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Siliconized Vi

EVERY DROP COUNTS!

Further minimize interactions between glass surface and drug product

Less adhesion of high viscosity drug products to the inner surface of the vial

Higher restitution rates

Less residual drug volume

NIPRO PHARMAPACKAGING INTERNATIONAL
Blokhuisstraat 42, 2800 Mechelen, Belgium | pharmapackaging@nipro-group.com | www.nipro-group.com
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innovating for a better life
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W €enter of Glass
Excellence offering

High Quality Products for Perfectly matched
Moulded Glass Packaging & Tubular Glass Solution

Moulded Glass Range

Material: Borosilicate Glass, Sodalime Glass

Glass Types |, Il & Il in Clear & Amber Glass

State of the art facility — ISO Standard Clean Room
ISO 9001, ISO 45001 & GMP Certified Facility
Range: 2 ml — 600 ml, Type & Color wise

Injection, Infusion, Dropper, Syrup, Tablet, Sprays
Graduated, Ungraduated, DIN, Crimp & Screw finish

Tubular Glass Range -

Material: Type | Borosilicate Glass

Ampoules & Vials in Clear & Amber Glass

Syringes and Cartridges in Clear Glass

ISO 9001, ISO 13485, ISO 15378, ISO 45001 &

GMP Certified Facility

Vial Range: 1 ml — 30 ml for Parental & Diagnostics
HPLC Scientific Vials, Screw Neck /

Crimp Neck Press Fit, Blowback

Ampoules: OPC, Break / Score Ring, Form:

B, C, D Printed / Non printed, treated / non treated

Syringes & Cartridges Range

Material: Type 1 Glass
0 Syringes and Cartridges in Clear Glass
I] ISO 9001, EN ISO 13485, EN ISO 15378

i

Syringe Range: 0.5 ml — 5.0 ml

Printed / Non-Printed, Oily Siliconized /

Baked on Silicon (BoS)

Syringes: Staked in Needle / Luer Lock /

Luer Cone / Syringe with Safety Device (InnoSafe)
Cartridge Range: 1.5 ml, 1.8 ml and 3 ml

Registered Office: Manufacturing Sites:

906, Windfall Off. M. Vasanji Road Plot no. 38, Village Kunvarda Telephone +91 22 4163 2323

J.B. Nagar Andheri (East) Taluka Mangrol Kosamba (RS) support.india@gerresheimer.com
Mumbai 400 059 India District Surat - 394120 www.gerresheimer.com
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The future of solar energy appears exceedingly promising.
At Emerge Renewables, with advanced research and
development aimed at improving efficiency, reducing costs,
and integrating solar power seamlessly into our energy
grids. As technology advances, the widespread adoption of
solar energy will play a pivotal role in creating a sustainable,
cleaner, and brighter future for generations to come.

Clean Energy | Renewables

Emerge Renewables Pvt Ltd. m r
15th Floor, Vijaya Building. 17, Barakhamba Road,
Connaught Place, New Delhi- 110001

www.emergeglass.in renewables
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Leader in Sustainable
Packaging Solutions

B, ¥ AGI a(r,

Glass Factory Rd., off. Motinagar, P.O. Box 1930, Borabanda,
Hyderabad, Telangana-500 018, INDIA.
Toll-Free: 040-2383 1774 | Email: agi@agi-glaspac.com

www.agi-glaspac.com | o @ o o




mangalel_@BAL SAND SOLUTION

Ay Al I.-..I

T

-

Il sabaka mangal ho 11

Pioneers of Solar Glass

Grade Low Iron Silica Sand Sparkling the Sand with

Sun to Make the Earth

Manufacturing in India Green and Clear

Trusted leader in high-quality silica sand production, catering to diverse
industries with precision and innovation. With a commitment to excellence and
sustainability, we deliver solutions that empower businesses worldwide.
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From the President’s Desk

The AIGMF launched its annual Youth Contest 2026, themed "Glass in
Institutions" (ﬂ'@ﬂ‘ﬁ | 19). The competition is open to young participants
aged 7 to 24 years and aims to encourage creativity while highlighting the
importance of glass in educational and public institutions. Participants can
submit entries in various formats, including essays, poems, drawings, paintings,
and photographs. The competition offers cash prizes of INR 25,000, INR
15,000, and INR 10,000 for the top three entries. In addition, 100 outstanding
participants will receive commemorative glass mementos. Entries must be
submitted by July 30, 2026, via email to info@aigmf.com.

AIGMF has called for nominations for the C K Somany Award for Excellence

and Balkrishna Gupta Award for Exports. C K Somany Award for Excellence will be given to an individual
who has made significant contributions to the glass industry in the fields of manufacturing, product
development, environmental factors, business, performance/growth, research and development, science/
technology, etc. Balkrishna Gupta Award for Exports will be given to a unit who has contributed towards
identification or growth of new potential markets/volume of exports/reaching no. of countries or any
other area, showcasing valuable contribution in Glass Exports. Applications are invited at info@aigmf.com
from all those connected with the Indian glass industry who may submit a brief write-up/CV in support of
their candidature latest by August 5, 2026.

AIGMF will participate in the World Soda Ash Conference (WSA) as a Media Partner from Sept 29- Oct
| in Valencia, SPAIN. The conference is hosted by Chemical Market Analytics by OPIS, a Dow Jones
Company and supported by AIGMFE Mr. Purvish Shah (Hon. General Secretary of AIGMF and Director in
both Gopal Glass Works Ltd., and Gobind Glass and Industries Ltd.,) which manufactures pattern and solar
glass, will make a presentation on "Solar Glass Prospects in India and Its Impact on World Markets". The
platform will help participants connect with industry leaders, producers, and buyers, providing valuable
space for networking and collaboration. AIGMF members are entitled to a discount on the registration
fee; request the discount code by emailing at info@aigmf.com

Owing to the Gulf crisis, the International Glass Manufacturing Show (IGMS) 2026 has been moved to
2027 and will now take place from April 6-8, 2027 at the Dubai World Trade Centre, Dubai, UAE. Bringing
together manufacturers, suppliers, technology providers, industry professionals, and decision-makers
from around the world, IGMS will showcase the latest innovations, machinery, processing technologies,
materials, and advanced solutions shaping the future of the global glass industry. Organized by Strategic
Exhibitions & Conferences, IGMS 2027 offers an unparalleled platform for networking, sourcing, and
knowledge exchange. It features cutting-edge products, live demonstrations, and strategic insights
designed to connect the global glass industry with booming regional markets. AIGMF is the supporting
association and Media partner for the event; it will also partner in the technical conference.

Parallel to the AIGMF Executive Committee Meeting, a roundtable on Solar and Pattern Glass is slated to be
organised on July 27 at CGCRI Kolkata in collaboration with BIS, GSI and FOSG. Many glass manufacturers,
processors, suppliers, Govt officials, related associations, international participants, research bodies, and
media are likely to attend the event at CGCRI to discuss strengthening solar and patterned glass. All
Members are requested to participate =

4
/
Awheily
Rajesh Khosla
President AIGMF and CEO/President AGI Greenpac
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GGL ANNOUNCES SECOND
FLOAT AND WET COATER LINES
IN ANKLESHWAR, INDIA

Gujarat Guardian Limited (GGL),
a joint venture between Guardian
Industries and Modi Rubber Limited,
the
its second float glass line and wet
coater facility at its Ankleshwar plant,
signalling a major step forward in

marked groundbreaking  of

expanding India’s glass manufacturing
capabilities.

The project is expected to be
completed by mid-2028, subject to
project timelines. Once operational,
the new energy-efficient air-fuel fired
float glass line will add a capacity of
1,000 metric tons per day, enabling
production of a wide range of glass
thicknesses and larger formats
designed to help improve customer

yield and processing efficiency.

“This groundbreaking marks a significant

News

milestone in our growth journey in India,”
said Mr. Guus Boekhoudt, Executive
Vice President, Guardian Glass. “This
investment is not only about expanding
capacity, but also about bringing advanced
technology, improving supply reliability,
and supporting our customers with high-
quality, value-added glass solutions.

In addition, GGL will install a new
wet coater with a capacity of 72,000
metric tons annually. The facility will
feature advanced mirror manufacturing
technology with single and double
paint coating capabilities, along with
fully automated handling, packing, and
logistics systems to enhance throughput
and help ensure consistent quality.

Once completed, the Ankleshwar
facility will serve as a key integrated
hub for float, mirror, and value-added
coated glass products, supporting
supply reliability and responsiveness for

customers across India.

www.aigmf.com

By consolidating advanced
manufacturing capabilities at a single
location, GGL aims to strengthen its
role as a reliable partner to India’s
growing construction and infrastructure
sectors while delivering long-term value

to customers and stakeholders.

Gujarat Guardian Limited, a Joint Venture
between Guardian Industries and Modi
Rubber Limited, is one of India’s leading
manufacturers of float, coated and mirror
glass products. At its facility in Ankleshwar,
Gujarat Guardian Limited produces high
performance glass for use in exterior (both
commercial and residential), interior
architectural and automotive applications.
MODIGUARD™, Guardian SunGuard™,
Guardian ClimaGuard™,
ShowerGuard™

Gujarat Guardian Limited can be found in

and Guardian

glass  solutions from
homes, offices, automobiles, and some of

India’s iconic architectural landmarks.

From left to right: Mr. Divyendu Pundhir - Vice President & CEO Guijarat Guardian Limited; Mr. Guus Boekhoudt - Executive Vice
President Guardian Glass; Mr. V K Modi - Chairman Gujarat Guardian Limited; Mr. Merritt Gaunt - President and CEO Guardian
Industries; Mr. Alok Modi - Joint Managing Director Gujarat Guardian Limited; Mr. Pankaj Mittal - Nominee Director and Mr. Ajit

Surana - Director- Finance Gujarat Guardian Limited
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CONSUL GENERAL OF
FRANCE VISITS SGD
PHARMA AND SGD
CORNING TECHNOLOGY
MANUFACTURING
FACILITIES

Mr. Marc Lamy, Consul General
of France in Bangalore, was ;
welcomed to the SGD Pharma g
and SGD Corning Technology E
manufacturing  campus  in

Vemula, Mahbubnagar,
Telangana on May 10.
The  visit  provided an

opportunity to present the
strategic importance of
SGD operations in India, the
technological capabilities of
facilities, and the operational
excellence  standards  that
support ambition to serve the
global pharmaceutical industry
with reliability, quality, and
innovation.

Following  discussions  with
the Leadership Team, Site
Team, and Plant Heads, Mr.
Lamy was guided through the
manufacturing operations.
His strong interest in the industrial
processes, production, environment,
and continuous improvement
initiatives led to highly valuable and
engaging exchanges throughout the
visit.

"India continues to play a pivotal role
in SGD Pharma’s industrial growth
strategy and long-term vision. Our
presence here reflects not only our
commitment  to  innovation  and
manufacturing excellence, but also the
remarkable dedication and expertise
of our local teams." said Mr. Deepak
Sood, Managing Director SGD
Pharma India.

"SGD was particularly honoured by
Mr. Lamy’s appreciation of technology
and operations, and by his recognition
of the site as “one of the most well
managed” industrial facilities he has
visited in recent years, a testament

SGD Pharma
QUALITY WEEK oot of
VEMULA - 2026

to the professionalism, discipline, and
commitment demonstrated every day
by our teams."

"The visit concluded with a symbolic
tree plantation initiative and further
discussions with our leadership teams,
reflecting our shared commitment to
responsible and sustainable industrial

growth."

VITHOB SHET ELEVATED
TO DIRECTOR VITRUM GLASS
AT EMPIRE INDUSTRIES LTD.

Mr. Vithob S. Shet is a highly
respected leader in the Indian glass
manufacturing industry with over 40
years of experience. He began his
career with Empire Industries Limited
as a Cost Executive and, through
dedication, expertise, and strong
leadership, rose to the position of
Director of the Vitrum Glass Division.

° Kanch | Vol. 14 | No. 1 | April-June 2026

Under
the division has
strengthened its
position as a trusted
manufacturer of
pharmaceutical  glass
containers, with a
¥ strong focus on quality,
safety, operational
excellence, customer
satisfaction, and
regulatory compliance.

his guidance,

D)

#THINK QUALITY &
ACT QUALITY”

Known for his
integrity, discipline,
and commitment

to continuous
improvement, Mr. Shet
has played a significant
role in the growth
; and success of the
“~% organization.

Beyond his professional
achievements, he
is actively involved
social service as
the
Lions Club, Kandivli,
Mumbai, and supports
the “Savalee” initiative
of Sankalp Pratishthan,
Ahmednagar, which works for
the welfare of infant girls and
underprivileged communities.

His
Executive to Director reflects his
perseverance, leadership excellence,
and dedication to both industry and

inspiring journey from Cost

society.



ADVANCING
PHARMACEUTICAL GLASS
PACKAGING

Shandong  Linuo  Pharmaceutical

Packaging Co., Ltd. (known as Linuo
Pharmaceutical)is a publicly listed
1995. With
decades of expertise and a strong

company founded in

reputation in the glass industry,
Linuo has become a global leader in
pharmaceutical and specialty glass
packaging, trusted by healthcare

brands worldwide.

Heye equipped Linuo with cutting-

edge production machines and
equipment and invested in their team
through the HiISKILLS Campus, a
programme built for practical, hands-
on learning. Operating advanced
equipment can be challenging - but
with the right training, hesitation turns
into confidence. Heye's approach
ensures that every participant not
only understands the technology
but masters it: running complex
systems smoothly, safely, and without
downtime. This is how knowledge
transforms into performance - and

performance into success.

Five Linuo specialists spent two
intensive weeks at Heye’s HiSKILLS
Campus in Obernkirchen, enjoying
an informative and collaborative
experience with Heye expert trainers.
The result: confidence, competence,
and measurable improvements in

production performance.

As Mr. Cui
President and General Manager of
the Moulded Glass Division, stated:
“The training gave our team the

Chengzhong, Vice

confidence to operate and maintain
the equipment efficiently. Everything
was explained clearly, and we now
feel fully prepared for daily production
tasks. Since completing the training,
we've seen a noticeable improvement in
machine uptime and overall efficiency.

The practical approach and hands-on
exercises made a real difference.”

Beyond these immediate gains, the

cooperation between Linuo and
Heye highlights the long-term value
of investing in people and technology
When skilled

meet high-performance

simultaneously.
operators
equipment, production lines don’t
just run — they operate at peak
efficiency. The training strengthened
the team’s ability to make informed
decisions on the shop floor, handle
realworld scenarios with greater
ease, and leverage the equipment’s
full potential. This combination of
expertise and innovation creates
a strong foundation for continued
growth,
pharmaceutical glass manufacturing.

reliability, and quality in

It's a partnership focused on

continuous  improvement, shared

ambitions, and a commitment to
excellence that moves the entire

industry forward.

AGI GREENPAC SETS 2050 NET
ZERO ROADMAP

AGI Greenpac has submitted its
greenhouse gas emissions reduction
targets to the Science Based Targets
initiative (SBTi), aligning its long-
sustainability
internationally

term strategy with

recognised climate
committing to

achieve Net Zero emissions by 2050.

benchmarks and
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<
The
company has adopted a science-
based decarbonisation roadmap using
FY 2023-24 as its baseline year. The
targets, which are currently under

Hyderabad-based packaging

validation by SBTi, include near-term
emissions reduction goals extending
through FY 2033-34 and are aligned
with the globally recognised 1.5°C
climate pathway. The move reflects
growing efforts among manufacturers
to integrate climate-related objectives
into long-term business planning as
expectations,
requirements and market demands

regulatory investor

continue to evolve.

AGI
focuses on

Greenpac’s climate roadmap
renewable  energy
adoption, circular economy initiatives,
technological innovation and logistics
The

optimisation. company has

installed approximately 21 MWp
of solar power capacity across its
manufacturing facilities. According

to AGI Greenpac, these installations
contribute to an estimated annual
reduction of more than 22,000
tonnes of carbon dioxide equivalent

emissions.

Circularity also forms a key
component of the strategy. The
company currently reuses over

200,000 tonnes of recycled glass, or
cullet, annually and aims to increase
cullet utilisation to 50 per cent
by 2027. Greater use of recycled



glass can help reduce both energy

consumption and raw material

requirements in glass manufacturing.

AGI
reported a reduction of

In addition, Greenpac has
11,880
tonnes of Scope | emissions through
its decarbonisation initiatives and
is collaborating with Glass Futures

(UK) to evaluate alternative fuel

technologies that could support
future emissions reductions.
The company is incorporating

sustainability ~ considerations into

ongoing investments, including its
upcoming glass manufacturing facility
in Madhya Pradesh and its expansion

into aluminium can packaging.

Speaking on the development, Mr.
Rajesh Khosla, CEO of AGI Greenpac,
said climate action must become an
integral part of business strategy and
capital allocation decisions. He noted
that measurable targets help ensure
accountability and support long-term
competitiveness.

Mr. Chandramohan Mangalagiri, Chief
Technology Officer at AGI Glaspac,
said the company’s roadmap includes
increasing  renewable

energy  use,

improving manufacturing  efficiency,

enhancing  recycled content and

reducing logistics-related  emissions
through electric vehicle adoption and

supply chain optimisation.

SEMINAR ON AUTO-
INSPECTION OF GLASS
BOTTLES via Al

On June 24 at Westin Gurugram,
the Glasspower Group organised a
seminar on “Automatic Inspection of
Glass Bottles and innovations through
use of Al” in collaboration with M/s
TIAMA, France.

The
prominent

seminar was attended by

glass companies
namely AGI, Haldyn Glass, Sunrise

Glass, Devi Group, SNJ Glass, Iconic

Glass, Emerge Glass, Shri Sitaram
Glass, Firozabad Ceramics and Jayna
Glass, including
alcohol-beverage

companies  such

as Pernod Ricard - __F;__
India, United

Breweries, ’i‘n@f’%l
Radico  Khaitan,

Tilaknagar! ﬁ,fl_
Industries and -

others. ‘i

As the world l = :
focuses on

innovation and the increased use of
Artificial Intelligence for data analysis
and improved process controls,
the event aimed to help glass bottle
the

technology in glass manufacturing.

manufacturers adopt latest

The Group  provides
operations and project management

Glasspower

seminars,
to keep
all its stakeholders informed about

consultancy through

workshops, and training

innovations and the introduction of new
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technologies relevant to the Glass and
Beverage industries.

AGI GREENPAC AT HGH EXPO

AGI Greenpac participated in the
HGH Expo held at the Bombay
Exhibition Centre, MUMBAI from
June 30 - July 3.

HGH India is an annual trade show for
home textiles, home décor, houseware,
gifts and lifestyle.

A diverse portfolio of different
segments were showcased by
the AGI Greenpac amongst were
the premium glass water bottles,
sustainable food jars, etc.




35™ CHINA INTERNATIONAL
GLASS INDUSTRIAL
TECHNICAL EXHIBITION

The 35* China
Industrial Technical Exhibition (China
Glass 2026) was held at Shanghai's New
International Expo Center (SNIEC),
China from April 7-10, 2026.

International Glass

The exhibition was hosted by the
Chinese Ceramic Society focused on
the high-end, intelligent and green
development trends of the industry.

Technical lectures and industry forums
were organised on Artificial Intelligence
(Al)
manufacturing, as well as green and low

empowerment, intelligent

carbon.

Leading manufacturing  companies,
buyers, industry organisations, scientific
research institutions and traders from
the global glass industry including some

AIGMF Members participated in the fair.

GLASS INDUSTRY MEETING
WITH MIZORAM GOVERNMENT

The AIGMF delegation met the
Hon’ble Chief Secretary Mr. Sudhir
IAS of the
of Mizoram on July 10 to discuss

Kumar Government
inclusion of glass packaging under
Corporate Social Responsibility (CSR)
initiatives and exploring collaborative
programmes to promote sustainable
packaging, environmental protection,
and public health through increased
glass use.

The Hon'ble Chief Secretary
welcomed the Glass Industry, gave
a patient hearing to the Federation’s
proposals, and appreciated its vision of
promoting glass as an environmentally
responsible packaging solution across
various sectors.

During the discussions, the AIGMF
Secretary highlighted that Mizoram,
with its pristine hills, dense forests, rich
biodiversity, and strong commitment
to  environmental conservation,
is ideally positioned to become

" o, Y
NG | Nirmal Giasstoch

NECK RING HOLDERS

for sustainable
development. Protecting this fragile

a national model
ecosystem requires reducing plastic

pollution and encouraging the
adoption of environmentally friendly
materials that safeguard both nature

and human health.

The Federation explained that glass

is the world’s most sustainable

and green packaging material.
Manufactured from natural minerals,
glass is 100% recyclable, reusable,
and chemically inert, ensuring it
does not release harmful chemicals,
microplastics, or nanoplastics into
food, beverages, soil, or water.
Unlike plastic packaging, glass can be
recycled endlessly without any loss of
quality, making it a perfect example
of the circular economy. Increasing
glass packaging use can therefore

play a significant role in protecting
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the environment, conserving natural
resources, reducing waste, preserving
Mizoram’s fragile hill ecosystem, and
promoting public health.

One key outcome of the meeting
was the proposal to jointly organise
a large-scale awareness programme
titled “Green Mizoram — Glass for a
Sustainable Future” in collaboration
with the Government of Mizoram and
its Education Department.

The proposed programme aims
to educate 500-2,000 school and
college students, along with teachers,
government officials, and the public,
about the environmental and health
benefits of glass packaging. The event
would include expert presentations
on sustainable packaging,
environmental conservation,

recycling, the circular economy,




and the importance of protecting
Mizoram’s hills, forests, rivers, and
biodiversity from pollution caused
by unsustainable packaging materials.
Educational films, interactive quiz

competitions, and drawing and
painting competitions on themes such
as “A Plastic-Free Green Mizoram”
and “Glass for a Cleaner Future”
were also proposed to encourage
active  participation and inspire
young minds to become champions
of environmental protection.
As part of its commitment, AIGMF
offered to sponsor the awareness
programme by arranging expert
speakers, educational presentations,
awareness films, quiz competitions,
prizes, and

glass  mementoes,

refreshments for participating

students.

The proposed initiatives are expected
to create greater awareness about
sustainable  packaging, = promote
healthier and plastic-free lifestyles,
the

and

Mizoram

young
to become ambassadors

strengthen Green

Mission, inspire
citizens
for environmental conservation.
They also have the potential to
position Mizoram as a model state
demonstrating how government,
industry, and educational institutions

can work together to protect the

environment  while promoting
sustainable development.
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BIS

Bureau of Indian Standards

Roundtable on Solar and Pattern Glass

Venue: CSIR-CGCRI (Opposite Jadavpu

r Police station) KOLKATA

(July 27, 2026)

Time (hrs) Topic / Subject ‘ Speaker
1000 Registration / Tea-Coffee and Display of Touring Exhibition- Glass or Class
1030 Welcome Address Prof. Bikramjit Basu
- R&D facilities Director CSIR-Central Glass & Ceramic
- Need for Testing Research Institute (CGCRI)
1040 Keynote Address: Mr. Shreevar Kheruka
Overview on Solar Glass Manufacturing Sr. Vice President AIGMF and
Managing Director & CEO of Borosil Ltd.
Strengthening Solar and Pattern Glass; and Developing new Standards
1105 Overview of Indian Glass Standards Mr. Mohit Garg
- Textured and Extra Clear Textured Chemical Department, Bureau of Indian
Glass as per IS 5437: 2024 Standards (BIS)
- Safety Glass Part 3 Solar
Applications IS 2553 (Part 3): 2026
1125 Strengthening of Solar Glass Mr. Varun Gupta
- Developing unbreakable solutions Ex-Com Member AIGMF and
Director in Triveni Renewables Ltd.
1145 Pattern Glass applications Mr. Purvish Shah
- Toughening Hon. General Secretary AIGMF and
- Colourful and sustainable partitions Director in Gopal Glass Works Ltd., and
Gobind Glass and Industries Ltd.
1205 BIS Certification Procedures CMD-1, BIS
1225 Discussions, and Q/A
- Dr. K Annapurna, Chief Scientist, CSIR-CGCRI
- Mr. Gohul Deepak, Executive Director- Glazing Society of India
- Mr. Gurmeet Singh, Chairman, Federation of Safety Glass (FOSG) and Managing
Director, Gurind India (P) Ltd
- Mr. Rajesh Khosla, President AIGMF
1240 Vote of Thanks Mr. Ajay Tewari
Sc-E & Head (CHD), BIS
1245 Next Steps Mr. Vinit Kapur
Secretary AIGMF
1245-1315 | * Executive Committee Meeting (for AIGMF Members)
1300-1400 | Lunch
1400 CHD 10: WG 3 Glass-Ceramic Cooktop WG Meeting (for BIS WG Members)
1600 Tea / Coffee (and event closure)

Kanch | Vol. 14 | No. 1 | April-June 2026
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2026 Glass Awards

Call for Nominations

In recognition of the tremendous contribution to Indian Glass Industry, The All India Glass Manufacturers'
Federation (AIGMF) announces C K Somany Award for Excellence and Balkrishna Gupta Award for
Exports.

