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ADSTRACT

The properties of the alloys of potassiur and
sodivm are under study. ihysical and chemical
properties, topether with reasuremenis of heat-
transfer coefficients on an engineering scale, are
being Ilnvestipgated. The status of active property
noasurenents and a1 measured resulte obtained since
the last ‘uarterly feport, C~3152 are presented. Ine
cluded are recent results on viseosity, density, and
corrosion, Uhere resilts arc given on the property,
a deseriptich of the curraent apparatus and methods
is aleo presented. Changes in both a;paratus and
methods are necessary as dictated by experience,

AUTIOTZATION

This problem was initlated uzon the recuest of
the Buresu of Shipe Froject 990/46 and was asaigned
NRL Froblem Number CO1-06,



STATEMENT OF PROBLEM

The physical and chemlcel propsrties of liquid metals, to-
gether with measursmants of hent transfer coefficlents on an
sngineering scale, are besing invegtigated. The invastigation
to date has beesn concerned with the alkall mestels,

PROPERTY *"RASUREMENTS

The pressent Quartsrly Report eombinsa the results obtalined by
the Laboratory und contractors with the Laboratory since thes
preceding Quarterly Report, (1) and covers ths pariod from July 1
to October 1, 1947. Included as an Appendix is a report by Nine
Safety Appliancss Company, "Prasliminery Report No, 5, Corrosion
of Certain Metals by Potassium=Sodium".

PURIFICATION

Purification studies have bean somewhat neglected durine the
last three mounths in an effort to spssd up soms of the urgant prop-
erty measuremants, Neverthelsss, studiss resgearding the effactiva~
ness of a'loy scavangers, centrifug!ng, stripping columna, ete.,
iro still active., Methods for ths dstermination of tra: . f oxypen

a covering gsses are still bsing tested, end preliminery sxpsri-
ments indicats that the oxygen content of ths nitrogen, passed at
@ reasonable rate through the standard purification train, is much
less than 0,01 percent by wsight, '

The desirability of the metal still over the glass atill for
distillaticn of the metala was adequatsly covsred in the praceding
report, for nothing further hes been leesrnad regarding tha ection
of the wustel vapor on glass, DBoth nickel and stainleas gesl
stills have been constructed for the high-vecuum distillation work,
and both types have been used sucocessfully., Pressurss atteinable
with theses stills were always less than 0.1 micron-- and ususlly
"below the scale rapgs of the MclLasod gage (.0l micron). Vacuum
tight nickel wslds wers obtained with pure nickel and red and oxy-
acetylens wslding. The stills were always picklsd by recoenized
pickling procedurss.

A diagram of the _ickel still now being used for distillestion
work is presented as Plats III. The types of metal to glass seal
Tor best rasults was for a time a sovrce of concern. Thres typas

(1) Ewing, C.T; Hertmen, R.S.; and Atkinson, H.B,Jr., NRL Raport
€-3152, "Quarterly Progress Report No. 4 on the Msasurement of the
3&{31;317& Chemical Propsrties of the Sodium-Potassium alloy",
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of seals have been employed: (1) copper housokeeper matal to pyrex
(2) covar metal to pyrex, and (3) metel to glass ground joini ;
(sphorical), The type of seal for connection to vacuum where no
application of heat 1s required was not critical. Towever, the =
éoint through vinich the condensed metol had to prss wae subjected =
o rough temperature trestment. The copper housekeeper seals - -
nickel plated -- were used successfully for distillatlon with ths
stainless steel still; but breakage due to tempsrature shock from
hot metal slugs passing through during distillation and from opers-
tions invol in cleaning out the still, prohibited efficiont use.
The seme diffieculties vere experienced with cover sesls. A ground |
metel to glass joint hes given best results and 1s being used atb
resent. The metal male portion of the jolnt 1s welded directly to
Eﬁo still and is machined with a project tube that extrnds down
inside the glass tube to prevent contaminastion of the effluent
matals by t sealing compounds The Joint 4s sealed wi th a high .
temperature silicone compound and s ecured vi th a standard claup.
The application of the spherical jJolnts, then, provided tight seals
and same flexadility for Lthe heavy stills when attached to the
glass system. The metal £1illing tube of the still Is emuippsd with
a standard tapered metal jcint, for ease of introduction of the
msetal, The sintered glass fliter 1s placed between the still and
the receiver to filtsr out any scale or other solid impurities
present in the metels. The temperature of the filter was not such
as to invoke action of the metels on the glass.

