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Abstract

Lead oxide and sodium sulfate are generally known to cause high temperature corrosion in most metals and alloys
for high temperature applications. In order to make clear this phenomenon, corrosicn behaviors of iron by PbO-
NaySO, mixtures were investigated at temperatures between 736°-91C°C, using salt ccating method.

The high temperature corrosion of iron by PbO-NaSO4 mixtures has followed the parabolic rate law. The
corrosion rate were increased with increasing temperature, but effect of salt composition was complicate at all tem-
peratures.

The oxide layers which were formed during the high temperature corrosion were similar to oxides for normal oxida-
tion of iron, but outer layer was consisted of Fe;03-PtO complex oxides which were more porcus and Icwer melting
peint. And the oxide layers formed in air were dense and protective, but porous and nonprotective in Ar or Ar+H,
atmosphere.

The activation energies for the high temperature corrosion of iron by PtO-Na,SQ4 mixtures were atout 54.5Kcal/
mol for the PbO rich salt mixtures, but slightly decreased with increasing Nas,SQy content in salt mixtures.
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Fig. 1 DTA curves for various PhO-Na,SO, mixtures,
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Fig. 2 DTA curves for iron coated with PbO, Na,SO, and their mixtures, heating and cooling rate=15°C/min.
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Fig. 3 Weight loss curves for the corrosion of iron by
PhO as a function of temperature.
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Fig. 4 Weight loss curves for the corrosion of iron by
PbO-20mol %/ Na,SO; mixture as a function of

temperature.

Fig. 5 Weight loss curves for the corrosion of iron by
PbO-60mol ,N2,SO,; mixture as afunction of

temperature.

A w2 A kel Aol vtA HEERS 4 EARR
o] BTl ulel WaRKHES] A3 EITEFE A F
et

Fig. 3 5} Fig. 4 & ##®BA o] PbO, NasSO, & #
BalA KA BaAZE oo Iﬁﬁﬁli}ﬁﬂﬂ HE
ote] BRE Vel m g 2o & 5 dE ow

9} zro] PbO, NagSO, o] 3t e EiRmgfh-> 730°
~910°C B E#iE ol 4] parabolic rate law o w=}u}A] g
ghSfES] #TTEME BREMEESE LR utetd A
HEE 2A #Bhge o 5 v Fig 59 Fig 6 2
Fig. 13 72 WHS Ze od=7k  #Hie PbO-



Pb-Na SO, & H 4% MR HEEY M - &K - Fam

Woicht Icis {mp/mmd)

Fig. 6 Weight loss curves for the corrosion of iron by
Na,SO; as a function of temperature.
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Fig. 7 Weight loss curves for the corrosion of iron by
PbO, Na;SO, and their mixtures at various tem-
peratures in argon gas.
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Fig. 9 Standard formation free energies of related subs-

tances as a function of temperature.
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Table 1 Parabolic rate constarts, k, (mg2/cmt.min?)

e '—Temp.(° K)
T 1003 1033 1043 1053 1063 1103 1133

Salt composition \ o
PBO 13.01 26.13 39.08 29.37 59.92 243.79 671.28
PbO -+ 10mol % NasSCy 30.87 37.22 35.29 51.40 175.42 753.04
PbO--20mot &, NaSO4 14.66 28.68 34.30 42.15 53.96 143.38 893.77
PbO-+30mol % NaSOy 52.40 120.97
PbO-+40mol %, NazSO4 27.11 27.56 36.53 127.25 757.60
PbO +60mol %, NasSO, 8.27 35.48 38.34 48.59 74.25
PbO -+ 80mol %, NasSO4 33.63 41.94 92.50 621.13
NazS0y 10.78 46.10 49.86 85.50 133.6 245.00
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Fig.17 Arrhenius plots of the parabolic rate constants,

k. as a function of salt composition.
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Table 2 Activation energies for the high temperature corrosion of iron as a function of salt composition coated.

. PbO PbO PbO PbO PbO PbO .
Salt Without PbO + + + + + + NaS0,
Composition| Coating 10mol%, | 20mol%, | 30mol%; | 40mol%; | 60mol 3, | 80mol ),
Nast4 NazSO.; NazSO4 Na2504 N82504 1\132004
Activation
energy 44.509 54.950 54.350 54.563 49.091 55.723 48.519 50.164 38.237
Kcal/mole
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Table 2 oA E—E PbO @ Na,SO4 4#o] 40mol
%) Etel R4S 7 $- activation energy & ¥ 54-55
Kcal/mol 24 NaSO; @ NaSOy &l HiEgp ®
2 BAHY A$ud £4 FHE Belxn 3t ol

X-ray 3 ¥ifsEel k8 ®EES =ks}k 3ol PbO € PbO
Aol Ky $& HAH A Fetpst PbOS
HABRLYEE B Feolgo] KA veow ¥e
HERy 2 v A s MY @ Eelets G

g, Table 2] B8S #WHEsA &2 &9 By
E8{ko] ¥i3 activation energy = Finsl Q= AER
A FE A 44.5Kcal/mol & Davies %990] 73} 40.5
Kcal/mol 3} iy & —Feskz ok

2. BmEEEAN U BiHERY

(1) Bk
KB B—ER R ois b Mo BAHE BB

(b)
Photo. 1 Scanning electron micrographs of the cerroded
surface of iron coated with PbO-Na,SQO,

mixture,
(a) 910°C PbO-40mol %, Na;SOy, argon, 35min.
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(a)

Photo. 2 Transverse sections of iron specimen corroded in various conditions.
(a) 910°C, PbO, air, 10min. (d) 910°C, PbO-50mo! % Na,S0O;, air, 10min.
(b) 910°C, PhO, air, 20min. (e) 830°C, PbO-50mol % Na,SO;, air, 20min.
{c) 780°C, PbQO, air, 20min. (f) 799°C, PbO-50mol{NaS0y, air, 20min.
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Photo. 3 Transverse section of iron specimen corroded in various conditions.
(a) 830°C, Na,SOy, air, 20min.
(b) 780°C, Na,SOy, air, 20min.
(c) 830°C, PbO, argon, 20min.
(d) 830°C, PbO-40mol 9, Na,SOy, argon, 35min.
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X-ray diffraction patterns of corrosion products. Fe K, radiation.



Pb-Na;SO, &8l KT MRS MRS M - KK - F5m

T T LT

1]

[
iy

P

|

i

| lotiter Layer,
NQ:SQAl b

-Fe0,”
D e

15]

3

e ; ‘
i [ 1
I
’ :
=
c
=1
D=t
>
(s}
g
0.
5i
i
fall
Sl
j =
Qo
g
£

& 36
26 (deg.)

Fig. 20 X-ray diffraction patterns of corrosien preducts. Fe K, radiation.
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