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Abstract

The influence of the support texture (Silicagel, Silicalit and MCM-41) on working performance of Co/SiO, for the
Fischer-Tropsch synthesis has been studied. The differences in textures of three SiO, types were characterized by BET,
SEM and FE-SEM-EDX techniques. The results showed that different textures of the three SiO, 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

Téng hop Fischer-Tropsch (FTS) 1a mot
phan mg hoa hoc ¢ xtic tic nham chuyén hoa khi
tong hop (hdn hop cia CO va H,) thanh
hydrocacbon mach dai [1].

nCO + (2Il+1)H2 —> CnH2n+2 + IleO
nCO + 2nH, —» C,H,, + nH,0

Cic kim loai chuyén tiép nhom VIII
(Ru, Fe, Ni, Co, Rh, Pd, Pt) c6 thé dugc dung lam
xuc tac cho qué trinh nay. Trong s6 d6, Fe va Co la
hai nguén xuc tac chinh cho FTS. Pac biét,
xGc tic trén co s& coban co hoat tinh tdt, do
on dinh cao, kha chon loc véi cac hydrocacbon mach
dai [2, 3].

bé tang hi¢u qua lam vi€c cta xuc tac, cac kim
loai hoat tinh thuong dugc dua 1én cac chét mang
khac nhau. Chirc ning chinh ciia chat mang 13 phan
tan cac tam kim loai hoat dong va tao su 6n dinh cho
cac tAm ndy sau khi hoat hoa xtc tac [3]. Dbi voi
FTS, d thu dugc xuc tac co do phan tan tim kim
loai Co cao, cac chit mang SiO,, Al,O; va TiO,
thuong duoc sir dung. Trong 3 loai chit mang nay,
do sy tuong tac gitra kim loai véi Al,O; va TiO, 16n
nén kha nang phan tan kim loai cao. Tuy nhién cac
chat mang nay c6 xu hudng tao thanh céac lién két
Co-chat mang kho khir, dan t6i giam hiéu qua qua
trinh hoat héa xuc tac. Trong khi d6, muc d¢ tuong
tac gitta Co véi SiO, thap hon nén kha ning phan
tan Co c6 thé khong cao nhung vi khong hinh thanh

cac lién két Co-SiO, nén cac CoOy thuong dé khu
hon nhiéu. Do d6, mot sb loai chat mang trén nén
SiO, da dugc nghién ciru cho phan tng tong hop
FTS nhu Co/SBA-15 [4], CoRWMCM-41 [5],
Co/SiO, [6] va cho thiy nhiing két qua kha quan.

Trong bai bao nay, cac két qua nghién ctru vé anh
huong cta ba loai céu trac chat mang SiO, khac
nhau (Silicagel, Silicalit va MCM-41) dén hoat tinh
cua xuc tac Co va d0 chon loc cac san phém
hydrocacbon trong phan tng tong hop Fischer-
Tropsch s& dugc dé cap dén.

2. THUC NGHIEM
2.1. Tong hop xiic tac

Silicagel dugc tong hop bang cach cho tir tir thity
tinh long vao dung dich axit sunfuric, déng thoi
khudy tron manh dé tao gel & pH = 6,5-7. Sau do,
ngam rira gel bang nudc ct dé loai bo ion SO, (thir
bang dung dich BaCl,). Sau khi sdy & 100 °C trong 3
gi0o va nung & 550 °C trong 4 gio thu duoc silicagel
dang bot, mau tréng.

Silicalit dwgc tong hop bang phwong phap két
tinh thuy nhiét, s dung chit tao cdu tric TPABr
(Hohenbrunn, Pirc). Gel dugc két tinh ¢ 170 °C
trong khoang 24 gio. Cac tinh thé tao thanh duoc
loc, rira dén pH ~ 7, sdy kho & 100 °C va nung & 550
°C trong khong khi véi thoi gian 14 5 gio dé loai bo
hét tap chit. San phém silicalit thu duoc c6 dang bot
min, mau tréng.
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MCM-41 dugc téng hop bang cach sir dung chat
dinh huéng ciu tric C,-TMABr (Damstadt, Duc) va
ngudn silic 1a TEOS (Hohenbrunn, Pirc). Trudc tién,
chét dinh hudng cAu tric duge hoa tan vao nude cat.
Sau do, NH,OH (25%) va etanol dugc thém tu tu
vao dung dich C,-TMABr, ddng thoi khudy tron déu
trong khoang 15 phut. Tiép theo, TEOS dugc thém
vao hon hop va khuay trong 2 gio' dé tao gel dong
nhit mau tring duc. Két thic qua trinh khudy, hén
hop duoc loc, rira dén pH~7, sau d6 sdy, nung & 550
°C thu dugc MCM-41 c¢6 dang bot mau tréng.

