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Abstract

The catalyst samples MgO, 25 %Co/SiO, with different content of MgO have been prepared by incipient wetness
impregnation method using Mg(NOs), solution and 25 %Co/SiO, support. The catalyst was characterized by XRD,
BET, TPD CO and TPR-H2 methods and atalytic activity was determined by Fischer-Tropsch synthesis reaction at
ambient pressure. The obtained results show that the catalyst has the highest metal dispersal degree and reaction over
this catalyst gave a higher Cs, product distribution than that of 25 %Co/SiO,.

Keywords. Fischer-Tropsch synthesis, cobalt catalyst, promoter MgO.

1. GIOI THIEU

Xlc tac cho qua trinh Fischer-Tropsch (F-T)
hién nay chtra thanh phan xUc tac va chat xuc tién
mang trén loai chat mang c6 dién tich bé mat Ion.
Chét xdc tac st dung trong qué trinh F-T cha yéu la
Coban (Co) do c6 ctra s6 hoat dong & ving nhiét do
200-250 °C, hoat tinh va d6 chon loc cac san pham
Cs, cao, hoat tinh rat thap véi phan tng WGS, thich
hop vai nguyén liéu c6 ty 1é H,/CO tur 2-2,3. Cac
loai chat xdc tién thong thuong 1a cac kim loai quy
nhu Pt, Pd va Rh duoc bd sung véi ham luong nho
lam giam kich thudc hat Co trén bé mat, chat xic
tién ndy c6 thé dong vai tro thiic dy hiéu ung hydro
tran day. Ngoai ra, hoat tinh cua xuc tac Co trong
qua trinh F-T con duoc bd tro bai cac oxit kim loai
nhu CeO, MnO, MgO,... do su hinh thanh dang oxit
kim loai bén gitra ranh gigi cua cac hat Co va chat
mang hoac hinh thanh dang oxit kim loai tuong d6i
tro voi qua trinh khtr trén bé mat cac hat coban oxit
tao cac tdm kim loai tach roi nhau gitra cac oxit kim
loai xuc tién, dan t6i taing d6 6n dinh cua céc hat Co
chéng lai su két tu trong sudt qué trinh khir hozc tai
sinh xuc tac [1-5].

D6 voi chat mang trong cac qua trinh F-T,
y-AlLO; dugc st dung phd bién nhat. Tuy nhién,
chit mang nay c6 chira tm axit manh do vay trong
phan san pham cua phan ng c6 chira nhiéu phén
doan tir C5-C11. Bé dinh hudéng wu tién nhicu san
phdm nhién liéu léng trong phan doan Ci,, nhiéu
chat mang da duoc sir dung dé thay thé y-Al,O; dic

biét 1 loai vat liéu SiO, c6 phan bé mao quan tap
trung tir 2-50 nm (MQTB). Vi vay trong nghién cuu
nay, nhém tac gia tién hanh tong hop xc tac Co trén
chat mang SiO, va sir dung MgO nhu 1a chat xdc
tién cho qué trinh. Xuc tac sau khi tong hop duoc
dic trung bang cac phuong phap vt 1y dé xac dinh
anh huong cua chat xdc tién MgO dén xlc tac
Co/SiO, thdng qua danh gia sy thay ddi thanh phan
pha, dién tich bé mat va phan bé 16 xop, cac trang
thai khir caa oxit Co va dac biét 1a mic do phén tan
Co trén chat mang [6-9].

2. THUC NGHIEM
2.1. Téng hop xdc tac

Xuc tac MgO, 25 %Co/SiO, duoc téng hop bang
phwong phap tam nhiéu lan dung dich Mg(NO3), 1én
chat mang 25 %Co/SiO, da duoc say ¢ 110 °C. Sau
khi tim mau duoc nung & 550 °C trong 4 gid voi
téc do gia nhiét 3 °C/phut dé thu dugc xdc tac MgO,
25 %Co/SiO, vai cac ham lugng 0,1, 0,2 va 0,4 %
MgO.

2.2. Phéan tich dic trung xuc tac
2.2.1. Phé nhiéu xg tia X (XRD)
Phé XRD chu yéu duoc sir dung dé xac dinh

trang thai pha tinh thé coban trén bé mat chat mang.
Caéc trang thai tinh thé nay lién quan mat thiét dén
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qua trinh khir c4c dang coban trén bé mat vé trang
thai coban kim loai. Ph nhiéu xa Ronghen XRD
cia mau nghién ctru duoc ghi trén may Brucker D8
Advance (btrc) tai Phong thi nghiém Cong nghé Loc
Hoa dau va Vat liéu Xuc tac, truong PHBK HN,
6ng phat tia Ronghen bang Cu (c6 budc séng A =
1,540 A); g6c quét thay dbi tir 5° dén 70°; budc quét
0,05° va tdc do quét 0,5 gidy.

