
steel pipes having improved high-temperature strength 
and resistance to oxidation have been developing and 
manufacturing for the heat recovery steam generator. 
With high appreciation in the market, the production 
amount of these products have been increasing. This 
paper describes the product design and the properties.

1. Introduction
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�!3-%� 3!���� 4���� SHOWN� IN� Table 7	�� 4HIS� MATERIAL�
IS�A������#R
.B
6�STEEL�WITH�A�HIGH�7�CONTENT�AND�HAS�
SIGNIlCANTLY�IMPROVED�HIGH�TEMPERATURE�STRENGTH�IN�COM

PARISON�TO�THE�CONVENTIONAL������#R
��-O�STEEL�

*&%�3TEEL�APPLIED�A�PATENT�	�FOR�THE�CHEMICAL�COMPO

SITION�OF�THIS�STEEL�IN�������4HE�COMPANY�BEGAN�STUDYING�
STANDARDIZED�PRODUCTION�IN�THE�����S�AND�IS�NOW�GRADU

ALLY� INCREASING� ITS� RECORD� OF� SHIPMENTS��4HE� FEATURES� OF�
THE�STEEL�TUBE�MANUFACTURED�BY�*&%�3TEEL�ARE�AS�FOLLOWS�
��	� 'OOD� WELDABILITY� WITHOUT� PREHEATING� OR� POST
HEAT�

TREATMENT�OWING�TO�LOW�#�COMPOSITION�
��	� (IGH� RESISTANCE� TO� CRACKING� IN� HEAT� AFFECTED� ZONE�

�(!:	�OWING�TO�LOW�#�
�LOW�.�COMPOSITION�
��	� (IGH�CREEP�RUPTURE�STRENGTH�AT�ELEVATED�TEMPERATURES�

OWING�TO�MINIMIZED�!L�CONTENT�
3INCE� THE� VARIOUS� PHYSICAL� PROPERTIES� OF� THIS� MATE


RIAL� SUCH� AS� THERMAL� CONDUCTIVITY�� COEFlCIENT� OF� LINEAR�
EXPANSION��ETC��ARE�ON�THE�SAME�ORDER�AS�THE�CONVENTIONAL�
�����#R
��-O�STEEL��AND�IT�HAS�THE�DISTINCTIVE�FEATURES�
OF� HIGH� STRENGTH� AT� ROOM� TEMPERATURE�AT� ELEVATED� TEM

PERATURE� �Table 8	�AND�HIGH� TEMPERATURE�CREEP�STRENGTH��
WHEN� APPLIED� TO� THE� SAME� PARTS� AS� CONVENTIONAL� STEEL�
TUBES�� THIN
WALL�LIGHTWEIGHT� STEEL� TUBES� CAN�BE�USED��!S�
A� RESULT�� SUBSTANTIAL� ECONOMIC�BENElTS�CAN�BE�EXPECTED��
INCLUDING� REDUCTION� OF� COSTS� OF� WELDING�� STEEL� PRODUCT�
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4.2 Bainitic Microalloyed Steels for Hot Forging

4HE� MACHINE� STRUCTURAL� PARTS� MADE� OF� CARBON� AND�
ALLOY�STEELS�ARE�CONVENTIONALLY�MANUFACTURED�BY�QUENCH

ING�AND�TEMPERING��&ROM�THE�VIEWPOINTS�OF�RESOURCE�SAV

ING�� COST� REDUCTION� AND� ENERGY� SAVING�� HOWEVER�� *&%�
3TEEL�DEVELOPED�BAINITIC�MICROALLOYED�STEELS�AS�SUBSTITUTE�
MATERIALS�WHICH�ENABLE�OMISSION�OF�THESE�HEAT�TREATMENT�
PROCESSES��4HEY�ARE�THE�MICROALLOYED�STEELS�WITH�BAINITE�
STRUCTURE� IN� THE� AS
HOT� FORGED� AND� AIR� COOLED� CONDITION��
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PRESSING�CONCENTRATION�OF�ARC�AT� THE�BOTTOM�OF�A�DROPLET�
�MOLTEN�PART�OF�THE�WIRE�TIP�FORMED�BY�HEAT�OF�THE�WELD

ING� ARC	�� WHICH� REDUCES� SPATTER�� +-
��3(� IS� USED� IN�
!R
#/��GAS�SHIELDED�ARC�WELDING��4HE�ADDITION�OF�+�PRO

MOTES�SPRAY�TRANSFER��REALIZING�LOW�SPATTER�WELDING��7ITH�
+-
��3��WHICH�IS�USED�IN�PULSE�!R
#/��GAS�SHIELDED�ARC�

WELDING��THE�ADDITION�OF�+�ACHIEVES�SPATTER
LESS�WELDING�
&OR� #/�� GAS� SHIELDED� WELDING�� *&%� 3TEEL� DEVELOPED�

A� HIGH� FREQUENCY� PULSE� WELDING� METHOD� WHICH� REDUCES�
SPATTER�BY�APPROXIMATELY������AS� SHOWN� IN�Fig. 7��4HIS�
DEVICE� ACHIEVES� ULTRA
LOW� SPATTER� BY� CAUSING� VIBRATION�
OF� THE� SUSPENDED� DROPLET� USING� A� HIGH� FREQUENCY� PULSE�
IN�THE�WELDING�CURRENT�AND�OPTIMIZATION�OF�THE�CHEMICAL�
COMPOSITION�OF�WIRE��AND�FURTHER��BY�RElNING�THE�SIZE�OF�
THE�TRANSFERRED�DROPLET�BY�APPLYING�A�STRONG�ELECTROMAG

NETIC�PINCH�FORCE�DURING�THE�PULSE�PEAK�PERIOD�

6. Conclusions

!LL�OF�THE�PRODUCTS�DESCRIBED�HEREIN�HAVE�BEEN�HIGHLY�
EVALUATED� IN� THE� *APANESE� AND� FOREIGN�MARKETS� FOR� THEIR�
UNIQUE�PRODUCT�DESIGN�MATCHED�TO�CUSTOMER�NEEDS��HIGH�
PERFORMANCE�AND�HIGH�QUALITY��!S�A�RESULT��THEIR�PRODUC

TION�VOLUMES�ARE� INCREASING��4HE� TERMS�OF�CONSTRUCTION�
INDUSTRIAL� MACHINERY� AND� PLANT� PRODUCTS� ENCOMPASS� A�
WIDE� RANGE� OF� OBJECTS� WITH� DIVERSE� REQUIREMENTS�� &OR�
THE� FUTURE�� *&%� 3TEEL� IS� COMMITTED� TO� DEVELOPING� PROD

UCTS�WITH�A�HIGH�DEGREE�OF�UNIQUENESS�WHICH�MEET�THESE�
DIVERSE�MARKET�NEEDS�BY�APPLYING�STATE
OF
THE
ART�EQUIP

MENT�AND�AN�ADVANCED�QUALITY�CONTROL�SYSTEM�
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