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TONG HOP CHAT MAU XANH COBAN Co:Mgi~AL:Os
DUNG TRONG GOM SU BANG PHUONG PHAP PECHINI
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Tém tat. Bai bao trinh bay qua trinh téng hop chdt mau xanh coban Co:Mgi+ALOx (x = 0,1+0,9) theo
phuong phap Pechini. Céc déc trung ctia san pham chat mau duwoc xac dinh boi phuong phép nhiéu xa
tia X (XRD), phan tich nhiét (TG-DSC), hién vi dién t& quét (SEM), cuong d6 mau do trén hé toa d6 CIE
L*a*b*. Phoi liéu chdt mau Co:Mgi-+Al20s duoc nung thiéu két 6 1100 °C trong 60 phut. San pham thu
duoc c6 pha don tinh thé€ MgALOs va d§ két tinh cao. Cuong d¢ mau xanh ting dan theo ham luwong
Co? thay thé Mg? trong mang luéi spinel MgAL:Os. Cac mau men chay déu, béng lang, mau séc twoi
sang; khong xudt hién bot khi va cac khuyét tat va dat yéu cau trong san xuét gom stt.
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Abstract. In the present paper, the cobalt blue ceramic pigments with formula Co:Mgi-+Al204
(x = 0,1+0,9) with the spinel structure of MgAl:Os were synthesized using the Pechini process. The
resulting powders were characterized using X-ray diffraction (XRD), scanning electron microscopy
(SEM), and CIE L*a*b* color measurement. The results show that the pigments calcinated at 1100 °C for
60 minutes provide a single phase of spinel with a high degree of crystallinity. The blue color intensity
increases gradually with the amount of substituted Co?* ions. The resulting pigments meet industrial
requirements in terms of physicochemical characteristics.
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1 Mo dau lan lwot chiém cac hdc tit dién va hoc bat dién cta
phan mang lap phwong tam mat ctia anion O%;

Khoéng spinel tu nhién va nhan tao c6 cong spinel thuoc nhom khéng gian Fd3m [1]. Do ¢6 cau

thitc chung AB20s, trong do cac cation A% va B¥ tric tinh thé bén ving, spinel c6 do bén co, bén
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nhiét va bén hda cao nén ching dwgc st dung rong
rai trong cac linh vye nhiét do cao nhw chdt mau
cho gbm s, vat liéu ti tinh, xtc tac cho cac phan
tng dehydrat, hidro hoa, v.v. [2-4]. Ddc biét, c6 thé
thay thé dong hinh céc ion A%, B* bang céac ion c6
dién tich va kich thwdc twong duwong, tao thanh
dung dich ran thay thé. Vi thé&, pham vi tng dung
cua chung cang phong phu [5]. Tinh thé spinel
CoALlOs c¢6 mau xanh coban (cobalt blue) dac
trung, c6 d6 bén nhiét cao, bén trong mdi truong
axit va kiém, bén d6i voi anh sang va duoc st dung
pho bién lam chat mau cho cac nganh cong nghiép

san xudt nhwa, son, kinh va men gém st [6, 7].

Trong cong nghiép, spinel CoAl:04 duoc
tong hop chu yéu theo phuong phap gém truyén
thong, di tlr cAc nguyén lidu oxit & dang ran. Phdi
liéu duoc nghién tron co hoc nén kich thudc hat
16n, d6 dong nhat kém, nhiét d¢ nung tao pha
spinel cao (~1300 °C), thoi gian nung dai va san
pham khong c6 cau truc don pha [8]. D€ giam nhiét
dd nung, hién nay spinel dwgc tong hop theo
phuong phap héa wét, chu yéu gom: phuwong phap
vi nhil twong dao pha [2], Pechini [3, 7], thuy nhiét
[6], d6t chay [9], sol gel [10]. Trong phuong phap
Pechini, nguoi ta st dung cac tién chat dang
polime (polymeric precursor) hodc tién chat co kim
(organometallic precursor) cho phép cac cation A%
va B¥* phan bd dong déu trong toan bo khdi
polymer nén lam giam kich thwdc hat, tang do
dong nhat cua phoi liéu va ting dién tich bé mat
ti€p xtc cta cac chat phan tng nén phan tng pha
rén xay ra & nhiét d6 thap [3, 7, 11].

