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NGHIEN CUU TONG HOP CHAT MAU ZnCr,,Al, , 0, DUNG TRONG GOM SU
BANG PHUONG PHAP SOL GEL

TRAN NGOC TUYEN, NGUYEN BUC VD QUYEN - Truiing Bai hoc Khoa hoc, Bai hoc Hué;
V0 CHAU NGOC ANH - Tru@ing Bai hoc Y Duge, Bai hoc Hué;
DANG TH| TU - Trung tam GDTX tinh Quang Ngai

SUMMARY:

In this paper, the synthesis of brown pigments using in ceramic industry was presented. The
spinel based pigments of ZnCr, Al, , O, (x = 0.1 +0.5) have been prepared by the precursor metal-
starch method using ZnCl,6H,0, AICl,.6H,0, CrCl.6H,0 and starch as main components. The
obtained powders were characterized by Thermal Analysis (TGA-DSC), X-ray Diffraction (XRD),
Scanning Electron Microscopy (SEM) and CIE L*a*b* colour measurement. The results showed
that the pigments calcinated at 1100°C for 60 minutes possessed single phase of spinel with excellent
crystallinity. The brown colour intensity was as a function of the amount of chromium (11I) ion. The

- obtained pigments met industrial requirements in terms of physical-chemistry properties.

1. MO PAU

Tinh thé spinel AB,0, co cdu tric Iap phudng tdm mat
cla anion 0%, cdc cation A2+ va B+ nam tai tm cac hdc
tr dign va héc bét dién[4]. Chd mau nau ZnCr,Al, , 0,
dudc tong hcip bang cach thay thé mot phén ion aﬂd3+ trong
mang tinh thé spinel ZnAl ,0, bang ion Cr*+. Do cau tric
tinh thé bén viing, chét mau tren cd sd nén spinel thudng
bén mau & nhiét cao, bén trong cac méi trudng axit va
bazo, bén mau dudi tac dung cla anh sang va cac tac
nhan khdc nhau trong khi quyén... [10]. Hién nay, spinel
dudc tong hdp bang nhiéu phudng phap khac nhau; gom

Dé chuan bi phdi lieu chat mau InCr,Al,,0,, cac
nguyén ligu dudc st dung la ZnCl,.6H, O ﬂleﬁi 6H, 0
CrCl,.6H,0 va tinh bot tan (PA, Trung Ouoc) Cac mau
khao sat c6 ligng Cr tdng dan (x = 0,1 + 0,5), ty I& mol

truyén théng[5], dong két tia[2], sol-gel[4], thiy nhiét[3],
tién chdt kim loai - tinh bot[10]. Trong phudng phap sol
gel trén cd sd tao tién chat kim loai - tinh bt, cac ion A2*
va B*+ dudc phan tan dong déu trong tién chat 6 dang gel
nhd su tao phic gita cac cation nay véi cac nhom -OH
clia tinh bot, vi thé phan (ing pha ran tao pha spinel xay ra
d nhiét do thap. Trong bai bdo nay, ching toi trinh bay két
qua nghién ctu tdng hop chat mau nau InCr,Al, .0, bang
phudng phép sol gel trén cd sd tién chét kim loai - tinh bét.

IL. THUC NGHIEM

Inz+/(ARF+ + Cr3*) bang 0,5, ty & mol tinh bot/(Zn?+ +
Cr** + AP+) bang 0,5, ty 1& mol H,0/tinh bot bang 70.
Mau dugc ky hiéu tuong Gng tu Gr(fT dén Cr0.5; thanh
phan phai liéu cac mau chat mau dugc trinh bay 6 Bang 1.

Béng 1: Thanh phan phdi liéu cac mau chét mau ZnCr, Al, , 0,

o 22

Thanh phan % (theo khdi luigng)
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Kjhigumdu| x| Cong thic hop thilc | — oo AICI6H,0 | CrCL.6H,0 | Tinhbat | HQ
co1 | 04 ZnCr N0, 96 17, 2.1 96 61,6
002 | 02 | Zntr, A0, 96 15,2 472 95 61,5
Cr03 | 03 |  ZnCr A0, 9,6 13,3 6,3 95 | 614
C04 | 04 | ZnCr A, 95 1.3 8.3 95 | 61,3
005 | 05 |  ZnCr.AlD, 9.5 9.4 104 95 | 61,1
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Hén hdp phan ting dudc dun nong & 60°C trén bép cach
thily trong thoi gian 1,0 gits dé thay phan tinh bot. Sau do
hén hgp dudc gia nhiét 1en khoang 90°C trong thdi gian 4
gid dé gel hoa. Gel dugc sdy khd 6 100°C dén khai lugng
kh{‘)n% ddi. Sau @6 tién hanh nung sd bd 6 500°C trong 1
gid dé phan huy tién chat va dot chay tinh bot du. Sau khi
nung sd bd, phdi liéu dudc nghién min va ép vién véi luc
nén 300 kG/cm?, sau do dudc nung thiéu két trong 10 dién
(Lennton, Anh) & 1.100°C, t6c do nang nhiét 10°C/phat,
thdi gian luu 60 phat. San phdm sau khi nung dudc nghién
min qua rdy 4.900 16/cm?2. Sd d6 tong hop dugc trinh bay
¢ Hinh 1.

