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Article Info Abstract
Glaze is one of the fundamental components of ceramic products such as tiles, porcelain
Article history: dishes, and sanitary ceramics. The formulation of glaze is a critical and complex process,
Received:24 April 2024 representing one of the most significant and challenging aspects within the ceramic
industry. Establishing the optimal formulation for glaze production is crucial for
Revised:28 September 2024 enhancing product quality and minimizing production costs. In this study, grounded in
Accepted:8 October 2024 practical experiences from a factory setting, the issue of glaze formulation is examined

and analyzed using an operations research approach for the first time globally. The
outcomes of the developed model were tested and successfully implemented on the
production line. To ensure the practical implementation of this research within the industry
Keywords: and to enhance user accessibility, a user-friendly software was developed. It is crucial to
recognize that different factories employ a variety of raw materials in their glaze
production processes. This variation arises from factors such as the unavailability of
certain raw materials, the elevated costs associated with some materials, and the expenses
related to transportation. The chemical composition of raw materials varies significantly,
with the percentage of oxides differing based on the specific mine and the section of the
mine from which they are sourced. Consequently, determining the optimal proportion of
available raw materials for producing a glaze with a specific Seger formula necessitates
repeated analysis. This iterative process is essential to identify the appropriate formula,
which can then be implemented in the production line. In this study, conducted with real-
world data and a thorough understanding of the problem through the production process,
as well as an extensive review of relevant literature, the issue of designing a glaze formula
is analyzed using operations research methodology. This paper presents a novel approach
to glaze formulation, which can serve as a foundation for future research in this area.
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Raw Material No. [SiO, TiO, |[Al,O3 BaO ZnO K,0O Na,O MgO CaO
1 48.80 0.07 36.10 0.00 0.00 2.60 0.14 0.35 0.12
2 54.88 0.07 40.63 0.00 0.00 2.88 0.18 0.40 0.14
3 74.00 0.03 14.60 0.00 0.00 5.60 3.90 0.00 0.80
4 98.00 0.04 0.78 0.00 0.00 0.15 0.08 0.01 0.02
5 0.72 0.00 0.00 0.00 0.00 0.00 0.00 20.39 32.00
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 56.00
7 0.00 0.00 0.00 77.67 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 99.99 0.00 0.00 0.00 0.00
Bons J9SUgo p 2 O Jgux -4yl Olgo B pan YL w9 B pan (b v aypa P Jgu
Oxide Molez:u/lrz;lro\;;’elght Raw Material | Cost (per | Minimum | Maximum
& No. unit) Usage (%) | Usage (%)
Si0; 60
1 150 0% 100%
TiO, 80
2 110 0% 100%
Al;O3 102
3 230 0% 100%
BaO 153
4 192 0% 100%
ZnO 81
5 110 0% 100%
K,0 94
6 105 0% 100%
NaZO 62
7 140 0% 100%
MgO 40
8 190 0% 100%
CaO 56
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Raw Material No. Batch Formula (%) Raw Material No. Batch Formula (%)
! I 1 10%
2 12% 5 8%
. 2 3 20%
4 SR 4 32%
2 o 5 18%
6 16% 6 3%
[ S 7 6%
g R 8 3%
Total D% Total 100%
(ol a5 5 amlic) A Jguo
Oxide SiO, | TiO2 | ALOs [ BaO | ZnO | K,O | Na,O | MgO | CaO
Target Seger

2.90 0.00 0.30

0.05 0.05 0.04 0.06 0.15 0.65

Seger from Traditional
Method 2.82 0.00 0.30

0.09 0.11 0.05 0.04 0.28 0.41

Seger from
Mathematical Model 2.90 0.00 0.30

0.05 0.05 0.06 0.04 0.15 0.65

Deviation (Traditional)
0.08 0.00 0.00

0.04 0.06 0.01 0.02 0.13 0.24

Deviation
(Mathematical) 0.00 0.00 0.00

0.00 0.00 0.02 0.02 0.00 0.00

Total Deviation From

Traditional Method 0.58
Total Deviation From
Mathematical Model 0.04
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150 10% 5%
110 8% 12%
230 20% 21%
192 32% 33%
110 18% 9%
105 3% 16%
140 6% 3%
190 3% 1%
Total Cost — 168.29
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K Glaze - [Oxides ]
File Edt View Insert

