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1.　Introduction

　Due to its superb erosion resistance, magne-
sia chrome brick composed mainly of MgO and 
Cr2O3 is broadly applied for refining furnaces 
in the steelmaking process. Magnesia chrome 
bricks relined in secondary refining facilities 
are usually ultrahigh temperature fired bricks, 
which, in association with the kinds of raw 
materials used, are classified into direct bonded 
type, rebonded type and semi-rebonded type1). 

1.　はじめに

　マグネシア・クロム質れんが（以下マグクロれ
んが）は，MgOとCr2O3を主成分としており高い耐
食性を示すことから鉄鋼精錬炉などで幅広く使用
されている。特に二次精錬炉の内張りに使用され
るマグクロれんがは主に高熱間強度の超高温焼成
品が適用され，原料の種類等でダイレクトボンド
質，リボンド質，セミリボンド質に分類される1)。
　二次精錬炉では溶鋼の環流や撹拌が起こり耐火
物の損傷にも影響を与えるとされている。環流や
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要　旨

　二次精錬炉での損傷の一つにエロージョンが挙げられる。適用されるマグクロれんがにも耐エ
ロージョン性が求められるが実炉の状況を考えると熱脆化後の耐エロージョン性がより重要にな
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リボンドマグクロれんがについて紹介する。

Abstract

　Since one of the typical refractory damage patterns observed in secondary refining facilities is 
erosion, sufficient erosion resistance is consequently required for magnesia chrome bricks commonly 
used in secondary refining facilities. Taking into account actual operational circumstances, erosion 
resistance especially under thermally deteriorated condition A is thought to be more important. 
A semi-rebonded magnesia chrome brick of which the erosion resistance was improved to have 
sufficient durability to thermal fluctuations in actual secondary refining operation by means of 
enhancing the brick’s binding structure is introduced in this report. 
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撹拌による溶鋼の流れにスラグが巻き込まれ，化
学的な溶損と溶鋼の流れによる摩耗双方の影響を
受ける損傷形態はエロージョンと呼ばれ，二次精
錬炉では主要な損傷の一つと考えられる。
　二次精錬炉の一つであるRH脱ガス設備（Fig.1）
は成分調整や温度補償のための合金添加や酸素吹
きによって槽内温度は1700℃以上と大幅に上昇す
る一方で，処理後の待機時では炉内温度が800℃程
度まで低下するなど加熱冷却を繰り返し受けてい
ると推定される。マグクロれんがは繰り返し加熱
冷却を受けることで組織脆化に伴う熱間強度低下
等の特性変化も報告されており3, 4)，熱変動によっ
て脆化したのちの耐エロージョン性が重要にな
る。
　今回，耐熱脆化性に優れ実炉でのエロージョン
損耗が低減したセミリボンドマグクロれんがを紹
介する。

2.　紹介材質の特徴

　Table 1に今回紹介する材質Aの品質特性を示
し，Fig.2に1400℃熱間曲げ強さと脆化処理（繰
り返し加熱）実施後の1400℃熱間曲げ強さを指数
で示す。脆化処理は炉床昇降式小型電気炉を用い
て，1400℃で10分保持した後に600 ℃で10分保持

　It is said that damage to refractories relined 
in secondary refining facilities is influenced by 
circulation and/or stirring of molten steel. The 
refractory damage pattern is caused by a com-
bination of chemical corrosion from the molten 
slag mixed up in the circulated or agitated mol-
ten metal, and by mechanical abrasion, which is 
referred to as erosion. Erosion is thought to be 
major damage factor of refractories relined in 
secondary refining facilities. 
　An RH vacuum degassing unit, in operation 
at one of the secondary refining facilities, is 
schematically illustrated in Fig. 1. The internal 
temperature of its vessel exceeds 1700 ℃ in 
association with ferro alloy addition for adjust-
ing steel compositions or securing molten metal 
temperature and/or by oxygen gas blowing. 
During standby time after treatment, the fur-
nace internal temperature is lowered to 800 ℃. 
That is, refractories relined in the RH vacuum 
degassing unit vessel are exposed to marked 
thermal fluctuation, namely, repetition of heat-
ing up and cooling down. Taking into account 
the preceding reports on alteration of physical 
properties of magnesia chrome brick induced 
by lowered mechanical strength at elevated 
temperatures associated with brick structure 
deterioration caused by repeated heating and 
cooling 3, 4), it is inferred that erosion resistance 
under thermally deteriorated condition is 
important. 
　Semi-rebonded magnesia chrome brick of 
which the erosion damage in actual operation 
is markedly reduced by improved thermal dete-
rioration resistance is introduced in this report.  