Cac mau xuc tac chtra 10 %Co va 0,2 %K mang
trén cac chét mang SiO, khac nhau duoc tong hop tir
nguon mu01 Co(NO3), va KNO; theo phuong phép
tam & ap suat thuong. Sau khi tam, xic tic dugc sdy
0 120 °C trong 12 gio va nung ¢ 300 °C trong 4 gio.
Céc méu xuc tac di tong hop duoc liét ké trong
bang 1.

Bang 1: Cac mau xuc tac Co/SiO, vdi ciu tric
chat mang khac nhau

D6 Thi Thanh Ha va cong sy

trén 1 g xuc tac & nhiét do 210 °C, ap suét 10 bar,
trong 16 gio.

Khi nguyén liéu va cac khi san pham duoc phan
tich truc tiép bang sic ky khi (GC Ultra Thermo
Finigan) detector dan nhiét (TCD) va detector ion
héa ngon Itra (FID).

San pham long duoc phan tich bang sic ky khéi
phd GCMS (Thermo Finnigan).

3. KET QUA VA THAO LUAN
3.1. Pac trung héa ly cha xuc tac

3.1.1. Dién tich bé mat riéng va cau tric mao quan
cua xuc tac Co/SiO,

Két qua phan tich hip phu va khir hép phu vat 1y
nito cac mau xuc tac Co/Silicagel, Co/Silicalit,
Co/MCM-41 dugc dua ra trong bang 2.

Bdng 2: Két qua do dién tich bé mit riéng cac mau
xuc tac Co/SiO,

MaAu xuc tac Qo, K,
Vokhoi lugng | Yokhoi lugng Diéntich | Duong kinh
Co/Silicagel 10 0,2 Mau bé mit riéng mao quan
Co/Silicalit 10 0,2 BET, m?/ g trung binh, A
Co/MCM-41 10 0,2 Co/Silicagel 243 90
Co/Silicalit 315 20
2.2. Danh gia dac trung héa ly cia xuc tac Co/MCM-41 520 40

Dién tich bé& mit riéng va cdu trac 16 xbp cua xuc
tac dugc xac dinh theo phwong phap hip phu/khir
hap phu vat 1y nito. Cac dudng ding nhiét hap phu -
khtr hép phu nito dugc do trén thiét bi Micromeritics
ASAP 2010. Dién tich bé mat dwoc tinh toan tir
phuong trinh Brunauer — Emmett — Teller (BET).

Hinh thai vat liéu dugc x4c dinh bang anh hién vi
dién tir quét (SEM) (JEOL 5410LV) v6i d6 phong
dai 200000 lan.

Phan b kim loai trén cht mang dugc xac dinh
bang hé hién vi dién tir quét két ndi tin xa ning
luong tia X (FE-SEM-EDX), thuc hién trén may
HitachiS-4800.

2.3. Thir nghiém hoat tinh xuac tac va phan tich
thanh phan san pham phan ng

Phan tmg tong hop Fischer-Tropsch dugc tién
hanh trén hé thiét bi phan tng vi dong véi 16p xuc
tac c¢6 dinh. Khi tong hop dua vao theo ty 1& Hy/CO
= 2/1 va chira 3 % mol N, dé chuan ndi. Qua trinh
chuyén hoa khi tong hop duogc tién hanh thir nghiém

Két qua cho thay, trong ba loai xtc tac sir dung
chat mang cing ban chit SiO,, nhung khac nhau vé
lien két céu tric, dién tich bé mat riéng cua
Co/MCM-41 1a 16n nhét, dat 520 m%*/g va thdp nhit
la v6i Co/Silicagel (243 m?/g). Puong kinh mao
quan trung binh 16n nhit dugc quan sat thiy &
Co/Silicagel trong khi cic mao quan hep hon 4 lan
phd bién & chu tric ciia Co/Silicalit va hep hon 2 1an
véi Co/MCM-41. Nhing két qua tuong tu ciing
dugc ghi nhan trong mot sé nghién ctru khac vé 3
loai vt liéu nay [7].

