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ABSTRACT

The SNAP-8, SN-1 boiler which was designed and fabricated by
NASA was performance tested for 13,500 hours by GE-NSP. After testing
the boiler was removed from the test facility and the boiler materials
were evaluated. The evaluation indicated excellent compatibility of
the boiler materials with liquid metals at high temperatures and all

indications point to the design life capability'of 40,000 hours.
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I. INTRODUCTION

The SNAP-8, SN-1 Boiler was designed and fabricated by NASA at the
Lewis Research Center, Cleveland, Ohio. The boiler was delivered to
GE-NSP in December 1967 for performance testing which was initiated_in
February 1968. The boiler successfully completed 13,500 hours of test-
ing with only three shutdowns for repairs.(l_s) At the completion of
the test program, the boiler was removed from the test facility for
posttest metallurgical evaluation, the results of which are described

in this report.

(I)Edited by R. D. Brooks, "SNAP-8 Refractory Boiler Development, Summary

Report of the February 17, 1968 Boiler Failure,' NASA Contract NAS 3~
10610, GESP-118, April 25, 1968.
(Z)R. A. Fuller, W. F. Zimmerman, 'Report of the May 31, 1968 SNAP-8,
SN-1 Boiler Failure," GESP-230.
(S)R. A. Fuller, W. F. Zimmerman, "Report of the August 20, 1968 SNAP-8,
SN-1 Boiler Failure, GESP-231.



11. BOILER EVALUATION

A. PROCEDURE

A complete nondestructive and destructive evaluation of the SN-1
boiler was conducted. The following items of‘the boiler were thoroughly
examined: the inlet and outlet Ta/316 SS bimetallic jointé, the inlet
and outlet tantalum dished heads and header plates, two stainless steel-
tantalum tube pairs, the tantalum plugs, the Ta-10W turbulator wire,
and the zirconium getter foil. The techniques employed to evaluate these
boiler materials included: visual, dimensional, and dye penetrant inspec-
tions; chemical analysis; metallographic examination microhardness
measurements; X-ray diffraction; X-ray fluorescence; and microprobe

analysis.

B. SECTIONING OF SNAP-8 SN-1 BOILER

Upon completing the endurance testing of the SNAP-8, SN—l test
boiler and securing the SNAP-8 test facility, the boiler was cut from
the facility and removed for the destructive evaluation. Visual examina-
tion of the boiler revealed it to be in good condition, and sectioning

of the boiler was initiated.

The initial cuts for sectioning of the boiler were made at the
mercury inlét as shown in Figure 1. The first cut was made through the
outer stainless steel shell just forward of the header on to which the
bellows was welded. ' The snap ring was then removed from the bearing
housing and the first section was slid off the end of thé 1~-inch-0D
stainless steel tube exposing the bellows. The bellows appeared to be
in excellent condition as can be seen in Figuré 1. The second cut was
made at the front end of the bellows while the third cut was made through
the outer stainless steel shell just forward of the stainless steel
header, This second section of the outer stainless steel shell with
bellows attached was slid off the end of the inner tube exposing the
coextruded joint and tantalum header. Some alkali metal oxide was

present but it was easily removed by wiping with a damp cloth, This



section before and after cleaning is shown in Figure 2. The zirconium
getter bundle which was wrapped around the coextruded joint and

exposed to the static NaK is shown in Figure 3. The zirconium foil was
very brittle and analysis, shown in Table I, indicated it to be very

high in hydrogen (3800 to 4800 ppm). Although the source of this high
hydrogen concentration is not clear, the contamination could have occurred
as a result of moisture in the air reacting with residual NaK remaining
on the foil after the boiler shutdown. A pickup of approximately 200 ppm

oxygen was also noted.

At the exit end of the boiler, the stainless steel shell was removed
éxposing the tantalum header, dished head, and zirconium getter bundle
around the brazed bimetallic joint. As shown in Figure 4, no NaK oxide
was present, and the parts looked very clean, The zirconium getter
bundle unlike the one at the inlet was ductile., Chemical analysis results
shown in Table I indicated a pickup of 1000 to 3000 ppm oxygen but no
pickup of hydrogen, such as that found in the getter bundlg at the boiler
inlet, was noted. The oxygen pickup is understandable since the getters
purpose was to remove oxygen from the NaK and the reaction rate would be

higher at the higher temperature at the boiler exit (NaK inlet).

