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Research method

Role of SPring-8

Background Results
Achievements

Control of Conditions of Finished Surface of 
Alloyed Hot-Dip Galvanized Steel Sheets
Elucidation of alloying reaction inside zinc coating

X-ray di�raction/
scattering

Clari�cation of growth behavior of an iron-zinc (Fe-Zn) alloyed layer in an alloyed 
hot-dip galvanized steel sheet*  by real-time in situ observation during the 
alloying process

Establishment of guidelines for creating a smooth and durable coating surface

R&D facility: Sumitomo Metal Industries, Ltd.

*Alloyed hot-dip galvanized steel sheet: Hot-dip galvanized steel sheets are obtained by coating zinc (Zn) over a steel sheet surface.  These 
sheets have been used for many years because of their excellent corrosion resistance.  However, small swellings are generated under the Zn coating 
after galvanization, causing the delamination of the coating and the deterioration of weldability.  These problems can be solved by changing the Zn 
coating into an Fe-Zn alloy through heat treatment after hot-dip galvanization.  The thus-obtained alloyed hot-dip galvanized steel sheet has been 
widely used in automobiles in recent years.

The condition of the �nished surface of alloyed 
hot-dip galvanized steel sheets is considerably 
a�ected by the initial formation behavior of Fe-Zn 
intermetallic compounds in the Zn coating.  
Hence, it was necessary to understand the entire 
process of the formation of Fe-Zn intermetallic 
compounds including the initial formation.

Thus far, the observation and measurement 
had been carried out after temporarily cooling a 
heat-treated hot-dip galvanized steel sheet to stop 
the formation of intermetallic compounds in the 
Zn coating.  Therefore, the initial formation 
behavior of intermetallic compounds had not 
been clari�ed.

We succeeded in the real-time in situ observation 
of the process by which Fe-Zn intermetallic 
compounds are grown in the Zn coating of an 
alloyed hot-dip galvanized steel sheet from the 
initial stage using the high-brilliance X-ray at 
SPring-8.

The analysis result of X-ray di�raction pro�les 
obtained in real time revealed that the growth rate 
of Fe-Zn intermetallic compounds depends on the 
di�usion velocity at which Fe atoms are mixed 
with Zn atoms, rather than the rate at which Fe 
atoms react with Zn atoms to form Fe-Zn 
intermetallic compounds, even at the initial stage 
of the growth.  From this result, we established 
guidelines for technologies to control the initial 
stage of the formation of intermetallic compounds, 
which is important for creating smooth coating 
surfaces.

Zn is attached to a continuously moving steel sheet.

Hot-dip galvanizing line

The �gure below shows an SEM cross-sectional image of a Zn 
coating that was cooled in the middle of an alloying reaction.  
Fe-Zn intermetallic compounds are grown on the interface 
between the Zn coating and steel sheet.

Structure inside coating of alloyed hot-dip 
galvanized steel sheet (SEM image)

Formation of the Fe-Zn intermetallic compounds is prevented for 7s 
after the Zn coating melts; then, Fe-Zn intermetallic compounds are 
formed.  This indicates that a small amount of aluminum (Al) added to 
Zn forms an Fe-Al intermetallic compound layer on the interface 
between the Zn coating and steel sheet, preventing the reaction 
between the two; subsequently, Fe-Zn intermetallic compounds form 
after this Fe-Al intermetallic compound layer disappears.

X-ray di�raction pro�le associated with heating of hot-dip Zn coating

The thickness of the Fe-Zn intermetallic compound layer increases 
in proportion to the square root of time after the melting of the Zn 
coating during the formation process.  This indicates that the 
growth rate of the Fe-Zn intermetallic compounds is determined by 
the di�usion velocity of Fe atoms being mixed with Zn atoms.

Formation behavior of Fe-Zn intermetallic compound
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SPring-8 contributes to the Development of
Industries in addition to Academic Research.

SPring-8 was constructed at a great cost of 
about 110 billion yen in 1997 and has an annual 
maintenance cost of about 8.5 billion yen. Large 
facilities such as this have a major responsibility to 
maximize the use of their technologies, not only at 
the frontier of scienti�c research, but also for 
industry.

To accelerate the industrial application of 
SPring-8, JASRI introduced a coordinator system in 
FY2000, started operating public beamlines 
(currently three beamlines) specialized for 
industrial application in FY2001, and established 
the Industrial Application Division in FY2005, thus 
continuing technological development with the 
convenience of users.  Moreover, trial uses (trial, 

FY2002; systemized in FY2003–2005) and the 
Program for Strategic Use of Advanced Large-scale 
Research Facilities (FY2005–2006) were implemented.  
In addition, Feasibility Study Proposals for Industrial 
Application, which provide potential users of 
SPring-8 with the all-year-round opportunity to use 
SPring-8 through a simple application process, have 
recently been established.

The industrial applications of SPring-8 have 
expanded yearly as shown in the �gures owing to 
the improvement of the facility and its systems, 
and the implementation of programs. Not only has 
the number of users increased, but we have also 
seen users from new kinds of industry during this 
period.
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Number of Conducted Proposals at Public BLs by Affiliation

SPring-8 Measurement Service provides 
measurements using SPring-8 performed by sta� 
of the Industrial Application Division of JASRI 
instead of users.  Users can send samples to 
SPring-8 as well as visit SPring-8 and observe 
measurements.  The samples are measured and 
will be returned to the users in a month.

The Measurement Service aims to increase the 
convenience of SPring-8 for research institutions 
and companies that have di�culty in securing 
in-house technical sta� and to solve urgent 
requirements. The Service is regarded as one of 
the Proprietary Time-Designated Proposals in 
terms of service cost.  The cost to users is the sum 
of the beamtime fee (JPY 180,000 per 2 h), the 
�xed fee for consumable materials (JPY 2,680 per 
2 h), and the variable fee for materials actually 
used during measurements.

If you are interested in or wish to know more 
about the industrial applications of SPring-8, 
please visit our website (http://www.spring8.or.jp), 
where you can �nd many examples of industrial 
applications. If you wish to use SPring-8 or �nd out 
whether the measurements you require are 
possible, please contact our coordinators in the 
Industrial Application Division (Phone: +81-
(0)791-58-0924, E-mail: support@spring8.or.jp). 
They will help you use our facility if you are 
unfamiliar with the use of synchrotron radiation. 
We hope that you will make active use of our 
facilities.

We continue to promote industrial 
applications of SPring-8 capabilities, which would 
be available by implementing the top-notch 
measurement technologies.
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