Trong bai bao nay, chung t6i trinh bay két
qua nghién cGu tong hop chdt mau xanh
CoxMgi1-+Al20s (x = 0,1+0,9) dung trong gém st theo
phuong phap Pechini, bang cach thay thé mot
phan Mg? trong spinel MgAL:O: bang Co?* nham
tao ra cac chdt mau xanh c6 cwong d6 mau khéac
nhau, dong thoi lam giam luwong coban st dung

trong san xuat chat mau.

2 Phuong phap

Chét nén spinel MgALOs duoc tong hop
theo phuong phép Pechini véi nguyén liéu dau la
Mg(NOs)2.6H20, AI(NOs)s.9H20, axit xitric va
etylen glycol (PA, Trung Qudc). Mg(NOs)2.6H20 va
Al(NO:s)3.9H20 duoc hoa tan trong dung dich axit
xitric sao cho ty 1é Mg?*/Al* bang 1/2, ty 1& mol axit
xitric/(Mg? + Al*) béng 2/1. Hon hop phan ting
dugc khudy trong 10 phat, sau d6 vira khudy vira
dun néng dén 70 °C, ti€p tuc thém etylen glycol vao
vdi ty 1& mol etylen glycol/axit xitric la 1/1. Qua
trinh polymer hoéa duoc tién hanh ¢ 95 °C trong 2—
3 gio cho dén khi thu duoc tién chat polyester. Phoi
liéu duoc sdy kho, nung so bd 6 600 °C trong 1 gio
d€ phan huy tién chat va d6t chay hét chat hitu co.
Sau d¢, phéi liéu duoc nghién min va nung thiéu
két o 800, 900, 1000 va 1100 °C (mau duoc ky hiéu
twong tng la PE800, PE900, PE1000 va PE1100); t6c
do6 nang nhiét 10 °C/phuat; thoi gian luu 1 gio; moi
truong khong khi va 10 nung Lenton (Anh). D€ so
sanh anh huong cua phuong phdp chuan bi phdi
liéu dén nhiét ¢ nung tao pha, ching t6i chuan bi
mau phdi liéu theo phuong phdp gém truyén
thong tr MgO va ALOs (PA, Trung Qudc); mau
dwoc nung ¢ 1100 °C (ky hiéu la GTT1100).

Chat mau mau xanh Co:Mgi-+Al:Os duoc
tong hop bang cach thay th& mot phan ion Mg
trong chat nén MgALO: bang
(tte Co(NO3)2.6H20, PA, Trung Qudc). D€ khao sat
anh huong cua ham luong ion Co? thay thé dén

ion Co?

ceong do mau cta san pham, ching t6i chuan bi 9
mau khao sat cé ty 18 mol Co?/Mg?* téng dan tir 1/9
dén 9/1 (ky hiéu ttr SCO,1 dén SCO,9, ty 1é mol (Co?*
+ Mg2")/AlP* bang 1/2, ty 1& mol axit xitric/(Co> +
Mg?* + Al*) bang 2/1. Quy trinh tong hop chat mau
duoc thuc hién tuong ty nhu tong hop chat nén
spinel MgALOs (Hinh 1).

Thanh phén pha tinh thé ctia san pham chat
mau duoc xac dinh bang phuong phép nhiéu xa tia
X (XRD) trén thiét bi Brucker D8 Advance (Dtrc),
dng phat tia X véi andt bang Cu c6 budc séng
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Hén hop phéi liéu
(Mg? + Co™)/AP* = 1/2
Axit citric/(Mg2 + Co + Al»*) = 2/1

Khud tie
Etylen glycol Pun néng 95°C

Saiy khé
Nung so bg 600°C/1,0 giey

Hdén hop oxit
(CoO + MgO + Al:O3)

l Nung thiéu ket 1100°C/1,0 gio

| Spinel CoxMg1xAl204

Hinh 1. So d6 tdng hop chat mau CoxMgi-+Al204 theo phuwong phép Pechini

Acuxa) = 1,5406 A. DO két tinh cua san phédm duoc
danh gia thong qua dai lwuong FWHM (Full width
at half maximum), duoc tinh tir dit liéu nhiéu xa tia
X . D€ du doan cac qua trinh hda ly xay ra khi nung,
tién chat spinel dwoc phéan tich nhiét (TG-DSC)
trén thiét bi Labsys TG/DSC Setaram (Phép). Hinh
thai va kich thudc hat ctia san pham spinel duoc
quan sat bang trén may hién vi dién tir quét (SEM)
trén thiét bi Jeol JSM 5410LV (Nhat Ban); mau duwoc
xtt ly bang phuwong phap pha platin.

