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Nghién cteu anh hwéng cua cac chat xuc tién (M = Mn, Ce, Zr, va Cr)
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phan tng téng hop Fischer-Tropsch
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Abstract

This paper presents the effect of metal promoters (M = Ce, Cr, Mn and Zr) on the catalytic performance of
15%C0/0.05M-SBA-15 catalysts for the Fischer- Tropsch synthesis. The results showed that the promoters were on
SBA-15 influenced on the contribution of Co particles (shape, size, dispersion) on the walls of M-SBA-15 materials.
These changes not only increased CO conversion but also significantly increased the liquid product Cs, selectivity.
Catalysts were characterized by BET, XRD, TEM, UV-vis, H,-TPR, TPD-NHs, ICP. The catalytic performances of
catalysts for Fischer-Tropsch synthesis were tested in a fixed bed reactor. The liquid product was analyzed by GC-MS

to calculate hydrocarbon selectivity.
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1. MO PAU

Trong bdi canh trir lugng diu mo thé gidi ngay
cang giam, gia dau tho ting va bién dong lén do
nhitng bat 6n vé tinh hinh chinh tri, 6 nhiém moi
truong phét sinh tir khi thai dong co chay bang nhién
lieu khoang, viéc phat trién ning luong tai tao, tim
kiém nguon nguyén liéu méi, nhién liéu sach thay
thé dang 1a nhitng vin dé ndng bong thu hat sy tap
trung nghién cau caa nhiéu nha khoa hoc. Téng hop
Fischer-Tropsch (FT) la qué trinh chuyén héa khi
téng hop (CO, H,) thanh hydrocachon & cac dang
khéc nhau [1, 2], muc dich cha yéu cua qua trinh nay
nham tao ra cac san pham dau moé tong hop c6 chat
lwgng tét. Nhiéu nghién ctu chi ra rang thanh phan
nhién liéu tong hop Fischer-Tropsch khong c6 luu
huynh, ham luong hydrocacbon thom thép, rat than
thién véi moi truong [3]. Qua trinh tong hop
Fischer-Tropsch c6 thé di tir cac nguon nguyén liéu
ban diu nhu nguyén liéu sinh khdi, than dé, hay khi
tu nhién ma trir lwong hién nay con rét 1n.

Trong qua trinh téng hop FT, su chuyén héa khi

t6ng hop trén xuc tac duoc xem la mot bude quan
trong. Do do6, Iya chon xuc tac phu hop la rat can
thiét. Trong s6 nhitng xdc tac tiém ning nhu Ru, Ni,
Fe va Co [4-8], chi c6 duy nhat Fe va Co ¢6 hiéu qua
kinh té va c6 kha ning ap dung quy mo coéng nghiép.
Xuc tac coban [9] dwoc st dung rong réi cho tong
hop FT do n6 c6 @6 chon loc cao véi parafin mach
thang, hoat tinh cho phan wng dich chuyén khi nuéc
thip (water-gas shift) nén d6 bén xuc tac cao hon vi
it bi anh huong cua hoi nuéc gay mat hoat tinh.
Nham thu dugc dién tich tam hoat dong cao (Ca%,
coban duoc phan tan trén cac chat mang xop nhu
SiO,, Al,Os, TiO,. Hé xlc tac ¢6 kha nang tng dung
thuc té phai dam bao mot sé yéu cau nhu hoat tinh
xuc tac cao, do chon loc san pham theo yéu cau tudi
tho xuc tac dai. Do d6, trong nghién ciru nay, ching
toi lya chon cac kim loai Xeri, crom, mangan, zirconi
lam chat xdc tién, vai mong muén sy bo sung cac
kim loai nay cho xlc tac Co/SBA-15 c6 thé ting
cuong kha nang hap phu phan ly cacbon monoxit, va
su hinh thanh cac hydrocacbon mach dai. Hiéu qua
ctia xdc tac ¢ bd sung chét xdc tién s& duoc so sanh
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v6i mau xdc tac khéng cd chat xdc tién dé thay rd
hon vai tro cta cac kim loai xeri, crom, mangan va
zirconi.

2. THUC NGHIEM
2.1. Téng hep xtc tac
2.1.1. Nguyeén liéu va hoa chdt tong hop

Tetraetyl orthosilicat TEOS (Aldrich, Duc),
Cerium(lll) nitrat hexahydrat Ce(NOs)s-6H,0
(Trung Quéc), chromium(lll) nitrat nonahydrat
Cr(NO3)39H,0 (Trung Qudc), mangan axetat
dihydrat Mn(CH;CO0)3;2H,0 (Trung Qudc),
zirconyl clorid octahydrat ZrOCl,-8H,O (Trung
Quéc), P123(E020-PO70-E020, MAV = 5800,
Aldrich, buc).

2.1.2. Tong hop chdt mang

Cac mau chat mang Ce-SBA-15, Cr-SBA-15,
Mn-SBA-15 va Zr-SBA-15 dugc tong hop bang
phuong phap téng hop thity nhiét truc tiép theo quy
trinh tong hop [15-18], véi ty 16 M/Si = 0.05. Ngudn
kim loai dugc ldy tir cdc mudi Ce(NOs),;:6H,0,
Cr(N03)3'9H20, Mn(CH3COO)32H20 va
ZrOCl,-8H,0. Cac mau dugc siy kho trong 12 gid
va nung tai nhiét do 500 °C trong 6 gio.

