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NGHIEN CUU TONG HOP SPINEL NIKEN NHOM
TREN NEN OXIT SILIC

PénToa soan 3-01-2008

NGUYEN KIM NGA'!, DANG KIM CHI?
'Khoa Coéng nghé Hod hoc, Truong Pai hoc Bach khoa Ha Noi
*Vién Khoa hoc va Cong nghé Moi truong, Truong Pai hoc Bach khoa Ha Noi

ABSTRACT

Nickel aluminates spinel NiALLO, in the silica glassy matrix was prepared through insitu sol-
gel reaction. The influence of temperature and the molar ratio of metals to Si on the formation of
the spinel were investigated. The DTA, TGA and XRD analyses showed that NiAl,O,/SiO, was
completely produced at 800°C. The surface properties of the synthesized spinel were identified by

nitrogen adsorption-desorption method.

- MO PAU

Ngay nay, nghién ctu téng hop vat liéu c6
kich thuéc mao quan c& nano (nanoporous
materials) da la mot trong nhitng huéng nghién
ctu quan trong cua hod hoc vat liéu, nham tao ra
cédc vat liéu tién ti€n c6 nhiéu tinh nang dac biét.
Vat liéu oxit phic dang spinel la mdt trong
nhiing vat liéu dugc ing dung nhiéu trong linh
vuc xtc tadc (lam chat xuc tac, chit mang) [2, 3].
Pé tng dung trong linh vuc xuc tac, néi chung
vat liéu can c6 bé mat riéng cao va do xop thich
hop.

Nghién cttu téng hop va xdc dinh cdc tinh
chat clia vat liéu spinel niken nhom da duge
nhiéu nhém nghién citu quan tam. Spinel niken
nhom 1a xdc tac tét cho nhi€u phan tng xic tic
di thé nhu: oxi hoa CO, hydrocacbon [4] va dic
biét gan day duoc phét hién la xdc tdc tot cho
phan tng khir chon loc céc khi NO, [5]. Dé ting
do bén nhiét, bén co cua xic tdc, cling nhu hoat
tinh xdc tac thi viéc phan tan chat xdc tic 1én
chat mang 1a rat can thiét. Oxit silic dugc biét 1a
vat liéu c6 do x6p va c¢6 bé mat phat trién (x6p)
va thuong dugc tng dung lam chat mang, chat
hip phu. Do do, trong cong trinh nay, v6i muc

dich phan tén spinel niken nhom trén nén chat
mang la oxit silic, ching toi da si dung nguon
silic 1a TEOS. Vé phuong phdp téng hop vat
liéu, ching t6i da st dung phuong phép sol-gel,
vi qué trinh sol-gel cho phép tron 1an cac chat &
quy mo phan tir, do d6 vat liéu téng hop s& dugc
hinh thanh & nhiét do thap, do tinh khiét cao,
kich thudc hat min va bé mat riéng cao.

I - PIEU KIEN THUC NGHIEM

Quy trinh diéu ché vat liéu spinel niken
nhom/SiO,

Céac dung dich Ni(NO;), va AI(NO;); dugc
tron 14n v6i nhau theo ty 1& nhat dinh, sau dé
thém dan dung dich TEOS vao hén hop trén sao
ty 1& s6 mol kim loai/s6 mol Si la 1:4; 1:6; 1:8
va 1:10. Buéc tiép theo, l1dy luong chinh xdc thé
tich cic dung dich HNO; dam dic, ruogu
CH;OH va nuGc cit sao cho ty lé: TEOS:
HNO;: C;H;OH: H,0O 1a 1: 0,1: 7: 15, c4c dung
dich nay dugc thém tir tir vao dung dich cac
mu6i. Hon hop thu duge, duoc khudy tron déu
c6 gia nhiét trén may khudy tir cho dén khi thu
dugc hé gel trong sudt. Gel duoc sdy 6 80°C qua
dém, chuyén thanh xerogel. Xerogel thu dugc
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dugc nghién min va nung & cic nhiét do khac
nhau 700°C, 800°C va 900°C.

