdi gian phan irng dupc 
dua ra tren hinh 4. 

Hinh 3a Phd EDX cua mau Co'Silicagel 

Hinh 3b: Pho EDX ciia man Co/Silicalit 

Hmh 3c: Phd EDX ciia mau Co/MCM-41 

Ket qua cho thay trong cac mau xuc tac Co/SiO; 
CO sy xuit hi?n ciia cac nguyen td kim loai Co va K 
di tam len ehat mang, ben canh thanh phan chinh la 
Si. Cd thi nhgn thay cudng dp cac pic dac irung Co 
vi K xuit hi?n tren phd EDX thap nhat trong mau 
Co/Silicagel (hinh 3a) va cao hern trong hai mau 
Co/Silicalit (hinh 3b) va Co/MCM-41 (hinh 3c). 

Ngoai ra tren ciing mpt vgt li?u, ket qua do EDX 
d cic vj tri khie nhau nhu d canh, d bl mat va do 
diem deu the hifn cudng dp pic cac kim loai tren 
chat mang kha dong deu. Nhu vgy, qua trinh dua Co 
vd K ten chit mang thinh cdng nhat vdi Silicalit va 
MCM-41. 

Hinh 4: Dp chuyen hoa CO theo thdi gian phan img 
tren cac mau xiic tac 

Quan sat hinh 4, cd the nhan thay dp chuyen hda 
CO trung binh tren Co/Silicagel la 19 %, Co/Silicalit 
la 23 %, va cao nhat vdi Co/MCM-41 la 25 %. Xu 
hudng chung de quan sat thay tren ca 3 loai xiic tac la 
dp chuyen hoa CO giam dan theo thdi gian phan ung, 
nhung ro ret nhat vdi Co/silicagel. Trong 3 loai xuc 
tac, Co/MCM-41 the hien hoat tinh on dinh hon ca, 
sau 12 gid phan ung van duy tri do chuyen hoa 23 %. 
Hoat tinh ciia Co/silicalit ciing kha 6n dinh nhung 
cung bat dau the hien sp suy giam tir gid thir 10 ciia 
phan img (phiit 600). 

Dieu nay cd the bat nguon tir qua trinh dua cac 
kim loai hoat dong Co va kim loai phy trp K len chat 
mang silicalit va MCM-41 tdt han nhu da quan sat 
thay tir ket qua phan tich EDX. Nhirng kim loai nay 
la tam boat dpng ciia xuc tac, xiic tien cho qua trinh 
chuyen hoa khi tdng hpp, 

3.2.2 Anh huong ciia cdu true chdl mang idi phdn 
bd sdn phdm ciia qud trinh chuyin hda FT 

Viec danh gia phan bd san pham cua qua trinh 
chuyen hoa FT dupc thyc hien tren co sd so nguyen 
tir C CO trong cac phan tir hinh thanh (phan tich bang 
GC-MS). .A.nh hudng ciia cau inic chat mang tdi 
thanh piian san pham cua qua trinh phan img dupc 
dua ra tren hinh 5, 

Ket qua hinh 5 cho thay. hydrocacbon hinh thanh 
trong qua trinh chuyen hoa khi tdng hpp tren 3 logi 
xiic tac Co/SiO: chii yeu tir C8 den C22. Phan bo 
mgch C trong thanh phan san pham qua trinh chuyen 
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hda khi tdng hpp tren ba loai xuc tic dupc phan loai 
theo 3 phan dogn nhe, xang va diezen (bang 3). 

Hinh 5a: Phan bd sd C trong san pham chuyen hda 
CO tren mau Co/Silicagel 

•£ 20 
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10 
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Hinh 5b: Phan bo sd C trong san pham chuyen hda 
CO tren mau Co/Silicalit 

