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impregnation method and loaded on ceramic monolith-structured
substrate by wash-coating slurry method. Physico-chemical properties
of the catalysts were characterized by X-ray diffraction (XRD), Brunauer—
Emmett—Teller (BET) specific surface area and H. temperatured-
programmed reduction (Ho-TPR). Activity of the catalysts for Fischer-
Tropsch synthesis was investigated in a tubular reactor in a temperature
range of 200-275 °C at 20 bar and GHSV = 3000 h™. Co/y-ALOs
catalyst loaded on ceramic monolith-structured substrate enhanced
efficacy of Fischer-Tropsch synthesis by increasing and stabilizing CO
conversion and Cs. selectivity, compared to Co/y-Al,O3 powder catalyst.

Gidi thiéu chung

Trong béi canh trr lugng dau thd ngay cang gidm va
nhu cdu nang lugng toan cau dang tang phi ma, viéc
chuyén dich st dung nang luong tir dau thd sang khi
ty nhién a thiét yéu. Khi tu nhién dugc xem nhu la
ngudn nguyén liéu chinh cho cong nghiép hoda dau.
Tuy nhién, sau khi dugc chuyén hoéa thanh khi téng
hap (syngas — hdn hgp khi H, va CO) théng qua cac
phan Ung reforming [1-3], ngudn khi nay c6 thé
chuyén hoa thanh nhién liéu 16ng bdi phan Ung téng
hgp Fischer-Tropsch (FTS) [4] nhu dugc md ta trong
Bang 1. Cac hydrocarbons dang khi (Ci-Cys) va alcohols
dugc xem nhu la cac san phdm phu clia FTS (<5% khéi
lugng). San pham ldng clia FTS cé khodng nhiét do soi
rdng, tucng Ung vdi cac phan doan hydrocarbons long
c6 s6 carbon tU 5 dén 80. Tuy nhién, véi muc dich san
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xudt xang va diesel, s6 luong carbon trong san pham
ldng cla qué trinh FTS thudng dugc diéu chinh tU 5
dén 18 thong qua qué trinh cracking cac phéan doan
nang dudi su cd mat clia khi Ho & &p suat cao va xuc
tdc. Ngay nay, nhiéu nghién ciu da dugc thuc hién
nhdm nang cao hiéu qua kinh t€ va tinh canh tranh
clia cac san phdm léng tU qué trinh téng hgp Fischer-
Tropsch v&i céc san phdm tuong tu c6 ngudn géc
khoang. Vi du, cac kim loai quy nhu ruthenium (Ru)
[5,6], rhenium (Re) [7,8], palladium (Pd) [9,10] va
platinium (Pt) [11-13] d& dugc thém vao hé xdc tac dién
hinh cla qué trinh tng hgp Fischer-Tropsch nhu
Cobalt (Co) [14-16] va st (Fe) [17-20] v&i muc dich
giam doé chon loc céc sadn phdm phuy, dong thdi tang
hiéu sudt thu san pham 16ng thdng qua sy cai thién
kh& nang hydro hoa CO. Bén canh sif dung chat xuc
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tién, cac chat mang khac nhau nhu y-AlLOs [8,21,22],
SBA-15 [23-25] va MCM-41 [26,27] cling da dugc khao
sat. Andrei va céng su da ching minh rang, xuc tac
cobalt trén chdt mang silica c6 dudng kinh 16 x6p 16n
hon 3 nm cho hiéu qua thu san pham 16ng vugt tréi so
v3i cac xUc tac cung loai trén chat mang c6 dudng
kinh 16 x&p nhd hon [28].