Cac phuong phap nghién citu cau tric vat
liéu

Phuong phdp phdn tich nhiét vi sai- nhiét trong
luong

Céc gian d6 DTA va TGA ctua mau xerogel
(v6i ty 1& mol kim loai: Si 1a 1:6) duogc ghi trén
mdy DTA-50 va TGA-50H (Shimadzu, Nhat
Ban), v6i t6c do gia nhiét 5°C/phdt, vGi chat
chuén 1a Al,O,.

Phutong phdp nhiéu xa Ronghen

Céc gian d6 nhiéu xa Ronghen cua cdc mau
sau nung dugc ghi trén mdy nhiéu xa ké&

Siemens D5005 (buc), 6ng phat tia X v6i anot
bing Cu, goc quét bat ddu tir 5° két thic & 70°,
g6c mot budc quét 1a 0,03° thoi gian mot bude
quét Is.

Phuong phdp ddng nhiét hdp phu nito

Mot s6 méiu dugc thuc hién do hap phu vat
Iy nito 6 77 K, trén thi€t bi ASAP 2010
(Micromeritics, USA). Dua vao dudng ding
nhiét, xdc dinh dién tich bé mat riéng va phan
bo kich thudc mao quan ctia mau bang phuong
phép BET va BJH (Barrett-Joyner-Halenda).

111 - KET QUA VA THAO LUAN

1. Két qua phan tich nhiét vi sai va nhiét
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Hinh 1: Gian d6 phan tich nhiét vi sai DTA (a) va nhiét trong lugng TGA (b) ciia mau xerogel

Chidng t6i chon mau véi ty 1& mol cic kim
loai: Si 1a 1:6 dé phan tich DTA va TGA, két
qua dugc trinh bay trén hinh 1. Trén duong DTA
(hinh 1a) thdy xudt hién mot hiéu tng thu nhiét
G 86,42°C v6i cuong do manh, tuong tng véi
qua trinh tich nuGc hdp phu vat 1y cé trong mau
va keém theo su giam khoi luong tuong doi cla
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mau ~ 38% (ghi trén duong TGA, hinh 1b).
Hiéu ting thit hai 1a toa nhiét, cuc dai & 283,23°C
v6i cuong do yéu va rong, tuong ung vGi qua
trinh phan huy cidc hop chat hitu co trong
xerogel véi su giam khoi lugng khoang 15%.
Hiéu tng thi ba 1a hiéu Gng toa nhiét véi cudng
do yéu tai 359,73°C, twong tGng véi qua trinh



phan huy goc nitrat trong mau tao ra khi NO,
[6]. Trén 450°C trén gian d6 khong ghi duoc
hiéu tng ndo, diéu dé chiing to trén 450°C, bat
diu xay ra phan tng pha rin dé hinh thanh nén
pha tinh thé spinel.

2. Cac két qua phan tich XRD

Nghién cuu su hinh thanh spinel NiAlL,O, trén
nén oxit silic

Céc két qua nghién ciu truée day cua chiing
toi [5], cho thay nhiét do thich hop dé hinh
thanh spinel NiAl,O, l1a 800°C, do d6 chiing toi
bat ddu khao sit qud trinh nung mau tir nhiét
700°C. Hinh 1 trinh bay céc gian d6 XRD cua
céc mAiu tong hop véi ty 1¢ mol cdc kim loai/Si
la 1:4, nung & cac nhiét do khac nhau 700, 800
va 900°C.

Két qua cho thay, trén tat ca cic miu nung
déu thay xuat hién mot pic rong & géc 26 = 23°,
la twong tng v6i pha vo dinh hinh SiO, [1]. Hinh