2.1.3. biéu ché xuc tac

C4c miu x0c tac 15%Co/0,05Ce-SBA-15,
15%Co/0,05Cr-SBA-15,  15%Co/0,05Mn-SBA-15,
15C0/0,05Zr-SBA-15 chita 15% Co duoc diéu ché
bang phuong phap ngam tdm chat mang tir nguon
mudi Co(NOs),-6H,0. Cac miu duoc say khd trong
12h va nung tai nhiét do 450 °C trong 5 gio.

2.2. Cac phuwong phap dic trung xic tic

Gian dd nhidu xa tia X cia mau nghién ctru dugc
ghi trén may D8-Advance va Siemen D5005, goc
quét 26 thay doi tir 0-10° va tir 5 dén 50°, toc do quét
2°/pht tai nhiét do phong (25 °C). Phuong phap
hién vi dién tir truyén qua (TEM) duoc do trén thiét
bi JEM 1010, JEOL, d6 phén giai kich thudc nguyén
tir, dién ap 100 KV. Phuong phap do bé mit riéng
(BET) duoc ghi trén may Micromeritics TriStar 11
3020 V1.03 (V1.03). Phuong phap khtr theo chuong
trinh nhiét do (TPR-H,) duoc tién hanh trén thiét bi
Atutochem 1l 2920 Micromeritics (My). Phuong
phép hip phu xung CO duoc thyc hién trén may
Autochem Il 2920 (Micromerictics, My). Phuong
phép phd hap thy UV-Vis dugc thyuc hign trén may

Pé Xudn Pong va cong sir

UV-Vis Spectro-photometer-Agilent
Agilent (My).

8453, HP

2.3. Panh gia hoat tinh xUc tac va phan tich
thanh phan san pham phan ing

Phan @ng tong hop Fisher-Tropsch duoc tién
hanh trén thiét bi phan wng vi dong véi I6p xUc tac
¢d dinh. Khi tong hop dua vao theo ty 18 H,/CO = 2.
Qué trinh chuyén hoa khi tong hop duoc tién hanh
thir nghiém trén 0,1 g xUc tac ¢ nhiét do 235 °C va
10 bar. 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 dector
ion hda ngon lra (FID).

Hoat tinh xuc tac dugc xac dinh nhu sau:

Do chuyén héa CO dugc tinh theo cong thirc:

CO pandau — CO say phan &ngxlooo/
(]

co ban dau
Do chuyén hoa hydro dugc tinh theo cong thuc:

Xco =

HZ ban dau — HZ sau phan tn
Xz = e 8 %100%
HZ ban dau

San pham long duge xac dinh theo phuong phéap
phan tich GC-MS. Qua trinh phan tich dwoc tién
hanh trén may sic ky khdi phé Thermo Finnigan
(M¥) tai Phong thi nghiém Céng nghé Loc hoa dau
va Vat liéu xdc tac hap phu, Truong Pai hoc Béch
khoa Ha Nbi.

3. KET QUA VA THAO LUAN
3.1. Pic trung xuc tac

3.1.1. Ddc trung bang phwong phdp dang nhiét hdp
phu - giai hap phu BET

Hinh 1 cho thay duong dang nhiét hap phu va
nha hip phu N, cta cac chat xuc tac 15%Co/0,05M-
SBA-15 (M = Mn, Ce, Zr, va Cr). Puong dang nhiét
hap phu va khir hap phu khong tring nhau, xuat hién
vong tré thuoc loai IV dic trung cho vat liéu mao
quan trung binh. Vong tré c6 dang H1 tng véi mao
quan try trong vat liéu [9-11].

Trén hinh 2 thé hién duong phan b kich thuéc
mao quan cua cac vat liéu 15%Co/0,05M-SBA-15.
Hinh 2 cho thdy hé mao quan cua vat liéu kha ddng
déu, phan bd kich thuéc mao quan tap trung. Khi
thay thé mot phan cac nguyén té silic bang cac chat
xUc tién khac nhau di lam thay déi kich thuéc mao
quan cua vat liéu. Cac két qua cho thay, kich thudc
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mao quan ting lén khi thay thé dong hinh cac
nguyén t6 c6 duong kinh ion nguyén tir ting 1én theo
trat tw Mn (0,04 nm) < Cr (0,068 nm) < Zr (0,069
nm) < Si (0,072 nm) < Ce (0,11 nm).

Quantity Adsorbed (cnitig STP)

T
00 01 02 03 0. 07 08 09 1.0

4 5 06
Relative Pressure (P/Po)

Hinh 1: Puong dang nhiét hap phy ciia cac mau
xuc tac 15%Co/0,05M-SBA-15

Nghién ciru danh huong cia cac chat...