After removing the zirconium getter bundles, the coextruded joint
and dished head at the boiler inlet and the brazed joint and dished
head at the exit were removed by cutting. through the welds between the
tantalum header and the dished head. Some mercury amalgam was observed
on the face of the tantalum header and the ID of the tantalum dished
head at the inlet but the ID surfaces exposed to mercury at the exit
were very clean, By cutting through the stainless steel and tantalum
tube pairs just following the stainless steel headers, both header plates
at the inlet and exit were removed from the tube bundle. A layout of

all the components of the sectioned boiler is shown in Figure 5.

The outer stainless steel shell was removed by making circumferential
cuts every 4-5 feet and then sliding the sections off the tube bundles.
In general, the tube bundles appeared very clean although some alkali
metal oxide was noted at the NaK exit. This oxide film was easily
removed by wiping with a damp cloth. After cleaning in this manner,
the tubes appeared very bright and shiny except in the plug region where

they appeared to be oxidized.



TABLE I

CHEMICAL ANALYSIS OF ZIRCONIUM GETTER FOIL FROM THE STATIC NaK SYSTEM

LOCATION

INLET
OUTER: LAYER
MIDDLE LAYER

INNER LAYER

CEXIT
OUTER LAYER

INNER LAYER'

PRETEST

960

1061

1060

1729

4284

790

172
208

167

- 214

381

25

L £
4875 104
3802 90
3917 157, .176
13 101
12 168
7 109 -

IS-17



Two stainless steel-tantalum tube pairs were removed from the
boiler for evaluation. Viewing the tubes from the mercury inlet header,
the tube located at 11 o'clock position (which will be designated as
Tube A) and the tube located at the 5 o'clock position (which will be
designated as Tube B) were selected. These tubes are from the hottest
(Tube A) and coolest (Tube B) areas of the boiler as indicated during
testing by thermocouples attached to the outer shell. The selected
tubes were removed by cutting into sections measuring approximately
6 feet in length and sliding each section from the tube bundle. The
inner tantalum tube was then removed from the outer stainless steel
tube. Dimensional measurements along the length of the tube at approxi-
mately three-foot intervals were made. These measurements, shown in

Table II, indicate no distortion of the tubes during test.

After removal from the boiler, the tubes were split longitudinally.
Subsequent visual exahination of the tubes indicated some discoloration
or stain as shown in Figures 6 and 7 but no signs of degradation. A
light gray deposit was observed on the ID of the tantalum tubes through-
out the boiler in the vapor region. A darker'gray deposit shown in
Figure 8 was observed on the ID surface of the tantalum tube at the

exit of the plug section,.

The tantalum tubes from each plug tube assembly were slit longi-
tudinally and removed from the plug. Discoloration or staining of the
tube and plug were noted but no apparent degradation. The sectioned
assembly is shown in Figure 9. Dye penetrant inspection of the boiler
revealed no defective welds. Dimensional inspection of the vawrious

parts of the boiler indicated no distortion,

c. EVALUATION OF STAINLESS STEEL PARTS
1. Outer 316 Stainless Steel Shell

The visual appearance of the outer 316 stainless steel shell after
removal from the test facility was good; however, it was observed that
the shell appeared more brittle than normal when cutting it with a
tubing cutter during the sectioning of the boiler. Although the action
of the tubing cutter normally tends to work harden the material (especially
thick-walled tubing) and cauSes a brittle fracture before cutting all

the way through, it was noticed that after cutting about half way through

6



TABLE I1I

DIMENSIONAL MEASUREMENTS OF STAINLESS STEEL - TANTALUM TUBE PAIRS

Distance from
Stainless Steel
Header at Boiler

~ Diameter
Stainless Steel
Tube, Inches

D (+]
D,, 90" to Dl—

TUBE

TUBE

Inlet, Feet 91_
0.5 -
1.5 -
3.0 -
6.0 1.046
9.0 1.011

12.0 1.007

15.0 1.006

18.0 1.005

21.0 1.008

24.0 1.006

27.0 1.007

30.0 1.010

'33.0 1.011

36.0 1.011
0.5 -
1.5 -
3.0 -
6.0 1,062
9.0 1.024

12.0 1.007

15.0 1.006

18,0 1,007

21.0 1.001

24,0 1.004

27.0 1,002

'30.0 1.006

33.0 1.009

36.0 1.004

patr A(®
0.875
0.890
0.889
0.920
0.982
0.993
1.000
1.004
1.010
1.010
1.010
1.011
1.010
1.002