2a cho thay, véi nhiét do nung 1a 700°C bat dau
xudt hién céc pic phan xa véi cuong do rat yéu
clia pha tinh thé spinel NiAlLO,, tuy nhién trong
hé ton tai pha chinh 1a pha NiO, vi céc pic phan
xa cta NiO xuat hién vé6i cuong do tuong doi
(so sanh v6i phé chuin JCPDS 44-1159). Hon
nita, & 700°C trén gian do khong thay xudt hién
céc pic dic trung cho AlLO;, diéu d6 c6 thé do
pha Al O, ton tai & dudi dang phan tdn cao, hoic
bi pha SiO, che 14p. Trong di€u kién nay hé c6
cdu tric gia spinel. Dén nhiét do nung 1a 800°C
(hinh 2b) hé chi gébm pha tinh thé spinel
NiALO, (so sanh v6i phé chuian JCPDS 10-
0339), trong hé khong thay xuat hién pha NiO,
ciing nhu ALO,. Ti€p tuc tang nhiét do nung
dén 900°C, cédc pic phan xa dac trung cua pha
tinh thé NiAl,O, tré nén nhon hon (hinh 2c),
diéu do6 chiing té6 pha spinel dugc két tinh tot
hon. Tir cdc két qua trén, c6 thé két luan nhiét
do thich hop dé téng hop spinel NiAlLO, trén
nén oxit silic 1a 800°C.
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Hinh 2: Gian d6 XRD cua cac mau véi ty 1é mol cédc kim loai: Si 1a 1:4, nung &
(2)700°C (S(700)); (b) 800°C (S(800)); (c) 900°C (S(900))

Nghién citu dnh hudng ciia ham luong Si dén su
hinh thanh spinel NiALO,

Dé nghién ctu anh hudng ctia ham luong Si
dén qua trinh téng hop spinel, ching toi khéao
st bon miu tong hop vé6i ty 1é mol cic kim

loai/Si khac nhau 1a 1:10; 1:8; 1:6 va 1:4, nung &
800°C dé tim ra ham lugng Si thich hop cho qué
trinh téng hop spinel NiALO, trén oxit silic.
Trén hinh 2 trinh bay cdc gian d6 XRD cua cic
méu téng hop vdi ty 1é€ mol cdc kim loai/Si khac
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nhau va nung & 800°C. Két qua cho thdy, mau
véi ty 1&€ mol (NiAl)/Si = 1:10 & nhiét do nung 1a
800°C, vin chua thdy xuat hién pha tinh thé
spinel NiAL,O,, ma chi thdy xuat hién mot pic
rong thdy & géc 20 = 22°, tuong ung la pha vo
dinh hinh SiO,. Véi ty 1& mol 1:8, trén gian do6
bat ddu xuét hién cdc dudng phan xa c6 cudng
do thdp dac trung cho spinel NiAl,O, & cic goc
20 12 19; 31,5; 37; 45; 59; 65°. O diéu kién ndy,
trén gian d6 c6 mat pha tinh thé NiO, vi thdy
xudt hién cac pic dac trung cho NiO & goc 63 va
43°, dong thoi khong thdy c6 mat Al,O,. Diéu
ndy, chic hian do ALO; ton tai dugi dang phan
tdn cao va bi che khuit boi pha SiO,. Déi véi
cdc mau véi ty 1& mol (NiAl):Si 1a 1:6 va 1:4,

ching t6i thiy c6 su bién ddi 16 rét, trén céc
gian d6 XRD (hinh 3b va 3a), thdy xuat hién cac
pic phan xa dac trung cho NiAl,O,, ma khong
thay xuét hién cac pic ctia NiO. Tur cac két qua
trén c6 thé thdy rang, ham lugng Si c6 anh
huong 16n dén qud trinh tong hop spinel
NiAl,O,, ham lugng Si cang cao thi qué trinh
hinh thanh spinel NiAl,O, cang khé. Diéu nay
c6 1& do, v6i ham lugng Si cao, chic han pha
spinel hinh thanh da bi pha SiO, che phu hoac
bao boc, nén trén gian d6 XRD khong xudt hién
cdc pic dac trung cua pha spinel. Hoac ciing ¢6
thé ham luogng Si cao, thi qud trinh khuéch tan
ca Ni** va AI’* trong phan tng pha rin tao
spinel bi ngan can.
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Hinh 3: Gian d6 XRD cuia cdc mau vdi ty 1€ mol cta céc kim loai: Si khac nhau nung & 800°C:
(a) 1:4 (S1(800)); (b) 1:6 (S2(800)); (c) 1:8 (S3(800)); (d) 1:10 (S4(800))

