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Effects of alloying elements on the mechanical and high temperature corrosion
properties of solid-solution hardening nickel-base alloy
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Alloy 617 is considered as a candidate Ni-based superalloy for the intermediate heat exchanger (IHX) of
a very high-temperature gas reactor (VHTR) because of its good creep strength and corrosion resistance
at high temperatures. Helium is used as a coolant in a VHTR owing to its high thermal conductivity, inertness,
and low neutron absorption. However, helium inevitably includes impurities that create an imbalance in
the surface reactivity at the interface of the coolant and the exposed materials. As the Alloy 617 has been
exposed to high temperatures at 950°C in the impure helium environment of a VHTR, the degradation
of material is accelerated and mechanical properties decreased. The high-temperature strength, creep, and
corrosion properties of the structural material for an IHX are highly important to maintain the integrity
in a harsh environment for a 60 year period. Therefore, an alloy superior to alloy 617 should be developed.
In this study, the mechanical and high-temperature corrosion properties for Ni-Cr alloys fabricated in the
laboratory were evaluated as a function of the grain boundary strengthening and alloying elements. The
ductility increased and decreased by increasing the amount of Mo and Cr, respectively. Surface oxide was
detached during the corrosion test, when Al was not added to alloy. However the alloy with Al showed
improved oxide adhesive property without significant degradation and mechanical property. Aluminum seems
to act as an anti-corrosive role in the Ni-based alloy.
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EFFECTS OF ALLOYING ELEMENTS ON THE MECHANICAL AND HIGH TEMPERATURE CORROSION PROPERTIES OF SOLID-SOLUTION HARDENING NICKEL-BASE ALLOY

Table 1. Chemical composition of samples Ni-Cr alloy (Wt%)
C Mn Ni Cr Co Mo Hf Zr Ta Al Ti

SA 0.08 0.1 bal. 22 11.5 10 - - - - -
Ml 0.08 0.1 bal. 22 11.5 10 0.1 0.1 0.5 - -
M2 0.08 0.1 bal. 25 11.5 10 0.1 0.1 0.5 - -
M3 0.08 0.1 bal. 22 11.5 13 0.1 0.1 0.5 - -
M4 0.08 0.1 bal. 25 11.5 13 0.1 0.1 0.5 - -
M5 0.08 0.1 bal. 22 15 10 0.1 0.1 0.5 - -
M6 0.08 0.1 bal. 25 15 10 0.1 0.1 0.5 - -
M7 0.08 0.1 bal. 22 15 13 0.1 0.1 0.5 - -
M8 0.08 0.1 bal. 22 15 13 0.1 0.1 0.5 1 0.1

e 58 L] witolth Y AyATE Faf 4 (@) v

abel £ E N E Alloy 6179 & A5 Ao, = &

o] X3tE nedF Sl 20063 wEE g oAl S =

153 PSS, 191 g8E 1d3e 47 116, e = B

600 and 1000 £m FAsHA Dh!Y 53] 2ehs 531 9] _u\% Tl

A &slEo] AAE ol ARHAL o5 Folst

g etk ohyel v 7 A9 Hxste] Ag= 549 ()

A% A fAT 5 Yk

Ho 60T RS FASloF st E A%, AF
2 54 Fol vl Festth Ni—CrAl =2 A=
oAl AP X Ax 9 7AA B S SlE &4
2 Cr, Co, Mo, W& 1189A4E 75t 71X
babale apaH819 o528k AbstA A S 98] K5y
37338k= Cr, Al 5= 7= ¥, A8 shdo
Ash= AYAAIE dekelr] S8l Zr, HE 52 nFedas
7hebe e ndsiaith His 7= (9F 1.5
wt.%) AA2] datol| W2 F] X o] FUHE ket
= A7Ayyt Raug vyl Qlow?? ) 7rola] Hiwl b
= Yoll Asks E5 (N, S, 002 Aoistar 247
of AN = 54E 7 AL lo] AW HE Askst] flsl
A7VeHs HAS 73 ok 53] 7Zf, HigA 7)ol
o)t HPHE Ak HUpo g HE|3E EAjo] I/ 3Rty

4

oy Hi
o

o

[ pZ 12 o O K

ox Mo

jatid

F-oll 3= 950 °C ol Alloy 617 ¥.t}t 717
A B9 FAEA ] S BER dto] Ni-CrAl TS
Azt Cr, Co, Mog4SES 2 HE|R 31310
Ta, Zr, Hf, Al, Tig 3712 A7} skl Alzd ol
sl e, I G wet 71AE 599 e
2598 rtstal 1 daAE nAzA A BellA 1

Fakank

CORROSION SCIENCE AND TECHNOLOGY Vol.13, No.5, 2014

Fig. 1. Geometry of (a) tensile and (b) corrosion test specimen.
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Fig. 2. Experimental tensile test results of Ni-Cr alloy at 950 °C.
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Fig. 3. Fracture surface of Ni-Cr alloy aﬁer tensﬂe test at 950 °C.
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Fig. 4. Experimental tensile test results of Ni-Cr alloy at 950 °C.
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Fig. 5. Inspection near the fracture surface after tensile test at 950 °C; (
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a) for M2+HT and (b) M8+HT.

Table 2. EDS result of the specimen tested at 950 in air environment from fig. 6 (wt %)
C Cr Co Ni Mo Ta Remark
S1 5.75 32.46 10.46 51.32 - - Cr-rich carbide
S2 13.63 15.16 7.53 20.76 39.88 3.04 Mo-rich carbide
S3 4.79 47.35 11.80 36.07 - - Cr-rich carbide
S4 9.09 15.92 9.70 22.29 39.24 3.76 Mo-rich carbide
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Fig. 6. Discrete precipitates in grains and grain boundaries of specimen corroded in air environment at 950 °C.
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Fig. 8. BS SEM micrographs of specimens tested for 250 h at 950 °C in air environment.

Table 3. EDS result of the specimen tested for 250 h at 950 in air environment from fig. 8 (wt %)
C (0] Al Cr Co Ni Mo Ta Remark

S1 - 7.09 - 90.97 - - - - Cr-rich outer oxide

S2 - 14.50 - 81.99 - 3.50 - - Cr-rich oxide

S3 11.86 17.86 - 67.12 - - - - Cr-rich outer oxide

S4 11.03 - - 14.70 9.39 19.97 42.15 2.76 Mo-rich carbide

S5 2.84 29.43 - 67.05 - 0.68 - - Cr-rich outer oxide

S6 9.13 24.36 31.59 10.37 5.96 18.59 - - Al-rich internal oxide
S7 17.18 - - 13.80 7.74 14.20 44.08 3.00 Mo-rich carbide
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