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Influences of Mo Addition on the Mirostructure, Mehanical Properties and
Corrosion Resistance of Alloy 690
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Steam generator is the interface between primary side and secondary side of nuclear power
plant(NPP). If the primary water with radioactivity may leak to secondary water, it threatens
the safety of NPP and shortens the lifetime of steam generator. This work was carried out to
improve the corrosion resistance of steam generator tubing materials of NPP. New designed alloy
690 was manufactured, and this molybdenum-~bearing alloy 690 was evaluated for microstructure,
mechanical properties and corrosion resistance by annealing. With the addition of molybdenum,
grain size was decreased. It seemed that grain growth was suppressed due to the precipitation
by molybdenum containing carbides, Also, molybdenum addition increased the hardness and,
improved tensile strength and vyield strength without the loss of elongation. The corrosion
resistance of alloy 690 was greatly improved by molybdenum addition from the results of pitting
test and anodic polarization test. Molybdenum did not also decreased the corrosion resistance in
the various ratios of Cu®*, Cl- and SO/ ions in corrosion environments. It can be concluded
that molybdenum addition in alloy 690 has a beneficial effect on the mechanical properties and
corrosion resistance.

Keywords : nuclear power plant, steam generator tubing, alloy 690,molybdenum, annealing, micro-
structure, mechanical properties, pitting, anodic polarization test.
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Table 1. Chemical compositions of experimental alloys
(wt%)

C Mn S C Nb Ti Fe Mo P S N

690M0 0.026 05 03 302 06 024 56 0,003 625

600M2 0.023 05 03 315 06 029 55 307 0.027 0005 585
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Fig. 1. Grain size coarsening characteristics of Alloy
690M0 and 690M2 with annealing temperature.
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Fig. 2. Transmission electron micrographs of the Alloy
690M2 annealed at 115°C. (a) Matrix(a=3.554K) (b}
Interganular precipitation(a=4.3A)
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Fig. 3. Effects of annealing temperature on the Me-
chanical properties of Alloy 690M0 and 690M2.
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Fig. 4. Effect of molybdenum on the hardness of the
designed alloys.
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Fig. 5 Anodic polarization curves of Alloy 690M0 in
deaerated 3.5wt% NaCl solution at 50°C.
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Fig. 6 Anodic polarization curves of Alloy 690M2 in
deaerated 3.5wt% NaCl solution at 50°C.
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Fig. 7. Effect of molybdenum on the anodic po-
larization behavior of 680 alloys in deaerated 3.5wt%
NaCl solution at 50°C.
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Fig. 8. Anodic polarization curves of Alloy 690M0 in
deaerated 3.5wit% 0.5N HCI solution at 50°C.
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Fig. 9. Anodic polarization curves of Alloy 690M2 in
deaerated 3.5wt% 0.5N HCI solution at 50°C.
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Fig. 10. Effect of molybdenum on the anodic po-
larization behavior of 690 alloys in deaerated 0.5N
HCI solution at 50°C.
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Fig. 11. Immersion test results of the designed alloys
in 6wt% FeCls solution at 50°C.
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Fig. 12. Effect of Cl-/S042- ratio on the pitting po-
tential of the designed alloys.
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Fig. 13. Effect of Cu”*/CI' ratio on the piting po-
tential of alloys.
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Table 2. Test matrix | for anodic polarization tests

Ccu*” SO cr . .
No. (wt%)  (wt%) (wt%) O /S0¢
(C1-1) 0.6 1.741 0.087 005
(C1-2) 06 1289 0260 02
(C1-3) 06 084 0.422 05
(C1-4) 0.6 0135 0675 5
(C1-5) 06 00699  0.699 10

(total : 0.3mol)
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Table 3. Test matrix Il for anodic polarization tests

2- 2+ -
(3;?:/0) (va:%) (w(il%) Cu™/cr
(C2-1) 0135 0 1.014 0 :‘:
(C2-2) 0135 0.096 0.96 0.1
(C2-3) 0135 0.396 0.792 0.5
{C1-4) 013 06 0.675 089

(total : 0.3mol)
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