Vol. 52 2009

Shinagawa Technical Report

H A & Rl ot KPR B e g™

Comparison of Refractory Industry Situation in Japan and China

72N

ﬁ:;.;

Wei LN

Abstract

In recent years, the trend of China’s industries has attracted attention across the world with

China’s rapid economic progress. The Technical Association of Refractories, Japan printed a special

1ssue of Taikabutsu in April, 2005 on China’s refractory industry situation, where China’s refractory

production, raw materials and so on were introduced in detail. In this report, the author will

contrast the refractory industry situation of Japan and China and show some differences between

the two countries in accordance with information including data from the past 2-3 years. Finally,

the author will discuss future trends.
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1. Comparison of Current Situation

1. 1 General economy

According to the World Bank statistics, the
GDP (gross domestic product) of Japan was 4.38
trillion US dollars, 2nd place in the world, while
that of China was 3.28 trillion US dollars, 4th
place, in 2007. China’s GDP per capita was 2460
US dollars, about 1/14 of Japan's, since Japan
and China have a population of 127 million
and 1.32 billion, respectively. Although China’'s
GDP is still not high, it has achieved remark-
able growth over the last 20-30 years. The real
growth rate was 8.3% in 2001, 11.5% in 2007
(Japan's was 1.3% in 2007).

Chinese people are realizing a rapid change
in their actual life, not only the statistical data
of the national macro-economy has changed.
For example, China’'s automobile sales exceeded
Japan in 2005 and reached 8.79 million units in
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Fig. 1 Changes in annual crude steel output of
Japan and China.
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Fig. 2 Changes in annual output, import and
export of refractories in Japan.
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2007. Private car purchases account for about
70% of the total sales now.

China’s crude steel output rose from 150 mil-
lion tons in 2001 to 489 million tons in 2007
(Fig. 1), 36% of the world’s total output, because
of the increased demand for steel products in
the industries such as automobile, machine and
construction.

Japan's crude steel output has also shown a
tendency to rise in recent years mainly due to
the increase in exports to Asia, setting a record
high for the first time in 34 years with 121 mil-
lion tons in 2007.

1. 2 Output of refractory products

Japan's annual output of refractory products
had no striking change, around 1.20 million in
2001-2007 (Fig.2). The export showed only small
variation, approximately 100 thousand tons a
year. The amount of imported refractories has
gone up year by year, although it has shown a
tendency to slow down since 2004. It reached
369 thousand tons, the ratio of import to domes-
tic output being 0.3 in 2007.

The share of refractories consumed by the
steel industry is currently 70-75% (by weight) of
the total consumption. The specific consumption
of refractory products per ton of steel produced
was 8.7kg in 2001, and 74kg in 2007, down by
0.22kg on the average per year.

In China, there are reports on the total output
of refractory products and raw materials, but
no data for refractory products.

Here, we estimate the output of China’s
refractory products from the crude steel output
and specific consumption in order to compare
with Japan's refractory output.

In Oct. 2005, The Association of China
Refractories Industry indicated that the specific
consumption of refractories per ton of steel
is about 25kg in China, and enumerated an
improvement target of lowering the number to
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Table 1 Estimate of consumption of refractory
products in China (2007)

Crude steel output 489 (million tons)

Specific consumption of

refractories per ton of steel 23 (k)

Consumption of refractories in

steel industry 11.250 (million tons)

Percentage of refractories

_ o,
consumed in steel industry 60-70 ()

16.0-18.8 (million tons)
(Average 17.4)

Total consumption of
refractories
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Fig. 3 Changes in annual import and export of
refractories in China.
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below 20kg by 2010 and below 15kg by 2020, in
the report, “Development Policy on Refractory
Industry’ . This should be a realizable target, as
discussed later.

About 60-70% of the total refractories are con-
sumed in the steel industry in China, according
to a report from the association in May 2007.

Thus, the amount of refractories for the steel
industry is calculated to be 11.25 million tons,
the total consumption 16.0-18.8 million tons (17.4
million tons on the average) in 2007, assuming
the specific consumption in the steel industry
was 23kg (Table 1).

Moreover, China exports over 1.0 million tons,
and imports several hundred thousand tons
of refractory products yearly in recent years
(Fig.3).