PAIR B(b)
0.861
0.877
0.876
0.887
0.957
0.988
0,998
1.001
1.006
1.003
1,010
1,012
1,012
1,005

Diameter
Tantalum
‘Tube, Inches

D
2y

0.739

‘0,738

0.738
0.726
0.720
0.738
0.739
0.728
0.731
0.734
0.736
0.737
0.734
0.734

0.740
0.739
0.740
0.719
0.746
0,735
0.742
0.723
0.730
0.728
0.739
0,727
0.730
0.745

Q
D,, 90” to D _

0.739
0.739
0,739
0,764
0.772
0.763
0.758

10,766

0.766
0.762
0.760
0.761
0.764
0.760

0.740
0.740
0.740
0,770
0.731
0.765
0,761
0.768
0.766
10,766
0.758
0,767
0.765
0.756

(a)
(b)

.Tube pair from hottest position in boiler,

Tube pair from coolest position in boiler.



the wall the pressure from the tubing cutter would cause the remaining

portion of the wall to crack.

Metallographic examination of a specimen taken from the outer shell
near the NaK inlet showed an almost continuous grain boundary precipitate,
as shown in Figure 10, which could attribute to the brittle behavior.

This precipitate is most likely M2306 type of carbide phase. Metallc -
graphic examination of the OD and ID surfaces of the shell revealed
nothing unusual as far as corrosion or oxidation were concerned. Hard-
ness traverse across the wall showed no significant hardness gradient

as shbwn in Figure 11.

A bend specimen cut from this same area of the boiler was bent with
the ID in tension over a 1t radius and cracked after 100° bend. A speci-
meﬁ* from the outer shell of the BRDC-~2 boiler (tested at Aerojet General)
was also tested. This specimen bent under the same conditions as the
previous specimen from SN-1 boiler shell, bent a full 105° without cracking.
The two specimens are shown in Figure 12, The BRDC~-2 boiler was operated
for a total of 8700 hours while the SN-1 boiler was operated for a total
of 15,000 hours. There apparently was some loss of ductility of the
SN-1 316 stainless steel outer shell material, but it does not appeér to
be detrimental to boiler operation. However, as test time is accumulated

the ductility of a given boiler shell may continue to decrease,

2, Stainless Steel Piping Separating Flowing and Static Nak

One-inch-0D x 0,035-inch-wall 321 stainless steel tubing was used
to contain the static NaK around the tantalum tubes and separate it from-
the flowing NaK system. These tubes were welded at both ends to stain-~
less steel header platés which in turn were welded to the outer shell,
The appearance of the tubing, after removal of the outer shell, was
bright and clean except in the plug region which was coated with Nak
oxide. This oxide was easily removed with a damp cloth but the surface
beneath was dark gray in color and rougher in comparison to the tubing

in the rest of the boiler.

sk
Supplied by NASA,



An earlier report of the Fehruary 17, 1968, boiler failure,(l)

described a heavy deposit of NaK oxide on the OD surface of the stain-
less steel tubes in the plug region. At that time the NaK oxide was
mechanically removed. The roughened surface was probably the result

of thebmechanical cleaning and subsequent oxidation or corrosion of the

stainless as a result.