C K Somany Award for Excellence will be given to an individual who has made significant contributions
to the glass industry in the fields of manufacturing, product development, environmental factors, business
performance/growth, research and development, science/technology, etc.

Balkrishna Gupta Award for Exports will be given to a unit who has contributed towards identification
or growth of new potential markets/volume of exports/reaching no. of countries or any other area
showcasing valuable contribution in Glass Exports.

Winners

Year | CK Somany Award for Excellence Balkrishna Gupta Award for Exports
2025 | Mr. P K Kheruka, Former President AIGMF, Chairman of | M/s Schott Glass India Ltd.
the Glass Panel in CAPEXIL and Chairman of Borosil Ltd.
2024 | Dr. Manoj Choudhary, Former President, International | M/s Schott Poonawalla Pvt. Ltd.
Commission on Glass (ICG)

2023 | Mr. Pulkit Gaur, Gridbots Technologies Pvt. Ltd. M/s Schott Glass India Ltd.

2022  Mr. Eric L'Heureux, Schott Poonawalla Pvt. Ltd. M/s Schott Poonawalla Pvt. Ltd.

2021 | Mr. Udit Kapoor, Kapoor Glass India Pvt. Ltd. M/s Borosil Renewables Ltd.

2020 | Dr. Mukul Chandra Paul, CSIR-CGCRI M/s La Opala RG Ltd.

2019 | Mr. B L Kheruka, Gujarat Borosil Ltd. (Now, Borosil Ltd.) | M/s Firozabad Glass Shell Industries

2018 Mr. S K Jhunjhunwala, La Opala RG Ltd. M/s Piramal Glass Pvt. Ltd. (Now, PGP Glass Pvt. Ltd.)

Referral applications can also be submitted by Regional Associations: U.P Glass Manufacturers' Syndicate
(UPGMS)- FIROZABAD; South India Glass Manufacturers' Association (SIGMA)- HYDERABAD; Western
India Glass Manufacturers' Association (WIGMA)-MUMBAI; Northern India Glass Manufacturers'
Association (NIGMA)- Bahadurgarh, HARYANA and Eastern India Glass Manufacturers' Association
(EIGMA)- KOLKATA, who may give recommendations for giving an award to a likely individual.

AIGMF may consult Banaras Hindu University (IIT BHU-Ceramic Glass Division), CGCRI (Central Glass
and Ceramic Research Institute), CCPS (Confederation of Construction Products and Services) and FOSG
(Federation of Safety Glass) for identifying suitable candidates for the award.

2026 Glass Awards in these categories would be given during the Annual General Meeting in Aug/Sept 2026.
The jury for the awards comprise of:

- Mr. Gurmeet Singh, Chairman, Federation of Safety Glass (FOSG) and Managing Director, Gurind India
(P) Ltd.

- Mr. Dave Fordham, Former Publisher, Glass Worldwide, London (UK); Member Editorial Board
KANCH and Global Engagement Lead, Glass Futures, St. Helens (UK)

- Mr. Amit Malhotra, President, Confederation of Construction Products and Services; Treasurer, uPVC
Window & Door Manufacturers Association and Managing Director, McCoy Silicones Ltd.

- Mr. Pawan Kumar Shukla, Hon. Treasurer AIGMF and President / Managing Director, Schott Glass India
Pvt. Ltd.

Applications are invited at info@aigmf.com from all those connected with the Indian glass
industry who may submit a brief write-up/CV in support of their candidature latest by
August 5, 2026 =



BRIGHTER SOLUTIONS TOGETHER

SEFPRO g]

| XeBOOST™ refractory &electrode holder

XeBOOST™ refractory, a 46 % ZrO, high-resistivity AZS designed for high-boosting furnaces in combination
with F I C differentiated electrode holders and SEFPRO GUARD monitoring.

F.I.C. HIGH-Q and MAXI-Q:

¢ Reduced risk of water leak to glass and refractory
¢ Less clogging occurrence

¢ Higher cooling capacity of the Mo electrode

* Lower heat exchange with the refractory

SEFPRO XeBOOST™ refractory 46 RT:
¢ 15% higher corrosion resistance vs AZS40
¢ 3 times higher electrical resistivity vs AZS40

SEFPRO GUARD® Monitoring
Temperature alerts

.\_ Increasing boosting leads to severe operating
conditions of side walls:

* 15% higher corrosion resistance vs AZS40

¢ 3 times higher electrical resistivity vs AZS40

e Electrical boosting leads to a change in corrosion profile

» Corrosion point is shifted toward the bottom of the block

* More severe corrosion stresses in refining area
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World Soda Ash e Ve
Conference

Media Partner:
29 September - 1 0ctober 2026 edia Fartner

Shifting Sands vs Structural Reset:
Finding the New Baseline

The World Soda Ash Conference is the only dedicated global event
for the soda ash industry, bringing together the full value chain of
-| market participants to examine the key forces reshaping the sector.

B Why Attend?

e Gain key insights on global soda ash markets

o Understand demand growth from solar glass & energy storage
e Hear from leading industry experts

e Connect with global decision-makers

WSA 2026 Key Themes

Emerging Supply China’s Role Policy, Operating

Demand  Pressure & Market in a Global Geopolitics &  in a Resetting
Shifts Imbalance Market Market Signals Market

..JL‘?%L :

0 P I S raiiﬂgm Register online at E"ﬂ‘fﬂ_ L .

st ANALYTICS chemicalmarketanalytics.com/wsa
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Soda Ash: Finding the New Baseline

The global soda ash market has
been going through a structural
reset. Shifting trade flows, heavier
influence from policy in the form
of tariffs and trade measures and
expanding production capacity
are redefining how the market
operates, while
patterns are changing with new
demand growth from solar and
energy storage applications.

consumption

The soda ash market can be
defined as oversupplied in 2025.
After growing by 8.5% year-on-
year in 2024, mainly in mainland
China, world soda ash demand
grew by 1.4% in 2025. The
slowdown in demand coupled
with a sharp increase in supply
has changed the market from
being relatively balanced in 2024
to an oversupply situation since
the start of 2025.

In 2026, glass production is
projected to account for 56% of
global soda ash consumption. Flat
glass continues to lead demand,
followed by container glass.
Between 2026-2030, solar glass is
expected to the fastest-growing
glass segment. During the same
period, lithium carbonate share
in the world is expected to be the
fastest growing end use for soda
ash.

The global geopolitical environment

has remained highly volatile,
particularly over the past few months.
The US/Israel-Iran conflict has started
to weigh on the global economy,
contributing to a downward revision
in world GDP growth, which is
currently projected at 2.4% for
2026. Additionally, rising transport

costs, combined with broader supply

Hasan Copur

Associate DirecTor, GLosat Sopa AsH, CHemicAL MIARkeT AnawyTics, Dow Jones ENercy

hasan.copur@chemicalmarketanalytics.com

Mainland China Soda Ash Exports (YTD April)
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soda ash production costs across

most regions globally, including India.

THE MIDDLE EAST AND THE
IMPACT OF WAR IN IRAN

The Arabian Gulf accounts for
approximately 2% of global soda ash
demand. Outside of Iran, the only
soda ash production capacity in the
Arabian Gulf is located in Saudi Arabia.

Iran’s capacity exceeds domestic
demand, enabling the country to act
as a net exporter. However, little
to no soda ash has reportedly been

m Middle East
® Indian Subcontinent

_—
2024

2025 2026

Northeast Asia
South America

© 2026 Oil Price Information Service, LLC.

exported from Iran since the end of
February.

In 2025, nearly one quarter of Turkish
soda ash exports were shipped to
markets east of Tirkiye, meaning
a significant portion of this trade
relied on the Suez Canal route.
The Suez Canal and Red Sea trade
routes are currently experiencing
severe disruption. Nevertheless,
the global market is expected to
remain adequately supplied even if
some trade routes continue to face
interruptions.

Catch my talk at

World
Soda Ash

Conference

on

Solar Glass Prospects in India and

Purvish Shah
Hon. Gen. Secretary AIGMF and Director in both
Gopal Glass Works Ltd. and Gobind Glass and Industries Ltd.

S——

Its Impact on World Markets
REGISTERTOJOINME

Al MF is supporting as one of the Media Partners for the World Soda

disruptions, have pushed up energy
. 4Ash Conference (WSA) from Sept 29- Oct 1 at Valencia, SPAIN

and raw material prices, increasing
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MAINLAND CHINA

Mainland China continues to dominate
the global soda ash narrative. In 2023
and 2024, the country saw double-
digit demand growth, primarily driven
by solar glass production. However,
this momentum hasn’t persisted into
2025. While both flat glass and solar
glass production declined compared
to the previous year, stronger lithium
carbonate production helped offset
weaker glass-related demand.

During the first quarter of 2026,
domestic soda ash demand increased
by 2.2%. Demand across downstream
sectors, including glass and lithium-
was supported by
in activity as
manufacturers accelerated exports
ahead of the VAT rebate reductions
implemented on April |. Following

ion batteries,
a temporary surge

this front-loaded demand, export

activity is expected to ease in Q2.

Although natural soda ash capacity
in mainland China has continued
to expand, several Hou-process
soda ash plants have remained idle
since last year. These outages have
officially been attributed to extended
maintenance programs or technology
upgrade projects. Taking both new

capacity additions and closures into

Mainland China PV Installations
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account, there is expected to be a net
increase in effective soda ash capacity
in mainland China in 2026.

In April, mainland China’s soda ash
exports rose by 41%, year-on-
year totaling 925,000 mt. Higher
bunker fuel costs following the onset
of the lIran conflict improved the
competitiveness of Chinese soda ash
in nearby export markets. China’s
surplus volumes are also increasingly
South
America, which historically had not

reaching regions such as

Mainland China Soda Ash Quaterly Exports
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been a regular destination for Chinese
product.

We expect mainland China to maintain
an aggressive export strategy through
the remainder of 2026 and beyond, in
an effort to ease oversupply pressures
in the domestic market.

CONSTRUCTION AND
AUTOMOTIVE SECTORS ARE
EXPECTED TO SUPPORT A
RECOVERY IN FLAT GLASS
DEMAND

Flat glass is the largest end-use
sector for soda ash. Global flat glass
production is estimated to have
declined by 1% in 2025, with only
a modest recovery of less than 1%
growth forecast for 2026. Medium-
to long-term demand growth is
expected to be driven mainly by
developing regions and supported
by both construction and automotive
applications.

Global light vehicle production
increased by 3% in 2025 to 92 million
units, while EV production grew by
21%, accounting for 28% of total
output. Rising fuel prices and energy
security concerns linked to the Iran
conflict are expected to further
accelerate EV adoption. In 2026, EVs



Turkiye Soda Ash Exports (YTD March)
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and hybrids combined are projected
to surpass internal combustion engine
vehicles in global production share for
the first time.

Growth in automotive production
is supportive of flat glass and in turn
soda ash demand, while increasing EV
and hybrid output also boosts lithium
demand, providing an additional
source of soda ash consumption.

CONTAINER GLASS REMAINS
UNDER PRESSURE

Container glass represents the
second-largest end-use sector for
soda ash, supported by its long-
standing role within the food and
beverage industries. However, the

sector has experienced considerable

Top Producers on a Company Basis, 2026
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challenges in recent years, leading to
a significant number of plant closures
across both the US and Europe.
Between 2023 and 2025, nearly 3
million mt of container glass capacity
was shut down, with a further |
million mt expected to close by the
end of 2026.

This decline has been driven largely
by ongoing pressure on consumer
spending, alongside a structural shift
in consumer preferences toward low-
and no-alcohol beverages. Despite
these difficulties, there are early
indications of a modest recovery in
container glass demand. Although
production declined slightly in 2025,
wine-related

volumes remained
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relatively resilient. For 2026, global
container glass production is forecast
to increase by | % year-on-year. While
this projected growth suggests the
beginning of a recovery, the industry
is expected to remain under pressure
in the near term.

PHOTOVOLTAIC SOLAR
PANELS SAW EXTRAORDINARY
GROWTH IN 2025

Solar glass is the largest growth driver
for global soda ash demand. While
PV installations maintained strong
growth in 2025, this did not fully
translate into higher soda ash demand
due to significant overcapacity in
mainland China’s PV and solar glass
sectors. Despite rising domestic
PV installations, Chinese solar glass
production declined as demand
was largely met through existing
inventories.

This trend is expected to continue
in 2026, with Chinese solar glass
production is forecast to fall again,
despite  further PV installation
growth. Given mainland China’s
dominant position in global solar
glass production, this slowdown is
expected to weigh on global output.

Outside mainland China, however,
solar glass production remained
strong, with double-digit growth in
2025, and further double-digit growth
forecast for 2026.

LITHIUM CARBONATE IS
CONTINUING TO DRIVE SODA
ASH DEMAND

Soda ash demand for processing
lithium is growing strongly, although
it still accounts for a very slow share
of total global demand. Double-digit
growth was recorded in 2025 and is
expected to continue in 2026, with
most of the increase concentrated in
mainland China.

Lithium demand growthis being driven
by expanding EV production and rapid
growth in utility-scale Battery Energy



India Soda Ash Demand

At the same time, mainland China’s

Sodium  spdium soda ash exports exceeded 2 million

Others Silicate Djchromate metric tons in 2025, with volumes
12% 13% 1% _ projected to approach or surpass 3
_SOd'um million metric tons in the near future.
Bicarbonate
/ 5%

‘ SODA ASH SUPPLY
Mainland China has continued to
S&D/STPP Flat (-?355 dominate global capacity additions in

36% 13% recent years.

In 2025, the majority of new soda
) ash capacity additions took place in
chlfslger mainland China. By contrast, around
Other Glass Solar Glass 1% | million metric tons of capacity was
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Note: Total domestic demand in 2026 forecastas 5.1 million metric tans

Source: Chemical Market Analytics by CPIS

Storage Systems (BESS), the fastest-
growing battery segment. Demand
for lithium carbonate, mainly used in
LFP batteries, is also growing faster
than demand for lithium hydroxide
used in high-nickel chemistries.

Mainland China remains dominant in
global lithium refining, although its
market share is expected to gradually
decline. The phased removal of
China’s VAT export rebate on
battery products is also expected
to encourage battery manufacturing
expansion outside mainland China.

TRADE IS GROWING FASTER
THAN DEMAND (OUTSIDE
MAINLAND CHINA)

Global trade plays a critical role in
the soda ash industry, as many major
demand centres do not have sufficient
domestic production capacity. As
a result, approximately 25% of
global soda ash output is traded
internationally.

In 2025, the US retained its position
as the world’s largest soda ash
exporter, accounting for nearly 40%
of global trade volumes. Although US
exports declined slightly to 6.7 million
mt last year, exports are expected to
trend upward over the coming years
as additional production capacity
is commissioned to serve growing

® 2026 Qil Price Information Service, LLC.

global demand. US supply is primarily
directed toward Southeast Asia —
the world’s largest importing region
— as well as Mexico, Canada, and
South America, where US producers
continue to benefit from a highly
competitive cost position.

While Tirkiye and mainland China
remain key exporting countries, their
longer-term export strategies are
evolving. Tirkiye’s export volumes
are expected to gradually decline as
a greater share of new production is
absorbed by rising domestic demand.

permanently closed in Europe during
the year, driven by elevated energy
costs, increasing EU regulatory
pressures, and  competitiveness
challenges against lower-cost non-
European producers.

Global net soda ash capacity is
forecast to increase by close to 2
million metric tons in 2026. Growth
will again be largely driven by major
new projects in mainland China, more
than offsetting permanent closures in
the US and Spain, as well as temporary
shutdowns currently affecting parts of
the Chinese industry.

At the same time, there are new soda
ash project announcements from
countries that have not traditionally

India Soda Ash Imports (YTD March)
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been producers, including Indonesia,
Egypt, and Kazakhstan.

In the US, Searles Valley Minerals
(SVM), owned by Indian conglomerate
Nirma, mothballed its natural soda
ash operation in California in February
this year, marking the first US soda
ash plant closure in more than two
decades. SVM attributed the decision
to high energy costs, California’s
regulatory burden, and mounting
competition from low-cost soda ash

in seaborne export markets.

INDIA

India is expected to grow faster than
the global average in 2026, largely
driven by new glass capacity additions,
including solar, flat and container
glass. A major driver is expected to
be the solar sector. India is now the
third-largest country globally in terms
of installed solar power capacity and
is expected to remain one of the main
growth markets for solar PV.

This growth in soda ash demand for
solar glass is further supported by
trade protection measures. Anti-
dumping duties on solar glass imports
from China and Vietnam, along with
countervailing duties on Malaysia,
remain in place.

The war in Iran may nonetheless
dampen the near-term demand
outlook for India due to higher
production costs and a potential for
slower economic growth.

Also, in terms of local soda ash supply
there are several cost pressures to
consider. Higher than expected coal
prices until early 2027 are likely to
increase production cost.

In addition, limestone imports from
the Middle East have been disrupted,
which was accounting for more than
95% of total imports. Indian soda
ash producers have increased the use
of local limestone. Local limestone
availability is sufficient, however is
of lower quality, requiring higher
usage rates. At the same time the
price of locally sourced limestone has

increased due to strong demand.

Bangladesh, which is entirely reliant
on soda ash imports, has seen a
significant shift in supply over the past
year, with imports from mainland
China increasing to around 55% in
2025, up from 19% in 2024. At the
same time imports from traditional
suppliers, India and Pakistan, have
seen a reciprocal decline. The share
of Indian soda ash in Bangladesh
decreased from 42% in 2024 to 20%
in full year 2025 and year-to-date
March in 2026, losing its share to
mainland China.

India which is a net importer of
soda ash is expected to see a sharp
decline in volumes from Iran this
year; however, total imports are still
projected to exceed | million metric
tons in 2026, similar to last year, as
lower supply from both Iran and
Russia are expected to be offset by
an increase in volume from mainland
China. India’s exports to the Middle
East accounts for about 10% of its
total exports, equivalent to around
20 to 30 thousand metric tons per
year which have been disrupted, but
this loss in volume is not expected to
significantly impact on the domestic
market balance.

COSTS AND MARGINS

Soda ash cash costs are expected to
increase across most regions in 2026
compared to last year, primarily driv-
en by higher energy price outlook.
Higher fuel costs drive an increase in
raw material costs as well as leading
to an increase in energy costs.

In contrast, the U.S. is expected to
see a decline in cash costs compared
to 2025, supported by a more fa-
vourable energy environment. Since
March 2026, Wyoming natural gas
and coal prices have remained mostly
stable. The U.S. gas market has re-
mained largely insulated from Middle
Eastern supply disruptions, with Hen-
ry Hub front-month futures trending
steadily downward.

This is creating a widening cost di-
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vergence across regions, particularly
between US producers, European
Solvay producers, and Chinese Hou
producers, with the U.S. maintaining
a relative cost advantage. However,
U.S. producers are seeing an increase
in their transportation costs, including
domestic rail cost and in sea freight.

OUTLOOK AND CONCLUSION

One of the key factors shaping the
soda ash market outlook today is
slower GDP growth than anticipated
at the start of the year.

At the same time, cost pressures have
intensified. Coal and natural gas prices
have risen across most regions since
March, and higher oil prices have
pushed up both land and sea freight
costs.

On the supply side, there are no
problems with availability. New ca-
pacity additions in 2026 are expected
to more than offset the announced
synthetic soda ash closures in main-
land China. Similarly, recent closures
in Europe and the US have had limited
impact on the global supply/demand
balance.

As a result, the soda ash market is
likely to remain in surplus in the short
to medium term.

That said, demand fundamentals are
still supported by key growth sectors,
particularly lithium and solar glass,
which will remain key demand driv-
ers. In fact, the conflict in lran may
act as a catalyst, potentially accelerat-
ing the transition toward new energy
sectors as nations prioritize domestic
energy security.

The upcoming World Soda Ash
Conference hosted by Chemical
Market Analytics by OPIS, A
Dow Jones Company, in Valencia,
Spain (Sept 29 - Oct 1) will be an
important time to share views
from key stakeholders regarding
the industry’s strategic direction
moving forward =

Register online at:
chemicalmarketanalytics.com/wsa
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Filigree Roof Structures and Augmented
Reality

glasstec: glass industry as innovation driver

At glasstec the focus is 7 NN 2 "~.\ ‘l\ /

not only on machinery, _
energy performance or § 44 ' Rt
new coatings. At times, the £\ . 4 § NP S 2N
glass industry’s innovative Bl P R Lot % <

power becomes Vvisible , e 574 AL
in special things: two \ g . ¢ \ &
current  projects from > 4§ E? & \ ) | el
the line-up of exhibitors Zzzas4 ; g \ R ! Y i B .

&

o 4
fer
>

show how the sector JV<S & »I-r:'»"ll‘» il “b -
can also fulfil the most SN VA .
complex requirements or \| /- =Z N S P
develop solutions for new A - T § 7 \ ' z
technologies. In Helsinki,
a car park between
two listed buildings was

transformed into an urban
space usable all year round
with the help of 190
custom-made,  triangular
triple IGUs that can be
heated all the way through
to their edges; installed
above a filigree, “forest-
like” roof structure they
owe their high load-bearing
properties to  special
PVB interlayers care of
Kuraray. At the same time,
SCHOTT has succeeded
in mass-manufacturing =+

high-precision  reflective

waveguides for Augmented
Reality glasses on an
industrial scale — a key SNF g =
optical component that ‘

integrates digital content

into the field of vision Four approx.14m high steel columns branch out into a filigree structure that supports this glass roof.
and was considered a photo: ©Jussi Hellsten

technology bottleneck until
Y Pohjoisesplanadi square, a former lic use. The project forms part of an

car park has been transformed into a  about 180-year-old set of buildings in
In the centre of Helsinki, at No. 37 roofed urban space for all-year pub-  the Boulevard Esplanadi area, which

now.
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In smart glasses waveguides operate in transparent lenses to transmit digital content to

the user’s field of vision. Photo: SCHOTT

was classified as a cultural heritage
site of national significance by the
Finnish Heritage Agency. The oldest
parts of the building go back to Carl
Alexander Engel and were complet-
ed in 1839. Today, office, retail and
food service premises line the new
yard, now available for year-round
use under a sculptural glass roof. The
transformation project was designed
by JKMM Architects. Their underly-
ing architectural concept being that
the yard is not covered by a conven-
tional glass roof but by the canopy of
a forest. Four approximately 14 m
high steel pillars branch out into an
extremely filigree structure that sup-
ports the glass roof and saves plenty
of steel compared to more conven-
tional designs. The organic, almost
landscape-inspired design language
was meant to perfectly harmonise
with the historic building— the “new”
element should be clearly distinct but
not clash with the existing structure.

The glass also proved a technical
challenge because some 190 trian-
gular, electrically heated triple IGUs
by Finnglass were installed. Due to
their geometry, each unit is basically
a one-off: the triangles have varying
edge lengths of around three metres

and an 88.4/16/8/16/88.4 build-up.
All panes are pre-stressed as TSG-
H (toughened safety glass subjected
to a heat-soak test) or partially pre-
stressed glass and withstand snow
loads of up to around seven kilonew-
ton per square meter thanks to Tro-
sifol UltraClear PVB interlayers. This
corresponds to more than 700 kilo-
grams of permanent or intermittent
load. These highly transparent films
also decisively contribute to the high
colour rendering index of this glazing;
with a CRI value of 94 and an exter-
nal yellow value specification of < 0.8
(for 1.52 mm thickness) its cloudiness
is especially low. In addition, the roof

www.aigmf.com

can be actively heated across the en-
tire expanse to melt ice and snow in a
controlled fashion and keep views un-
obstructed. This glazing ensures day-
light transmission of 61%, a g-value
of 31% for outstanding solar protec-
tion and excellent thermal insulation
due to a particularly low Ug-value
of 0.8 W/m2K (for a roof pitch of 2
degrees!). This project is also gaining
recognition beyond its purely tech-
nical performance, as evidenced by
several awards: Pohjoisesplanadi 37
received amongst others the Finnish
Steel Structure Award 2025 and the
“Rakentamisen Ruusu” Award from
the City of Helsinki. Both awards rec-
ognised not only the design but also
the urban planning impact: a cold car
park became a public space, a place
sheltered all year round where peo-
ple can meet, eat, sit together also
during the Finnish winter.