Cai thién hiéu qua FTS thdng qua viéc cai tién xdc tac
la mét hudng di d& mang lai hiéu qud. Tuy nhién,
trang thai pha vat ly trong thiét bj phan Ung Fischer-
Tropsch la rét phtic tap, bao gém: pha khi (khi nguyén
liéu, khi san ph&m), pha long (cac hydrocarbon 16ng),
nudc va pha ran (xic tac). Do dé, dé tang hiéu qua
VUGt tréi cho FTS, cac qua trinh truyén nhiét va truyén
khéi cling can phai dugc xem xét [29]. Vi du, trong
thiét bi phan (ng tang xuc tac c6 dinh, su han ché vé
mat khuéch tan gay ra su dién day 16 x6p xUc tac cla
céc san phdm l1ong sau phan Ung. Diéu nay ngan can
kh& nang hap phu cta CO Ién cac tam kim loai hoat
déng; do do, gay ra anh hudng tiéu cuc dén qué trinh
t6ng hop Fischer-Tropsch. D€ khéc phuc cac nhuoc
diém vé truyén nhiét va truyén khdi, thiét bi phan Ung
dang slurry d& dugc Ung dung. Tuy nhién, viéc tach
san phdm dang sap t FTS ra khoi xtc tac va kha nang
rira troi xUc tac kim loai vao dung dich la nhiing van dé
phat sinh khi s&r dung thiét bi phan Ung dang slurry.

Bang 1: Cac phan Uing trong téng hgp Fischer-Tropsch

Phan Ung chinh
Phan Ung @n+NH, +nCO —C H, , +nH,O
tao paraffins S
Phan L’mg 2nH, +nCO — C H, +nH,0
tao olefins o
Phan Uing
Water-Gas- CO+HOL CO, +H,
Shift (WGS)
Phan tng phu
Phan Ung 2nH, +nCO - C H,, ,O+(n-"NH,0
tao alcohols e
Phan (ng MO, +yH, 0 yH,O+xM
oxy hoa —
Kht MXOy +CO0 yCO, +xM
Phan Ung yC+xMO0 MC
tao carbide g
Phan (ng 2CO —C+CO,
Boudouard

Ngay nay, viéc st dung vat liéu ceramic co cau tric
cho céc phan Ung hoa hoc dang ngay cang phé bién.
Day la mét hudng di mdi dé cai thién hiéu qua truyén
van, dac biét c6 thé dp dung cho cac hé phan Ung
nhiéu pha (khi, Iong va ran). Do d6, muc tiéu clia nghién
cltu nay la khao sét anh hudng clia vat liéu ceramic cé
céu truc (monolith) dugc s& dung nhu tang xtc tac dén
hiéu qua phan Uing téng hgp Fischer-Tropsch, so sénh
vdi tdng xUc tac c6 dinh truyén théng [30].

Thyc nghiém va phuang phap nghién cdu

Trong khudn khé nghién clu anh hudng cla vat liéu
ceramic ¢ cdu trdc dén hiéu qua FTS, xUc tac truyén
théng cho téng hap Fischer-Tropsch trén ca s& Cobalt
dugc ché tao bang phuong phap tdm uét nhu dugc

mo t4 trong Hinh 1.
(e >
I
4
Ngam tam o8
¥

Khuéy trong bé& siéu am 1h

v

Sdy ¢ 80°C, 100 °C, 120 °C trong 2h
cho moi muc nhiét dé

2-31an

v

———  Lam ngudi dén nhiét do phong
¥
Nung & 500 °C trong 6h

Hinh 1: Quy trinh diéu ché xtc tac Co/y-AlLOs

bau tién, y-Al,O; (Xilong, > 99%) dugc nung & 500 °C
trong 10 gid vdi t6c d6 gia nhiét 1 °C/phit dé loai bod
cac chat hap phu trén bé méat va trong mao quan. Tiép
theo, hoa tan mot lugng vira dd Co(NO3),.6H.0
(Xilong, > 98.5%) trong nudc cat, dung dich mudi
Cobalt dugc tdm 1én mot lugng vira dd y-ALO; d3
nung dé dat dugc ti 1é 20% khéi luong Co/80% khai
lugng y-ALOs. Dung dich huyén phu sau khi ngam tém
dudgc khudy trong bé siéu am 1 gid trudc khi dugc sdy
& 80 °C, 100 °C va 120 °C trong 2 gi& cho mdi muc
nhiét do. HOn hop sau khi sdy dugc lam ngudi dén
nhiét d6 phong. Qua trinh t&m dugc 1&p lai 2-3 lan.
Cudi cung, xUc tac bét chia 20% khéi luang Co/80%
khéi luong y-AlOs (viét tét |a p-CoAl) thu dugc sau khi
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nung & 500 °C trong 6 gig vdi t&c dé gia nhiét 1
°C/phut.