Metallographic examination of this area revealed some attack on
the OD of the 321 stainless steel tubing to a depth of about 0,0005 inch,
as shown in Figure 13. A gradient analysis for interstial elementS'Was
obtained from the inner 1/3, center 1/3, and outer 1/3 of the tubing wall.
These analyses are shown in Table III along with a'gradient analysis of
another section of tubing further downstream., The analysis of the tubing
from the plug section showed the OD of the tube to be very high in oxygen
(2017 ppm) and somewhat higher in carbon (779 ppm). The‘high oxygen
concentration at the OD is believed ﬁo be associated with the observed
“attack., Sections of this tubing were noted to turn white after long-~term
exposure to air. The white powdery coating results from‘bxidaﬁién of the
NaK oozing from the grain boundary attack area at the surface of thé |
tubing, B

Photomicrographs shown in Figure 14 are typical of all other areas
of the 321 stainiess steel tubing separatingvfhe static and flowing NakK
circuits, No corrosion was observed, but the areas adjacent to the sur-
face were depleted in sigma with the effect more prevalent on the flowing
NaK side. A hardness traverse across the tube wall indicated no hardness
gradient as can be seen in Figure 15, Micfoprobe scans across the'sigmév
depleted zone detected no change in composition, Interstitial analysis
of the outer 1/3, center 1/3, and inner 1/3 of the tube wall shown in
Table III, showed the oxygen and nitrogen concentrations to be somewhat
higher at the surface. Apparently there has been a subtle change in
composition at the tube surface which has prevented the formation of the
sigﬁé phase, The stainless steel header plates showed no sign of attack
or degradation from either the static or flowing NaK sides. During the
‘metallograpﬁic examination considerable weld shrinkage was noted in one
of the center tube welds 18 feet downstream of the inlet header as shown
in Figure 16. No shrinkage was noted in any of the other five welds

examined,
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D, EVALUATION OF TANTALUM PARTS

The tantalum section of the boiler separates the mercury and static
NaK systems. The mercury enters the boiler.through a 2-inch-0OD 316
stainless steel tube. The transition from 316 stainless steel to tantalum
is made at thié point by means of a coextruded joint. The tantalum '
dished head connects the coextruded joint to the tantalum header. The
seven tantalum boiler tubes are welded into the header plate along with
the orifices, followed by the plugs and then the turbulator wire which
extends the remaining length of the boiler .tubes. As noted earlier;
visual examination of the tantalum parts revealed some discoloration but

no signs of degradation,

Metallographic examination of the tantalum dished head at the boiler
inlet showed a minor amount of corrosion on the static NaK side. The
attack shown in Figure 17 extends to a depth of 2 mils and is typical
of oxygen associated alkali metal corrosion along crystallographic planes.
The morphology of the corrosion suggests the possible cause as being
slight oxygen contamination of the tantalum surface. The tantalum dished
head at the boiler outlet showed no sign of attack although it operated
at a much higher temperature (approximately 1300°F as compared to 900°F
at the boiler inlet) since the tantalum dished head at the inlet was

(1)

replaced during a field weld repair, some contanination could_have
occurred at that time. Chemical analysis indicates the oxygen concen-
tration of the tantalum at the boiler exit to be less than 10 ppm as
compared to 40 ppm at the boiler inlet, The difference in oxygen.con;
centration could also be explained by differences in the kinetics of B
oxygen dissolutionvin»the alkali metal as influenced by the temperature

difference,

Surface cracks were observed on the ID of the tantalum orifice,
shown in Figure 17. They do not appear to be corrosion but rather a
result of machining. The orifices of this boiler wefe drilled and

not polished by honihg,vwhich is now being employed in boiler manufacture.

Metallographic examination of the pretest tantalum tubing used
~in the SN~-1 boiier revealed severe grain boundary attack on both the
OD and ID as shown in Figures 18 and 19, It is believed the defects

could have resulted from surface contamination during'proceSSing and

11



subsequent acid pickling, Similar grain boundary voids have been
observed in Cb-1lZr tubing processed similarly; however, this effect is

not typical of standard quality refractory metal tubing,

The photomicrograph in Figure 20 of a representative area of the
tantalum tube-plug assembly shows the grain boundary voids in the tube
while the plug shows no sign of attack. Although the liquid metal
exposure would tend to accentuate these grain boundary voids no corrosion

was obhserved.,

At the exit of the plug, dark gray deposits were noted on the ID
of the tantalum tube as shown previously in Figure 8, and extended
over a length of approximately nine inches. A section of the tube-
was mounted for metallographic examination, but the deposit was dissolved
during the polishing process. It was discovered at this time that this
deposit was water soluble, A semiquantitative SpectrographiC'analysis
of the deposit indicated the major element to be chromium (> 10%) with
minor amounts (< 10%) of cobalt, iron, and nickel, All of theéé elements
‘with the exception of the cobalt are major consfituents of stainless
steel, and cobalt is a major constituent of L605. ‘Stainless steel and

L1605 are both employed in the facility piping.