INDUSTRIAL MASS
PRODUCTION OF HIGH-
PRECISION GLASS
WAVEGUIDES

While the project in Helsinki shows
how glass can re-define entire urban
spaces, SCHOTT pushed the enve-
lope of the material in a different area:
the scarcely visible in-lens displays in
data glasses. The rendering quality of
Augmented Reality is not determined

Waveguide manufacturing before shaping. A robot removes the glass fully automatically
for downstream processing in a machine. Photo: SCHOTT
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During the shaping process the (so far) square glasses receive their final shape to later
perfectly fit the corresponding smart glasses.

by the software alone but above all by
a component called geometric reflec-
tive waveguide. Put simply, this reflec-
tive glass waveguide forms part of the
lens, imports an image from a micro
projector, guides it through the lens
using embedded semi-transparent
mirrors stacked in the lens, to then
project it in front of the eye. The real
environment remains perfectly visible
while the digital information is neatly
integrated into the field of vision.
To make this work the lens must be
manufactured with extreme preci-
sion. Even minimal deviations would
cause distortions, loss of brightness or
colour aberrations.

Alongside these waveguides SCHOTT
also supplies the high-precision glass

77
%
Y

The “lines” visible in the finished waveguides are semi-transparent mirrors that convey the
projector’s content to the eye precisely. Photo: SCHOTT

why the team developed new align-
ment and connection processes that
guarantee consistent precision.

During the next step, the slicing,
the stacked arrays are cut into thin
slices with micron precision — which
is the order of magnitude of bacteria
or dust particles. After slicing, the
surfaces are polished to a high shine
because even finest scratches or un-
evenness would immediately feature
in the image. Then shaping is done
to give the glass its final geometry;
finally, the resulting finished wave-

Photo: SCHOTT guide is subjected to quality assur-

wafers — that is all key optical compo-
nents needed. In Kulim, Malaysia, the
company erected a new production
site for this in 2024, which can manu-
facture high numbers of these wave-
guides. To this end each individual
process step in waveguide production
was analysed by company accounts:
coating here means applying special
layers to the glass substrates that
later guide the light. The biggest chal-
lenge here was to ensure a consistent
high quality across thousands of parts
without exception. During the follow-
ing so-called stacking process, several
coated glass substrates are precisely
arranged and connected with each
other. Even the tiniest misalignment
would change the image, which is

@ Kanch | Vol. 14 | No. 1 | April-June 2026

ance for which the team had to de-

velop novel test methods capable of
detecting even microscopic defects.
All of these steps are designed to
achieve a high yield in series produc-
tion with a view to making wearables
such as smart glasses affordable for a
mass market.

By company accounts, SCHOTT is
the first supplier to have succeeded in
mass-producing geometric reflective
waveguides. The thin, highly efficient
waveguides make for both narrow
and wide digital fields of vision and are
therefore suitable for various AR ap-
plications such as navigation or real-
time translation all the way to more
immersive AR applications.

The upshot of these two impressive
projects is that glass solutions are
becoming increasingly sophisticated
while the complexity of the solution
is not immediately visible. glasstec
also provides the perfect setting for
showcasing the most extraordinary
projects and as a trade fair it will
once again be the central hub and
driving force for exchanging ideas
on the future topics in the glass
industry from October 20-23, 2026
in Disseldorf m

For more information go to:
www.glasstec.de
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n Built on Performance...

FORGING BRILLIANCE
SHAPING TOMORROW

MASTERS OF TURNKEY
GLASS PLANT INSTALLATION

We specialize in delivering end-to-end turnkey installation solutions for glass manufacturing
h facilities. Our services cover the installation of entire production line - from batch house to cold
Fu rnotherm end - ensuring seamless integration and optimized performance. With a strong focus on quality

specializes in | andefficiency.
We offer: Detailed Engineering & Design, supply and installation of batch house and expert
project management consulting Services.

Furnotherm, a Consistent Performer with Proven Track Record of
100% success rate in the construction field of Glass Industry with a
team of multi-faceted expertise in all sectors of Glass Furnace ¢ Global Experience in Turnkey Installation of
construction projects, made them capable of accepting Turnkey Glass Plants.

Projects of different Glass Furnaces including Float Glass, Container
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* Industry-Specific Engineering Expertise.
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Under the brilliant Leadership of Mr. Jogendra Singh, associated in * End-to-End Project Accountability.
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professionals with demonstrated skills and excellent performance.

* On-time Delivery of every Project.
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Vitrum Glass is widely acclaimed for its
extensive range of products, superior
finish & excellent services.

Vitrum Glass’s extensive range of
Amber Glass Containers (10ml to 550ml)
provides the packaging media for liquid/
oral suspensions, dry syrup, granules,
Capsules, Tablets & consists of
following types

Dropper Series Glass Bottles

Drops Glass Bottles from 10ml - 30ml
Syrup Bottles from 10ml - 650ml

Dry Syrup with mark bottles

Flat Amber Glass Bottles

Designer Glass Bottles

¢ Wide Mouth Glass Bottles

EMPIRE INDUSTRIES LTD. - VITRUM GLASS

Empire House, 414 Senapati Bapat Marg,
Lower Parel, Mumbai, 400 013. India.
Tel.: +91-22-61467676
E-mail: mail@vitrum-glass.com | Website: www.vitrum-glass.com
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Decarbonization of Industrial Glass
Manufacturing: A Futuristic Survey
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Dr. Gaurav Gupta is a Fusion

Materials Researcher and
Assistant Professor with extensive
expertise in materials behavior

under extreme irradiation.

He has led pioneering neutron, ion,
and gamma irradiation campaigns
at world-class facilities, including
ITER (France) and UKAEA (UK).

His includes
significant Sheffield
Hallam University and Bangor

career journey

roles at

University, where he focused on
radiation-hard technologies and
self-healing materials.

A strategic leader, Dr. Gupta has
successfully built international
partnerships and converted R&D
outcomes into protected IP and

engineering solutions.

His K R
Mangalam University focuses on

current work at

decarbonizing industrial glass
melting and developing materials
for harsh environments, reflecting
his commitment to clean energy

and net-zero manufacturing.

When you look through a window,
sip from a glass bottle, or scroll on
your smartphone, you're touching a
quintessential material. Glassmaking
is a $121.4 billion industry (2024
figure)' that shapes our buildings, cars,
solar panels, and screens. On the
surface, glass seems perfect: infinitely
recyclable, made from abundant sand.
But peel that surface back, and you’ll

find a paradox?.

Each year, glass manufacturing pumps
roughly 95 million tons of CO, into
the atmosphere—around 2 to 3
percent of the world’s total carbon
footprint, a startling share® The heart
of the problem is the furnace. To turn
sand, soda ash, and limestone into
clear, tough glass, you need to heat
the mix past 1500°C. This soda-lime-
silicate melting process devours about
2.6 megajoules for every kilogram
produced. Just keeping those furnaces
roaring accounts for 75 to 85 percent

of all the energy the industry uses*.

Sowhere do the emissions come from?
About 80 percent is straightforward:
vast amounts of natural gas are
burned around the clock to maintain
that intense heat. The remaining 20
percent is a trickier chemical reality®
When raw carbonates like limestone
decompose inside the furnace, they
release CO, as a byproduct. It’s not
simply a fuel problem—it’s baked

right into the recipe**®.

Now, the world is pushing back.
The Paris Agreement targets a 40
percent cut in greenhouse gases by
2030 and an 80 percent cut by 2050,
1990 levels*>®.

compared to For
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glassmakers, that’s a seismic shift. It
means rethinking everything from the
fuel that fires the furnace to the basic
chemistry of the melt. Quietly, an
industry built on ancient techniques
is hunting for a new path—one that
might finally let glass be as green as
it looks.

PATHWAYS TO
DECARBONIZATION

Picture a glass bottle. Its surface

catches the light—cool, smooth,
ancient in its chemistry, yet utterly
modern in the crisis it embodies.
Glassmaking is one of humanity’s
oldest arts, born from sand and
fire more than 5,000 years ago.**
But today, the same intense heat
that transforms raw minerals into
shimmering vessels also pumps
millions of tons of carbon dioxide
into the atmosphere. The furnaces
that never sleep, glowing orange
around the clock, devour natural gas
and send plumes of CO, skyward.
For an industry built on transparency,
its carbon footprint has long been
opaque, hidden in plain sight. That

finally vouches for a change.

A profound shift is rippling through

the glass sector—from family-
owned container plants in Europe to
sprawling flat-glass lines in Asia. The
roadmap to a green glass industry
isn't a single silver bullet; it’s a rich,
multifaceted tapestry woven from
radical furnace technology, circular
material management, and arethinking
of product design itself*’. Behind the
technical jargon are engineers staying

late to tinker with hydrogen injectors,



line workers carefully separating
cullet by color, and designers shaving
grams off a bottle that will travel
continents. The following pathways
illuminate how glass manufacturing is
chasing a future where every bottle,
windowpane, and vial can be made

without costing the Earth.

1. FURNACE FOR THE FUTURE

For decades, glass-melting furnaces
have been fed a steady diet of natural
gas and air, raging at temperatures near
1,600°C to melt sand, soda ash, and
limestone into a viscous, honey-like
ribbon of molten glass. The industry
is now pouring its collective ingenuity
into “Furnace for Future” initiatives’ a
global effort to transform this heart
of the factory into something cleaner,
smarter, and far more efficient.

The
move toward electric and hybrid

first major lever is the

melting. Instead of relying solely
on the combustion of fossil fuels,
manufacturers  are increasingly
turning to electric boosting and all-
electric furnaces, where electrodes
directly heat the glass batch using
In a hybrid

model, electricity shoulders much

electrical resistance.
of the melting load while a reduced
flame polishes the surface or provides
fine temperature control. The beauty
of this shift is that it decouples
the melting process from on-site
carbon emissions, especially as grids
worldwide incorporate more wind,
solar, and nuclear power. Walking
through a plant piloting an electric
furnace, you notice the difference
immediately: the roar of burners is
muted, the air is less turbulent, and

the carbon ledger starts to shrink®,

But the industry isn’t putting all its
hopes into one technology. Alternative
fuels are being tested with the kind

of rigorous, hands-on curiosity that
recalls the early days of industrial
experimentation. The goal is to
replace carbon-intensive natural gas
with climate-friendlier options like
hydrogen, bio-fuels, and biogas. These
aren’t just theoretical papers; they
are industrial trials where engineers
in hard hats carefully monitor flame
quality.
One of the most notable series of

characteristics and glass
trials comes from NSG Pilkington, a
name synonymous with float glass
innovation*¢. At their facilities, they
have successfully run production
campaigns using a blend of hydrogen
and biofuel in full-scale float glass
furnaces, proving that a zero-carbon
flame can deliver the same pristine,
distortion-free glass we rely on for
windows and solar panels. When
you talk to the people involved, they
describe a delicate dance: hydrogen
burns hotter and faster, so burner
nozzles must be redesigned, and
the furnace atmosphere carefully
managed to avoid defects. It's a
reminder that decarbonization is as
much about human adaptation and

craftsmanship as it is about chemistry.

Even with the cleanest fuels, some
CO, is inevitably released from the
decomposition of raw carbonates in
the batch—a chemical fact of life. To
tackle that stubborn remainder, the
industryis turningto carbon capture and
mineralization technologies. Picture
a system attached to the furnace
exhaust that doesn’'t just scrub
pollutants but chemically binds CO,,
either for permanent underground
storage or to react with minerals
These

installations, though expensive and

to form solid carbonates.

complex, are designed to neutralize
the CO, directly during the melting
the furnace’s

phase, completing
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transformation from a carbon emitter
into a near-closed system. It’s a vision
of a factory where the smokestack
becomes a relic of the past.

CLOSING THE GLASS LOOP:
THE ETERNAL LIFE OF A
BOTTLE

There’s something almost magical
about glass: it is a “permanent”
Unlike

degrades each time it’s reincarnated,

material. plastic, which
glass can be melted and remoulded
infinitely without any loss in clarity,
strength, or purity. Your window
frame might once have been a pickle
jar; your new wine bottle might
carry the atoms of a bottle recycled
decades ago. This circular quality
is the industry’s most powerful
decarbonization lever, and it revolves
around cullet—the industry term for

recycled glass.

Exploiting cullet is both an art and a
science. Every 10% increase in cullet
in the furnace batch reduces melting
energy by around 3% and cuts CO,
emissions proportionally, primarily
because cullet melts more easily
and bypasses the energy-hungry
decomposition of virgin carbonates
like limestone and soda ash. In a
truly circular economy, glass never
becomes waste at all. The journey
from a recycling bin to a store shelf
can take as little as 30 days—a sprint
of disassembly, sorting, cleaning,
remelting, and forming that human
hands and high-speed automation
orchestrate seamlessly. Imagine a
wine bottle placed in a curbside bin
on a Monday. By the following week,
it has been crushed into sparkling
cullet at a processing center, its labels
and caps removed by optical sorters
and air jets. By mid-month, it’s being

fed into a furnace alongside silica



sand, and within days, a brand-new
bottle emerges, filled, labeled, and
back on a supermarket shelf before
the month is out. That 30-day cycle
is already a reality in regions with
mature collection systems, and it’s a
deeply hopeful narrative—one where
consumers, waste collectors, and
manufacturers are linked in a tight,

efficient loop.

Closing the loop demands logistics
love of detail. Communities
that separate glass by color (clear,

amber) help ensure that

and

green,
cullet can be recycled back into the
same type of product, maintaining
value and avoiding downcycling. At
the plant, quality control technicians
lovingly inspect incoming cullet for
contaminants—a stray ceramic cup
or a piece of Pyrex can ruin an entire
batch. The work is often unglamorous,
but it is the beating heart of a circular
glass economy, proving that the most
sustainable bottle is the one that

never really leaves the system.

DESIGN AND BATCH
INNOVATION: LIGHTER AND
SMARTER FROM THE START

Sometimes the most profound
changes come not from the furnace,
but from the drawing board. Lighter
glass design is a pragmatic, almost
elegant approach to shrinking the
industry’s footprint. By carefully
engineering bottles, jars, and other
containers to use less material while
strength,

achieve a cascade of benefits: lower

retaining manufacturers
raw material extraction, decreased

energy consumption during
melting and forming, and improved
transportation efficiency because
each truck carries more products and

fewer kilos of glass.

A striking example sits on today’s

wine aisles. Innovative packaging

designers have managed to create
wine bottles weighing only 390
grams—a featherweight compared
to the standard 500-gram bottle that
has dominated for generations. This
slimming down doesn’t compromise
the bottle’s ability to protect the
wine or withstand the rigors of filling
lines and shipping. Yet the 390-gram
bottle delivers a 25% reduction
in carbon footprint compared to
its heavier ancestor. Consider the
human dimension: a designer at a
glass manufacturer labour over CAD
models, iterating stress distributions
and wall thicknesses, working with
brand managers who are nervous that
a lighter bottle might feel “cheap”
in a consumer’s hand. They must
balance aesthetics, tactile perception,
and structural integrity. The success
of these lightweight designs is a
testament to what happens when
sustainability principles are integrated
early, rather than bolted on after the

fact.

Equally innovative is the quiet

revolution taking place in the
batch house, where raw materials
are blended before entering the
Batch

become a critical

furnace. reformulation  has
research area
because the traditional mixture of
sand, soda ash, and limestone carries
a heavy thermal burden. Scientists
and process engineers are now
incorporating alternative minerals to
boost efficiency and lower melting
temperatures. For instance, nepheline
syenite, an igneous rock that acts
as a powerful flux, can reduce the
viscosity of the molten glass at lower
temperatures, meaning the furnace
doesn’'t have to work as hard. Even
more intriguing is the exploration of
biomass ash—the residue left after

burning agricultural waste or wood—
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as a source of alkali oxides that can
partially replace soda ash. Imagine
a furnace fed partly by the ashes of
rice husks or corn stover, closing yet
another loop between agriculture
and industry. These batch tweaks
aren’t just chemical curiosities; they
represent a path to manufacturing the
same high-quality glass while easing
the thermal load, extending furnace
life, and trimming emissions from
the very first second of the melting

process.

THE FUTURE OUTLOOK:
COLLABORATION, GRIT, AND
THE ROAD AHEAD

Walk through the corridors of a glass
research consortium and you'll feel a
rare sense of collective urgency. The
transition toward a carbon-neutral
glass industry is well underway, and
it's being powered by collaborative
groups that pool resources, share
and accelerate

risks, learning. A

shining example is the “Zero-
CO,-Glas” group in Germany, a
consortium of industrial partners and
researchers working hand-in-hand
to develop advanced furnace designs
and carbonate-free batch processes.
In their pilot facilities, you'll find teams
welding novel burner configurations,
testing electrode placements, and
refining batch recipes that eliminate
carbonates entirely—tackling the
problem simultaneously from the
combustion side and the raw-material
side. Their work feels less like a
corporate initiative and more like a
shared mission, filled with late nights
and the kind of camaraderie that
arises when people believe they are

reinventing an industry.

Individual companies are also
making bold moves that reflect this

spirit. Corning, long known for its



Gorilla Glass and advanced optics,
has poured its materials-science
expertise into ultra-lightweight vials
for the pharmaceutical industry.
These vials are not just a few grams
lighter; they represent a rethinking
of what glass packaging can be;
slashing  transportation fuel and
raw material use for an essential
product. Meanwhile, manufacturers
are increasingly marrying their
production lines to renewable energy.
In Spain, Vidrala—one of Europe’s
major container glass producers—has
invested in a 12 MW solar plant, a
sprawling field of photovoltaic panels
that directly feeds clean electricity into
its operations. A visible commitment
that says the energy of glassmaking
can come from the world around us,

not from ancient buried carbon.

Yet for all the promise, the path is
not smoothed by optimism alone.
The challenges are real and often
formidably practical. The high capital
expenditure required to transition
from legacy infrastructure keeps
many plant managers awake at night.
A glass furnace isn’t a disposable asset;
it is a massive, cathedral-like structure
built to run continuously for 15 to 20
years. Retrofitting an existing furnace

for hydrogen or electrification is often

more complex and risk-laden than
building a new, purpose-designed unit.
The economic equation must balance
market pressure, regulatory certainty,
and the willingness of brands and
consumers to support the transition.
Stepping into a control room, you'll
hear operators talk not just about
temperatures and pull rates, but
about investment cycles and the fear
of being locked into assets that could
become stranded.

these hurdles, the

technological

Despite
combination of
innovation and a circular economic
model provide a clear, actionable path
toward a sustainable future for glass
manufacturing. The roadmap is no
longer a set of far-off aspirations—
it's etched in the hydrogen flames
flickering at Pilkington’s plant, in
the cullet piles sparkling outside
recycling centers, in the delicate
profile of a 390-gram wine bottle,
and in the quiet hum of a solar farm
powering a glasswork in Spain. The
people driving this transformation,
from consortium researchers to
batch-house operators, are united
by a belief that an ancient material
deserves a modern, regenerative role.
Glass, with its infinite recyclability and
now with its rapidly decarbonizing

New Member

www.aigmf.com

production, is not just a container or
a pane. It is a promise—transparent,
durable, and finally, truly sustainable.
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Email: iotheat2020@gmail.com, finance.iotheat@gmail.com
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Complete industrial heating and electrical
power transmission systems to
energy, lower component cost and space
saving solutions for glass industry.
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Membership of the Federation

Members of the Federation are classified into two categories; manufacturers of primary glass articles are enrolled
as Ordinary Members of the Federation and suppliers to the glass industry viz., suppliers of machinery, raw
materials, consultants and others connected with the glass industry are enrolled as Affiliate Members.

Foreign Companies supplying machinery etc., to the glass industry are also enrolled as Affiliate Members.
Membership forms can be downloaded from www.aigmf.com/membership.php

Members of the Federation are enrolled on the recommendation of Zonal Associations viz.:

® Eastern India Glass Manufacturers' Association (EIGMA)

® Northern India Glass Manufacturers' Association (NIGMA)

® South India Glass Manufacturers' Association (SIGMA)

e Uttar Pradesh Glass Manufacturers' Syndicate (UPGMS)

® Western India Glass Manufacturers' Association (WIGMA)

ADMISSION FEE
ANNUAL SUBSCRIPTION

Ordinary Members:

- Admission fee ¥ 5,000/-

- Annual subscription: Single Unit: ¥ 40,000 + GST as applicable
- More than one Unit: X 1,60,000 + GST as applicable

- Applicants for enrollment for a period of five years may pay an amount of X 1,80,000 for a single Unit and X
7,50,000 for more than one Unit + GST as applicable

Affiliate Members:

- Admission fee ¥ 5,000/-

- Annual subscription: ¥ 16,000 + GST as applicable

- Applicants for enrollment for a period of five years may pay an amount of ¥ 70,000 + GST as applicable
Affiliate Members from countries other than India:

- Admission fee US $ 200

- Annual subscription: US $ 500 + GST as applicable

- Applicants for enrollment for a period of five years may pay an amount of US $ 1,800 + GST as applicable =
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AM C&T Customized Heat Treatment Solutions for

Sanli Engineering Co.
Lehrs, Ovens & Conveyor Systam

Food Processing Industries Glass,
Ceramic, Automobile
& other Process Applications.

Product Range:

Annealing & Decorating Lehrs Upto 5500mm Width
Tempering Lehrs/ovens

Cold End Conveyor System(single Liner)
Shrink Wrap Machine

Palletizers

Conveying And Handling Equipment
Automatic Bottle Coating Line

Lehr stacker

Cross conveyors.

Cold end spray coating machine
Packing machine

Case packers for bottles.

=

World class Lehr manufacturer for the

Glass industries with other equipments

We Also Expertise In Modifications, Repairs Or
Renovation Of Lehrs And Ovens To Enhance
Production Capacity And Lower Energy
Consumption.

Mobile : 9824957565 / 9978980550
Email : info@amcetsanli.com | amcetsanli@gmail.com

Factory : Plot No. 337, 338, 355, GIDC, Manjusar Village,
Savli, Vadodara, Gujarat 390780, India.

Office : 603, 6 Floor, BRG Hight Sama Savli Road, Karelibaug,
Vadodara, Gujarat 390022, India.




\Dellvermg through:360=Solution

From concept to commissioning,
delivering high-performance glass plants.

OUR 360° TURNKEY JOURNEY

E
@0 ® 6

=

Concept & Design & Procurement & Installation & Start-up & Performance
Feasibility Engineering Scheduling Commissioning Stabilization Support
WHY GLINDCO

N
n (& 1l
22+ Years of End-to-End Seamless Projects Delivered Fast-Track High-Performance
Greenfield Project Project Engineering & in Optimized Project Plants from
Execution Experience Delivery Systems Integration Budgets Implementation Start-Up

GLINDCO offers world class project services to container, float, solar, pattern,
pharma, tableware, silicate, frit and glass processing industries and also

supply batch plants, glass melting furnaces, fore-hearths, combustion
systems, sand processing and cullet recycling plants.

PLANET CERAMICA PVT LTD
www.glindco.com | @ contact@glindco.com | e +91 8977271484
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“The future of glass
melting & conditioning
has been here longer
than you realise..”

[m] 3% (o]
-5
[=] www.electroglass.co.uk

The Specialists in Electric Glass Melting and Conditioning
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SUNRISE GLASS
INDUSTRIES PVT LTD.

QUALITY GLASS BOTTLES AND JARS

With over twelve years of experience as a P
leading container glass manufacturer,
Sunrise Glass Industries Private Limited |
brings unparalleled expertise to the table.
Trust us for all your container glass needs.

We take pride in delivering top-notch,
high-quality container glass products. Our
state-of-the-art facilities, equipped with
advanced technology and strict quality
control measures, ensure that every piece
of glass meets the highest standards.

