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Effect of Scrap Impurities on Microstructure and
Mechanical Properties of Zr Alloys
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Abstract

In this study, the effect of scrap ratio on the mechanical properties of Zr alloys was studied. Oxygen content in the ingot cake
increased rapidly with increasing fraction of scrap, which can be attributed to the surface oxide of scrap including small pieces of
turning, chips, etc. Iron content did not increase much with the increasing addition of scrap, suggesting scrap materials was well
reserved in the iron-free container. As-cast structure of Zr alloy with the scrap:sponge ratio displayed plate/or needle o phase and no
appreciable change of the cast structure was observed with change of scrap fraction. The strength increases with increasing fraction
of scrap, which can be attributed to the increase of oxygen content. The ductility decreased slightly with increase of scrap fraction.
Dislocation-oxygen interaction is known to increase the strength at the expense of ductility. Ingot cake with intentionally added
Fe,O; exhibited the drastic decrease of the formability, even exhibited the brittle fracture behavior during rolling. The oxidation
resistance, however, increased with the increase of scrap fraction because of high oxygen content, which may prevent more pen-
etration and diffusion of oxygen into matrix.
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Table 1. Chemical composition of specimens. wt%.

Alloys Zr Nb Fe Fe,04
1 bal. 1.2 0.2
2 bal. 1.2 0.3
3 bal. 1.2 0.28
4 bal. 1.2 0.43

Table 19] YERHRUTE EUEZ

A7l Fes AalAL A}

431991, Fe,0; AIEE Fe,0; S o] &35ttt &3)A
AZEE 1075tor2 FA B o, ShaAd s 793t Bx

o

< Fote] WIHHE 7HEES ST G2 FAA
27191 570°CellA 2023F Al F 30% 7HeEE K133

, OlFelle 570°CA 5% frAl F ddE Fske
2 HAZFA 1mm7t H =5 s

AzH Al i 9 4k (0) 412 ICPEAS ©]&83t
ARow, XRDE F3ll AtslEe] EAloifs gRlsist). vl
2 AN (SEM)S AMsIom, A
BAE712 A8
: olst Hgk EY
B ARoMe FF AXA Zr 239, Zr 2EA], Nb,
skt Zr 2338 Zirlo (Zr-1Nb-1Sn-
0.1Fe) e =T8S AREson, ARE-3E 2ae 3
S EH 9 AXAA} 7Hg Al BAEE chip B turning
5 T2 ARSI oH, oldt 2ae Y e AHT
FHZH o] BT FH| Aksieto] FAE o] Jom, upzha
233 FFFE TTHIIE T2 Fo Adrsert S
7Fs/de] Ak & Aol 23 dAde A4S &
= Zirlo 3 F7 Wolx, dA A 23S
w2 Feaste] Aelons AT HjES A
PH AFA, Fed A9e b2 RS AT 4 Uk
2338 Fig, 194 BAFE ule} 7o) wgte] =g
ol &38| F3E Haisl & Hol 1IF oA &35t
YAEE AxsIom, Zr 2EX S} Zr 2370 AL
Table 2¢ “+ERH AT
ol &3 HE YVEE ¢AFHS AA | mm
o] FHF IAE TEUL AxE AlEE 3
&at7] Holl 850°CellA 1A17F ol dH A2l S
of|A] 307+ B-QuenchingS =
oA 2027 A F 30% 7HEEE Fasigon, Wikl
2 30% 7R HAZFAZE 1 mmr)t HES ST Bg
W7 AlzE Aol dxe] 378l oste] A AbsherE
A A7) 8l A EE AAIBHATE A& o] 2L
3.9%HF+14.7%HNO+81.4%H,02 &3&to] A-&3F3ith.

ol
i
_\"2
>,
i
>~

z ¥ S
o rim w wn
rlo

e

ofl

==

_1
2 N
-



233 EFEo] Zr §

el 2R 2 1A S4el wAE o 83—

1111 ||||||||||n||u|||lll||||m‘ﬂnum\mmuu‘unu\u\unLuwu
4 B 7 8 9 RN

7IAE B HIEE fl8te] A Af7|E o838t A%
AlES AT 1A HL 204 500°C 7HA] strain rate
E ZZF 10secst 107 /secE FH3t] AAISIATE 1220
F AIPA AEEe] HEAS Fol7] flsl A1 dEst
S5mm 7HA 02 A 749 Od{EH—EE— g2ket T digital ther-
mometerS o] &3] &Aoo 7 LuE HIFPoH, =

2EE HsAF7] lEl ’\]-ﬂ% AL Al =Y
§'i° o 607 =5 FAISI £2°Ce] LAPHE] wolA
AGAE S Fhetnh

Table 2. Zr scrap:Zr sponge ratio of Zr alloys.

scrap:sponge ratio scrap
Zr-1Nb-1Sn-0.1Fe 10:90 ZIRLO
Zr-1Nb-1Sn-0.1Fe 30:70 ZIRLO
Zr-1Nb-1Sn-0.1Fe 50:50 ZIRLO
Zr-1Nb-1Sn-0.1Fe 70:30 ZIRLO
Zr-1Nb-0.7Sn-0.1Fe 10:90 ZIRLO
Zr-1Nb-0.7Sn-0.1Fe 30:70 ZIRLO
Zr-1Nb-0.7Sn-0.1Fe 50:50 ZIRLO
Zr-1Nb-0.7Sn-0.1Fe 70:30 ZIRLO

Table 3. Corrosion test condition.

Condition Set Value
Temperature 400£3 C
Pressure 103+ bar
Time 72~80 hours
Media steam
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Fig. 2. Microstructures of the Zr alloys. (a) Zr-1.2Nb-0.2Fe, (b) Zr-1.2Nb-0.3Fe, (c) Zr-1.2Nb-0.28Fe,0;, (d) Zr-1.2Nb-0.43Fe,0s.
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Table 4. Chemical composition of Specimens, wt% (*pg/g).

Zr Nb Fe o
Zr-1.2Nb-0.2Fe Bal. 1.2 0.2 *1090
Zr-1.2Nb-0.3Fe Bal. 1.2 0.3 *1280
Zr-1.2Nb-0.28Fe,0;  Bal. 1.2 0.25 *2000
Zr-12Nb-0.43Fe,0;  Bal. 1.2 0.33 *3150
Table 5. Microhardness of the Zr alloys.
Hardness (Hv)
Zr-1.2Nb-0.2Fe 153.1.
Zr-1.2Nb-0.3Fe 167.8.
Zr-1.2Nb-0.28Fe,0; 186.9
Zr-1.2Nb-0.43Fe,0; 214.7
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Fig. 3. Photographs of the Zr alloys procesed by hot rolling. (a) Zr-
1.2Nb-0.2Fe, (b) Zr-1.2Nb-0.3Fe, (¢) Zr-1.2Nb-0.28Fe,0;,
(d) Zr-1.2Nb-0.43Fe,0;.
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Element Weight (%) Atomic (%)
O K 3.66 17.68
Fe L 1.20 1.67
Zr L 92.21 78.21
Nb L 2.93 2.44

Fig. 4. Fractograph and EDX spectrum of Zr-1.2Nb-0.28F¢,O; alloy.
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Table 6. The variation of oxygen content with scrap fraction.
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scrap 70% 1610ppm 2130ppm g
£ 30
£
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Fig. 5. Stress-strain curves of cold-rolled (a) and annealed (b) Zr
alloys with scrap:sponge ratios of 3:7, 5:5 and 7:3.
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