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1.　緒言

　鉄鋼製造において加熱炉は鋳造により得られた半製品で
ある鋼片(スラブ)を薄く圧延するために加熱するための設
備である。Fig.1に加熱炉の概要を示す。バーナー加熱に
より所定の温度に保たれた炉内を鋼片が運ばれ赤熱状態で
圧延設備に送られる。鋼片搬送にはウォーキングビームと
呼ばれる方式が採用されるケースが多い。これは上昇，水
平移動，下降，水平移動 (初期位置復帰)，を繰り返す移動
ビームと固定ビームが交互に鋼片を保持して搬送する方式

1.　Introduction

　The reheating furnace is a facility to reheat semi-
final steel products, such as slab or bloom, which 
are hot-rolled to thin steel sheet products, bar 
steel products with round or square sections or 
other shaped steel products at rolling mills in the 
steel industry. A schematic diagram of a reheating 
furnace is shown in Fig. 1. Semi-final steel products 
are transferred in a reheating furnace with the inner 
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要　旨
　本報は，加熱炉に使用される当社グループの耐火物とセラミックファイバーの技術について述べている。吹
付プラスチック，および乾式吹付プラスチックの適用により施工負荷の軽減が期待できる。新開発のケミカル
ボンドキャスタブルは高い耐スポーリング性と耐FeO性を示し，スキッド寿命の延長が可能である。断熱性と
耐スケール性に優れる新開発のファイバー製品の適用により，熱損失の大幅な低減が期待できる。今後も，操
業に応じた組合せの最適化や新材料の開発に継続して取り組んでいく。

Abstract

　Refractory materials used in the reheating furnace are outlined in this article, along with review of heat 

insulation technologies used for ceramic fiber products in the reheating furnace. By applying gunning 

plastic refractory and dry-gunning repair plastic refractory, marked labor saving is expected in refractory 

relining and maintenance work. Service life extension of refractories relined on the skid post and skid 

beam has been achieved by application of newly developed chemical bond castable refractory, which is 

characterized by improved thermal spalling resistance and erosion resistance to FeO. Marked heat loss 

reduction was realized by application of the developed ceramic fiber products with superior thermal 

properties and sufficient erosion resistance to FeO. Further development or optimization, such as 

optimization in applied technologies for reheating furnace operational conditions as well as developing 

heat insulation products combined with refractory and CF product, will be challenged. 
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で鋼片の表面に傷がつきにくい特徴がある。
　加熱炉の操業は900℃程度の比較的低温領域から
1300℃を超える高温領域まで幅広く，また修繕時にはミ
スト冷却を実施して常温まで冷却されるなど，温度変動が
大きい。また，鋼片の表面酸化によって生じるスケールと
呼ばれるFeOなどの鉄酸化物との化学反応も生じ，使用
される耐火物にとっては過酷な環境である。加えて，加熱
炉から排出される熱をできるだけ低減することはカーボン
ニュートラル達成の観点から極めて重要で，断熱を強化す
る必要がある。これら耐火物の施工や補修は過酷な環境で
多くの工数をかけて行われており，施工差表負荷の軽減も
課題である。
　以下，当社グループにおける加熱炉用耐火物における施
工の省力化，高耐用化およびセラミックファイバーを活用
した断熱技術について紹介する。

2.　養生収縮抑制プラスチック吹付材
PA-607G

　連続式加熱炉が多く建設された1960年代から1970
年代は，内張耐火物として耐火れんがが用いられるのが
主流であった 1)。その後バーナー数の増加に伴い炉圧が
高くなり，れんが目地からのガス漏れに対応するため，
可塑性 (Plasticity) を有する不定形耐火物であるプラス
チック耐火物が採用されランマーで打ち込むことで施工
された (Fig.2) 2, 3)。1980年代には吹付プラスチック工法 4)