Két qua phan tich hap phu va nha phuy vat 1y nito
cac mau chat mang va xUc tac bién tinh bang cac
chat xuc tién Mn, Ce, Zr, va Cr dugc dua ra trong
bang 1. Cac mau xdc bién tinh véi kim loai déu co
dién tich bé mat riéng nho hon nhung c6 duong kinh
mao quan I6n hon so véi mau 15%Co/Si-SBA-15.

BJH Desorption

15%Co/0.05Zr-SBA-15

15%Co/0.05MNn-SBA-15

Phin b kich theic maa qui (dVidhgldpitend LA}

Dureng Kinh mac quén (4)

Hinh 2: Buong phan b6 kich thuéc mao quan
cac mau xuc tac 15%Co/0,05M-SBA-15

Bang 1: Thong sb vat ly cua cac mau xdc tac 15%Co/0,05M-SBA-15

Thong so hog }y Cl,la V,a ! DPuong kinh Coz04 . .
liéu xtc tac . Ty 1€ M/Si
x | Duong (nm)
a > Vlo p
SgeT xépb kinh -
C
(m/g) (cm¥lg) MQTB tl\r/l o/r?I Mtrongl M
" (A) | xrRDL!| TEM' gelg gel | IcP
au ) 0,
oy | 6K | (%K)
15%Co/Si-SBA-15 574 0,72 68 30 30-90 - -
15%C0/0,05Ce-SBA-15 566 0,84 91,2 25 20-55 | 0,05 3,99 | 3,79
15%Co0/0,05Cr-SBA-15 440 0,58 56,7 18 15-45 | 0,05 4,04 4,26
15%Co/0,05Mn-SBA-15 400 0,473 47,33 35 30-45 | 0,05 4,04 3,76
15%Co0/0,05Zr-SBA-15 431 0,64 59 65 30-60 | 0,05 4,02 3,65

(a) Dién tich bé mat riéng x4c dinh theo BET; (b) Téng thé tich 15 x4p tai &p suét twong dbi P/P = 0,99;

(c) Xac dinh theo cyc dai cua duong phan bé mao quan BIH;

(d) buong kinh trung binh cia Co30, tinh toan theo XRD [11, 12]; (f) Xac dinh theo TEM.

3.1.2. Pdc tring bang ky thugt XRD géc nho

(100)
« ¢-92.024
(110) (200)
z 2
8 : 3 15%Co/Si-SBA-15
R
"/\ B 15%Co/0.05Zr-SBA-15
‘g g
g ¥
o 15%Co0/0.05Mn-SBA-15
-

Intensity/a.u.
i > |
I

15%Co/0.05Cr-SBA-15

15%C0o/0.05Ce-SBA-15

4.00 5.00

1.00

2.00 3.00
2- Thelta-Scale

Hinh 3: Gian d6 XRD géc nho cua cac mau xic tac
15%Co0/0,05M-SBA-15

Hinh 3 la gian d6 nhiéu xa XRD goc nho ciia cac
mau xdc tdc coban mang trén vat lisu MQTBTT
bién tinh bing céc chit xdc tién 15%Co/0,05Mn-
SBA-15, 15%Co0/0,05Ce-SBA-15, 15%C0/0,05Zr-
SBA-15, 15%C0/0,05Cr-SBA-15. Két qua dua ra
trong hinh 3 cho thay, & goc quét 26 = 0,5-5°, xut
hién mot pic nhidu xa c6 cudong do 16n nhit & goc 260
< 1° twong tng v&i mat phan xa (100) dac trung cho
vat liégu mao quan trung binh, va hai pic nhiéu xa
cuong d6 yéu hon & goc quét 1° < 20 < 2° twong tng
véi mat phan xa (110) va (200), dac trung cho cac
vat liéu 15%Co/0,05Mn-SBA-15, 15%Co/0,05Ce-
SBA-15, 15%C0/0,05Zr-SBA-15, 15%Co/0,05Cr-
SBA-15 téng hop dwoc c6 cau tric luc ling, hai
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chiéu P6mm véi d6 trat ty cao. Nhan thiy rang, Si-
SBA-15 bién tinh bang cac chat x(c tién Ce, Cr, Mn,
va Zr theo phuong phép két tinh thity nhiét truc tiép
hiu nhu khong 1am thay doi cau tric vat liéu SBA-
15 ban dau. Tuy nhién, c6 mot su dich chuyén nho
cia cac vi tri pic cua mau 15%Co/0,05Ce-SBA-15
vé phia goc 26 nho hon. Tin hiéu nay cho thay, kich
thuéc cua mao quan cua vat liéu 15%Co/0,05Ce-
SBA-15 16n hon so véi cdc mau 15%Co/0,05Mn-
SBA-15, 15%Co0/0,05Zr-SBA-15, 15%Co/0,05Cr-
SBA-15. Céc két qua phan tich nay kha pha hop voi
két qua phan tich dudong phan bé mao quan theo
phuong phap BET da néu ¢ trén.