Vé ciu trac vat liéu tir hinh 1 ¢ thé nhan thay,
trong ca 3 mau xuc tac Co/Silicagel, Co/Silicalit,
Co/MCM-41, duong hip phu va khir hp phu khong
trung nhau va tao thanh mot vong tré, hinh dang dic
trung cho vat li€u mao quan trung binh. Quan sat
trén gian d6 hap phu - khir hip phu cua mau
Co/silicalit va Co/MCM-41 nhén thay tai vung 4ap
sudt twong ddi P/Py < 0,05, duong dang nhiét hap
phu c6 hinh dang gidng dudng loai I cia IUPAC dic
trung cho vat li€u vi mao quan (dac biét la voi
Co/silicalit). Nhu vay su tdn tai clia vi mao quan lam
cho kich thudc mao quan trung binh cia 2 mau nay

321



TCHH, T. 52(3), 2014

giam so voi mau Cof/silicagel.
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Hinh Ic: Duong dang nhiét hip phu va khir hép phu
N, cia mau Co/MCM-41

Nhu véy, cdu tric chit mang khic nhau c6 anh
hudng dén dién tich bé mit riéng va dudng kinh mao
quén ciia xtc tic Co/SiO,. Mdi cu tric c6 nhiing wu
viét riéng. Dién tich bé mit riéng 16n (Co/MCM-41)
¢6 kha ning tao diéu kién tSt cho phén tan dong déu
cac tam kim loai hoat dong trong xuc tac, trong khi
duong kinh mao quan 16n (Co/Silicagel) thuan lgi

Anh hwong cua cdu truc chat mang...

cho sy hinh thanh cac san pham hydrocacbon mach
dai.

3.1.2. Hinh dagng va kich thuoc trung binh cua hat
xuc tdc

Hinh dang va kich thu6c trung binh cta cac hat
xuc tac Co/Si10, véi cac cau tric khac nhau duoc xac
dinh qua anh SEM (hinh 2).

ook SE(U)eZo10de 18, ¥ 100um

Hinh 2¢: Anh SEM cua mau Co/MCM-41

Két qua cho thay, mau xuc tac Co/Silicagel (hinh
2a) c6 hinh dang khéng xac dinh, trong khi d6 tinh
thé Co/Silicalit (hinh 2b) c6 dang khdi 1ap phuong,
kha dong déu, con céc tinh thé Co/MCM-41 (hinh
2¢) lai c6 dang khéi cau, tap trung thanh timg cum.

Nhu véy, voi ba cdu trac chat mang khac nhau,
xuc tac tao thanh c6 nhiing hinh dang va kich thudc
rat khac nhau: v6 dinh hinh vé&i Co/Silicagel, tinh thé
lap phuong 140-280 nm & Co/Silicalit va tinh thé
khdi cau 500 nm voi Co/MCM-41.

3.1.3. Phdn bé thanh phan kim logi trong xiic tac

Phan bd thanh phﬁn kim’ loai trong xtic tac duoc
xem xét qua phan tich cac két qua FE-SEM-EDX.
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Hinh 3 1a phé EDX tuwong ung ciia mau
Co/Silicagel, Co/Silicalit, Co/MCM-41.

Full Scale 941 cts Cursor: 0.000 kel

Hinh 3a: Phd EDX ciia mau Co/Silicagel
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Hinh 3b: Phé EDX ctia mau Co/Silicalit
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Hinh 3c: Phd EDX cta mau Co/MCM-41

Két qua cho thdy trong cac mau xuc tac Co/SiO,
c6 sy xuat hién cta cac nguyén t6 kim loai Co va K
d3 tim 1én chit mang, bén canh thanh phan chinh la
Si. C6 thé nhan thiy cuong do cac pic dic trung Co
va K xuét hién trén phd EDX thip nhét trong mau
Co/Silicagel (hinh 3a) va cao hon trong hai mau
Co/Silicalit (hinh 3b) va Co/MCM-41 (hinh 3c¢).