Following the dark gray deposits at the exit of the'plug section and
for the remaining length of the boiler, a light gray film or coating was
observed on the 1D surface (mercury side) of the tantalum tubing, This
film, sﬁown in Figure 21, was approximétely 0.0005 inch thick and con-
siderably harder than the base metal. Microhardness measurements show
the film to have a Knoop hardness of 361 as compared to an average
hardness of 100 in the tantalum, It is interesting to note that the
film extends down into a lap -defect in the tantalum tubing shown in
Figure 22 to a depth of almost 4 mils, Photomicrographs of the tantalum
tubing from other representative areas of the boiler are shown in

Figure 23, X-ray diffraction analysis of the film indicated it to be

predominantly isomorphous with tetragonal Ni_Ta; however, X-ray

3
fluorescence analysis indicated the presence of iron, chromium, titanium,

and some mercury in the coating as well as nickel,

Microprobe analysis showed the presence of nickel and iron in this

coating with essentially no diffusion of these elements into the tantalum

12



base metal., The mass transfer of stainless steel constituents occurs
by dissolution in the mercury from the stainless steel facility piping
and concentration in the boiler vapor region by distillation. The
coating was also found on the tantalum turbulator wire which extended
the full length of the boiler, the tantalum header, the dished head, and
the Ta/316 SS brazed transition joint at the boiler exit. Photomicro-

graphs of the turbulator wire are shown in Figure 24,

Chemical analysis of the various tantalum parts of boiler are pre-
sented in Table IV, From these data it can be seen that the concentration
of nitrogen increases from the inlet to the outlet of tﬁe boiler. Since
the boiler is a counterflow boiler, the mercury exit is hotter than
the mercury inlet, If the nitrogen pickup is diffusion limited then
one would expect a higher concentration at the mercury outlet. If is
assumed the nitrogen comes from the stainless steel and exists in.the
boiler és nitrogen since mercury, sodium, and pdtassium do not form

stable nitrides.

On the other hand the oxygen is highest at ‘the boiler inlet. Since'
the oxygen concentration falls off very rapidly and remains fairly
constant thrbughout the rest of the boiler, it may be that the tubing
in this area was oxygen contaminated at the time of the field weld
repairs, A gradient analysis of the‘tube from the plug inlet and from
the boiler exit is shown in Table V. In both cases, analysis.indicated
the surface concentration of all the elements Was.higher than at the

center of the tube, indicating surface contamination of both sides.

E. Ta/316 SS TRANSITION JOINTS

Two Ta/316 stainless steel transition joints were evaluated; the
coextruded joint from the boiler inlet and the‘brazed joint from the
boiler exit. Both joints were leak checked after remoyal from the boiler
and found to be leak tight., After leak checking, the joints Wefe Zyglo
inspeéted. The brazed joiﬁt showed no indications but the coextruded.
joiﬁt reVealed-one indicétion, approximately -1/4-inch wide on the OD
of the joint at the stainless steel feathgredge, The ultrasonic
inéﬁectioﬁ and metallographic examination of the joints are discussed

in the following sections.
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1. Ultrasonic Inspection

Modified A-scan recordings were obtained from the inspection of the
Ta/316 stainless steel transition joints., This ultrasonic inspection
(4)

method was developed under contract NAS 3~11846 for measuring the

quality of tongue-in-groove braze joints,

The tongue-and-grooved standard contained reference defects of
0.005 inch, 0.010 inch, 0.020 inch, and 0.050 inch at both the ID braze
interface and the OD braze interface. These defects were used to cali-

brate the Sperry No. 721, Ultrasonic Flaw Detector.

The two joints were ultradsonically scanned using the. water immersion

technique while being rotated in a small lathe.