が開発された。この工法は湿潤状態にあるプラスチック
耐火物の造粒物 (Fig.3)をエアーで搬送し吹付けるもの

temperature kept at a specified temperature by 
reheating burners, and redly heated semi-final steel 
products are supplied to the hot-rolling mill. A walking 
beam system is usually applied for transferring 
semi-final steel products in reheating furnace. In the 
walking beam system, semi-final steel products are 
alternately held by a fixing beam and walking beam. 
The system repeats sequential cycle of ascending 
(lifting up semi-final steel product), advancing 
horizontal movement, descending (putting down 
semi-final steel product) and regressing horizontal 
movement (for returning to initial position) so as 
to forward semi-final steel products to discharge 
direction. In comparison with the old-fashioned 
pushing method, scratched defects on the semi-final 
steel product surface are prevented in the walking 
beam system. 
　The operation temperature of the reheating 
furnace ranges from a relatively low temperature of 
approximately 900 ℃ to a high temperature of over 
1300 ℃. At maintenance works, refractories relined 
in the reheating furnace are cooled down from 
operation temperature to ambient temperature 
by mist spraying, resulting in exposure to large 
temperature fluctuation. In addition, chemical 
reaction between refractories and iron oxide 
components (usually FeO), which are generated as 
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Fig.  1　Schematic diagram of reheating furnace.



で  (Fig.4)，①施工能率が３～４t/hと高い，②発塵が非常
に少なく作業環境に優れる，③型枠無しで施工可能，④複
雑形状の炉壁への施工が容易，⑤エアーのみで施工するた
め，施工に水分や液体バインダーの調整といった熟練を要
さない，⑥施工完了後の掃除が簡便，⑦施工装置がコンパ
クト (Fig.5)といった点があげられ，施工の省力化と工期
短縮が図られた。

mill scale by surface oxidation of semi-final steel 
products, ceaselessly takes place in the reheating 
furnace. In short, refractories in the reheating furnace 
are exposed to severe operational conditions. At 
the same time, since, from the standpoint of achiev-
ing a carbon-neutral society, it is quite important to 
minimize heat emission from the reheating furnace, 
intensification of reheating furnace thermal insula-
tion is highly required. Meanwhile, since refractory 
relining and/or maintenance work are conducted 
with huge manpower under oppressive working 
conditions, laborsaving activities to reduce or lighten 
labor loads are also required. 
　Improvement of reheating furnace refractory 
performance, thermal insulation technologies utiliz-
ing ceramic fiber products and reducing labor in 
reheating furnace refractory relining work, which 
have been carried on by the authors’ company and 
its group companies, are reviewed in this article. 

2.　Gunning Plastic Refractory with 
Minimized Curing Shrinkage, PA-607G 

　During the period from the 1960’s to 1970’s, in 
which a large number of reheating furnaces were 
constructed, refractory bricks were majorly applied 
as the relining refractory material of the reheating 
furnace 1). Afterwards, in association with the increase 
in the number of reheating burners, the reheating 
furnace pressure was raised, accompanied by waste 
gas leakage from the joints of the relined bricks. As a 
countermeasure for such situation, ramming a plastic 
refractory with plasticity, one type of monolithic 
refractory, was developed and, as shown in Fig. 2, is 
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Fig.  2　Scene of ramming plastic refractory 
installation onto wall surface.

Fig.  3　Appearance of gunning plastic refractory.

Fig.  4　Scene of gunning plastic refractory 
installation onto wall surface.

Fig.  5　Exterior view of gunning machine 
of gunning plastic refractory.



　一方で，施工体表面をビニール養生して乾燥による収縮
亀裂防止を図る必要があることが作業上の課題となってい
た。当社は，この養生収縮の抑制を図った材質を開発した。
　Table 1に，プラスチック吹付材の代表特性を示す。加
熱炉で一般的に使用されるAl2O3値60％クラスを一例とし
て示している。
　Fig.6に，吹付施工後に大気中に保管した日数と残存線変

applied by pounding with rammer 2, 3). In the 1980’s, 
plastic refractory gunning construction method 4) 
was developed. In this construction method, 
granulated plastic refractory lumps in wet condition 
(appearances shown in Fig. 3) are pneumatically 
gunned on the relining wall surface as per Fig. 4. 
This construction method has following advantages, 
(1) 3-4 tons/hour of high relining efficiency, (2) good 
working condition with little dust emission, (3) no 
necessity for assembling a molding frame, (4) easy 
relining on complex shaped surfaces, (5) operation 
with only compressed air as utility which does 
not require specialized skills for water or binder 
adjustment, (6) concise and easy cleaning after 
relining operation and (7) compactness of operation 
equipment which is shown in Fig. 5, hence the overall 
construction time period was remarkably shortened 
in association with labor reduction. 
　A confronting issue in this construction method 
is that relined plastic refractory body needs be 
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Table 1 　Typical characteristics of PA-607G and conventional gunning plastic refractory

