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Abstract

Nano-material Co;04-ZrO, was preparated by Sol-Gel method with acid citric and polyethyleneglycol as ligands.
Characterisations of the obtained oxides were studied by therma analysis (DTA, TGA, DTGA), X-ray diffraction
(XRD) and Scanning Electron Microscopy (SEM). The resuls showed that by using of polyethyleneglycol as ligands we
can fabricate Co;04-ZrO, with small particle size in the range 7 - 10 nm and by the citrat sol-gel method we obtained

the sample with 20 - 25 nm particles.

1. PAT VAN BE

Khoa hoc v& xtic tic ngay mot phat trién manh
mé nho vao nhiing budc nhay vot trong cong nghé
ché tao vat liéu. Cong nghé nano da san sinh ra
nhiéu dic tinh méi cua xuc tac. Néu nhu trude kia
chung ta chi biét dén xtic tac enzym hay xtc tac
phuc 1a nhimg loai xtic tac lam viéc & didu kién mém
(nhiét do va ap suat thuong), thi ngay nay, cic nha
khoa hoc d3 c6 thé ché tao duoc nhitng xUc tac co
kha ning hoat dong o nhiét do rat thap (c& 30 -
50°C) nhu cac oxit CuO/MnO, c¢6 kich thuédce
nanomet [1], xic tic bing nano  vang
Au/Co;04/Ti0,...1am viéc ¢ nhiét 4o dudi 0 do [2].
Xét vé mat nang lugng, xic tac cang cd kha nang
lam viéc ¢ nhiét do cang thp thi cang c6 ¥ nghia
kinh té va thao tac cong nghé d& dang (vi vdy cang
lam ting hiéu qua kinh té), tranh dugc nhitng phan
ung phu sau phan Gng xtc tac. Nhitng xtc tac trén
nén kim loai qui nhu Au, Pt, Pd tuy c6 hoat tinh cao
nhung kha dit tién. Chinh vi vdy, cic nha xuc tac
dang sang tao ra nhiéu phuong phap ché tao méi
nhim cai thién hoat tinh xtc tac cia cac xlc tac
bang oxit kim loai truyén thong. Lam ting hoat tinh
xUc tac, giam nhiét d§ hoat dong cua xuc tac 1a mot
trong nhitng hudng nghién ctu cua nganh xuc tac
hién dai.

Mot trong nhing oxit kim loai by lau nay lu6n
dugc dung lam xic tac cho nhiéu qua trinh hoa hoc
do 1a Coban 0x1t Cac 0x1t coban Co,Oy co thé xuc
tac cho mot s6 phan mg tong hop hitu co, dic biét,
no6 c6 thé xuc tac cho phan tmg chuyén hoa cac khi
thai doc hai nhu CO, CHy, VOC.... Tuy nhién, cac
oxit nay voi kich thudc micromet cé hoat tinh xuc
tac & nhiét d6 cao (trén 300°C) [3 - 6]. Nhiing cong
trinh gan day cho thiy oxit coban véi kich thuéc
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nanomet va duoc tich hop voi nhimg nguyén t6 thich
hop tao ra nhitng vt li¢u hén hop thé hién tinh oxi
hoa ¢ nhiét d6 kha thap (c& 150 - 250°C) [5, 7] va
d6i khi c6 kha ning xic tac cho ca phan ing chuyén
hoa NOy (phan tmg DeNOy) [8].

Déi véi vat liéu nano, tinh chét cua vat liéu phu
thudc nhiéu vao kich thude va hinh thai hoc cua hat
nano. Va diéu dé lai phu thudc vao cong nghé ché
tao vat liéu. Co nhiéu phuwong phap ché tao ra cac
hat nano. Trong d6, phuong phap sol-gel vdi nhitng
chat tao phtrc khac nhau 1a mot phuong phap hiru
hiéu dé c6 thé diéu chinh cong nghé nham tao ra
nhitng hat nano c6 kich thudc theo ¥ mudn.

Trong bai bao nay, chiing t6i s& trinh bay cac két
qua nghién ctru vé cong nghé ché tao cac hat nano
Co30, — ZrO, bang phwong phép sol-gel véi chit tao
phure 1a axit xitric va polyetylenglycol nham chon
duoc cong ngh¢ t6i wu dé tao ra xuc tac C03;04~ZrO,
klgh thuéc nanomet cé thé hoat dong & nhiét do
thap.

2. HOA CHAT VA THIET BI

- Cac hoa chit st dung trong thi nghiém
Co(NOs),.6H,0, Zr0OCl,.8H,0, axit xitric
CeHsO7.H,O (Cit) , polyetylenglycol (PEG),
NH4OH, CH;COOH, c6 d6 sach PA.

