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NGHIEN cUU TONG HOP MAU VANG Zr, Pr,SiO, SUDUNG CHO
CONG NGHIEP SAN XUAT GACH MEN

DénToa soan 15-11-2006

PHAN VAN TUONG, LE BINH QUY SON
Khoa Héa hoc, Truong Dai hoc KHTN- Pai hoc Quoc Gia Ha Noi

SUMMARY

By using quartz sand in Thua-Thien-Hue and the necessary chemicals, we have determined
the optimal conditions (firing temperature, composition) for the synthesis of the yellow pigment in
the silicate zircon lattice with chromophore ion Pr**. The synthesize pigment is the same colour
characterization in comparison with the European one on the glaze of ceramic tile.

I- DAT VAN DE VA PHUONG PHAP
NGHIEN CUU

Chit mau trén co s& mang tinh thé nén
silicat zircon, c6 rat nhiéu loai mau khéac nhau
(h6éng, do, nau, xanh, vang...) c¢6 dac tinh bén
hod, bén nhiét, bén trong men... do d6 da dugc
nhiéu tdc gia nghién ctu [1, 2, 4, 5]. Trong bao
c4o nay ching toi giGi thiéu két qua tong hop
chit mau vang Zr, Pr,SiO,.

Theo cdc tac gia trudc [4 - 6] thi viec t6ng
hop chit mau nay la thuc hién phéan tng ZrO, +
SiO, = ZrSiO, trong su ¢6 mat ciia chat gay mau
1a PrgO,, va hé chit khoang héa 1a NaF+NacCl.

Trong khi nung phdi liéu thi xay ra mot loat
qud trinh bié€n héa nhu sau:

PrsO g, = 3P0y, + Oy,
a SiOyg) = B SiOy,

(n+3)Si0y, + 4NaX g, = SiX,4) + 2Na,SiO; ) +
+nSiOy, X:F,Cl

. X X
Zr, Pr.SiO g, + 2Xk,
. X X
Na,SiO;, + (1-X)ZrOyg, + 5 Pr,O;, + 1 Oy

= Zr, Pr,SiO, g + Na,Oy,
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Nho c6 su xuidt hién pha khi, pha long,
chuyén dang thi hinh pha rin nén cdc phan ting
trén xay véi toc do nhanh chéng ngay & nhiét do
khong cao d€ tao thanh tinh thé san pham.

Thanh phan pha ctia chat mau dugc xac dinh
theo phé XRD (Mdy SIEMEN D35005, 6ng phét
tia X bang Cu, K= 1,54056 A, dién 4p 40 KV,
cuong do dong 30 mA, géc quét 20 tur 5° dén
70°.

Dé dénh gid sac thdi mau ching toi 1ay 6%
mau san phdm tron v6i men (84% frit Hu€ va
16% cao lanh Phap). Miu gach sau khi trang
men xong duoc do mau trén thiét bi Micromatch
Plus. Cdc gid tri dac trung sac thdi mau do
Micromatch Plus cho biét gom:

L dac trung cho do sang toi, c6 gid tri am
(tng v6i mau den) dén gia tri duong (Gng véi
mau tring).

a dac trung cho sic thai mau tir xanh luc
(gié tri am) dén mau do (gia tri duong).

b dic trung cho sic thdi mau tir xanh nudc
bién (gid tri am) dén vang (gia tri duong).

Trong nghién cttu téng hop chit mau vang
nay chiing t6i quan tam chi y&u dén gia tri cla
b, gia tri b cang 16n thi cuong do mau vang cang
cao.



11 - KET QUA VA THAO LUAN

1. Khao sat vai tro chat khoang héa va nhiét
do nung

Trong diy thi nghiém nay chiing t6i cd dinh
toc do nang nhiét 1a 10°C/phdt va thoi gian giit
miu & nhiét do cuc dai 1a 60 phit, thay déi
thanh phan chat khoang héa NaF, NaCl va nhiét
do nung tir 900°C dén 1100°C.

Bang 1 trinh bay thanh phan phdi liéu. Bang
2 trinh bay két qua do mau men cua cic mau
chat mau thu duogc. Trong phan dudi cta bang 2
ching t6i trinh bay thém két qua do mau cla
céc méu khi thay déi toc do nung (5°C/phut dén
20°C/phut) thoi gian lvu mau (1 gio va 2 gio) va
lugng chat sinh mau Pr,O,, (tir 3% dén 9%) cha
méiu PNII dé tim diéu kién t6i uu. Phia cu6i
bang 2 c6 dua ra két qua do mau men cta mot
sO mau vang tot nhat dang nhap ngoai.

