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SUMMARY

In the present work, the synthesis methods of alumina as a support for catalytic applications
have been carried out by us. We show that the synthetic way to alumina is the starting point that
determines the micro- and macrostructure of the oxide and, consequently, allows control of the
support characteristics. Usually, conventional aluminas with surface areas of 50 - 300 m*/g are
manufactured by precipitation method. Transition aluminas (e, y, 6, 17, 6) that were prepared by
heat treatment of different aluminium oxide-hydroxide precursors (e.g. boehmite,
pseudoboehmite, bayerite, nordstrandite) usually exhibit surface areas lower than 350 - 400 m*/g
and their main disadvantage is in their broad pore size distribution. Recently, well-ordered
mesoporous aluminas with surface areas exceeding 350 m’lg and having narrow pore size
distribution were synthesized in our laboratory. This support exhibited significantly higher
capacity for dispersion of active species than the conventional alumina and they have a certain

potential in catalytic applications.

I- MG DAU

Nhom oxit 1a loai vat liéu cé tng dung rat
rong rai trong nhiéu qua trinh céng nghé & qui
moé cong nghiép nhu lam chit xdc tac, chat
mang xuc tic hoac chit hap phu trong cong
nghiép 6t6 va loc dau [1 - 4]. Nhom oxit ¢6 cic
dac tinh nhu tinh axit, bé mat riéng 16n, bén co,
bén nhiét. Thong thudong, cdc nhom oxit véi
dién tich bé mat tir 50 - 300 m*/g duoc san xudt
bang phuong phép két tha [5]. Cdc nhom oxit
chuyén ti€p (a, vy, 8, M, 0) c6 dién tich bé mat
riéng tir 100 - 400 m*/g duoc diéu ché bang cich
xur 1y nhiét céc tién chat oxit-hydroxit nhom (vi
du, boehmite, pseudoboehmite, bayerite,
nordstrandite), thu duoc bang phuong phédp sol-

gel. Phuong phap sol-gel c6 tng dung rat rong
rdi trong linh vuc xtc tac. Hién nay, phan 16n
nhom oxit hoat tinh cong nghiép trén th& gidi
dugc diéu ch€ bang phuong phdp sol-gel. Tuy
nhién, nhugc di€ém chinh ctia nhom oxit diéu
ch€ bing phuong phap nay la ching c6 kich
thuéc mao quan khong déng déu [6, 7]. Gan
day, nguoi ta da téng hop dugc cdc nhom oxit
mao quan trung binh c6 trat ty bang phuong
phéap sol-gel cé st dung chat tao céu tric [8 -
15]. Cic nhom oxit nay cé dién tich bé mat
riéng tr 300 - 500 m*/g va c¢6 su phan b kich
thuéc mao quan trong khoang hep. Cac nghién
ctiu lién quan dén phuong phdp téng hop ciing
nhu tinh chat cta loai vat liéu nay da chi ra ring
day 1a mot loai vat liéu ray phan t dang quan
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tam khong chi trén quan diém khoa hoc vat liéu
ma ca trén kha nang 4p dung clia chiing, ching
han lam chat mang trong xic tdc di thé.
Wieland va cong su [16] da st dung vat liéu nay
lam chat mang xic tdc cho phan tng alkyl héa
toluen véi metanol. C4c tdc gia nhan thiy xdc
tic Cs-B/AL,O; khong c6 hoat tinh trong phan
ung alkyl héa toluen nhung metanol thi bi phan
huy thanh CO. Cic tdc gia giai thich rang su
cudng biic vat 1y gay ra bdi cic mao quan trung
binh clung véi su ké can kém thuéan 1¢i cta céc
tam axit-bazo trong moi trudng ray phan tu da
khong uu tién phan tng alkyl héa toluen.

