Review of Refractories Markets & Research — 2016

C.E. Semler

Globally, the major markets for refractories are iron and steel (~70 %) and cement (~10 %). The annual
production of steel [1] and cement [2], by the World and China, since 2000, as a general indication of
the market trend for refractories, is shown in Fig. 1-2, respectively. For both steel and cement production
worldwide, and in China, it is seen that the upward trend of many years has slowed/flattened over the
last 2-3 years.

Introduction Tab. 2 Revenue of the largest refractoriy producers

The world use of steelmaking capacity (Tab. Revenue [Million] 1t Half 2015 1% Half 2016 Change [%]}
1) has declined since 2011, as shown be- Vesuvius* 702,6 GBP 668,3 GBP 4,9
low. Also it csn be sleenkthat for each year RHI-AG** 902 EUR 830,2 EUR 3

ince 2011, the steelmaking capacity usa

since 2011, the steelmaking capacily Usage |y ociva 537 USD 487 USD 9

has been less during the 2" half than in the
1 half of the year.

Tab. 1 Use of steelmaking capacity [%]

Use of Steelmaking Capacity
Year 15t Half 2" Half
20M 82,4% 75,8%
2012 80,3 76,1
2013 79,2 74,8
2014 75,3 72
2015 71,9 67,7
2016 69,7 69,1

The recent production trends for the largest
refractory markets (steel and cement) have
certainly been a contributing factor to the
revenue decline for the world’s top three
refractory companies, according to their
published reports, as shown in Tab. 2.

Because China is by far the world's largest
producer of steel and refractories, it is in-
teresting to look at the correlation in their
annual production of steel [1] and refracto-
ries [3] since 2000 (Fig. 3). It is seen that
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* Vesuvius CEQ — Financial performance in 2016 is better than 2" half 2015. Steel and foundry

markets will stay relatively weak through 2016.

** RHI-AG CEO —Tons sold was up 3 %, but revenue in 2016 was down due to weaker business in

South America, Europe, and China.
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Fig. 1 Annual production of steel by the World and China since 2000 [1]

the refractory production increased rapidly
from 2000 to 2007 (+185 %), in parallel
with the rapid increase in steel produc-
tion. But since 2007 the annual refractory
production trend flattened, and varied (+
and -), in the range 25 to 29 Mt, while
the annual steel production continued to
increase significantly, until 2013. Since
2013, the increase in steel production in
China has slowed/flattened, in the range
800-823 Mt, and refractory production has
declined.

As shown in Fig. 4, the steel production in
India has increased each year, from 2000
to 2015, rising 228 %, and surpassing
the United States in 2015, to become the
World's third largest steel producer, behind
#2 Japan and #1 China. Likewise, except
for 2013, the refractory production in In-
dia has increased each year from 2000 to
2015, which is 217 %, to meet the needs of
the steel industry. To document the relative
comparison of scale, it should be noted that
the refractory production by China in 2015



(26,15 Mt) was 19x and 25x more than In-
dia and Japan, respectively.

Refractory research activities and
trends

It has long been known that the refractories
industry needs to maintain good communi-
cations with their customers. It is important
to know and monitor the refractory prob-
lems and needs of the customers, to enable
the best efforts in directing contacts and

R&D on the most pertinent topics, that will

yield practical/technical advances, field suc-

cesses, and good financial returns. A recent

presentation by Arcelor-Mittal Steel/CA [5]

provided the following advice/comments for

the refractories industry:

e The basic concern of steel technologists
is, “What types of refractories will make
my job easier, and prevent failure 100 %
of the time”?

e A monitoring system is needed that will
give ongoing refractory wear/consumption
info and a projection of the refractory life.

e Monolithics are needed that will set at
extremely cold temperatures, like —40 °C.

e Steelmaking involves thermal cycling
which shocks/cracks refractories, so re-
fractories are needed that develop micro-
cracks that don't propagate.

o Better refractory qualification tests are
needed that will predict refractory service
life.

o Refractories are needed that reduce the
size/quantity of inclusions in steel, and
hopefully can play a role in removing in-
clusions.

o Some of our greatest successes for refrac-
tories have involved co-engineering of
products with other companies, including
people with diverse backgrounds/experi-
ence. How can this become the norm
rather than the exception?

