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NGHIEN CCrU TONG HOP SPINEL NIKEN NHOM 
TREN NEN OXIT SILIC 
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NGUYEN KIM NG A', DANG KIM CHI' 

'Klioa Cong nghe Hod hgc, TrUdng Dgi hgc Bach khoa Hd Ngi 

^Vien Khoa hgc vd Cong nghe Moi trudng, Trudng Dgi hgc Bdch khoa Hd Ngi 

ABSTRACT 

Nickel aluminates spinel NiAl204 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 NiAl20JSi02 was 
completely produced at 800"C. The surface properties of the synthesized spinel were identified by 
nitrogen adsorption-desorption method. 

1 - MO D A U 

Ngay nay, nghien cim tdng hgp vat lieu cd 
kfeh thudc mao quan cd nano (nanoporous 
materials) da la mdt trong nhiing hudng nghien 
Cliu quan trgng ciia hoa hgc vat lieu, nhim tao ra 
cac vat lieu tien tie'n cd nhieu tfnh nang dac biet. 
Vat lieu oxit phiic dang spinel la mdt trong 
nhiing vat lieu dugc ttng dung nhiiu trong linh 
vitc xiic tac (lam chat xdc tac, cha't mang) [2, 3]. 
Di itng dung trong linh vuc xiic tic, ndi chung 
vat lieu cin cd bi mat rieng cao va do xd'p thfeh 
hgp. 

Nghien ciru tdng hgp va xac djnh cac tfnh 
chat ciia vat lieu spinel niken nhdm da dugc 
nhiiu nhdm nghien cilu quan tam. Spinel niken 
nhdm la xiic tic tdt cho nhieu phan irng xiic tac 
di the nhu: oxi hoi CO, hydroeacbon [4] va dac 
biet gin day dugc phat hien la xiic tie td't cho 
phan ling khir chgn lgc cac khf NO, [5]. De tang 
do bin nhiet, ben ca ciia xiic tac, cung nhu hoat 
tinh xiic tic thi viec phan tin chat xiic tac len 
chat mang la rit can thie't. Oxit silie dugc bie't la 
vat lieu cd do xd'p va cd bi mat phat trien (xd'p) 
va thudng dugc ilng dung lam chat mang, chat 
ha'p phu. Do dd, trong cdng trinh niy, vdi mue 

dfch phan tan spinel niken nhdm tren nen cha't 
mang la oxit silie, chiing tdi da sit dung ngudn 
silie la TEOS. Ve phuang phap tdng hgp vat 
lieu, chiing tdi da sit dung phuang phap sol-gel, 
vi qua trinh sol-gel cho phep trdn lin cac chit d 
quy md phan tir, do dd vat lieu tdng hgp se dugc 
hinh thanh d nhiet do tha'p, do tinh khiet cao, 
kfeh thudc hat min va bi mat rieng cao. 

11 - DIEU KIEN THUC NGHIEM 

Quy trinh dieu che vat lieu spinel niken 
nhom/SiOz 

Cac dung dich NiCNO,)̂  va A1(N0,), dugc 
trgn lin vdi nhau theo ty le nha't dinh, sau dd 
them dan dung dich TEOS vao hdn hgp tren sao 
ty le sd mol kim loai/sd mol Si la 1:4; 1:6; 1:8 
va 1:10. Budc tie'p theo, liy lugng chfnh xac the 
tfch cac dung dich HNO, dam dac, rugu 
CH5OH va nudc cat sao cho ty le: TEOS: 
HNO,: C2H,0H: HjO la 1: 0,1: 7: 15, cac dung 
dich nay dugc them tu tit vao dung dich cic 
mud'i. Hdn hgp thu dugc, dugc khua'y trdn diu 
cd gia nhiet tren may khuay tit cho de'n khi thu 
dugc he gel trong sud't. Gel dugc say d 80°C qua 
dem, chuyen thanh xerogel. Xerogel thu duac 
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duac nghiin min va nung d cac nhiet do khac 
nhau 700°C, 806°C va 900°C. 

Cac phuang phap nghien cufu ca'u triic vat 
lieu 

Phuang phdp phdn tich nhiet vi sai- nhiet trgng 
lugng 

Cac gian dd DTA va TGA cita miu xerogel 
(vdi ty le mol kim loai: Si la 1:6) dugc ghi tren 
may D'rA-50 va TGA-50H (Shimadzu, Nhat 
Ban), vdi tdc do gia nhiet 5°C/phut, vdi chat 
chuin la AI2O3. 