Mau chit mau duoc duoc trang men trén
xuwong gach Op lat. Men c6 thanh phan theo khdi
lwong: 89% frit (loai PT101); 8,8% cao lanh; 0,1%
natripolyphotphat; 0,1% cacboxyl metyl xenlulo va
2% bdt mau. Cac mau gach sau khi trang men dwoc
nung ¢ 1170 °C trong 56 phut. Bot mau xanh coban
(hang Wanxing) hién dang stt dung tai cic nha may
san xuat gach 8p lat dwoc dung lam mau so sanh
(ky hiéu GM120). Cuong d6 mau ctia ctia cdc mau
men trén hé toa d6 mau CIE L*a*b* duwoc do trén
thiét bi Micromath Plus (hang Instruction, Anh).

Su khac nhau gitta 2 mau dugc xac dinh bﬁ“mg dai

luong AE = (ALY + (Aa)’ + (Ab)’ .
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3  Két qua va thao luan

3.1 Tdong hop chit nén spinel MgAl:04

Gian d6 phan tich nhiét TG-DSC ctia mau
tién chat spinel MgALO4 (Hinh 2) cho thdy: Khi
nung tit nhiét do phong dén 250 °C, trén duong
DSC xuat hién hiéu tng tda nhiét rdt manh tai 173
°C va d6 giam khdi lwong ctia mau twong tng la
42%. Day la qua trinh chay cta etylen glycol. Khi
tiép tuc tdng nhiét dd nung lén 550 °C, trén duong
DSC xudt hién cac hiéu ting toa nhiét tai 415 °C va
525 °C; d¢ giam khoi lugng trén duwong TG tng véi
giai doan nay la 38,7%. Day chinh la qua trinh d6t
chay polyester cta etylenglycol va axit xitric kem
theo d¢ l1a sy phan hiy mudi nitrat.
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Hinh 2. Gian d6 TG-DSC ctia mau tién chat spinel
MgAIOs4
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Khi nhiét d6 nung tang tir 550 °C dén 750 °C,
dwong DSC va TG c¢6 xu huéng di ngang, ching té
khong c6 qua trinh hoéa 1y nao xay ra trong khoang
nhiét d6 nay. Khi nhiét d6 nung dat 792 °C, trén
duong DSC xuat hién pic toa nhiét. Két hop voi
gian d6 XRD ctia mau PES00, c6 thé thdy rang day
la qua trinh tao mam tinh thé spinel. Pic téa nhiét
0 941 °C tuwong ung véi qua trinh két tinh cua
spinel. Tir két qua phan tich nhiét, nham tao diéu
kién thuan loi cho phan ttng tao pha spinel sau nay,
cac mau phéi liéu dwgc nung so bd & 600 °C va
nhiét 46 nung bat dau tao pha spinel MgALO: 1a
khoang 800 °C.

Gian d6 nhiéu xa tia X ctia cdc mau tdng hop
theo phuong phap Pechini va gdm truyén thong,
nung 6 cac nhiét do khac nhau duoc trinh bay &
Hinh 3. D&i v6i mau tdng hop theo phuong phap
Pechini, ngay ¢ nhiét d6 nung 800 °C (PE800), pha
spinel da hinh thanh, nhung mutc d6 két tinh con
thdp (cuong dd pic nhiéu xa thdp, d6 rong ntra
chiéu cao pic cuc dai con 16n). D6i voi mau tong
hop theo phuwong phap gdm truyén thong, mac du
nung ¢ 1100 °C (GTT1100) nhung chi xuat hién pic
nhiéu xa dic trung ctia MgO va Al:Os va pha spinel
chua hinh thanh. Nhu vay, c6 thé thdy ring
phuong phép chuan bi phoi liéu anh hwong rat 1on
dén nhiét do tao pha spinel. Phéi liéu dugc chuan
bi theo phuwong phap Pechini c6 su phan bd dong
déu gitra cac phan t, kich thudc hat phoi liéu nho
va dién tich bé mat ti€p xtc 16n, tao diéu kién thuan

loi cho phan ting pha ran [11].