2.2.2. Hdp phu/Nha hap phy nito (BET)

Phuong phap nay duogc st dung chu yéu dé xéac
dinh sy thay doi dién tich bé mat va phan bé mao
quan khi tam xdc tac va oxit xdc tién lén chat mang
Si0,. Cac duong diang nhiét hip phu - nha hip phu
nito dwgc do bang thiét bi Micromeritics ASAP
2010, va dir liu thu duoc tai nhiét do cua nito long,
77 K. Cac mau phan tich (0,2-0,3 g) duoc loai khi ¢
300 °C qua dém trong chan khéng 10-6 Torr trudc
khi do. Dién tich bé mat dugc tinh toan tir phuwong
trinh Brunauer — Emmett — Teller (do da diém).

2.2.3. Khut hoa theo chuong trinh nhiét do (TPR)

Qua trinh chuyén trang thai cua oxit coban vé
coban kim loai duoc xac dinh bang phwong phap
khir hoa theo chuwong trinh nhiét do dugi dong khi
H,. Tir qué trinh khir héa cé thé xac dinh dugc hiéu
gua cua qua trinh phan tan. Cac thi nghiém TPR
duoc tién hanh trong mot thiét bi phan ung vi dong
hinh chir U Iam bang quartz va duogc két ndi voi mot
detector dan nhiét (TCD). Cac mau x(c tac trudc
tién duoc rira trong dong khi Ar tai 350 °C dé loai
bo vét nudc. Khi khir 13 hdn hop 10 % H/Ar duoc
nap vao thdng qua mot bo didu khién luu luong
dong. Mau duogc gia nhiét tir 50 dén 800 °C véi téc
do gia nhiét 12 10 °C/phut. Lugng mau dua vao 0,2-
0,5 g. bac biét bay lanh dé biy nudc sinh ra trong
qué trinh khtr.

2.2.4. Hap phu xung CO (CO pulse chemisorption)

Hap phu CO mot mit xac dinh duoc cuc dai hip
phu CO & mét nhiét do nhat dinh tir d6 du doan
viing nhiét d6 phan tng téi wu. Mat khac, hip phu
CO ciing cho biét dung lugng hap phu tir do xac
dinh dugc do phan tan kim loai trén bé mat chat
mang. Qud trinh hap phu xung CO duoc do bing
méay Micromeritics AutoChem 1l voi mot thiét bi
phan ang chit U 1am bang quarzt, duoc két ndi voi
mot detector dan nhiét (TCD). Trudc khi hdp phu
CO, cac xtc tac dugc khir trong dong H, & 400 °C
trong 60 phat véi toc do gia nhiét 10 °C/phdt, l1am
sach & 405 °C bang He. Luong mau dua vao 0,2-0,5
g. Dong CO duoc dua vao véi toe do 15 ml/phat

Vit An va cong su

trong 10 phat, va hap phu héa hoc CO duoc tién
hanh & nhiét do 35 °C.

2.3. Thiét bi tong hop F-T

frm :
Hinh 1: Thiét bi phan g khi tong hop &
ap suat thuong

8. FT-SH09: Thiét bi
sinh han nudc lanh

9. FT-T10: Binh chua
san phiam nang
10.FT-T11: Binh chtra
san pham nhe

11. FT-T12: Bon chua
nudc lanh -5 °C

12. FT-T13: Bom nudc

1. FT-B01,2,3: Binh khi CO,
H,, AR

2. FT-FO4: Thiét bi diéu
chinh luu lugng khi

3. FT-MO05: Binh tron khi CO
va H,

4. FT-D06: Cot tach am xut

5. FT-D05: Cot tach am

silicagel ) lam mat
6. FT-R08: Thiét bi phan tng 13. FT-T13: Bom nudc
chinh tang ap