WHY US ?

Unmatched expertise in container glass manufacturing.
High-quality products with rigorous quality control measures.
Impressive capacity of 650 MT per day.

Global reach, exporting to multiple countries.

Trusted by industry leaders.

Diverse product range for various segments.

Preferred supplier for renowned clients.

Committed to customer satisfaction.

P

avenTuresy  Astron Group

OFFICE / FACTORY

Block No. 41 & 46, Bardodhan Tena Road
Village: TENA, Talluka, OLPAD Dist. SURAT Gujarat, INDIA

(M) +91 98796 09021 | (e) sales@sunrisegipl.com | (w) sunrisegipl.com
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BOROSIL

renewables

Capability To Serve Our Customers
In Emerging Module Technologies

612
G12R
M10

Solar Glass for Large Sized Module Formats

OUR CAPABILITIES

z l 20mm | 25mm | 28 mm | 3.2 mm
| Glass Thickness |
40mm | 50 mm | 6.0 mm

PV Residential &
Scale Roof Tiles Commercial
Rooftop

EMPOWERING A GREENER FUTURE:
LEADING A WAY WITH SUSTAINABILITY

Use of reusable packing material
thereby preserving nature

| ? C 0 2

\ SOG'DNNT |
22% lower carbon
footprint compared to
the default score for
glass manufacturing
(Life cycle assessment
carried out by

renowned European
agency)

Currently,~27% of
electricity comes
from Renewable
sources, with
plans to boost this
to 65% in the near
future

World’s T** company
to develop a process
to remove a toxic
element, Antimony
(Sb), from solar glass
(Planted technology)

Received a patent
to use the waste
material as part of

the raw material

Part of a social project that
has planted over 50Mn trees
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SECTION BOX EXCHANGE
UPGRADE YOUR PRODUCTION

iINnternational

MODERNIZE KEY COMPONENTS
WITHOUT FULL MACHINE REPLACEMENT PERFORM

Significantly lower investment compared to new machine
Latest technology

Improve / implement NNPB
Increase speed & quality

Dﬁ'ﬂ HD
Quick implementation ,.._.c_n w»%

learn more

WE ARE GLASS PEOPLE

www.heye-international.com
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Furnace Designh, Operations

and Maintenance

In this chapter from the book on
"Excellence
Manufacturing”, we will learn in
details about Furnace Design,
Operations and Maintenance.

in Container Glass

In container glass industry, glass
melting furnace is considered as the
heart of glass manufacturing process.
It is a very important section of the
glass plant which can directly make
the investment either profitable or
loss making. The glass quality, melting
energy cost and the life of the furnace
makes the business to get proper
return on investment and hence
utmost care should be given while
deciding the furnace design, size and
the refractory quality. There are many
instances where due to poor design
of the furnace, businesses collapsed.
In the container glass industry,
many components such as batching
forehearths,

and other downstream

equipment, forming
machines,
machinery can be replaced, but the
furnace must remain in operation for
its entire lifespan, making mid-life

design changes extremely difficult.

A glass melting furnace is designed
to melt raw materials (batch) into

(chapter 3 of 15)

glass. Depending on the intended
use, various designs of glass melting
furnaces are available. They use
different energy sources, different
heat techniques

different furnace designs. The energy

recovery and
sources are mainly fossil fueled or by
fully electric powered. A combination
of both energy sources is also realized.
Different heat recovery systems are
regenerative, recuperative and non-
heat recovery (all electric) furnaces.
Different designs may be cross fired,
end fired, deep refiner,
with electric boosting and oxy-fired

furnace

furnaces. A glass melting furnace is
made from special refractory material
of high quality which can withstand
severe working conditions.

In this chapter we are covering
the following topics:

I. Types of Furnaces

2. Furnace Design

3. Furnace Refractory Materials
4. Glass Melting Process
5

Furnace Heat-up, Operation
and Maintenance

6. General Melting Problems
and Remedies

Kanch | Vol. 14 | No. 1 | April-June 2026 Q
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Excellence in Container
Glass Manufacturing
o Gl

Container glass furnaces

very
expensive and requires

are  generally

good operational skills.
Design of furnaces are
generally carried-out by
leading companies like
SORG, ASAHI, HORN,
etc. The
required are of very

refractories

high quality, which are
supplied by reputed companies like
SEPR, ASAHI, RHL.
construction & start-up is also very

The furnace

critical and it is always desirable to
construct & start the furnace under
the supervision of experts from
furnace designing companies.

The glass raw materials are fed to
the glass melting tank in batches or
continuously.
the batch are melted to form a liquid
glass melt. In addition to the basic

The components in

components, the batch also contains
cullet from recycled glass to save
energy. The cullet content can be up
to approx. 85% to 90% (green glass),
depending on the requirements of
the desired glass colour. In the same
furnace, different colours of glass can
be produced based on requirements.
For changing the glass colour, the
entire process can take several days
in large glass melting furnaces. For
economical operation, the container
glass melting furnaces are operated
round the clock throughout the
year for so-called mass glass (hollow
glass, flat glass) production. The
glass furnace can last up to 16 years
& more, depending on the type



of glass produced, draw,
hot & cold

repairs, quality of refractory

maintenance,

used, operation parameters
etc. The furnace capacity or
TPD (tons/day glass draw)
can range from about one
ton to over 1000 tons. The
operating temperature
inside the furnace, above the
so- called glass bath is about
1550°C depending upon the
composition of the batch,
the required amount of
molten glass and the design

of the furnace.

Before going through the
types of furnaces, let us
understand common names i

used for the parts / sections

Figure 3.1

Container Glass Melting Furnace View- End Fired Regenerative Furnace

Parts Name of Furnace
1 Regenerator L&R Crown
2 Regenerator Checker
3 Regenerator Wall
4 Melter Super Structure
5 Flue Port
6 Melter Burner
7 Melter Crown
8 Melter Front Wall
9 Dog House
10 Melter Side Wall
1 Melter Dam Wall
12 Throat
13 Working End / Distributor
14 Forehearth
15 Melter Bottom
16 Malter Booster Electrode

Cross-Section of Glass Furnace Melter

skewback

of the furnace. In furnace | -\
there are basically two  Superstructure
sections known as melter and %
regenerator / recuperator. N
Melter is the area where
solid raw materials in the Insulation
form of batch is melted by ,,
introduction of heat, and tank >\ Bottom Pave /5;\/\"
regenerator / recuperator ALK :’X‘z_.&xx__ SR
is the area where energy
is recovered for flue gas _1
generated in the melter. We Figure 3.2
shall - discuss more about 2. Chemical Processing: These applications highlight the
regenerators and recuperators in Employed in catalytic reactions versatility of furnaces across different
later topics. that require specific heat ranges.  sectors. Furnaces are generally
Cross sectional view of a Glass 3. Glass Manufacturing: Essential ~ classified on various categories as per
melting furnace for producing glass through Table 3.I.
I. TYPES OF FURNACES carefully  controlled  heating  Noy there are new type of furnaces
Furnaces are used for many processes. under the “type of fuel used”
applications. Few of them are: - 4. Cement & Lime Production: category, namely All Electric Furnaces
l. Metal Production & Used to heat raw materials and Hybrid Fired Furnaces.

Treatment: Used for melting to create cement and lime for

and alloying metals like iron, construction. 1.1 Glass Furnaces

steel, and aluminium, as well as 5. Power Generation: Furnaces Almost all glass is produced in a

heat treatment for enhanced
strength and durability.

@ Kanch | Vol. 14 | No. 1 | April-June 2026

help produce steam to generate
electricity.

furnace, where a precise mixture

of raw materials is combined and



Table 3.1

Classification method

Types and examples

Type of fuel used

QOil-fired

Gas-fired

Coal-fired

Mode of charging materials

Intermittent / Batch

Periodical

Forging
Re-rolling (batch/pusher)
Pot

Continuous

Pusher

Walking beam

Walking hearth

Continuous recirculating bogie furnaces
Rotary hearth furnaces

Mode of heat transfer

Radiation (open fire place)

Convection (heated through medium)

Mode of waste heat recovery

Recuperative

Regenerative

melted into a homogeneous mixture.
Like many industrial manufacturing
processes,

glass melting can be

broadly categorized as either a
continuous or discontinuous (batch)

process.

I.1.1 Continuous glass production
furnace

Continuous glass melting processes
like a production
mixture of raw ingredients is added

work line: a
continuously at one end of the furnace,
and glass is extracted continuously
at the other. Continuous melting
processes are high-throughput and

Schematic Diagram

Insulation
Bottom-Sidewall T

Super-structure

Bottom

Dog-House

preferred wherever a high volume
(say 30 - 1000 tons per day) of
the same type of glass is required.
Continuous processing is typically
used for production of architectural
glass, fiberglass, screens for consumer
electronics, and food and beverage
containers.

1.1.2 Discontinuous or batch

production
In discontinuous or batch processing,
a batch of raw materials is added to
a single melting vessel and melted
into glass. Once the glass is formed,
it can be removed from the vessel

of Glass Tank Furnace

Crown

Side-Wall

Figure 3.3
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and formed into products. Batch-
processing glass in this manner trades
throughput for flexibility, enabling
manufacturers to produce multiple
formulations of glass depending on
customer demand, without cross-
contamination. Discontinuous
glass melting is typically used for
smaller production runs and is often
required for uncommon glass types
with relatively niche applications
such as optics, electronics or signal

applications.

1.2 Types of glass furnaces

The melting point of most glasses
lies around 1400-1600°C, depending
on its composition. As a result, glass
production requires a great deal of
heat energy, usually provided in the
form of natural gas, liquid fuels etc.,
injected into a combustion chamber.
Because of this high energy demand,
glass furnaces are constructed to
minimize heat loss, and often features
some form of waste-heat reclamation
Different furnace types
and designs exist, depending on the
quantity of glass to be produced, the
type of glass production, as well as
economic (and logistic) factors.

system.

The main types of glass furnaces
include:

I. Pot furnaces (discontinuous)

Day tanks (semi-continuous)
Recuperative / unit type melters
Cross-fired regenerative furnaces

fired

v Wb

End-port
furnaces

regenerative

Oxygen-fired unit melters
Special (segmented) melter

All-electric furnaces

¥ ®© N o

Hybrid Furnaces

1.3 Table 3.2 shows various types
of glass furnaces

Based on the service, the furnaces are
intermittent  (discontinuous) batch



Glass Furnace Classifications

Based on Service

Based On Fuel Used

Glass Furnace Types

type or continuous type.

1.4 Discontinuous furnace (day
tanks and pot furnaces): The
following actions take place
(generally in a one-day cycle)

discontinuous

within melting

furnaces.

a) Melting tank or pot is charged
with mixed raw material batch.

b) This batch is heated to the
desired temperature.

c¢) The glass is melted, fined,
homogenized and subsequently
cooled down to the working
temperature to allow forming by
the craftsman or semi-automatic
machines taking portions (gobs)
of glass from the glass melt pot.

Example of a pot furnace /

Table 3.2

Intermittent / Batch
/ Periodica

Continuous

m Diesel / FO/Kerosene
- NG / LPG / Coal Gas/
Hydrogen/ Bio Gas

Fuels

Open Fire

Pot furnaces are structures built of
refractory materials in which there is
no contact between the furnace and
the glass. Glass is melted in several
pots made of refractory materials
which are resistant to glass attack
at high temperatures. The pots are
charged with a batch, which is melted
over a number of hours and worked
on a 24 or 18-hour cycle. An average
pot can hold 600-700 kg of glass. Pot
furnaces are used where the glass is
formed by hand and mouth blowing.
One of the main advantages of this
system is that several types of glasses
can be melted at the same time. A
pot can be used for about 30 melting
cycles and can therefore produce

between 18 and 21 tons of glass.

Newly Built Pot furnace in a factory

Figure 3.4

@ Kanch | Vol. 14 | No. 1 | April-June 2026

Pot Furnace
DEVRELTH

Tank Furnaces

Combination of Various

Gas/ Liquid / solid Fuel

Firing above Glass
Based On Heat )

1.5 Regenerative glass
furnaces
Regenerative furnaces are

mostly used for container

glass melting. They have two
large regenerator chambers
(normally called south & north
side or left & right side) to
recover heat from hot exhaust
gases.

Regenerative furnaces run in
cycles: the direction of gas
flow & required cold air flow
and flue gases is periodically
reversed so that during one
cycle, hot exhaust combustion
flue is passed through one
part of regenerator to absorb heat
and combustion air is passed through
other part of regenerator to recover
the heat. During the next cycle, the
flow is interchanged in regenerators.
The process of the cycle changes in
glass furnace is known as reversal
system.

Regenerative furnaces always have
an even number of regeneration
chambers, so that heat regeneration
both directions.

can occur in

Regenerative glass furnaces can
be either cross-fired or end-fired
depending on application:

firing, the use of multiple combustion

Cross-

gas inlets down opposing sides of
the furnace, allows more precise

control over the location
and
spots within the furnace;
while end-firing (a single
inlet of combustion gas at
the end of the chamber)
generally reduces structural
heat due to the

increased residence time of

temperature of hot

losses

the combustion gases. As
the furnace requires very
large regenerative chambers
with special checkers, the
cost of such type of furnaces
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in fuel consumption.
While oxygen costs may
potentially exceed the
reduction in fuel costs,
research indicates that
switching to an oxy-fuel
furnace substantially
reduces energy costs
for both large and small

glass manufacturing

The Day-Tank Furnace is a gas fired glass melting furnace to produce soda- Lime transparent and colored glass. The range

operations.

dimension is up to 4000 kg. Its main feature is the flexibility use because you can introduce raw materials subsequently melted

and finally gathered.

The warking cycle Is 24 hours, divided as follows: 12 hours for filling and melting, 3 hours for the rest (the glass cooling down)
and about 8-9 hours for gathering and preparing of glass items. The tank is in circular shape to help the homogeneity of the
glass mass temperature. The heating system has gas burners which works on the surface of the glass bath. The working
temperatures goes from 1450°C (to melt soda-lime transparent glass) up to 1490°C (to melt dark colour like blue or green).

are substantially higher compared to
other types of furnaces.

Regenerative furnaces are available for
glass production up to 750 tons/day, at
present. The energy consumption per
kg of glass can be as low as 780 Kcal
at 50% cullet but it depends on raw
materials used, furnace size, capacity,
design, fuel used, furnace conditions
etc. For specialty glass the energy
consumption can be in the range of
1100 — 1300 Kcal/Kg of Glass.

1.6 Recuperative glass furnaces

Recuperative furnaces employ a
slightly different approach to reclaim
waste heat. In this type of furnace, the
chimney and gas inlets are coupled
with a radiative heat exchanger. This
enables the continuous transfer of heat
from exhaust gas to combustion gas,
without the requirement for gas flow
reversal as in regenerative furnaces.
This enables recuperative furnaces
to be employed for continuous
glass melting applications, while also
offering a relatively low investment
cost. The absence of regeneration
chambers also simplifies construction
of the furnace and results in a smaller
footprint; however, the heat transfer
efficiency of recuperative furnaces

is generally lower than that of

Figure 3.5

regenerative furnaces.

1.7 Oxygen-fueled (‘“oxy-fuel’)
glass furnaces

Oxygen-fueled  (“oxy-fuel”)  glass
furnaces are a relatively new way
of tackling the problem of high heat
energy demand: by replacing the air
entering the furnace with oxygen
(typically at over 90% purity), the total
amount of gas entering the chamber
can be reduced while maintaining
the same combustion energy input.
This means the energy required to
heat the input gas is reduced, while
also reducing waste heat in exhaust
gas. Other furnaces waste a large
amount of energy simply heating the
nitrogen in the air. In general, oxy-fuel
furnaces have the same basic design as
recuperative furnaces, with multiple
lateral burners and a limited number
of exhaust ports. Most oxygen-fired
glass furnaces don’t use heat recovery
systems to pre-heat the oxygen supply
to the burners, although there are
some developments in oxygen and
natural gas preheating. The benefits
of oxy-fuel furnaces include cheaper
furnace designs, lower NOx emissions
per ton of molten glass, smaller flue
gas volumes, smaller footprints for
and reductions

furnace systems,

Kanch | Vol. 14 | No. 1 | April-June 2026 e

1.8 All-electric glass

furnaces

Electrically heated

furnace technology

is nearly as old as
regenerative furnace technology.

These work in a radically different

way to conventional furnaces,
avoiding combustion altogether and
instead imparting heat energy to
the glass mixture using high- voltage
electrodes. These are typically used
for fiberglass production but are also
used for specialty glasses. Typically
used for small- batch production, all-
electric furnaces offer high thermal
efficiency, a high degree of control
over temperature, and can Yyield
while

highly homogeneous glass

minimizing atmospheric  pollution
and economizing raw materials that

volatilize readily.

1.9 Figure 3.6 shows the cross-

sectional view of various
types of furnaces used in glass

manufacturing.

Although the theoretical minimum
energy use is 669 Kcal/kg for soda-
and 561 Kcal/kg for
borosilicate glass, in practice average

lime glass

energy use varies between 700 to
3500 Kcal/kg ( Ref. table 3.3 ).

2. FURNACE DESIGN

As furnace is a very critical equipment
in glass manufacturing and is generally



Regenerative End Fired Furnaces Regenerative Cros: Fired Furnaces A sample project charter for 600
TPD furnace is shown in Table
3.4

2. Provide factory layout and

building layout of the existing
facility (if furnace is to be
installed in the existing plant)
or proposed layout for new
facility.
It is essential for the designers to
design the furnace with building
limitations or propose new
requirement for new facility. The
furnace size, regenerator size
can be suitably designed with this
information.

3. Provide no. of forehearths
required, details of minimum
& maximum draws,

All Electric Furnaces= temperatures & gob weight
for each forehearths.

With these inputs, the designer
will be able to design the throat,
working end and forehearths.
Designer will be able to check
the requirements through CFD
simulation of furnace after design
and verify that the requirements

can be met with the design he

Figure 3.6
proposes.
considered as “heart” of glass plant, furnace. 4. Provide the RM specification,
proper design is very important. For Project charter provides detailed batch composition, cullet
design and supply, factory should requirement for furnace design. usage details:
prepare a proper pr'oject
charter. Table 3.3
Estimated Energy Consumption of Manufacturing Processes of various types of Glass furnaces
2.1 ProieCt Charter Process Specific Energy use | Average Specific Energy | Average Total Sp. Energy use
- Range Kcal/Kg of Glass use Kcal/Kg of Glass Kcal/Kg of Finished Glass
For  designing  the
L Batch Preparation 60-300 120 133
furnace, it is always - -
tial  to rovide Melting & Refining
essen
. P - Flat Glass 1150-1550 1300 1700
proper Input O _container Glass : <100 ¢/d 1200-1750 1350 1850
designer / project team. _ Container Glass : > 100 t/d 780-1099 860 1300
Following details are to - Container Glass : All Electric 700-860 780 1220
be provided to make -Flacconage: <100¢d 1450-2150 1700 2250
good furnace design. - Flacconage : >100 t/d 1150-1550 1300 1800
- Fibre Glass 1670-3500 2050 3500
I. Get a detailed -Borosilicate Glass 2300-3500 2800 3350

H ote: Above specific energy use can be depending upon many factors like type of fuel used, combination of Fuel ower usage, draw an
pro ect charter N Ab f be d d f like f fuel used bi f Fuel & P d d
) packing efficiency. Total Sp. Energy use Kcal/Kg of finished Glass is the total energy used in BH, Furnace, WE, FH, Forming, Annealing, utility and
others of Finished Glass. Example- a container glass furnace, for raw, use ay of in Furnace, ay of
Prepared by hers/ Kg of Finished Glass. Exampl glass fi for 600T/D d 56000 SCM / Day of NG in F 4500 SCM/Day of
NG for WE+FH, 1300 SCM/Day of NG for Lehr and 90000 KWH power for all utility. Finished Glass is 545 Tons/day. For this case, Average
the faCtory for Sp. Energy use-Kcal/Kg of glass=(56000%8450)/(600*1000) = 788. Average Total Sp. Energy use Kcal/Kg of Finished Glass = ( (56000%8450 +
90000*860)/(545*1000) )=1100 Kcal/kg. (CV of NG = 8450 Kcal/SCM, CV of power = 860/KWH)
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Table 3.4

Project Charter- Furnace
600 TPD Container Glass Furnace

Project Description:
600 TPD Clear Flint, Container Glass Furnace for commercial Glass, having 8 production lines. The furnace
should be able to convert to amber and green, as and when required.

I.  Furnace Capacity: 500 TPD without electric boosting and 100 TPD electric boosting, total 600 TPD, with 30% cullet.
The Furnace is to be designed accordingly.

2. Batch charger: Fully closed, energy efficient Batch charger- 2 sides charging with one space charger

3. Type of Furnace: Regenerative end fired continuous Glass Tank furnace, NG, FO & PG (Procedure Gas) Fuel Firing
System

4. Glass Quality: a) Speed/ 100 gm < 30 nos. (Gaseous inclusion size up to 0.5 mm) b) Glass homogeneity B+

5. Cullet % : Avg. 30% (Internal + External)

6. Gilass Colours: Oxidizing flint and amber / Flint after conversion

7. Type of Glass: Soda lime Type-ll Flint

8. Furnace Life: 12 years Min.

9. Burner: 8 Energy efficient low NOx Burners (4 on each side)

10. Products: Container Glass for all segments

I'l. No. of Prod lines: Eight, with equal draw distribution from throat on both sides

12. Fuel Furnace: Natural gas, LPG, furnace oil & producer gas working end & forehearth: Natural Gas

3. NCV of Fuel: Natural Gas: 8200-10500 Kcal / SCM (NCV) furnace oil: 9100 kcal / litre producer gas: 1400 Kcal / SCM
14. Dog house: Sealed dog house with closed batch charger to increase energy efficiency of the furnace

I5. Regenerator: Design should incorporate chimney base temp not to exceed 430 deg C.

6. Throat: New Throat design for low corrosion & more hot glass in distributor.

I7. Furnace Energy: Furnace Design should be most energy efficient. Online Oxygen Analyzer with Lambda control is
required. CCTV camera for meeting monitoring to be incorporated in the Furnace with SCADA display. (Based on the
techno commercial feasibility the requirement can be decided).

18. Boosting: Complete system with energy efficient transformer, electrodes & holders, water cooling system.
19. Furnace Instrumentation:

Operator console + Engineering consol operation for furnace / SCADA System- 2 Monitors

Auto fuel control along with Lambda control

Auto Glass level control system

Auto furnace pressure control system

Measurement system for furnace temperature control

O

Batch charger control system
7. Dog Silo Level control system with batching
20. Spares:
I.  Batch charger | No.
2. Boosting Electrode with holder 3 nos.
3. Essential spares for reversal system and other critical equipments
4. Low NOx Burner spares- 3
21 Documentation:
I.  Furnace operation manuals
2. Batch charger manual
3. 2 sets of furnace design drawings
4. 2 sets of refractory drawings
5. Furnace Heat up chart
22. Guarantee:
I. SFC to be guaranteed for 30% cullet and for NG firing
2. 600 TPD Draw to be achieved at 30% cullet
3. Seed count should be below 30 seeds / 100 gm
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With this input, designer will
be able to work out furnace
size, SFC required, regenerator
load & design and boosting
requirements.

5. Provide details on fuel to be
used with NCV values:

With this detail, designer will be
able to design the furnace with
suitable burners, refractories and
boosting requirements.

We are not going into detailed
design aspects of furnaces as it is
not important & also not easy for
glass manufacturers to involve &
understand the total design of the
furnace. However, the operations
requirements in terms of glass draw,
quality, scope etc.,
are to be understood well. For this,

performance,

accurate inputs to be provided to the
designers for optimum design of the
furnace. For the following critical &
important factors, clear specifications
should be given in furnace design and
can be part of the project charter.
These
mutually agreed by both the parties
and documented while finalizing the
order.

requirements are to be

It should be
clearly discussed with designer.
As draw can vary with percentage
of cullet usage, boosting, fuel

I. Furnace Draw:

to be used, maximum furnace
operating temperature and raw
materials specification, very clear
specification should be mutually
agreed and recorded with

designer.

2. Seed Count and Glass Quality:
Seed count, bubbles & blisters
impact glass quality. The required
specification is to be clearly

mentioned.