VISCOSITY
Inowvn Facts Bearing on Viscesity

Surface Tension and Effective Nead - As was shown in the dis-
cussion of viscosity in NEL Report C~7105; the mejor obstacle in
measuremonta with the Ostwald viscometer was the influsnce of sur-
face tensiom on the hydrostatic head. An accurate vslue for the
head at any positlon of the menisci betwsen the two extremes nor-
mally could be determined by noting the actual balanced hydrostatic
pressurc as registered by an attachod menometer. With the metals,
however, which presumably lave relatively high surfece tensions,
changes in curvature of wenisci as the moving menisel come (o a
stetionary equillbriwn can result in apprecisble error. This waos
demonstrated In en attexpt to moasurc elloy hesds using the Penske
viscometer described in NRL Repori C-3105. With such a smell mea-
saring bulb (3ec volume) and receiving bulb (3em diemeter), the
head value es observed with the attached manometer was continually
fleluating up and down. Change in curvature of meniscus as ecuili-
brium was reached, resulted in an Increase in head allowing the
liquid to move down end repeat the cycle, giving rise %o the fluct-
uating head. The fluctuations were obsorved to be greatest whan
the menlscus of the top measuring oulb was in the smaller dilareters.
Obviously, no accurate head values could be obtained under these
conditions. FEwvery precaution was taken to assure that the fluctu-
ations did not pesult from Lemporature sheanges in the liabs cf the
manometer ond viscometer.
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The solution of these difficulties lay in the use of a modi~
Tisd viscomstsr with a larger mecsuring bulb and a larger recelv-
ing bulb. The viscometer ussd for ths present messuremsnts hal
a measuring bulb with 30 c¢ volume and maln diameter of 5 em, and
a recelving bulb of 7 cm diameter, "ith the largs diameters, the
shape of the meniscus had littls efgect on hesad valuss, a'd ths |
hecds were resdily measurable. The shans of ths measuring bulb was
such that the top meniscus was in the smallsr dlameters at the
measurling marks for only o very small fraction of the total time.

To detsrmine the mean effective head at eny tempersturs it
was necessary to (1) note the actual hydrostetic pressurs, as regla-
tersd by ths sttachsd menometsr, corresponding with succssasivae
foaitinns of the menisci batwsen ths upper end lower extremss, =nd

2) note the times required for these positions to be r=ached when
the liquid ren out under its own hasd. Now, from a plot of the
experimental heads at successive positions of the failine msniseci
against ths frection of total time required to reach sach positlion
during the run, a mean hydrostatic head was determined by graphical
integration, *ho mean head as obtained differed from that celcu-
lated from the differsnces of level at msan tims dus to surface
effects.

Callbration and Kinetic fnergy - It has bsen shown In preced-
ing reports that for a vi_cometer of ths capillery type, ths I'ocise-
uille equation for sbsolute viscosity including the corrsction for
any gain In kinetic snergy ia:

_ N‘T’tfr 4 1 e Ve

N, * FV1 BT
."Le absolute viscosity
P - mesn effective pregsure
t - time
V = volume
r - capillary radius
1l - capillary langth
m - kinetic enargy constant
d = density

Now, when relative measurements are to be made by calibration
of the viscometer with a fluid of known viscosity, all of the terms
in the equation above which mre constant for a given viscometsr can
be determined sxperimeatelly. OCrouping all these constant terms,
ths squation then raduces to:

n, = APt - .13Cﬂ4=

To determine the viscomster constants A end B, a graphical
method was employsd. Th= time of flow and ths mean effective haed
wag datermined for water at ssversl temperaturss. Then by plotting
%/Pt agalnst 4/Pt? , a straicht line was obtained, the intercspt
and the slops of which destermins ths values of A and B, respect-
ivaly. Ths absclute viscosity of the alloy at any temparature was

“F=



then calculable from a imowledge of 1ts density, the time of
transpiration, end the mean effective pressure. An apparent ad-
vantage in the above method of calibpation is that eny expension
in the ex viscometer, though slight, will be included in the
empiric constants,

tethods

Apparatus -~ The modified viscometer, the attached glass system,
and the temperature dbath are achembicnll{epreaented in Plate IV.
In line with standard practices, the complete viscometer unit was
portable, desiymed for operation as a closed system and for direct
distillation of the metal into the recelving bulb. Therefore, the
elaborate attachments to the viscometer requlrsd under the old pro-
cedure (ITM. Report C~3105) were no longer necessary. Octoll-S,
with extrermely low vapor pressure, wes used as the manomcter fluid,
to allow evecustion of the menomcter arms. l!enometer resdings were
made with a cathetometer, vith the manometer inelesed in a licuid
bath with stirrer and insulated from heat.