The evaluation was performed using a No. 721 Flaw Detector, 50 W
Broadband Pulser/Receiver and a 25 and 1S MH2 (megacycle) search units,
The search units were "'BB" styles, having 3/8-inch~diameter crystals
and 1.35-inch and 2,17-inch water paths and 0.012-inch and 0.020~inch
beam diameters, respectively. ‘Recording of indications was accomplished

using an Electronic Associates, flat bed, x~y recorder,

The "Modified A-Scan” recordings obtained from the inspection of
the brazed joint producea several indications greater than that obtained
from a 0.0lO—inch~diameter calibrated hole. These indicafions were
exclusively from the inner annulus or the wide braze section of the
joint.

The ultrasonic inspection of the coextruded joint verified the
Zyglo indication and showed the defect to be approximately 1/4 inch wide
and 100 mils long. One small internal defect was also indicated by
ultrasonic inspection approximately 1/4 inch back from the 316 stainless

steel featheredge,

(4)S R. Thompson, J. D. Marble and R. A. Ekvall, 'Development of Opiimum
Fabrication Techniques for Brazed Ta/Type 316 SS Tubular Transition
Joints,'" NASA Contract, NAS 3-11846, GESP-521.
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2. Metallographic Examination

Preparation of the brazed joint for the microstructural examination
of longitudinal planes required special preparation because of residual
stresses present in the tongue-and-groove area which can produce catastro-
phic failure of the braze alloy during longitudinal sectioning. To
overcome this difficulty, the entire assembly was encased in thermal
setting plastic before sectioning. The mounting material thus provided
the required support in the braze area and prevented failure during

sectioning. The same procedure was used on the coextruded joints.

When seétionihg the joints, longitudinal cuts were made 1/8 inch
away from the plane to be viewed. The specimens were then ground back
to it before final polishing. Three longitudinal sections from each
joint were selected for metallographic examination. From the brazed joint
one specimen was selected from the worst area, one from the best area,
and one from an intermediate area as determined from the ultrasonic
inspection. From the coextruded joint, one specimen was selected-froml
the area of the defect on the OD of the joint at thé 316 stainless steel
featheredge, one wés_selected from the area of the internél defect, and

one was selected from a sound area,

The photomicrogréphs in PFigure 25 show the separation at the feather-
edge of the 316 stainless steel from the tantalum on the OD of the co-
ektruded joint. The photomicrograph shows the separation to be 0.016 inch
long. Althoﬁgh the specimen mounted to view the internal defect indicated
by the ultrasonic inspection was ground.back several times in an éttempt
to locate the defect., It was not found. The only defect observed in
the three specimens was the one on the OD of the joint at the 316 stain-
less steel featheredge. The photomicrograph shown in Figure 26 is typical
of the Ta/316 stainless steel interface. As can -be seen, there is a dis-
continuous phase present at the interface, ﬁut it is less than 0.0001 inch
thick and apparently had no detrimental effect on the joint. The hardness-
traverse across the coextruded joint shown in Figure 27 indicates a favor-

able hardness profile.

Metallographic examination of the three specimens from the brazed

joint showed the joint to be completely filled with braze alloy and

17



to have very little microshrinkage in it, As can be seen from the photo~
micrograph in Figure 28 from the worst area of the joint, one void approxi-
mately 0.003 inch in diameter is shown. Several other considerably smaller
voids are present but nothing close to the 0,0l0-inch~diameter voids in-
dicated by the ultrasonic inspection. The other two metallographic
specimens also showed some microshrinkage voids (less < 0,002 inch) but

to a lesser degree,

A microhardness traverse across the brazed joint is shown in Figure
29. It appears from this survey that some diffusion of the braze alloy
into the 316 SS from the wide brazed side has occurred. Diffusion from
fhe narrow braze side was apparently liﬁited by the amount of braze
alloy present, The hardness of the wide braze is somewhat higher than

“)

the hardness recorded for as-brazed specimens. This increase of the
braze hardness and increased hardness of the 316 stainless steel tongue

does not appear to be detrimental to the joint,

18



IITI. SUMMARY

Posttest evaluation of the SN-1 boiler materials following testing
Has indicated the excellent compatibility of the selected materials with
Aliquid metals at high temperatures. No major corrosion or degradation
was observed in any of the boiler components, and all indications point
to design life capability (40,000 hours). In.summary, the following

observations were made in regard to the various components of the boiler.