XUc tac p-CoAl dugc mang lén monolith (Hinh 2a)
bang phuong phap pht (wash-coating slurry). Dau
tién, xdc tac p-CoAl dugc phéan tan trong dung dich
PVA (10% khoi lugng poly-vinyl-alcohol (phu gia cho
qué trinh phu) trong nudc cat) dé tao mét hdn hop
dang bun (slurry). Sau do, monolith dugc nhing vao
hdén hap dang bun trong 60 gidy. Phan bun thira bam
trén monolith dugc loai bd bdng phucng phap théi
khong khi. Tiép theo, monolith dugc sdy & 120 °C trong
30 phdt. Qué trinh phd dugc thuc hién vai 1an, xdc tac
bét mang trén monolith (viét tat la m-CoAl) thu dugc
sau khi nung & 500 °C trong 6 giG vai t6c dd gia nhiét
1°C/phdt (Hinh 2b). Cac dac trung ly — hda cla xuc
tac dugc phan tich bang cac phuong phap: Nhiéu xa
tia X (XRD) trén thiét bj D8 Advance cla hang Bruker
(xtc tdc m-CoAl dugc nghién thanh bét min dé tao
mau phan tich), dién tich bé mat va 16 xp (BET) trén
thiét bi TriStar Il 3020 va kh& H, theo chuang trinh
nhiét do (Ho-TPR) si dung séc ky khi GOW-MAC 69-
350 nhu dugc mé ta trong [31].

Hinh 2: Monolith trudc (a) va sau (b) khi phu xdc tac

Hoat tinh xUc tac dugc khao sat trong hé thdng thiét bi
phdn Ung dang &ng (Hinh 3) s&r dung nguyén liéu khi
t6ng hop dugc pha sdn trong céc binh khi tiéu chuén
vdi ti 16 Hx:CO bang 2:1.

Hinh 3: Hé théng thiét bi phan ng FTS &p suét cao

Qué trinh t6ng hop Fischer-Tropsch dugc thuc hién
trong khodng nhiét d6 200-275 °C, ap suét 20 bar, thé
tich tang xdc tac 0.0012 L, luu lugng 3.6 Lh7, tuong
Ung vdi GHSV (gas hourly space velocity) = 3000 h™.
Trudc khi tién hanh phan Ung, xdc tac dugc khi bang
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khi Hy tinh khiét dudi ap sudt khi quyén vdi luu luong 3
L.h™ & 400 °C trong 4 gid. Sau qua trinh khir, N, dugc
thSi qua thiét b phan Ung dé lam sach xuc tac trudc
khi tién hanh phan Ung dé dam bao ti 1é dong nguyén
litu H:CO bang 2:1. Thiét bi tach 1éng dugc dat phia
trudc van diéu ap (back pressure regulator) dé thu hoi
cac san phdm ldng. Cac san pham khi cla FTS dugc
phéan tich bang sac ky khi (Agilent Technologies 7890A)
dugc trang bi dau do ion héa ngon Ira (FID) dé phan
tich cac hydrocarbon tir C-Cs va dau do dan nhiét
(TCD) dé phan tich Ha, CO, CO, N, va CHa theo tiéu
chudn ASTM D7675 vdi c6t DB624 va cot HP-Plot
Molecular 5A.

Két qua va thao luan

o

0: Co;0,
o : ALO,;

T T T T T J
20 30 40 50 60 70 80
20,°

Hinh 4: Gian do nhiéu xa tia X xtc tac p-CoAl (den) va
m-CoAl (dd)

TU gidn do nhiéu xa tia X (Hinh 4) c6 thé théy rang kim
loai hoat déng ton tai chi yéu dudi dang pha tinh thé
lap phuong Cos04 tuang Ung vdi cac dinh dac trung
tai 20 = 31.1°, 36.8°, 45.1°, 59.5° va 65.2° [32]. Ngoai ra,
chat mang y-Al,O; cling ton tai & dang tinh thé dudc
dac trung bdi cac dinh tai 26 = 39.2° [32] va 67.4°
[32,33]. Gian d& XRD cla xtc tdc m-CoAl khéng thé
hién cac dinh dac trung cla SiOy, diéu nay ching to
rang SiO, ciia monolith ton tai & trang théi vé dinh
hinh. Bén canh d6, cudng do céc dinh dac trung cla
cac xUc tac la tuong tu nhau. Biéu nay cho thdy rang,
kich thudc va kha nédng phan tan ctia tam kim loai hoat
doéng khong bi anh hudng bdi qué trinh phu xtc tac
|én monolith.