3.1.3. Pdc tring bang ky thugt XRD géc lén

Hinh 4 13 gian d6 nhiéu xa XRD voéi goc quét 20
tir 20° dén 80° cua cAc mau xdc tac 15%Co/0,05M-
SBA-15 (M = Mn, Ce, Zr, va Cr). Gian dd XRD cua
cac mau x(c tac cho thay sy xuat hién céc pic nhiéu
Xa tai cac vi tri 20 = 31,3°, 36,9°, 45,1° va 65,4°. bay
1a cac pic dic trung cho sy ton tai cua coban dang
spinel Co30,4 trén xuc tac sau khi nung & nhiét do
450 °C [13-15]. Tir cac gid tri cua 26 cua vi tri pic tai
36,9° cho thiy cd thé tinh toan duoc gia tri trung
binh cta cac hat Co;0, theo phuong trinh cua
Scherrer [11, 12].
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Hinh 4: Gian 6 XRD géc nho cua cac mau xuc tac
15%Co0/0,05M-SBA-15

B kA 180°
" Bcos® m

Trong d6: k = 0,89 (hang sé Scherrer); A = 1,54056
A

Gia tri kich thudc trung binh cua cac hat Coz0,
tinh todn theo XRD cho thdy & bang 1, cac két qua
nay kha phl hop véi két qua xac dinh theo anh
TEM.

Quan sat hinh XRD khéng nhan thiy su xuét
hién cua céc pic dic trung cho sy ton tai cua cac

Pé Xudn Pong va cong sir

nguyén t6 Mn, Ce, Zr, va Cr, diéu ndy chuang to
rang, gan nhu hau hét cac nguyén té Mn, Ce, Zr, va
Cr da duogc dua 1én trén thanh tudéng mao quan cua
vat lieu MQTB SBA-15.

3.1.4. Bdc trung cdc mau Xdc tac bang anh TEM

Tir hinh 5 nhan thay, cac mau 15%Co/0,05M-
SBA-15 tong hop déu & dang ciu tric mao quan
song song hinh luc lang, kich thuéc mao quan dong
déu. Po phan tan cua Co trén cac chat mang SBA-15
kha dong déu, mat d6 phan b twong ddi cao. Kich
thuéc mao quan twong wrng cua cac vat liéu xdc tac
15%Co/0,05M-SBA-15 kha phu hop véi kich thudc
xac dinh theo phuong phap BET nhu trong bang 1.

Hinh 5: Anh TEM ctia cAc mau x(c tac
15%Co/0,05M-SBA-15

15%C0/0,05Ce-SBA-15; (b) 15%Co0/0,05Zr-SBA-15; (c)
15%Co/0,05Cr-SBA-15; (d) 15%Co/0,05Mn-SBA-15;(f)
15%Co/Si-SBA-15

3.1.5. Phuong phdp UV-Vis

Phan tich phd UV-Vis la mot phuong phap rat
hitu hiéu dé nghién ctru méi truong lién két va trang
thai chuyén tiép cua céc ion kim loai hoic tap hop
cua cac oxit kim loai chuyén tiép. Hinh 6 12 pho UV-
vis ciia cac mau xdc tac c6 chat mang bién tinh bang
céc chét xUc tién trén 15%Co/0,05M-SBA-15. Trén
hinh cho thiy phdé UV-vis cia mau xlc tac
15%C0/0,05Zr-SBA-15 xuét hién cac dam phd ¢ dai
hap phu tir 205-215 nm. Nhitng dam pho nay 1a dic
trung cho sy chuyén dién tich tir p — d cia 0* —
Zr** trong mang ludi cua vat liéu mao quan trung
binh [15].

Déi véi mau 15%Co/0,05Mn-SBA-15, trén phd
UV-vis xuét hién cac dam phd tai ving 500 nm va
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ving 270 nm. Cac dam phd nay dic trung cho sy
chuyén dich dién tich gitta O va Mn** [17], su trai
rong cua dam phd hap phu 1a do sy dong gop cua
chuyén dich d-d giira cac ion Mn** va Mn* [17]. Vi
vay, trén thanh mao quan cua vat liéu mao quan
trung binh tdn tai ddng thoi ca hai dang ion Mn?* va
Mn**.

Quan sat phé UV-Vis cua mau 15%Co/0,05Cr-
SBA-15 thay xuat hién cac dam phé ¢ ving 240 nm,
360 nm, va 450 nm. Nhitng ¢am pho nay la nhiing
tin hiéu dic trung cho su chuyén dich dién tich cua
O — Cr*. Sy vang mat ctia dam phd cua oxit crom
(111) & vang 560 nm cho thay Cr** di chuyén gan
nhu toan bo thanh Cr®*. Nhu vay, hau nhu toan bd
céc ion crom di dwoc chuyén dich vao trong thanh
mao quan cua vat liéu MQTB [18].