Product PA-60G PA-607G

Chemical Composition
/ %

Al2O3

SiO2

58
35

60
35

Linear change
/ %

110℃-24 h
1000℃-3 h
1500℃-3 h

-0.19
-0.37
+0.07

-0.09
-0.31
+0.06

Modulus of rupture 
/ MPa

1000℃-3 h
1500℃-3 h

1.1
6.8 1.8

6.8

Cold compressive 
strength
/ MPa

110℃-24 h
1000℃-3 h
1500℃-3 h

3
8
11

4
9
10

Apparent porosity
/ %

110℃-24 h
1000℃-3 h
1500℃-3 h

21.4
23.7
21.3

20.1
22.4
20.6

Bulk specific gravity
/ -

110℃-24 h
1000℃-3 h
1500℃-3 h

2.33
2.29
2.29

2.34
2.31
2.31

Maximum service temperature / ℃ 1700 1700

Installation weight per unit volume
/ kg・m-3 2,530 2,530

Notes Conventional product Gunning plastic refractory with 
minimized curing shrinkage

Fig.  6	 Relation between keeping time duration of 
relined plastic refractory body and permanent 
linear shrinkage caused by curing.



化率の関係を示す。従来品は吹付翌日から大きく変化し，
-0.6％程度まで収縮する。一方，膨潤度の異なる粘土を適
用した開発品は-0.2％未満の収縮率を達成し，ビニール養
生と同等の養生収縮抑制効果を実現した。
　また，Fig.7に示す実炉を模した大型実験を実施し，養生
収縮亀裂を評価した。実炉と同様にアンカーれんがを設置
し，その周囲に従来品と開発品を吹付けた。Fig.8に施工後
20日養生後の亀裂発生状況を示す。開発品は20日養生後
でも収縮亀裂は発生せず，大型実験においても優れた養生
収縮抑制効果を確認した。

cured with covering its whole surface with vinyl 
to prevent crack initiation caused by shrinkage 
induced by curing or drying. To eliminate such 
difficulty, gunning plastic refractory with minimized 
curing shrinkage, PA-607G, was developed. The 
typical characteristics of PA-607G are summarized 
in Table 1 in comparison with conventional gunning 
plastic refractory composed of around 60 % Al2O3. 
　Fig. 6 shows the relation between keeping time 
duration of relined plastic refractory body in ambient 
atmosphere after installation and permanent linear 
shrinkage caused by curing. Conventional gunning 
plastic refractory body exhibits marked shrinkage 
within one (1) day after installation, followed by 
further change to roughly -0.6% of permanent 
shrinkage. While, the developed gunning plastic 
refractory (PA-607G), for which clay raw material 
with a different level of wet condition was adopted, 
exhibits smaller than -0.2% of permanent linear 
shrinkage, which is equivalent to the curing shrinkage 
of conventional product cured with vinyl covering on 
its surface. 
　In order to evaluate the sensibility of crack 
initiation caused by curing shrinkage, a simulative 
experiment was conducted with conventional and 
developed gunning plastic refractory onto a large-
sized panel in which, as shown in Fig. 7, anchor 
bricks were installed. The surface appearances of 
two types of gunning plastic refractories, which 
were gunned onto large-sized panels and cured 
for 20 days, are comparatively shown in Fig. 8. No 
cracks caused by curing shrinkage were observed 
on the gunned surface of the developed gunning 
plastic refractory after 20 days of curing. Superior 
curing shrinkage property of the developed gunning 
plastic refractory, PA-607G, is affirmed in large scale 
simulative gunning experiment. 

3.　Dry-gunning Repair Plastic Refractory, 
JTM-N-19 

　Since reheating furnaces are operated for several 
decades, which is a lengthy time period, localized 
peel-off of relined gunning plastic refractory 
occasionally takes place. Based on half-yearly 
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Fig.  7　Appearance of large-sized panel with 
anchor bricks used for simulative 
gunning experiment.

Fig.  8　Surface appearances of two types 
of gunning plastic refractory gunned 
onto large-sized panel and cured 
for 20 days.