7. FT-T15: Bdn chia nuéc

Xc tac duge dit trong 6ng phan @ng bang thép
duong kinh ¢ = 150 mm. Trudc tién xuc tac dugc Xur
ly bang argon, sau d6 nang nhiét d6 Ién 550 °C va
duoc hoat hoa bang H, véi luu lwgng 5 ml/phat
trong khoang 4 gio dé chuyén hét cac dang oxit
coban vé coban kim loai. Tiép theo, ha nhiét do xuc
tac xudng dén nhiét do phan tmg va dua hdn hop khi
H,, CO di duoc chuén bi trude (véi ty 1& duoc tinh
toan phu hop) tir binh tron khi qua thiét bi 1am kho
bang xut va silicagel vao thiét bi phan ung. San
pham léng cua phan g dwgc ngung tu & nhiét do
-5 °C dé phan tach léng khi. San phim nay duoc
phan tich bang thiét bi GC-MS. Phan san pham khi
khong ngung tu tiép tuc dwoc dwa vao thiét bi liy
mau tuy dong sau dé duoc xac dinh ty 1 thanh phan
bang GC-TCD.

2.4. Thiét bi phan tich nguyén li¢u va san pham
2.4.1. Thiét bj phan tich thanh phan léng

May sic ky GC-MS
Khi mang: He, 1,5 ml/phut.
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Cot: DB-5ms: 30 m x 0,02 mm x 0,25 pm

Nhiét @6 injector: 250 °C; split 80: 1

Nhiét @6 cot: 50 °C gitr trong 2 phut, tang nhiét
lén 200 °C voi toe d6 10 °C /phut, gitr 10 phdt sau
do6 tang 1én 280 °C Véi toc do 15 °C /phut, giir nhiét
d6 nay 2 phdt.

Nhiét d6 transperline: 280 °C

Detector: MS, ché do scan.

2.4.2. Thiét bj phan tich thanh phan khi

May sic ky GC-TCD

Nhiét d6 injector: 50 °C

Khi mang: He 1,2 ml/phut (2 bar)

Nhiét d6 cot: diang nhiét 70 °C gitr trong 40 pht
Nhiét do Detector: 200 °C

Make up gas: He 20 ml/phdt.

3. KET QUA THAO LUAN
3.1. Pic trung xuc tac MgO, 25%Co/SiO,

Khac véi phd XRD cua chat mang SiO, trén
hinh 2a, phé XRD caa cac mau xuc tac MgO, 25
%Co/SiO, trén hinh 2b cho thiy cac pic dic trung
ctia oxit Cos0, & cac g6c quét 26: 31°, 37°, 45°, 55°,
59°, 65°. V6i ham lwgng MgO c6 trong xdc tac
25%Co/SiO, tir 0,2 dén 0,4 % khbi lwong, phd XRD
ctiia cAc mau cho thay khong c6 su khéac biét vé cac
dinh dac trung cling nhu cuong d6 tin hiéu.

Bang 1 cho két qua phan tich dién tich bé mat
riéng va phan bd 15 xp caa cac mau xdc tac SiO.;
25%Co/SiO;; 0,1 %MgO, 25 %Co/SiO,; 0,2 %MgO,
25%Co/Si0,: 0.4 %MgO, 25 %Co/Si0, bing
phuong phap do dang nhiét hap phu N,. Két qua tir
bang 1 cho thiy miu 25 %Co tam Ién chat mang
Si0, c6 su thay doi dang ké dién tich bé mat va phan
bd 15 x6p so véi chat mang SiO, ban dau. Tuy nhién,
khi thay doi ham lwong MgO tir 0,2 dén 0,4 % khi
lugng, khong thay cé su thay doi rd rét vé dién tich
bé mat BET caa cac mau. Két qua do phan bé mao
quan cho thiy xuc tac ¢ kich thudc mao quan trung
binh [10].

Trong qué trinh phan tng khi téng hop thanh
nhién liéu long, hydro la chat tham gia phan ung
trong pha khi, tan cong vao céac lién két C-kim loai
sau qua trinh hap phu va phan ly CO. Bé thuc hién
duogc diéu ndy thi CO phai dugc hap phu va phan ly
trén cac tam kim loai. Nhu vay cang nhiéu tam kim
loai thi kha nang hap phu CO cang Ién tuong ng
v6i hiéu suit chuyén héa cang cao. Bing phuong
phép hap phu xung CO c6 thé danh gia so b duoc
hoat tinh cua xtc tac qua do phan tan kim loai trén
b& mat chat mang. Két qua do xung CO xéc dinh do
phan tan kim loai duoc thé hién qua bang 2.

Nghién ci:u tong hop va ddc trumg xiic tac...