Ngoai ra trén cung mot vat ligu, két qua do EDX
& cac vi tri khac nhau nhu & canh, & bé mat va do
diém déu thé hién cuong do pic cac kim loai trén
chat mang kha ddng déu. Nhu vay, qua trinh dua Co
va K 1én chat mang thanh cong nhét véi Silicalit va
MCM-41.

D6 Thi Thanh Ha va cong sy
3.2. Hoat tinh va dg chon lgc cua xtc tac

3.2.1. Anh hudng cdu triic chdt mang dén hoat tinh
cua xuc tac

Két qua nghién ctru hoat tinh cic mau xuc tac
dugc danh gia trén co so sy bién dbi cua do chuyén
hoa nguyén liéu CO theo thoi gian phan tng duoc
dua ra trén hinh 4.
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Hinh 4: D chuyén héa CO theo thoi gian phan tng
trén cac mau xuc tac

Quan sat hinh 4, c6 thé nhan théy do chuyén hoa
CO trung binh trén Co/Silicagel 1a 19 %, Co/Silicalit
1a 23 %, va cao nhat véi Co/MCM-41 1a 25 %. Xu
hudng chung d& quan sat thiy trén ca 3 loai xtc tac 1a
d6 chuyén hoa CO giam dan theo thoi gian phan tng,
nhung 5 rét nhat voi Corsilicagel. Trong 3 loai xuc
tic, Co/MCM-41 thé hién hoat tinh on dinh hon ca,
sau 12 gio phan tmg van duy tri d6 chuyén hoa 23 %.
Hoat tinh cua Corsilicalit ciing kha 6n dinh nhung
cling bat dau thé hién su suy giam tir gio thir 10 cua
phan tng (phut 600).

Diéu nay c6 thé bat ngudn tir qua trinh dua cac
kim loai hoat dong Co va kim loai phu tro K 1é€n chét
mang silicalit va MCM-41 St hon nhu di quan sat
thay tir két qua phéan tich EDX. Nhitng kim loai nay
la tdm hoat ddng cua xtc tac, xtic tién cho qué trinh
chuyén hoa khi tong hop.

3.2.2. Anh hwéng cia cau triic chat mang t6i phin
bo san pham cua qua trinh chuyén hoa FT

Viéc danh gia phan bd san phim cia qua trinh
chuyén hoa FT duoc thuc hién trén co sé s6 nguyén
tr C 6 trong cdc phéan tur hinh thanh (phén tich bang
GC-MS). Anh huong cua cAu tric chit mang toi
thanh phan san phdm cia qua trinh phan tng duoc
dua ra trén hinh 5.

Két qua hinh 5 cho thiy, hydrocacbon hinh thanh
trong qua trinh chuyén héa khi téng hop trén 3 loai
xuc tac Co/SiO, chu yéu tir C8 dén C22. Phan b
mach C trong thanh phan san phim qué trinh chuyén
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hoa khi tong hop trén ba loai xtc tac duge phén loai
theo 3 phan doan nhe, xang va diezen (bang 3).
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Hinh 5¢: Phan b s6 C trong san pham chuyén héa
CO trén mau Co/MCM-41

Bdng 3: Phan bé mach C trong thanh phan san pham

chuyén hoa khi tong hop
Xdc tac % C % C % C
<C6 C6+C10 | >C10
Co/Silicagel 8 43,5 48,5
Co/Silicalit 20 43,5 36,5
Co/MCM-41 14 40,5 455

Anh hwong cua cdu truc chat mang...