The temperaturce bath was a standard assembly; silicone fluid
in a large unsilvered dewar, electrically heated and controlled.
Sensitive temperature control was provided by a mercury thermo-
rcgulator and a super-sensitive relay in conjunction with a 500
watt heater and a variac. A mumber of reguls tors were set for dif-
ferent tomperatures over the required range, to avoid resetting a
single regulator after each run. A varlable high-speed stirrer
provided adequate circulatlion of the fluld. Thi= bath would con-
trol to & .03°C at 50°C and & .2°C at 200°C.

I

Temperatures were noted v ith a Mubiecon high-precision, pe
B, potontiometer using a five junction iron-constentan thermel.
The calibration of this thermel against standard temperature refer-
ence points was described in NRL Report C-3105, p. 13. The thermel
was further calibrated against two Iureau of Standards couglea to

200°C, The thermel is considered accurate to & .05°C to 100°C and
4+ +3°C to 200°C.

Operation « The portability of the viscometer unit facilitated
the operntions invelved in cleaning and introducing the metals.
The apparatus sssembled for the distillation work vas described in
the preceding section on purificetion. The f1lling arm of the
cleaned viscometer was sealed directly to the arm of the still be-
low the sintered glass {ilter, such t the receiving bulb of the
viscometer served as the receiver of the stilll, Precedlng the dis-
tillation, the viscometer and the still wers heasted to et least
250°C under high vacuum. The distilletion of cach pure metal was
performed In e nickel still, and no distillation was made unless
the initlal pressure was less than .l micron. The desired volume
of metal having been introduced Into the viscometer and the filling |
arm scaled off under o slipht negetive pressure of nitrogen, the
viscometer unit was ready for remcval to the temperature bath and
subsequent viscosity determinations.

s



Lanipulation of the liguid into tho measuring bulb was accom-
* plished by manipulat the vacuum sesl stopcocks (A) and (B),
while altornotoly cool and heating tho dbuldb (C). Then to obe
serve thc time trenapiration betveen the two marks on the moas.
ur taldb, it wes necessary on].{h:o open the stopcock at (B) to
ize the pressure of gas In tvo 1imba of the viscomctor.

w83 3L EVIOND

Discussion of Results

This report sents viscosity moasurements on sodium and
potassium metals thelr melting points to 200°C. (Tables |-
It 1s believed that the metals usod in these detemminations ere
purer than any that have been prepared at the Laboretory. IHach
motal, as removed from the viscometeor, analyzed within the acoure
of the analytical methods to 100 percent purity.

The precautions adopted in the design of the present vierocouwe
avoild the possibility of appreciadble error from either surface ‘oo
sion or drainage effects. error due to retention of ligqull o
the surface of the measuring tends to be less, due to U
relatively small surface per unit volume. %Yhile no adherence of
the sodium to the walls of the measur bulb was observed, a L
layer of potassium was noted to stick at the very top and st tlae
very bottom of the bulb, Thie caused some difficulty in obscrva-
tion of the flow of liquid pest the umrmg‘um, but the offect
of volume change on viscosity results would insignificant. The

moasuring bulb also tends to minimize surface effects due to

the relatively small ratio of circumference to surface ares on tho
face of the meniscus. The procedure for determining a mean-eoflfoc.
tive~head which Includes surface effects has been discussed. [ or

onc temperature, the determination of approximately ten Lesd:
betweon the two extremes was found adoquate to obtain an aceoursie
value of the mean-head. TFor the abbreviated temperature range,
actually only one mean-head was required for each metal. Variotion
of mean-hesad in terms of metal height was found experimentally to
be practically netgiifiblo, and, too, could be calculated knowing
the diameter of over recelving bulb, the density ¢ s 8nd
the approximate volume of metal Introduced, The detorminations of
two or more mesn~heads over the temperature renge were rede meroly
to establish the accuracy of the heed vulue.

The mothod for calibration of the viscometer by prelimina
exporiments vith water has already been described. The calibration
constents, determined by graphical solution of water results, were

A= 3.792 x 107 and B = «135 using cgs units. The acouracy of
these conatants and subsequent viscoslity values for the metals,
necessarily depended on the precisecness of the water determinations.
An indication of the accuracy of the water measurementz may be ob-
talned by a comparison of calculated viscosities for the vater dats
against corresponding obgerved values, vherc the maximum deviations
amounts tc only 0.2 percent. The rate of flow with the fluid elloys
was sufficiently high as to make the kinetic energy correction ape
precisble. THowever, tha correction term for even the more fluid

=
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potassium amounis to only L percent of the viscosity value at
200°C., The overall accuracy of the reported visceosity results
is belicved to be better than & 1 percent. However, the effect
of possible attack on the gless capillary during cleaning out
operations cannot be overlooked. A%t the conclusion of alloy de-
tiiT;ggtiona vith the viscometer, a check calibretion with water
w made .