2.　Characteristics of Improved Magnesia
Chrome Brick 

　Table 1 shows the major chemical and physical 
properties of improved semi-rebonded magnesia 
chrome brick A, along with magnesia chrome 
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Fig. 1　Schematic illustration of RH degassing 
operation2).



のパターンを1サイクルとし，これを10サイクル繰
り返して実施した。
　Table 1より材質AはSiO2やFe2O3などの副成分
が比較的多く含まれている。副成分はれんが焼成
中に液相となってれんがの焼結を促進させる効果
があり5)，適量の副成分を含むことで結合組織が強
化されている。一方，比較として用いた材質Bは
Table 1に示すようにCr2O3値がほぼ同等なものの
副成分の低減によってスラグとの化学的反応性を
低下させ耐食性に優れる材質であるが，材質Aに
比べ結合組織は脆弱である。
　結合組織の違いは熱間強度や耐熱脆化性に現れ
ている。Fig.2に示すように材質Aは結合組織を強
化することで材質Bに比べ熱間強度が高くなって
いる。熱変動を与えると結合組織が断裂し脆化が

brick B, which was selected for comparison. The 
hot modulus of rupture (HMOR) of two types 
of magnesia chrome brick was measured at 
1400 ℃ before and after cyclic heating, in other 
words, the thermal deterioration treatment is 
shown by index in Fig. 2. Thermal deteriora-
tion treatment was conducted with 10 times＇ 
repetition of heating at 1400 ℃ for 10 minutes 
and cooling down to 600 ℃ for 10 minutes in 
an electric furnace with lifting up and down 
function of its specimen floor. 
　As shown in Table 1, a relatively large amount 
of accessory components, such as SiO2 or Fe2O3, 
are contained in magnesia chrome brick A. 
Since accessory components contained in the 
brick function to promote liquid phase sintering 
during firing process 5), the binding structure 
in brick A has been enhanced with optimum 
amount of accessory components. While, due 
to its smaller amount of accessory components, 
magnesia chrome brick B with a similar level of 
Cr2O3 content is characterized by having better 
corrosion, which is resistance associated with 
lowered chemical reactivity. However, the bind-
ing structure in brick B is not as enhanced as 
that in brick A. 
　The difference in the binding structure of 
the two types of magnesia chrome bricks 
is reflected in the HMOR as well as thermal 
deterioration resistance. As shown in Fig. 2, 
magnesia chrome brick A with more enhanced 
binding structure exhibits higher HMOR than 
brick B. Since the binding structure in brick 
is fragmentarily deteriorated by thermal fluc-
tuation 3), both bricks exhibited lowered HMOR 
after cyclic heating. However, better thermal 
resistance due to the well enhanced binding 
structure of magnesia chrome brick A is repre-
sented by its 40 % HMOR reduction rate, much 
better than the roughly 48 % HMOR reduction 
rate of brick B 3, 4). 
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Table  1　Typical properties of magnesia chrome 
	 brick A and B

A B 

Chemical composition 
/ mass% 

MgO
Cr2O3

SiO2

Fe2O3 

61.2
23.9
1.1
8.7 

63.8
24.1
0.8
6.0 

Apparent porosity / %
Bulk density / g･cm-3 

12.7
3.37 

13.5
3.31 

Cold crushing strength / MPa 80 45 

Fig. 2　HMOR of magnesia chrome brick specimens 
with and without cyclic heating.



進行するため3)，脆化処理後の熱間強度はどちらの
材質も小さくなるが，材質Aは組織強化の効果で
低下率が小さく（約40%低下），材質B（約48%低
下）に比べ耐熱脆化性にも優れる3, 4)。

3.　耐エロージョン性の評価

　エロージョン試験はアーク加熱式回転ドラム侵
食試験装置を用いて実施し，内張りされた試験サ
ンプルについてFig.3のように段差をつけること
でスラグの流れをより動的にしている6)。この手
法は化学的な溶損とスラグの流れによる摩耗の双
方を促進させると推定され，実炉のエロージョン
損傷をより再現できると考えられる。試験温度は
1700℃，試験時間は6.5時間とした。試験開始から
1.5時間までは0.5時間毎にスラグを入れ替え，それ
以降は1時間毎にスラグの入れ替えを実施した。
なお，スラグはTable 2の組成になるように調整し
た模擬スラグを用いた。試験は通常の脆化処理無
しサンプルの場合と実炉を想定した脆化処理あり
サンプルの場合で実施し，試験は別々に行った。
　Fig.4にエロージョン試験結果を示す。損耗深さ
は試験前後の寸法から算出した。脆化処理なしサ