- Céc thiét bi st dung: tu hat, may khudy tir gia
nhiét, may do pH, ti say va 1o nung cé chuong trinh
nhiét dg.

- Phan tich nhiét trén may Shimadzu DTA-50 va
TGA-50H;

- Phan tich c4u trc tinh thé trén may nhiéu xa
ke D-5000.
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- Xac dinh kich thuéc hat bang may SEM
Hitachi S-4800;

- Nghién ctru hoat tinh xtc tac bang may chuyén
dung Landcom II.

3. PHUONG PHAP TONG HOP VA
NGHIEN CUU

3.1. Phuwong phép tong hop

- Téng hop chét bang phuong phap sol-gel véi
chat tao phuc la axit xitric (Cit) va polyetylenglycol
(PEG).

3.2. Cac phwong phap nghién ctiru

- Phuong phép phén tich nhiét (DTA -phén tich
nhi,ét vi sai, TGA :nhiét lghéi lwong, DTGA-nhiét
khoi luong vi sai) d€ tim hi€u qua trinh hoa 1y xay ra
trong khi xtr Iy nhiét doi véi gel tien chat.

- Phuong phap nhidu xa tia X (XRD) dé phan
tich cau truc vat liéu.

- Phuong phap kinh hién vi dién tir quét SEM dé
xac dinh kich thudce hat;

- Nghién ctru hoat tinh xuc tac bang phuong
phép dong khong doi.

3.3. Qui trinh ché tao vt liéu

Can va hoa tan cadc tinh thé mudi
Co(NO;),.6H,0 va ZrOCl,.8H,0 bing nudc cét voi
ty 1€ Co : Zr =7:3, sau d6 thém dung dich chét tao
phuc la Cit. hoac PEG sao cho ty 1€ [Cit/PEG]:
Y [M™] = 3. Dung dich dugc khudy déu va gia nhiét
bing may khudy tir & nhiét do tir 70 - 80°C trong 4 -
5 gio, dong thoi diéu chinh pH dung dich 6n dinh
khoang 4,0 bang dung dich NH,OH /CH;COOH.
Sau 4 - 5 gio thé tich dung dich tré nén trong sudt 1a
Gel - tién chat cua oxit phirc hop. Chia Gel thanh hai
phan dé nghién ciru.
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Nghién ciru ché tao cong nghé..

+ Phan mét dugc dem phan tich nhiét dé quan
sat su bién d6i vé khdi luong va cac hi€u rng nhiét
xay ra voi gel. Dya vao gian d6 nhiét, chung t6i tién
hanh xt 1y nhiét d6i v6i phan Gel con lai nhu sau.

+ Phén hai dugc sy kho trong khong khi ¢ 70 -
80°C trong 12 gio chuyén thanh xerogel kho mau
ndu. Chia xerogel thanh nhiéu phan va nung tai cac
nhiét d6 khac nhau (tir 350 - 1000°C) dé nghién ctru
tinh chat vat liéu. Cac miu sau khi nung déu duoc
nghién min va st dung dé nghién ctru phd nhidu xa
tia X, anh SEM va hoat tinh xuc tac.

4. KET QUA VA THAO LUAN

4.1A. Két qua phan tich DTA,TGA va DTGA ciia
gel xitrat

Hinh 1 14 gian dd phan tich nhié¢t DTA, TGA va
DTGA ciia gel v6i ty 18 mol Co*":Zr* = 7:3 va
[Cit]: Y [M"] = 3 duoc ghi trong khoang nhiét do tur
25°C dén 700°C véi tbe do gia nhiét 1a 10°C/phut
trong khong khi. Chiing ta thdy nhu sau:

+ Tir 25°C dén 120°C trén duong DTA (hinh 1a)
thdy chii yéu 1a hiéu tng thu nhiét ciing voi sy giam
khoi luong 6,892% mau chi ra trén duong TGA
(hinh 1b). Chung t6i cho ring didu nay twong tng
V&1 su bay hoi nudc c6 mat trong Gel.

+ Tir 120°C dén 370°C ta thdy c6 hiéu tmg toa
nhiét kha manh ¢ 365,07°C trén duong DTA (hinh
la), trén duong DTGA c6 hai hi¢u Gng téa nhiét ¢
251,87°C va 283,06°C, va tuong (mg v&i cac hiéu
ung nay chi ro hon trén duong TGA (hinh 1b) tuong
mg véi sy giam 77,48% khdi lugng miu. Sy giam
khéi luong nay co thé 1a do su chay cua xerogel,
phirc hitu co va ca mudi nitrat.