Bang 2: Dién tich bé mat riéng va dudng kinh 16 x6p
clia chat mang va xuc tac

XUc tac Dién tich bé mat | Duong kinh
rieng (m?.g7) 16 x6p (nm)

y-ALOs 2250° -

p-CoAl 87.2 5.8

2 dién tich bé mat riéng cla y-ALOs: 225.0 m2.g™" [34]
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TU bang 2 c6 thé thdy rang, viéc tdm kim loai hoat
déng lam gidm bé mat riéng cla chat mang tur 225
m”.g” xuéng con 87.2 m°.g" do bé mat riéng cua Co
nhd hon y-AlbOs3 va cac tdm kim loai hoat dong nay
che phl mao quédn cua chat mang. Tuy nhién, Vvdi
dudng kinh 16 x6p 1a 5.8 nm, xUc tac p-CoAl la vat liéu
mao quan trung binh. Do do, xUc tac nay dugc xem
nhu phu hgp cho FTS.

332°C
308 °C
T T T T T T 1
100 200 300 400 500 600 700 800
Nhiét dé (°C)

Hinh 5: Gian do khir H, theo chuang trinh nhiét dé
(H2-TPR) clia xUc tac p-CoAl

Théng qua gidn dé khir Ho-TPR ¢6 thé thdy rang xdc
tac CoAl co thé dudc khit hoan toan & nhiét do dudi
400 °C. Qua trinh khir xUc tac co thé chia lam 2 giai
doan chinh: (1) Co,0, +H, »3CoO+H,O va (2)

3CoO+3H, —»3Co+3H,0. Giai doan (1) va (2) cla

qué trinh khir dugc thé hién lan lugt bdi cac dinh khir &
308 °C va 332 °C. CO thé thdy rang, mét phan tur
Co304 cén 4 phan tir H, dé khir hoan toan, 25% lugng
H, dugc st dung & giai doan (1) va 75% con lai dugc
s dung & giai doan (2), diéu nay cling hoan toan phu
hop vdi gian do H.-TPR cla xtc tac dugc nghién clu
(Hinh 5) khi cudng doé tin hiéu cla dinh khir & 332 °C
I&n hon rét nhiéu so véi cudng dé cda dinh khir & 308
°C (khoadng 3 lan). Bdng thai, két qua nay cung phu
hop vd&i nghién cliiu vé khd nang khir cla xdc tac
Cobalt s dung cho qué trinh téng hop Fischer-
Tropsch cla Sexton va cong sy [35]. Ngoai ra, tU gidn
dd Ho-TPR c6 thé thdy pha kim loai hoat déng trong
xUc tac dugc nghién ctu ton tai dudi dang CosOy tinh
thé, két qua hoan toan phu hop vdéi két qua tr gidn do
nhiéu xa tia X (Hinh 4).

— p-CoAl
— m-CoAl

65

60
55 -
50

40

D6 chuyén héa CO (%)

T T 1
200 225 250 275

Nhiét do (°C)

Hinh 6: D6 chuyén hoa CO trén xtc tac p-CoAl (den)
va m-CoAl (do)

Hinh 6 cho thdy dé chuyén héa CO trong t6ng hop
Fischer-Tropsch trén xdc tac m-CoAl (dd) ludn I6n hon
do6 chuyén hoa CO cla phan Ung dugc thuc hién trén
xUc tac p-CoAl. Cu thé, doé chuyén hoa CO trén m-
CoAl la 67% & 200 °C, dat dinh gan 70% & 250 °C va
gidm vé 65% khi nhiét do tang 1én 275 °C. Trong khi
do, db chuyén hda CO trén p-CoAl la thip hon nhiéy,
lan lugt la 45% & 200 °C, 50% & 250 °C va 45% & 275
°C. Pang cht y hon, dé chuyén hoa CO trén xuc tac
m-CoAl &n dinh hon so vdi trén xuc tac p-CoAl. Su
khac nhau nay la do kha néng céi thién hiéu qua cac
qué trinh truyén nhiét va truyén khéi ca monolith. TU
do, san phdm 16ng sinh ra sau phan Ung dé dang
khuéch tan ra khdi mao quan, diéu nay cho phép CO
dé dang tiép xUc va hdp phu 1én cac tdm kim loai dong
ma khong bi can trd bdi I6p chat long, dan dén ting
d6 chuyén hoa CO.