Quan sat bang 3, c6 thé thiy c4u triic chat mang co
anh huong 16n dén phan bd mach C trong thanh phan
san pham cua phan tmg FT. San pham nhe (mach C <
6) hinh thanh troi nhét trong san pham cta qua trinh
chuyén hoa FT s dung xuc tic Co/Silicalit va
Co/MCM-41 (14-20 %). Do tinh chét chon loc hinh
dang, su c6 mit ciia vi mao quan trong cic mau xuic
tac Co/Silicalit va Co/MCM-41 (da chung minh trong
phan nghién ctru dudng ding nhiét hap phu - khir hap
phu) ¢ thé phan nao giai thich cho sy hinh thanh san
pham nhe trén cac mau xic tic nay. Phan doan xing
(tir C6-C10) xuat hién kha ddng déu trong san pham
cia qua trinh FT sir dung 3 loai xuc tac Co/SiO,
(40,5-43,5 %). Cac hydrocacbon phin doan diezen
(>C10) duoc phat hién trdi hon ca trong san pham
long cta qué trinh chuyén hoa khi tong hop st dung
xuc tac Co/Silicagel (48,5 %) va xuc taic Co/MCM-41
(45,5 %).

Nhitng quan sat nay c6 thé dugc giai thich trén co
s& su khac biét vé kich thuéc mao quan cua cac vét
liéu lam chit mang. Trong cic loai chat mang
nghién ciru, Silicagel 1a chat mang c6 kich thudc
mao quan 16n nhét, 90 A, trong khi duong kinh tap
trung chu yéu cac mao quan trong MCM-41 va
Silicalit twong tng 1a 40 A va 20 A. Chinh vi vay,
khi nguyén liéu khi tong hop thim nhap vao mao
quan xuc tac trong qué trinh phan tng s€ hinh thanh
cac san pham khac nhau tiy thudc vao kich thudc
mao quan vat li¢u. Trong 3 loai vat li¢u da thu
nghiém, kich thudc mao quan sip xép theo thu tyr
Silicagel > MCM-41 > Silicalit, do d6 kha nang hinh
thanh hydrocacbon mach dai trong quéa trinh tong
hop FTS str dung xtc tac tuong Ung cling s€ giam di
theo th{r tu nay.

4. KET LUAN

Céu trac chat mang khac nhau c6 anh huéng 16n
dén dién tich bé mat riéng, duong kinh mao quan va
hinh thai bé mit cta xac tac Co/SiO,. Trong 3 mau
xtc tdc, Co/MCM-41 c6 dién tich bé mit riéng 16n
nhit (520 m?/g), con Co/Silicagel co dién tich bé mat
thip nhit (243 m?/g). Puong kinh mao quan tap
trung 16n nhat dugc quan sat thay & Co/Silicagel va
hep hon 2-4 lin & chu trac cua Co/Silicalit va
Co/MCM-41. Hinh thai va kich thudc xtc tac cling
rat khac nhau: vo dinh hinh vé&i Co/ Silicagel, tinh thé
lap phuong 140-280 nm & Co/Silicalit va tinh thé
khéi cau 500 nm v6i Co/MCM-41. Hiéu qua dua Co
va K 1én cic chit mang tSt nhat v6i Silicalit va
MCM-41.

Hoat tinh xGc tac trong phan tng Fischer-
Tropsch thé hién qua d6 chuyén hoa CO trén 3 mau
xuc tac ¢ cdu trac chat mang khac nhau giam dan
theo thoi gian phan tng, nhung rd rét nhit véi
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Co/Silicagel. Véi dién tich bé mit riéng 16n hon, phan
b6 déu cac tam Co va K, Co/MCM-41 thé hién hoat
tinh 6n dinh hon c4, sau 12 gid phan tmg van duy tri
d6 chuyén hoa 23 %.

Kich thuéc mao quan khac biét trong cac chit
mang ciing ¢6 anh hudng 16n dén phan bd mach C
trong thanh phan san pham cta phan tng FT. San
pham nhe (s6 C trong mach < 6) hinh thanh troi nhat
trong san pham cua quéa trinh chuyén héa FT su
dung xtc tac mao quan hep nhu Co/Silicalit (20 %).
Trong khi do, cac hydrocacbon mach dai phan doan
diezen (> C10) xuét hién nhiéu nhit trong san pham
long ciia qua trinh st dung xuc tdc mao quan rong
Co/Silicagel (48,5 %) va trung binh Co/MCM-41
(45,5 %).

Loi cam on: Nghién ciru nay c?wac thuc hién ’vo'i sw
tai tro cua Bé KH&CN qua dé tai doc lap cap Nha
nwoc, ma so PTPL2009/G46.
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