Khi téng nhiét d6 nung ttr 800 dén 1100 °C,
cuong dd pic nhiéu xa dic trung cua spinel ctia cac
mau cac ting nhanh tir 65 dén 275 cps, gia tri
FWHM giam nhanh ttr 1,011 xudng con 0,357°
(Bang 1). Kich thuwdc hat tinh thé (D) tang nhanh ttr
8 dén 23 nm, chuiing to qua trinh két tinh cua spinel
xay ra manh liét trong giai doan nay. Mau PE1100
1a spinel MgAL:Os hoan toan don pha véi pic nhiéu
xa sic nhon tai cac gbc 20: 31,26°, 36,85°, 44,79°,
55,69° va 65,24° twong ting véi cdc mat mang (220),
(311), (400), (422) va (440) cta tinh thé spinel.

S: spinel (MgAIzod)
P: periclase (MgO)
C: corundum (a-Al,0,)
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Hinh 3. Gian d6 XRD cua cdc mau PE800, PE90O,
PE1000, PE1100 va GTT1100

Bang 1. Cuong d6 nhiéu xa, gia tri FWHM cta cac mau
sau khi nung & cac nhiét d6 khac nhau

MaAu FWHM (°) 1 (cps) D (nm)
PEC800 1,011 65 8
PEC900 0,770 105 11

PEC1000 0,547 148 15
PEC1100 0,357 275 23

3.2 Téng hgp chit mau

Thanh phén, céng thic hop thic cua cac
mau chat mau, hinh anh va ceong d6 mau cta cac
mau gach sau khi trdng men st dung chat mau da
tong hop duoc trinh bay ¢ Bang 2 va Hinh 4. Két
qua cho thdy tat ca mau men chay déu, béng lang;
khong xudt hién bot khi; khong xudt hién cic
khuyét tat nhu co men va ran men. Diéu nay ching
to chat mau tong hop bén nhiét, c6 sw phu hop tot
gitta xwong va men. Khi di tr mau SCO0,1 dén
SC0,9, gia tri L* giam dan tr 72,87 xudng 36,15;
mau ctia men chuyén dan tir tong sdng sang sac toi;
gia tri b* giam dan tr -18,77 xudng -39,06; mau
chuyén dan ttr mau xanh sang sang mau xanh muc.
biéu nay ching té6 ham luwong coban anh huong
dén cuong d6 mau xanh ctia san pham. Mau SC0,6
c6 gia tri AE bé nhat; mau siac ciia né gan tuong
dwong v6i mau GM120 cta hing Wanxing dang
duoc st dung hién nay tai cac nha mdy san xudt

gach Op lat cua Viét Nam.
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Béng 2. Ky hiéu mau, thanh phan phéi liéu va ceong d6 mau cta cidc mau khao sat

Ky I:iéu Ty 1& mol Céng thll’rc Cuodng do mau AE
mau Co*/Mg? hop thixc L* a* b*
5C0,1 1/9 Mgo9Co01A1204 72,87 -7,28 -18,77 43,91
5C0,2 2/8 Mgo,8C002A1204 64,69 -8,43 23,21 36,37
5C0,3 3/7 Mgo7Co03A1204 59,89 -8,33 —26,88 31,62
5C0,4 4/6 Mgo6Co04A1204 52,74 -9,96 -29,56 27,49
5C0,5 5/5 Mgo5C005A1204 46,76 -6,36 -32,58 20,68
5C0,6 6/4 Mgo,4Co06A1204 45,20 -1,21 -33,36 15,42
SCo0,7 7/3 Mgo3C007A1204 40,58 -6,19 -34,49 18,14
5C0,8 8/2 Mgo,2Co0sA1204 39,07 -4,37 -36,83 16,18
5C0,9 In Mgo1Co09ALO4 36,15 -3,52 -39,06 15,59
GM120 36,63 11,51 -34,94
Ghi cht: (L 0 + 100: den + tring, a*:+ + — dé + xanhluc, b* + + — vang + xanh muc),

Hinh 4. Mau gach trang men cac chat mau xanh coban CoxMg1-+Al20s va mau so sanh

Gian d6 XRD cta cac mau chat mau
Co:Mgi-+Al20s dugc trinh bay ¢ Hinh 5. Két qua
cho thay thanh phan pha tinh thé ctua chat mau la
don pha spinel; cc pic nhiéu xa ddc trung caa CoO
khong xuat hién. Diéu nay cho thay ion Co?* thay
thé da di vao mang ludi tinh thé cua spinel. Tuy
nhién, khi ham luong Co?* tang 1én tir mau SCO0,1
dén SCO0,9, cuong do nhiéu xa ctia cac pic nhiéu xa
déc trung cua spinel giam xudng, ching té6 phan
tng gitta 3 oxit CoO, MgO va ALOs xay ra kho
khan hon so véi phan ting gitta MgO va AL2Os.

