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Introduction

Needs for glass furnace

- Low energy consumption
-High reliability and long life
-High quality glass

L Refractory

AGC AGc cERAMICS CO, LTD.



v Refractory
1) Quality assurance for reliable AZS fused cast refractory
2) High-insulation monolithic refractory with RCF free

v Engineering
3) Actual energy saving performance of container furnace
4) Operation data analysis system to prevent furnace trouble.
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Electromagnetic radar device

AZS Block Size 1250x450x 250 .
Artificial Hole@10-p25mm, Depth 100-300mm parabolic shape which is drawn by reflected wave.

All holes can be measured at the tip of parabolic shape correctly.

Based on this theory, non destructive internal inspection has been developed
in 1991, and as one of our quality assurances before shipping, we have
carried out this inspection for all important large blocks since 1992.1

AGC AGC CERAMICS CO, LTD. 1) Pat.5363106,FR , Pat.2689245,IT, Pat.1287883,\_].!?ﬁ_l_23&3_
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Actual results of internal quality assura

Non inspected Inspected
block < Leic - 1992y 2] > block

0/340 blocks
(10 furnaces)

18/95 blocks Unusual corrosion ‘
(2 furnaces)

AGC AGc cERAMICS CO, LTD.
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Internal void at the center of cross section

AGC AGc cERAMICS CO, LTD.



TC-11 corrosion test
' |

Confirmation of the cross
section after cutting

.............................................

Corrosion test in laboratory.

AGC AGC CERAMICS CO, LTD. I @




v Refractory
1) Quality assurance for reliable AZS fused cast refractory
2) High-insulation monolithic refractory with RCF free

v Engineering
3) Actual energy saving performance of container furnace
4) Operation data analysis system to prevent furnace trouble.



Insulation material
with RCF

AGC AGc cERAMICS CO, LTD.

> BSF

Bio Solube Fiber,
which has solubility inside human body

x500 200 um

RCF

Refractory Ceramics Fiber
(Limitation on using)

B Carcinogenicity possibility

Limitations on using RCF has been started internationally because of its
carcinogenic possibility. So the use of BSF is increasing as an alternative
to RCF.

But these material included non crystal fiber, has deterioration problem at
high temperature.

2) The energy conservation center Japan,
Ceramic fiber and how to design insulating structure, 2007, 45p.



s
LA OO
+ e

Shrinkage Test with 100 hr heating

30%

—BSF (Bio Soluble Fiber)

25%

s

§ 20 RCF (Refractory Ceramics Fiber)

%Pls%

2 10% » BSF shrank remarkably at over 1200 °C.

» RCF shrank by 5~8% at over 1000°C.
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Temperature(°C)
Heating time 100 hr.
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Solution) Monolithic Insulation Material with R F

v" High insulation performance

v' Low deterioration at high
temperature for long time

v RCF free

In 2015, It got the grand
prize for excellent energy
solution in Japan.

THERMOTECTWWALL

AGC AGc cERAMICS CO, LTD.




The comparison of deterioration in actual furnace

Regenerator wall Conventional fiber cast (After 5 years)
ThermoTect Wall just after installation After 2.5 years

AGC AGc cErRAMICS CO, LTD. F,




v Refractory
1) Quality assurance for reliable AZS fused cast refractory
2) High-insulation monolithic refractory with RCF free

v Engineering
3) Actual energy saving performance of container furnace
4) Operation data analysis system to prevent furnace trouble.



Various type of furnace _ o
container, table-ware, and sodium-silicate

Oxy-fuel Combustion End Port Electric booster
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v Refractory
1) Quality assurance for reliable AZS fused cast refractory
2) High-insulation monolithic refractory with RCF free

v Engineering
3) Actual energy saving performance of container furnace
4) Operation data analysis system to prevent furnace trouble.



It is important to find unusual state of the furnace
at early stage during operation.

AGC AGc cERAMICS CO, LTD.



Remote trend analysis example with Company

10 years scale .
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chk dlsplaylng software,
called PLEASURE.

(40 times faster displaying speed
than conventional trend system)

High speed trend data processing software is developed for big data analysis around 2000y.
So data was shared with skilled engineer and analysis staff, using Company LAN.

AGC AGc cERAMICS CO, LTD.



lyear scale

Gradual progress of Pressure meter trouble

Atmosphere

Pressure
transmitter

The display value was diffeurent
from the actual value, and it was repaired.

- In this case, pressure meter had problem and doesn’t show correct value.
It is important to find such unusual situation and be improved ASAP.

AGC AGc cERAMICS CO, LTD.
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Remote trend analysis of container furnace Witﬁ%ﬁ?f‘
communication

W docoma 4G 17:49 % 72% -
& agc-soft.com

DateTime 15:12-25/10/2017
Fumnace Pressure[PV]
Combustion Air Flow[PV]
Glass Level[PV]
Gas Flow[PV]
ME Crownl Temperature[ PV]
ME Crown2 Temperature[PV]
ME Crown3 Temperature[PV]
Main Gas Pressure[PV]
Primary Gas Pressurc[PV]
Butner Cooling Air Pressure[PV]
ME Crown R/P Temperature[PV]
Flue Left Draft[PV]
Flue Right Draft[PV]

Flue Stack Draft[PV]
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Remote big data analysis example through secure internet

AGC AGc cERAMICS CO, LTD.



v Refractory
1) Quality assurance of AZS fused cast for
reliable internal structure
2) Stable insulation monolithic refractory with
RCF free

v Engineering
3) Better energy saving performance of
EcolLead furnace.
4) Remote trend analysis of the furnace

AGC AGc cERAMICS CO, LTD.



Conclusions

Examples of refractory and engineering technologies have been introduced in this
presentation. Challenge for energy saving and long life furnace should be continued for
global environment, and good refractory performance, well-balanced design, and operation

support technology can contribute to it.