Phuang plidp nhieu xg Ranghen 

Cac gian dd nhiiu xa Ranghen ciia cac miu 
sau nung dugc ghi tren may nhiiu xa ke' 

Siemens D5005 (Diic), d'ng phat tia X vdi and't 
bang Cu, gdc quet bat diu tit 5° ke't thiic d 70°, 
gdc mdt budc quet la 0,03° thdi gian mdt budc 
quet Is. 

Phuang phdp dang nhiet hdp pint nita 

Mdt sd miu duac thuc hien do ha'p phu vat 
ly nita d 77 K, tren thie't bi ASAP 2010 
(Micromeritics, USA). Difa vao dudng dang 
nhiet, xac dinh dien tfch be •mat rieng va phan 
bd kfeh thudc mao quan ciia miu bang phuang 
phap BET va BJH (Barrett-Joyner-Halenda). 

Ill - KET QUA vA T H A O LUAN 

1. Ket qua phan tich nhiet vi sai va nhiet 
trong lugng 
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Hinh 1: Gian dd phan tfch nhiet vi sai DTA (a) va nhiet trgng lugng TGA (b) ciia miu xerogel 

Chung tdi chgn mSu vdi ty le mol cic ldm 
loai: Si la 1:6 di phan tfch DTA va TGA, ke't 
qua dugc trinh bay tren hinh 1. Tren dudng DTA 
(hinh la) thay xua't hien mdt hieu ilng thu nhiet 
d 86,42°C vdi cudng do manh, tuang ling vdi 
qua trinh tach nudc hap phu vat ly cd trong miu 
va kem theo su giam khd'i lugng tuang dd'i ciia 

miu ~ 38% (ghi tren dudng TGA, hinh lb). 
Hieu itng thil hai la toa nhiet, cue dai d 283,23°C 
vdi cudng do ye'u va rdng, tuang ilng vdi qua 
trinh phan huy cac hgp chat hitu ca trong 
xerogel vdi su giam khdi lugng khoang 15%. 
Hieu itng thii ba la hieu itng toa nhiet vdi cudng 
do ye'u tai 359,73°C, tuang itng vdi qua trinh 
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phan huy gd'c nitrat trong miu tao ra khf NO, 
[6]. Tren 450°C tren gian dd khdng ghi dugc 
hieu irng nao, dieu dd chitng td tren 450°C, bit 
diu xay ra phan ilng pha rin de hinh thanh nen 
pha tinh the spinel. 

2. Cac ket qua phan tfch XRD 

Nghien cicu su hinh thdnh spinel NiAl204 tren 
nen oxit silie 

Cic ke't qua nghien ciru trudc day ciia chiing 
tdi [5], cho tha'y nhiet do thfeh hgp de hinh 
thanh spinel NiAl204 la 800°C, do dd chiing tdi 
bat dau khao sat qui trinh nung miu tit nhiet 
700°C. Hinh 1 trinh bay cac gian dd XRD ciia 
cic miu tdng hgp vdi ty le mol cac kim loai/Si 
la 1:4, nung d cic nhiet do khac nhau 700, 800 
va 900"C. 

Ke't qua cho thiy, tren tat ca cac miu nung 
diu tha'y xua't hien mdt pic rdng d gdc 26 = 23°, 
la tuong irng vdi pha vo dinh hinh SiOj [1]. Hinh 

2a cho tha'y, vdi nhiet do nung la 700"C bat diu 
xuat hien cac pic phan xa vdi cudng do rat yeu 
ciia pha tinh the spinel NiAlzOj, tuy nhien trong 
he tdn tai pha chfnh la pha NiO, vi cic pic phan 
xa ciia NiO xua't hien vdi cudng do tuang dd'i 
(so sanh vdi pho chuan JCPDS 44-1159). Han 
nira, d 700°C tren gian dd khdng tha'y xuat hien 
cic pic dac trung cho AljO,, diiu dd cd the do 
pha AljO, tdn tai d dudi dang phan tan cao, hoac 
bi pha SiOj che lap. Trong diiu kien nay he cd 
cau triic gia spinel. De'n nhiet do nung la 800°C 
(hinh 2b) he chl gom pha tinh thi spinel 
NiAljOj (so sanh vdi phd chuin JCPDS 10-
0339), trong he khdng thay xuat hien pha NiO, 
ciing nhu AljO,. Tiep tuc tang nhiet do nung 
de'n 900°C, cac pic phan xa dac trung ciia pha 
tinh the NiAljOj trd nen nhgn han (hinh 2c), 
diiu dd chitng td pha spinel dugc ke't tinh td't 
han. Tir cac ke't qua tren, cd thi ke't luan nhiet 
do thich hgp de tdng hgp spinel NiAljOj tren 
nin oxit silie la 800°C. 