[ zachomo | [ AlCk6HO | [ crchér:0 | [ Tinhbot | | mO |
L 1 1 1 1]

Hbn hop phén img
Dun ndng & 60°C trong 1,0 gic:
Tién chit
Fhin méng & WPC trong 4.0 gid

]

Nung sor b & 500°C trong 1,0 giér

Zn0 + Cra0s + AlyO;
Nung thién két & 1.100°C trong 1.0 gic

Spinel ZnCraxAlyavO4

Hinh 1. S0 d6 tang hgp chét mau ZnCr, Al , 0,

Céc qua trinh chuyén hoa xay ra khi nung tién chat
dugc xac dinh bang phudng phap phan tich nhiét (TGA-
DSC) trén thiét bi Labsys TG/DSC Setaram, nhiét do nung
cuc dai: 800°C, toc d6 nang nhiét; 10°C/phat, méi trudng:
khong khi. Thanh phan pha tinh thé cta chat mau dugc
xac dinh bang phuong phap nhiéu xa tia X (XRD) trén thiét
bi D5005 vdi bifc xa Cu-K, (A = 1,5406A). Mic do tinh
thé hoa clia san pham dudc danh gia thong qua gia tri do
rong nifa chiéu cao cta pic nhiéu xa cuc dai (FWHM), kich
thudc hat tinh thé (D) va cudng do pic nhiéu xa (1) cla
chang. Gid tri cia FWHM, D va | dugc tinh tif dd liéu XRD
ting vdi pic nhiéu xa cuc dai cta spinel tai goc nhiéu xa 20
= 36,85¢, tudng (ing vdi mit tinh thé (311), bang cach su
dung phan mém Origin 9.0. Kich thudc hat tinh thé spinel
dudc tinh theo phudng trinh P. Scherrer[1]:

e 0,94
FWHM x cosB

Trong do, 2. 1a budc s6ng tia X (A), 6 1a goc nhiéu xa (rad).

Hinh thai va kich thudc hat clia chdt mau dudc quan sat
bang hién vi dién t0 quét (SEM) trén thiét bi JMS-5300LV.
Céac nhom chifc dac trung cla chdt mau dugc xac dinh
béng phudng phap phd hong ngoai (FT-IR), mau dudc do
trén thiét bi IR Prestige-21. Chat mau dugc ding dé trang
men |én xudng gach 8p lat, cudng d6 mau cla cac mau
men dudc do trong hé toa dd mau CIE L*a*b* trén thiét b
Micromath Plus.

IIL. KET QUA VA THAO LUAN

Két qua phan tich nhiét TGA-DSC cla mau phoi liéu
chat mau Cr0.5 dudc trinh bay d Hinh 2. Két qua thu dugc
cho thdy: khi nung mAu tii nhiét G phong dén 160°C, trén
dudng DSC xudt hign hiéu (ng thu nhiét, do giam khoi
Igng cua mau trén dudng TGA tudng ting la 14,9%. Day
14 qué trinh tach nudc trong gel phdi liéu[10]. Khi tiép tuc
tang nhiét do nung, trén dudng DSC xudt hién cac hiéu
ting toa nhiét tai 221°C va 400°C, dg giam khdi lugng trén
dudng TGA (ing vGi cdc hiu Ung nay kha I6n, Ian lugt Ia
32,12% va 26,23%. Day c6 thé la cac qud trinh dt chay
tinh b6t con du trong phdi liéu va tién chat gilia cac ion
kim loai va tinh bot.

me @
904 mc aw'c
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Hinh 2. Gidn d6 TG-DSC clia méu phdi liéu Co0.5

Khi tiép tuc tang nhiét do nung, trén duong DSC xuat
hién hiéu ting toa nhiét tai 753°C, dudng TGA trong giai doan
nay co xu huéng nam ngang, mau hau nhu khdng mat khoi
lugng, day co thé 1a qué trinh tao mam tinh thé spinel[10].
Nhu véy, nhiét d6 nung so bd phai liéu thich hop khoang
500°C, nhigt dd nung tao pha spinel Idn han 800°C.
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Hinh 3. Gian d6 XRD ctia cac mau chit mau ZnCr, Al,, 0

o -

Hinh 3 trinh bay gian d6 XRD clia cdc méu chat mau
1ir Cr0.1 dén Cr0.5, két qua cho thdy: thanh phan pha tinh
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thé clia cac mau chat mau chu yéu Ia pha spinel ZnAl,0,
vdi pic nhiéu xa dac trung co cudng do kha manh d 26 =
36,85°. C4c pic nhiéu xa dac trung cla cac oxit Zn0, Cr 0,
Al,0, khong xudt hién, diéu nay co thé do cac ion Zn?*
Cr + . Al** ndm trong mang tinh thé cua spinel. :

G|a tri ciia FWHM, D va | cia pha spinel trong cac mau
chat mau dudc trinh bay & Bang 2.