- — p-CoAl (C,)
5 ——p-CoAl (C,,)
__________ = - = m-CoAl (C,)
~
Rig ~——m-CoAl (C,) _
~ -
~ — -
4 B _--

D6 chon loc (%)

200 225 250 275
Nhiét d6 (°C)

Hinh 7: D6 chon loc Cr (nét dat) va Cos (nét lién) trén
xUc tac p-CoAl (den) va m-CoAl (do)
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D6 chon loc Cq (nét dut) va Co-s (nét lién) cla FTS trén
xUc tac p-CoAl (den) va m-CoAl (dd) dugc thé hién
trong Hinh 7. C6 thé thay rang, xuc tac dang bot ¢ dé
chon loc Gy va Co4 cao hon so vdi xUc tac mang trén
monolith. Cu thé, trung binh dé chon loc Ci va Cos
trén p-CoAl lan luct 1a 4.3% va 3.7% so vdi 1.8% va
1.4% trén m-CoAl. Thém vao do, dd chon loc Civa Coy
trén xuc tac p-CoAl dao dong manh khi tang nhiét do
do su han ché vé truyén nhiét cla xdc tac dang bét.

98 4 — m-CoAl

o \/\

96 -4
95 4

94 4

D chon loc Cq, (%)

93

91 T T 1
200 225 250 275

Nhiét do (°C)

Hinh 8: B4 chon loc Cs. trén xUc tac p-CoAl (den) va
m-CoAl (dd)

— p-CoAl|
70 —— m-CoAl|

65 “'—/\

60
50 4
454
404

T T ]
200 225 250 275
Nhiét d6 (°C)

Hiéu suat Cs, (%)

Hinh 9: Hiéu suat Cs. trén xtc tac tac p-CoAl (den) va
m-CoAl (dd)

Xuc tac p-CoAl cho dé chon loc cac san phédm khi cao,
do do kéo theo dé chon loc san phdm 1ong (Cs.) thap
nhu dugc thé hién trong Hinh 8. TUr d6 c6 thé théy
hiéu sudt tao san pham ldng trén xudc tac bot thép nhu
dudc thé hién trong Hinh 9. Cu thé, do chon loc Cs.
trén xuc tac p-CoAl dao déng tur 91.3 — 92.5%. Trong
khi do, dé chon loc Cs. clia xUc tac m-CoAl la vugt troi
han, khoang 97%. Bdng thdi, cling vai dé chuyén hoa
CO cao, hiéu sut tao san phdm 16ng (Cs.) trén xUc tac
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m-CoAl x8p xi 68% & 250 °C, cao hon rat nhiéu so Vdi
45% cla xuc tac p-CoAl & cung nhiét do.

K&t luén

Nghién cu cho thay vat liéu ceramic c6 cau trdc lam
tang hiéu qua clia qué trinh téng hgp Fischer-Tropsch
trén hé xtc tac Cobalt mang trén chét mang y-ALO:s.
SU dung tang xuc tac ¢6 dinh co cdu trdc (monolith)
khac phuc dugc nhugc diém vé truyén nhiét va truyén
khdi clia tang xuc tac c6 dinh truyén théng. Do do, lam
tang d6 chuyén hoéa CO va dé chon loc Cs.. Bén canh
do6, monolith cling khac phuc dugc cac van dé vé phan
tach san phdm va ria tréi kim loai hoat dong cla thiét
bi phan Ung dang slurry.

L& cdm an

Nghién cru nay dugc tai trg bdi B6 Khoa hoc va Cong
nghé theo Nhiém vy KHCN Nghi Binh Thu véi dé tai
ma s6 NBT.57 KR/19.
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