3. Glass
the minimum & maximum

Temperature: All

temperatures of riser glass
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(throat), working end and
forehearth entry temperatures to
be discussed and clearly specified

in order.

Design validation by Furnace
Modeling: It is better to witness
the furnace modeling test at
reputed companies like M/s Glass
Service in Czech Republic.

Specific Fuel Consumption:
This is one of the critical
factors. The guaranteed SFC for
minimum and maximum draw
with percentage of cullet, fuel,
fuel combinations, raw material
specifications, glass quality (seeds,
bubbles and temperature) to be
discussed and made as part of
guaranteed terms to achieve the
desired results. Many times, due
to lack of understanding between
manufacturer & designer, the
guaranteed specifications are not
achieved resulting in blaming each
other. It is mutually beneficial
for both parties to draw a
clear specification of operating
parameters,
like fuel, cullet, RM and boosting
to get the desired guaranteed

input parameters

figures.

Life:
design, material used, material

Furnace Furnace

specifications, equipments
used, operating parameters like
cullet

temperature, pressure,

percentage, RM specification,
cooling and various controls,
interruptions in furnace
operations like power failure &
equipment failures, furnace heat
up and furnace maintenance are
the major factors that can affect
the furnace life. All the above
should be considered in detail
while designing and selecting
equipments / refractories. Few
of the actions that impacted the
furnace performance and life are

following :

A)

B)

o)

D)

E)

In one furnace, fine water
mist cooling for metal line
was introduced within 2
years of operation of new
furnace, thinking that life
will improve. Contrary to
the assumption, due to
presence of mist, the side
blocks developed cracks and
furnace was damaged totally
in a span of 4 years. Also, the
specific  fuel
was very high due to too
much cooling.

consumption

In one furnace, during the
heat- up, there were a lot
of interruptions
compressed air & fuel

(power,

supply), which resulted in
many cracks & damages to
refractories. This seriously
impacted furnace life.

Before glass draining after
furnace heat-up using cullet,
direct batch was started
and this created choking of
throat during heat-up.

Very fine cullet was charged
during heat-up and it formed
dusty
the furnace and operators

atmosphere inside
were not able to monitor
the optical temperatures
properly.  Thinking  that
temperatures are  low,
gas was increased, which
resulted in overheating of
crown and it damaged the

silica crown.

Improper sized cullet was fed
at high pressure into furnace
during  heat-
resulted in sandblasting like
effect on refractory surfaces

up which

and stone like material
appeared

few weeks after draining,

in glass for a

resulting in huge loss.

Due to high contamination in
cullet, lot of foreign materials



entered the furnace which
resulted in damage to
boosting electrodes due to
sparking and also the bottom
refractory damaged because
was downward drilling effect
of contaminants (un- melted
metallic contaminants). The
glass quality was poor due
to high seeds and frequent
yellow lines in glass. Furnace
bottom leaked within very
short span.

G) In one case, there were
many power outages and
equipment breakdowns.
This resulted

changes in furnace operating

in abnormal
parameters  resulting in
damage to furnace &
regenerator crowns. Furnace

life was impacted due to this.

H) Due to usage of very high
dusty raw materials (fine
materials in sand,
quarts, lime stone & others),
the clogged
quickly resulting in very high

silica
regenerator

SFC and lower furnace life.

There are many cases in industries
where above type of errors in
operations occur and it impacts
the life & overall performance
of the furnace. If furnaces do not
perform well, the glass quality
and company’s profitability can
be severely impacted.

Heat-up and after
Commissioning
Heat-
up procedure and
supervision are very |- &
important  factors.
Procedure  should
be clearly specified.
After commissioning

Services:

services

performance test,
system up-gradation

(Software updating),

like o

monitoring performance

regularly online and giving
feedback, boosting performance
monitoring (pushing electrodes,
electrode current and
temperatures) etc., should be
specified clearly in order. Regular

furnace audits can also be a part

of order.
2.2 Furnace Type Selection:
Considering the present energy
situations, environmental impacts

and customer requirements, type
of furnace are to be decided. As
there are many options available,
conditions,
statutory requirements and future

considering the local
requirements, a good brainstorming
is to be done to select suitable type
of furnace. You can opt for flexibility
in furnace design considering the
cost of design and future operational
costs. Sometimes, it is better to
keep additional boosting provisions,
multi fuel provisions, heat recovery
provisions, sustainable energy usage
provisions, furnace conversion
provisions and additional glass draw
provisions etc., after evaluating the

additional cost of design vs. benefits.

3. FURNACE REFRACTORIES

The furnace personnel should have
good knowledge of refractory
materials as the selection of correct
refractory material will decide the
furnace cost, furnace life and quality

1940 1960 1980 2000 2015

General Furnace Life in Yrs. and Campaign Draw in t / sq.mtr

Figure 3.7

www.aigmf.com

of glass. Even though furnace designer
will design the furnace and suggest
refractory materials required, the
plant glass
and finalize the refractory material

team should discuss
specifications for various parts of
furnace. For furnace side walls itself,
AZS blocks of different specifications
are required for different locations.
Dog house corners, melter corners,
throat side walls, throat blocks,
booster blocks etc., require special
AZS quality blocks, depending upon
temperature and service factors.
Where the high abrasion of blocks
is expected, special blocks of high
abrasion resistant are used and
similarly where high temperature is
expected, special high temperature
resistant quality blocks are used. The
selection, operation and maintenance
of refractory materials in Figure
3.7 shows the campaign life of the
furnace.

The Figure 3.7 shows the campaign
life of furnace over last 100 years and
main consideration to select suitable
refractory material.

From the chart (Figure 3.7), it can
be observed that the furnace life has
been increasing substantially over the
years. Glass furnaces have evolved
in size and longevity while, at the
same time, production temperatures,
throughput and product requirements
have become

more challenging.

Over time, the refractories have

Main Stresses to
consider for Refractory

5
£
E
L]
&
U.
]

Based on stresses generated on furnace
Refractory, suitable refractory material
to be selected / used,
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undergone many changes to improve
their consistency and quality, address
environmental concerns, while at the
same time, minimise glass defects.
Among the challenges for improved
life are refractory wear
and its effect on glass quality, repair

furnace

methods that can be carried out while
the furnace is in service, techniques
for monitoring refractory wear during
operation, energy use and its source,
etc., Appropriate refractory selection
should consider that the temperatures
for melting and refining glass fall in the
range of 1300°C to 1580°C, and are
composition dependent. In addition,
the bath’s oxidation state (redox)
influences the type and severity of the
bath’s reaction with these refractories.
Because the bath is mainly heated by
flames through radiation (top down),
the temperatures under the crown
can reach 1650°C or higher and the
gases in this area are often loaded
with alkalis which are detrimental to
refractory life.

The refractory materials used for the
construction of glass melting furnaces
should meet the following basic
requirements:

I. The glass contact refractories
should  withstand
operating
+1560°C.

continuous
temperature of

2. Should have sufficient mechanical
strength to resist impact, friction,
high-temperature and high-speed
flame, smoke, and dust, and other
mechanical effects.

3. Should retain excellent high-
temperature  structure  and
can withstand mechanical load

for a long time at operating
temperature.

4. Should have strong resistance
to the corrosion effect of the
molten compound, molten glass,
and gaseous substances.

5. Strong resistance for any reaction

with batch or glass and should not
pollute liquid glass.

6. Should have excellent thermal
shock resistance.

7. Should have high-temperature
volume stability and small residual
shrinkage or expansion.

8. Should meet the specification with
respect to thermal properties
such as heat capacity, thermal
expansion and heat conduction.

Refractory selection for glass furnace
is to be made for regenerator checker,
regenerator wall, crown & bottom,
melter doghouse side wall, burner
area side wall, melter sidewall, melter
corners, melter crown & super
structure, melter bottom, gable and
suspended arch. For different part
of glass furnace, different refractory
brick should be used. The detailed

application is given below:

I. Regenerator checker, wall, crown
& bottom usually use magnesia

refractory  brick, = magnesia-
chromite refractory brick,
magnesia-zirconia refractory

brick,
refractory brick, magnesia-silica

magnesia-alumina
refractory brick, light weight
magnesia-silica brick, chamotte
refractory brick, silica refractory
brick and sillimanite refractory
brick.

2. Melting tank sidewall, corner,
crown & bottom usually use fused
cast AZS refractory brick, fused
cast AZS bottom block, fused cast
b-alumina brick, zirconia-mullite
(zirmul) brick, silica refractory
brick, corundum- zirconia-mullite
ramming mix and zirconia mullite
ramming mix.

3. Working end crown, sidewall,
bottom & tuyere usually use
fused cast AZS refractory brick,
fused cast AZS bottom block,
fused cast a-b alumina brick, fused

cast b-alumina brick, zirconia
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refractory brick, silica refractory
brick, corundum-zirconia-mullite
ramming mix and zirconia-mullite
ramming mix.

4. Burner usually use fused cast
AZS refractory brick, fused cast
a-b jargal block and sintered
zirconia refractory brick. Dog
house wall usually use silica

refractory brick, gable usually use

zirconia refractory brick and silica

refractory brick.

5. Suspended arch
fused cast AZS refractory brick,

zirconia-mullite  (zirmul)  brick

usually use

and silica refractory brick.

Different types of refractories can be
used in particular area of the furnace.
However, their life, cost, reaction
to glass or flame (or flue), behaviour
to thermal, chemical & mechanical
impacts will be different. Hence a cost
effective but most suitable refractory
solution for the service condition
should be considered for getting
good furnace life and consistent glass
quality.

3.1 Refractories and their
properties
Refractories are inorganic, non-

metallic, porous and heterogeneous
materials composed of thermally
stable mineral aggregates, a binder
phase and additives. The principal raw
materials used in the production of
refractories are normally the oxides
of silicon, aluminium, magnesium,
calcium and zirconium. There are
some non-oxide refractories like
carbides, nitrides, borides, silicates

and graphite.

Refractories are chosen according
to the conditions they face during
applications
require special refractory materials.

their use. Some
Zirconia is used when the material
is required to withstand extremely
high temperatures. Silicon carbide
and carbon are two other refractory



materials used in some very severe
but they
in contact with

temperature conditions,
cannot be used
oxygen, since they oxidize and burn in
atmospheres containing oxygen.

Refractories are the materials which
are resistant to heat and exposure
to different degrees of mechanical
stress and strain, thermal stress and
strain, corrosion/erosion from solids,
liquids and gases, gas diffusion, and
mechanical abrasion at various
temperatures. In simplified language,
they are considered to be materials
of construction which are able to

withstand high temperatures.

Refractory products are a specific
sort of ceramics that differs from any
‘normal’ ceramics mainly with their
coarse-grained structure beingformed
by larger grog particles joined by finer
(bonding).
defines refractories as

intermediate materials

ASTM C7I
‘non-metallic materials having those
chemical and physical properties that
make them applicable for structures
or as components of systems that
are exposed to environments above
538°C.

Refractories are to be chemically
physically high
temperatures. Depending on the

and stable at
operating environment, they need
to be resistant to thermal shock, be
chemically inert, and/or have specific
ranges of thermal conductivity
and of the coefficient of thermal
expansion. Refractories are used in
high temperature processes because
of their
and stability at high temperatures.
They are normally used as linings

for high-temperature furnaces and

heat-resistant properties

other processing units such as kilns,
incinerators and reactors since they
are able to withstand physical wear,
high temperatures, and corrosion by
chemical agents. They are also used
to make crucibles. They find extensive

uses in iron, glass and steel industry.

The qualities of refractories are
dependent on their chemical, physical,
mineralogical and thermal properties.
Refractory materials have a range of
properties to meet the requirements
imposed by different processes.
The general requirements from the
refractories are (i) ability to withstand
high temperatures and trap heat
within a limited area like a furnace,
(ii) ability
changes of temperature, (iii) ability to
withstand load at service conditions,

to withstand sudden

(iv) ability to withstand chemical and
abrasive action of the materials such
as liquid metal, liquid slag, and hot
gases etc., coming in contact with
the refractories, (v) ability to resist
contamination of the material with
which it comes into contact, (vi) ability
to maintain sufficient dimensional
stability at high temperatures and
after/during repeated thermal cycling,
(vii) ability to conserve heat, (viii)
ability to withstand load and abrasive
forces, and (ix) low coefficient of
thermal expansion.

Refractories are normally tailor-made
on the basis of (i) process parameters
such as  temperature profile,
mode of operation, and operating
atmosphere etc., (i)
quality characteristics, and (iii) best

techniques for

expected
engineering  and
application, so that the final physical,
chemical, and thermal properties are
compatible to the application.

Refractories perform four basic
functions namely (i) acting as a thermal
barrier between a hot medium (e.g.,
flue gases, liquid metal, liquid slags,
and molten salts) and the wall of the
containing vessel, (i) insuring a strong
physical protection, preventing the
erosion of walls by the circulating hot
medium, (iii) representing a chemical
protective barrier against corrosion,

and (iv) acting as thermal insulation,
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insuring heat retention.

Refractories are expensive, and any
failure in the refractories results
in a great loss of production time,
equipment, and sometimes the
product itself. The type of refractories
also influences energy consumption
and product quality. Hence, the
issue of getting refractories best
suited to each application is of
highest

greatly influence these issues, and

importance.  Economics
the refractory best suited for an
application is not necessarily the one
that lasts the longest, but rather the
one which provides the best balance
between initial installed cost and
service performance. This balance is
never fixed, but is constantly shifting
as a result of the introduction of
new processes or new types of

refractories.

3.2 Classification of refractories

Refractories are classified into
a number of ways on the basis
of (i) composition,

(iiy chemical properties of their

chemical

constituent substances, (iii) by the
place of use, (iv) the refractoriness,
(v) method of manufacture, (vi)
physical form, (vii) according to the
applications, (viii) based on thermal
conductivity, (ix) according to the
principal base features, or (x) based
on compactness.

3.2.1
chemical composition

Classification based on

Based on the chemical composition
the refractories can be classified as
follows:

e Silica refractories - Silica
refractories comprise of silicon
oxide (SiO,) also known as silica.
These refractories are produced
either from quartz or fused silica.
Silica refractories contain at least
93% SiO,. The raw material is

quality rocks. Various grades of



silica brick have found extensive
use in the iron and steel industry
furnaces. In addition to high fusion
point multi-type refractories,
the other important properties
of silica refractories are their
high resistance to thermal
shock (spalling) and their high
refractoriness. The outstanding
property of silica brick is that it
does not begin to soften under
high loads until its fusion point is
approached. Other advantages
are flux and slag resistance,
volume stability and high spalling
resistance.

Fireclay refractories — Fireclay
refractories comprise around
75% of the production of
refractories on a volume basis
and are essentially hydrated
aluminium silicates with minor
proportions of other minerals.
Typical composition consists of
SiO, less than 78% and AlO,
less than 44%. As a type, they
are extremely versatile and least
costly of all refractory bricks
and are extensively used in the
iron and steel industry. Fireclay
refractories are produced by
firing of certain types of clays.
The principal mineral for these
refractories is kaolinite. Fireclay
bricks are divided into five
different classes namely (i) super-
duty, (ii) high-duty, (iii) semi-silica,
(iv) medium- duty, and (v) low-
duty. The super- duty and high-
duty classes are divided further
into three types under each class.

Alumina refractories -
Alumina refractories are also
having basic constituents of Al,O,
and SiO, but these refractories
have a minimum of 50% Al O..
Alumina refractories are divided
into seven different classes by
percent alumina. These classes

are (i) 50% A,O,, (i) 60% Al,0,,
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(iii) 70% ALO,, (iv) 80% ALO,,
(v) 85% ALO,, (vi) 90% ALO,,
and (vii) 99% ALO..

Magnesia  refractories -
The main constituent of these
refractories is magnesia (MgO).
The main sources of magnesia
are brines (often deep well type)
and seawater as well as sintered
and fused magnesia. Magnesia-
carbon refractories are important

refractories of this type.

Dolomite refractories — The
main  constituents of these
refractories are MgO and calcium
oxide (CaO). These refractories
are produced from sintered
dolomite.

Magnesia-chrome or chrome-
magnesite
— The main constituents of

refractories

these refractories are MgO
and chromium oxide (Cr,O,).
Depending upon the percentage
of MgO and Cr,0O, in the
refractories these refractories
are called either magnesia-
chrome refractories or chrome-
magnesite refractories. Here, a
distinction is required to be made
between chrome-magnesite
refractories and  magnesite-
chrome-refractories.  Chrome-
magnesite ~ material  usually
contains 15% to 35% Cr,O,
and 42% to 50% MgO whereas
magnesite-chromite refractories
contain at least 60% MgO
and 8% to 18% Cr,O,. Chrome-
magnesite refractories are used
for building the critical parts
of high temperature furnaces.
These materials can withstand
corrosive slags and gases and
have high refractoriness. The
magnesite-chrome  refractories
are suitable for service at the
highest temperatures and in
contact with the most basic slags
used in steelmaking. Magnesite-

chrome refractories usually have
a better spalling resistance than
chrome-magnesite refractories.

Silicon carbide refractories
— Silicon carbide refractories
are produced from silicon
carbide (SiC), a raw material
synthesized in a resistance-type
electric furnace at temperature
greater than 2500°C, through the
reaction of silica with carbon.

Zirconia  refractories- In
zirconia refractories, main
constituent of the refractory
is zirconium oxide (ZrO,).
Zirconia refractories are useful
as high temperature construction
materials. They tend to be
used in applications where
temperatures are above 1900°C,
such as casting nozzles and gates,
crucibles, furnace liners and
kilns. The thermal conductivity
of zirconium dioxide is found
to be much lower than that of
most other refractories and the
material is therefore used as
a high temperature insulating
refractory. Since zirconia shows
very low thermal losses and
does not react readily with liquid
metals, it is mainly useful for
making refractory crucibles and
other vessels for metallurgical
purposes.

Carbon refractories - The
main constituent for these
refractories is carbon. Carbon,
formed carbon, manufactured
carbon, amorphous  carbon
and baked carbon are the
terms which are used for these
refractories. Carbon can also
be in graphitized or semi-
graphitized form. The carbon
refractories are primarily used
in highly reducing environments.
Carbon refractories have a
high refractoriness and high
temperature of softening under
load. They resist well the action
of slags and have high thermal
stability.



3.2.2 Classification
chemical properties
constituent substances

based on
of their

Refractories are typically classified
on the
their
their reaction to the type of slags.
to this
are of three types
acid

chemical behaviour of

constituent substances, i.e.
Accordingly, classification,
refractories
namely (i) refractories, (i)
basic refractories, and (iii) neutral
refractories. Also, there are some

special types of refractories.

e Acid
refractories

refractories — These
are attacked by
alkalis (basic slags). These are
used in areas where both slag and
atmosphere are acidic. Examples
of acid refractories are silica
refractories, zirconia refractories
and alumino-silicate refractories.

e Basic refractories - Basic
are those which
are attacked by acid slags but

stable to alkaline slags, dusts

refractories

and fumes at high temperatures.
Since they do not react with
alkaline slags, these refractories
are of considerable importance
for furnace linings where the
environment is alkaline such as
The
most important basic refractories

steelmaking  operations.

are magnesite refractories,

dolomite refractories, and
magnesia-chrome

refractories.

* Neutral
refractories -
Neutral refractories
are chemically
stable to both acids
and bases and are
used in areas where
slag and atmosphere
are either acidic or

carbon graphite (most inert),

chromite refractories, and
alumina refractories. Out of these
graphite is the least reactive and is
extensively used in metallurgical
furnaces where the process of

oxidation can be controlled.

Figure 3.8 shows classification of

refractories based on chemical

behaviour of constituents.

Special refractories are expensive
refractory materials which have been
manufactured using synthetic (fused /
sintered) grains free from impurities,
under highly controlled production
parameters. They are used for special
like -
crucible, some parts of furnaces and,

purposes construction  of
research and development purposes
etc., where the cost of the refractory
is of no consideration. They include
materials like pure alumina, sialons (Si
— Al - O — N), thoria (ThO,), beryllia
(BeO), zirconia, boron nitride, and
spinel etc.

3.2.3 Classification based on the
place of use

Iron & steel, and glass industries are the
major consumer of refractories with
around 80% of refractories being
consumed by them. The different
areas of the manufacturing processes
in glass industry are exposed to
different
gases. The diversity in the operating

temperatures and flue
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conditions of different equipment’s
demands different grades for
different areas of application. Glass
industries use good quantity of

refractories for furnace melter,
regenerator and forehearths. Here
too, the refractories are classified into
areas of use. They are (i) furnace side
wall, (ii) furnace super structure, (iii)
furnace crown, (iv) furnace bottom,
(v) regenerator walls & checkers, (vi)
forehearth & working end and (vii)

feeder expendables.

3.2.4 Classification based on
refractoriness
Based on the property of

refractoriness, the refractories are
usually classified into four classes.
These are namely (i) super-duty, (ii)
high-duty, (iii) intermediate duty, and
(v) low duty. Super duty refractories
PCE
equivalent) value ranging from 33-
38. High duty refractories have PCE
(pyrometric cone equivalent) value

have (pyrometric  cone

ranging from 30-33. Intermediate
duty PCE
(pyrometric cone equivalent) value

refractories  have
ranging from 28-30, while low duty
refractories have PCE (pyrometric

cone equivalent) value ranging from
19-28.

3.2.5 Classification based on

method of manufacture

Classification of refractories based on chemical behaviour of constituents

Chemical behaviour
of constituents

Special types of
refractories

basic. The common
examples of these

refractories,

Acid refractories

Basic refractories

Neutral refractories

materials are

Figure 3.8
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The refractories can be manufactured
by several methods consisting mainly
of (i) dry press process, (ii) fused cast
process, (iii) hand moulding process,
(iv) forming process consisting of
normal, fired or chemical bonded,
and (v) unformed refractories such as
monolithic, plastics, ramming masses,
gunning materials, and castable etc.,
and are classified accordingly.

3.2.6 Classification based on

physical form

Refractories are classified according
to their physical form. These are the
shaped and unshaped refractories.
The shaped is commonly known as
refractory bricks and the unshaped as
monolithic refractories.

Shaped refractories are those which
have fixed shapes when delivered to
the user. The shaped refractories are
normally known as refractory bricks.
Brick shapes are usually divided into
two types (i) standard shapes and (i)
special shapes. Standard shapes have
dimensions which are conformed to
by most refractory manufacturers and
are generally applicable to all kinds of
furnaces of the same type.

Special shapes are specifically made
for particular furnaces. This may not
be applicable to other furnaces of
the same type. Shaped refractories
are almost always machine- pressed,
thus, high uniformity in properties
are expected. Special shapes are
most often hand-moulded and are
expected to exhibit slight variations in
properties.

Unshaped refractories are without
definite form and are only given shape
during their application. They form
joint less lining and are better known
as monolithic refractories. These are
categorized as plastic refractories,
ramming mixes, castable, gunning
mixes, fettling mixes and mortars.

Ramming refractory materials are
in loose dry form with graded particle
size. They are mixed with water for
use. Wet ramming masses are used
immediately on opening. Ramming
masses are used mostly in cold
condition so that desired shapes can
be obtained with accuracy.

Castable refractory  materials
contain binder such as aluminate
cement which imparts hydraulic
setting properties when mixed with
water. These materials are installed
by casting and are also known as

refractory concretes.

Mortars are finely ground refractory
materials, which become plastic when
mixed with water. These are used to
fill the gap created by a deformed
shell, and to make wall gas tight to
prevent slag penetration. Bricks are
joined with mortars to provide a
structure.

3.2.7 Classification according to
applications

Chemical characteristics of the furnace
process usually determine the type of
refractory required. Theoretically,
acid refractories should not be used
in contact with basic slags, gases and
fumes whereas basic refractories can
be best used in alkaline environment.
Actually, for various reasons, these

rules are often violated.

3.2.8 Classification based on
thermal conductivity
Based on thermal conductivity,

refractories can be (i) conducting
SiC, ZrC, (iij) non
conducting such as silica, alumina,

such as

or (iii) insulating refractories.