Nhom oxit v6i mao quan trung binh cé trét
tu dugc bién tinh bang Cu da dugc sir dung lam
xUc tdc trong phan ung hidro héa chon loc clia
cinnamaldehyde. So véi cdc chat mang nhom
oxit thong thuong, chat xic tac nay cho do chon
loc rdt cao do6i véi su tao thanh ctia cac ancol
khong no. Diéu nay duoc qui cho su tuong tic
dac biét manh ca cia cdc tiéu phan Cu’ kich
thudc nano véi thanh cia nhom oxit mao quan
trung binh trong khi ma lién két C=C lién hop
duoc hydro héa dé dang hon trén cic cluster Cu’

tu do hon thé hién su twong tdc yéu hon véi chat
mang [17].

Muc dich ctia bai bdo nay la nghién ctru mot
cach hé thong cdc phuong phédp téng hgp nhom
oxit khdc nhau bao gom phuong phéap két tua,
phuong phap sol-gel va phuong phép sol-gel c6
st dung chat tao céu tric. Ching toéi da thay
ring con dudng téng hop nhom oxit la diém
khéi ddu ma tir d6 xdc dinh ciu trdc micro va
macro clia oxit va nhd thé cho phép kiém soat
dugc cac dac tinh ciia chit mang. Ngoai ra,
chiing toi da so bo ddnh gid tiém nang Gng dung
lam chit mang cia nhom oxit mao quan trung
binh ¢ trat tu trong phan ting Water-Gas-Shift.

II - THUC NGHIEM

1. Phuong phap tong hop oxit nhom

Nguyén liéu cta qud trinh téng hop nhom
oxit biang phuong phip két tia bao goém bot
nhom hydroxit (Tan Binh), dung dich NaOH,
dung dich axit HNO;, H,0, 30%. Cic buédc thuc
nghiém dugc tém tét trong hinh 1.

NaOH 25% - H,0, 30% :
Nhom ] Dung dich natri Oxi hoéa,
hydroxit i aluminat lan tap "| lang dong

Lc_)c,’ rua, HNO; v
Boemite dang say Axithoatao | Dung dich natri

bot min N boemite A aluminat sach
Khudy
Nung 80 -90°C
v
7-ALO;

Hinh I: So d6 nguyén 1y téng hgp nhom oxit hoat tinh bang phuong phdp két tha

Thuc nghiém téng hgp nhom oxit béing
phuong phép sol-gel dugc bién tinh trén co s&
qua trinh Yoldas [18]. Trudc tién, nhom
isopropoxit dugc hoa tan trong n-propanol bang
cdch dun hoi luu trong 3 gid. Sau d6, hoén hop
clia nudc, axit nitric trong n-propanol dugc thém
te tt vao dung dich nay cung véi viéc khudy
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manh. Gel tao thanh duoc gia héa trong 3 ngay
& nhiét do 80°C. Sau khi loc hét dung moi, san
phdm dugc sdy & 80°C trong 14 gid réi duoc
nung & 500°C trong 10 gio.

Thuc nghiém téng hop nhom oxit bing
phuong phdp sol-gel ¢6 stt dung chat tao cau



tric gom cdc budc sau: polyme Pluronic P123
(EO,,PO,,EO,,, EO = etylen oxit, PO =
propylen oxit) dugc hoa tan trong etanol tuyét
doi va duge khudy trong 15 phiit & 40°C dé thu
dugc dung dich A. Cung thoi gian d6, dung dich
B gbém axit clohydric, etanol tuyét doi va tritert-
butoxit nhom dugc diéu ché. Sau d6, hai dung
dich dugc tron 1an v6i nhau va dugc khudy
manh & 40°C trong 15 phiit. Ty 1&¢ mol ctia Al** :
Pluronic P123 : EtOH : H,O: HCI trong dung
dich cuo6i cung dugc ¢6 dinh & gid tri 1 : 0,017 :
30 : 6 : 18. Sol dong thé duoc gia héa 3 ngay &
40°C. Sau d6, san pham dugc sy & 100°C qua
dém ro6i nung & nhiét do thich hgp trong dong
khi oxi trong 12 gid d€ loai polyme.

2. Cac k¥ thuat dac trung

Pho nhiéu xa Ronghen cliia cdc mau duoc
ghi trén mdy Bruker D 5005 stir dung nguoén phat
xa Cu-Ka v6i A = 1,54184 A. Dién tich bé mat
riéng va duong ding nhiét hdp phu clia cic miu
dugc do trén may ASAP 2010 M. Phan tich
nhiét trong luong va nhiét vi sai dugc do trén
méay NETZSCH STA 409 PC/PG.