Bdng I: Thanh phan phdi liéu cac chit mau

Ky Hiéu
Thanh PNI | PNII PNIII | PNIV | PNV | PNVI | PNVII | PNIX
ph:?m, %
NaF 3 4 4 4 -
NaCl 4 3 - 4
PrO,, 6 6 6 6 6 6 6 6
Zr0, 58,48 | 58,48 57,81 59,16 57,81 59,83 60,5 60,5
SiO, 28,52 | 28,52 28,19 28,84 28,19 29,17 29,5 29,5
Tong 100 100 100 100 100 100 100 100
Bang 2: Két qua do mau men cua cic chat mau
STT Ky hiéu mau ’ Két qua do mau men
j L (+ trang - den) | a (+ do - xanh luc) | b (+ vang - xanh muc)

1 2 3 4 5

1 |PNI-900°C/1h 80,4 -3,38 73,56

2 |PNI-1000°C/1h 84,74 -7,09 69,43

3 |PNI-1100°C/1h 84,98 -7,39 67,08

4 |PNII-900°C/1h 80,09 -2,76 79,29

5 |PNII-1000°C/1h 83,93 -5,68 73,76

6 |PNII-1100°C/1h 84,25 -6,42 72,45

7 |PNIII-900°C/1h 78,96 -4,43 72,57

8 |PNIII-1000°C/1h 85,09 -7,59 65,91

9 |PNII-1100°C/1h 85,14 -8,06 65,48

10 |PNIV-900°C/1h 80,14 -4,24 68,58

11 |PNIV-1000°C/1h 85,14 -7,35 67,09

12 |PNIV-1100°C/1h 85,5 -8,16 63,02

13 |PNV-900°C/1h 81,86 -7,45 60,32

14 |PNV-1000°C/1h 85,65 -8,4 61,3

15 |PNV-1100°C/1h 86,31 -9,1 56,12
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1 2 3 4 5
16 |PNVI-900°C/1h 80,08 53 72,07
17 |PNVI-1000°C/1h 84,4 -6,99 69,36
18 |PNVI-1100°C/1h 85,01 7,69 65,95
19 |PNVII-900°C/1h 83,09 4,76 68,09
20 |PNVII-1000°C/1h 84,25 -6,56 63,47
21 [PNVII-1100°C/1h 84,48 7.8 61,94
22 |PNII-800°C/1h 82,32 2.2 74,24
23 |PNII-900°C/2h 84,56 -7.42 61,77
24 |PNII-900°C/1h - 5°C/Phiit 84,5 -6,73 63,88
25 |PNII-900°C/1h - 20°C/Phdt 82,99 -3,54 74,4

PNII-900°C/th (Pr,0,, = 84,46 -6,85 66,94
26 |39,

PNII-900°C/1h (Pr,0,, = 82,93 4,81 73,14
27 | oo )

PNIX nung ¢ 900 dén 1100°C déu c6 mau trang nga, khong ¢6 mau vang.
Mau ctia chau Au (c6 gid tri by = 77)
28 |KT2431 (Hang CCT) 77,78 -3,55 76,49
29 |KT2451 (Hang CCT) 77,84 -1,4 79,17
30 |CT1301 (Hang Johson) 78,31 -4,23 75,23
Bdng 3: Gid tri b ctia cdc mau PNI+PNIX
Mau PNI |PNII |PNII |PNIV |PNV |PNVI |PNVII | PNIX

900°C/ Iuu 1h 73,56 | 79,29 | 72,57 | 68,58 | 60,32 | 72,07 | 68,09 | Khong thu
1000°C/ luu 1h | 69,43 | 73,76 | 6591 | 67,09 | 61,3 | 69,36 | 63,47 3;30 man
1100°C/lwu 1h | 67,08 | 72,45 | 65,48 | 63,02 | 56,12 | 6595 | 61,94 £

Tur két qua & bang 3 cho thay:

1) Chi dung NaCl lam chit khoang hda
(PNIX) thi san phdm khong c6 mau vang, nghia
12 khong tao dugc dung dich ran Pr** thay thé
vao vi trf Zr*'.