DOI: 10.26459/hueuni-jns.v128i1C.5218
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Béng 3. Thong sd mang lwdi ctia cac mau chat mau

STT Mau dsu (A) a(A)
1 PE1100 2,439 8,089
2 5C0,1 2,440 8,093
3 5C0,2 2,441 8,096
4 5C0,3 2,442 8,099
5 SC0,4 2,443 8,103
6 5C0,5 2,444 8,106
7 5C0,6 2,445 8,109
8 SC0,7 2,446 8,112
9 5C0,8 2,448 8,119
10 5C0,9 2,450 8,126

D€ khao sat suw hinh thanh dung dich rén
trong cdc mau chat mau Co:Mgi-+Al:Os, chiing toi
xac dinh thong s6 mang lwdi ctua tinh thé spinel
dwa vao dit liéu XRD cua pic nhiéu xa djc trung cé
cuong do 16n nhat tng véi mat tinh thé (311). Két
qua 6 Bang 3 cho thdy khi tang ty 16 mol Co?/Mg?,
gbc nhidu xa c6 xu huéng dich chuyén vé phia goc
nho, khoang cach gitta cac mdt (311) tang lén,
thong s6 mang ludi tinh thé a ctia spinel tang. Theo
quy tac Goldschmidt, d& hinh thanh dung dich ran
thay thé, ban kinh cac ion thay thé khong chénh
nhau qua 15% [12]. Ban kinh ion Co? (0,082 nm)
16n hon so véi ban kinh ion Mg? (0,078 nm) [1].
Viéc thay thé cac ion Mg? trong héc ti dién va bat
dién ctia mang tinh thé spinel bang ion Co? tao
thanh dung dich ran thay thé da lam tang thong s&

t&€ bao mang ludi a cua tinh thé.

Hinh thai va kich thudc hat cia mau spinel
sau khi nung thiéu két 6 1100 °C trong 60 phut
(Hinh 6) cho thdy san phdm c6 cap hat dong déu,
kich thuwdc hat nhd, dao dong tir 30 dén 40 nm. Két
qua nay twong dong voéi cong bd cta Rufner va
cong su [13]. Tuy nhién, cac hat ¢6 xu hudng két tu
lai véi nhau véi bién gidi hat khéng rd rang. Nhw
vay, phuong phdp Pechini c6 thé tao ra chdt mau
kich thweéc nano. Nhiét d¢ nung ¢ 1100 °C da lam
cho qua trinh thiéu két xay ra manh liét; phan bién
gioi ti€p xtc gitta cac hat c¢6 thé bi néng chay nén

dinh lién vao nhau.

10

S4800-NIHE 10.0K¥ 9'4mm x200k SE(M) 5/10/2018. ‘ ‘200nm

Hinh 6. Anh SEM ctia mAu chat mau SC0,6

4  Kétluan

Spinel MgAL:Os duoc tong hop thanh cong
theo phwong phép Pechini ¢ nhiét d6 nung thap.
Hon hop phdi ligu c6 ty 1é mol Mg2/Al* bang 1/2,
ti 1é mol axit xitric/(Mg?* + Al**) bang 2/1, ty 1& mol
etylen glycol/axit xitric bang 1/1. Nhiét d¢ nung so
bd ¢ 600 °C, nhiét d6 nung tao pha spinel ¢ 1100 °C
trong 60 phut véi toc dd nang nhiét 10 °/phat. San
phém spinel thu duoc ¢6 cau truc hoan toan don
pha tinh thé MgALOs véi mike d6 két tinh cao. Chat
mau mau xanh coban CoxMgixALl20s da dugc tong
hop béng cach thay thé mot phan ion Mg? bang
Co?". San pham c6 thanh phan pha tinh thé don pha
spinel, cuong d6 mau xanh ting dan theo ham
lwong Co?. Lép men ctia cac mau gach 8p lat véi
chat mau Co:Mg1-+Al2Os chay déu, bong lang, mau
sdc tuoi sang, khong xudt hién bot khi, khéng xuat
hién cac khuyét tat nhw co men, ran men, cé su phu
hop tot gitra xwong va men, dat yéu cau trong san

A~ A ’
xuat gom su.
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