3. Thir hoat tinh xic tac

Céc chat xiic tdc Co-Mo/AlLO; da duge diéu
ché bang cich tim dong thoi dung dich mu6i
(NH,)¢Mo0,0,, va Co(NO,), trén cac chit mang
da di€u ché. Sau d6 tién hanh sdy & 105°C trong

22-03-05#047 - MauBoshmite

n (Cps)

Li

2-Theta - Scale

Hinh 2: Phé RXD ctia boehmite

Tir hinh 2 ta thdy boehmite két tinh t6t, cac
dudng 1o nét, dudng nén tuong déi phang, cic
pic cao, r0 nét, khong cé pic la ching td
boehmite c6 do tinh khi€t cao. Boehmite nay
dugc nung & 450°C trong 5 gio tao ra y-Al,Os.

2 gio roi nung trong dong khong khi & 500°C
trong 5 gio. Trude khi tién hanh phan tng, xic
tdc duoc sulfua héa duéi dong N, va H,/H,S &
450°C trong 1 gio. Ti€p theo, phan ting Water-
Gas-Shift duoc tién hanh trén 300 mg xic tac &
450°C va toc do dong cua nuée, CO va N, tuong
tng 1a 7, 7 va 14 ml/phit. San phdm cta phéan
ting dugc phan tich bang sic ky khi trang bi
detector TCD. Chat xtc tac ddi ching la xdc tac
Co-Mo/Al,O; cong nghiép nhap ngoai tir Trung
Quoc ¢6 dién tich bé mat rieng 103 m?*/g, chia
6% MoO;.

11 - KET QUA VA THAO LUAN

1. Nhom oxit thu duoc bang phuong phap két
taa
Qué trinh tao boehmite tinh thé chiu 4nh
hudng cuia nhiéu yéu t6 nhu: pH clia moi trudng,
nhiét do phan ting, téc do khudy tron, thoi gian
gia héa v.v. Qua qua trinh khao sat, ching t6i da
xdc dinh duoc céc diéu kién t6i wu dé tao ra
boehmite 1a: pH = 8 - 9; nhiét do phan tGng axit
héa : 80 + 90°C; t6¢c do khudy: 200 vong/phit;
thoi gian gia héa: 2h; nhiét do sdy: 110°C; thoi
gian sdy: 4 h.
Céc két qua phan tich cau tric cua Boehmite
béing pho nhiéu xa Ronghen dugc thé hién trén
hinh 2.

in (Cps)

L

|

Buz T

Hinh 3: Phé RXD ctia mau Al,0,-01

“j

2-Theta - Scale

Két qua phan tich céu trdc cia mau y-AlO;
(ALO; - 01) dugc mo ta trong hinh 3. Qua phé
Ronghen cla y-Al,O; ta thidy boehmite da
chuyén héa thanh y-Al,O, va ham luong y-Al,O,
1a khé cao (> 94%). Két qua do dién tich bé mat
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riéng theo phuong phiap BET cho thay y-Al,O,
thu dugc c6 dién tich bé mat riéng dat 214 m*/g.
Biéu d6 phan bo 16 x6p cla y-Al,O; trinh bay
trong hinh 4 cho thay duong kinh 16 x6p ctia vat
liéu nay phan bo trong khoang tir 40 - 90 A véi
cuc dai tai 50 A.