+ Tir 400°C dén 700°C khong quan sat thdy hiéu
mg nhiét trén duong DTA va khdi luong ciia mau
ciing gan nhu khong doi (TGA va DTGA).
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Hinh 1: Gian d6 phan tich nhiét ciia mau gel citrat véi ty 16 Co*":Zr*'=7:3

4.2A. Két qua phan tich nhiéu xa tia X

Cac mau san phém duoc phan tich nhiéu xa tia X

(XRD) trén may SIEMENS D5005 vé6i ché do do
nhu sau:
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+ Goc quay 26 tir 20 + 70°.
+ Téc do 0,03%/gidy, 40 kV - 40 mA.
+ Andt Cu, Acy (Ko) = 1,54056 A.

Tran Thi Minh Nguyét va song sw

Hinh 2 (a, b, ¢, d) 1a phé XRD ciia miu di nung
twong ung & cac nhiét d¢ 350, 500, 700 va 1000°C
trong 4 gio.
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Hinh 2: Gian d6 nhidu xa tia X ciia mau Co>":Zr*" = 7:3 nung 350, 500,700, 1000°C

Phé XRD cta miu nung & 350°C (hinh 2a) cho
théy san phém thu duoc c6 mot phén tinh thé va mot
phan v6 dinh hinh. Trong d6 tinh thé Co;0, & dang
Cubic véi cac ho mat mang c6 d = 2,856; 2,432;
2,023; 1,554 va 1,426 tuong tmg véi goc 20 1a 31,2%
36,8%; 44,8%; 59,4° va 65,2°, con tinh thé ZrO, & dang
Tetragonal 1an Orthorhombic véi cac ho mit mang
c6 d = 2,958; 2,544; 2,253; 1,824 va 1,806 tuong
tmg véi goc 20 1a 30,2°% 35,2 40°%; 49,8° va 50,6".
V6i miu nung & 500°C (hinh 2b) cac tinh thé oxit
van ¢ dang nhu trén nhung hat tinh thé c6 kich
thude 16n hon, khéng con pha vé dinh hinh. Phd
XRD ciia mau nung & 700°C va 1000°C tuong ung

trén hinh 2c va 2d cho thdy Co;0,4 van ¢ dang Cubic,
71O, chi ton tai & don pha Baddeleyite vdi cac ho
mat mang c¢6 d = 3,682; 3,157; 2,839; 1,844; 1,820;
1,696; 1,645 va 1,581 tuong ung vdi goc 26 1a 24,20;
28,2 31,5% 49,2% 50,2% 54°% 55,7° va 58,3°. Két
qua XRD cho théy véi su tang nhiét do nung cac hat
coban oxit va zircon oxit chi tron 1an vao nhau ma
khong tao pha oxit phuc hop.

4.3A. Két qua phén tich bang phwong phap kinh
hién vi dién tir quét SEM
Hinh 3 1a két qua do SEM clia mau nung tai 350,
500, 600, 700 va 1000°C trong 4 gio.

3d

3e

Hinh 3: Anh SEM ctua mau Co*":Zr*" = 7:3 nung &
350 (3a), 500 (3b), 600 (3c), 700 (3d) va 1000°C (3e)

Két qua cho thay xerogel nung & 350°C (hinh 3 a)
va 500°C (hinh 3b) van ¢ dang khoi mang véi nhiéu
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hinh thu khac nhau. Hinh 3¢ cho thdy miu nung &
600°C da hinh thanh cac hat tach biét rd rang vai
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kich thudc tir 20 dén 25 nm.

Hinh 3d cho thdy hat nung & 700°C ¢4 kich
thuée tr 30 - 50 nm, cdc hat khd dong déu.‘O
1000°C (3e) kich thudc hat da ting 1én rat nhiéu,
duong kinh céc hat trong khoang 100 - 200 nm.

Nhu Véy,"b?mg phuong phap Sol-Gel citrat,
chung ta c6 thé nhan duo’g vat liéu nano Co304,~Zr0,
vo1 kich thudce ~'[1I 20 dén 200 nm phu thudc vao
nhiét d6 nung mau twong ung tir 600 dén 1000°C.

4.1B. Két qua nghién ctru qua trinh xir 1y nhiét
gel PEG
Chung t6i d3 ché tao ba loai gel voi PEG:
i) Co(NOs), + PEG
i1) ZrOCl, + PEG
iii) Co(NO;), + ZrOCl, + PEG

Thanh phan Gel c¢6 ty 1& mol Co*" : Zr*" = 7: 3.
Gian dd phan tich nhiét (DTA) cia ba loai gel trén
duogc ghi trong khoang nhiét do tir 25°C dén 1000°C
v6i toe d6 gia nhiét 1a 10°C/phuat trong khong khi va
lan luot dugc thé hién trén hinh 4a, 4b va 4c.
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Nghién ciru ché tao cong nghé..