Some embrittlement of the outer stainless steel shell did occur but
was not detrimental to the boiler operation.. The 321 stainless steel tube,
separating the static and flowipg NaK systems, was in excellent condition
except in the plug section which showed some surface attack (0.000S—inch)‘

on the OD.

The tantalum dished head at the boiler inlet showed a minor amount
of alkali metal corrosion on the static NaK side, which is believed to
have been caused by slight oxygen contamination of the tantalum surface

during the replacement of the dished head during a field weld repair.

A phase identified as predominantly isomorphous with tegragonal
NigTa but also containing iron, éhromium, titanium, nickel, and mercury
was found on the turbulator wire and on the ID surface (meréury side) of
the tantalum tubing. 'The phase was approximately 1/2 mil thick and a

result of mass transfer of the stainless steel constituents.

Both the coextruded joint at the boiler inlet and the brazed joint
at the boiler exit were in excellent condition. No deléterious effects

‘'were observed due to the exposure to mercury or NakK.
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Appearance
Coextruded

of the Zirconium Getter Bundle Removed From Around the

Joint at the Boiler Inlet - Chemical Analysis Indicated

High Hydrogen Concentration. (P70-1-12F & H)
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Appearance of the Boiler Exit with the Outer Stainless Steel
Removed, (Upper P70-1-12D, Lower P70-1-12E)
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e e e

Figure 6. ID of 321 Stainless Steel Tube Exposed to Static NaK at Distances
Marked From the Header at the Boiler Inlet, (P70-3-14C)
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Figure 7, ID of Tantalum Tube Exposed to Mercury at Distances Marked From
the Header at the Boiler Inlet. (P70-3-14D)
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H24041C Etchant: 107 Oxalic

Figure 10, Microstructure of the 316 Stainless Steel Outer Tube Shell
at the NaK Inlet of SNAP-8 SN-1 Boiler.
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H23041C Etchant: 30NH,F, 50HN03, 2

4

Figure 16, Weld Shrinkage in a Butt Weld in the 321 Stainless Steel Tubing
Separating the Static and Flowing NaK Circuits 18 Feet Downstream
From the Boiler Inlet
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NaK CORROSION ON THE |
STATIC NaK SIDE OF THE
TANTALUM DISHED HEAD |

s

HO6031A AS POLISHED
TANTALUM DISHED HEAD

TANTALUM
HEADER
AT Hg INLET

ORIFICE
\

CRACKS AT THE SURFACE
OF THE ORIFICE
(TRANSVERSE SECTION)

Figure 17. Posttest Microstructures of the Tantalum at the Boiler Inlet.
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Figure 19. Tantalum Tube — 0,.670" ID x 0.040" Wall Used in the Construction of the
SNAP-8 SN~1 Boiler in the Pretest Condition.
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HT19031A ETCHANT: 30%NH4F, 5O%HNO3, 20%H20

Figure 20, Tantalum Tube ~ Plug Assembly at Plug Exit.
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Wi

HO6041A AS POLISHED

Figure 21. The Surface Coating on the Mercury Side of the Tantalum Tubing
in the Vapor Region of the Boiler.
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ID OF TUBE - EXPOSED TO Hg

ID OF TUBE - EXPOSED TO Hg
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50%NH4F, HNO3, H,0
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SO%NH4F, HN03, H20

ETCHANT

H21031A

Tantalum Tube Separating Hg from Static NaK (A) 5' Downstream of Tantalum
Header at Hg Inlet (B) 21' Downstream of Tantalum Header at Hg Inlet.

Figure 23.



H24011B ETCHANT : 30NH4F, 50HNO5, 20H,0

H24011A AS POLISHED

Figure 24, The Surface Coating on the Ta-1lOW Turbulator Wire.
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Figure 25, Separation of 316 Stainless Steel Feather~Edge
From Tantalum on OD of Coextruded Joint From
Inlet of SN-1 Boiler.
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Figure 26. Tantalum -~ 316 Stainless Steel Interface
of Coextruded Joint From Inlet at SN-1
Boiler,
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