The function of insulating refractory
is to reduce the rate of heat flow
(heat loss) through the walls of
furnaces. The desirable feature of
insulating refractories is the low
thermal conductivity, which usually
results from a high degree of porosity.
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Structure of air insulating material
consists of minute pores filled with
air which have in them very low
thermal conductivity. The air spaces
inside the brick prevent the heat
from being conducted but the solid
particles of which the brick is made
conduct the heat. So, in order to
have required insulation property in
a brick, a balance has to be struck
between the proportion of its solid
particles and air spaces. The thermal
conductivity is lower if the volume
of air space is larger. Importantly, the
thermal conductivity of a brick does
not so much depend on the size of
pores as on the uniformity of size
and even distribution of these pores.
Hence, uniformly small sized pores
distributed evenly in the whole body
of the insulating brick are preferred.

The high porosity of the brick is
created during manufacturing by
adding a fine organic material to the
mix, such as sawdust. During firing,
out,
creating internal pores. Other ways

the organic addition burns

to accomplish high porosity involves
(i) by using materials which expand
and open up on heating, (ii) by using
volatile compounds like naphthalene,
(iii) by using aluminium (Al) powder
in combination with NaOH solution
(called chemical bloating), (iv) by
using substances which by themselves
have open texture e.g. insulating
brick grog, vermiculite, ex-foliated
mica, raw diatomite etc. (v) by using
foaming agents to slip, and (vi) by
aeration etc.

Because of their high porosity,

insulating  bricks inherently have
lower thermal conductivity and lower
heat capacity than other refractory

materials.

Insulating materials can be classified
into four types with respect to
application These
four types are (i) heat resistant
insulating

temperature.

materials for



application temperatures up to
1 100°C (examples are calcium silicate
materials, products from siliceous
earth, perlite or vermiculite, silica
based micro porous heat insulators,
and  alumino-silicate fibres), (ii)
refractory
for application temperatures up
to 1400°C (examples are lightweight
bricks,
lightweight castable, and mixed and
aluminium oxide fibres), (iii) high
refractory
for application
up to 1700°C
lightweight mullite and alumina bricks,
lightweight hollow sphere corundum
castable and bricks, and special high
refractory fibres) and (iv) ultra- high
refractory insulating materials for
application temperatures

up to 2000°C (examples

insulating materials

chamotte  and kaolin

insulating materials
temperatures
(examples are

are zirconia lightweight
bricks and fibres, and
non-oxide compounds).
Several other types of
insulating refractories
include castable, granular
insulation, and ceramic
fibre insulation, which is
light weight. Extremely

lightweight materials have
a porosity of 75% to 85%
and ultra- lightweight, high-
temperature
materials

insulating
have a total

porosity greater than 85%.

3.2.9
according to the principal

Classification

Side wall & Superstructure

Melt tank and superstructure construction /
Arrows Indcate supports of supersiructure by steei construction

is non-oxide refractories. Example
of non-oxide refractories are
carbon-based refractory materials,
and carbides, nitrides, borides, and
silicides. This group included also
sialons which are the silicon nitride

sinterable derivatives.

3.2.10 Classification based on
compactness

Based on this classification refractories
are of two types. The first type
consists of dense refractories with
their true porosity less than 45%.
The second type consists of insulating
refractories with their true porosity
more than 45%.

3.3 Melter refractories: Melter
use refractories are suitable for high
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temperature, abrasion and corrosion.
Different
materials is used based on experience,

quality of refractory

service requirements, maintenance
requirements, life expectation, glass
quality requirements and cost.

Figure 3.9 shows the type of refractory
being used in melter of container glass
furnace.

3.4 Regenerator refractories:
Regenerator is the important part of
furnace which is subjected to severe
operating conditions like thermal
shock due to reversal system (cold
& hot), chemical attack from hot flue
gases, abrasion & corrosion due to high
velocity flue gas flow, material deposit
from batch & flue, mechanical load

due to weight of top layer checkers

Glass Furnace Melter Refractory Details

Melter sidewall and Bottom

Meiter Crown

Figure 3.9

SiSenl MM Cover Cost  Lubisal K251 Light Siies Bebeh  Sitles Crwmn

——— Fireclay Brick
Sintered AZS
Ramming Mass

Container Glass Regenerator Refractory Scheme

For Regenerators, different kinds of refractory materials are used
based on fuel used, Raw Materials used, type of Glass Produced and
cost. Regenerator Checkers and arches are subjected to severe
Chemical, thermal and Mechanical attacks. Hence based on the
severity of service and ease of maintenance, Alkaline refractory
solution or Zirconia Brick solution is used. Checkers of different
design, shape and materials may also be used based on Energy

base features

Based on principal base
refractories are
The first

containing

features
of two types.
type

refractories.

is oxide-
They are
namely based on oxides and
their compounds, the most
important oxides are Al,O,,
CaO, MgO, SiO,, Cr,O,,
and ZrO,. The second type

Efficiency, maintenance requirements and Life.

1. Alkaline brick Scheme:

In this scheme, Bonded high purity magnesium brick /Checkers, to the
top layer of the regenerator is selected. Normal magnesia chrome
brick or magnesia Olaf brick resistant to sulfate attack is selected for
the middle layer, low porosity clay brick is selected for the lower layer.
High alumina brick resistant to spillage is used as the transition brick
between magnesia brick and clay brick.

2. Electrocast zirconia AZS Refractory Scheme:

The cruciform made from fused zirconium corundum lattice brick (ER-
1681) is used in regenerator. The top arch and crown of the
regenerator is usually made of fused AZS brick or directly bonded
magnesia brick or silica brick. The upper & middle layers of the side
wall and the dividing wall may be made of magnesia brick. The lower
layer and Bottom Arch may be made of low porosity clay brick.

Figure 3.10
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Principle function of a continuously working glass melting tank furnace

TO = ambient temperature

Tre = temperature of pre-heated air

Tad = adiabatic combustion temperature Toff = off gas temperature to Regenerator
Tex = pull temperature of the glass melt to Chimney

S NN NN N A R RN RN RN NN RN

bonded water is released, is

dependent on the bonding
strength of the water molecule(s)

to the batch constituents and may

: Heat Recovery System- Through Regenerator : last up to temperatures of 600°C.
i : The impact of dehydration
: heat loss ﬂCrown& Super Structure ‘ reactions on the melting process
i of the glass batches is mainly the
hot stream through combustion space consumption of extra energy
—_— —— " during water evaporation.

T, hot gas T, offgas
a0 1019 heat transfer ofr 09 412 Crvstalline inversions:
from fuel (TU) .. rystalline inversions:
and air (T ) ~ During melting of glass batches,
re structural modifications of some
TO' batch Cold Stream through Melter Tank / Basin Tex! melt crystalline  batch  constituents

heat loss

J\L Melter Tank Bottom

Figure 3.11

on bottom layer checkers & arches.
Hence based on above parameters,
energy recovery efficiency, service
life, ease of maintenance and cost,
suitable refractories are selected.

Figure 3.10 shows general refractory
solution for regenerators.

4. GLASS MELTING PROCESS

Glass is melted in furnace by applying
heat to the batch inside the melter.
The glass melting process starts
from a granular mixture of natural
and synthetic raw materials (the so-
called batch) and yields a thermally
and chemically homogeneous melt
made available at a well-defined
3.1
continuously

temperature level. Figure

illustrates how a

working glass melting furnace

functions in principle.

4.1 Melting reaction: During the
batch
is taking place.

operation of the Furnace,
melting reaction
The composition of a glass batch is
dependent on the glass type to be
produced. A glass batch producing
container glass typically contains

silica sand (SiO,), soda ash (Na,CO,),

dolomite (MgCO, -CaCO,) and/or
limestone (CaCO,), sodium sulphate
(Na,SO,) as fining agent and a reducing
agent such as carbon or the steel slag
calamite. Melting of glass batches is a
complex process involving different
reaction types such as dehydration
reactions, crystalline inversions, solid-
state reactions between the different
raw material grains, decomposition
reactions, melt forming reactions and
dissolution processes. Below, a short
description of the characteristics of
these different reaction types is given.

4.1.1 Dehydration reactions: In the
glass batch, water may be present as
either molecular water and chemically
bonded water (e.g. Na,CO,.H,O or
water bonded in clays). Molecular
water is added to the glass batch
to lower the dusting of fine batch
particles during transport towards the
glass furnace and to prevent extensive
carry-over of loose batch particles in
the glass furnace. Molecular water,
with a fraction of about 1.5-4 wt.%
in the glass batch, is released at
100°C. The

temperature at which chemically

temperatures below
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occur. An example of a crystalline
inversion in sand containing glass
batches is the transformation

of the a-modification of quartz
into the P-modification of quartz at
573°C. Crystalline inversions have
no significant impact on the melting
process of the glass batch.

4.1.3 Decomposition reactions:
The main decomposition reactions
during melting are the calcination
reactions. The typical weight loss for
a float batch, without the presence
of cullet, due to these calcination
reactions equals about 15-20 wt.%.
Alkaline (Na,CO,, K,CO,) and earth-
alkaline carbonates (MgCO3, CaCoO,,
SrCO, and BaCO,) either decompose
due to temperature increase, i.e.
thermal calcination above a certain
temperature level, or via a reaction
with other batch constituents, i.e.
reactive calcination. As an example,
the thermal calcination of limestone
is given by

CaCOs(s) 1 CaO(s) + CO» ()

The calcination
the earth-alkaline
dependent on the bonding strength
of CO, with the earth-alkaline oxide
and equals 414°C, 900°C, 1240°C
and 1373°C for MgCO,, CaCO,,
SrCO, and BaCO,, respectively.

temperature for
carbonates, is



An example of reactive calcination of
a carbonate is the calcination of soda
ash via a solid-state reaction with
silica sand resulting in the formation
of a crystalline sodium silicate phase.
The formation of sodium metasilicate
(Na,0.Si0,)
calcination of soda ash with silica sand

due to reactive

is given by:
NayCO;3(s) + Si0;(s) — Na0-5i05(s) + CO5(g)

Although the formation of Na,O.
SiO, is already thermodynamically
favourable at temperatures below
347°C, the kinetics of these solid-
state reactions are low even at
723°C. These

low reaction kinetics are caused

temperatures  of
by slow solid-state diffusion of
reacting species through the formed
crystalline binary silicates towards
the interface of the reacting grains.
Enhanced reactive calcination is
observed at the presence of a melt
phase by which the transport of
reactants and reactions products
is acceleration due to the higher
diffusion coefficient of the formed
oxides in the liquid state compared
with the solid-state.

4.1.4 Melt forming reactions:
Melt phases are either formed by the
melting of pure substances (e.g. the
melting of soda ash at 856°C) or by
eutectic melting of two solid species.
An example of eutectic melting is the
melting of a mixture of Na,O.SiO, and
Na,O.SiO, at 837°C. The formation

of these so-called

4.1.5 Dissolution reactions: The
dissolution rate of the oxides such as
silica is dependent on primary melt
phase properties such as viscosity,
surface tension and composition.
Next to these properties, the particle
size of the oxide grains has a large
impact on the dissolution rate of the
oxides in the glass melt. Because
the main fraction of commercial
glass batches is occupied by silica,
the dissolution process of silica is
regarded as the most significant
criterion for the degree to which the
melting of a glass batch based on silica
sand has advanced.

Concerning the melting of glass
batches, two reaction paths are
distinguished for soda- lime-silicate
glass batches, i.e. the carbonate route

and the silicate route.

The
characterized by reactive dissolution

carbonate route is
of silica sand with a binary melt
phase of soda ash and limestone at
temperatures below 897°C. Soda
ash and limestone may form a double
carbonate by a solid-state reaction
according to

NazCOs(s) + CaCO5(s) — NaxCa(CO3)a(s)

At 817°C the double carbonate
forms a low viscous melt phase, with
which silica grains may form a sodium
calcium silica melt (silica reaction with
Na,Ca (CO,), forms a viscous Na,O.
Ca0.SiO, melt plus CO, gas).

Na,Ca(CO3)5(1) + v 8i0;(s) — NCS(m)®
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For the silicate route, the (eutectic)
melting of crystalline sodium silicates
is regarded as the onset for batch
melting. The eutectic melting of soda
disilicate with silica at 799°C is given

by
N2a,0-28i05(s) 4 SiOa(s) — NS(m)

The carbonate route is assumed to
be predominant at rapid heating rates
in the order of 200/min whereas
the silicate route is predominant at
heating rates in the order of 10 K/min.
The presence of different reaction
mechanisms as function of heating
rate was clearly demonstrated by
experts, who studied the reactivity of
mixtures of glass batch components
with hot-stage microscopy. In general,
the carbonate and silicate route
reactions are as following Figure 3.12.

4.1.6 Melting points of silicate and
eutectics are: The melting points of
the meta-silicate Na,SiO, and of the
di-silicate Na,Si O, are:

27275
T (NaSiO) = @1089°C

(Na,Si.0,) = @874°C

;0 Ts

The melting points of Eutectics:

Teut (N2, O. 2SO0, + SiO) =
@793°C.; Teut (Na,0. 2SiO, + Na,O.
SiO,) = @846°C; Teut (2Na,O. SiO,
+ Na,O. SiO,) = @1020°C.

In combination with calcium oxide,
an even lower (ternary) eutectic
temperature may occur.

Teut (Na,0. 3CaO. 6SiO, + SiO, +
Na,O. 25i0,) = @725°C.

primary melt phases
is regarded as the

measurable onset for

Carbonate
route

both reactive calcination

Na,CO, + CaCO,

- Na,Ca(CO,),

(melts at £820°C)

(550-850°C)

Na,Ca(CO,), +28i0, - Na,Si0,/CaSiQ,;+ 2C0O, reaction enhances > 820°C

of carbonates and the
dissolution of solid

oxides in the glass batch

Silicate
route

such as e.g. silica (SiO,),
zircon (ZrO,.SiO,) and
alumina (AL,O,).

Na,CO, + 2Si0,

Na,COs + SiO,

- Na,Si,0; + CO,
forms eutectic
melt with SiO,

Figure 3.12
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(silica route)

(700-860°C)

-2 Na,SiO; + CO, (silica route)



850°C: Ts Naz(D %

Reactions in Glass Furnace

820 °C: Ts NazCa(CO3)2

793°C : Teut Naz0.25i0z + 5i0z 4

I—. 910°C : CaCOs -> Ca0 + CO2 (gas)

Dissolution of SiO,, CaO,
MgO, Al,O; e.d. in melt

«——— Pprimary melts

+ ﬁa'r.-l.umposiﬂon
carbonates

solid state reactions

" volatilisation of water / de-hydratation

400

600 800 1000

- [Temperature in °C

1200

540°C : MgCOs -> Mg0 + €Oz [gas) #

650°C : MigC03.CaCO3 -> MgO+CaCDa+C0z (gas) <+

740°C : Teut NazCa(CO3)2 + NazCOs3 &

4.1.7 Summary of glass furnace
reactions: Figure 3.13 shows the
summary of various reactions taking
place in glass furnace at different
temperatures during batch melting.

4.1.8 Gas release during initial
batch melting stage: During these
initial batch melting reactions, much
CO, gas is released. About 14 - 20%
of the mass of normal soda-lime-silica
batches is transferred into volatile
CO,. Besides CO, gas, the melting
loss consists of water vapor (several
mass percents, depending on: batch
humidity, water content in cullet and
presence of hydrated raw materials)
and any possible evaporation products
(SO,, HBO,, HCI, NaCl, HCI, KOH,
PbO, Pb, NaOH, Se-components).
For one ton of batch, approximately
100 SCM of CO, is released from
furnace at room temperature and
normal atmospheric pressure. This
is almost equals to 500 SCM of CO,
at furnace operating temperature and
pressure.

4.1.9 Glass furnace emission in
operation: Pollutants released during
the manufacture of glass are sulphur

Figure 3.13

oxides (SOx), nitrogen oxides (NOx),
in very rare cases carbon monoxide
(CO), carbon dioxide (CO,) or
nitrous oxide (N,O). Also, emissions
of heavy metals are produced by
the melting process. Emissions of
particulate matter can also result
from handling raw materials. Heavy
metals can sometimes be present
in the particulate matter. The main
relevant pollutants are SO,, NOx,
and CO,. The waste gases released
from melting furnaces consist mainly
of combustion gases generated
by fuels and of gases arising from
the melting of the batch or vapour
released from the melt, which in turn
depends on chemical reactions taking
place in the furnace. The proportion
of batch gases from exclusively flame
heated furnaces represents 3—-5% of

the total gas volume.

Sulphur oxides: The amount of SO,
released during glass manufacturing
is mainly determined by the sulphur
content of the fuel, the sulphur
content in the batch and the sulphur
the
produced. The sulphur added to the
batch is partly bound in the glass

absorption ability of glass
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as SO, or sulphide in the
reduced molten glasses.
Glass contains up to 0.4
wt.% SO,. The SO, content
in the flue gases is 5-10 %
of the SO, content. The
amount of SO, depends
on the excess air. The SO,
content in the off-gas is
also determined by the
operating conditions of the
glass melting tank. With
tank furnaces operated by
alternating flame heating,
based on the regenerative
principle, an increase of the
SO, content in the off-gas
during the firing interval is
observed. This is most likely
due to enhanced sulphate
decomposition at  temporarily
reduced combustion conditions, a
decrease in the sulphur absorption
ability of the molten glass with an
increasing temperature in the upper
zone of the furnace, and evaporation
of already condensed sulphur species
in the air preheater. The oxygen
content in the combustion space of
the furnace also has an impact on
the SO, content of the off-gas. If the
amount of excess air is decreased,
in order to minimise fuel input
and to suppress NOx formation,
an increase in the SO, content of
the off-gas may be observed. This
is due to the fact that the sulphur
absorption ability of the molten glass
falls with decreasing oxygen content
in the upper furnace zone and due
to sulphate decomposition in the
gas atmospheres containing reduced
species such as hydrocarbons and
CO. Since natural gas and city gas
contain only trace amounts of sulphur,
a much lower SO, content in the off-
gas of glass melting tanks fired with
gaseous fuels is observed compared
to oil fired glass melting tanks.

The
NOx emission process step within

Nitrogen oxides: relevant

the production of glass is the melting



NOx
by glass furnaces are nitric oxides
[NO to about 90% due to the near
the
furnaces, the remainder of the NOx in

stage. emissions  released

stoichiometric operation of
the flue gases being nitrogen dioxide
(NO,)]. The concentrations of nitrous
oxide in glass furnace waste gases are

in general below the detection limit.

NOx
mechanisms exist. Three of them

Four main formation
are combustion related and include

thermal, fuel and prompt NOx
formation. The fourth mechanism
(the ‘batch’ NOx formation) results
from the use of nitrates in the raw
materials for certain glasses. In the
glass melting furnace, the glass melting
temperature ranges from typically
1350°C to 1600°C, leading to flame
temperatures above 2000°C. This
explains the presence of high NOx
concentrations, almost exclusively due
to thermal NOx formation. Several
parameters influence the mechanism
NOx formation: flame
(gas
firing gives higher maximum flame

of thermal
temperature, type of fuel
temperatures than oil firing), oxygen
content in the flame reaction zone,
and retention time of the combustion
gas in high temperature zones of the
flame. These parameters are in direct
relation with operating parameters as
for example type of burner, burner
positions, burner settings and melting
furnace design, amount of excess air,
mixing of fuel and combustion air, air
velocity, etc. Prompt NOx formation
is relatively small and when firing
natural gas, fuel NOx is sensibly zero.
The release of nitrogen

affected by the concentration and
composition of the nitrates in the
feed. For example, certain tinted
glasses in the flat glass sector require
the use of nitrates, which produce
additional NOx emissions almost as
great as uncontrolled emissions from
a clear flat glass operation: typical
emissions might be 2500 mg/Nm?
for clear glass and 4000 mg/ Nm? for
glasses that use nitrates. It must be
acknowledged that such tints may be
only occasionally manufactured. In the
special glass industry, melting of much
oxidized glasses or using fining agents
such as antimony oxide or cerium
oxide, requires addition of nitrates
to the batch. This increases the NOx
emissions for these furnaces.

When using gas-fired glass melting
the
achieved is higher compared to oil.

tanks, flame  temperature
As a consequence, oil- fired tanks
emit less NOx than gas fired tanks.
Moreover, as end-fired furnaces have
different flame characteristic from
cross-fired glass melting furnaces,
the former often show lower NOx
furnaces

emissions. Recuperative

induce lower NOx emissions (if
expressed in mg/Nm3, not in kg/ton)
than regenerative furnaces, due to
their lower preheating temperature,
but because of the increased energy
consumption of recuperative furnaces
(they are less energy efficient) the
specific NOx emissions (per ton
molten glass) may be almost the same

as for regenerative furnaces.

Carbon dioxide: It is the major

Table 3.5
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emission pollutant released from
furnace. If natural gas is used as fuel
in furnace, it generates CO, of 0.2296
T/T of glass. For various fuels, the
CO, generation from combustion and
from batch is given in Table 3.5.

This
opportunities to reduce CO, in glass
manufacturing. By changing

chart will help to identify
fuel
or by changing batch composition,
reduction in CO, is possible. Example:
By replacing virgin batch with more
cullet, CO, reduction is possible.
Also changing fuel which generates
lower CO, also can be used to reduce
emission.

4.1.10 Process-related emissions:

The most important source of
atmospheric emissions is the hot
furnace. The heavy metals from
the raw materials or the fuel partly
vaporize in the hot furnace. The
heavy metals, depending on type of
glass and raw materials, which are
emitted to air, may be arsenic (in very

few cases), lead and selenium.

If fuel oil or petroleum coke is used
in the combustion process nickel and
vanadium may also be found. In some
areas of the world, fluorspar is often
used as a flux in the melting process.
If recycled glass originating from these
countries is used in the batch some
extra fluorine (HF) may be emitted.

4.1.11
Emission

Emission controls:

reduction measures in
the glass industry include primary

and secondary reduction measures,

compounds during
heating of the nitrate
. . Type of Fuel CO, from Combustion

containing raw materials
and, in the refining, (T/T)
agents also contribute Coal 0.4048
to NOx emissions. The Fel Oil 1.0596
quantity of nitrogen

. . Natural Gas 0.2296
oxides arising from the
feed material will be All Electric Furnace 0.0000

CO, Generation for a particular Glass Batch in Glass Furnaces for various fuels

CO, from Batch Total CO,
T/ T/
0.1465 0.5513
0.1465 1.2061
0.1465 0.3761
0.1465 0.1465
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mostly aiming at reducing emissions of
NOx and SOx. Also measures for CO,
reduction to reduce environmental
impact are also important. Some
measures include:

a) Lowering the amount of excess
air;

b) Reduced air preheating;

c) Staged combustion;

d) Flue gas recirculation;

e) Reburning/ 3R process;

f) Low NOx glass melting furnaces;

g) Oxy-fuel firing;

h) Electric melting;

i) Selective Non-Catalytic
Reduction (SNCR);
j) Selective Catalytic Reduction

(SCR)

Measures for decreasing emissions
to air from the combustion process
may also result in a reduction of
the heavy metal and dust emissions.
Dust emissions from handling raw
materials can be reduced using fabric
filters or using different improved
handling techniques like ESPs. The
emissions of carbon dioxide from the
carbonisation process can be reduced
by adding more recycled glass or using
non-carbonate basic materials and by
fossil fuel energy saving measures.

5. FURNACE HEAT
UP, OPERATION AND

MAINTENANCE

5.1 Pre-conditions for
smooth  operation of
furnace

For smooth operation and
high glass quality, the input
quality of raw materials
(batch), utility
must be consistent. As the

fuels and
word saying GIGO (Garbage
in Garbage Out), the input
quality into furnace has direct

1 25 50 75

bearing on output quality. Following
are the major requirements:

I. Batch homogeneity should be
consistent.

2. Batch quality
(physical, chemical) should be

raw materials

according to specifications.

3. Batch
be maintained

should
the

moisture

within
specification.

4. Fuel CVs should be consistent
as close as possible without
much variation in pressure and
temperature.

5. Combustion air and atomising air
pressure should be maintained
constant as far as possible.

6. Batch supply and feeding should
be smooth without interruption
such that glass level is maintained
constant inside the furnace.

7. The atmosphere around the
furnace should be well maintained
with good ventilation system. The
building with good roof should be
constructed for furnace to avoid
rain water entry on the furnace
area. Rain water contact would
lead to thermal shock and damage
to refractories and also can spoil
the furnace equipments leading
to breakdowns. Furnace life and

125

Hours
Figure 3.14
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melting quality would depend on
smooth operation of furnace with
minimum interruptions.