The viscosity velues from Tables I-II are plotted in Plate 5
for comparison vith the experimental values reported by Chiong.( )

The viscosity valuecs for sodium show excellent agreement with those |
reported by Chiong. The values for potassium, however, agree with
Chiong's data at T70°C but diverge as the temperature is increased,
differing by as much as 10 percent at 200°C, ghare is at present
ngrnglanntiun for this difference. Andrade(?) has advanced a

£ 6 to pive the variation of the viscosity of a liquid with
temperature. Chiong, in fitting this equation to his experirental

data for potassium, found a meximum deviation of only 0.59 percent

for potassium. IHowever, our expcrimental data for potassium fits

an equation of the type advanced Andrade equally well. The den-
sities uscd by Ch'ong in the calculation of absolute viscosities

arc not teoo well defined, but apparently could not differ more than

0.2 porcent from the densitics used in our calculations.

The present measurements are not conclusive enough to predict
possible error in application of the approximate mixture law with
Chiong's data, reported in HIRL Report C-310%5. However, the results
reported for potassium in this report and for the alloys in NRL
Report C-3105 indicate, with reservation, that the values for potas-
sium and for the high potassium alloys by the mixturse lew m&g
high by as much as 15 percent at JO0°C and 20 percent at 700°C, The
measuroments now underway on metal elloys covering the composition
range should clarify viscosity in the lcwer temperature range, and
i1t 13 hoped that an accurate mixture law can be presented soon. The
large nickel viscometer has been reassembled with & smaller capil-
%ary, agd viscosity values for the mectals up to 700°C will be rede-

ermined.

CONCLUS I0NS

The present mcasurements throw unexpected uncertainty on the
potessium velues reported by Chiong. Thus the application of the
approximate mixture lew reported in IRL Report C-3105 to Chiong's
extended data m%g be off in the high potassium range by as much a3
20 perceont at 700°C.

. Barring difficultiles, viscosity measurements accurate to bet-
ter than 3 1 percent up to 200°C w be made with the pyrex visco-
meter on alloys covering the composition range. A thorough investi-
gation of mixture laws will be mode, and thelr application to the

- ——

(2) ¥. S. Chiong, Proc. Roy. Soc. Tonden, A 151. 26l (19%6)
(3) B« N. Andrads, Da C1, Phil. [lag., Ser. 7, 17, 698(rarch 193l )Part IT

wb-



present work 11l bhe presented.

The large nickel viscomcter has been reassembled with a
smaller nickel capillary. As soon as possible, results will be
cbteined on the llould metals up to 700°C.

DENSITY

Knovn Facts Dearing on Density

N

Density values for the compos!ition-temperature range have been
reported by ISA. The direct bearing of density on the precision of
properiy measurements snd heat transfer data justifies every ef-
fort to better establish the validity of the existing data. To
this end, determinations were made at the Laboratory with quartsz
dilatometers in the lower temperaturc r»ange and show reasonsble
agreement vi th the ESA dilstometer values.

l'ethods

Apparatus - The quartz dilatometer which was assembled in &
constant-temperature furnace for density determination, 1z shown
in Plate V. 1In all, two quartz diletometers were used, ths buld
of each having o volume of approximately 33 cc and the capillary
approximately 0.25 cc per cm of length. Obviously, any error due
to shape of meniscus or to expansion of quertz was insignificant.
The furnsce, which was previously described under Viacoaigz in YRL
Report C-3%105, was here suitable for tempersture contro 0 better
than ¢ 0.5°C. Tomperature readings were noted W th a lLeeds and
Northrup, K, potentiometer us a PU-PtRh thermocoupls. The
calibration of thia couple (previously used in viscosity determins-
tions) was rechecked by additional calibretions over the temperature
range agelnst a Bureau of Standsrds couple. It can be conservatively
stated that for theose measurcments, the temperstures vere controlled
and knovr: to bDetter than & 0.5°C,

All weighings were carried out on a heavy beam balance accurate
to #fmilligrams.

Operation -~ Each dilatometer was celibrated vith fresh triple
distilled mercury. A%t leest threoe fillings of mercury vere used
for c]s.ggh dilatometer, calibrating thres overlapping sections of the
capillory.