2) Chi dung NaF (PNVII) san phdm ciing
khong c6 mau vang vdi chi s6 cao cua gid tri b.

3) Phai dung hén hop chat khodng héa c6 ty
1¢ (%) clia NaF/NaCl = 4/3 (PNII) cho san phdm
c6 cuong do mau vang cao nhit (b cé giad tri
79,29).

4) Nhiét do nung thich hop 1a 900°C.

2. Anh huéng cta toc do nang nhiét va thoi
gian luu mau

Khi giit gid tri nhiét do nung la 900°C va
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thoi gian luu nhiét 1a 1 gio véi mau PNII thi toc
do nang nhiét 1a 10°C/phit (mau s6 4) ¢6 gia tri
b 16n nhat (79,29) so véi toc dd nang nhiét la
5°C/phiit (miu s6 24) va so v6i toc dO nang
nhiét 1a 20°C/phit (mau s6 25).

Cung v6i mau PNII, t6c do nang nhiét la
10°C/phut va nhiét do cuc dai 1a 900°C nhung
Iuu méu 2h (méu s6 23) cho mau c6 gia tri b bé
hon so véi luu mau 1 gio (mau s6 4).

3. Anh huéng cua luong chét sinh mau:

So sanh giita cdc mau s6 4 (6% Pr,0,,) s6 26
(3% Prg0O,,) va s6 27 (9% Pr,0,,) cho thdy mau
s0 4 ¢6 gid tri b 16n nhat, diéu ndy c6 thé cho
rang miu s6 4 ng véi luong t6i da cua Pr*
trong dung dich ran Zr, PrSiO,. O phan khao



sat pho XRD dudi day ching toi s& néi k§ hon.
4. Tim diéu kién toi wu vé thanh phan cho
téng hop chat mau vang Zr, Pr SiO,

MAu s6 4 (PNII) cho mau c6 gia tri b cao
hon mau ngoai. Tuy nhién thanh phan ctia mau
ndy chua han da t6i uu vé mat kinh t€. Vi vay
ching toi khao sét tim di€u kién t6i vu vé thanh
phén cho téng hop chat mau vang véi ham muc
tiéu la gid tri b va yéu cau thu dugc chat mau cé
gid tri b tuong duong mau ngoai (b = 77).
Thuc hién theo phuong an truc giao bac hai, s6
bién khao sat gobm: Phan tram khoi lugng cta
NaF, NaCl, Pr,O,,. S6 thi nghiém lap lai & tam
122 (K =3, o? = 1,65)[7]. Trén co s& cic thanh

phan phai liéu khao sat & bang 1 va két qua do
mau men & bang 2, ching t6i da chon thanh
phan phéi liéu ciia mau s6 4 lam mic goc, vung
to6i uu vé€ thanh phan phdi liéu chidt mau vang
nhu bang 4.

Nhu vay chudn bi 16 thi nghiém véi cong
thitc phoi liu va két qua do mau men sau tong
hop dugc trinh bay & bang 5. Trong d6 tién hanh
b6 sung 3 thi nghiém tai tam dé ddnh gia
phuong sai tdi hién S, [7]. Tir cdc gid tri Y (L',
a’, b") cia 3 miu bé sung tuong tng: (79,92; -
1,57; 80,53); (80,65; -1,44; 79,63); (80,72; -
0,56; 79,88) d tinh duge Sy’e, = 0.2 Su’e =
0,30; Sy’ = 0,22.

Bdng 4: Cac bién trong ma tran truc giao bac hai

Bicn Thanh phan % khéi luong
Z,(NaF) Z,(NaCl) | Z,(Pr,0,) 71O, SiO,
Miic goc (Z,) 4 3 6 58,48 28,52
AZ 0,5 0,5 1,5
Min -1 35 2,5 4,5
Max +1 4,5 3,5 7,5
-1,285 3,358 2,358 4,073
+1,285 4,642 3,642 7,927
Bdng 5: Phuong an truc giao bac 2 véi k=3, no=2
STT | Ky hieu X, X, X, X, — Két qua dz mau men ;
1 PN1 1 1 1 1 82,09 -3,61 74,21
2 PN2 1 -1 -1 1 80,60 -2,23 79,31
3 PN3 1 1 -1 -1 81,23 -3,89 76,27
4 PN4 1 -1 1 -1 80,54 2.4 78,94
5 PN5 1 1 -1 1 81,78 -3,05 76,26
6 PN6 1 -1 1 1 80,85 -1,24 81,93
7 PN7 1 1 1 -1 81,21 -2,95 77,64
8 PN8 1 -1 -1 -1 80,93 -2,57 78,59
9 PN9 1 1,285 0 0 80,89 -2,99 77,04
10 PN10 1 -1,285 0 0 79,54 0,28 81,26
11 PNI11 1 0 1,285 0 80,24 -1,36 78,35
12 PN12 1 0 -1,285 0 79,68 -0,62 82,25
13 PN13 1 0 0 1,285 79,71 -1,73 79,94
14 PN14 1 0 0 -1,285 82,27 -3,98 77,00
15 PN15 1 0 0 0 79,92 -1,57 80,53
16 PN16 1 0 0 0 80,65 -1,44 79,63