+ Tir 25°C d&én 100°C thay c6 mot hiéu Gng thu
nhiét & 54,02°C trén tt ca cac duong DTA 4a, 4b,
4c lién quan t6i sy bay hoi nudc cé6 mat trong gel.
Ngoai ra, trén duong 4a c6 cac hi¢u ung tod nhiét &
251,57°C, 307,34°C va 428,61°C, hinh 4b c6 céc pic
tuong tng ¢ 245,11°C, 365,34°C va 440,59°C, con
trén hinh 4c ching ta quan sat thiy cac hiéu tng
nhiét & 192,94°C, & 337,03°C va kha manh ¢
450,62°C. So sanh thanh phan Gel va cac ving xay
ra cac hiéu ung nhiét chung t6i cho rang hiéu tng
toa nhiét ¢ dai nhiét do tir 192°C dén 252°C 1a do
phan du ctia PEG va cac mudi v6 co phan hiy; dai
nhiét d6 300°C dén 350°C lién quan t&i qua trinh
chay cac hop phan chtra Zr va hiéu Gmg nhiét trong
dai nhiét 46 360°C dén 450°C 1a sy pha v& lién két
phuc Co voi PEG.

Quan sat phd DTA (hinh 4c) va DTGA/TGA
trén hinh 4c’ ctia mau hdn hop Co va Zr ching ta
thdy twong tmg véi cac hiéu ung nhiét da chi ra ¢
trén 1a su giam 90,913% khdi luong. Sy xuét hién
cac pic nay 1a do sy phan huy theo phan tng ddt
chay 1an lugt PEG, phic Zr v6i PEG va phirc Co voi
PEG.
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Hinh 4a: Gian @6 DTA cta mau Gel-PEG voéi thanh phan
Zr+PEG (a), Co+PEG(b) va Co*":Zr*'=7:3+PEG (DTA- ¢; DTGA/TGA-¢’)
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+ Tir 500°C dén 1000°C trén phd DTA (4c)
khéng quan sat thiy hiéu tmg nhiét, twong tng véi
su thay d6i khdi luong rit it trén phd TGA (4¢”).
Trong khoang nhiét d¢ nay c6 thé da hinh thanh cac
oxit bén ving.

4.2B. Két qua phan tich nhiéu xa tia X

Cac mau Co: Zr véi ty 1é 7:3 duoc diéu ché theo
quy trinh trén, nung & 400, 500, 600, 700 va 1000°C
trong 4 gio dem phén tich XRD cho két qua nhu sau.

300F
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Cps
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00 K
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Nghién ciru ché tao cong nghé...

Hinh 5a 1a gian d6 XRD ciia mau nung tai 400°C
va 5b 1a cua miu nung tai 600°C cho thy tinh thé
Co05;0, ¢ dang Cubic va ZrO, dang Tetragonal (vdi
cac ho mit mang tinh thé va goc quay 26 giéng nhur
trong hinh 2). Mau nung 700°C (hinh 5c¢) thi Co;0,
dang Cubic con ZrO, ¢ 2 dang Baddeleyite va
Tetragonal. Mau nung 1000°C (hinh 5d) thi coban
oxit & 2 dang CoO va Co;04 cOon ZrO, ¢ dang
Baddeleyite.

d.
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Hinh 5: Gian db nhidu xa tia X ctia cic mau bot voi ty 16 Co?":Zr*" = 7:3 nung
tai 400 (a), 600 (b), 700 (c) va 1000°C (d)

Ciing gidng nhu trong qua trinh xur 1y gel-xitrat,
khi xtr Iy Gel-PEG ngay ca khi nung dén 1000°C thi
san pham van 1a hdn hop 2 oxit tron 1in ma vin
khong tao nén pha oxit phirc hop.

4.3B. Két qua phan tich bang kinh hién vi dién tir
quét SEM

Mau san pham diéu ché theo qui trinh trén dugc
nung & 400, 500, 600, 700 va 1000°C r6i phan tich

SEM v6i d6 phong dai tir 100 dén 200.000 1an cho
két qua nhu sau (hinh 6).