(c)

265 nm

365 nm

Absorbance (a.u)
9

455 nm (d)

b
e ®) 500 nm

200 250 300 350 500 550 600

400 5
‘Wavelength (nm)

Hinh 6: Phd UV-vis ctia cAc mau xuc tac
15%Co/0,05M-SBA-15
(@) 15%Co/Si-SBA-15; (b) 15%C0/0,05Mn-SBA-15:
(b) (c) 15%Co0/0,05Ce-SBA-15; (d) 15%Co0/0,05Zr-SBA-
15; (€)15%Co0/0,05Cr-SBA-15

3.1.6. Pdc trung bang phiong phdp H-TPR

Gian dd H,-TPR cua ciac mau xuUc tac
15%Co0/0,05M-SBA-15 va xuc tac 15%Co/Si-SBA-
15 cho thdy ¢ hinh 7. BSi voi miu xidc tac
15%Co/Si-SBA-15 va 15%Co/0,05Zr-SBA-15 quan
sat thay c6 4 pic khir dac trung 1a: pic khir a trong
ving nhiét do 260 °C twong wng véi muc khir dau
tién cua Co,0; Vé trang thai Coz0,, pic khir B trong
vung nhiét d6 300 °C la dong gop cua qua trinh khir
Co;0, V& trang thai CoO, pic y trong ving nhiét do
350 °C dén 400 °C 1a dong gop cua qua trinh khir tur
trang thai CoO vé Co nguyén tu, pic tai vi tri § &
khoang nhiét d6 550 °C dén 600 °C la sy dong gop
rat nho cua qué trinh khir Co,SiO, hinh thanh do
tuong tac mang cta coban véi chat nén silic [19,
20]. Trong khi d6, trén cac miu Xxdc tac
15%Co0/0,05Ce-SBA-15, 15%Co0/0,05Mn-SBA-15,
va 15%Co/0,05Cr-SBA-15 chi xuat hién 3 pic x&c
dinh 1a pic khir o twong ng véi mic khir Co,0; vé
trang thai Co30,4, pic khu B 1a déng gbp cua qua
trinh khir Cos04 Vé trang thai CoO va pic khu y

Nghién ciru danh huong cia cac chat...

tuong tng la dong gop cua qué trinh khir tir trang
thai CoO vé Co.

Quan sat gian d6 H,-TPR cho thay vi tri pic o cua
c4c mau xuc tac 15 %Co/0,05M-SBA-15 ¢ vé phia
nhiét do thap hon so vi mau 15 %Co/Si-SBA-15,
diéu nay cho thay, twong tac ctia coban véi chat nén
cua xUc tac 15%Co/Si-SBA-15 lén hon so vai cac
xUc tac c6 chat xuc tién trén thanh mao quan 15
%Co0/0,05M-SBA-15. Vi tri c&c pic a, B, y cua cac
mau 15 %Co/0,05M-SBA-15 tang dan theo thir ty
15 %Co/0,05Ce-SBA-15 < 15 %Co/0,05Mn-SBA-
15 < 15 %Co/0,05Zr-SBA-15 < 15 %Co/0,05Cr-
SBA-15. Thong tin nay cho phép ta khang dinh rang,
si O mat cua cac chat xdc tién trén thanh mao quan
chat mang SBA-15 lam cho kha ning khir coban vé
dang nguyén tir tro 1én d& dang hon, ddi véi moi
chat xdc tién khéc nhau thi mirc d6 anh hudng dén
kha nang khir coban 1a khac nhau, di véi cac chat
xuc tién trong nghién caru nay trat ty kher 1a Cr < Zr
< Mn < Ce.

H2-TPR

TCO Signd (a.)

Hinh 7: Gian d6 khir hap phu TPD-NH3 cua
c4c mau xuc tac 15%Co/0,05M-SBA-15

3.1.7. Bdc trung bang phirong phdp TPD-NH,

Hinh 8 1a gian db khir hdp phu TPD-NH; cua cac
xUc tac 15%Co/0,05M-SBA-15. Hinh 8 cho thiy, tat
ca cac mau 15%Co0/0,05%M-SBA-15 déu xuat hién
c4c pic dic trung ctia viing axit yéu (< 200 °C); axit
trung binh (200-400 °C); va axit manh (> 400 °C).
Két qua dua ra trong hinh 8 cho thay dién tich cua
ving tdm axit trung binh cua cic mau
15%C0/0,05Mn-SBA-15 va 15%Co/0,05Zr-SBA-15
khé 16n. Diéu d6 cho thiy mat do cac tdm axit trung
binh xuét hién nhiéu trén cac mau 15%Co/0,05Mn-
SBA-15 va 15%Co/0,05Zr-SBA-15. Trong khi do,
dién tich pic ving tdm axit manh xuit hién voi
cuong do 16n trén cac mau xuc tac 15%Co/0,05Mn-
SBA-15 va 15%Co/0,05Cr-SBA-15. biéu nay cho
thdy mat do6 tdm axit manh trén mau
15%C0/0,05Mn-SBA-15 va 15%Co/0,05Cr-SBA-15
I6n hon mit d6 tdm axit manh cua 15%Co/0,05Ce-
SBA-15 va 15%C0/0,05Zr-SBA-15.
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Hinh 9 cho thay, d6 chuyén hoa nguyén ligu H,
va CO cua cac mau xuc tac 15%Co/0,05M-SBA-15.
Két qua dua ra trong hinh 9a cho thay d6 chuyén hoa
CO gan nhu khong thay déi trong khoang thoi gian
phan tng 90 ph(t trén cac mau xdc tac c6 chat mang
bién tinh bang cac chat xuc tién Mn, Ce, Zr, va Cr.
Piéu d6 cho thiy, xic tac 15%Co/M-SBA-15 bién
tinh c6 d6 6n dinh cao va lam ting dang ké do bén
cua xuc tac.

