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DYNAMTIC CORROSION OF A STATNLESS-STEEL SPECIMEN BY WATER AT 500° F
USING A TOROID CIRCULATING APPARATUS

By Leland G. Desmon and Don R. Mosher

SUMMARY

A slug of air-saturated distilled water was circulated for 317 hours
at a velocity of 15 feet per second in an ATST 347 stainless-steel toroid
with & wall temperature of 500° F and a 30° F difference in temperature
between the hot and cold sections.

The depth of corrosion layer was 0.00Ll inch (0.028 in./yr) in the
hot sector and 0.0007 inch (0.019 in. /yr) in the cold sector; no mass
transfer was observed. The results of gas, water, end X-ray diffraction
enalyses are given together with photomicrographs of sections taken from
the hot and cold sections of the specimen.

INTRODUCTION

The feagibility of using the torold clrculsalting apparatus to obtain
dynamic water-corrosion data at the conditions of interest to the
Argonne National Laborstory power-reachtor project has been considered.
As stated in reference 1, the apparabtus does not contain a pump but
induces circulation by means of a rotating centrifugal force field. This
principle hasg been successfully used for circulating fused sodium hydroxide
(reference 2). In the case of water, however, the conditions of interest
are in the saturated region and the effect of local boiling on circulstion
in the force field was unknown.

The investigation was therefore conducted primerlily to establish
the Teasibility of using the apparatus for dynamic water-corrosion tests
In the saturated, but suberitical, region and toc present the resulis of
a test with one toroidal specimen. A second purpose of the test was to
determine whether Incliusion of air in the circulating system resulted in
excesgive corrosion rates.

The experiment was conducted, as suggested by ANL, wlith air-saturated
distilled water flowlng at 15 feet per second for a period of 317 hours
in an ATST 347 steinless-steel toroild having a nominal outer-wall
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temperature of 500° F and a temperature difference of 30° F between

the hot and cold sections of the torold. Gas and water analyses were
made of the tube contents; metallographlc and X-ray diffraction studles
were made of the corrosion layer.

PROCEDURE

Fabrication of specimen. - The circulating apparatus is described in
reference 1. The specimen was a length of 0.63-inch outside diameter by
0.06-inch wall ATST 347 stainless-steel tubing bent into a toroid with a
mean diameter of 15.5 inches (fig. 1). A small bore vent tube was heliarc
welded to the torold near one of its ends. The sleeve over the Juncture

of the butted ends was fusion welded %o the tubing with an inert atmosphere

flowlng over the weld area and into the vent tube.

A helium maess spectrometer was used to determine that no leaks
existed in the welded areas.

Heat treatment. - The torold was evacuated to a pressure of 5 microns
of mercury absclute, filled with argon, and the vent tube was temporarily
sealed before belng heat treated. The heat treatment recommended by
ANL was as follows: ST T

(1) Beat at 2300° to 2350° F for 10 to 15 minutes
(2) Water quench

(3) Heat at 1100° F for 10 hours

(4) Air cool

Filling. - After the toroid was heat treated, the vent tube was
opened and 63 cubic centimeters (40 percent of the toroid volume) of
alr-saturated distilled water was placed within the specimen. The analysis
of the water is shown in table I. With 1 atmosphere of air in the toroild,
the vent tube was sesled.

Ingtrumentation. - A total of 18 equally spaced chromel-alumel thermo-
couples were spot welded to the outside wall of the torold, 16 of which
were attached to a multiple-point temperature recdrdsr. One thermocouple,
located in the middle of the hot zore, was used for temperature control.
The remaining thermocouple, located near-the entrance to the cold zone,
was used in the event of a control thermocouple fallure. The thermocouple
Junctions were covered with pleces of ashestos paper to shield them from
the beaded Nichrome heaters vwhich covered the specimen surface. After
three layers of asbestos tape were wrapped on the hot section, the
instrumentation was complete.
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Installation. - The specimen was mounted on the table of the cir-
culating spparstus by six clamps, as shown in figure 2, and the thermo-
couples and heaters were connected. The cooler, an annular chesmber
arranged to discharge compressed alr through boles drilled in the inner
shell was placed to direct air at the cold section.