Béng 2: Gid i FWHM, | va D ciia cAc méu chét mau ZnCr,Al, 0,

Ky higu mau FWHM (°) I (cps) D (nm)
Cr0.1 0,176 588 47
Cr0.2 0,179 578 44
Cr0.3 0,184 552 42
Cr0.4 0,226 540 37
Cr0.5 0,230 353 36

Keét qua thu dugc cho thdy: khi tang dan ham lugng
Cr tif mau Cr0.1 dén Cr0.5, cudng do pic nhiéu xa giam
nhanh tir 588cps xudng con 353cps, do rong nla chiéu

cao pic nhiéu xa cuc dai tang tii 0,176 lén 0,230, kich
thudc hat tinh thé giam tu 47nm xuﬁng con 36nm pha i}
dinh hinh ctng nhu vi tinh thé tang. K&t qua nay ching to
miic do tinh thé hoa giam nhanh ti méu Cr0.1 dén Cr0.5.
Nhu vay, khi 1ang dan ham lugng Cr, phan La'ng pha ran
gida Zn0, Al,Q, va Cr, Oa xay ra kho khan han. Diéu nay co
thé do kich thudc cda jon Cr+ (0,0844) I6n han so vei
AR+ (0,057A)[6], nén qua trinh khuéch tan cda ion Cré+
trong phan ﬂng pha ran vao vi tri cac hdc bat dién xay ra
kho khan han.

Spinel ZnAl,0, ¢6 cdu tric mang ludi 1ap phudng, quan
hé gitfa thong sé mang (a) va khoang cach gilfa cac mat
mang (d,,) dugc tinh theo cong thic[4]:

1 (h®+k*+1%)
dig a*
Td gid tri d,,, Ung véi céc pic nhiéu xa ddc tung cla

spinel trén glan d6 XRD, théng s6 mang Iu6i cua tinh thé
cdc chat mau dugc trinh bay 6 Bang 3.

Bang 3: Thong s mang lidi cia cac chat mau ZnCr,Al,, 0,

STT | Kyhigumdu — (L ":" the | d,, (A) a(A) 2 &)

T 4,667 8,084

i Cro.1 > [ 2 | o 2861 8,092 8,086 + 0,005
SETE 2437 8,083
TR 4,674 8,096

2 Cr0.2 2 | 2 | 0 2864 8,099 8,095 + 0,005
-l A o 2439 8,090
1T [ 1 | 1 4,682 8,109

3 Cr0.3 2 | 2 | 0 2 866 8,107 8,104 + 0,007
8 0 B 2 441 8,096
SR EE 4,689 8,122

4 Cr0.4 2 [ 2] 0 2869 8114 8,113 £0,010
RN 2443 8102
L | 3 | 1 4,697 8,135

5 Cro5 2 | 2 | o 2874 8,130 8,124 + 0,014
3 | 1 | 1 2,445 8109

Két qua cho thay: khi ting ddn ham Iudng Cr trong cac
mau chat mau tii Cr0.1 dén Cr0.5, thong s6 mang tinh thé
spinel c6 xu hudng tang dén tii 8,086 A dén 8,124A. Theo
nguyén tac thay thé dong hinh cta Goldschmidt, trong céu
tric tinh thé cua spinel ZnAlL0,, co thé thay thé AP+ bang
cdc cation c6 ban kinh ion chénh léch khong qua 15% va
dién tich chénh léch khong qua 1 don vi[7]. Ban kinh ion
AP+ va Cré* |an lugt 1a 0,057 A va 0,064A, thda man quy
tac Goldschmidt. Déng thdi, do ban kinh ion Cr** I6n han
AR+ 1am cho thong s6 mang IuGi cta tinh thé spinel ting
Ién khi tdng dan ham lugng Cr.

Anh SEM ctia mau Cr0.5 dudc trinh bay & Hinh 4A. Két
qua cho thdy: bot mau thu dudc co6 cdp hat tudng doi dong
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déu, kich thudc hat dao dong trong khoang tif 150nm dén
400nm, khong c6 hién tudng céc hat két tu thanh dam co
kich thudc I6n. Mau séc sang t6i cla cac hat vét lisu déng
déu cho thdy thanh phdn vét liéu dong nhat.