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample SiO2

Lin (Cps)

2-Theta - Scale
- Step: 0,030 - Sep tme: 1.5 - Temp. 25°C
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(b)
Hinh 2: Phd XRD mau SiO, (a) va phd chong 0,1%,
0,2% va 0,4% MgO-25%Co/SiO; (b)

Bang 1: Két qua phan tich bé mat va kich thudc
mao quan cua cac mau nghién cuu

Dién tich .
% [ Kich thudc
Mau bé m at mao quan (A)
(m“/g)

SiO, 480 60
25%Co/SiO, 465 52
0,1%MgO,

2506C0/SiO, 461 52
0,2%MgO,

25%Co/SiO, 462 52
0,4%MgO,

25%Co/SiO, 460 52

Két qua tir bang 2 cho thay, ham luong MgO b
sung vao xuc tac anh huong dén do phan tan kim
loai. Khi thay d6i ham luong kim loai tir 0,1 dén 0,4
% khdi lwong MgO, do phan tan ting dén 89 %o
ham lugng 0,2 %MgO sau d6 giam Xuong Tuy
nhién, d6 phan tan kim loai Co trén cac mau bo sung
MgO déu cao hon mau ban dau. Nhu vdy, mau 0,2
%MgO, 25 %Co/SiO, co do phan tan Ion nhat va
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dugc sir dung dé nghién ctu céc trang thai khir
Coban trén bé mit ciing nhu danh gia hoat tinh xtc
tac bang phan tng khi tong hop CO va H, thanh
nhién liéu long.

Bang 2: Kc:ét gua do d6 phan tan kim loai trén cac
mau xuc tac MgO, 25 %Co/SiO,

Mau Do phan tan kim loai (%)

25 %Co/SiO, 6,8

0,1 %MgO, 25 2
%Co/SiO, ’

0,2 %MgO0, 25 89
%Co/SiO, '

0,4 %MgO0, 25 74
%Co/SiO, '

TCD Signal (a.u.) vs. Temperature
—— TCD Signal (a.u.) - <TFR-H2 @ 10 deg/min, 10 % H2-Ar,50 milmin=
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Hinh 3a: TPR H, caa mau 25 %Co/SiO,

TCD Signal (a..) vs. Temperature

—— TCD Signal (a.u.) - <TPR-H2 @ 10 deg/min, 10 % H2-Ar, 50 mlimin=

TCD Signal (a.u.)

/ \
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0.00¢
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3 400
Temperature (T)

Hinh 3b: TPR H, ctia mau 0,2 %MgO0, 25 %Co/SiO,

Qué trinh khir céc trang thai coban trén chat
mang vé coban kim loai dugc thé hién trén gian do
khtr TPR H, trén hinh 3 (a va b). Gian dd khua TPR
H, caa mau 25 %Co/SiO, trén hinh 3a cho théy c63

Vit An va cong su

pic khir & 4 nhiét ¢6 khac nhau. O nhiét do khtr 270
°C xuat hién 1 pic khir dic trung cho qua trinh
chuyén trang thai Co,0; trén bé mat chat mang vé
Co;0,. Pinh pic nay xuét hién rit rd chung to céc
hat oxit C0,03 ¢ trang phan tan déng déu. binh thr
2 twong Gng vai nhiét dd khir 312 °C xuat hién
khéng r6 rang, pic nay dac trung cho qua trinh
chuyén trang thai oxit Co,0; vé CoO trén bé mit.
binh thr 3 twong tng vai nhiét do khur 375 °C tuong
&g VGi qué trinh chuyén trang thai CoO Vvé trang
thai Co kim loai. Binh thir 4 xuat hién & vang nhiét
d6 khoang 550 °C dén 600 °C dic trung cho quéa
trinh chuyén trang thai Co-SiO, vé dang kim loai.
Déi voi gian d6 khir TPR H, mau 0,2 %MgO, 25
%Co/SiO, cac dinh pic twong ung véi qua trinh khir
c6 sy khéc biét. Trén gian do khir cia mau nay chi
xuit hién 3 pic dic trung ¢ 3 nhiét 46 khéc nhau. Pic
khir déc trung cho qua trinh chuyén trang thai Co,05
trén bé mat chat mang vé Co;0, xuét hién & nhiét do
khtr 270 °C. O nhiét @6 khoang 300 °C xuit hién pic
khir ¢6 cuong do rat Ién tuong Gng Véi qua trinh
chuyén trang thai Co;0, vé Co kim loai trén bé mat.
Két qua trén gian dd khir cho thdy khéng phan biét
duoc céc trang thai khir Co™ vé Co™? va Co™® vé
Co° do hién twgng che phu béi pic c¢6 cuong do Ion
hon. Két qua nay ciing cho thdy nhiét do khir cac
trang théi oxit coban vé Co da giam khoang 75 °C tur
375 °C xudng 300 °C ching t6 khi dwa thém chat
xUc tién oxit kim loai MgO 1am cho d% phan tan kim
loai trén bé mat tét hon dan dén 1am giam nhiét 4o
khtr.