EuH Desapsion Cumubstive Pors Arsa
+ Curmvzive Pore Ama

4,

-
—

Pors Dameter (8]

Hinh 4: Phan b6 kich thuéc mao quan ctia mau
ALO,-01

2. Nhom oxit thu duoc bang phuong phap
sol-gel

Két qua chup phd nhiéu xa Ronghen cua
mau Al,0;-02 dugc trinh bay trong hinh 5. Nhu
vay, sau khi nung mau & 500°C trong 12 gio,
chiing ta thu dugc mau c6 cau tric vo dinh hinh.
Két qua nay hoan toan pht hgp véi cic két qua
da cong bo [19, 20]. Nhin chung, da dugc bao
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Hinh 5: Phé RXD cta méu Al,0,-02

Sau khi nung & 500°C, mau nhom oxit thu
dugc (A1,0,-02) c6 dién tich bé mat rieng BET
480 m*/g, thé tich 16 x6p trung binh (Vg 12 1,4
ml/g va dudng kinh 16 x6p nam trong khoang 40
- 70 A tap trung cht yéu & 50 A (hinh 8). Céc
két qua ma ching t6i thu dugc, nhin chung, tét
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cdo la dang y-AlL,O; xuat hién trong khoang
nhiét do 350 - 1000°C khi né dugc tao thanh tir
céc tién chat c6 cau tric tinh thé [21] hodc vo
dinh hinh [22].

Tién chat dang Boehmite/Tién chat dang vo

dinh hinh — y-Al,O; — §-ALO; —
0-Al,0; - a-Al,O4

Dai v6i mau cua ching toi, tién chat sdy o
80°C ¢6 céu tric vo dinh hinh (két qua chup pho
Ronghen khong chi ra & day) va khong phai la
boehmite. K&t qua nay hoan toan phu hop véi
két qua phan tich nhiét trong lugng va nhiét vi
sai ctia mau (hinh 6). Gian d6 phan tich nhiét
trong luong cho thdy khoi luong mau giam
khoang 40% trong qua trinh x@ ly nhiét. Trén
gian do, ta thdy cdc pic dac trung & nhiét do
84,97°C va 244°C. Pic ddu tién gén v6i su mat
khoi luong do viéc nha hap phu cia nudc hap
phu vat 1y va propanol. Pic dac trung tht hai &
nhiét do 244°C la pic toa nhiét tuong ung véi
viec mat cdc nhém alkoxit trong nhom
isopropoxit. Ngoai ra, cho dén 900°C, khong
quan sét thdy pic Gng v6i su chuyén pha cla
nhom oxit (tng v6i duong phan tich nhiét trong
luong khong d6i). Tuy nhién, khi ching toi tang
nhiét do0 nung mau dén 900°C, ching toi da
quan sat thdy su chuyén pha bat dau xdy ra
(hinh 7).

Hinh 6: Ph6é DTA ctia mau Al,0;-02

hon nhiéu so véi cac két qua da duge bao cdo
doi v6i cdc mau duge diéu ché bdi cing phuong
phédp sol-gel [19, 23], thudng cé dién tich bé
mit riéng nho hon 400 m*/g. Pac biét, so véi
mau doi ching 1a chét xdc tic Co-Mo/AlO;
nhap ngoai tir Trung Qudc, trong d6, chit mang



ALO; (ky hiéu Al,0,-04) chi c6 dién tich bé mat
riéng 12 103 m*/g, thé tich 16 xop 1a 0.31 cm’/g
va kich thudc 16 x6p phan bd trong khoang rong
(hinh 9). Tém lai, v6i cac tinh chat cdu tric wu

¥
d
.‘I
s 1 /)
fy T\
.L"J“ 'P‘L I
‘ﬂ*“l"" .'.IF\_ Y -Ll"'rt"'J !
W
_ﬂ-'L VWA __r(‘l‘J ‘wn.f‘-“'n"‘“ h'-u'u;_;'mn‘n,g
— T T -T= T g T —
0 20 40 60 80

2 Theta (Degree)

Hinh 7: Phé RXD cuia mau Al,0;-02 nung & 900°C
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Hinh 9: Phan b6 kich thudc mao quan
ctia méu dai ching (Al,05-04)

3. Nhom oxit thu dugc bang phuong phap sol-gel
¢6 str dung chat tao cau tric

Két qua phan tich su hap phu diang nhiét,
dién tich bé mat riéng va su phan bo kich thudc
mao quan ctia mau Al,0,-03 nung & cac nhiét
d6 khac nhau dugc trinh bay trong bang 1 va
hinh 10.