Tur két qua cua chuyén hoa nguyén liéu cho thay
su anh huang manh caa kich thuéc mao quan dén do
chuyén hoa CO. Do chuyén héa CO (cuc dai) tuan
theo trat tu 15%Co/0,05Ce-SBA-15 > 15%Co/Si-
SBA-15 > 15%Co0/0,05Zr-SBA-15, 15%Co0/0,05Cr-
SBA-15 > 15%C0/0,05Mn-SBA-15 (bang 3.11). Két
qua nay twong Ung Vi trat tu vé kich thuéc mao
quan 15%C0/0,05Ce-SBA-15 (91 A) > 15%Co/Si-
SBA-15 (68 A) > 15%C0/0,05Zr-SBA-15 (59 A),
15%Co0/0,05Cr-SBA-15 (57 A) > 15%Co0/0,05Mn-
SBA-15 (47 A) (bang 1). Nhu vdy, khi kich thuéc
mao quan cua chit mang SBA-15 cang Ion thi do
chuyén hoa nguyén liéu CO cang ting va o chuyén
héa cao nhit duwoc thé hién trén mau xdc tac
15%C0/0,05Ce-SBA-15 véi do chuyén héa CO Ila
89 %.

——15%C0/0,05Mn-SBA-15
——15%C0/0,05Zr-SAB-15
——15%C0/0,05Ce-SAB-15
——15%C0/0,05C~S AB-15

15%Co/Si-SBA-15

TCD signal (a.u)
" u

300 350 200
Nhigt dg (°C)

Hinh 8: Gian d6 khtr hap phu TPD-NH; cia cac mau
xuc tac 15%Co/0,05M-SBA-15

3.2. Panh gia hoat tinh xiic tac
3.2.1. Hogt tinh xtc tac

Do ty 1& khi nguyén liéu H,/CO = 2/1, d6i chiéu
v6i phuong trinh phan tng chinh xay ra thi ta nhan
duoc do chuyén hda khi H, xap xi do chuyén hoa khi
CO. So sanh d6 thi chuyén héa CO va H, cho thiy
cic mau xuc tadc  15%Co/0,05Ce-SBA-15,
15%C0/0,05Zr-SBA-15, 15%Co0/0,05Cr-SBA-15 c6
d6 chuyén hoa la xap xi nhau. Tuy nhién, voi miu
xUc tac  15%Co/0,05Mn-SBA-15 thi do chuyén héa
CO cao hon do chuyén hoa khi H,. Diéu nay c6 thé
duoc giai thich 1a do trén cac mau xdc tac nay, ngoai
phan tng chinh thi con xay ra mot vai phan ng phu
nhu cac phan ng tao céc va phan ung Boudouard.

Pé Xudn Pong va cong sir

Vi thé trén mau xdc tac 15%Co/0,05Mn-SBA-15 c6
d6 chuyén hda khi CO cao hon d6 chuyén hoéa khi
H,, dong thoi xay ra sy giam hoat tinh do su hinh
thanh céc.

a
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Hinh 9: Hoat tinh xuc tac trén cac mau xuc tac
15%Co/0,05M-SBA-15

(a) 6 chuyén hoa CO; (b) B chuyén héa H,
(Diéu kién phan ung: Nhiét do 235 °C; Ap suét 10 atm;
WHSV: 600 h; Ti 16 H,/CO = 2/1)

3.2.2. Phan bé cdc phdn doan trong san pham léng

Hinh 10 biéu dién su phan bd céc san pham long
cua cac phan doan Cs-Cyy, C1p-Cps VA Cys. trén céc
Mau xuc tac c6 cung ham luong coban 14 15%, ty lé
M/Si (mol) = 0,05 cua céac kim loai Mn, Ce, Zr va Cr
duoc ky hiéu 1a cac miu 15%Co/0,05Mn-SBA-15,
15%Co/0,05Ce-SBA-15, 15%Co0/0,05Zr-SBA-15 va
15%C0/0,05Cr-SBA-15. Két qua dua ra trong hinh
10 cho thay san pham cua phan ung tong hop FT
trén xuc tac coban mang trén vat lieu MQTBTT
SBA-15 bién tinh cho day phan b san pham long
C5+ (tél’lg cac phﬁn dO@.n C5'C11, Co 'C25 va C25+)
tang manh so voi mau Si-SBA-15, cac két qua ddi
Voi cac mau 15%C0/0,05Ce-SBA-15,
15C0%/0,05Cr-SBA-15, 15%Co0/0,05Mn-SBA-15,
15%C0/0,05Zr-SBA-15 va 15%Co/Si-SBA-15 lan
luot la 90,41%, 95,82%, 82,39%, 89,07%, va
71,34%. Nhu vay, d6 chon loc phan doan long Cs.
theo trat tu 15%Co/0,05Cr-SBA-15 >
15C0%/0,05Ce-SBA-15 > 15%Co0/0,05Zr-SBA-15 >
15%C0/0,05Mn-SBA-15 > 15%Co/Si-SBA-15. Cac
két qua nay khang dinh sy c6 mat cua cac chat xdc
tién Mn, Ce, Zr, va Cr di c6 tac dong manh theo xu
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huéng ting cic san pham hydrocacbon phan doan
nang hon. Didu nay c6 thé 1a do cac chat xuc tién
trén thanh mao quan di thac day qua trinh tai hap
phu cua cac hop chit trung gian dé tham gia vao cac

