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Alloying Degree Analysis Method for Galvannealed Steel Sheets

Shigeyuki Mori, Koichi Takeucm and Yoshiro Matsumoto

Synopsis :
lower cost.

One of the advantages of galvannealed (GA) steel sheet over electroplated one is that the thick coating is realized in
The increase of the alloying degree, the iron concentration in GA coating is favorable for coating adhesion

and corrosion resistance after painting, whereas accelerates powdering in the press forming process. Therefore, it is
important to control the alloying degree in the production of GA steel sheet.

The accuracy oy of the alloying degree analytical methed applicable to on-line analysis is reported as 0.6 mass%
using the analytical curve, i.e., the relationship between the alloying degree and the X-ray diffraction (XRD) intensity
ratio of (633) plane of I" alloy phase in the coating to the background. However, the accuracy is not good enough and
little is known about the influence of GA steel sheet production condition, e.g., temperature and Al concentration in
galvanizing bath, oxidizing degree and temperature of steel sheet before galvanizing and the galvanizing time on the
alloying degree analysis. Moreover, few reports deal with the comparison of correlation between the alloying degree and

several XRD intensity ratios.

We found out that the XRD intensity ratio most correlated was I’(633) /& (160) and that the analytical curve using
' (633)/£(160) intensity ratio shifted according to the production condition due to the change of the thickness
ratio I'/&. Therefore, we introduced the standard analytical curve that predicts the alloying degree from the corrected

XRD intensity ratio ; corrected according to the production condition.

By using this curve and the corrected XRD

intensity ratio I'(633)/&(160) for the unknowns, the alloying degree was analyzed with the accuracy oy of 0.46

mass%.

Key words : on-line analysis ; alloying degree ; galvannealed steel sheet ; X-ray ; X-ray diffraction ; accuracy.
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Table 1. Specimen preparation condition.

Substrate steel Ti-killed super-low carbon steels|

Pre-oxidation degree of substrate 0, 0.64, 1.06, 5.07 g/m*

Substrate temperature before galvanizing 430, 460, 490 C

Al concentration in Zn-bath 0.041, 0.094 mass%

Zn-bath temperature 430, 460, 500 °C

Galvanizing time 1,3, 6s

Table 2. XRD (6-26) measurement condition.
Tube Co

Irradiation condition 35kV - 150mA
Incident & diffraction angles 6, 65° <20 < 102°
Slits DS 1°-SS 1°-RS 0.45mm-RS,, 0.15
KB reduction Graphite (0002) monoclometer
Detector Scintillation counter

2 0 Scan.Speed-Sampling step 0.1° /min - 0.02°
Specimen spin on
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Fig. 1. X-ray diffraction profiles of GA steels with
(a) poor, (b) moderate and (c) excess alloying
degree.
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Fig. 2. Change of X-ray diffraction profile as a
function of alloying degree of GA coating.
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Fig. 3. Relationship between alloying degree of GA
coating and X-ray diffraction intensity
ratio T (633) / € (160).
Specimens were prepared under standard
production condition.

Table 3. Analytical curve coefficients and accuracy
in alloying degree determination (n=28).

Diffraction |Analytical curve coefficients*|Accuracy oy
intensity ratio a b _(mass%)
T(633)/5(160) 2.201 10.84 0.50

I'(633)/BG 6.054 7.387 0.82

| £(160)/8,(554) -2.749 8.289 0.66

*Analytical curve used was “(alloying degree)=a-In(intensity ratio)+b.”
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Fig. 4. Relationship between alloying degree of GA
coating and X-ray diffraction intensity ratio
T (633) / £ (160) as a function of Al concen-
tration in Zn bath. Specimens were prepared
under several production conditions.
Analytical curves were (Fe mass%)=3.194+
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mass?% Al
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Fig. 5. Effect of galvanizing time in Zn bath on X-ray diffraction intensity ratio I" (633)/ & (160) and thickness

ratio I'/ €.
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Fig. 6. Effect of steel temperature before galvanizing on X-ray diffraction intensity ratio T (633) / & (160)

and thickness ratio T'/&.
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Fig. 7. Relationship between alloying degree of GA

coating and corrected X-ray diffraction
intensity ratio T" (633) / & (160). Specimens
were prepared under several production
conditions.
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