Ghi chii: X;= (Z;-Z,)/AZ
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Tix c4c gid tri b & bang 5, ta 1ap dugc phuong trinh héi qui téng quét (1).

~

b =80,41 - 1,75X, -0,24X, + 0,36X; - 0,46X,X, - 0,89X,X; - 0,14X,X; - 0,9X,> -0,21X,” - 1,31X?

&)

Phuong trinh thu gon sau khi da loai cac hé s6 khong c6 y nghia:

b= 80,26 - 1,75X, - 0,89X,X; - 0,9X,? - 1,31X;* (2). Phuong trinh (2) c6 chi so Fishser F=
Suw Su’wy = 1,8/0,22 =832 < F,, (f,=11,f,=2; P = 0,05) = 194 cho nén phuong trinh (2) la
tuong thich véi thuc nghiém. Qui d6i phuong trinh (2) vé céc bién Z1, Z2, Z3 (thanh phan % khai
Iuong cua NaF, NaCl, Pr,O,,) thu dugc phuong trinh (3):
b=-12,78 + 32,427, + 11,73Z, - 1,19Z,Z, - 3,6Z,* - 0,58Z;" A3)
Phuong trinh héi qui (1) va phuong trinh (3) cho thay cudng do mau vang (gia tri b) 1a mot
ham bac 2, phu thudc chinh vao ham luong NaF (Z,) va PrO,,(Z;). Riéng ham lugng NaCl (Z,) thay
dai trong vang t6i uu (2,5% - 3,5%) thi hau nhu dnh hudng khong dang ké dén gid tri b.

Surface Plot of bvs Pr6011, NaF
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Hinh I: Bé mit bac 2 biéu dién anh huéng ctia X, (NaF), X; (Pr,0,,) dén gia tri b

Tir phuong trinh (3) ta c6 thé xac dinh dugc
thanh phén phéi liéu cho téng hop chit mau cé
cudng do mau vang (b") tir thap dén cao theo
mong muoén. Tuy nhién v6i muc tiéu téng hop
chat mau c¢6 gid tri b= 77, thi ching ta c6 thé
chon ngay mau PN14 1a mau dat yéu cau. Vi
mau nay c¢6 b = 77 va ham lugng chat sinh mau
1a thdp nhat (PrgO,,: 4,07%, NaF: 4%, NaCl:
3%, ZrO,: 58,48%, SiO,: 28,52%) (bang 5 va
hinh 2).

5. Thanh phan pha va hinh thai san pham

Khao sat phé XRD (hinh 3) miu mau t6i wu
(PN14) cho thay chi ¢6 pha silicat zircon, ngoai
ra con mot it ZrO, (baddeleyite), va hoan toan
khong cé pic dac trung cho oxit praseodym.
Ching to tat ca PryO,, da tham gia trong mang
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luéi silicat zircon (vi praseodym con cé muc oxi
héa Pr** v6i ban kinh & s6 phoi tri 6 12 0,99 A,
con ciia Zr** ¢6 ban kinh 0,86 A) nén dua vio
thanh phan héa hoc va thanh phan pha cé thé
tinh dugc cong thitc cdu tao chia chit mau san
pham 12 Zr ¢sPr,4sSi0,.

111 - KET LUAN

- Pi téng hop dugc chdt mau vang trén co
s6 mang ludi silicat zircon tr cat thach anh
Thira-Thién-Hu€ va cac hda chat can thiét.

-Két qua phan tich cdu tric va thanh phan
héa hoc cho thdy san phim mau cé cong thiic
Zr 95Pr; sS10,.
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