Cac mau v6i ty 1& mol (NiAl): Si la 1:6 va
1:4 cho su hinh thanh pha NiAl,O, hoan chinh,
tuy nhién, miu véi ty 1é 1a 1:6 cho céc pic cta
spinel rong va thdp hon mot chit so véi céc pic
tuong ting ctia pha spinel ctia mau véi ty 1€ 1:4.
Do do6, dé c6 két luan vé ham lugng Si thich hop
doi v6i qud trinh tong hop, chiing toi s& nghién
ctu hai miu nay bing phuong phéap hap phu vat
1y nito.
3. Cac két qua phan tich cac duong dang

nhiét hap phu nha hap nito

Ching to6i ti€n hanh do hap phu vat 1y nito
ctia hai mau téng hop nung & 800°C vdéi ty 1&
mol (NiAl):Si 1a 1:4 va 1:6. Dién tich bé mat
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riéng clia cdc miu dugc xé4c dinh bang phuong
phdp BET dua vao dudng dang nhiét trong
khoang ap sudt tuong doi (0,025 - 0,2). Phan bs
kich thuéc mao quan dugc tinh toan dua vao
phan tich nhanh nha hap clia duong dang nhiét
theo phuong phap BJH. Cé4c két qua phan tich va
tinh todn dugc trinh bay trén hinh 4 va 5.

Cidc két qua trinh bay trén hinh 3 cho thay,
duong ding nhiét clia cdc miu, tuong tng véi
dang duong dang nhiét kiéu IV theo phan loai
ctia IUPAC, nhu vay cdc miu téng hop dugc dic
trung bdi hé mao quan trung binh. Cic vong tré
clia ca hai mau tuong d6i giong nhau, Gng véi
dang vong tré dién hinh kiéu H,, dic trung cho



mao quan hinh khe theo phan loai ctia De Boer
[7]. Pudng phan bé mao kich thuéc mao quan
clia cdc mau tuong do6i sac nét va tap trung, diéu
d6 chiing to kich thuéc mao quan trén cic mau
rat doéng déu, khoang 38 A dsi véi S1(800) va
44 A doi véi S2(800). Két qua tinh todn dién
tich bé mat riéng ciing cho thdy mau S2(800) c6
kich thuéc mao quan 16n hon mau S1(800), nén

dién tich bé mat 16n hon, tuong tng 1a 94 va 89
m?/g. Két hop véi cdc két qua phan tich XRD,
ching t6i c6 thé két luan rang ham lugng s6 mol
tong cac kim loai: Si t6i uu cho qua trinh téng
hop spinel NiAlLO, trén nén oxit Si 1a 1:6. Chic
han, day ham luong Si thich hgp, ma cac hat
spinel NiALO, dugc phan tin trén nén pha vo
dinh hinh SiO.,.

90

N
=

(]

= 60 |

<=

a,

=¥

S

<

=

L 30

8=

0 ! ! ! !
0 0.2 04 0.6 0.8 1
Ap suét tuong dbi, P/Po

Hinh 4: Pudng dang nhiét hdp phu nito ctia cic miu, nung & 800°C,
a) voi ty 1& mol céc kim loai: Si 1a 1:4 (S1(800)); b) véi ty 1& mol céc kim loai: Si 1a 1:6 (S2(800))
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Hinh 5: Puong phan bd kich thuéc mao quan ctia cic mau, nung & 800°C, (a) vdéi ty 1é mol cdc kim
loai: Si la 1:4 (S1(800)); (b) véi ty 1& mol cdc kim loai: Sila 1:6 (S2(800))

IV - KET LUAN

Chiing t6i da tong hop thanh cong spinel
NiALO, trén nén oxit silic bang phuong phap
sol-gel, di tir nguon silic 1a TEOS.

Bang cdc phuong phdp phan tich hod Iy
DTA, TGA, XRD va dang nhiét hdp phu nito
cho phép khang dinh nhiét do thich hop dé téng
hop NiALO,/SiO, 1a 800°C, véi ty 1& mol kim
loai (NiAl): Si t6i uwu 1a 1:6, spinel/SiO, c¢6 bé
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mat riéng tuong ddi cao, c6 phan bo kich mao
quéan doéng déu.

Loi cam on: Cdc tdc gid xin chdn thanh cam on
Hoi dong VLIR-HUT dd tai tro cho cong trinh
thong qua Dy dn nghién citu APO7\PrjO3\Nr05.
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