Conventional produc

Developed product



3.　乾式プラスチック吹付補修材　JTM-N-19

　加熱炉は数十年という長い期間使用されるため，前述の
プラスチック吹付材施工部位が局所的に剥離する場合があ
る。半年毎の炉内点検で損傷状況を確認し，部分解体，補
修を実施するが，局所的な少量の補修には前述のプラス
チック吹付よりさらにコンパクトな工法が好ましい。そこ
で，コンパクトな吹付装置コアラmini 5) (Fig.9)を炉内に持
ち込み，プラスチック吹付材を乾式で施工する補修を提案
している。
　Table 2に，乾式吹付プラスチック材の代表品質を示す。
粘土およびアルミナセメント含有量を最適化し，イニシャ
ル施工に使用されるプラスチック吹付材に近い配合設計と

inspection work on the damaged condition of 
refractories relined in the reheating furnace, 
partial demolishing and repair work is conducted 
on locally damaged area. For minor repair work 
of quite localized damage, more convenient and 
easier repair method than plastic refractory gunning 
is preferable. In this regard, repair work with dry-
gunning repair refractory using lightweight portable 
dry-mix gunning machine, KOALA-mini 5) (exterior 
view shown in Fig. 9), is highly recommended. 
　The typical characteristics of dry-gunning repair 
refractory material are shown in Table 2. By optimizing 
contents of clay raw materials and alumina cement, 
the blended compositions of dry-gunning repair 
refractories were designed so as to be equivalent to 
those of gunning plastic refractory, which is used for 
initial relining. Fig. 10 shows the scene of the gunning 
experiment of dry-gunning repair refractory mate-
rial, in which, instead of KOALA-mini, a commonly 
applied gunning machine was used. Dry-gunning 
repair refractory, JTM-N-19, exhibits superior adhe-
sion property to secure roughly 300 mm thickness 
of gunned body with low dust emission in gunning 
operation. 
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Fig.  9	 Exterior view of lightweight portable 
dry-mix gunning machine, KOALA-mini 5).

Table 2 　Typical characteristics of dry-gunning 
repair refractory material

Product JTM-N-19

Linear change
/ %

110℃-24 h
1000℃-3 h
1400℃- 3 h

+0.01
-0.22
+0.12

Modulus of rupture
/ MPa

110℃-24 h
1000℃-3 h
1400℃-3 h

 2.5
 2.1
 9.2

Apparent porosity
/ %

110℃-24 h
1000℃-3 h
1400℃-3 h

24.6
30.3
0.4

Bulk specific gravity
/ -

110℃-24 h
1000℃-3 h
1400℃-3 h

2.14
2.06
2.05

Chemical
composition

/ %

Al2O3

SiO2

55
35

Notes Medium 
alumina

Fig.  10	 Scene of gunning experiment of dry-	
gunning repair refractory material.



した。Fig.10に吹付テスト状況を示す。このテストはコア
ラminiではなく一般的な乾式吹付装置を用いて行われた。
乾式プラスチック吹付補修材は発塵が少なく，約300mm
の施工厚みを確保可能な優れた接着性を有することを確認
した。

4.　高耐FeO性ケミキャスト材　CCT-A617

　ウォーキングビーム式加熱炉のスキッドポストやスキッ
ドビームは鋼製パイプの周囲を耐火物で被覆したもので，
パイプ内を水冷して鋼材の劣化を防止することで長期間の
稼働が可能となる。被覆用の耐火物にはアルミナ-シリカ
質キャスタブルが主に使用されてきた。この部位は，駆動
による物理的衝撃や加熱冷却による熱衝撃で亀裂が発生し
割れた部位から脱落に至る損傷形態を示す。また，スケー
ルアタックによるFeOの浸潤・侵食も生じている。これに
対し，コロイダルシリカをバインダーとして用いたケミカ
ルボンドキャスタブル（以下，ケミキャストと記す）をベー
スに最適化を図ったケミキャストCCT-A617を開発した。
　るつぼ浸潤試験方法および評価結果をFig.11，Table 3
に示す。ケミキャストCCT-A617は従来のセメントキャス