Puong ding nhiét hdp phu-nh4 hap phu clia
mau Al,05-03 (hinh 10) tao nén dudng cong tré
twong tng véi dudng dang nhiét hdp phu-nha

viét nhu vay, Al,O; diéu ché theo phuong phép
sol-gel hoan toan c6 thé sit dung lam chit mang
xtc tac hoic chat hap phu.
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Hinh 8: Phan b6 kich thuéc mao quan ctia
mau Al,0;-02

Bdng I: Anh huéng cla
nhiét do nung dén céu tric 16 x6p

Mau r%;/z Zrlr(; g;g Dis xeps
e | 401 | oss2 | s
00 T o | w
nuAiéoé(_)%gc 355 0,480 49

hép phu cuta vat liéu ¢6 cau tric 16 x6p trung
binh. Su hap phu déng nhiét trén cdc miu nung
¢ nhiét do 400°C, 500°C va 600°C cho thay khi
tang nhiét do nung, dién tich bé mat riéng giam
di (tir 401 m*/g sau khi nung & 400°C xuéng 355
m?/g sau khi nung & 600°C) va thé tich 16 x6p
gidm tr 0,552 cm®/g khi nung & 400°C xuéng
0,480 cm’/g khi nung & 600°C. Déng thoi,
duong kinh 16 x6p tang lén khi nhiét do nung
tang lén. C6 vé nhu viéc xur 1y nhiét it nhiéu c6
anh hudng dén cau tric 16 x0p cua cac vat liéu
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nay. Ching t6i so bo giai thich sy anh huong
ndy bai hai 1y do. Ly do thit nhét, ¢6 thé & nhiét
do6 nung thap, chit tao cau tric chua chay hét va
con nam lai trong cac 16 x6p 1am thay doi dudng
kinh 16 x6p. Khi tang nhiét do nung, qué trinh
chdy cua chét tao cdu tric dién ra hoan toan, lic
nay chiing ta s€ do dugc dudng kinh thuc cta 16
x0p. Ly do thit hai lién quan dén do bén cua vat
lieu. C6 thé khi nung & nhiét do cao, do céu tric
khong bén nén mot s6 thanh 16 x6p bi sap xuong
lam cho thé tich 16 x6p tang 1én va dién tich bé

400

N w
o o
o o

Quantity adsorbed (cm /g STP)
>
o

0 0,2 0,4 0,6 0,8 1

Relative pressure

Hinh 10: Pudng dang nhiét hap phu-nha hap
phu cua mau Al,O;-03 nung & 400°C
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Hinh 12: Pho nhiéu xa Ronghen trong viing géc
nho cta mau Al,O5-03 nung & 400°C

4. Tiém nang ung dung cua nhom oxit mao
quan trung binh cé trat tu

K&t qua thir hoat tinh xic tdc Co-Mo/Al,O,

(st dung cac chat mang nhom oxit khac nhau da
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mat riéng giam di. Nhiing van dé nay ching toi
s€ ti€p tuc nghién cttu va cong bo trong cong
trinh ti€p theo. Tuy nhién, uu di€ém néi bat clia
loai vat liéu nay la chiing cé su phan b6 duong
kinh 16 x6p trong khoang hep (hinh 11).

Hinh 12 trinh bay phé nhiéu xa Ronghen
ctia mau Al,0;-03 nung & 400°C & ving géc 20
nho. Trong ving nay, phd nhiéu xa clia miu chi
ra 3 pic. C4c phan xa & (100), (110) va (200) thé
hién cau tric 16 x06p 2D luc lang v6i nhém
khong gian P6mm.