3.2.Két qua danh gia hoat tinh xUc tac bang phan
wng chuyén hoa CO va H,

Phan ung khi tong hop CO va H, bang xlc tac
0,2 %MgO, 25 %Co/SiO, duogc tién hanh véi cac
diéu kién phan tmg nhu sau: nhiét d6 phan tng 210
°C, téc do khong gian khi gio 400, ty Ié H,/CO =
2/1, thyc hién phan tng trong 10 gio ¢ &p suat
thuong. Trudc khi thuc hién phan g, xtc tac duoc
hoat héa trong dong khi H, dé chuyén dang oxit
coban vé& dang coban kim loai & nhiét do 450 °C
trong 5 gio. Két qua cho thiy, xic tac 0,2 %MgO,
25 %Co/SiO, cho d6 chuyén héa CO, hiéu suit Cs
va do chon loc Cs* twong g la 26,23 %, 19,21 %
va 72,97 % so vai 24,57 %; 15,87 % va 64,61 % trén
xuc tac 25 %Co/SiO,. Nhu vay, xuc tac 0,2 %MgO,
25 %Co/SiO, cho két qua do chuyén hoa, hiéu suat
va do chon loc cao hon xuc tac 25 %Co/SiO,. Phan
b san pham khi thuc hién phan wng chuyén héa CO
va H, béng XUc tac nay so vaéi xuc tac 25 %Co/SiO;
duoc thé hién trén hinh 4.

Két qua cho thay san pham hydrocachon phan bé
chu yéu trong khoang tir C14-C,; VA Caoy. Két qua so
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sanh ciing cho thay, khéng c6 su khac nhau vé xu
hudng phan bd san pham hydrocacbon gita hai loai
chat xdc tac nay. Tuy nhién, xtc tac 0,2 %MgO,
25 %Co/SiO, ¢ phan b san pham Cy* cao hon xtic
tac 25 %Co/SiO,.

0.29%6MgO, 25%Co/Si0O2

25%Co/Si02

o

% Khéi lwgng

[~
o

CH4 C2-C4 C5-C9 C10-C13 C14-C21 C22+

Phan b6 hydrocacbon

Hinh 4: So sanh phan b san pham hydrocacbon trén
xUc tac 25 %Co/SiO, va xuc tac 0,2 %MgO,
25 %Co/SiO,

4. KET LUAN

Pia tong hop duoc xlc tac MgO, 25 %Co/SiO,
v6i ham lugng MgO thay ddi tir 0,1; 0,2; 0,4 % khi
lwong. Két qua cho thiy thanh phan pha, thé tich 15
x6p ciing nhu phan b 15 xdp, dién tich bé mat cua
xuc tac khong thay ddi khi bd sung MgO. Ham ham
lugng chét xdc tién MgO thay ddi tir 0,1 dén 0,4 %
khdi lugng da 1am tang do phan tan Co trén bé mat
chit mang so véi mau chua ding chat xdc tién. Két
qua ciing cho thdy voi ham luong chat xuc tién MgO
0,2 % khdi lugng, xdc tac tong hop cho d6 phan tan
t6i wu.

Két qua dic trung xuc tac bang phan ang chuyén
hoa CO va H, trén xuc tac 0,2 %MgO, 25 %Co/SiO,
cho do chuyén hda san pham, hiéu suat Cs* va do
chon loc Cs' tuwong g tng 1a 26,23 %, 19,21 % va
72,97 % cao hon so v&i mau xdc tac 25 %Co/SiO,.
Dong thoi két qua so sanh phan bd san pham trén hai
loai xtc tac c6 va khong c6 chat xdc tién MgO cho
thdy khong c6 su khac nhau vé xu huéng phan b
san pham hydrocacbon. Tuy nhién, xlc tac

Lién hé: Vii An

Nghién ci:u tong hop va ddc trumg xiic tac...

0,2 %MgO, 25 %Co/SiO, cd phan bb san pham Cyo*
I6n hon xuc tac 25 %Co/SiO..
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