As a general indication of the refractory re-

search topics of most interest in recent years,

in the Asian-Pacific Region, several published
sources were reviewed, including Annual

Research Reports of Krosaki-Harima and Shi-

nagawa Refractory companies, in Japan, Chi-

na's Refractories (quarterly journal), and the

Proceedings of the India Refractory Makers

Association (IRMA) International Refractories

Conference (IREFCON). For Japan and China,

the popular research topics, as indicated by

publications in 2011 and 2015, are shown
in Tab. 3. This general overview indicates
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Fig. 2 Annual production of cement by the World and China since 2000 [2]
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Fig. 3 Annual production of steel and refractories in China since 2000 [3]
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Fig. 4 Annual production of steel and refractories in India since 2000 [4]




Tab. 3 Snapshot of refractory research topics in Japan (papers in corporate research
reports) and China (published papers), according to published papers in 2011 and 2015

Japan | China | Japan China
Refractory Topics 2011 2011 2015 2015 Total
Iron and Steel/Other Applications 10 10 5 6 31
Monolithic Refractories 6 3 6 6 21
Carbon-Containing Refractories 4 1 2 1 8
Non-Oxide Refractories 1 1 0 8 10
Testing and Fundamental 83 9 12 32
Raw Materials 3 4 1 3 1
Energy/Insulation 3 1 2 3 9
Recycling 0 0 1 1 2
Tab. 4 Summary of the refractory topics discussed at IREFCON, since 2012
Refractory Topics 2012 2014 2016 Total
Iron and Steel Industry 14 13 12 39
Other Applications 7 4 3 14
Monolithic Refractories 10 17 6 33
Carbon-Containing Refractories I 6 3 4 13
Non-Oxide Refractories 2 1 0 3
Testing and Fundamental 10 11 7 28
Raw Materials " 8 " 30
Energy/insulation 4 0 0 4
Recycling 0 0 0 0

that the generic topics of main interest in
Japan and China, in the 2011-2015 time
period were testing & fundamental principles
(26 %), iron and steel and other applications
(25 %), and monalithic refractories (17 %).
IRMA's IREFCON is a biannual refractories
conference that attracts a multinational
audience and speakers, hence the program
reflects the refractories research activities/
interests in India, along with some influence
of the international participants. A summary
of the generic refractory topics discussed
at IREFCON in 2012, 2014, and 2016 is
shown in Tab. 2. The totals indicate that
the most popular generic topics discussed
at IREFCON since 2012, are the iron and
steel industry (24 %), monolithic refracto-
ries (20 %), raw materials (18 %), and test-
ing and fundamental principles (17 %). The
same as for Japan and China, the reason for
the high interest in the iron and steel indus-
try is obvious, because it is by far the major
market/user of refractories worldwide.

The annual reports of the major refractory
companies, Vesuvius and RHI-AG, provided
the following information about their R&D
efforts in 2015:

e Vesuvius listed the following R&D top-
ics for 2015: robotic tundish spray lining
systems, semi-automatic  dry-vibratable
installation (fast), low-carbon bricks and
low-carbon/hydrogen tundish linings, in-
ert tundish barrier products, and products
for Al-melting and -holding furnaces. The
innovations reported by Vesuvius for 2015
included: cald-start technology, swirling
sub-entry nozzles, and edge port sub-
entry nozzles.

RHI funding for R&D in 2015 was
23,4 EUR million — 15 % was for basic
research, 40 % for new products and
production processes, 20 % for exist-
ing products/processes, and 25 % for
environmental protection and improved
energy efficiency. R&D topics listed for
emphasis by RHI were: develop special
ceramics, NDT for quality control and
optimized production, use of recycled
materials, including new methods, use of
new materials and combinations of ma-
terials, high temperature insulating ma-
terials, develop environmentally-friendly
binders, and simulation and modeling
methods.

Never-ending advancement of
technology

Comments by Walt Disney [6], founder of

Disney Co., are directly applicable to the

fact that progress never stops. Disney said,

“We keep moving forward — opening doors

and doing things, because we are curious.

And curiosity keeps leading us down new

paths. We are always exploring and experi-

menting. We call it “Imagineering” — the
blending of creative imagination with tech-

nical know-how" .