Gian dd phd FT-IR cta mau Cr0.5 (Hinh 4B) cho thdy:
Déi ph6 dao dong @ cac sO song 3.448cm, 1.629¢cm”
va 1.396cm' tuong tng véi dao dong co gian (stretching
vibration) va uén cong (bending vibration) cta nhiing phan
tli nudc dudc hdp phu trén bé mat san phdm. Déi hdp thy
ro rang tai 638cm' (ing v6i dao dong kéo dai cla lien két
Al-0, Cr-0 trong tif dién [BO,]; dai hdp thu 6 518cm" ting
vGi dao dong cua lién ket Zn-0 trong bat dién [AO,] cla

tinh thé spinel[9].




Hinh 4. Anh SEM (A) va gian d6 FI-IR

Dé danh gia kha nang su dung cta chdt mau, ching
toi tién hanh trdng men trén xudng gach op lat. Thanh
phén phdi litu men dugc chudn bi theo ti 18 khéi lugng:
frit HT264 (85,8%), cao lanh (10,0%), carboxymethyl
cellulose (0,1%), sodium tripoly phosphate (0,1%) va chét
mau (4,0%). Phéi liu men dugc nghién bi uct trén may
nghién hanh tinh (Planetary Mills), sau do tréng men Ién
xudng gach op lat. Mau dugc say khé va nung trong 10
dién ¢ 1.170°C trong thdi gian 56 phit. Két qua thu dudc
(Hinh 5) cho thdy: tat cd cac mau men chay kha déu, bong
léng, khong xudt hién bot khi, khong xuét hién cac khuyét
tat nhu sti men, co men, ran men. Diéu nay ching t6 co
su phu hdp t6t gila xuong va men. Céc méu men ¢c6 mau
ndu déng, cudng do mau thay ddi til ndu nhat sang ndu
sam khi tang ham lugng Cr trong cac mau chdt mau tir
Cr0.1 dén Cr0.5.

Hanh 5 Mau gach trang men céc chat mau chrhnl

2-2x

Béng 4: Cuding d6 mau clia cac mau men

Ky hiéu méu L* a* b*
Cr0.1 58,59 3,13 13,74
Cr0.2 55,85 4,27 13,85
Cr0.3 55,28 5,70 14,07
Cro.4 52,80 7,56 14,18
Cro.5 52,03 8,23 14,88

(L*: 0 + 100: den + trdng, a*: + + - : d6 + xanh luc,
b*: + + -: vang + xanh muc)

Két qua do cudng d6 mau clia cdc mau men (Bang 4)
cho thdy: khi di tir Cr0.1 dén Cr0.5, gid tri cla L* giam nhe
tir 58,59 xudng 52,03, diéu nay chiing t6 khi ham lugng Cr
tang Ién, tong mau chuyen dan ti sang sang séc toi han;
gia tri a* tang dén tu 3,13 dén 8,23, mau cta men chuyén

24)

(B) ciia mau chat mau ZnCr, Al 0,

dan tif xanh lyc sang sac do; gia tri b* tang nhe tlf 13,74
den 14,88, mau chuyén dan tif xanh muc sang vang. Két
qua nay cho thdy cudng do mau phy thugc vao ham lugng
Cr. Khi tang ham ludng Cr, mau men thay d6i ti mau nau
nhat dén mau nau dam, tao ra mot loat chat mau bén nhiét
hét stic phong pha.

IV. KET LUAN

Céc mau chat mau ndu ZnCr,Al, 0, (x = 0.1 = 0.5)
duing trong gém st dugc tong hdp thanh cong theo phudng
phéap sol gel trén cd s tao tién chat gita ion kim loai va
tinh bot, Hon hop phoi liéu c6 cac ty 16 mol: anﬂf(,l'mi3+
Cr3+) bang 0,5; tinh bot/(Zn?* + Cr** + AP+) bang 0,5;
H,0/tinh bot bang 70. Tién chét dudc nung so bg ¢ 500°C
trc:-ng 1,0 gio va nung thiéu két 6 1.100°C trong 1,0 gid.
San pham chat mau thu dugc c6 mau nau, cudng ﬁo mau
phu thudc vao ham ludng Cr, thanh phén pha tinh thé chil
yéu la ZnAl ,0,, ¢0 su thay thé dong hinh AR+ trong mang
tinh thé chét nén bang Cré* tao thanh dung dich ran thay
the Chét mau dugc st dung dé trang men trén xuong gach
ap-lat, két qua cho |6p men chay déu, bong lang, khang bi
khuyé’t tat, khong co hién tudng troi men, bong men, dap
(ing yéu cau trong san xuét gom s.
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