Operating procedure. - Electric power was supplied to the heaters
and the crankshaft speed was slowly increased from zeroc to the value
corresponding to an average wabter slug velocity of 15 feet per second.
Inasmuch as the existence of flow vms estgblished by methods discussed
in reference 2, it was concluded that local boiling did not interfere
wilth circulation of the water. An automatic controller with 1lts sensing
thermocouple located in the middle of the hot section maintalned the
outer toroid wall temperature at 500° F. The air flow to the cooler
was adjusted until the temperabure difference between the hot and cold
sections was 30° F. These conditions were malntained for 317 hours.

RESULTS

At the conclusion of the test, the specimen was stripped of
Instrumenteation, and gas, water, etallographic, and X-rey diffraction
examinations were performed. The results are summarized in table I.

Gas analysis. - The gas within the toroild was transferred to an
evacuated vessel wlth the aid of a Topler pump. Inasmuch as the total
toroid volume was 158 milliliters, of which 63 milliliters was water,
snd 515.6 milliliters of gas was collected (table I), a torold pressure
In excess of 5 atmospheres at room temperature is indicated. The ratio
of oxygen to inert ges was found to be similar to that of air; the origin
of this gas is, as yet, unknown. Subsequent use of the same gas-removal
apparatus has proved consistently satisfactory and the possibility of
alr leaking into the sample during transfer is believed to be very small.

Water analysls. - Resulis of the water analyses before and after
test are shown in teble I, It ls spperent that small quantities of tubing
constituents were picked up by the water thereby reducing 1lts resistivity
by a factor of 15. Although the ATSI analysis of 347 stainless steel
does not ordinerily list copper, & spectrographic analysis of the toroid
materiasl does indicate 1ts presence, thus providing a possible source
for the incresse in copper concentration in the water.

Metallogrephic analysis. - After removel of thée contents, the torold
was cut into 18 sections of approximately equal length. Visual inspection
showed that the surface of all the sectlions had a derk oxlde coating with
& purple tint; no crystalline deposition (mass transfer) was apparent in
the cold section. Breden and Wohlberg (reference 3) ran a sample of
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ATST 347 stainless steel for 2 weeks at 500° F in a dynemic loop. The
pample was degressed bul not chemlcally cleaned or heat treated. A
dark greenish-purple transparent oxide coating was observed after test.
This appears to be in agreement with the result reported herein.

The ratioc of the weight of specimens of like external dimension
from the cold and hot sections was 1.003. No significance is attached
to this value, however, as it is wlthin normal tubing tolerance.

Photomicrographs of metallogrephic sections taken from both the hot
and cold sections are shown in figure 3. Copper and nickel were plated
onto the specimens before mounting in plastlc to preserve the corrosion
layer during polishing. The average depth of the corrosion layer on
the hot section i1s 0.001 inch (0.028 in./yr); the average depth on the
cold section is 0.0007 inch (0.019 in./yr). The photomicrogrsphs do
not show any intergranmular penetration or crystalline deposit.

X-ray diffraction analysis. - The corrogion product was tlghtly
adherent to the torold bore Pfrom which it was scraped to obtain a sample
for X-ray diffraction snalysls. Line intensities and 4 values obtalned
from the diffraction pattern are given in table IT. An interpretation
of the pattern (table I) strongly indicated the presence of the compound
chromium ferrite Crp(FeOp)s. Indications of the elements nickel, iron,

and mangsnese were also found, and probably came from parent metal
scraped from the tube during sampling. The presence of oxides of nickel,
iron, and mengenese was not detected..

SUMMARY OF RESULTS

A test was conducted to (1) determine the feasibillity of using a
special circulating apparstus to investlgate the corrosion behavior of
water in various container materials, and (2) determine the amount of
corrosion obtained with alr present in the circulating system. The test
was run with air-saturated distilled water flowing at a veloclty of
15 feet per second for 317 hours in sn ATST 347 stainless-steel torocid
with & nominal temperature of 500° F and a temperature difference of
30° F between the hot and cold sections. The investigation indicated
that: © :

1. Iocal boiliing did not interfere with circulation of the water
in ‘the toroid and the torold circulating spparatus appears to be a
satisfactory means of investigating the corrosion behavior of water in
verious contailner materials at the condltions of this test.