4.　Chemical Bond Castable Refractory
with High Erosion Resistance to FeO, 
CCT-A617

　The skid post and skid beam in the walking beam 
system are configured with a steel pipe in which 
cooling water is circulated and refractory material 
is relined on the outer surface of the steel pipe. 
The reheating furnace can be operated for lengthy 
time period by applying water cooling to prevent 
deterioration of steel materials used in the skid post 
and skid beam. Alumina-silica castable refractory 
has been used as a major relining material on the 
outer surface of the steel pipe.  Castable refractory 
relined on the skid post and skid beam is damaged 
by mechanical impact caused by walking beam 
movement as well as by thermal shock induced 
by heating-cooling, resulting in crack initiation and, 
finally, peeled-off damage. In addition, the refractory 
is damaged by the FeO component in the generated 
mill scale, resulting in erosive damage and/or 
formation of an FeO infiltrated layer. Chemical bond 
castable refractory with better consistency between 
mechanical strength and erosion resistance, CCT-
A617, was developed by applying colloidal silica in 
order to improving durability of castable refractory 
relined on skid post and skid beam. 
　A schematic diagram of the erosion test  
performed on the crucible specimen sample at 
1500 ℃ for 3 hours with mill scale used as the 
erosive agent is shown in Fig. 11. As per Table 3, in 
which a cross section of the two types of castable 
refractory crucible specimen samples subjected 
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Fig.  11　Schematic diagram of crucible sample erosion testwith mill scale.

Table 3 　Cross section of two types of castable 
refractory crucible sample specimens 
after erosion test



タブルCA-160と比較して大幅な浸潤抑制効果を実現して
いる。
　Table 4に， ケミキャストCCT-A617とセメント
キャスタブルCA-160の特性品質を示す。ケミキャスト
CCT-A617は加熱処理温度の上昇に伴って強度が増大す
る特徴を示し，セメントキャスタブルCA-160のような
1000℃加熱後の強度低下がなく，加熱処理温度変化に伴
う強度変化が小さい特徴を有している。
　ケミキャストCCT-A617は，加熱炉スキッドポストおよ
びビームでのテストを実施しており，４年以上経過後も亀
裂や剥離損傷は非常に軽微である結果を得ている。

5.　加熱炉向けセラミックファイバー

　セラミックファイバー  (以下，CFと記す) は，セメント
キャスタブルと比較して低密度のため熱伝導率が低く蓄熱
量も少ないため，1980年代から加熱炉用耐火材として部
分的に採用され 6），稼働時の放散熱量と蓄熱損失の低減が
確認されている。

to the erosion test is comparatively shown. Newly 
developed chemical bond castable refractory, CCT-
A617, exhibits much better erosion resistance to FeO 
than conventional alumina-cement bond castable 
refractory, CA-160. 
　The major chemical and physical properties of 
two types of castable refractories, namely, CCT-
A617 and CA-160, are shown in Table 4. The hot 
modulus of rupture of chemical bond castable 
refractory, CCT-A617, containing colloidal silica 
steadily increases with the elevation in temperature 
without the strength reduction at around 1000 ℃, 
which can be seen in conventional alumina-cement 
bond castable refractory, CA-160. 
　Practical application test of chemical bond 
castable refractory, CCT-A617, for skid post and skid 
beam has been conducted, and it was affirmed that 
initiated cracks or peel-off damages were quite minor 
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Table  4　Major chemical and physical properties of two types of castable refractories

Product CCT-A617 CA-160

Chemical composition
/ %

Al2O3

SiO2

70
28

46
44

Linear change
/ %

110℃-24 h
1000℃-3 h
1500℃-3 h

-0.01
0.00
0.43

-0.03
-0.10
0.50

Modulus of rupture
/ MPa

110℃-24 h
1000℃-3 h
1500℃-3 h

5.3
6.6
9.6

4.9
2.9
13.7

Installation weight per unit volume
/ kg･m-3 2640 2050

Binder Colloidal silica Alumina cement

Table  5　Major physical properties of several types of CF products applied to reheating furnace

Material 1600 Blanket
100

1600 D Block
130

1600
SS-MT-VFS Cement castable

Bulk density/kg･m-3 100 130 230 2000

Thermal insulation capability
　Thermal conductivity/W･m-1･K-1

　at 1000℃

+++

0.30

+++

0.38

+++

0.25

+

1.0

Thermal shock resistance +++ +++ +++ +

Scale resistance
Coating technology application

+
+++

+
+++

++
+++

++
-

Handling・easiness +++ ++ ++ +

+++: Excellent,　++: Good,　+: Average,　-: Out of scope



　Table 5に各耐火物の特徴を，Fig.12に加熱炉に用いら
れるCF製品の外観を示す。いずれもセメントキャスタブ
ルに比較して好ましい特性を示す。耐スケール性に劣る
が，コーティング技術を適用することで改善が可能である。
ブロック形態のCF製品は，側壁・天井に用いており，近年
では仕切壁のCFブロック化も進んでいる。また，加熱炉内
の他部位のCF化に向けて活動している。以下に代表製品
を紹介する。
5.  1　スキッドポストおよびスキッドビーム用CF