Pofore introduction of the linuild metal or alloy, the usual
precautlions were taken to thoroughly clean the auartz surfaces,
finally preheating to 300°C under vacuum. The metsl in each case
was distilled from & stainless steel still throngh a metal.to.glass
seal directly Into the dilatometer, and the dilstometer fused off
under o slight nepative pressure of nitrogen. Then to make a den-
sity determination, it w as necessery mersly to sallow the furnece
tc reach ecquillbrium et the desired temperature snd to note with
a c;tlmtamater the height of the meniscut reletive to & referencs
AT .
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During the f1lling of the dilatomoter, amell globules of the
alloy were found to adhere to the surfoces of the tube extending
from the capillary. Tc eliminate appreciable error from this
sourca, the not weight of the metal was determined at the conclu-
sion of the runs. The dillatometer was broken off in the capillery s
Immed iately above ths calibrated zone, and the weight of the lower
portion noted before and after removal of the slloy. The micro-
stopcock at the top of the dilatometer was used to introduce &
positive pressure of nitrogen for the breaking operation.

Experimental Results

This report presents dilatometric measurements for pure sodium
and potassium, and for two alloys (2.9 and 13.9 stom-percent potas~
alum) viiich are listed in Tables III-V. Each composition valuse
represents an analysls on the metal as removed from the dilatometer
at the conclusion of the moasurements.

COIICLUS ICNS

The values presented tend to substantiate the low tempersture
determinations made by MSA, when all results are compared on 1so-
thermal plota of density against composition. However, an extrea-
polation of ITRL data for pure sodium would give a velue for dens1
at the molting point of .5‘217 a2 compered to .93%8 bgunsckspill whic
was used In the extrapiation of the sodium buoyancy data.
There still exiasts some discrepances in the dllatometric data, but
additional messurements on three or four slloys should clarify
density in the lower temperature range.

Density values as obtained at !I'SA by buoyancy reasurements
with & copper p‘lu.oﬁer (NFL Report P-SOID{ wuld appear to be in
error by amount of the surface tension force scting on the ,
support wire, which could amount to as much as 1 percent at the =
higher temperatures. Rough surface tension corrections (using ex-
trapoleted values for gsurface tonsions) when epplied to the buoyancy
data for the pure metals result in new d?ﬂ?“ values which fall
in line with those reported by E. Rinck, It is anticipated that
surface tension corrections to exiating buoyancy deta, ebove and
below the wetting point, will clarify some of the discrepances in
the dota, - at least in the potassium-rich range. Howevar, at
prosent there sre no surface tension valuss for the slloys except
bh:t-oggh mixture laws, and only guestlonable values for the pure
mevals .

If' possible, a complete study of density and comprehensive
curves will be presented in the next report.

SURFACE TR ION
Unforessen difficultiss arlesing in surface tensicn detormin-

(L} E. Rineck, Comptes Rendus, 1389. 39-L1 (1929}
B~



ations with the apparatus described in the preceding report have :
prevented any accurate measurements tc date. IHowever, prﬂ%
measurements Indicate that the surface tenslon of the metals cot

be much lower than indicated by questionable literature values. .
Surface tension moasurements are in progress. :

SPLCIFIC TEAT

Specific heat measurements are being made at the Laboratory
with the modified calorimetric method described in the preceding
Report. lleasurementas have been made on the pure r=%sls and on one
alloy to approximately 700°C, Those measurements =.:.) be completed

in :ha near future and the data reported in the ne.- Juarterly Re-
pPorve. '

WETTING TENPERATURES

wetting determinations have been delsyed in favor of other
property measuroments and to allow progresa in purification methods,

COICLUSIONS

A study of the properties of the sodium-potassium alloy is
being continued. -









TABLE TII

DENSITY OP POTASSIUE
(100.0 Percent Potessium)

AT

Density

Temperature Tem ture | Densi 2 t Densit
o¢ grm/ce ggrn . gt:;’o:, owp‘gga | cr:.}ccy
- I{h -3 .808 2 -0 e
23 | EE | M3 8% 2 |9
126.0 .8133 188. <7997 2.5 o7
200.5 <7975 259.5 .78




TABLE IV

DENSITY O SODIUL . POTASSIUM ALLOY

(?.8 weight-Percent Fotassium)
2.9 Atom-Percent Potass lum)

Denaity |Temperature | Density |Temperature |Densitr ‘
e % grm/cc q!::

9120 <9150

137.0 263.0
+9053 123.. . 5085 270;. :gggg
§§§§ s 5588 Ségg 888 |
+9170 g :g :ngg 206, 897¢€ |







TAGE VI

DENSITY O SOD;E
(100.0 Percent Sodium)

ronpa;;gmrs Density Tenpe!.fnmra Density | Temperature | Density

ce C gra/ce oG gro/oe
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IUTRODUCT ION

Authorizat ion

The investigation reeorto_d here was suthorized
under Task Order I of Contract Néori-1lié.