10 tuot u. 
[•CoMCM-4l| 

Hinh 5c: Phan bd sd C trong sin phim chuyin hda 
CO tren miu Co/MCM-41 

Bdng 3: Phan bd mgch C trong thanh phin sin phim 
ehuyen hda khi tdng hop 

Xuc tac 

Co/Silicagel 

Co/Silicalit 

Co/MCM-41 

% C 
<C6 

8 

20 

14 

% C 
C6+C10 

43,5 

43,5 

40,5 

% C 
>C10 

48,5 

36,5 

45,5 

Anh hudng cua cau tnic chdt mangxt 

Quan sat bang 3, co (hi thiy cau triic chit mang c6 
anh hudng Idn den phan bo mgch C trong thanh phL 
san phim ciia phan umg FT. Sin phim nhp (mach C ^ 
6) hmh thinh trpi nhit trong san pham ciia qui triidi 
chuyin hda FT su* dyng xuc tac Co/Silicalit vi 
Co/MCM-41 (14-20 %). Do tinh chat chpn lpc hinh 
dgng, su cd mgt cua vi mao quin trong cac mSu xuc 
tac Co/Silicalit va Co/MCM-41 (da chihig minh trong 
phin nghien cum dudng ding nhi§t hip phu - khu hap 
phu) cd till phin nao giai thich cho su hinh thanh s^ 
phim nhe tren cac miu x^c t ie nay. Phan dogn xang 
(tix C6-C10) xuit hipn kha d6ng deu trong sin phSm 
cua qui trinh FT sur dyng 3 loai xlic tic Co/SiOi 
(40,5-43,5 %). Cac hydrocacbon phan dogn diezen 
(>C10) dupc phit hi6n trpi han ca trong san pham 
long cua qui trinh chuyin hda khi tong hpp sur dyng 
xuc tic Co/Silicagel (48,5 %) va xiic tic Co/MCM-41 
(45,5 %). 

Nhirng quan sat nay cd the dupc giii thich trfin co 
sd su khac bi^t vl kich thudc mao quan ciia cic v|t 
lieu iam chat mang. Trong cic loai chit mang 
nghien ciiii, Silicagel la chat mang cd ki'ch thudc 
mao quan Idn nhat, 90 A, trong khi dudng kinh tSp 
trung chu yeu cic mao quan trong MCM-41 va 
Silicalit tuong ling la 40 A va 20 A. Chinh vi viy, 
khi nguy8n li^u khi tdng hpp tham nhip vio mao 
quan xiic tic trong qua trinh phan ling s6 hinh thanh 
cac san pham khac nhau tiiy thu0c vao kich thirdc 
mao quan vat lipu. Trong 3 logi vgt li$u di thit 
nghiem, kich thudc mao quan sSp xIp theo thii tv 
Silicagel > MCM-41 > Silicalit, do dd kha nang hinh 
thanh hydrocacbon mgch dai trong qua trinh tong 
hpp FTS sii dyng xiic tac tucmg iing cung se giam di 
theo thii tu nay. 

4. KET LUAN 

Cau tnic chat mang khac nhau cd anh hudng 16n 
den dien tich be mit rieng, dudng kinh mao quan va 
hinh thii b l mat ciia xuc tac Co/Si02. Trong 3 miu 
xuc tac, Co/MCM-41 cd dien tich bl mat rieng 16n 
nhit (520 mVg), cdn Co/Silicagel cd di?n tich be m?t 
thip nhit (243 mVg). Dudng kinh mao quin t|p 
trung Idn nhit dupc quan sat thiy d Co/Silicagel vi 
hep han 2-4 lin d ciu tnic cua Co/Silicalit v4 
Co/MCM-41. Hinh thai va kich thudc xiic tic ciing 
rit khac nhau: vd dinh hinh vdi Co/Silicagel, tinh thi 
Igp phuang 140-280 nm d Co/Silicalit vi tinh dil 
khoi ciu 500 nm vdi Co/MCM-41. Hipu qui dua Co 
va K len cac chat mang t6t nhit vdi Silicalit \i 
MCM-41. 

Hogt tfnh xuc tic trong phin limg Fischer-
Tropsch thi hipn qua dp chuyen hda CO tr^n 3 mSu 
xuc tac cd ciu triic chit mang khac nhau giim din 
theo thdi gian phan ihig, nhung r6 r^t nhat v6i 
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Co/Silicagel. Vdi di^n tich be m$t riSng Idn han, phan 
bd diu cic tam Co va K, Co/MCM-41 thi hifn hogt 
tinh dn djnh hon ci, sau 12 gid phin ung van duy tri 
dO chuyen hda 23%. 

Kich tiiudc mao quin khie biet trong cac chat 
mang cung co anh hudn^ Idn den phan bd mach C 
trong diinh phin sin phim cua phin ung FT. Sin 
phim nh? (s6 C trong mach < 6) hinh thanh trdi nhat 
trong sin phim ciia qua trinh chuyin hda FT sd 
dyng xuc tic mao quin hpp nhu Co/Silicalit (20 %). 
Trong khi do, cac hydrocacbon mach dai phan doan 
diezen (> CIO) xuit hi?n nhieu nhat trong sin phim 
Idng ciia qua trinh su dyng xiic tie mao quin rdng 
Co/Silicagel (48,5 %) va trung binh Co/MCM-41 
(45,5 %). 

Lfri cam cm: Nghien ciiv ndy duge thuc hiin v&i sir 
tai trg cua Bg KH&CN qua di tdi dgc lap cdp Nhd 
nudc, ma sd DTDL2009/G46. 
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