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TOM TAT

Pigment hé Ni,Zn, ,AL,O4 (x = 0, 0,3, 0,5, 0,7 va 1) duoc tong hop bang phuong phép tao
phirc chat hitu co kim loai trung gian. Cac ki thuét tiéu chuan nhu TG, XRD, SEM, dugc sir
dung dé nghién ciru cdu tric va tinh chit ciia cic mau pigment téng hop duge. Cau tric spinel va
d6 bén nhiét cua san pham thu dugc tir két qua phan tich phd nhidu xa tia X. Pigment hé Ni,Zn,.

(AL, tong hop dugc c6 thé g dung trong nhiéu nganh cong nghiép.

Twr khoa: spinel, polymeric precursor, pigment Ni,Zn; ,Al,Oj.

1. GIOI THIEU

Chat mau v6 co kich thudc nano véi cau tric spinel 14 nhitng chat khong tan, c6 tinh tro
véi cac dicu kién vat 1i va hdéa hoc. Do vay duoc st dung lam chat nén hodc chat két dinh, dac
biét voi kich thudce hat nho hon 100 nm [1].

Trong cong nghiép, chit mau vO co duge su dung nhiéu trong cdc linh vyc nhu nhuya,
polyme, son, myc, thuy tinh hay ) gom str [2]. Chat mau véi kich thudc nano da va dang dugc
céc nha khoa hoc quan tdm, ¢4 rt nhidu nghién ciru véi nhirng h¢ chat mau vo co khac nhau nhu
hé cordierite, mullite, spinel....H¢ mau trén tinh thé nén spinel duoc st dung rong rai do co
khoang mau rong va do bén nhiét cao.

Téng quan tai liéu cho thiy rang, c6 rat nhiéu phuong phép dé téng hop spinel. Phuong
phap tong hop spinel truyén thong 1a phan ng & pha ran. Phuong phép nay thuc hién don gian
nhung doi hoi nhiét d6 phan tmg cao khoang trén 1200 °C san pham thu dugc do két tinh khong
cao, kich thude hat 16n va khong déng déu [3, 4]. Pé tim cdch khic phuc nhitng nhugc diém cua
phuong phép trén di c6 nhiéu phuong phép tong hop ra doi nhu phuong phép sol-gel [5],
phuong phdp thuy nhiét [6], phuong phdp chdy ¢ nhiét do thap [7, 8, 9]... Phuong phdp sol-gel
va polyol dua trén tién chét hiru co kim loai dugc tmg dung hiéu qua do phan ung ddng thé,
nhiét d¢ phan Gng hinh thanh pha spinel thap, kich thudc hat c6 thé dat téi nanomet, sy phan bo
kich thudc hat trong khoang hep va san phdm spinel ¢6 do tinh khiét cao [6, 10].
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Muc dich ciia bai bdo nay 1a tong hop pigment hé spinel Ni,Zn; xALOy4 bang phuong phép
tao phirc chét hitu co kim loai trung gian. Phuong phdp tong hop nay c6 sy hinh thanh polyme
ma ¢ d6 cdc cation kim loai phén bb ddng déu trong chudi do do6 céc cation s€ phén b6 t6t hon
trong san pham spinel cudi cling. Céc cation héa tri ba dwgc ndi vong cang véi axit citric, cation
héa tri hai vdi etylen glycol. Hai hdn hop nay phan tng véi nhau hinh thanh polyester [4,11,
13]. Pigment Ni,Zn;  ALO4 téng hop theo phwong phdp trén thuc hién ¢ nhiét d6 thip hon
phuong phép truyén thng, pigment dat dugc 1a kich thudc hat nanomet.

2. THUC NGHIEM
2.1. Quy trinh téng hop spinel Ni,Zn; ,ALO,

Spinel NiZn;,AlL,O, tong hop theo phuong phdp tao phtic chét hiru co kim loai trung
gian, dugc md ta nhu hinh 1.

AI(NO3);.9H,0 @ Zn(NO;),.6H,0 Ni(NO;),.6H,0
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Hinh 1. Quy trinh téng hop spinel Ni,Zn, (Al,O,.

~ Can luong xac gﬁnh axit citric va nhom nitrat AI(NO3);.9H,0 hoa tan vao nudc sau dé
khuay bang mdy khuay tir gia nhiét & 80 °C trong 1 gi0. Nickel nitrat Ni(NO;),.6H,0O va kém
nitrat Zn(NOs),.6H,O hoa vao etylen glycol vdi ti 1€ s6 mol cta 2 cation Ni va Zn lan luot la
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0:1; 0,3:0,7; 0,5:0,5; 0,7:0,3; 1:0. Khudy trén may khuay tir gia nhiét & 80 °C trong 1 gid.
Sau mét gio tron hai dung dich trén vao nhau va tiép tuc khuay thém 2 gio dong thoi gia nhiét tir
tir 1én 300 °C. Phirc chét thu dwoc & dang gel mang say & 350 °C trong 2 gio voi téc do ting
nhiét 10 do/phiit. Phirc chat sau khi sdy kho6 ¢ dang x6p, cho vao mdy nghién bi trong vong 30
phiit, sau d6 dem nung & cc nhiét d can khao sit. San pham dugc khio sét cdc tinh chét va
thong s6 mang bang phuong phap nhidu xa tia X (XRD) két hop véi sy hd trg tinh toan ctia phan
mém Origin Pro 8.0.