Statemont of Probtlem

Vhile potassium and sodium have been handled in
large quantities for many years, no quentitative in-
formntion is avallable iIndicating the stability of
materiala of construction to the actlion of these metals
or their mixtures.

Accepted corrosion testing procedures are lacking
for the case in question. Accordingly, a simple pro-
cedure was adopted for this study; 1t is believed that
thils testing procedure is so gstrenuous that various
materials can be roughly classified as to their resist-
ance bto attack by the a2lksll metale,

The meterials indicated by the procedure of this
report to withstand attack by potassium and sodium will
be subjected to more refined procedures of test. The
results of further corroszion tests on the more resistant
moterials will be issued In the future as a supplement
to this report.
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‘Duotility was meagured dy fTlabtbenling tests aad 1s
expresged as the minimum disbence betwesn opposite walls
at the time the first failure was noticed on the semple,

Sample Distence at failure
Blank 11/32" 1
100 hra, vepor 1/2» )
500 hys. vapor 7/16" ]
100 hrs, liquid 3/8» ,
500 bre. liquid 1/4v

Samples from the lower ends of the retort and
nityrogen tube were pickled in hot 1l:) hydrochloric acid
and are shown in Fig. 16, It mey bYe sesn that the grains
are extremely large; 1/8 to 1/4", An attempt was made
to reproduce this grain sias by heating & pliece cut from
the relatlvely fine grained tep portion of the boller at
2000°F for 5 hours. This heating did not glve discera-
ible grains. Additional heating of the same sample to
2200°F for 3 hours produced grains which wers barely
vieible 4o the naked eye. While these heating times
were pot sufficiently long to allow equilibrium grain
size to te reached, it ia generally zgreed that the
major amount of graian growth for a given temperature
takes place in a matter of a Tew hours of exposure to
that tempsrature.

Examipation of the miorostructure of the ssmples
showed no avideace of KNa or N, diffusion, Fig. 17
shows ths structure of the blank, deplclting the slag
streamers and practically pure alpha Territe grains.
ASTM grailn size of the blank was 3-4, while the grain
size of the 500 hour liquld sample was 2-) indlcating
some grain growth., Further growth could have been
halted by tbe restraining action of the aslag Tlbers.

e S W

Fig. 18 showa the structure of ths upper end of the
boiler; Fig. 19, of the structure of the bottom of the
boller, ahows the very largs grain sizs and almost com-
plete decarburization which took place,

2. Type 304 vs, KNa 44, The apparatus used in this
and subsesusnt tests wes the same ss described under the
wrought iron except that all materials were of the same
composition,

All test pieces bad a dull gray appearance but
suffered nc noticeable decrsass in wall thickness. The
vapor samples of both the 100 hour and the 500 hour
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tests showed a coatiag of ar vuldentified cryetalline
deposit; this coeting occurred on the lower 1/2 of the
I.D. on the 100 hr. sample and on the Jower 2" of both
I.,D. and 0,D. of the 500 hour sample.

The results of hardness and ductility tests are given
below:

Vickers Ductility
Hardness No. '
Blank 330 1/16%
100 hours vapor 240 whsn pressed flet, the ends aplit
100 hours liquid 191 when pressed flat, the ends split
500 hours vapor 199 1/16"
500 hours liquid 182 1/32n

The unusually high hardness of the blank is accounted
for by the fect that the maleriel was in a2 considerably
strained conditlon.

Analysis of the samples gave the followlng compose
ition: '

Carbon 4] 034
Manganese 0.5
Silicon 0,48
Chromiam 19,02
Nickel 10,26

¥ig. 20 shows the microstructure of the Typs 304
stainless steel blank. A high degree of straln is clearly
indiceted by the slip lines. The grain size was un-
changed by the test, remalning constant at ASTM grain
gize of 4-5 for blank and both test samples.

Fig. 21 shows a constituent representative of that
found in seversl Type 304 specimens, In this case, the
constituent was unidentified but was believed to be a
diffusion of the KNa into the stainless steel., A similar
condition existed in a later test of Type 304 and was \
identified as e diffusion product. Detalls of this
diffusion are included later in this report,

