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Abstract

In this study, the Ni base superalloy was recycled by Argon oxygen decarburization(AOD) process using an inconel 713C
scrap. During AOD process, argon gas was continuously injected 1,000 scem and oxygen gas was injected into 10, 20 and 30
minutes of 100, 250 and 500 sccm.. In early stage of oxygen injection, the oxygen dose increased with increasing Al, Cr, and
Mo content and decreasing C content. And Al content was decreased by carburization with added elements in late stage Because
of oxidation was occurred with Al, Cr etc. after the reaction of carbon has been finished. From the results, the ratio of y’ phase
reduced due to decreasing of Al content for that reason Al is the main element to form the y’ phase. Also carbide reduced owing
to decreasing of C content so the mechanical properties of the specimens excessively injected by excess O, gas were decreased.
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Fig. 1. Schematic illustration of AOD melting furnace.
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Table 1. The chemical compositions of IN 713C ingot manufactured by AOD method

Ar Ar+0, Ar+0O, Ar+0, Ar+O, Ar+0, Ar+0O, Ar+0O, Ar+O, Ar+0,

(1,000) | (100-10) | (100-20) | (100-30) | (250-10) | (250-20) | (250-30) | (500-10) | (500-20) | (500-30)
Ni 68.375 67.900 67.612 67.231 68.977 69.015 69.208 68.733 69.121 69.930
Cr 15.093 14.535 15.164 15.168 14.863 15.089 15.248 15.478 15371 15.536
Al 6.101 4.876 6.820 7.265 6.548 6.070 5.412 5.931 5.267 4.186
Mo 4.547 4.725 4.517 4.420 4.664 4.506 4.488 4.557 4.451 4.608
Nb 2.276 2.346 2.218 2.312 2.320 2.291 2315 2.321 2.392 2333
Fe 1.984 2.307 2.206 2.286 1.550 1.767 1.999 2.028 2.137 2.112
Ti 0.768 0.912 1.022 0.975 0.848 0.901 0.949 0.954 1.017 0.885
Si 0.292 1.312 0.344 0.264 0.132 0.241 0.277 0.159 0.306
Ca 0.332 0.892
Zr 0.087 0.098 0.098 0.120 0.104 0.085 0.103
Cl 0.146
Cu 0.114
K 0.082
P 0.080

3. Zn o JE Table 2. The dec.arbonizing equation and Gibbs free energy
of carbides

Table 1S XRFZ o83je] Zzy Ao gig 2ALG; + 30,(g) ~ BAI + 6CO(»)

23 A9 Ueha ook BE 29 39 7t Decarbonizing AG : 7333545 keal

2% ZYSUS W Cr, Mo, Nbe| e 2 wspp | N AT ) ALG +30(g) = 4AL + 3CONg)

At 23} 100 sceme] XA F A7kl =7} AG : —262.534 kcal

st w2t Ale] 2Ao] T7IRs AS IS 4 ) 2Ni;C + O,(g) = 6Ni + 2CO(g)
3 =) =0o] 9 iy} AlS ;

O]a?{\é:ﬂﬁ: ﬁl’_ Ca, Cu % K o_]-’] i J’i—ﬂ Decarbonizing AG : —144.947 kcal

U‘i}ﬂ 'é“lﬁloﬂ _%,L_?;!'E]O] AlQ,] )\OFEHZ_'?_] =4 H]ﬂ’ ‘6‘7]’ of Ni carbide NisC + Oy(g) = 3Ni + COq(g)

Sk Zog Ay, whHe| A4 FUEFo] 100 scem

AG : —262.534 kcal
2MoC + O,(g) = 2Mo + 2CO(g)
AG : —111.805 keal

o] At B2 Aol Ale] ZHadhe 9l A4t Decarbonizing

RAKHSC chemistry)Z E31A] A41E Table 29} of Mo carbide MoC + Oy(g) = Mo + COy(g)
Table 30l|A] ERH vle} Zro] Gibbs free energyel] AG : - 87.823 keal

2 7 dAhe] Jbstel 3l v AFE QlE| o] Cr;Cy + Oy(g) = 3Cr + 2CO(g)
Folxl Zo® AeEt. Table 2014 Hio], ©shzo] Decarbonizing AG : —98.816 kcal
73‘?‘01]\*‘:‘ }1\_].'-)1\—7}‘ _T‘?:}%Oﬂ H}ﬂ' Cg] }\\_].'i}ﬂ' 0]“-,:—'—OiX]D1 of Cr carbide Cr3C2 + 202(g) = 3Cr + zcoz(g)

7471 sl wkeo] dojdt), SRRk 4kho] 3}
o FRjoz ste] Myt AteENe ASdle
Table 30149} 7o) ALOsS A|Q)at HA7FA47 Co ¢

AG : —162.657 keal
2NBC + Ox(g) = 2Nb + 2CO(g)

AG : —62.086 kcal

sjof k8ol ok WiHlol ALOsE Gibbs free | Decarbonizing
energy?h P31} Blo] Aol e kel gy | O T P | NDC+ Ong) = Nb + COXe)
5o} Ale] o] sl AOZ dyEr, AG : ~62.963 keal
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Table 3. The reaction equation and Gibbs free energy of

AOD T2 Aehge YATF] ATl me 223t 71414 94 s} 13

oxide and carbon

Reaction of Mo oxide
and carbon

MoO; + 3C = Mo + 3CO(g)

AG : —102.705 kcal

2MoO; + 3C = 2Mo + 3COx(g)

AG : —112.769 kcal

Reaction of Ni oxide
and carbon

NiO + C = Ni + CO(g)

AG : - 42.092 kcal

2NiO + C = 2Ni + COx(g)

AG : —53.303 kcal

Reaction of Nb oxide
and carbon

Nb,O5 + 5C = 2Nb + 5CO(g)

AG : —35.174 kcal

Reaction of Cr oxide
and carbon

2Nb,05 + 5C = 4Nb + 5CO(g)
AG : 84.054 keal
Cr,05 + 3C = 2Cr + 3CO(g)

AG : —23.304 kcal

2Cr,05 + 3C = 4Cr + 3COs(g)

AG : 46.033 kcal

Reaction of Al oxide
and carbon

ALO; + 3C = 2Al + 3CO(g)

AG : 79.982 kcal

2ALO; + 3C = 4Al + 3COs(g)

AG : 252.605 kcal

(d) 250/30 min

(e) 500/10 min
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Fig. 2. The optical microscope images of IN 713C ingot by AOD.
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Fig. 3. The SEM microscope images of IN 713C ingot by AOD.

Table 4. The size and ratio of y' phase in IN 713C ingot fabricated by AOD

Virgin 100/10 min 100/30 min 250/10 min 250/30 min 500/10 min 500/30 min
Size (nm) 249 93.6 89.7 86.2 733 82.4 42.1
Ratio (%) 59.5 57.1 57.55 63.03 59.2 53.2 24.59
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Fig. 4. Hardness of IN 713C specimens manufactured by
AOD method.
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Fig. 5. The tensile properties of IN 713C specimens (100/
30min & 500/30min).
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AOD3AOZ AZEE UAYFe] Aarysel e 47 71414 44 wst 15
250 scem/10min 500 sccm/10min
Elements
(wt%) Pin hole Matrix Pin hole Matrix
Ni 77.13 78.15 73.74 77.85
Cr 18.04 17.05 22.11 17.52
Al 4.83 4.8 4.15 4.63
Fig. 6. SEM images and EDX results of pin hole formed by injected oxygen (a) 250 sccm, (b) 500 sccm.
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