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Effects of Manufacturing Parameter on Corrosion Characteristics
and Mechanical Properties of Zr-Nb-Sn Alloys

Abstract

Corrosion behavior and mechanical property of Zr-base alloys are greatly dependent on
rolling direction, heat treatment and chemical composition by the action of precipitation. So
proper manufacturing parameter is essential to obtain superior corrosion resistance and
mechanical property in Zr alloys. Effects of manufacturing parameter and heat treatment on
the corrosion behavior of Zr-Nb-Sn alloys were investigated in this study. f-Nb along with
(ZrNb)sFe precipitation and [-Zr were observed at 580C and 680C respectively. Texture of
(0002) plane developed more easily in cross rolling than direct rolling. Results of corrosion
experiment revealed that good corrosion resistance was shown in the specimen which contains

[f-Nb precipitation as well as the specimen in which cross rolling was carried out.
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Table 1. Chemical compositions of Zr-base alloy.

Alloy Composition
7r-0.4Nb-0.4Sn

Zr-0.4Nb-xSn 7r-0.4Nb-0.8Sn
7r-15Nb-0.4Sn

Zr-1.5Nb-xSn 7r-15Nb-0.85n

Table 2. Precipitate in Zr-Nb-Sn alloys(condition A).

Alloy Precipitate type crystal structure | size(nm) shape
Zr-0.4Nb-0.45Sn (ZrNb)oFe BCC 150 round
Z1r—-0.4Nb-0.85n (ZrNb):Fe BCC 150 round
Zr—-1.5Nb-0.45n fenriched, (ZrNb)-Fe BCC 80, 150 round
Zr—1.5Nb-0.85n fenriched, (ZrNb)-Fe BCC 80, 150 round

Table 3. Precipitate in Zr-Nb-Sn alloys(condition B).

Alloy Precipitate type crystal structure | size(nm) shape
Zr-0.4Nb-0.45Sn (ZrNb)oFe BCC 150 round
Zr—-0.4Nb-0.85n (ZrNb):Fe BCC 150 round
Zr-1.5Nb-0.4Sn B-Zr BCC 400 needle
Zr—-1.5Nb-0.85n (B-Zr BCC 400 needle

Table 4. Kearns number of Zr-Nb-Sn alloy at manufaturing parameter

(rolling direction).

sample Zr-0.4Nb-0.4Sn | Zr-0.4Nb-0.8Sn | Zr-1.5Nb-0.4Sn | Zr-1.5Nb-0.8Sn
direct rolling 0.72 0.73 0.73 0.71
cross rolling 0.74 0.76 0.77 0.75




‘ Manufacturing Step ‘ ‘ Condition A ‘ Condition B

| Beta trtatment || 1020°C/30min | 1020°C/30min |
| Hot rlolling | | 580C/10min | 680°C/10min |
| Annialing | | 580C/3h | 680C/3h |
| Ist colj rolling | | direct & cross | direct |
| Annelaling | [ 580C/ssh [ 680C/3n |
| 2rd coldl rolling | | direct & cross | direct |
| Annelaling | | 580C/3h | 680C/3h |
| 3nd colcll rolling | [ direct & cross | direct |
| Annialing | | 580C/3h | 680C/3h |

Fig. 1. Flow chart for manufacturing process.



Rolling direction : D.R.

0.4Nb 1.5Nb

D.R. : direct rolling

Fig. 2. Optical Micrographs of Zr-Nb-Sn alloy with manufacturing parameter at direct rolling.
(annealing temperature; 580, 68001 )



F.A. : 5800

0.4Nb 1.5Nb

D.R. : direct rolling, C.R. : cross rolling

Fig. 3. Optical Micrographs of Zr-Nb-Sn alloy with manufacturing parameter at 5800 .
(rolling direction; direct, cross rolling)



Rolling direction : D.R.

0.4Nb

1.5Nb

580U

0.4Sn

0.8Sn

D.R. : direct rolling

6800

580U

6800

Fig. 4. TEM Micrographs of Zr-Nb-Sn alloy with manufacturing parameter at direct rolling
(annealing temperature; 580, 6800 )
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MAX= 818

(a) Direct rolling

(b) Cross rolling

Fig. 6. (0002) pole figure of Zr-Nb-Sn alloy at each manufacturing
parameter; rolling direction (a) direct rolling (b) cross rolling
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