3., Nickel A ys. XNa 44, Macroscopic examination
revealed no significant differences between the blank and
the specimens, All surfaces ware bright and shiany and
with the exception of the 500 hour vapor sample, no chanue
was noticed, The lower 2" of both I.P. and 0,D. of the
vapor phase sample showed a light depoait of finely
divided metallic particles, The ductility of the samples
was unimpaired in thet the specimens were presssd flat
without cracking,
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Mlcro-examination of the nlckel btlank and test samples
showed no change excoespt slight graln growth. The ASTM
grain size of the blank was 4-6, which lncreased tc 3-4
in the case of the 500 hour spscimens, Fig. 22 shows the
micro-structure of the blank which, with the exception of
grain elze, is representatlve also of the test samples,
There wae no evidence of diffusion by the KNa alloy into
the nickel,

4, Ipconel vs. KNa 44, Slight pitting of all sur-
faces ip contact wich the KiNa was shown by macro-examln-
ation. This was true of those portiona below the liquid
leval and those in contasct with the vapors. The pltting
was particularly evidsat on the vapor test agecimens
which had been in contact with KNa vapors over approxi-
mately 1/2 their lengths. The upper portion which extended
beyond the ccufines of the furnace was relatively unchanged
wgile the lower section was marked with numerous small
pita.

Flattenlinz tests were made on the blank and test
specimans a3 & messure of the ductility. Wo embrittlement
took place as was shown by the fTact that all samples were
pressed flat with no fallure.

The only changse occurring in the mlcro-structurs was
grain growth from ASTM grain size of 6-B to one of 2-4 in
the 500 hour samples. Fig. 27 is representatlve of the
inconel blank with a grain size of 7-8, :

5. Type 310 vs, Kila 44. The hardness and ductility
are given velow:

ViuBR Duetllity
Blank 575 pressed flat
100 hours vapor 169 Fressed flat; ends slightly asplit
100 heurs liguid 165 1/8%
500 hours vapor 211 Broke in hal® G 5/16"
500 hours liguid i95 Broke 1n half & 5/16"

The intermetallic compound FeCr, commcnly designated
as sigma phase, was developed in all of the specimens.
Fig. 24 shows the original conditions, Fig., 25 shows the
prescnce of the sigme phass. At the temperatures at which
the test was conducted, sigma is rapidiy produced. 1ts
pressnce seemed to promote @ certain amount of embrittle-
ment a8 indicated by the ductility tests con the 500 hour
samples. The increese in hardness of the 500 hour samples
over the 100 bour sampies is believed due tc the increasing
amounts of the hard and brittls constitusnt -~ sigma phase.
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Produetion of sigma ia mo9t rapgld in Lhe tampars-
ture range of 1400 -~ 1E00PF" although little ur none is
produced during exposures of thrse hours or less., At
lower temperatures, zrowth of Felr is guite slow; 1000
hours exposure at 1000°F produces ro noticeable amounts
of it, This constituent csn be re-dissclved by heuating
specimans above 1950°°, Producticn of sigma phase can be
retavded by a prelimisary trestment to enlarge the grain
slze. This would consist of hesbing 2=3 hours at 2300°F
and qusnching. This lerse grain slze, however, may
entall introduction of other undesirable characteristics
such es brittlsness due to the excvessive grain slze.

6. Iype 304 vs, Na. This test was run at a higher
temperature Lhan the previcus onea dus to the fact that
the atmospheric boiling point of Na ia approximately
1600°F ag compared to 1450°F for the KNa 44, In this
case, due Lo the low corrosieon rate, the 100 hour test
was omlited and only the 500 hour test run.

Macroscoplcally, bobh the ligquid and vapor phess
samples had o ¢ull grey appearance with no evidencs of
pitting or daposition. This unit lesked snd, consequently,
was undoubtedly over<heated.

The micro-structure of the blank 1s shown in Fig. 26,
Fig. 27 shows the structure of the vapor sample and the
diffusion attack on the steal, The sems condition is
shown in Fig. 28 except that the sampls was etched to
show thst the atback was intergranular. These diffusion
products wers ldentified by X-ray diffraction methods as
NQSO, This diffusion penetrated to & depth of 0.015 ~
0.025",

Vicksrs hardnsss tests wers run con the vapor sampls,
- one messurement belng taken on the portion where the
diffusion occurrad, apd ancthier taken on the core of the
metal, Thess were, respectively. VEN 420-435 and VHN 175.

A ductility measuvement by flatiening was run on the
vapor sample. Splitting occsurred with a distance of 7/16"
betwesn walls. This embrittliement was; doubtless, due to
the deep penetration of the diffusion product Nay0,

7. Iypa 304 vs. K. The temperature at which this
test was run was gsomewhat lower than-grevious ones, the
boiling point of potassium being 1400 F,

The parts of the apparatus and test spscimens had a

dull grey appearance and there was no svidence of any
corrosive action or depcsition,
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FIGURE | [(P-2363)

SAMPLES OF DISTILLING
RETORT AS TAKEN.
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FIGURE 2 (P-2367)

CONDENSER TUBE SHOWING BLACK STREAK
(CARBURIZED AREA) ON I|. D.