0 5 10 15 20 25 30

Pore Radius (nm)

Hinh 11: Phan bo kich thuéc mao quan cua
méau Al,05-03 nung & 400°C
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Hinh 13: Ph6 nhiéu xa Ronghen clia mau 18%
MoO,/ALO,-02, 18% MoOJ/ALO,-03 va mu
d6i ching 6% MoO,/Al O,
A: Mau 18% Mo0O,/ Al,0,-02; B: Mau d6i chiing 6%
Mo0,/ALO;; C: Mau 18% MoO,/ALO,-03

diéu ch€ dugc) trong phan tng chuyén héa CO
v6i hoi nudc cho thdy cic xuc tic chia 18%
Mo0,/(Al,0;-02) va 18% MoO,/(Al,0,-03) déu
cho do chuyén héa CO cao gap 3 lan (do chuyén



héa 30%) so véi xtc tic doi ching chia 6%
MoO, (do chuyén héa 10%) tai cing diéu kién
phan tng. Di¢u d6 c¢6 nghia la ca ba chat xiic tic
déu c6 do chuyén héa bing nhau tinh theo mot
don vi khai lugng Mo. Quan sit bing phé nhiéu
xa Ronghen cua xic tic 18% Mo/Al,O; ching
t6i da khong nhan thdy pic cia MoO,. Diéu nay
ching to rang khong c6 mat cac khoi két tu clia
MoO; trén chat mang (hoac ¢6 nhung nhd dén
miic khong phdt hién dugc bing phé RXD -
hinh 13) va c6 kha nang MoO, chi tao thanh &
dang don 16p trén nhom oxit. Nhu vay, nhd cé
dién tich bé mat riéng 16n hon so vi nhom oxit
thong thudng nén cdc chat mang ndy cé thé
mang dugc nhi€u pha hoat tinh hon (dén 18%
MoO; so v6i 6 % trén xuc tac thuong mai). Dac
biét, chat mang nhom oxit mao quan trung binh
c6 trat tu c6 tiém nang ing dung rong rai tuong
duong su ing dung hién nay ctia nhom oxit diéu
ché bang phuong phép sol-gel.

IV - KET LUAN

Ba loai nhom oxit da duoc téng hop bang ba
phuong phdp hoan toan khéac nhau.

1. Phuong phap kinh dién 1a phuong phép
két tha cho phép chiing ta, sau khi nung tién
chat & 500°C, thu duoc y-Al,O; ¢6 cdu tric tinh
thé véi dién tich bé mat rieng 214 m?/g, véi
duong kinh 16 x6p phan bé trong khoang 40 - 90
A.

2. Phuong phép sol-gel cho phép thu dugc
nhom oxit ¢é cdu tric vo dinh hinh véi dién tich
bé mat rieng 480 m?/g, dudng kinh 16 x6p phan
bo trong khoang 40 dén 70 A va tap trung chl
yéu 650 A.

3. Phuong phdp t6éng hop c6 st dung chat
tao cau tric cho phép thu dugc nhom oxit cé ciu
tric mao quan trung binh c6 trat tu dang 2D luc
lang v6i nhom khong gian Pomm. Vat liéu nay
c6 dién tich bé mat rieng 401 m*/g va c6 dudng
kinh 16 x6p phan b6 trong khoang hep.

Phuong phép sol-gel va phuong phap sol-gel
c6 stt dung chat tao céu tric cho phép thu dugc
nhom oxit ¢ dién tich bé mét cao hon nhiéu so
v6i nhom oxit diéu ché bang phuong phép thong
thuong. Ngoai ra, nhdm oxit mao quan trung
binh c6 trat tu con c6 kich thuéc mao quan rat

dong déu. Vi vay, cdc vat liéu nay c6 tiém nang
tng dung rong rai lam chat mang xuc tac. R6
riang con dudng tong hop nhom oxit 1a budc ddu
tién ma tir d6 xac dinh cau trdc micro va macro
clia oxit va nho thé cho phép kiém sodt duoc cdc
diac tinh cta chiat mang. Lan dau tién cac
phuong phap sol-gel va phuong phép sol-gel c6
st dung chat tao c4u tric da duoc ap dung thanh
cong ¢ Viét Nam dé téng hop nhom oxit ¢ céc
tinh chat cdu tric uu viét hon cdc nhom oxit
tong hop bing phuong phép truyén thong.

Céc cong trinh nghién ctu sau vé su anh
hudng clia qua trinh téng hop dén tinh chat ciu
tric cia nhom oxit diéu ché bang phuong phap
sol-gel ¢6 st dung chat tao cau triic s€ dugc
cong bo trong cdc cong trinh ti€p theo.
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