5.2 Furnace Heat-up

Furnace Heat-up after
Construction / Cold repair
a) Once the furnace is fully

constructed and ready to heat-
up, ensure that the entire furnace
inside is totally vacuumed and
no contaminants are present. It
is essential to avoid glass quality
problems at later stage.

b) Heat-up
be  properly

procedure to
followed. A
recommended heat-up chart is
shown below in Figure 3.14. The
cullet charging slowly and steadily
to be done by experts, till glass is
drained. It would take another 72
hours for cullet charging.

c) During heat-up, proper furnace

pressure is to be maintained.
A thumb- rule for pressure
is shown in Figure 3.15. If

pressures below this guideline
are attained, it should be noted
that most of the heat source for
the furnace bottom and throat
will be via radiation from the
crown. In certain instances, this
may not be acceptable. If tamped

'L 600

Deg.C.

400



BREASTWALL—»

GLASS LEVEL

BFT (2.44M)
=40.08" (2.03MM) WC

THROAT

d)

e)

Figure 3.15

or rammed refractories are
present then steam explosions
can occur when the heat source
is via radiation vs. convective
heat. Convection provides more

uniform

be uniform with size of 6 to
I 5mm. Itis always recommended
to use flint cullet while heat-up
of furnace till glass is drained to
avoid throat jamming.

It’s
operated as per SOPs with minimum

www.aigmf.com

5.3 Furnace operation after
Heat-up

important that furnace s

draw changes, to get better glass
conditioning in forehearth. Some of
the important points to be followed
are following:

. Furnace pressure should be
maintained such that slight
positive pressure is always

maintained in dog house to
prevent heat loss. Operating at
high pressure should be avoided
as this can lead to high energy
loss, lower the furnace life and
high maintenance. Operating at

negative pressure will lead to cold

temperatures  across f) Expansion control is a critical
the entire refractory surface and activity during heat-up. air entry into furnace through
starts the drying process much Experienced team should be various openings like dog house,
earlier than radiant heat. It is engaged to control expansion. peep holes etc.
al im an n ha . . .
e::e\s/sery respscl:':a td:::'inOtehZatt g) Silica expansion is critical up 2. Metal line cooling, throat cooling
o wil zause refractog ints to 650°C and later it remains and all other cooling requirements
p ‘ ) IrZIl ] constant, Figure 3.16 shows should be provided as per furnace
opening-up from sealed areas
wierefer?no rtar is applied furnace  refractory = material supplier’s recommendation.
' expansion. Ensure correct flow and pressure
After 1250°C, cullet chargin .
(flint) should be done ungde?~ h) During heat-up, the furnace for cocling.
controlled conditions, as per sealing and cooling is to be 3. Furnace pressure monitoring
recommendations of, experts provided as per the furnace should be done accordance to
i ’ expert’s advice. design. Establish the correct
Throat electric
boostin should
) 3 Thermal expansion of refractory bricks
be switched on as 2.0
s s 1
A
per the specialist’s % gy up i Al o=
suggestion so that ‘ //
the throat is not % i i } 1. Magnesia
) 3 Chrome-magnesia
cooled to prevent 14 - i = 2 :m
glass getting frozen. E 12 ~ . 3 3 | 4.silica
Conrel the g5 | B o aF B e
e,
flow, temperature / '/" | A ~ .-4’_,.1/ 12 | 7. Corundum 90 %
- . 9 | 8.Firec
of furnace & o / // 7 8 !.snlml:m
working end and 0.6 /r pan —: > = 10 ll;llroon
2 11. Silicon carbide
furnace pressure 0.4 X 17/ - = ”"Q / 5 | 12. Alumina 60-70 %
such that the cullet / o e
] 0.2 1
is melted as per
the recommended % 200 400 600 800 1,000 1,200 1,400
rate of charging. Temperature, deg C
Cullet size should Figure 3.16
Kanch | Vol. 14 | No. 1 | April-June 2026



8.

Furnace Heat available Chart for NG. Exhaust Temp.Vs.% of Heat available

Available Heat Chart

pressure by experience (by
maintaining positive pressure)
or by data analytics (analyse
pressure vs. SFC or pressure vs.

temperature etc.,).

Daily draw variation should be
controlled and generally it should
be within +/- 3%. For this proper
production planning is essential.
This will help to get consistent
quality of glass with good furnace
SFC. It is advisable to gradually
increase or decrease draw to suit
the production plan.

For proper melting, good
glass flow currents are to be
maintained. This is explained

separately in this chapter.

Regularly monitor optical
temperature immediately after
the end of the reversal cycle.
The optical measurement should
be monitored on walls at same

location to get the correct data.

Batch charging should work on
auto. Good charging system with
uniform batch piles are required.

Reversal timing can be fine-

tuned by using data analytics.
However, it is recommended to
have the reversal timing within
20 to 30 minutes range. This
can be discussed with designer
of furnace. Reversal time can be
optimized by data analytics for
better SFC.

Many manufacturers in glass

furnaces are losing significant
amounts of energy because of too
much air entering the furnace,
resulting in heat loss through
flue gases. The excess air results
in oxygen that isn't consumed
during combustion, and this
oxygen absorbs otherwise usable
heat and carries it out of the stack.
The chemically ideal amount of air
entering a furnace is just enough
for all the oxygen in the air to be
consumed. However, this ideal
(known as the stoichiometric
air-to- fuel ratio) is difficult to
reach because fuel and air do
not completely mix, meaning
that a certain amount of excess
air  will

always be necessary

for complete combustion. In

fact, too little excess air results
in inefficient burning of fuel,
soot buildup, and unnecessary
greenhouse gas emissions. Excess
air is to be measured at furnace

to regenerator port during
stable  condition,  preferably
after |5 minutes of reversal

timing. Oxygen in flue gas has to
be measured to get excess air
%. Following chart shows the
relationship between O,% in dry
basis and excess Air.

To figure potential savings, you need
to know: a) The temperature of the
products of combustion as they leave
the furnace. b) The percentage of
excess air or oxygen in flue gases, at
whichthefurnacenowoperates.c) The
percentage of excess air or oxygen in
flue gases, at which the furnace could
operate. On the chart, determine
the available heat under present and
desired conditions by reading up
from the flue gas temperature to
the curve representing the excess
air or O, level; then, read left to
the percentage available heat (AH).
Calculate the potential fuel
savings:

% Fuel Savings =
100 X [(%AH desired-

100
[ | | . %AH  actual %AH
90 ~ Fuel: NG @ 8915 Kcal/scm, 0.6 sp.wt o ) (%
a0 Desired)]
- 0. For container glass
g 0o % Excess Air (%0, ) furnace, recommended
3 0O,% to be maintained
S 50 . :
3 | | in flue gas (in port), as
é e [P ' ] o following.
g (150 (13.1)
g ¥ o NN () NG firing — 1.8 to
(171)
L ' 300 s 100 (1) 2.2%
L (i)  Fuel oil firing — 1.5
0 @ = .89
0 1000 (538°C) 2000 (1093°C) 2000 to 1.8%
Exhaust GasTemperature ) (i) Pet coke firing — 2.2

°F (°C)

to 3%

ratios. The excess air curves are labeled with corresponding oxygen percentages in flue gases.
Figure 3.17
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Use the available Heat Chart above to estimate the savings obtainable by tuning burner air-gas

(iv) Producer gas firing-
[.5to 2%



Excess-Air Effects on Efficiency for Natural Gas

www.aigmf.com

12. The chart
(Figure 3.20) shows the
relationship  between

0 furnace flue gas temp.
vs. % heat utilised for
-0.5 ious 9
various % of excess
v air and combustion
2 1.0 ~
@ air temperature. The
@ example shows how to
(=] -1.5
> use the chart.
.§ -2.0 Example I: A
3:: glass furnace is
= -2.5 having exhaust flue
temperature of 600°C
-3.0 @ 2.09% O,. If the
% of Excess Air 15 25 35 45 55 exhaust temperature
% Oxygen (O,) 3 4.5 58 7 7.9 can be brought down

Efficiency drop is close to 1.9%

Example: When O, in Exhaust increased to 7% from 3% (Excess Air to 45% from 15%), Thermal

to 400°C, find the
energy saving for same
excess air (conditions

Figure 3.18

are marked in red, in

(v) LPG Firing— 1.8 to 2% oxygen content in flue gas can be

measured in two numbers: dry chart).
The following chart (Figure 3.18) :

shows thermal efficiency drop for NG Solution: From chart, @ 600°C,

the heat utilised is 66% and @
400°C, it is 75%. By reducing flue gas
temperature by 200°C, 9% of energy

reading A% or wet reading B%.
. . With those measurements, the
at various excess air levels.

following formulas can be used

I'l. The amount of excess air within to calculate excess air:

the system can be determined by
analyzing the amount of oxygen
in the flue gas. Use natural gas
combustion as an example.
Assuming the CO level in flue
gas is very low and incomplete

combustion can be neglected,

Excess air% = 0.895xA%/(21-
A%) where A% is dry O, reading
Excess air% = [.105xB%/(21-
B%) where B% is wet O, reading

Figure 3.19 shows the difference in
dry and wet O, measurement.

Wet & Dry O2 Measurement Comparison

Vol Vol
5 5
o, HO
cNoe2 3 8: S T
2 o, Co, 2 o,
1 1
0 0 _J_
Dry Wet

The definition of oxygen measurement on a *dry” basis

is based on the assumption that the moisture content

in a flue stream is removed before the oxygen content is
measured. Portable oxygen analyzers provide a “dry” oxygen
measurement.

There will be a difference in the two methods of measuring
oxygen. The assumption is that this difference is due solely to
moisture (H,0). The following relationship holds:

0,dry=0,wet(1/1-H,0)

As H,0 appears in the flue stream, O, dry measures higher
than O, wet.

In situ oxygen analyzers measure oxygen content on a
“net” and "wet" basis. Portable oxygen analyzers provide
oxygen measurements on a “gross” and “dry” basis.
Consequently, the two may provide different readings.
Generally, if the measurements from the portable analyzer
are slightly higher than the measurements from the in situ
analyzer, the in situ analyzer is considered to be properly
calibrated. However, if the oxygen measurements from
the in situ analyzer are higher than the readings from the
portable analyzer, then it is likely that a problem exists. A
known test gas can be used to verify the accuracy of both
the portable and in situ analyzers.

In order to verify that the in situ analyzer is properly
calibrated, a known oxygen balance nitrogen test gas can
be injected into both the in situ analyzer calibration port
and the portable analyzer’s input port. In this case,
because no combustibles or moisture are present in the
known test gas, the readings should be identical. This
verification can be completed using a Rosemount
Analytical Portable O, Test Gas Kit.

Figure 3.19
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can be saved.

Example 2: In glass furnace, the
combustion air temperature is
increased from 316°C to 538°C by
waste heat use. The excess air is 10%
and flue gas temperature is 600°C,

for both cases. Find the
energy saved for this
situation.

Solution: The
conditions for the above
situations are marked
(yellow) in above chart
@316°C & 538°C. The
heat utilised @ 316°C of
combustion air is 77%
and at 538°C, it is 85%.
Hence saving is 8%.

I3. Automatic glass level
with good consistency is
essential for good glass
quality, good production
and energy saving. Highly
advanced measurement



surface and calculate
the
the time it takes for

Example: @ 10% Excess air (2.09% 02) and B0O°F, Heat available is 73%.
y i

level based on

the waves to reflect

Jirdi

back, offering high

accuracy and minimal

maintenance.

<)

Systems: There are

Electrode

[34]
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% Available heat
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These systems can

0
400

600 800 1000 1200 1400

automatically  relay

batch

signals  to

and control systems ensure exact
and reliable determination of the
glass level in the furnace during

Figure 3.20

glass contact probes, often with
platinum tips, to measure the
glass level directly. These probes

chargers to maintain
optimal glass levels.

Glass
components in the glass manufacturing

level controllers are vital

the melting operation. If the glass can operate in high-temperature ~ P'0¢®sS: ensuring  that  furnaces
level sinks below a specified level, and harsh environments, operate efficiently and produce
a signal is automatically relayed providing reliable measurements. ~ high-quality  glass.  With  various
to the batch charger that then b) Radar Sensors: Some advanced technologies  available, including

feeds new molten material into
the furnace. There are several
methods of measuring glass level
such as glass contact probes,
probes that detect
the ionized air layer

systems employ radar technology
to measure glass levels without
direct contact. These sensors
send radar waves to the glass

contact probes, radar sensors, and

integrated systems, manufacturers
can choose solutions that best fit their

operational needs. For more detailed

Pictorial representation of Reversal Cycle in End Fired Regenerative Furnace

just above the glass

bath, probes using

isotopes and vision
All
the same problems;

systems. face

they need to be very
precise and they will

have to

operate,

over

a very long

time, in very harsh

environments.

Reversal system: During the 1% | eycle, comk

There are few types of

air flows tt

g down th

Right side reg;
glass level controllers and

450°C and then flue goes out to Chi
changes and Combustion air flows from Right
Then this is used for combustion in Right side burners and the flue is passing to chimney through Left Wr While passing through

or and fl

Y F!dwof
L and absorb

h L-Regn and during this time, burners installed in Melter below the
Left side Port are getting fired. The combustion Mw[afurhunn!vmlﬂudforhldﬂngh melter), at high temperature then flowing to

il During this period, chequers absorb heat and Flue gas temg |
air and Flue is shown in bold Blue & Red arrows. After the reversal, the cycle

drops to

heat from Check

and Cools the chequers, thus recovering the heat.

they are: :Inqumoﬂ!-ﬁngn,hllhabmwchuqum[whkhwuoulddur:"qu:l-]mdﬂu-m P pping to 4 450°C. The
i heat to Combustion air during the next cycle (3™ Cycle), This is achieved by R 'wm‘ lled in the f and the
a) Contact Probes: B ——

Many systems utilize

Figure 3.21
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information, you can explore specific
products from manufacturers like
SORG, ZIPPE, and HORN. Accuracy
up to +/- 0.1 mm is achievable.

5.4 Reversal system in Container

Glass Furnace: In regenerative
furnaces heat recovery is possible
by installing regenerators. There are
two types of regenerative furnaces
namely end fired and cross fired
regenerators, as explained earlier.
Heat recovery through regenerators

is achieved by reversal system where

Heat transfer in a cross fired continuous Glass Furnace

combustion air is used for burning
fuel is getting heated by Flue gases, as
explained in below image. Figure 3.21
show reversal system in an end fired
regenerative furnace and the system
is for cross fired.

5.5 Glass flow Currents & Heat
transfer: With good experience, one
can achieve lower SFC, high glass
quality and increase draw at lower
temperatures, if good glass current
is maintained. The following image
shows the heat transfer process in

Figure 3.22

www.aigmf.com

glass furnace. In the furnace, heat
source is by pet coke, hydrogen,
gas, oil or electrical. The heat source
is the flame for pet coke, gas or oil
which is above batch and below the
crown. The Figure 3.22 shows the
heat transfer in a cross fired furnace.

The temperature of the flame is
higher than the furnace crown,
super structure, the batch piles and
the molten glass. Heat is therefore,
transferred from the flame to those
areas by radiation and convection.
The main heat transfer from flame
and waste gas is by
radiation. Transfer by
happens

flame

batch.

level,
transferred

convection
only  when

touches the
Below glass
heat is
to the
of the

conduction,

underside
batch by
radiation
and convection. From
the molten glass. Heat
is transferred to the
molten glass mainly
by radiation from

flame and crown.

However, some
heat is transferred
by convection and

conduction too. The

Return ﬂ
for batch heating

g

Batch‘Memng

hopper 'Heat transfer

Primary Refining

Refining
Bubble absorption

Conditioning of melt
Thermal homogeneity

oooooo

heat within the glass
is travelled by internal
radiation, conduction
and convection. Figure
3.23 shows the heat
transfer and glass flow
currents in a glass

furnace.

Maximum  heat s

oo

Secondary Refining

utilised (80 to 90%)
for batch melting as

=
= )

it involves raising the
temperature till the

batch melting stage and

Figure 3.23
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then the heat required



to convert glass into liquid

state from solid state
(latent heat). Very less heat
is required for primary and

secondary refining.

5.5.1 Glass flow current

The batch is heated by
fuel firing in the furnace
or by electric heating.
Batch
into molten glass and it

is slowly turning
starts flowing, following
certain patterns due to
pull and free convection.
As the temperature in
different areas of furnace
are different, the viscosity
& density of glass varies
in every area of furnace,
the free convection flow
is generated. The entire
batch & glass is trying to
move towards the hot
spot where the viscosity
& density of the glass
is lowest. This

shortcut of glass
directly and helps in good

avoids
flow

melting of glass.

Therearetwo types of glass

flow currents in furnace.

They are generated naturally due to
glass pull (draw) from forehearths and
different temperatures in furnace in
different areas of furnace.

5.5.2 Pull durrent: Pull is the term
used in glass industry for the amount
of glass that is being drawn from the
furnace for production. This pull
is sum of all machine’s draw and
draining from conti-drains. Glass
pull is generated due to flow of glass
from the forehearths. The glass is
flowing to the forming machines from
This
draw is generating the pull current in

forehearths through throat.

the furnace.

Glass Pull Current due to Furnace Draw from Forehearths

Figure 3.24

Figure 3.25

Figure 3.26

Figure 3.24 shows the pull current
generated due to draw.

5.5.3 Longitudinal current: In
the furnace, the batch is charged
from doghouse area of the furnace
at normal temperature. The flame
in the furnace heats the different
furnace areas differently creating
many temperature distribution zones.
As explained above, due to different
zones, the glass density viscosity
vary in each position of furnace. This
creates longitudinal currents in glass

as shown in Figure 3.25.

The pattern assumed by the two
above currents can be quite complex

@ Kanch | Vol. 14 | No. 1 | April-June 2026

because they are all influenced by
the pull current, furnace design and
temperature distribution along the
furnace length.

5.5.4 The actual
furnace may vary due to following
various reasons:

currents in

a) Design
b) Draw / Pull

c) Temperature distribution,
Spot

Hot

d) Boosting

e) Barrier, melter boosting (side,
bottom)

f) Bubbler

g) Weirs & Dams



www.aigmf.com

Lowest Density & in change in glass flow
Viscosity Spot

current. Figure 3.28 shows
temperature changes for base
case and boosting case.

Bubblers: The linear row of

bubblers is usually installed

i Lowest Density & between melting and refining

| Viscosity Spot zones of the tank. The
influence of bubbles on glass is
very strong as the carry-over
effect helps the gas refining
process to be completed more
rapidly and effectively. Bubbling

improves the heat transfer by

bringing the relatively colder
glass melt from the bottom

Figure 3.27 to the surface of the melt.

Let us discuss how the above factors  pattern in furnace at top, middle During the ascent and growth of the

can impact the glass currents. and bottom changes compared to Dubbles, they enhance the flow of

Design: Design of furnace like type, "°N" boosting (base case), resulting molten glass around them, absorbing

size, fuel, design provisions
like electrical boosting,
bubblers and weirs & dams
will have impact on glass
flow currents in furnace.
These flow currents will
impact glass quality, furnace
sfc,  temperatures  and

) ) case
furnace melting capacity.

Draw / Pull: Increase or
decrease in furnace draw
will create glass pull current
towards the throat. This will 1273 1333 1393 1453 1513 1573 1633 1813 1873
impact the temperature,

melting quality and glass

quality. Bubbler
Temperature Distribution [ ' : : :
/ Hot spot: The hot spot in =
furnace can be adjusted by : . : e
burner angle, pressure and -
fuel characteristic. Here also,
due to the hot spot location
in the furnace, the glass
movement will change, as : :
shown in Figure 3.27. iy iiiiiidiidilil

Figure 3.28

1

Boosting: Due to boosting,

the batch heating improves
and glass  temperature Figure 3.29
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Bubbler

some small bubbles in the process.
Thus, the bubbling process improves
enhances

glass melting efficiency,

glass clarification, and promotes
uniformity. However, the working

environment of bubblers involves high

NCONS, 0D

BUB R T

WELD ON Tl
STHEL STRUCTURE

BALL VALVE W

e pey

Y

0 WATIH OuTe—emt™

AN

[CO0NG WATER N}

Figure 3.30

temperatures, especially at points in
contact with glass, requiring materials
that can withstand temperatures
above |100°C. This involves using
either special high- temperature-

resistant materials or employing

dedicated cooling systems.

Iﬁuﬂpﬂthn!andFknnPtﬂln\whhDmm\NMII

Dam Wall

Tewpoaten (|
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30
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Figure 3.29 shows the
bubbler action on glass
flow current.

Bubbler
option
glass quality; however,
&
operation should be
properly. The
bubbler arrangement is

is a good

for improving
maintenance

done

as shown in Figure 3.30

Weirs & Dams: Similar

to bubbler, dam-
wall improve the
temperature profile

and glass flow currents, resulting
to the
glass quality and saving energy. The

in remarkable influence
application of a weir (cross wall, flow
barrier, dam) will influence the glass
melt flow (mostly applied in the area

of the hot- spot).

5.5.5 Hot Spot in Furnace:
Figure 3.32 shows an example
of the Temperature pattern in a

large Furnace.

Figure 3.31

Melting zone Spring zone Fining zone

; Sand
Dissolution

13 1 s

Temperature K
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5.5.6 Computer based - CFD
Fluid
Dynamics) simulation of an
CFD
becoming popular and very useful

(Computational

end fired furnace: is
tool to see the performance
of furnace before furnace is
installed. This will give the
overall characteristics of glass
with respect to various input &
output conditions. Figure 3.33
shows an example of CFD where
temperature gradient of glass
& furnace can be seen in the

simulation.

After the design of the furnace,
one can go through CFD
1k Simulation to check the design
parameters and see whether any

changes are required in design.



SATOH CONCEXTRATION [}

Figure 3.34

Glass Service can conduct CFD
simulation independently. The glass
melting process is too hot to make
easy measurements & analysis or look
inside into the process. Therefore,
physical modelling and more recent
Computational Fluid Dynamics (CFD)
have become a vital and necessary
tool to optimize the combustion, glass
melting, conditioning and forming
process. With the simulation tools
you can find significant benefits and
improvements, without any risks to
disturb the actual process or destroy
the expensive investment.

Figure 3.34 shows an example of CFD
Simulation.

One the
consumption, temperatures, pull

can  check energy
and other important parameters
during the simulation and make
corrections in design suitably
to optimise the parameters.
This can be a good tool to save

investment cost also.

5.5.7 Importance of Hot ';

Spot: In the glass melting &
52

furnace, hot spot is very

important to create proper
glass flow current and avoid
the short-circuiting of glass for
proper melting and refining.
Normally the hot spot is created
at 50% to 70% of the furnace

length. Hot spot very close to

dog house will create loss of heat as
the exhaust is close to dog house and
flame can short-circuit. This also can
make the furnace capacity to drop
as the batch melting time is very
short. Similarly, if hot spot is very far
(close to throat), the refining may
not complete as the batch melting
itself would take long time. When
hot spot is close to throat, the riser
temperature of glass from throat also
will increase which may impact glass
conditioning issue. Hence a balanced
approach to maintain proper hotspot
considering the furnace design, draw
and glass quality to be decided.
This requires good practical glass
furnace operation knowledge and
proper monitoring of temperatures,

398,4 ruou imi
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observation of glass melting
& currents (batch movement,
scum area and refining area)
and burner settings.

Also, the utilisation of electric
boosting in melter area and
barrier area in terms of loads to
be decided on various factors
like draw, design, hot spot, glass
quality etc.

5.6 Glass residence time in

Furnace: Independently of

the type of glass we are going

to produce, or which kind
of furnace we are going to install,
the final quality of our glassware
product might be rejected due to
dimensional instability or cosmetical
defects, which are both linked to the
quality of the glass melt in terms of
physical and chemical homogeneity,
thermal stability, aging of contact
glass refractories and turnover time
of the melt inside the refractory tank
(furnace). The glass melt requires
a MRT (minimum residence time)
within the melting tank in order to
be adequately processed. To avoid
defects, it is important to ensure that
all particles remain in the furnace long
enough to allow good dissolution and
homogenization. Minimum residence

1 -
I I I ‘ — Container
08 - ! ! T\-panel
— Float
0.6
0.4 -
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0
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Figure 3.35
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time is thus a very important factor for
a good glass quality and homogeneity.
The Processing includes completely
dissolving the raw materials, removing
the bubbles, and homogenizing the
melt. Therefore, the glass melt must
be circulated and mixed sufficiently
within the tank to yield a product
that meets the quality specifications.
Convection flow has the greatest
influence on the residence time as
well as the circulating and mixing
behaviour of melt. Figure 3.35 shows
the minimum residence time for few
types of glasses.