3.　Evaluation for Erosion Resistance 

　The erosion test was conducted on magnesia 
chrome brick specimens using rotary drum 
erosion test device with arc heating function. 
The erosion test specimens were relined in a 
stepwise pattern in which, as shown in Fig. 3, 
the specimens alternately protruded from base 
level so that molten slag flow becomes more 
dynamic 6). It was thought that, since the test 
specimens were relined in a stepwise pattern 
would be erosively damaged by a combination 
of chemical corrosion and mechanical abrasion, 
the erosion damage of magnesia chrome bricks 
in actual operation could be well reproduced by 
this test method. The erosion test was carried 
out at 1700 ℃ for 6.5 hours with exchanging of 
synthetic slag every 0.5 hours for the initial 1.5 
hours and every 1 hour after that. The chemi-
cal composition of the synthetic slag used for 
the erosion test are shown in Table 2. The ero-
sion test was conducted on magnesia chrome 
brick specimens with cyclic heating as well as 
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Fig. 3　Photograph of erosion test specimens 
relined in stepwise pattern. 

Table  2　Chemical compositions of synthetic slag

  CaO SiO2 Al2O3 FeO 

mass% 30 30 20 20 
Fig. 4　Wear depth of magnesia chrome brick 

specimens after erosion test.



ンプルでは材質Aの損耗が18%大きくなり，単純
な耐エロージョン性は材質Bに劣ると結果になっ
た。しかしながら，脆化処理を施したサンプルで
は材質Aの損耗が16%小さくなり，実炉を想定し

on virgin magnesia chrome brick specimens 
separately. 
　The erosion test results are shown in Fig. 4 
with the wear depth which was calculated 
with the specimen dimensions measured before 
and after the erosion test. In the erosion test 
on virgin magnesia chrome brick specimens, 
magnesia chrome brick A exhibited bigger 
wear depth by 18 %, indicating of its inferior 
erosion resistance to that of magnesia chrome 
brick B. In erosion test on magnesia chrome 
brick specimens after thermal deterioration 
treatment, however, magnesia chrome brick A 
exhibits smaller wear depth by 16 % indicating 
superior erosion resistance under actual opera-
tional conditions. 
　Focusing on their microstructures near their 
hot faces, micrographs of the test specimens 
after the erosion test are shown in Fig. 5, in 
which hot face of each specimen is indicated 
with a dotted line so as to compensate for the 
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Fig. 5　Micrographs of hot faces of magnesia chrome 
brick specimens after erosion test.

Fig.  6　Magnified images of framed area indicated with “a”.



た場合での耐エロージョン性は材質Aが優れてい
る。
　Fig.5にエロージョン試験後サンプルの顕微鏡
写真を示す。スラグの付着で稼働面が判別し難い
ため，れんが稼働面を破線で示した。損耗の大き
な脆化処理ありの材質Bでは粗粒が飛び出してマ
トリックスの先行損傷が起きていた。また，Fig.6
に示すマトリックスの拡大図でも脆化処理ありの
材質Bは脆化処理なしに比べてマトリックスの緩
みが顕著であり，Fig.7に示すように緩みによって
生じた空隙にはCaOやSiO2などのスラグ成分が多
く浸潤していた。浸潤するスラグ量が増加するこ
とでマトリックスでの溶損が促進され，物理的な
摩耗損傷と複合的に組み合わさりマトリックスの
先行損傷に繋がったと推定される。耐脆化性に優
れる材質Aでも粗粒周りに空隙が見られる等，あ
る程度の脆化は認められるがマトリックスの緩み
は脆化処理なしと比べても軽微なためスラグの浸
潤量が少なく損耗が軽減されたと考えられる。
　以上のように繰り返し加熱冷却に伴うれんが組
織の脆化はエロージョン損傷にも影響を与えると
推定され，耐熱脆化性に優れる材質Aは実炉での
エロージョン損傷低減に有効と考えられる。

