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Corrosion of AISI 316 and AISI 304 Stainless Steel

with Iodine Vapour

Takeshi FUKUDA and Shunzo OMORI
Division of Nuclear Fuel Research, Tokai, JAERI

( Received December 12, 1974 )

The weight loss of stainless steel in corrosion with
iodine vapour has been studied in a temperature range of
500°~1000°C and a iodine vapour pressure range of 0.05~
0.5 mmHg, using a thermobalance. In the initial stage of
corrosion, the weight loss rate is largely influenced by
solution treatment or surface treatment; the induction
period, observed for solution-treated samples, is shortened
or disappeared by fission-fragment irradiation, lon-bombard-
ment or mechanical polishing, and in some cases corrosion
is even accelerated by the surface treatments. A constant
weight loss region follows the initial stage of corrosion.
in this region, the weight loss rate is not dependent on
treatment to the samples, and has a linear relationship with
the vapour pressure of iodine. The rate is the largest at
about 800°C and 750°C for AISI 316 s. s. and AISI 304 s. s.
The rates in general are larger for AISI 304 s. s. than for
AISI 316 s. s. below 700°C but almost the same above 800°C.
Corrosion product layer is observed on the surface of the
sample below 700°C. Based on these findings, the corrosion
process is discussed. The deposition of corrosion product in

a temperature gradient tube is also described.
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Table 1. Chemical analysis of samples (*s).

Cr Ni Mo C Si Mn P S Cu

ATS1 304 18.2 9.14 0.14 0.06 0.51 1.15 0.03 0.011 0.16

AISTI 316 17.1 12.0 2.23 0.07 .65 1.56 0.03 0.005 0.34

Greaseless cock
Initial iodine

Constriction
p ™1 /
. - N\ —> To diffusion
¥ pump
d A
) </ ~

Boiling
water

N Ice+water Distilled . Liq. nitrogen
' iodine

Fig. 1 Apparatus for distillation of iodine.
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Fig. 2. Thermobalance for corrosion test with

iodine vapour.
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Fig.3. Deposition of corrosion products
in thermal gradient tube
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Table 2a. Experimental data for AISI 316 stainless steel.

Run Corrosion Iodine Heat Surface treatment Mode of Weight loss
No. tempera- crystal treat- of sample initial rate
ture tempera- ment of corrosion
N tuEe sample >
(Y 0% _ (mg/cm”/min)
1 500 17 AR nothing LN 5.21 x 107"
2 600 17 AR nothing LIN 2.38 x 107°
3 600 17 ST nothing IND 2.60 x 1072
4 700 4 AR nothing ACC 2.73 x 1077
5 700 17 AR nothing ACC 9.67 x 1072
6 700 17 AR EP ACC 9.92 x 1077
7 700 17 AR PV ACC 7.44 x 1072
8 700 17 AR - MP ACC §.18 x 1072
9 700 17 AR EP+FF (5x10° Y ££/cn’) ACC 1.08 x 1070
10 700 17 ST nothing IND 1.06 x_m'1
11 700 17 ST EP - IND 7.76 x 107°
12 700 17 ST EP IND 1.02 x 1071
13 700 17 ST EP IND §.18 x 1072
14 700 17 ST PV IND 8.53 x 107°
15 700 17 ST EP+MP ACC 1.02 x 1071
16 700 17 ST EP+FF(1.5x1012ff/cm2) IND 1.08 x 1071
17 700 17 ST EP+FF(1.5X1012ff/cm2) IND 8.65 x 1077
18 700 17 ST EP+FF (5x10 *££/cn?) ACC 8.20 x 1077
19 700 17 ST EP+FF(5x10° Y ££/cm?)* ACC 9.83 x 1072
20 700 17 ST EP+ION(7x1013Ar/cm2) IND 7.98 x 107°
21 700 17 ST EP+ION(6x1014Ar/cm2) IND 8.11 x 1072
22 700 17 ST EP+ION (8x1015Ar/cn?) ACC 8.00 x 10 2
23 700 17 ST EP+ION(5X1016Ar/cm2) ACC 7.50 x 1072
24 700 30 AR nothing ACC 2.48 x 107}
2t 800 17 AR EP ACC 2.53 x 107"
26 800 17 ST nothing IND 2.78 x 107+
27 900 - 4 ST EP LIN 4.17 x 1072
)8 900 10 AR EP (ACC) 8.93 x 1072
29 900 17 AR nothing LIN 1.69 x 1071
30 900 17 AR EP LIN 1.59 x 1071
31 900 17 ST EP (LIN) 1.39 x 1071
32 900 = 27 AR nothing LIN 3.35 x 107}
33 1000 17 AR EP LIN 6.35 x 1072