NS

CEX]

-

<|

Format Records Tools Window Help vy -8 X
" # VH T X,
Application Surface tension || Thermal Expansion || Molecular || shemical nature Oxide
temperature factor factor Coefficient weight
0.32 4.10 0.099 123.20 v Acid Zro2
0.00 3.00 4.000 80.00 T Acid Tio2
1.00 0.80 0.029 69.60 T Acid B203
0.38 3.40 0.035 60.10 7 Acid Sio2
0.00 4.50 4.000 160.00 T Amphoteric Fe203
0.32 6.20 0.061 101.90 T Amphoteric Al203
2.00 1.20 0.083 223.20 t Base PbO
0.60 3.70 0.129 153.40 t Base BaO
0.59 3.80 0.159 103.60 T Base Sro
0.88 0.10 0.331 94.20 T Base K20
0.60 4.70 0.094 81.40 T Base Zn0
0.88 1.50 0.331 62.00 T Base Na20
0.58 4.80 0.150 56.10 T Base Ca0
0.54 6.60 0.026 40.30 T Base Mgo
0.88 4.60 0.099 29.90 T Base Li20

Record: 14| <[ 1 » M [p¥|of 15

K Glaze - [Glazes]

Loyl 55529 9 LausT (8 y%0 ) S

File Edit View Insert Format Records Tools Window Help

Record: 14| ¢ | T [ 21| of 10

DRSS KN VeV X,
Glazes and their properties
Weight % of oxygen" Mole formula ”Molecular weight" Chemical nature " Oxide | Frit No.01 Glaze name
7.56% 0.3280 69.60 v Acid ;I B203 Glaze entry mode
39.17% 1.9690 60,10 v Acid v Si02 5
ot — Formula
4,79% 0.1420 101,90 v Amphoteric v Al203
— = - o
38.27% 0.5180 223.20 «|  Base . PbO Chemical analysis
2.34% 0.0750 94,20 v Base v K20
3.37% 0.1640 62,00 ol Bame |+| Ne20 oo
4.51% 0.2430 56,10 =™ aie . cao
[" Select
] I 100.00% Sum of percentages
v
Record: 14| ¢ b | M P¥|of 7 .
K AILL] Add new oxide [
241.78 {mhjm) Surface tension 1.00 {mol) Total moles
762 *10/-6JK  Thermal expansion coefficient 905.69 ('C) application temperature

Wl a3 g o boad 5IUT g adgl Slgo (B ymo ¥ S5
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K Glaze - [Calculation of glaze from raw materials]

File Edt View Insert Format Records Tools Window Help
NRS& ) WY X,
- | Start calculations | | Frit No.06 ” Glaze name |
| k2o |[ poo |l apos | sic2 || 203 [ Max || Min |9 weight|[ Unitprice | Rawmaterial |
16.90% 0.00% 18.30% 64.80% 0.00% 100.00% 0.00% ? 0 Orthoclase
0.00%  0.00%  0.00% 0.00%  56.30% 100.00% 0.00% ? 0 Boric acid
0.00%  0.00% 28.30% 66.70% 0.00% 100.00% 0.00% ? 0 Pyrophyllite
0.00%  97.70%  0.00% 0.00%  0.00% 100.00% 0.00% ? 0 Red lead
68.10% 0.00%  0.00% 0.00%  0.00% 100.00% 0.00% ? 0 Potassium carbonate
0.00%  0.00% 34.70% 40.90% 0.00% 100.00% 0.00% ? 0 Halloysite
? Totale weigh % of raw materials
| K20 || PbO " Al203 " Si02 H B203 | ? Raw materials cost of final glaze
7.73%  25.30%  8.37%  29.49% 29.11% | Chemical analysis of desired glaze o n— i
axponsion || tension || temperature
0.4200 05800 0.4200 2.5100 2.,1400 | Mole formula of desired glaze oefiiceqt
! ? ? ? ? Chemical analysis of resulting glaze 7.05 206,54  820.23
= ? ? ? ? BN 2. tormuis of resuiting glaze ? ? ?
v
< [*]