4 2

L Refractory ) | Design and Engineering
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Hyper Regenerator System
Supply records

Period 1960’s 1970’s 1980’s 1990’s 2000’s 2010’s
Number of Multi—-REG 2 5 10 6 7 14
Glass type
Cullet 2 4 6 1 2 1
Container 0 0 2 4 5 13
Table Ware 0] 0 1 0 0 o)
Boro—Sil 0 1 1 1 0 0
Purpose
Save Energy (A) o 0 3 4 6 14
Checker Trouble (B) 0] 0 0 0] 0 ]
(A)+(B) 2 5 7 2 1 0]

1—st Generation(Challenge)

2—nd Generation (Solve Problem and Expand)

Improvement of the
technology

*Furnaces in AGC Group and designed by AGCC



Temperature distribution of refractory

Actual 315C ] y Actual 105C
Calc  306C - @ Calc 101C

Actual 87C

Calc 93C
Actual 213C
Calc  140-300C

It is helpful tool for heat loss reduction study

AGC AGc cERAMICS CO, LTD.
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3-1 How to count unusual corrosion of side wall refractories.

1) Upward drilling
from horizontal crack.

These corrosions are
influenced by cracks and
have no relation with
internal defect.

These corrosions may be
influenced by condition of joint
gap and design concept.

2) Corrosion from gap.

3) Unusual corrosion
without joint gap and
clear crack.

Internal defects may influence
these type of unusual
corrosion .
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AGC AGC CERAMICS Cﬂ., LTD. Ceramic fiber and how to design insulating structure, 2007, 45p.



The comparison of graph displaying speed
between Excel and PLEASURE on laptop PC

Row number Graph display
of data time (sec)
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Electric booster
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Carcinogenic Probable human Possible human L
) . Not classifiable
to human Carcinogen Carcinogen
2A 2B 3or4g
Ultraviolet GF, RW,
Asb
s _estos_ i irradiation RCF SW ,GW
Crystalline Silica MF
Benzo[a]lpyrene Others
1 2 3 (0]
Asbestos RCF, MF RW, SW, GW GF
Im 1 I 2 II 3B
Asbestos RCF, Aluminium SW, others
RW, GW
A B2 C D orE
Asbestos RCF
[Mark]
RCF : Refractory Ceramics Fiber
GF : Glass long Fiber . . . .
GW  : Glass Wool In Japan, limitations on using RCF has been announced.
MF : Micro glass Fiber Ref. Refractory Ceramics Fiber Association (JAPAN) WEB Site
RW : Rock Wool

http://www.jhiwa.jp/index.html



Comparison of CO, Generation

C,H, + (x+y/2) O, — x CO, +y/2 H,0

In Japan (Using the emission factor of Japan):

CO, Generation by city gas combustion:
0.050 t-CO,/GJ / 40% =[0.12 t-CO,/GJ * Efficiency

CO, Generation by fuel oil C combustion:
0.072 t-CO,/GJ / 40% = 0.18 t-CO,/GJ

CO, generation by power generation: 0.000518 t-CO,/kWh
0.144 t-CO,/GJ / 85% = 0.17 t-CO,/GJ
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® [Low energy consumption] [Long life] [High quality glassl are
important topics for glass manufactures.

® Refractory and Engineering technologies must contribute to realize
well-balanced design for their needs.

® Moreover, it is important to find unusual state at early stage during
operation over 10 years in order to realize stable and long life furnace.
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Maintain insulation performance in actual
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Outlook of global energy demand

[TWh]
45,000

- Otners » Energy demand is expected to
. increase in the future.

=mGeothermal

40,000

35,000

Wind

» Reduction of energy consumption
and CO, emission is important
Hydroelectric topics for all manufactures.

Nuclear

30,000

Solar
25,000 -

20,000 -

15,000 -
Gas
10,000 -

Approach

oil

5,000 -
Coal

2013 2020 2025 2030 2035 2040

Perspective of electricity demand of the world:

AGC AGC CERAMICS CO, LTD. I @ 3



eneration

Biomass Other NRE,
1.09% Solar Geothermal 0.24%
Wind 3.57% Renewable energy 4.33%
0
1.99%

Hydroelectric
2%

Thailand

2016
Total: 182TWh

Hydreele . Philippines

ctric
2016
1888 Total- 91TWh

Indonesia

2016
290TWh

AGC AGc cERAMICS CO, LTD.
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Other thermal power
Nuclear  8.50%

Solar o
4.80% 1.70%
Biomass
Wind 1.70%
0.60%
Geothermal
0.20%

Hydroelectric
7 50% Janpan

2016
'Total: >1,000TWh

Institute for Sustainable Energy Policies
https://drive.google.com/file/d/0B72dHL3
q3jybU2JseXJsQi10elk/view




Hyper Regenerator System

Prevention of unbalanced air-flow & gas-flow

Double Pass Regenerator Single Pass Regenerataor

|| Basif dnecter ||




Hyper Regenerator System

Prevention of checker clogging

. Double Pass Regenerator Single Pass Regeneralior
|:L. 2no
Flie chamber ist Chamber

—

Fire Glay
CiecKer
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1. (FUHIC

EAIRIE PR & 1, BRI TO GRS L 2E L
W GEIE S PR (Man Made Vitreous Fiber ; MMVF) @
HFRTH 0. 1990 461 EU(European Union) TH%E X 1.
71 Tl3 Bio-Soluble Fiber &I T 5, HATIHEEX
NABFRIZHAGEIZER SN2 DTH D, L Z ORJIA
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AGC AGc cERAMICS CO, LTD.
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MEhzt53I v 277 7A43-BMMUEMNEZHNTHD, B
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