a) S(700) 

Hinh 2: Giin dd XRD ciia cic miu vdi ty le mol cac kim loai: Si la 1:4, nung d 
(a)700°C (S(700)); (b) 800°C (S(800)); (c) 900°C (S(900)) 

Nghien ciai dnh liudiig ciia hdm lugng Si de'n sU 
hinh thdnh spinel NiAhO^ 

De nghien cim anh hudng ciia ham lugng Si 
de'n qua trinh tdng hgp spinel, chting tdi khao 
sat bd'n miu tdng hgp vdi ty le mol cac kim 

loai/Si khic nhau la 1:10; 1:8; 1:6 va 1:4, nung d 
800°C de tim ra ham lugng Si thich hgp cho qua 
trinh tdng hgp spinel NiAl204 tren oxit silie 
Tren hinh 2 trinh bay cac gian dd XRD ciia cic 
miu tdng hgp vdi ty le mol cac kim loai/Si khic 
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nhau va nung d 800°C. Ke't qua cho thay, miu 
vdi ty le mol (NiAl)/Si = 1:10 d nhiet do nung la 
800°C, vin chua thiy xuat hien pha tinh the 
spinel NiAlzOj, ma chi tha'y xua't hien mdt pic 
rdng tha'y d gdc 20 = 22°, tuang itng la pha vd 
dinh hinh SiOz. Vdi ty le mol 1:8, tren gian dd 
bat dau xuat hien cac dudng phan xa cd cudng 
do thap dac trung cho spinel NiAljOj d cac gdc 
20 la 19; 31,5; 37; 45; 59; 65°. 6 diiu kien nay, 
tren gian dd cd mat pha tinh the NiO, vi tha'y 
xua't hien cic pic dac trung cho NiO d gdc 63 va 
43°, ddng thdi khdng thay cd mat AljO,. Diiu 
nay, chic hin do ALO, tdn tai dudi dang phan 
tan cao va bi che khuat bdi pha SiOj. Dd'i vdi 
cac miu vdi ty le mol (NiAl):Si la 1:6 va 1:4, 

chiing tdi thay cd su bie'n ddi ro ret, tren cac 
giin dd XRD (hinh 3b va 3a), thay xuat hien cac 
pic phan xa dac trimg cho NiAl204, ma khdng 
tha'y xua't hien cic pic cita NiO. Tit cac ke't qua 
tren cd the thay ring, ham lugng Si cd anh 
hudng ldn de'n qui trinh tdng hgp spinel 
NiAl204, ham lugng Si cang cao thi qua trinh 
hinh thanh spinel NLAI2O4 cang khd. Diiu nay 
cd le do, vdi ham lugng Si cao, chic han pha 
spinel hinh thanh da bi pha SiOz che phit hoac 
bao bge, nen tren gian do XRD khdng xuat hien 
cac pic dac trimg ciia pha spinel. Hoac cQng co 
the ham lugng Si cao, thi qui trinh khue'ch tin 
cua Ni'* va Al'* trong phan ilng pha rin tao 
spinel bi ngan can. 
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(b) S2(800) 

(a) SI(800) 

45 
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Hinh 3: Gian do XRD ciia cac miu vdi ty le mol ciia cac kim loai; Si khac nhau nung d 800°C: 
(a) 1:4 (Sl(800)); (b) 1:6 (S2(800)); (c) 1:8 (S3(800))'; (d) 1:10 (S4(800)) 

Cac miu vdi ty le mol (NiAl): Si la 1:6 va 
1:4 cho su hinh thinh pha NiAl204 hoan chinh, 
tuy nhien, miu vdi ty le la 1:6 cho cic pic cua 
spinel rgng va tha'p han mdt chiit so vdi cac pic 
tuang ling ciia pha spinel ciia miu vdi ty le 1:4. 
Do dd, de c6 kit luan vi ham lugng Si thich hgp 
dd'i vdi qua trinh tdng hgp, chiing tdi se nghien 
cim hai miu niy bing phuang phap hip phu vat 
ly nita. 