Anh SEM tir hinh 6a cho thay bot nung & 400°C
da hinh thanh hat tinh thé rd rang véi kich thudc tir 7
dén 10 nm va céc hat khong két dam, dbi véi mau
nung 500°C (hinh 6b) c6 kich thuéc hat ¢& 10 dén
12 nm, mau nung 600°C (hinh 6¢) tao hat khoang 15
nm.

6d

6e
Hinh 6: Anh SEM ctia mau Co”":Zr*" = 7:3 nung & 400 (a), 500 (b), 600 (c), 700 (d) va 1000°C (e)
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Nghién ciru ché tao cong nghé..

Khi ting nhiét d6 nung mau 1én 700°C (hinh 6d) thi kich thudc hat kha dong déu, c¢& 20 dén 25 nm,
con miu nung & 1000°C (hinh 6e), giéng nhu trudng hop tdng hop Gel véi citric, chung ta lai thiy su co cum
ctia cac hat nho va tao thanh nhitng hat Ién hon tir 70 d&én 130 nm.

Nhu vay, bﬁng cach st dung PEG nhu chét tao phtrc khac vai Cit, khi tang nhiét do nung tir 400°C
dén 1000°C, vat liéu nhan dugc ¢ dang hat tinh thé bén viing vai kich thudc nhé tuong tmg tir 7 nm dén 130
nm. So sanh véi két qua trong tai li¢u da cong bd, chung t6i d2 nhan duoc vat li¢éu nano Co3;04-Zr0O, ¢ kich
thudc Xé.p X1 béng kich thudc vt liéu cung loai ma cac nha cong ngh¢ Thai Lan ché tao dugc [9].

Bang I: Sy phu thudc tinh chat hat vao nhiét d6 nung mau va chét tao phtc

Mau ché tao bang phuwong phap Sol-Gel Mau ché tao bang phwong phap Sol-Gel
Nhiét do Citrat Polyethyleneglycol
nun% mau, Dang tinh thé (xéac Kich thugc hat (nm) Dang tinh thé (xac | Kich thudc hat (nm)
C dinh bang phuong (xac dinh bang dinh bang phuong (xac dinh bang
phap XRD) phuong phap SEM) phép XRD) phuong phap SEM)
CO304- Cubic
ZrO,-tetragonal
350 +Orthorhombic Chua 16 13
+vo dinh hinh arorang ) )
- A .
400 Co03;04- Cubic 710
ZrO,-tetragonal
CO304- Cubic
ZrO,-tetragonal s, Co0304- Cubic
500 +Orthorhombic Két dam ZrOy-tetragonal 10-12
CO304- Cubic CO304- Cubic
20-2 1
600 Zr0O,- Baddeleyite 0-25 ZrO,-tetragonal >
. Co0304- Cubic
C0304- Cubic
700 o . 30-50 Zr0,-Baddeleyite 20-25
ZrO,- Baddeleyite
+tetragonal
Co050;- Cubic Co030,4- Cubic
1000 . 100-200 . 70-130
ZrO,- Baddeleyite ZrO,- Baddeleyite
5.KET LUAN to hon 6n dinh phu hop véi qui luat ning lwong cuc

1. Bang phuong phap sol-gel v6i chat tao phirc
1a citric hodc polyetylenglycol co thé ché tao dugc
hon hop oxit Co;04,~Zr0O, cé kich thudc nanomet
v6i nhiét d6 nung tuong ddi thap dudi 600°C.

2. Kich thuéc hat, dang tinh thé phu thudc vao
diéu kién nhiét do ché tao mau va dic biét phu thude
vao ban chit cua chat tao phirc. Trong d6, véi chét
tao phuc 1a PEG chung ta co thé nhan dugc vat lidu
c6 kich thudc nhé ¢& 7 nm ngay & nhiét do nung
mau 400°C, con véi chét tao phuc 1a Cit thi can nung
mau téi 600°C méi nhan dugc tinh thé n dinh
nhung véi kich thude 16n hon (20 - 25 nm).

3. Khi nhiét d6 nung mau tang thi kich thudc hat
tang, cac hat nho c6 xu hudng két dam tao nhiing hat
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tiéu cua hé.

4. Vat liéu Co304~ZrO, kich thudc nanomét hira
hen kha niang xuc tic t6t cho phan tmg oxihoa
hydrocacbon va cac hop chét hiru co d& chay. Nhiing
nghién ctru vé van dé nay s& duoc trinh bay trong
nhitng cong trinh sau.

Céng trinh dwoc hé tro kinh phi tir dé tai dc lip
cdp nha nude, linh viee nghién ciru co ban-dinh
huong wung dung giai dogn 2009-2012, ma
$6:3/2/742/2009/HDD-PTPL.
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