China’s refractory output in 2007 is estimated
to have been 17.5-20.5 million tons (19.0 mil-
lion tons on average), approximately 15 times
Japan's, when the output is set as (the total
consumption + the export — the import).

Besides the steel industry, refractories are
also used for the cement industry in a large
quantity. Japan's cement output was 71 million
tons, China’s 1.35 hillion tons in 2007. The ratio
of cement output to crude steel output was
0.59 in Japan, 2.78 in China. In other words,
the cement output was lower than the crude
steel output in China, while the cement output
was higher in Japan. On this point, it can be
understood that the share of refractories for the
steel industry in China (60-70%) was smaller
than Japan's (70-75%).

On the other hand, the Association of China
Refractories Industry reported in Sept. 2007
that the total sale of refractory products and
raw materials was 79.369 billion yuan RMB and
the per capita sale was 3124 thousand yuan
RMB, through investigating 1505 companies
including raw materials companies in 2006.
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Fig. 4 Number of technical reports published on
Taikabutsu in Japan and Naihuocailiao in
China.
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Based on this data, the number of employees in
China’s refractory industry is calculated to be
almost 254 thousand.

The number of employees in Japan's refrac-
tory industry has decreased to 5 thousand in
2006 from 10 thousand in 1990, 9 thousand in
1995 and 7 thousand in 2000.

China’s total output of refractories including
the products and raw materials was 32.43 mil-
lion tons in 2006. So the output per employee
was 128 tons, lower than Japan's 238 tons.

1. 3 Research and development on
refractories

The technical journal, Taikabutsu, is issued in
Japan, and Naihuocailiao in China. They are the
typical journals in the refractory industry of
the respective countries. The trend of research
and development on refractories in the two
countries can be understood roughly from the
published reports.

Fig4 shows the total number of papers and
technical reports published in Taikabutsu and
Naihuocailiao, respectively. The number for
Japan almost halved to 37 in 2005 from 70 in
1994. It had a tendency to rally in this past
two years. The number for China was 99 in
1994, rising up to 140 in 2000. Afterwards, it
has hardly changed.

The percentage of the author’s affiliation in
2007 is shown in Table 2. The number of reports
from refractory makers was the most, reaching
68.2%, and then 11.3% from universities, 9.1%
of steelmakers, and 6.8% from public research
institutes in Japan.

The situation in China is different from Japan.
The most reports were from universities, 43.4%,
followed by 16.4% for the joint research between
universities and refractory makers, then 9.0%
for the joint research between universities and
steelmaker. The percentage of the studies in
which universities participated made up for
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754%. The tendency in other years was the
same as that in 2007.

The above data indicate that the group engag-
ing in research and development on refractories
are mostly refractory makers in Japan, but they
are universities in China.

The following reports were in the independent
research of the universities in China.

1) Synthesis of TiN-Al:O; compound material
by aluminum-thermal reduction method under
reduction atmosphere, 2) High-temperature
mechanical characteristics of f-SiAION/Si;N,
bonded Al;O;-SiC material, 3) Mechanism of
toughness improvement of alumina fiber in
alumina ceramics, 4) Synthesis of ZrO.-SiC
compound material by carbon-thermal reduc-
tion of zircon and its application into Al,Os-C
system refractories, 5) Influence of added spinel
and chromium ore on sintering characteristics
of MgO based castable, 6) Influence of added
pure calcium aluminate cement on properties of
MgO-AlOs-TiO, system castable.

Report examples from the joint research
between universities and refractory makers are
given below.

1) Characteristics and application of metal Al-
Si bonded ALQO;-C system slide gate valve for
steel continuous casting, 2) Influence of added
ultrafine kaolin raw materials on characteristics
of high-alumina castable for tundish lining, 3)
Influence of added Si;Ns on corrosion resistance
against slag of MgO based castable.

The next are the report examples of joint
research between universities and steelmakers.

1) Influence of added Ti(C,N) on characteristics
of low-carbon MgO-C refractories. 2) Influence
of added TiO; on sintering characteristics and
microstructure of MgO-Al:O;-TiO, material.

The independent research of refractory mak-
ers is as follow.