~Aah B 0



FIGURE 3 [(P-2362)

ROCKWELL B HARDNESS DISTRIBUTION ON SLICE
CUT FROM DISTILLING KETTLE SECTION.
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X 100 ETCHANT: ELECTROLYTIC OXALIC ACID
FIGURE 4 (8654) GENERAL STRUCTURE OF CONDENSER TUBE.
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X 500 ETCHANT: ELECTROLYTIC OXALIC ACID

FIGURE 5 (8655) NOTE GRAIN BOUNDARY PRECIFPITATION OF
CARBIDES IN CONDENSER TUBE.
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X 2h0 UNETCHED
FIGURE 6 (B8658) |INTERGRANULAR ATTACK ON O.D. OF CONDENSER TUBE.

X 250 ETCHANT: ELECTROLYTIC OXALIC ACID

FIGURE 7 (8659) CARBURIZED CASE .004-.006"1 FOUND ADJACENT
TO BLACK STREAK ON |.D. OF TUBE.



X 500 ETCHANT: ELECTROLYTIC OXALIC ACID

FIGURE B (86561 PEARLITIC TYPE CARBURIZATION FOUND ONLY
ON BORE OF TUBE CONTAINING WELDS.
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ETCHANT: ELECTROLYTIC OXALIC ACID
FIGURE 9 (85657 INTERFACE OF WELD METAL AND TUBE.
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50

ETCHANT: ELECTROLYTIC OXALIC ACID
FIGURE |0 (8671) GENERAL STRUCTURE OF KETTLE SECTION

ETCHANT: ELECTROLYTIC OXALIC ACID

FIGURE || (BEBG) JUNCTION OF WELD AND PARENT METAL
OF DISTILLING KETTLE.
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FIGURE 13 (10Ql)

CORROSION TEST
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FIGURE |5 (P-2400)

WROUGHT IRON 500 HOUR SAMFLES
AND APPARATUS.
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FIGURE 16 (P-2414)

EXAGGERATED GRAIN GROWTH ON BOTTOM
PORTION OF RETORT AND NITROGEN TUBES
IN WROUGHT I|RON TEST.
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100 ETCHANT: NITAL

FIGURE |7 (B847) REPRESENTATIVE STRUCTURE OF
NROUGHT IRON BLANK.
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| 0D ETCHANT: NITAL

FIGURE 18 (88461 STRUCTURE AT TOP OF BOILER
WHICH 1S IDENTICAL WITH TOP OF Ny TUBE.
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X 25 ETCHANT: NITAL

FIGURE |9 [8845) STRUCTURE REPRESENTING LOWER
PORTION OF BOILER AND NiTROGEN TUBE.

X 250 ETCHANT: OXALIC ACID

FIGURE 20 (9075) TYPE 304 BLANK SHOWING STRAINED
CONDITION.
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X 500 UNETCHED

FIGURE 21 (9069} UNIDENTIFIED CONSTITUENT
FOUND IN SEVERAL TYPE 304 SPEC IMENS.
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X 100 ETCHANT: ACETIC + NITRIC ACID

FIGURE 22 (2076) ORIGINAL STRUCTURE OF THE
NICKEL. GRAIN SIZE 4-6.
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URCLESSTRIED — -

ACETIC 4+ NITRIC ACID

ETCHANT

| 00

ORIG INAL STRUCTURE OF THE

(9074 )

FIGURE 23
INCONEL

-8.

GRAIN SIZE 7

OXALIC ACID

TYPE 310 BLANK SHOWING

STRAINED CONDITION.

ETCHANT

100

(9073)

FIGURE 24



X 250 ETCHANT: AQUA REGIA

FIGURE 25 (9085) SIGMA PHASE AND CARBIDES IN
TYPE 310.

X 100 AQUA REGIA
FIGURE 26 (0066) TYPE 304 BLANK.
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X BO0 UNETCHED

FIGURE 27 (0013) TYPE 304 — STRUCTURE OF Na.
VAPOR SAMPLE SHOWING DIFFUS!ION ATTACK.
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CHROMIC ACID

FIGURE 28 (0122) SAME AS FIG. 27 BUT ETCHED TO
SHOW |INTERGRANULAR ATTACK BY Na,O.



X 500 AQUA REGIA

FIGURE 29 (0065) TYPE 304 - STRUCTURE OF K
VAPOR SAMPLE SHOWING DIFFUSION ATTACK.
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FIGURE 30 (0064) SAE 1020 BLANK.
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