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Influences of Thermal Treatment(TT) on the Microstructure and Corrosion
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The effect of thermal treatment(TT) on the microstructure and corrosion resistance of
Mo-bearing alloy 690 was investigated. On increasing the time of TT, chromium carbides were
precipitated along grain boundaries and grain growth occurred. Molybdenum suppressed the grain
growth in the annealed specimen. However, grain growth rate of molybdenum-bearing alloy was
faster than that of molybdenum-free alloy. Intergranular corrosion rate of two alloys showed the
maximum values at 5 and 15 hrs thermal treatment, and 50 hrs thermally treated specimen
showed a similar corrosion rate to annealed specimen. Annealed specimen was uniformly
corroded, however, grain boundary of thermally treated specimen was selectively dissolved in the
Huey test. The Cr-depleted area along the precipitates in thermally treated specimen was not
detected. Molybdenum increased the pitting resistance in annealed specimens, but decreased the
corrosion resistance in thermally treated specimens

Keywords : Alloy 690, Molybdenum, Thermal treatment(TT), Microstructure, Intergranular cor-
rosion, Pitting,
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Table 1. Chemical composition of experimental alloys
(Wt%)

Alloys C Mn Si Cr Nb Ti FeMo P S Ni
690M0 0.026 047 0,30 302 060 0.24 56 - - 0003 625

690M2 0.023 0.52 032 315 0.55 0.29 55 3.07 0.027 0.005 585
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Fig. 1. Optical micrographs of the Alloy 690MO0 (a) MA {b) 5hrs T (c} 15hrs TT (d) 50hrs .
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Fig. 2. Optical micrographs of the Alioy 690M0 (a) MA (b) Shrs TT (c) 15hrs TT (d) 50hrs TT.
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Fig. 3. Effect of time of thermal treatment and mo-
lybdenum addition on the grain growth of Alloy 690.
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Fig. 4. Transmission electron micrographs of the Alloy 680M0 and 690M2. (a) Alloy 690MO : 5hrs TT
(d) Alloy 690M2 : 15hrs TT

690MO : 15hrs TT (c) Alloy 690M2 : Shrs 1T

457 F 1063A2 MyuCe Fele] HEER #<l
Haith o] AAMA HEEL 7R Ay B
AE o8 e Aoz RBoly, A A7t /1A
o) of 3ul7t & ATt

oA 23 #F A3, B F3A4= MC e
o] NEFEF MxnCs ¥u H4&Eve] FIA=UAA
w0 2F7kA e dpel o) duimez
Ni-71 @34 AH8 & Ae HEES MC,
MeC, CriCs 22X MauCs 528 ¢3A Aotk &
F 690M29) YulolA 2AR HEFEY MCHY
MEEL o2 N2 Ed v 52 2R A&
"ot o3P HEEL AFRYAANE HHHT YO
Y o] N&Eo| ALoAe] dAMa Ao 1A W
g2 298 FFA7 @ & Uk F& Mol @
Fle 942 Mo-Ti B9 U2 + Utk &

(b) Alioy

3 690M27t AFEA A FE 690MORT thi
WS %o MC¥® 4&Eo ozg €AL Mool
3% A7tslel oY Hele w@alEo] Mool §lE
#F 690MOo HlEte] T o] 42d Ao 47t
"t o)y MCE AHEEL 9 760'C~980°CollA
g3 2 ez AP 1A W wa e
FE e AHE sHHLdT gEA Qol?

MC + 7 — MzuCs + 7'
or
(TL, Mo)C + (Ni, Cr, Al, Ti) — CraMo:Cs + Niz(Al, Ti)

MC +7 — MC + 7
or
(Ti, Mo)C + (Ni, Co, Al, Ti) —Mw(NiCo)sC + Nis(Al, Ti)

¥ gF 690M29 F3 A #AvH #F A



Mo A7t 3 6909 vjAl 24 9 #4 54 vXe TT N9 9% 73

3, 2FANME A NEECl A $AHA &
gteut, Ul H&Eo] FF 690MO 2EABT £
F Bol By’ :

o|Ats} 7o) g Hm|A TEA ¥ R} AR ¥
u7 #FE 3 FF 6909 H& AFd nAE
Mod EFHE Q93 4AFEAY AFls Mool
A28 #§F 690M2 Al¥HAN o B MCH 4
gggo] ALY wEd 1A We g v
2%E Mool H7HEZA &2 7 690M0S 797}
9 52 A0Z 448 & Atk Hyd FF AA
9 g8 AE EHEGME & F AR, A8
B4 ST §F 690M0(0.026%C) 7t EF 690M2
(0.023%C)Eoy 27k o ¥7] W2 717 W L
& gaddo] & ook, §H ol YUl BIE
of 9 AAFY Aol A FF 690M09
249 A7|ig 47 A Jved Aoz Azg
ot 28y TTAHE 34 59 FFYY A% &
=7t gAY 5047 TTAY Afde 3
690M29] ZAAY AVI7F FF 690M0Y 7Rt
o(zt ¥ AA Yt olgd @) tiatd 2y
g 5 Jde A WA QA2 TTHY 3l &3}
Bo) AAE w 7N e L&Y FE @20l
32 690MO7} 7 690M2E T o ®7] Wi &
3E HEFel o Botd ARY A% £38 A
o7 N £ gtk F #A 9L Nagano &
o] A% ANHP Mool BIES HA &£&E
29 $F 690M2-TT AHe] &@3}8F] o FHo
A ARY Ao o 7R AR AN 4 Uk

8 FF 690M0 ¥ FF 690M29A HEdH
A NESEE oA 2 249 el Y AE
dolrz] 98 EDSEAME P4t Fig. 5(a)v
B2 690M02] YA HEE 9§ RAoim, Fig.
5(b)e #F 690M29 YAl H&Ed ¥ EDS
54 Asjeiny, 4 A3, §F 690M09] HEEA
£ Mool =0 A FRAT, T 690M2
o A H2EdE Mool EHHY ULES ¥ F
Atk

Y]
4. . .
Y. AAKEV 1Bevch A EDAX

(a)

acNT

prid

TR

L |

‘2. BBKEYV Gever A EDAX
(b)

Fig. 5. EDS spectrum of carbide precipitates of

alloys. {a) 690M0:15hrs TT (b) 690M2: 15hrs TT
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Fig. 6. Corrosion rates of Alloy 690M0 and 690M2.
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Fig. 8. Scanning electron micrographs of the Alloy 690M0 aftter Huey test. (a) MA (b) Shrs (c) 15brs TT  (d)
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Fig. 9. Scanning electron micrographs of the Alloy 690M2 after Huey test. (@) MA (b) 5hrs (c) 15hrs TT (d)

50hrs T
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Fig. 10. Anodic polarization curves pf thermally

treated Alloy 690M0 at 700°C. (50°C, deaerated
3.5wt% NaCl solution)
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Fig. 11. Anodic polarization curves of thermally

treated Alloy 690M2 at 700°C. (50°C, deaerated
3.5wt% NaCl solution)
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Fig. 12. Anodi¢ polarization curves of thermally

treated Alloy 690 at 700°C. (50°C, Deaerated 0.5N
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