1) Recycling of used carbon-containing bricks
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Table 2 Percentage of technical reports from
different affiliations published on the
journals (2007)

Affiliations Japan China
Universities 11.3 43.4
Collaborations between universities | 41

and public research institutes :
Collaborations between universities | 16.4

and refractory makers 13.6| " 7|75.4
Collaborations between universities 93 9.0

and steel makers

Collaborations among universities,
public research institutes and - 2.5
refractory makers

Public research institutes 6.8 5.7
Refractory makers 68.2 6.6
Steel makers 9.1 7.4
Collaborations between refractory 93 49

makers and steel makers
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into MgO-C and MgO-Al:O;-C bricks for steel
ladle, 2) Development and application of alumi-
num hydroxide gel bonded castable for steel
ladle, 3) Corrosion reaction of Al:Os3-ZrO.-C
system slide gate valve for steel continuous
casting, 4) Corrosion mechanism of MgO spray
materials for tundish in thin steel plate continu-
ous casting.

As shown above, the number of reports from
refractory makers in China was notably lower
than Japan’s. In fact, the independent develop-
ment capability of China's makers is not high
yet. Although the refractory technology has
been improved, it depends heavily on the intro-
duction and absorption of overseas technology
(including the technology of Chinese-foreign
joint venture in China) and on the cooperation
of universities.

The Association of China Refractories Indus-
try pointed out that China’s refractory products
still have some shortcoming in durability of
materials, stability of quality and machining
accuracy in comparison with the oversea prod-
ucts.

1. 4 TUniversity education on refractories

As far as I know, there are nine universities
with laboratories and courses in refractories in
China (Table 3. Arranged in the alphabetical
order of the university’s name). Among them,
Wuhan University of Science and Technology,
University of Science and Technology Liaoning,
Xi'an University of Architecture and Technol-
ogy and University of Science and Technology
Beijing have relatively many registered students
in the refractory courses. The number of classes
every year is different in some universities. The
number of undergraduate students in refractory
courses iIs surmised to be approximately 1500,
and graduate students total about 1200.

Many textbooks are used in the refractory
courses at China’s universities. As an example,
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Table 3 Universities with refractory course in

China

Anhui University of Technology
(T ITERE)

Ma’anshan City, Anhui
Province (Z#-E#)

Hebei Polytechnic University
GoHEEEIKRE)

Tangshan City, Hebei
Province (oldL - EELW)

Henan University of Science
and Technology
GolmRHERE)

Luoyang City, Henan
Province (ol - &)

Northeastern University

(FAEXRE)

Shenyang City, Liaoning
Province (EZs - &)

University of Science and
Technology Beijing
AEREHRRE)

Beijing City (dE=)

University of Science and
Technology Liaoning

(EERHKRE)

Anshan City, Liaoning
Province (EZ - #(1))

Wuhan University of Science
and Technology
(EHERERE)

Wuhan City, Hubei
Province G81L - Bi#)

Xi’an University of Architecture
and Technology

Xi'an City, Shaanxi
Province (FReh - F8%)

(ALTERERERE)
Zhengzhou University Zhengzhou City, Henan
(BRMKRZFE) Province (] « ERM)
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the contents of the textbook, Science and Engi-
neering of Refractories (Metallurgical Industry
Press A4 size, 249 pages), are shown as
follows.

Chapter 1 Composition and characteristics of
refractories, Chapter 2 Fundamental principles
of manufacturing processes of refractories, Chap-
ter 3-7 Si0;:-Al;O; and Al;Os-based, SiO.-based,
MgO-CaO-based, MgO-Al:O; spinel-based and
ZrQ,-containing refractory materials, Chapter
8 Carbon-containing refractory materials, Chap-
ter 9 Unshaped refractory materials, Chapter
10 Thermal insulation refractory materials,
Chapter 11 Special refractory materials.

In Japan, there is no university with a refrac-
tory course now. But many universities have
majors on materials science and engineering.
The graduates from the majors can master the
ability to research, develop and manufacture
refractories in an early stage after joining
companies, because they have the fundamental
knowledge of materials and Japan's companies
put great energy into the education of new
employees.

2. Future Trends

2. 1 China’s refractory industry

The refractory industry depends heavily
on the steel industry. Although China’s crude
steel has developed greatly, the annual growth
rate began to fall from a peak of 27.0% in 2004
(Fig.5).