Ratio of the minimum residence time /
Average residence time for container
Glass is between 0.14 to 0.19.

5.7 Furnace Maintenance: Lesser
the breakdowns in the furnace, the
furnace life can be better and with
smooth furnace operation, higher
glass quality can be achieved. Any
interruption in furnace operation will
lead to abnormal changes in furnace
behaviour, which will impact melting
and change furnace parameters
(pressure, temperature, expansion,
cooling). This will ultimately impact
glass quality and furnace life. A good
furnace repair expert in company
respect of everyone
with
production, good furnace operation

earns the

concerned furnace life,

and fuel economy.

The maintenance activity can be split
into following:

I.  Refractory maintenance

2. Mechanical equipment
maintenance
3. Instruments & controls

maintenance
4. Electrical equipment maintenance

5. General maintenance

Furnace is always at very high

temperature in normal operation
and most of the furnace maintenance
in hot

condition. Many times, the engineers

activities are carried-out

and operating personnel make

superficial inspection due to hot
conditions in the furnace area and
they neglect the inspection leading
to poor maintenance. As the furnace
is the heart of glass manufacturing, it
should be given top most importance
as any disturbance in furnace will
make the entire glass production
to suffer. For encouraging the
operation & maintenance team to
do proper inspection of furnace,
working environment and safety to
be given top priority. There should
be good approach to all critical
like throat,

regenerator crown, peep holes etc.,

areas furnace crown,
so that the maintenance team can
easily approach those areas safely for
inspection. Regular inspection around
the furnace should be carried-out
by safety & furnace heads to check
the safety and working environment
conditions. Any abnormalities or
improvement possibilities observed
should be attended quickly to make
the areas safe for doing maintenance.

As furnace maintenance activity is
itself a large subject and difficult to
cover it fully in this book, only few
important guidelines are provided.
It is recommended that the factory
their
& repair manual covering all the

prepare own maintenance

equipments/ refractories in the
furnace. For this activity, following are
the recommendations:

a) Depute few personnel for training
on operation & maintenance of
furnaces by experts like AGR,
Glass Service etc. The trained
personnel may be asked to

prepare the manual.

b) Get
maintenance

complete  repair and
procedure  /
manuals from refractory and
equipment suppliers. This can be

part of the maintenance manual.
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c) Engage specialists for critical
major maintenance or inspection
works. Critical jobs like furnace
drilling, replacement of bottom

boosting  electrode  holders,
repair of throat, cleaning
regenerators, etc., may be

carried-out by experts. Note
down the procedure adopted
by experts or get the procedure
from them for future works.
However, avoid any adventurous
kind of maintenance in Furnace,
if there is not enough skill and
knowledge. There are many

Industry where

during the repairs glass leak,

instances in

crown damage and fatal accidents
occurred, resulting in abrupt

stoppage of furnace.

d) Engage specialists for preparing

operation & maintenance
manuals and training the team.
Also utilise their services as and
when required for supervision of

critical maintenance activities.

5.7.1
90% of furnace construction involves
refractory. Glass is contained by
special refractories in furnace. Firing

Refractory maintenance:

and heat is contained by special
refractories in furnace superstructure
and crown. Flue transfer and heat
transfer taking place in furnace
ports & regenerators, where special
refractories are used. Similarly for
molten glass flow from throat is to
machines, special refractories are
used in throat, working end and
Different

for different

forehearths. refractories
applications  are
used in glass furnaces and hence good
knowledge of type of refractories &

their maintenance is necessary.

Refractory  maintenance involves

following steps:

I. Proper heating, cooling
procedures

2. Refractory inspection



3. Refractory repairs — hot & cold

repairs
Systematic heat-up and cooling
procedure to be adopted for
new refractories used in furnace
construction as per  standard
guidelines. After heat-up, cooling

adjustments, especially for furnace
sidewalls in furnace glass level area
(metal-line), joints etc., to be made
properly. Cooling Pressure and
quantity to be monitored and ensure

that it is meeting the requirements.

Regular refractory inspection may
be carried- out by factory team and
outside agencies. Following are the
recommended activities:

a) Periodic visual inspection by

operators & engineers.

b) Regular  refractory  surface
temperature monitoring by non-

contact thermometers.

¢) Endoscopic inspection of
furnace to gauge the refractory

corrosions, blockages etc.

d) SmartMelter® radar inspection
by Paneratech or other experts
to gauge the furnace refractory
thickness (especially bottom and
side wall).

5.7.2 Periodic visual inspection by
operators & engineers: A periodic
inspection will help in identifying the

maintenance requirement of the
furnace. A checklist may be prepared
and provided to engineers & operators
for noting the observations. Checklist

can be a part of SOP of furnace.

5.7.3 Regular refractory surface
by
non- contact thermometers: The

temperature  monitoring
furnace refractories are subject to
continuous corrosion due to glass
flow currents in glass contact blocks,
chemical & thermal actions on super
refractories,

structure & crown

chemical & mechanical actions on
regenerator checkers etc. The main
reasons for corrosion are shown in

Figure 3.36.

recommended to
the
temperatures in critical areas like side

It is regularly

monitor refractory  surface
blocks, bottom blocks, and throat
blocks. As the thickness of refractory
reduces due to corrosion, the surface
temperature will keep on increasing
for same operation parameters.
It is always better to measure the
temperatures on same surface points
regularly to get the proper gauging
the refractory corrosion and taking

preventive action.

When it becomes necessary to make
more extensive repairs to sidewall,
throat or bottom, it may be necessary

Refractory Corrosion in Glass Furnace

MECHANICAL
DLFORMATION

www.aigmf.com

to keep the glass from draining out
of the area that is being patched.
This may require partial draining of
glass. The area where patching is
required, the surface to be cleaned
by chipping of any cold glass present
on the surface and then repair block
or overcoat block should fit as tight as
possible to the outside of the block.

To achieve longest possible furnace
life, overcoat blocks shouldn’t be
than necessary.
When an area of the sidewall glass
line (metal line) can no longer be

installed sooner

darkened with wind and or when
there is clearly visible number of small
cracks on the surface, then overcoat
is necessary. But it must be noted
that once overcoating is done, the
cooling wind will not be effective on
the original block and this accelerates
the erosion of the original block.
Therefore, it is necessary to seal the
worn metal line area of original block
with high alumina mortar and keep
the cracked side wall blocks intact
using steel gratings with jacks as long
as possible. Then the cooling wind
can still be effective until the blocks
are worn thin and overcoating block
is fixed.

It is recommended to use solid AZS
blocks to overcoat the side walls,
throat or bottom. Regular cast AZS
blocks are not recommended for
overcoat instead use solid
cast AZS blocks which
are denser and have no

Refractory Corrosion is common
problem in any furnace, Corrosion is
due to Glass flow, Gas Flow, Material
Carry-over, Chemical Actions,
Operating temperature impacts and
Mechanical factors as shown here.
The corrosion and deterioration of
refractory life can't be avoided but
with good operation practices, better
refractory matenals and Good

scar. They are available in
standard sizes. It may be
necessary to go for second
overcoat
and it is good practice to
overcoat larger area than

STRESS
ROSION
EXPANLION i :

STRENGHT DICREASE
THERMAL SHOCK

N FRACTURE
TIHIRMAL CYUNG / n
/ CORROSION \

some times

the area covered during

7

4 maintenance, rate of corrosion can be  fijrst overcoat. In  most
minimised. . .
THERMAL PPt CHEMICAL cases installing second
REACTION RATE FRANSEORMARON

NG icommnicir B0 GLASS FORMATION course of overcoat over

‘ ’ REACTION WITH . .
GLASS OR GASES the first overcoat is not
Figure 3.36 recommended. It is better
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Figure 3.37

to remove the old overcoat carefully
and then provide new overcoat over
the original block.

5.7.4 Endoscopic inspection of
furnace to gauge the refractory
corrosions, blockages etc.: Regular
endoscopic examination is always
encouraged to monitor the inside
condition of the furnace as it is not
possible to inspect the entire inside
area by operators and engineers.
Figure 3.37 shows few pictures
captured by endoscopy camera.

Endoscopy of furnace is to be carried-
out as per following recommendation:

a) Immediately after furnace heat-
up and commissioning — This is
required to ensure that all the
refractories are intact after heat-
up and no refractories (especially
crown block) dropped
misplaced.

or

b) Once in two vyears till it is
achieved 6 years of life.

c¢) Once in ayear there after.
d) If required, depending upon
the condition of the furnace,

the endoscopy can be more
frequently carried-out.

There are few companies like Fosbel,
SORG, HORN, SEPRO that do
regular endoscopy and recommend
actions if any abnormalities are

observed. It is better to have an
annual contract with them for proper
inspection and analysis. If there are
many furnaces in a factory, one can
have their own endoscopy instrument

and team to evaluate the result.

Endoscopic examination of furnace
is a very good tool
maintenance of furnace which will

for good

result in increased furnace life and
produce good quality of glass. The
findings can be rectified immediately
by taking actions like ceramic welding
of crown, cleaning the checkers
etc. M/s Fosbel and other reputed
companies can carry-out hot repairs
by ceramic welding.

5.7.5 SmartMelter® radar
inspection by Paneratech or other
experts to gauge the Furnace
refractory thickness (especially
side wall): This
kind of services may be obtained

bottom and

for inspection of furnaces to avoid
major incidents like Glass leak from

bottom, throat or side walls. The
inspection can predict the block
(refractory thickness) thickness
and accordingly corrective actions,
if required can be implemented.
SmartMelter® can  measure
residual refractory thickness and
make overcoat recommendations
throat,
blocks.
Sensor range is up to 100mm on

at the metal/flux line,

and electrode/bubbler
AZS and |50mm on high zirconia
(depending on The
digital furnace model will be used
throughout the project to guide

material).

placement of sensors, analyse
radar data, and report the condition of
the furnace refractory block by block.
One sample report is shown below

for reference only (Figure 3.38).

5.8
maintenance: Similar to refractory

Mechanical equipment

maintenance, good attention to
mechanical equipment’s maintenance
is also very important to increase
life

quality. There are many mechanical

furnace and improve glass

equipments in furnace but the
following are very critical.

a) Batch Charger: Continuous
trouble- free operation of batch
charger is necessary to feed
batch into furnace consistently,
maintaining the correct glass
For

good & reliable batch charger

level. proper operation,
is to be procured & installed.
M/s EME, ZIPPE, HORN are
supplying good batch chargers.

It is important that they are

SmartMelter® Portable Inspection by PaneraTech US by using portable sensors to measure refractory thickness

Block Thicknass (mm)

Melter | Sidewall | Sidewall Blocks

e

o 17| [T b AT T
Block Number

o
=P g pufeimpgiet 3

Figure 3.38
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maintained well as per the SOP
/ maintenance manuals provided
with the equipment.

Batch charger has to work

continuously for months
& years till the furnace is

in operation, under severe
working environment like hot
& dusty atmosphere and high
abrasion of pusher & pusher
parts. Hence proper covering
of dog house to prevent heat
and dust is to be done. Also,
the charger should have proper,
good quality, continuous water
cooling to minimise damage to
it while pushing the batch. The
controllers and the panels also
should be installed with good
cooling and sealing, to avoid

damage to components.

Figure 3.39 shows pusher type
batch charger of M/s HORN
and EME make, indicating main
components.

There are many types of batch
chargers but simple pusher type
with
is commonly used. However,

oscillation  arrangement

considering  energy  saving,
performance and maintenance,
different types of batch charger
may be used. If there are two dog
house in a furnace, at least one
spare batch charger can be kept
for use in case of breakdown.

If there is only one dog house,

Heat Protection Guard

W

Chute

Wheels to

Move over Rail lHom Batch Charger I

one more standby batch charger
should be kept ready in dog
house platform for use, in case of
breakdown of running charger.

Spare pusher and other essential
parts should be always available
for replacement in case of
emergency. Proper lubrication of
all the parts should be carried out

regularly.

b) Reversal system: It is very
critical equipment in a furnace.
Generally, they work trouble
free for the entire campaign of
the furnace, provided they are
maintained well. For smooth
operation, the chains and moving
parts should be lubricated
regularly as per supplier’s
recommendation. The operating
air supply quality has also to be
good in terms of pressure &
moisture content. The reversal
valve should move smoothly
without jerks. Periodic cleaning
of reversal valves, flue deposits
if any around the valves to be

carried-out.

c) Combustion &
blowers: These blowers should

cooling

be maintained as per SOPs and
stand-by equipment should be
operated periodically. These
blowers should preferably be
provided with UPS supply, in case
of power interruptions.

d) Chimney: Most of the furnaces

Batch Hopper

% Batch Hopper

Figure 3.39
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operates on natural draft created
by chimney. Problems in the
chimney or flue lines may create
pressure in the furnace. Hence
flue lines and furnace should be
free from any flow restrictions.

e) Water cooling system for
chargers, boosting system:
Water quality is very important
for charger, boosting system
and bubblers. Quality of water
is to be maintained as per the
recommendation of equipment
supplier. Regular maintenance of
the system is recommended for
smooth operations.

5.9 Instruments & controls

maintenance: Furnace operation
nowadays mostly depends on

automation,  measurements  and
auto controls. Operators generally
monitor the furnace data in SCADA
system, sitting in control rooms. With
and measurement

proper inputs

data, he «can adjust operation
settings like temperature, pressure
and flow. In the absence of proper
data, he will not be able to operate
the furnace to maintain consistent
glass quality. Hence, proper working
of all instruments is necessary in
furnace. For this, good maintenance
of all instruments is essential. All the
good installation practices, correct
operation & maintenance system
are to be religiously followed. SOPs
should be prepared and practiced
by all. As the site equipments are
subjected to hot atmosphere and
dusty environment, protecting
them for smooth functioning is
very important for trouble free

furnace operation.

5.10 Electrical equipment
maintenance: The
equipments and power supply to
furnace equipments should work

electrical

smoothly to avoid operational
issues in furnace. Any interruption
can cause major problem to



Table 3.6

Melting Problems, Causes and Remedies

Sl. No. | Problems Causes Remedies

. Seed Count too high Melter Temp low Check Temperature and increase if required
Glass Pull high Check the Draw and adjust
RM Grain is Couse / less cullet Check Grain size of RM / Check Cullet %
Moisture in Batch too much Check Moisture in Batch and set-right
Water Entry from Pusher Check Pusher & replace if it is leaking
Water Entry from Booster Check Boosting Electrode
Fining Chemical less in Batch Check Batch & do Glass analysis
Refractory or Foreign material in Glass Check for Contamination in Melter & others
Incorrect Hot-spot & Melter with high Scum | Inspect Glass Surface & adjust Flame, temp

2. SFC too much Melter temp is very high Check Temperature and optimize, if required
CV of Fuel is abnormal Check the Fuel CV and take action
High Excess air Check Oxygen % in flue entering regenerator
Low regenerator efficiency Check regenerator exit temperature & resolve
Low Excess air Check Oxygen % in flue entering regenerator
Low cullet Check Cullet % in Batch
RM Grain size high Check Grain size and correct, if required
Furnace Pressure too high or very low Check Melter pressure & validate

3. Yellow lines in Glass Contamination in Glass / RM Check Contamination in Glass, Lines (FH), WE
Cullet Quality not good Check Cullet Quality for Color, Contamination
Foreign material in Melter, WE or FH Check for Presence of foreign material
Combustion issue in WE or FH Check Burners, clean for rust
Sulphur deposit dropping in WE, FH Check the deposits on dampers

4. Furnace Pressure very high | Too Much combustion Air & High Firing Check Oxygen % in flue and Fuel flow
Regeneratos clogged Check Regenerator Checkers & clean
Pressure damper not working Check Pressure dampers
Flue Line clogged Check Flue line passages
Pressure Controller setting incorrect Check & Rectify Pressure Controller

5. Frequent Failure of boosting | Water Quality not good Check Water and improve quality

Electrode holders Water Temperature high Check Water Temperature & Cooler

Water Circulation not correct Check Circulation and increase flow
Continuation in Cullet, creates Short-circuit in | Control Metal contamination, use more magnet
Furnace bottom

furnace. Hence a good power back- I.

up is required in case of emergency.
Adequate UPS supply, emergency

supply, supply
sources have to be properly planned

power alternative
in discussion with user department
and equipment suppliers. Regular

equipment maintenance as per
proven & effective SOPs is to be done
religiously. Supporting equipments
like air conditioners, UPS systems and
emergency DGs should be serviced

regularly.

5.11
a smooth operation of furnace

General maintenance: For
general maintenance is an important
requirement. As furnace operation
is very critical, the operation team
should maintain certain equipments /
facilities / manpower ready for use, in

case of emergency. They are-

Emergency water system with
hose pipes

2. Fire extinguishers and firefighting
equipments

3. Emergency repair suits and

equipments (tools, tackles)
Man cooling fans

5. Enough refractories, mortars for
repair

6. Skilled masons / technicians /
welders

7. Emergency  batch  feeding,
cullet charging system in-case
of problem with normal batch
charging

In this chapter, we have covered

basic furnace design, operations &

maintenance for good understanding
of processes involved in glass melting.

There are many other topics like

energy conservation opportunities,
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innovative melting systems and hot &
cold repair of furnaces, which are not
covered fully here. Few of the topics
are covered in other chapters.

6. GENERAL MELTING
PROBLEMS AND REMEDIES

The following chart in Table 3.6
shows some of the melting problems,
causes and their remedies. One can
use this as guidelines only as the
reasons for problems may be many
as there exist many variables in
melting processes.

This is a sample problem, causes
& remedy chart for glass melting
problems. There may be so many
other issues related to operations,
maintenance and safety, for which
factory team can prepare the more
exhaustive chart for quick solution =
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Container, Tubing, Float, Sheet, Tableware, Division Wall, Overcoating,
Lighting, Opal, Fibre etc Glass Furnaces Tile Patching etc

W SERVICES

B-304, Universal Business Park, Kamani Qil Mill Road, Chandivali,
Mumbai - 400 072, Maharashtra, India.

Phone: +9122-2857 5411 / 2857 9788

Email: info@dukhiram.in

DUKHIRAM MAURYA ENGINEERING AND REFRACTORY WORKS () PVT LTD
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July - September 2026 Issue

will carry Industry News, Technical Articles, Glass News and more.

To book advertisement space, mail to info@aigmf.com by Sept 10.

Kaiich

is the leading choice for advertising in the glass
and related industries. With several years of publishing
experience, unrivalled coverage for the worldwide glass
manufacturing community with up-to-date news, editorial
and features, as well as exhibitions; KANCH is the best
medium to communicate with stakeholders.

We understand your needs as an industry and are
committed to assist you in making your advertising most
profitable. This also popularises your brand and product

of the requisite amount payable to ‘The All India
Glass Manufacturers’ Federation’ may be sent to
Secretary AIGMF at the registered office of the
Federation.

It would be ideal if you could send your
advertisement in PDF high resolution format
(with auto enabled e-mail ID/website address,
if any) helping readers to reach you directly on
a single click in KANCH’s e-version / AIGMF
website.

portfolio by establishing contacts to suit your company’s A complimentary copy of KANCH along with

g L1 the invoice will be sent to all advertisers. Those

Good quallty advertisement material along with a Cheque Wanting more than one copy are requested to
send their request in advance.

Indian Foreign
Companies | Companies

® (US$)

For convenience, payment can also be remitted

Advertisement Tariff

through wire transfer. Our bank details are as

Ordinary Full page 15000 225 ul:r;der: « ch " i
Extra Inside Cover Page 18000 250 (Deposit Cheque or make an online payment)
Inside Cover Page 20000 275 Hagei Ne: ¢ Gl IS698§
Back Cover Page 40000 450 Name : The All India Glass
Manufacturers’ Federation
Extra Folded Cover (front/back) 40000 450 )
Bookmark Adv. (both sid 5 Bank Kotak Mahindra Bank
ookmark Advt. (both sides) 0000 300 Tk Cl ] Merirs Areads
Bookmark Advt. (one side) 10000 150 .
Connaught Circus
Centerspread (two pages) 40000 450 New Delhi-110 001
Half Page 10000 150 IFSC Code : KKBK 0000214
Print area for Full Page Advertisement is 21.5 x 30.5 cm Swift Code KKBKINBB

Print area for Bookmark Advertisement (one side) is 8 x 16 cm A copy of bank advice may please be sent at

GST as applicable info@aigmf.com for reconciliation =
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Vice Chancellor, Vikrama Simhapuri University, Nellore (Andhra Pradesh)
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Former President Operations PGP Glass and AGI Greenpac
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HEAT APPLICATIONS INDIA STy
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INTERNATIONA

80+ 300+ | 3000+

Expert Personnel Sets of Equipment Projects Over 3 Decades
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With an extensive experience spanning over three decades in this
domain, Heat Applications India Pvt. Limited (HAL) has gained the trust
of industries worldwide. We are providing specialised services such as
refractory dry out and heat up solutions for all industries.

Controlled Furnace Heat up Hot & Cold Refractory drilling
Furnace High speed Draining service for installation of bubbler
with Water Recycling / thermocouples and electrodes
Controlled Furnace Cool down Thermal Decongestion of
Refractory Dry Out Regenerators

Refractory Expansion Control & Oxy-fuel Burner | Boosting
Cullet Charging Systems

Combustion Technology Air - Fuel Burner
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La Opala RG Limited
Eco Centre, 8th Floor, EM-4, Sector-V, Kolkata-700091, West Bengal
P +9176040 88814/5/6/7 « E info@laopala.in « W www.laopala.in



SHREE LAXMI GLASSTECH

www.shreelaxmiglasstech.com

SLG)
- YOUR PARTNER

ISO 9001:2008 FOR THE GLASS e

Certified Company CO N TAl N E R °
INDUSTRY

SLG

REDEFINING GLASS EXCELLENCE

OUR EXPERTISE SPANS ACROSS

S.G., D.G,, T.G,, and Q.G.

[.S. Machine mechanisms and variable equipment

High-performance spare parts for a wide range of machines and operations
State-of-the-art Bottle and mold inspection gauges for quality assurance
Advanced furnace burners, components, and spare parts

Cullet scraper systems that enhance recycling efficiency

Printing machine parts designed for longevity and precision
All-encompassing plant maintenance solutions for continuous uptime
Our Promise: Precision. Performance. Progress.

— PRECISION-MADE ® GLOBALLY DELIVERED ® UNMATCHED IN PERFORMANCE

Innovative. Reliable. Global.
At SLG, we are more than manufacturers-we are architects of precision, engineering the
future of glass container technology. With a legacy of excellence and a forward-thinking

Exports Account for

Over 95%
of Total Sales

Export More than
50 Countries

mindset, we are revolutionizing the industry by delivering high-precision, export-quality
glass solutions that exceed international standards.

Who We Are

SLG has earned its place as a globally recognized specialist in the glass manufacturing
sector. For years, we have served as a reliable partner to some of the most respected glass
producers worldwide-delivering performance-driven components, mechanisms, and
inspection systems that power the modern glass production line.
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Corporate Office

SHREE LAXMI GLASS TECH

H1-163, V.K.I. Area Ext., Jaipur, Rajasthan-302013 (INDIA)
www.shreelaxmiglasstech.com e Email : sales@shreelaxmiglasstech.com

EXCEPTIONAL GLASS ENGINEERING BEGINS WITH SLG Suresh Jangid : +91 9829063816 C. Shekhar Jangid : +91 9829260816 Dikshant Jangid : +91 9116127919
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North East Sillimanite

(A Unit of NES Refractories LLP.)
ISO 9001:2015 Registered Company

ADVANCED REFRACTORY SOLUTIONS FOR
GLASS INDUSTRY

Corporate Office : #308, 3rd floor Works: Kamarkuchi, P.O. Tape-ia,
Shri Kamakhya Tower, G.S. Road, Sonapur, Dist.-Kamrup (M.,
Guwahati-781005,Assam (INDIA). | Assam-782402 (INDIA).

@ : marketing@nesrefractories.com
: nesillimanite@gmail.com

QO :(+91) 91277-52914, 63506-10078.

: www.nesrefractories.com