Lyl plgs g ol 6o ¥ S

& Glaze - [Calculation of glaze f raw materials] B
File Edit View Insert Format Records Tools Window Help ] i (R IC
R & 4 XA
-~ . .
Start calculations | Frit No.06 ” Glaze name |
[ ko || Poo |[ alos | sio2 || 8203 || Max || Min- [o% weight]| unitprice || Rawmaterial |
16.90% 0.00% 18.30% 64.80% 0.00% | 100.00% 0.00% 45,08% 0 Orthoclase
0.00% 0.00% 0.00% 0.00% 56.30% | 100.00% 0.00% 51.71% 0 Borioacid
0.00% 0.00% 28.30% 66.70% 0.00% | 100.00% 0.00% 0.41% 0 Pyrophyllite
0.00% 97.70% 0.00% 0.00% 0.00% | 100.00% 0.00% 25.90% 0 Red lead
68.10% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.17% 0 Potassium carbonate
0.00% 0.00% 34.70% 40.90% 0.00% | 100.00% 0.00% 0.00% 0 Halloysite

123.27% Totale weigh % of raw materials

| k2o | Poo |f 403 || sio2 | e203 | 0.00 | Raw materials cost of final glaze
7.73%  25.30%  8.37%  29.49%  29.11% | Chemical analysis of desired glaze‘
Thermal Surface Application
expansion tension temperature
0.,4200  0.5800 0.4200 2,5100 @ 2.1400 Mole formula of desired glaze coefficient
7.73% 25.30% 8.37% 29.49% 29.11% | Chemical analysis of resulting glaze 7.05 206.54
0.4200 0.5800 0.4200 2.5100 2.1400 Zahr formula of resulting glaze 7.05 206.54

L]
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I Glaze -[Calculation of glaze from raw mater

Fle Edit View Insert Format Records Tools

Window Help v mil? X

NR & WEE WX,
-~
l Start calculations | | Frit No.06 “ Glaze name |
[ k2o | poo | aeos | sioz |[e203 | Max || Min o weight][ Unitprice | Raw material |
16. 908 Solve the model @ Ortlioclaze
0.00; ) Boric acid
End of calculations =
0.00} Pyrophyllite
Red lead
68.10 Potassium carbonate
Show answer -
0.00) Halloysite
? Totale weigh % of raw materials
I K20 “ PbO " AlR03 " Si02 " B203 | ? Raw materials cost of final glaze
7.73%  25.30% 8.37% 29.49%  29.11% | Chemical analysis of desired glaze‘
Thermal Surface Application
expansion tension temperatiire
04200 05800 04200 2.5100 @ 2.1400 Mole formula of desired glaze cogficlent ”
? ? ? ? ? Chemical analysis of resulting glaze 7.05  206.54

—! ? ? ? ? ? Zahr formula of resulting glaze ? ?
v
[ 4

0y G ydely bl g Lanwlxs plxil wig O JSCi

raw materials]

File Edit ‘iew Insert Format Records Tools Window Help ol [a) 2
& - T
Start calculations | Frit No.06 “ Glaze name |
| k20 || Poo [ 4203 | sic2 || 203 | Max || Min- [l%weight| Unitprice | Rawmaterial |
16.90% 0.00% 18.30% 64.80% 0.00% | 100.00% 0.00% 45,08% 0 Orthoclase
0.00% 0.00% 0.00% 0.00% 56.30% | 100.00% 0.00% 51.71% 0 Boileacid
0.00% 0.00% 28.30% 66.70% 0.00% | 100,00% 0.00% 0.41% 0 Pyrophyllite
0.00% 97.70% 0.00% 0.00% 0.00% | 100.00% 0.00% 25.90% 0 Red lead
68.10% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.17% 0 Potassium carbonate
0.00% 0.00% 3470% 40.90% 0.00% | 100.00% 0.00% 0.00% 0 Halloysite
123.27% | Totale weigh % of raw materials
| K20 || PbO || Al203 || Si02 || B203 | 000 | Rawmaterials cost of final glaze
7.73%  2530% 8.37% 29.49% 29.11% | Chemical analysis of desired glaze
Thermal Surface Application
expansion tension temperature
04200 05800 = 04200 25100 21400 | Mole formula of desired glaze costicknt
275%  25.30%  8.37%  29.49% 29419 | Chemical snalysis of resulting glaze 705 | 20654 82023
- 0.4200 05800 0.4200 25100 2.1400 | Zahrformula of resulting glaze 7.05 206,54 820,23 Resulting glaze
v
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