2. 'The average depth'of corrosion layer in the hot and cold sections
was 0.001 inch (0.028 in./yr), and 0.0007 inch (0.019 in./yr), respectively.
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3. Mass transfer did not occur.

4, At the conclusion of the run, a pressgure in excess of 5 atmospheres
(at room temperature) existed within the toroild as compared with a sterting
pressure of 1 atmosphere. The source of this gas 1s unknown although it
has a ratio of oxygen to inert gas similer to that of =ir.

5. Small quantities of tubing comstituents were picked up by the
water whose resistivity was thereby reduced by a factor of 15.

6. The corrosion layer was tightly adherent to the toroid bore and
contained chromium ferrite Crp(FeOp)g as interpreted from X-ray diffraction

patterns.

Lewls Flight Propulsion Iaboratory
Nationel Advisory Committee for Aeronautics
Cleveland, Ohio, May 16, 1952
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TABLE I - SUMMARY OF R™SULTS

Gas analysis Water a.na.lyaisb Nominal Rate of Constituents of
after test® composition of corrosion corrosion layer®
AIST 347 penetra.f:iou
stalnless steel
Constlftuent |Percent Chemical Constituent| Percent Regilon in./yr
by by
vo'lume Ttem microgram/ml welght
- Before |After
Oxygen 19.4 Fe 0.03 0.8 Cr 17-19 [Hot sector | 0.028|atrong
indication Cr,(Fe0,)
2 2’6
fu 08 | .58 i 9-12 [cold sector| .019lAls0 | Wi\ @
indicated Fe
_ Mn
Ni - .06 5 Mn 2 max
Cr e | 2f 81 1 max
Tnert gases®| 80.6 Mn e | 2f c. 0.08 mex
P 0.04 max
8 0.03 max
Cb ~10XC
Physical Fe remainder
Reglsetivity,
ohm ¢m 368,000)24,000
pH 5.3 | 7.3
Suepended
solids Rone | Rone

8515.6 ml collected at 28,87 in. fg absolute and 25° C,
bg3 ml of ajr-saturated distilled water at room temperature within specimen.

CResulta of analysis of X-ray diffraction pattern obtained from corrosion product.
aCopper detected spectrographically in toroid material; probable source of pick-up in water.
€Probably introduced while scraping the semple from the parent metal.
frnAicated spectrographically.
&Fo Hp, €O, COp, Or burnable hyirocarbons detected.
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TABLE IT - X-RAY DIFFRACTION PATTERN OF CORROSION PRODUCT

Line number | Intensity g
(a)
1 weak 10.12
2 faint 8.73
3 faint 7.11
4 faint 5.24
5 faint 4.47
6 faint 3.69
7 faint 3.12
8 faint 2.68.
S medium 2.49
10 faint 2.34
i1l medium 2.26
12 faint 2.17
13 strong 2.05
14 : medium 1.957
15 weak 1.888
16 wegk 1.833
17 strong 1.783
18 faint 1.740
19 faint 1.8680
20 weak ,1.594
21 faint 1.493
22 faint 1.423
23 weak 1.383
24 faint 1.356
25 : faint 1.319
26 strong 1.261
27 weak 1.238
28 1 weask 1.211
29 weak 1.189
30 wesak 1.184
31 medium 1.163
32 weak 1.154




0.06 wall

0.63 Q.D. tube by

0.73 0.D. by 0.06 wall
by 0.58 long aleeye
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Figure 1. - Febrication drawing of specimen.

Jection A-A
Seale-full size

0.25 0.D. tube by 0,03 wall
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1. Welding: Heliarc with metel addition end
argon flowing through 0.63 tube
2. Drill after vent tube ia welded In place

3. Remove all burrs from drilled hole
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Figure 2, - Circulating
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apparatur with specimen in place.
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Parent metal
Corrosion layer

Copper plate
Nickel plate
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(b) Specimen taken from cold gectian.

Figure 5. - Photaeiorograzh of spacimena teaken from toroid; I5CO; etchant, none,

(a) Specimen taken from hot section.
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