2.2. Céc thiét bi phan tich va nguyén liéu

Céc thiét bi chinh st dung trong quy trinh tong hop pigment va phén tich két qua c6 thé dé
cdp lalo nung nhiét do tdi da 1300°C (Nabertherm GmbH, model L5/11/B170, Germany), may
khudy tir gia nhiét (ARE., VELP. Scientifica srl, Italy), may phan tich nhiét (NETZSCH STA
409 PC/PG. May nhidu xa tia X (Model. D8 ADVANCE, German, A = 1,540596A) trang bi
ngudn CuK,, géc quét 20 = 20+80°, budc quét 0,03%step. Kich thudc hat ciia mau duge xdc dinh
bang phwong phdp SEM trén kinh hién vi dién tir quét JEOL-JSM-74010F.

Hod chat sur dung trong nghién ciu nay la AI(NO;);.9H,0, Zn(NO;),.6H,0,
Ni(NOs),.6H,0O (Merck, 99 %), axit citric (Trung Quéc, 99,5 %) va etylen glycol (Trung Quéc,
95 %).

3. KET QUA VA THAO LUAN
3.1. Két qua phén tich nhiét

Phirc chét trung gian tuong Ung voi mau Ni,Zn; ,ALO, (x = 0,5) dugc téng hop theo
quy trinh trén sau d6 dem nghién bang may nghién bi trong 30 phiit rdi thyuc hién phan tich nhiét
(TG).
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Hinh 2. Gian @6 phan tich nhiét cuia phirc cht trung gian tuwong tng véi hé Niy sZnysAL,Oy

Trén hinh 2 12 két qua phén tich nhiét ctia phirc chat (mg véi hé NipsZngsAlLO,. O nhiét do
khoang 400 °C + 500 °C xuat hién sy giam khdi luong 16n, ddy la khoang nhiét d6 phan hiy
phirc trung gian tao thanh pha spinel. Téi khoang 800 °C thi khong con hi¢u ung giam khdi
lugng nita. Nhu vy pha spinel c¢6 thé bat d¢au hinh thanh ¢ nhiét do 600 °C va khi nhiét d6 16n
hon 800 °C pha spinel hinh thanh hoan chinh.
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Tu do6 chiing t6i tién hanh khao sat nhi¢t @6 hinh thanh pha spinel hé Ni,Zn; ,Al,O, (x =
0,5) 6 600 °C, 700 °C, 800 °C va 900 °C.

3.2 Két qua phan tich nhiéu xa tia X - XRD
3.2.1. Khdo sdt theo nhiét do nung
Céc mau hé Ni,Zn, ,Al,O, vdi x = 0,5 dugc téng hop theo quy trinh trén véi nhiét 46 nung &

600 °C, 700 °C, 800 °C va 900 °C duogc phén tich bang phuong phiap XRD, két qua trinh bay
trong hinh 3.
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Hinh 3. Gian dd XRD ciia hé Ni,Zn, ,Al,O4 v6i x = 0,5; (a) Phd chuén, (b) Mau nung ¢ 600 °C,
(c) Mau nung & 700 °C; (d) Mau nung & 800°C , (¢) Mau nung & 900 °C.

Két qua cho thay mau nung & 600 °C céc pic ddc trung ctia cAu triic tinh thé spinel da hinh
thanh vé6i cudng do tuong ddi ro rét (so sanh véi phd chuan ZnAl,0, ICCD 741136 va NiALO,
ICCD 100339). Vi tri 20 = 31,263° 36,837° 44,798% 55,640°; 59.340°, 65,216° 77,318"%
78.144°.

Mau nung & nhiét d6 600 °C va 700 °C tuy cau triic tinh thé spinel da hinh thanh nhung van
con xuét hién nhiing pic ctia NiO & vi trf 20 = 37,250°; 43,298°% 62,896°, 75,437°; 79,432°. Mau
nung téi 800 °C thi nhitng pic ciia NiO di bién mat. Mau nung & 800 °C va 900 °C nhiing pic dic
trung cua cAu trdc tinh thé spinel thu dugc rd nét. Nhu vay nhiét do cao hon thi do tinh thé ot
hon va tai nhiét d6 600 °C da hinh thanh pha spinel.

