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Mathematical Prediction Model for the Release of Lead in Ceramic Glaze
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(Qufu Normal University, Rizhao 276826, China)

ABSTRACT: The work aims to explore the mathematical prediction model for the lead release in ceramic glaze and es-
tablish a rapid extraction and detection method for toxic metal lead. The data of release of lead extracted at different
temperatures and at different time were measured by the extraction experiment. Then, the relationship among lead release,
dissolution time and dissolution temperature was analyzed to find the law of lead release. A mathematical prediction
model of the lead release versus time and temperature was established by fitting the experimental data, thus achieving the
rapid extraction and determination of the lead. The established lead release prediction model fitted the release of lead ex-
tracted by the acetic acid with volume fraction of 4%, and the correlation coefficient (R?) was greater than 0.98. The pro-
posed model was verified by the release of lead in acetic acid solution with volume fraction of 8% and 14%, and the re-
sults showed that R? was greater than 0.98. The model parameters fitted with the experimental data for the first 5 h were
used to predict the lead release for 8-24 h. Pearson correlation coefficient between the predicted results and the experi-

mental data was greater than 0.99. The lead release prediction model can properly fit the experimental data and has strong
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universality. It can predict the lead release for 24 h at 22 °C, so as to achieve rapid extraction and determination of the lead

in ceramic glaze.
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[1—7]

[8—11]

4% (22+2)°C 24 h+20 min
24h
1
1.1
[12—15]

0.5~24h 20~60 °C

8% 14%

22°C 24h

1.2
Prodigy7
MGC-450HP-2
TS-RO-100L/h
XMT-8000
1 g/L
GB/T 9985
1.3
850 °C
60 g
20g 5g
8g 78
SiOz A1203 CaO Na20 Kzo Fe203 MgO
PbO
1 min
1.38~1.40
2s
1020
6 3
1.4
GB 31604.49(1°] 4%
8% 14%
40 80 140 mL 1L

4% 8% 14%

20 °C
4% 8% 14%
0.5 1
2 5 8 12 18 24h 2 mL



- 85 -

41 7
1 30 40 1
50 60 °C 1 1 2h
15
1
1g/L 2 mL 100 mL (71
20 mg/L
0.5 25 5 25mL
20 mg/L 100 mL
0.1 05 1 5 20 mglL 2.2
[12,14—15]
220.353 nm
C =aexp(-bt™) (1
C=a\t 2)
0.9996 0.009 mg/L C = avi+bt 3)
C mg/L  t
h a b c
1—3 4%
2
2
Matlab 4
2.1
~-20°C ~+-30°C -=-40°C ~-20°C —+30°C -=-40°C 7 =-20°C +--30°C —=-40°C
5[+ 50°C -+ 60°C r —50°C -»60°C —+-50°C —-60°C
o = ~ 67
B - 2 5|
g g E 4 -
H 3r
& f &
5k o= 282
1 L L 1 1 1 ] 1 L L 1 1 1
0 4 8 12 16 20 24 0 4 8 12 16 20 24 0 4 8 12 16 20 24
i) /h Al )/
a LR(4%) b Z.(8%) ¢ ZR(14%)
1
Fig.1 Mass concentration of lead released to acetic acid
-+-20°C -4-30°C -=-40°C —a-20°C —4-30°C -u-40°C —e=20°C -a=130°C —u= 40 °C
5L —==50°C --60°C . 5L 50°C -e-60°C 51 e 50°C —e60°C .
2 o 4 E
) £ g
i E 3 e
A D 2
25 SR 5
1
0 4 8 lIZ 1I6 Zb 2I4 0 4 8 12 16 20 24 0 4 8 12 l6e 20 24
i [A/h I E]/h IRl /h
a (1) b &(Q2) ¢ X3)
2

Fig.2 Fitting results of experimental data with the existing formulas
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Fig.6 Fitting images of different solution data

3 8% 14%
Tab.3 Fitting parameters of the release of lead in 8% and 14% acetic acid solution
ao ai a as bo b1
(8%) 0.458 0.043 —6.258x107* 4.263%x107° -1.339 —-0.019
(14%) 0.484 0.048 =7.977x10 7.476x107° -1.273 —0.024
b2 R? Ra2 SSE RMSE
(8%) 4.288x107* 0.99 0.988 0.521 0.114
(14%) 4.651x107* 0.992 0.991 0.501 0.112
4 8~24 h 7

Tab.4 Comparison of measured release of lead in the solution for 8-24 h and lead release predicted with formula (7)

(4%)/(mg-L™)

(8%)/(mg-L™")

(14%)/(mg-L ")

/°C /h
20 8 1.565 1.525 1.737 1.718 1.889 1.828
20 12 1.663 1.636 1.885 1.877 2.005 1.990
20 18 1.838 1.756 2.086 2.050 2.207 2.166
20 24 1.876 1.846 2.201 2.183 2.319 2.300
30 8 1.818 1.771 2.012 2.116 2.132 2.114
30 12 2.016 1.901 2.123 2.317 2.414 2.275
30 18 2.344 2.039 2.422 2.537 2.593 2.449
30 24 2.435 2.143 2.479 2.706 2.787 2.580
40 8 2.211 2.065 2.536 2.381 2.438 2.445
40 12 2.329 2.231 2.805 2.618 2.779 2.636
40 18 2.596 2.409 2.975 2.878 3.210 2.841
40 24 2.798 2.544 3.253 3.079 3.396 2.996
50 8 2.713 2.502 2.824 2.714 3.074 3.014
50 12 3.025 2.745 3.237 3.003 3.668 3.298
50 18 3.547 3.011 3.655 3.323 4.142 3.609
50 24 3.748 3.216 4.181 3.570 4.465 3.848
60 8 3.207 3.286 3.719 3.347 4.370 4.281
60 12 3.673 3.714 4.582 3.736 4.981 4.865
60 18 4.359 4.198 5.375 4.171 6.068 5.530
60 24 4.988 4.579 6.106 4.510 6.812 6.055
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Tab.5 Parameters of release of lead in the solution for 0.5-5h with fitting formula (7)

/% ao ai a

a3 bo b:

0.564 0.032
-0.172 0.101

14 0.200 0.071

—4.606 % 1074
-2.310x 1073
-1.350x 1073

4.172x10°° —1.459 —-0.024
1.994x 1073 -1.514 —2.450x 1073
1.202x 1073 —0.785 —0.055

1.876 mg/L 2%

4%

0.98
5h
8~24 h

Pearson 0.99
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