1600SS-MT-VFS
　加熱炉において，スキッドパイプの水冷に伴う熱損失は
大きな割合を占めており，まずはCFを積層施工する施工効
率の高い断熱構造が適用された。
　Fig.13に，1600ワイヤードブランケットのスキッドポ
スト施工イメージ図を示す。1600ワイヤードブランケッ
トは，CFブランケットを螺旋状に積層圧縮施工する製品で
ある。セメントキャスタブルと比較して，かさ密度が小さ

after over 4 years of reheating furnace operation. 

5.　Ceramic Fiber Products for Reheating
Furnace 

　Due to its low bulk density, in comparison with 
cement castable refractory, ceramic fiber (hereinafter 
referred to as CF) is characterized by low thermal 
conductivity as well as small heat storage volume. 
Because of such advantageous thermal properties, 
CF has been applied as heat insulation refractory 
material for the reheating furnace since the 1980’s 6), 
and a marked reduction in both heat loss from the 
reheating furnace and heat accumulation loss during 
reheating furnace operation has been clarified. 
　In a comparison with cement castable refractory, 
the major physical properties of several types of CF 
product applied for the reheating furnace, of which 
the exterior appearances are shown in Fig. 12, are 
summarized in Table 5. All the CF products cited 
in Table 5 exhibit better thermal properties than 
cement castable refractory. Their inferior physical 
property, erosion resistance to mill scale, can be 
improved by applying coating technology. Block 
shape CF products which have been used on 
the side wall and ceiling of the reheating furnace 
are recently applied to the partitioning wall, too. 
Application of CF products for other locations in the 
reheating furnace is proceeding. Typified examples 
of CF product application to the reheating furnace 
are outlined in the following sub-sections. 
5.  1　Application of CF product 1600SS-MT-

VFS to the skid post and skid beam 
　Since heat loss taken away by skid post cooling 
water occupies a large portion of the entire heat 
loss from the reheating furnace, a heat insulation 
structure with high application efficiency, in which 
CF blanket is rolled up on the outer surface of 
skid post forming a laminated structure, was firstly 
adopted. A schematic installation view of 1600 
wired blanket around a skid post is shown in Fig. 13. 
1600 wired blanket, which is CF blanket with wire 
reinforcement, is spirally built up tightly around the 
steel tube of the skid post so as to form a laminated 
structure. In comparison with castable refractory, 
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Fig.  12　Exterior appearances of CF products 
(L：Blanket C：Block R：VFS).

L

C

R



く，断熱性の向上および蓄熱量の低減による省エネ効果が
あり，各種加熱炉で実績がある。しかしながら，機械的強
度に弱いためコーティング処理をしてもスケールによって
一定の経年劣化が生じることが確認されている 7)。そのた
め，断熱性を維持し耐スケール性の向上を図ったCF成形体
である1600SS-MT-VFSを開発した。
　Fig.14に1600SS-MT-VFSの ス キ ッ ド ポ ス ト 施 工
イメージ図を示す。Table 5に示すように，1600SS-
MT-VFSは従来のCFブランケット (1600ブランケット
100) に比べ，かさ密度が２倍となり，熱伝導率が小さく
なっていることがわかる。Table 6に1600SS-MT-VFSと
1600ブランケット100を1400℃-24時間の条件でミル
スケールによる侵食試験の結果を示すが，1600SS-MT-
VFSはミルスケールに対する耐侵食性が大幅に改善されて
いることがわかる。1600SS-MT-VFSを適用することに
より，1600ワイヤードブランケット積層構造で見られた
CF製品の脱落や接合部の開口などのミルスケールの浸潤
に起因する損傷の抑制効果が期待できる。
　CF製品の適用による断熱効率の向上を評価するため，
Fig.15に模式的に示す従来型のスキッドパイプ上にキャ
スタブルを施工した構造 (L)，1600ワイヤードブラン
ケットを用いた積層断熱構造 (C)，スキッドポストと