In 2010, D. Michael of HWI [7] presented

a paper at ALAFAR, which included the fol-

lowing comments about innovation in the

refractories industry:

e Companies must innovate to survive in a
global economy.

e There are various types of discoveries/in-
novations, such as “Breakthroughs”, like
MgO-C bricks, A-M-C bricks for ladles,
better dispersants, low-cement castables
(LCC), etc. And “incremental innova-
tions”, such as adding organic fibers to
castables, improved cements, better dis-
persants, precast shapes, to name a few.

o To promote innovation, it is necessary to
have good people to offer good/creative
ideas for critical review and action.

* Today, if you are not promoting creative
thinking, and innovating, you are moving
backwards.

Examples of refractory advances

QOver the decades, there has been continu-
ous improvement of refractories, involving
major/minor advances in the associated
fundamental science and technology, mod-
eling, testing, practical applications, etc.
Each year there are countless published ex-
amples of these advances that benefit the
refractory users. Two successful projects are
reviewed below as representative examples
of how refractory R&D provided significant
improvements at steel companies:

1. BOF taphole sleeve life at Tata Steel/
IN was increased from 102 heats, for the
conventional sleeve product, to 130 heats
(+27 %) for a novel hybrid sleeve [8]. Three
MgO-C sleeve compositions were prepared
for comparative evaluation — A, spall re-
sistant; B, Hi-strength, and C, hybrid com-
bination of A and B, Their compositions and
properties are shown in Tab. 5.

This example illustrates the known fact that
for refractories, that “stronger products are



not always better”, as the best perform-
ing sleeve composition had the lowest
hot strength of the three trial composi-
tions.

2. The service life of the sidewall castable in
steel ladles was increased at Nippon Steel
Sumitomo Metals Corp./JP. The performance
of ladle refractories is a significant factor in
steel plants, because they account for about
20 % of the refractory costs. The durability
of sidewall castable is a determining fac-
tor in the performance and repair of steel
ladles. Spalling due to slag penetration is
a major factor in the degradation of side-
wall castable. A study by NSSMC resulted in
development of a stronger, denser castable
(92 % ALQ,, 6 % Mg0), which exhibited a
23 % lower damage rate in ladle service. A
comparison of the previous (conventional)
and improved sidewall castables is shown
inTab. 6.

Concluding comments

1. Recent observations about the refracto-
ries industry provide an indication of the

Tab. 5 Variation of tap hole compositions

A B C
MgO/C 8817 84/9 89/6,5
1400 °C Bending Strength (MOR) [MPa] 14 22 1"
Service Life [heats] 121 124 130
Tab. 6 Improvement of ladle sidewall castables
Conventional Improved

Bending Strength after 1500 °C [MPa] 24 27.3
Apparent Porosity [%] 19,8 17,9
Water Added [%)] 58 % 4,2 %

relative status. McCormick (10) stated
that “The refractories industry remains
under pressure, with no immediate signs
of an upturn in the market”. And a Vice-
President of Zhejiang Zili Corp., Ltd.,
China said, "We are not at the bottom
of the trough, but it is close”.

2. The RHI 2015 Annual Report reported
that by directive of the Chinese govern-
ment, local refractories companies are
considering options for mergers. The

goal is to have five refractories compa-
nies of international size. This will pres-
sure refractory companies outside China
o merge.

3. History has shown that refractory tech-

nology will continue to advance. Innova-
tion never ends.

4. Research will continue to focus on iron

and steel refractories, such as carbon-
containing and monolithic products.
Emphasis needs to be continued and



increased on the role of refractories in
making clean steel, including filtration,
and enhanced ladle operations.

. There is a need to further the under-
standing and utilization of engineered
microstructures in  refractories, that
could result in significant improvements
in properties and performance,

. The need continues for new and im-
proved tests, and especially tests at high
temperature and/or under simulated ser-
vice conditions, to evaluate and compare
refractories, and permit a prediction or
projection of expected service life. Mod-
eling, and thermochemical software, can
and will play an important role in the
understanding and development of im-
proved refractories.

7. More research should be focused on re-

fractory products that save energy, and
because the long-term supply of raw ma-
terials is limited, more study is needed
on recycling/re-use of used refractory
materials.

. 3D-printing (Additive Manufacturing)

needs to be exploited for refractories,
because the opportunities are unlimited,
and especially the potential for develop-
ment of novel materials with creative,
unique structures.
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