Nghién ciru danh huong cia cac chat...

qua trinh pholyme hoéa lam tang cbiéu dai_mach
hydrocacbon. B§ chon loc Cs. cao nhat trén mau xuc
tac 15%Co/0,05Cr-SBA-15 la 95,82 %.

Bang 2: Phan bd san pham long caa phan @ng tong hop FT trén xdc tac 15%Co/0,05M-SBA-15

bo. ) Ho Hop
chuyén | San pham phan doan long ch.éiF: chat | HC
STT MEU xdic the hoa (%) Parafin| Olefin o/P | chaa kho’ng OXI{HC
C C (%) | (%) oxi chtra | khong
colH 5 - - lc | 3 oxi oxi
2| Cu | Css 2 (%) (%)
0, -
1 |1eCO00SMN- | 5y 1 92 137,78|44,61] 0,00 |82,39| 8239 | 000 | - |63,08|1931| 367
SBA-15
0, -
2 |SaRCI005Ce | g | 35 46,56|37,52| 6,33 |90,41| 4051 | 13,22 |0,32|26,81|15,24| 1,76
0, -
3 [LHCO005Zr ) 6y | 55 |45,14|4393| 0,00 |89,07| 89,07 | 000 | - |67,27|1862| 361
SBA-15
0, -
g |LOHCOD0SCI- | 58| 37 |56,30(32,32| 7,20 |95,82 95,82 | 000 | - |73.41|22,41| 3.27
SBA-15
5 |150%Co/Si-SBA-15 | 66 | 55 [3581]2023 230 [6734| - | - [ - | - [ - | -

Nhu vy, voi sy c6 mat cia cac chat xdc tién
trong thanh mao quan trung binh SBA-15 da c6 anh
hudng manh dén sy phan bd caa cac san pham long.
Sy c6 mat cua cac chat xdc tién c6 thé da lam thay
dbi kha ning twong tac giita Co va cac nhom Si-OH
trén bé mat thanh mao quan SBA-15 do ¢6 su tuong
tac truc tiép cua Co voi cac kim loai chat xdc tién
thay thé dong hinh (chiang han nhu Mn,C03,O.,
Co-Zr0,...). Nh¢ vay, kha nang khur cac dang Co tro
nén d& dang hon [20-26]. Su c6 mat cua c4c chat xdc
tién da lam cho kha ning phén tan cua Co trén bé
mat thanh mao quan tro 1én tot hon, mat do cac tam
Co cao hon, déy 1a diéu kién thuan lgi cho giai doan
phat trién mach cua phan ung FT, tir 46 dan dén ham
lugng hydrocacbon phan doan Cs-Cy; va phan doan
C12-Cys tiang 1én. Két qua nay ciing kha trung hop
v6i nhitng nghién ctru trude, khi dua cac chat xuc
tién Ién chat mang SBA-15 theo phuong phap ngam
tam, trao doi ion hoic sol-gen [23-26]. Theo mot
huéng nghién ciru khac da cho thay, khi nghién ciru
vé CAcC XUc tién 1a cac nguyén t6 dat hiém da nhan
thay rang, khi c6 mat cua cac chat xUc tién La da la
taing ndng do cac hop chét trung gian hoat dong va
tao diéu kién thuan lgi cho phat trién mach dé hinh
thanh hydrocacbon phan doan niang hon [27]. Phat
hién nay cling 1a mot ly giai tha vi cho viéc c6 mat
cta chat xdc tién phu hop s& lam ting ham lugng
hydrocacbon phan doan nang hon.

Tuy nhién, su phan bé san pham hydrocachon
phan doan long Cs-Cy; va Cy,-Cos trén cac mau x(c