3.2.2. Khao sdt kich thuéc tinh thé ciia hé Ni,Zn; AlL,O,

Spinel NiXan_xAIZO4 duoc téng hop Vq(')'i X = 0; 0,3; 0,5; 0,7; 1 va nhiét do nung 900 °C
dugc do XRD dé xac dinh kich thudc tinh the, két qua trinh bay trong hinh 4.
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Hinh 4. Gian &6 XRD ciia hé Ni,Zn, ,Al,O, & nhiét do nung 900 °C/2 gio.
(a) ZHA1204, (b) Nio,3ZHO,7A1204, (C) Nio,5ZHO,5A1204 . (d)Ni0,7Zno,3A1204, (e)N1A1204

Tir két qua phén tich XRD xdc dinh kich thudc tinh thé dya vao phuong trinh Scherer [13].
0.94
Bcosé
trong d6: D 1a kich thuéc tinh thé, A 1a chiéu dai budc 2 séng, B 1a chiéu rong tai vi tri ¥4 chiéu
cao cua pic va 0 1a vi tr pic. St dung phan mém Origin va tinh todn theo phwong trinh Scherer
d6i voi mat phang [311]. Két qua duoc trinh bay trong bang 1.

Bang 1. Kich thudc tinh thé hé Ni,Zn, ,Al,O4 & nhiét d6 nung 900 °C/2 gid.

He 20 B D (nm)
ZnAlLO, 37,0770 | 001104 | 132
NigsZnosALO, | 36,8586 | 0,00657 | 222
NiosZnosALO, | 36,9080 | 0,00632 | 23,1
Nig:Zng;ALO, | 36,9007 | 0,00674 | 245
NiALO, 433378 | 0,00593 | 252

Dua vao két qua trén, nhén thdy rang vay kich thudc tinh thé thay d6i trong khoang 13,2
nm dén 25,2 nm. Két qua tinh todn nay ciing twong do6i pht hop voi két qua chup bang kinh hién
vi dién tir quét — SEM.
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Hinh 5. Anh SEM ctia miu Ni,Zn,_Al,O, v6i x = 0,5 nung 900 °C/2 gio.

3.2.3. Khio st dd bén nhiét

. C4c mau h’é Ni’xanl_xAlezt VOl X = 035 dl}(_)c nung & cic ché do khac nha:u dé kiém tra do
bén nhiét, sy bien doi cau tric pha tinh thé. Mau nung ¢ 900 °C, 1200 °C va mau nung ¢ 900 °C
sau d6 nung lai & 1200 °C. Két qua phan tich XRD ctia 3 mau trén dugc trinh bay trong hinh 6.
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Hinh 6. Gian 4 XRD ctia hé Ni,Zn, ,ALO, v6i x = 0,5 Nig sZnsAL,04 () Ph chudn, (b) Miu nung &
900 °C/2 gio, (¢) Mau nung & 900 °C/2 git sau nung lai & 1200 °C/2 gio, (d ) Mau nung & 1200 °C/2 gio.

Dua vao két qua trén cho thiy khi nung mau lai ¢ nhiét d6 1200 °C va miu nung truc tiép &
nhiét d6 nay c6 cau triic tinh thé ciia spinel khong thay d6i so v6i mau nung & 900 °C, khic biét
nho 12 & nhiét 6 cao hon thi cudng do cic pic cia mau nung & 900 °C hoi thap hon. Diéu nay c6
thé gii thich 12 do & nhiét d cao su két tinh t6t hon, do tinh thé cao hon. Khi nhiét d6 ting c6
su thiéu két nén kich thudc hat 16n hon do d6 céc pic sic nét va c6 cuong do 16n hon.

4. KET LUAN
Pa tong hop hé Ni,Zn,,ALO, (x = 0; 0,3; 0,5; 0,7; 1) bang phuong phdp tao phirc chat

hitu co kim loai trung gian. Két qua phan tich XRD chi ra ¢ 600 °C da hinh thanh rd pha tinh thé
cau tric spinel.

604



Nghién ctru tdng hop pigment Ni,Zn,.Al-O, kich thwéc nanomet

Tinh thé spinel tao thanh c6 do 6n dinh nhiét cao.
Xic dinh dwoc kich thude tinh thé tir 13,2 - 25,2 nm tir két qua phén tich XRD gan véi kich

thudc xdc dinh dugce tir két qua chup SEM.

Pigment hé spinel Ni,Zn,Al,O4 c6 kich thuéc nano cé thé ung dung duoc trong nhiéu

nganh cong nghiép.
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ABSTRACT

SYNTHESIS OF NANOSIZED Ni,Zn, (Al,O, PIGMENT

Pham Thi Sen’, Huynh Ky Phuong Ha

Faculty of Chemical Engineering, Ho Chi Minh City University of Technology, Vietnam
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Nanosized Ni,Zn;Al,O4 (x = 0, 0.3, 0.5, 0.7 and 1) pigments were prepared using the
polymeric precursor method and characterized by TG, XRD and SEM techniques. The XRD
patterns were obtained to analyze the spinel structure and also thermo-stability of product. These
facts reveal that synthesized NiyZn; ,Al,O, is a promising system that can be employed into
many fields of industry.

Keywords: spinel, pigment Ni,Zn, 1Al,O4, polymeric precursor.
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