1600 wired blanket characterized by much smaller 
bulk density can materialize superior energy saving 
efficiency by improved thermal insulation and small 
heat storage volume, and has been widely applied 
in various types of reheating furnaces. It is reported 
that, even though the outer surface of installed 1600 
wired blanket is processed with coating material 
to compensate for its poor mechanical strength 
and inferior erosion resistance to mill scale, age 
deterioration caused by mill scale takes place on 
assembled CF blanket 7). In order to improve such 
difficulty, tubular formed CF product with equivalent 
thermal properties of CF blanket and improved 
erosion resistance to mill scale, 1600SS-MT-VFS, 
was developed.
　A schematic installation view of 1600SS-MT-VFS 
around skid post is shown in Fig. 14. As indicated 
in Table 5, 1600SS-MT-VFS exhibits almost double 
the bulk density of conventional CF blanket (1600 
Blanket 100) with lower thermal conductivity. As 
per Table 6, in which results of the erosion test on 
1600SS-MT-VFS and 1600 Blanket 100 at 1400 ℃ 
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Fig.  13　Schematic installation view of 1600 wired blanket around skid post.

Steel tube

1600 wired blanket



1600SST-VFS間にCFブランケットを配置した断熱構
造 (R)の３種類の断熱構造について定常熱伝達計算を実施
した。評価の主目的は，断熱構造の構成による断熱効率の
相対比較であるため，断熱材の厚みを同等とし (支持金具
の影響は考慮しない），スキッドポスト水冷条件 (入口水
温，流量) 等の運転条件を同一として熱伝達計算を実施し
た。熱伝達計算の結果，出口冷却水温度と熱流束をTable 
7にまとめた。キャスタブルで構成された構造に比べ，CF
製品で構成された断熱構造では，熱流束が約90%減少する
のに伴い，出口冷却水温が約10℃低下していることがわか
る。従来のキャスタブルによる断熱構造とは異なり，CF製
品による断熱構造では支持金具の必要数が大幅に減少する
という施工工程での実用面を考慮すると，CF製品の適用に
よる断熱効率の向上は，支持金具による熱損失の減少によ
り上記の計算結果以上と推察される。
5.  2　バーナーブロック　1600Dブロック130，

FMXチューブ
　バーナーブロックは，耐熱性に加えて耐熱衝撃性および

for 24 hours with mill scale as erosive agent are 
shown, 1600SS-MT-VFS exhibits well improved 
erosion resistance to mill scale. It is expected that 
damages caused by mill scale infiltration, such as 
drop-off of CF product or joint opening, observed 
in 1600 wired blanket laminated structure can be 
prevented by 1600SS-MT-VFS application. 
　To evaluate the improved thermal insulation 
efficiency by application of CF products, steady state 
thermal transfer calculation was conducted on three 
types of heat insulation structure configurations 
which are schematically illustrated in Fig. 15, namely, 
a conventional structure composed of castable 
refractory relined on skid pipe, a laminated insulation 
structure with 1600 wired blanket and insulation 
structure with CF blanket which situated between 
the skid post and 1600SS-MT-VFS. Since the major 
purpose of evaluation was relative comparison of 
thermal insulation efficiency by configuration of heat 
insulation structure, thermal transfer calculation was 
conducted with similar thickness of insulation material 
(with no consideration on influences of supporting 
fitting) under the same operational conditions, such 
as skid post water cooling conditions (inlet water 
temperature and flow rate). The results of thermal 
transfer calculation, namely, outlet cooling water 
temperature and heat flux, are summarized in 
Table 7. In comparison with heat insulation structure 
composed of castable refractory, outlet cooling 
water temperature was lowered by roughly 10 ℃ in 
a heat insulation structure composed of CF products 
in association with reduction of heat flux by around 
90 %. Taking into account the practical aspect in 
the relining process that, unlike a conventional heat 
insulation structure composed of castable refractory, 
the necessary number of supporting fittings is 
markedly lowered in a heat insulation structure with 
CF products. It is inferred that improved thermal 
insulation efficiency by application of CF products 
will exceed the calculation results because of 
reduction of heat loss by the supporting fittings. 
5.  2　Burner block, 1600D block and FMX

tube  
　Because of requirements for appropriate heat 
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Fig.  14	 Schematic installation view of 1600SS-
MT-VFS around skid post.



12

No. 66　2023 Report

Table  6　Results of erosion test on 1600SS-MT-VFS and 1600Blanket 
100 at 1400℃ for 24 hours with mill sale as erosive agent 

1600 Blanket100 1600SS-MT-VFS

Appearance
 surface  side

Erosion thickness
/mm 5 1

Fig.  15　Heat insulation structure configuration for steady state thermal transfer calculation 
	 (L : Castable refractory, C：1600 wired blanket, R：1600SS-MT-VFS).