4.　実炉使用結果

　Fig.8に材質Aと材質Bがそれぞれ使用された
RH脱ガス装置下部槽側壁の酸素使用量に対する
損耗速度を示す。材質Aは平均酸素使用量に関わ
らず20%程度損耗速度が小さくなっている。Fig.9
に使用後れんが稼働面の微構造写真を示す。損耗
速度の大きな材質Bでは粗粒が飛び出しマトリッ
クスが先行的に損傷しているのに対して，材質
Aでは稼働面が直線状でマトリックスの先行損傷
が抑制されている。これは脆化処理を実施したラ
ボでのエロージョン試験後サンプルの状況と類似
し，脆化抑制によって実炉でもエロージョン損傷
が抑制され，損耗の低減に有効と考えられる。

5.　まとめ

　二次精錬炉でのエロージョンによる損耗の低減
を志向したマグクロれんが材質Aは，繰り返し加

indistinctive image of the interface between 
the specimen body and adhering slag. Magni-
fied images of the framed area indicated with 
＂a＂ and element distribution mappings in the 
corresponding region are shown in Fig. 6 and 
Fig. 7, respectively. It can be observed in the 
micrograph of the magnesia chrome brick B 
specimen put through thermal deterioration 
treatment that several coarse particles protrude 
from hot face associated with foregoing damage 
in the matrix region. In addition, the magnesia 
chrome brick B specimen put through cyclic 
heating exhibits more loosened matrix structure 
in its magnified image than the virgin magnesia 
chrome brick B specimen and, as observable 
in Fig. 7, slag components such as CaO or SiO2 
have infiltrated the loosened matrix structure. 
It is inferred that foregoing erosive damage 
in the matrix region was induced by physical 
abrasion and relatively large amount of slag 
infiltration in the loosened matrix structure. 
Even though a certain degree of deteriora-
tion, such as cavity formation around coarse 
particles, can be observed in magnesia chrome 
brick A with superior thermal deterioration 
resistance, its matrix structure damage is not 
so marked. This is considered to be associated 
with less amount of infiltrated slag because of 
less loosened matrix as observable in brick A 
with or without cyclic heating. 
　In short, it can be concluded that, since ero-
sion damage is influenced by deterioration of 
brick structure caused by cyclic heating, appli-
cation of magnesia chrome brick A with better 
thermal deterioration resistance is effective 
for reduction of erosion damage of refractories 
relined in operational facilities.

4.　Results of Application in Actual 
Operation 

　Magnesia chrome brick A and B, both of 
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Fig.  7　Element distribution mapping in matrix of erosion test specimen with cyclic heating.



熱による組織脆化を抑制することでエロージョン
損傷の抑制が達成できた。材質Aの適用で実際の
RH脱ガス設備で概ね20%損耗が低減し，耐脆化性
も耐エロージョン性向上に重要であることが推定
された。

which were relined in the lower vessel wall of 
an RH vacuum degassing unit, were compared 
for the relation between oxygen gas consump-
tion. Wear rate of the relined brick is shown in 
Fig. 8. Over almost the whole range of oxygen 
gas consumption, the wear rate of magnesia 
chrome brick A is smaller than that of brick 
B by roughly 20 %. Micrographs of the micro-
structure near the hot face of magnesia chrome 
brick A and B retrieved after campaign life are 
shown in Fig. 9, in which the actual hot face is 
similarly indicated with a dotted line. Coarse 
particles protruding from deteriorated matrix 
region are observable in magnesia chrome 
brick B. Magnesia chrome brick A exhibits a 
relatively straight hot face associated with sup-
pressed foregoing damage in the matrix region. 
It is safe to conclude that, since the micrograph 
observation results for the magnesia chrome 
bricks retrieved from an actual operation 
facility are quite similar to those of magnesia 
chrome brick specimens treated with cyclic 
heating after the erosion test, erosive damage of 
magnesia chrome brick A, with better thermal 
deterioration resistance, was reduced in actual 
operation, resulting in improved wear rate. 

5.　Conclusions 

　Magnesia chrome brick A which was improved 
with the intention of reducing erosion damage 
in secondary refining facilities by suppress-
ing binding structure deterioration caused by 
cyclic heating achieves sufficient performance 
in actual operation. Application of magnesia 
chrome brick A results in an improved wear 
rate in RH vacuum degassing units by roughly 
20 %, indicating effectiveness of thermal dete-
rioration resistance for improvement in erosion 
resistance. 
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Fig. 8　Comparison of wear rates of magnesia 
chrome bricks A and B relined in lower 
vessel of RH degasser.

Fig. 9　Micrographs of hot face of magnesia 
chrome bricks used in lower vessel of RH 
degasser.
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