tac 1a khac nhau. D6i v6i san pham phan doan long
diesel theo tha tuy 15%Co0/0,05Mn-SBA-15 >
15C0%/0,05Zr-SBA-15 > 15%Co/0,05Ce-SBA-15 >
15%Co0/0,05Cr-SBA-15 > 15%Co/Si-SBA-15, trong
khi d6, d6i véi san phdm phan doan xdng tuan theo
trat tuw 15%Co/0,05Cr-SBA-15 > 15C0%/0,05Ce-
SBA-15 > 15%C0/0,05Zr-SBA-15 >
15%Co0/0,05Mn-SBA-15 > 15%Co/Si-SBA-15. Nhu
da noi & trén, cac két qua nay l1a do anh huéng cua
cac kim loai thay thé mot phan cac nguyén té Si
bang cac kim loai Mn, Ce, Zr, va Cr Ién thanh mao
quan vat lieu MQTB SBA-15 di lam thay dbi tinh
chat bé mat thanh mao quan SBA-15, tir d6 anh
hudng dén kha ning phan tan ciing nhu mutc d6 khir
cua cac hat coban. Khi mat do phéan tan Co cao thi
khoang cach cua cac chét trung gian tai hap phu va
CO phan ly gan nhau hon, tao thuan lgi cho phat
trién mach hydrocacbon. Két qua nay ciing rat phi
hop vai nhitng nghién ctu trude day. Theo cac tac
gia [20, 21, 25, 26], sy c6 mit cua cac chat xUc tién
Zr va Mn s& lam tang do chon loc d6i véi phan doan
Cs. ddng thoi 1am giam do chon loc dbi voi CHL.
Trong khi d6, theo mot nghién ciu khac da cong bd
[28], su c6 mit ciia CeO, bién tinh 1am tiang d6 chon
loc ddi voi Cs. ddng thoi do chon loc ddi véi CH, va
cac hydrocachon C,-C, ting 1én dang ké. Nhu vay,
dd chon loc cia phan doan long Cs-Cyy 16n hon va
d6 chon loc phan doan Cy-Cys. nho hon trén cac
mau 15%Co/0,05Ce-SBA-15 va 15%Co/0,05Cr-
SBA-15 s0 vai cac mau 15%Co/0,05Mn-SBA-15 va
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15%Co0/0,05Zr-SBA-15 la hoan toan hop ly.

10

100

% khdi lurong (%)
3

15%C0/0.05Ce-SBA-15  15%C0/0.05Cr-SBA-15  15%Co/0.05Mn-SBA-15  15%C0/0.052r-SBA-15 15%Co/Si-SBA-15

M3u 15%Co/0.05M-5BA-15
(5-C11 HC12-C25 W25+ 1 Tang

Hinh 10: Phan bé san pham léng cia cac mau
x(c tac 15%Co/0,05M-SBA-15
(Diéu kién phan ung: Nhiét o 235 °C; Ap suat: 10 atm;
WHSV: 600 ml h%; Ty I& H,/CO = 2/1)

Anh huéng coa do axit trén bé mat thanh mao
quan chit mang bién tinh 15%Co/0,05M-SBA-15
dén @6 chon loc san pham long trén phan tng FT
duogc thé hién 16 khi xem xét phan doan Cas.. Hinh
8 cho thiy phan doan Cys. chi xuat hién trén cac mau
xtc tac 15C0%/0,05Ce-SBA-15, 15%Co/Si-SBA-
15, va 15%Co/0,05Cr-SBA-15, trong khi d6, cac xuc
tac  15%Co/0,05Mn-SBA-15 va 15%Co/0,05Zr-
SBA-15 hoan toan khéng xuat hién phan doan
hydrocacbon Cas.. Piéu ndy cd thé dugc giai thich
do cidc mau xdc tac 15%Co0/0,05Mn-SBA-15 va
15%C0/0,05Zr-SBA-15 ton tai lwong I6n cac tam
axit manh (hinh 8). Do vay, qué trinh cracking trung
gian xay ra manh liét hon, khong cho phép hinh
thanh cac hydrocabon phan doan nang Cs..

4. KET LUAN

Tur nhitng két qua nghién ciu cho thay, vat ligu
MQTBTT SBA-15 bién tinh bang cac chat xuc tién
Mn, Ce, Zr, va Cr dugc sir dung lam chat mang cho
xuc tac coban di tac dong manh dén do chuyén hoa
nguyén li¢u ciing nhu sy phan b cua cac san pham
I6ng trén phan ung FT:

Pua cac chat xdc tién 1&n thanh mao quan vat
licu MQTBTT SBA-15 da lam thay ddi kich thudc
mao quan trung binh cia vat liéu, diéu nay anh
huéng dén do chuyén hoa nguyén liéu. Nghién ciu
cho thay rang, do chuyén hoéa nguyén liéu CO ting
theo su tang cia kich thuéc mao quan chat mang
xUc tac theo tht tu 15%Co0/0,05Mn-SBA-15 <
15%Co0/0,05Cr-SBA-15 < 15%C0/0,05Zr-SBA-15 <
15%Co/Si-SBA-15 < 15%Co0/0,05Ce-SBA-15.

Céc chat xuc tién trén thanh mao quan vat liéu
MQTBTT c6 anh huéng manh dén sy phan bé cua
cua cac hat xuc tac coban (hinh dang, kich thudc hat,
mat d6 phan bé...) dan dén lam ting do chon loc cac

Pé Xudn Pong va cong sir

san pham trong phan doan long Cs.. Tir cac két qua
nghién ctru di chi ra rang, do chon loc hydrocachon
phan doan léng Cs, theo trat tw d6 chon loc phén
doan long Cs. theo trat tuy 15%Co0/0,05Cr-SBA-15 >
15C0%/0,05Ce-SBA-15 > 15%Co0/0,05Zr-SBA-15 >
15%Co/0,05Mn-SBA-15 > 15%Co/Si-SBA-15.
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