耐風速性が求められるため緻密な耐火物が使用されるのが
一般的であるが，CF製品を用いたバーナーブロックに置き
換えることで熱容量が小さくなり，省エネ効果が期待され
る。
　Fig.16にバーナーブロックをCF化したバーナーブロッ
クのイメージを示す。耐風速性向上の手段に，表面コー
ティング材の使用，またはCFブロックの高密度品の選定等
がある。
　一方，現在主流である省エネルギー効果の高いリジェ
ネバーナーは，通常のバーナーと比較して排熱回収時の
風速が大きく，CFブロックの局所的な損傷が懸念され
る。リジェネバーナーのように耐風速性が求められる場
合は，最内層に薄肉の高密度CF製品であるFMXチューブ 
(Fig.17) を配置することで，CFブロックの損耗を抑制し，
断熱効果との両立が可能である。

6.　今後の取り組み

　上述してきたように，耐火物施工の省力化，高耐用化，
CFによる断熱強化を進めている。加えて，昨今の地球環境
問題の観点から，今後ますます省エネルギー化のニーズは
高まると予想され，紹介した製品を含めて更なる断熱技術
の発展が求められる。今後，操業に応じた紹介技術の組み
合わせの最適化や耐火物とCFの複合製品の開発など，当社
グループの強みを生かした製品開発に取り組みたい。

resistance, thermal shock resistance and wind 
speed resistance, dense refractory material is 
usually applied for burner block installed around 
furnace reheating burner. When a CF product is 
adopted as the burner block material, a certain level 
of energy saving is expectable because of its smaller 
heat storage volume. An image of burner block 
manufactured with a CF product is shown in Fig. 16. 
To secure wind speed resistance, CF product burner 
block surface was processed with coating material 
and/or a highly densified CF product is adopted. 
　In the case of mainstream regenerating burner 
which is characterized by higher energy saving 
effect, wind velocity at exhaust heat recovery is 
much higher. When burner block composed of 
CF product is applied for regenerating burner, 
localized damage on the burner block is a concern. 
For such circumstance, adopting FMX tube made 
of a highly densified CF product, of which the 
exterior appearance is shown in Fig. 17, at the 
innermost layer is recommendable so as to secure 
consistency between thermal insulation efficiency 
and suppression of damages on CF burner block. 

6.　Future Activities 

　As reviewed above, reducing labor in reheating 
furnace refractory relining or maintenance work, 
improvement of durability of refractories used in 
the reheating furnace and intensification of thermal 
insulation of the reheating furnace with a variety of CF 
products have been carried on. Since it is prospected 
from recent viewpoint of global environment that 
efforts for further energy conservation are required, 
development or optimization of heat insulation 
technology for the reheating furnace is necessitated. 
By exerting our company’s strengths, further 
development or optimization, such as optimization 
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Table  7　Thermal transfer calculation results on three types of heat insulation 
structure configuration

Conventional 1600 wired blanket 1600SS-MT-VFS

Water temperature / ℃ 81 72 71

Heat flux / W･m-1 19,000 2,300 2,000

Fig.  16　Image of burner block manufactured 
with CF product.



7.　まとめ

　鉄鋼製造に用いられる加熱炉用耐火物として，当社グ
ループのプラスチック吹付材，ケミカルボンドキャスタブ
ル，ファイバー断熱材を紹介した。これらにより施工の省
力化，高耐用化，熱損失の低減が期待できる。今後，地球環
境問題の観点からさらなる製品の開発に取り組んでいく。

in applied technologies for reheating furnace 
operational conditions as well as developing heat 
insulation products combined with refractory and 
CF products, will be challenged. 

7.　Conclusion 

　As refractory products used in reheating furnace in 
steel industry, gunning plastic refractories, chemical 
bond castable refractories and CF heat insulation 
materials were reviewed in this article. By applying 
these products, labor reduction in reheating furnace 
refractory relining work, improvement of durability 
of reheating furnace refractories and reduction in 
heat loss from the reheating furnace can be realized. 
From the viewpoint of the global environment, 
further development of reheating furnace refractory 
products which would contribute to energy 
conservation shall be carried on.
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Fig.  17　Exterior appearance of FMX tube made 
of highly densified CF product.