For explanation of characters in this table, see annotations under Table 2b.
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‘Table 2b. Experimental data for AISI 304 stainless steel.

Run Corrosion Iodine Heat Surface treatment Mode of Weight loss
No. tempera- crystal treat- of sample initial rate
ture tempera- ment of corrosion
ture sample
(°c) °S . (mg/cmz/min)

34 500 17 AR EP . LIN 1.74 x 107"
35 600 17 AR EP LIN 7.19 x 1072
36 700 - 4 ST nothing D 8.93 x 1077
37 700 17 AR EP LIN 3.72 X 107!
38 700 17 AR PC ACC  4.36 X 107!
39 700 17 ST nothing IND 3.28 X 107t
40 700 17 ST EP IND 2.78 x 107!
a1 700 17 ST EP+FF(1.5x10'2££/cn) IND 3.49 x 107
42 700 17 ST EP+FF (5x10 ¥ ££/cn?) IND 3.65 x 107
43 700 17 ST EP+FF (5x10 4 ££/cn?) * N 3.26 x 107
44 700 17 ST 'EP+ION(7x1013Af/cm2) IND  3.04 x 107}
45 700 17 ST EP+1ON (6x10 - *Ar/cn?) D 2.96 x 107
46 700 17 ST EP+ION(8x1015Ar/cm2] IND  2.93 x 107
47 700 17 ST EP+ION (5x101%Ar/cn?) D 2.70 x 107
48 700 30 ST nothing IND 7.29 x 107!
49 800 17 AR EP LIN 3.42 x 1071
50 900 17 AR EP - LIN 1.88 x 107

AR : As cold-rolled.

ST : Solution treatment ( 1100°C, lhr }.

EP : Electro-polishing ( H3PO4—H2504—Cr03 sol.).
PV : Passive state treatment [ SO%HZSO4(70°C,5min) and SO%HNOS(in boiling,lhr)].
MP : Mechanical polishing ( #800 emery-paper }.
PC : Pickling ZO%HNOB—Z%HF 3.

FF : Fission-fragment irradiation.

ION : Ion-bombardment ( 1.3 MeV—Ar++ J.

ACC : Acceleration.

IND : Induction.

LIN : Linear corrosion

* (annealed at 700°C for lhr in vacuum after irvadiation).
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Table 3. Deposition behavior of corrosicn products in thermal

gradient tube of quartz.

Deposition Order in  Colour Solubility Active Probable

temperature  abundance in water nuclide iodide
a  570~510°C 2 Brown readily ler NI, Crl,
b 500~460°C 3 Brown readily 6y MnI,

o Datk ‘ . 56 o
c 440~410°C 4 | green readily (" "Mn) ?
d 400~280°C 1 Reddish readily - Fel,
purple :

Sample :AISI 316 irradiated in a thermal reactor (nvt= 6x1016n/cm2) and

cooled for 10 hr. -
Temperature : 800°C

Iodine vapour pressure : 0.17 mmHg
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Table 3. Deposition behavior of corrosicn products in thermal

gradient tube of quartz.

Deposition Order in  Colour Solubility Active Probable

temperature abundance in water nuclide iodide
a  570~510°C 2 Brown readily ~ “'Cr  NiL,, Crl,
b 500~460°C 3 Brown readily >Optn MnlI,

° Dark ; 3 56 o
c 440~410°C 4 | green readily (7 "Mn) ?
d 400~280°C 1 Reddish readily - Fel,
purple

Sample : AISI 316 irradiated in a thermal reactor (nvt= 6x1016n/cm2) and

cooled for 10 hr. -
Temperature : 800°C

Iodine vapour pressure : (0,17 mmHg
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