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Hot Corrosion of Some Heat Resisting Alloys by
Van‘N&zSO4—NaC1 Mixtures

Kunio KUSARA and Kunikiro Tsurumi

Synopsis:

The accelerated attack in an atmosphere contaminated with vanadate, sulphate, and halide which is
often found in alloys for gas turbine or marine diesel has been examined by means of crucible test.
Six different materials used for turbine blades or valves were tested in this investigation. Samples
partly immersed in mixtures of vanadium pentoxide and sodium sulphate andfor sodium chloride were
heated in air at temperatures of 700 and 800°C, and weight losses were determined after descaling. The
results obtained are as follows:

(1) Mixtures of Na,SO, + 05 ~ 70% NaCl and V,0; + 10 ~ 40% (Na,SO, + NaCl) were the
most corrosive for these materials.

(2) At lower temperatures, all alloys were resistant to attack by Na,8O,/NaCl but above about 750°C,

they were subject to severe effects.

These reactions occurred only in the reducing environments.

(3) In the V,0;/Na,SO, environment, there was a considerable attack for § 590, LON 155, SUH 3,

and SUH 31 at even 700°C.

(4) LCN 155 and YA2B were the most corrosion—resistant alloys in the Na,SO,/NaCl environment, but

they were subject to some intergranular attack.

CRK 22 and YAZB have a comparatively good corrosion resistance in V,0;/Na,SO, mixtures.
(Received July 27, 1970)
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Fig. 1. Effect of testing procedures on the resistance
of SUH 31 to vanadium pentoxide attack
at 800°C.
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Fig. 2. Isocorrosion contours for SUH 3, SUH 31, CRK 22, YA 2B, LCN 155, and S590 exposed to V,04-
Na,80,-NaCl salt mixture for 50 hr at 700°C.
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Table 2. Ranking of corrosion resistance for typical synthetic ash.
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Fig. 3. Isocorrosion contours for SUH 3, SUH 31, CRK 22, YA 2B, LCN 155, and S590 exposed to V,0,-
Na;SO,—NaCl salt mixture for 1 hr at 800°C.

— 156 —



fit#tsf o Vo0s-Na,SO,-NaCl SR EIZ 2w T 619

LTWwWish, ozt A LLHEBRINTHS. &
ERECHROMEE#5HET 256, —RICENE
BRI L O L TEHEL, MABENLOETHL T
R CHEENSD. MEBREO Rt L RBRREERER
LEDHLENRDY, TOEEPLV2E LON 155 &
YA 2B W3EI5 [ CEHMI L A nidis S 7.
N2,80,-NaCl ZoEEar: V,0,-N2,80; % V,0,-
NaCl RICHUMEOHAELPERECHEIVHL D
L4, VoOs ROBALRLHDT, TOREONTE
Fipzt a0 C . Na,SO, OFhSEl: 884°C ThH
v, CHMEMTE 800°C kW TIRBEALBENE
Fetziovgs, NaCl BffF35 L wbL U B LLREHL
5. T NaSO, Itk XiEv NaCl ofg@x L 5~
7. Fig. 4 yx SUH 3, SUH 3! # 50 CRK 22 @ 3
SRTB IO\ T 800°C 5 L U8 900°C i T 1 hr OESE:
EEFE2RE SOBREEL(LERLALDOT, MER
% XFRd 5728 NaCl g% BB & o7,
800°C iz 35\ T 5%NaCl X ) ABCEE B EE 9,
900°C kW TliE 0°1% TLHEETH 2. 2¥K,
Na,SO,-NaCl FOE & IFHHZ b2 R U < 3 il
oWt LB, Fig. 5 itz oiERE% 80%V,0;+20
%N2a,S0, OBA L L TFT. ZOMPLHAPET

L <, NaySO,-NaCl ZidEHH v H L5 LWEED
D, FNLEOBREIIG LR, TH S ML T V05
Na,5S0, Fs AT HBDIT 72 L, NaSO4-
NaCl ZI3HBINTH 5. EHRIORDOBENICH X

(a) SUH3, (b) SUH3IL,

Photo. 1. Photomicrograph of etched samples
800°C.

(c) CRK 22, (d) YA 2B, (¢) LCN 155, (£)-5590

FEHEEORELRT L Fig. 6 0T & L7x>k. SUH
3R B INTH HHS, TR R ENSEILL,
threshold temperature MFEET % EFE1LN5. vl
EHBIAS FRAL LIV DT BB BBk TR IEL {72\ 55,
SUH 31 %3t L 80% V05 +20%Na;S0,, 80%V,0;
+2095NaCl 35 X8 809%N2,5S05+20%NaCl O=FRIC
ST ArrARNTIS D plot %4775 2 Fig. 7 kL <
A, DI 7YX 750°C LLETOFEEbe Fou¥
— %3+ 5 L 809% V05 +209,Na,50, 75 & UNT 80%
V,0;+NaCl i3\ CiE§g 11 kcal/mol T 2 DTk
L, 809,Na;SO,+209%NaCl iz 35\ T 3§ 8 kcal/mol T
By, BEDOIOIMBEIGRBESHTHH I L2brd. I
7Lz D%ED slag 1X 730°C LLFTRRfbOFR X D 1d5
PIEEREBE DI WD EERLTWSD. i Fig. 7
Ol fh> & 802% V05 +209%N2,S0, & 80%V,0;+20%
NaCl 2 @ EFREBORGE Zxbnb0itxL, 80%
Na,S0,+2094NaCl 18727 RGTHd ZE&RL
TWwa. '

Na,SO, FOGEBHEICE L Smons HIIDED XS
KHALTWS. Tihbb

Na,SO;+3R=Na,O+3RO+S -vvreeeeeee- (1)
HHRIEIED SEAL (RILETHEDH), ZoSX
U]

MAES=MS-eeirenraiiiionariiiiincaeeeen (2)
k75D TR Rt U

N2gSOs+3MS =4S +3MO +Na,O «woveeeer (3)

,f: %_ &

X600 (1/2)

corroded in 809 V,0;+209Na,SO, for 15hr at

— 157 —



620 % +r ©5

% 57 & (1971) ®3 =

' (a) SUH

¢) CRK 22, (d) YA 2B, (e) LON 155,

() 559 %600 (1/2)

Photo. 2. Photomicrograph of etched samples corroded in 809 V,0s-+209%NaCl for 15hr at
800°C.
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Photo. 3. Photomicrograph of unetched samples corroded in 90% Na,SO,+ 1094NaCl for 3 hr at

750°C.
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Fig. 4. Effect of NaCl on resistance of SUH 3, SUH 31, and CRK 22 to Na,SOy attack.

800°C

80% Na,S0s + 20% NaCl
—

5 CRK 22
Ae—" e SUH 3

== ——0 SUH 31,

Weight loss {9/dm?)

oy
TEC
XTI
N oW
o=

Time (hr)

Fig. 5. Corrosion of SUH3, SUH 31, and CRK 22 in 809,N2a,50,4 209,NaCl and
809, V,0;+209%Na,SO, slag at 800°C.
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