China’s crude steel output this year (2008)
was predicted to be approximately 530 million
tons at the beginning of this year. But the
achievement of this predicted value is becoming
difficult, because the world economy is worsen-
ing rapidly recently.

The total steel output from Jan. to Sept. in
this year (2008) was 391 million tons, 6.2%
more than the same period in 2007. However,



Shinagawa Technical Report

40
35|
30 27.0
2% |

20 16.7
5l 143

10} \

\
5t Predicted value \
0 , . . . . . LN
2000 2001 2002 2003 2004 2006 2006 2007 2008

Year

Increase rate (%)

Fig. 5 Annual increase rate of China’s crude
steel output.
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the monthly output in Sept. declined by 9.1%
compared to the same month in 2007, marking
the first minus growth in 7 years 11 months.
This tendency will become stronger, and the
growth rate in 2008 may fall close to zero.

China’s latent demand for steel products
would still be high. For example, the GDP has
grown rapidly until now, but the proportion of
agriculture population has shown a very slow
change, still approximately 60% in China (the
proportion for China was 63.7%, while Japan's
was 2.9% in 2005). The industrialization and
urbanization of China will quicken from now
on, which will strongly increase the demand for
steel products. In the long term, China's crude
steel output should not decline drastically, and
continues to occupy a high share of the world
total output.

The specific consumption of refractories for
steelmaking is 20-25kg now, markedly higher
than Japan's, 74kg in 2007. It took about 4
years to reduce the specific consumption from
25kg to 20kg (1971-1975), about 5 years from
20kg to 15kg (1975-1980) in Japan. The foreign
steelmaking and refractory technologies have
been introduced actively in China. The decrease
in the specific consumption in present China
should be faster than Japan of 20-40 years ago.
Therefore, China’s target to lower the specific
consumption to 20kg by 2010, 15kg by 2020
could be achieved. In fact, there were reports
showing that the specific consumption has been
reduced to 8-9kg in Baosteel, the largest steel
producer in China. The demand for refractories
in China would show a sharp decrease with
the reduction of the specific consumption, and
moreover a decline in the crude steel output.

The specific consumption may be approxi-
mately 20kg, and the crude steel output around
450 million tons in 2010. So, the demand for
refractories in the steel industry in 2010 is
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Fig. 6 Import of refractories from China and
its share of total refractory import in
Japan.
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estimated to be 9 million tons, down about 2.25
million tons from 2007 (Table 1). Moreover, if
the share of refractories for the steel industry
is still 60-70% in 2010, the total demand for
refractories will decline by 3.20-3.75 million
tons. Thus the overproduction of refractories
will become more serious, and some makers
will stop production or merge with other mak-
ers. They are also bound to expand the export
of refractories.

2. 2 Japan’s refractory industry

Japan's refractory makers are facing some
problems, such as 1) shortness of talented
people and difficulty in succession of technol-
ogy, 2) steep rise in raw material prices and
difficulties in getting some raw materials, 3)
increase in refractories product imports from
China. Moreover, a problem that the demand
of refractories is decreased due to the drop in
crude steel output will be caused (Japan's steel
makers has begun to reduce the steel output).

The import of refractory products from
China rose to 298 thousand tons in 2007 from
113 thousand tons in 2001, up 30 thousand tons
a year on the average (Fig.6). The share of
imports from China among the total imports
rose to 80.8% in 2007. The ratio of import from
China to Japan's domestic output reached 0.24.
This ratio may be larger in the future.

The increase in the import of refractory
products from China is mainly because China’s
products are inexpensive and the differences
in quality with Japan's products are becoming
small.

As stated above, technical improvement of
China’'s makers relates greatly to the introduc-
tion of overseas technology, but Japan's makers
chiefly depend on independent research and
development. Generally, technology introduction
is faster than independent research and develop-
ment. Therefore, Japan's makers should further
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strengthen the research and development and
obtain patents on the results, in order to retain
their technical predominance.

On the other hand, China not only is a key
manufacturing industry base in the world, but
is also becoming gradually a major consumption
market. So, it should be a chance for Japan's
makers to enter into the market of high-grade

refractories in China.