3. Cac ke't qua phan tfch cac dudng dang 
nhiet ha'p phu nha ha'p nita 

Chiing tdi tie'n hanh do ha'p phu vat ly nita 
ciia hai miu tdng hgp nung d 800°C vdi ty le 
mol (NiAl):Si la 1:4 va 1:6. Dien tfch bi mat 
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rieng ciia cac miu dugc: xic dinh bing phuang 
phip BET dua vao dudng ding nhiet trong 
khoang ap suit tuang dd'i (0,025 - 0,2). Phan bd 
kich thudc mao quan dugc tinh toan dua vao 
phan tfch nhanh nha ha'p cua dudng dang nhiet 
theo phuang phap BJH. Cac ke't qua phan tich va 
tfnh toan dugc trinh bay tren hinh 4 va 5. 

Cac ke't qua trinh biy tren hinh 3 cho thay, 
dudng ding nhiet ciia cac miu, tuang ilng vdi 
dang dudng dang nhiet kieu IV theo phan loai 
ciia lUPAC, nhu vay cac miu tdng hgp dugc dac 
trung bdi he mao quan trung binh. Cac vdng tri 
ciia ca hai miu tuang dd'i gid'ng nhau, ilng vdi 
dang vdng tri dien hinh kieu H,, dac trung cho 



mao quan hinh khe theo phan loai cila De Boer 
[7]. Dudng phan bd mao kich thudc mao quan 
cila cac miu tuang ddi sic net va tap trung, diiu 
dd chitng td kfeh thudc mao quan tren cac miu 
rat ddng deu, khoang 38 A dd'i vdi Sl(800) va 
44 A dd'i vdi S2(800). Ke't qua tinh loan dien 
tfch be mat rieng cung cho thay miu S2(800) cd 
kfeh thudc mao quan ldn han miu SI(800), nen 

dien tfch be mat ldn han, tuang fmg la 94 va 89 
mVg. Ke't hgp vdi cac ke't qua phan tich XRD, 
chiing tdi cd thi ke't luan ring ham lugng sd mol 
tdng cac kim loai: Si td'i uu cho qua trinh tdng 
hgp spinel NiAl204 tren nen oxit Si la 1:6. Chic 
han, day ham lugng Si thich hgp, ma cac hat 
spinel NiAl204 dugc phan tin tren nin pha vd 
dinh hinh SiO,. 

0.2 0.4 0.6 0.£ 

Ap suit tuang dfii, P/Po 

Hinh 4: Dudng ding nhiet hap phu nita ciia cac miu, nung d 800"C, 
a) vdi ty le mol cac kim loai: Si la 1:4 (Sl(800)); b) vdi ty le mol cac kim loai: Si la 1:6 (S2(800)) 

< 
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Kich thudc mao quan, A 

Hinh 5: Dudng phan bd kich thudc mao quan ciia cac miu, nung d 800°C, (a) vdi ty le mol cac kim 
loai: Si la 1:4 (Sl(800)); (b) vdi ty le mol cac kim loai: Si la 1:6 (S2(800)) 

IV - KET LUAN 

Chting tdi da tdng hgp thanh cdng spinel 
NiAl204 tren nen oxit silie bang phuang phap 
sol-gel, di tir ngudn silie la TEOS. 

Bang cac phuang phap phan tfch hoi ly 
DTA, TGA, XRD va ding nhiet ha'p phu nita 
cho phep khing dinh nhiet do thi'ch hap de tdng 
hgp NiAl204/Si02 la 800°C, vdi ty le mol kim 
loai (NiAl): Si tdi uu la 1:6, spinel/SiOj cd bi 
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mat rieng tuang dd'i cao, cd phan bd kich mao 
quan ddng deu. 

Ldi cam an: Cdc tdc gid xin chdn thdnh cdm an 
Hgi dong VLIR-HUT dd tdi trg cho cdng trinh 
thdng qua Du dn nghien cim AP07\Prj03\Nr05. 
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