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et of sites. Major emphasis teéa} is
the cooclont for fast-breeder powoy-
leqr resctoTs, lowever, other appli-
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lithiun for coeling rocket nozzles;
ace power systems involving potas-
moreury, ard NaK;) magnetehydrodynam-
b cosium-sesded plasma; and there-
193 iit Hiua—heated cathodes and

f *r witaon metals in ualton alkall
arth metals has been published by
rtion Laboratory.(l) ‘his valuable

wrmarizes the data graphically on each
Tous systens studied. Solvents covered
, scdium, potzssium, rubidium, cesiuam,

31&2, eaieivm, la“thanun, and cerium. Solutos
ude iren, nickel, chreomium, ccbalt, manganess,
. iux, tsntalum, molybdenum, vanadium, tungstem,
~rznivm, and zirconiua,

5 detalled review of liquid-metal embrittle-
enavona has bean published by Martin-Mariat
Tae reviewers believe that chemisorption of
iquid metal reduces the atomic-bend strength at
£ stress concentration in the solid metal.
Taey a‘sagree with Robertson®s concept that ezbrit-
tlement resuiss from stress-enhanced dissolution

and subscquent diffusion of the liquid metal at a
;*ﬂﬂk ti p.(3‘ The review discusses the effects of
hnemical composition, temperature, prestrain, and
ate of ioading on severity of embrittlement, and
ﬂarﬁludes thet there are still substantial gaps in
cur underzianding of the phenomena.
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A state-of-the-art review of the compatibil-
ity of construction materlals with alkall metals for
ipace nuclecar power systems has been published by
workers at Oak Ridge.(4) Because opersting tempera-
tures must be as high as feasible, refractory metals
sppeer to bo the most promising construction-mater-
izl candidates. Lithium, potassium, and cesium are
the fluids which have becn given most attention as
heat-transfer and working media for high-performance
spece nuclear reactors utilizing Rankine-cycle con-
veirsion, Interactions smong the myriad corrosion-
governing paramsters (e.g., temperature, temperature
gradient, surface-to-volume ratios, purity of mater-
iats, flew conditioms, presence of dissimilar
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Relizble systews utilizing potessi
ar cesium up to 000 T ean be co
styuctod of €1“5t~gcne“atkcw
hase allays like Cb-1Z2r, and
with advanced columbium-hase

t" 2"’{\’\ hod
alloys

like D-43 (10W-1Zr), C-122 (1CW- IE*i
and ¥3-85 (28Ta-10wW-127).

Columbium-base alioys can de used at
even higher tcoperatures in lithius
aystens.

Tantalum-base olloyy like Te-10W an
T-3111 (8W-ZHf} appear satisfacte
potassium or cesium £o at least

and probably & few hundred degre

higher with lithiun.
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CORROSICN BY SOHIUM AKD NaX

The corrosion of TIG welds in SNAP-8 ranta-
iua tubing containing 55 to 520 ppm oxygen by cutec-
tic NaX containing about 12 ppm oxygen was investi-
gated at General Electric. (55 Specimens were otposeﬂ
in tantalum cspsules fer either 100 hr at 1200 F
or 1000 hr for 1350 F. Metallography showed no evi
dence of atteck in specimems centodning 220 pom oxy-
gen or less, although all the 13530 F specinmens suf-
fered modest weight losses (presumably because of
oxygen gettering hy the NaK).

Specirens with 270 ppm oxygen suffeved 2 to
4 mils penetration in the heat-affected zone, while
those with 520 ppm oxygon were mwuch more scverely
attacked. Of these, curiously, the ones tested st
1200 F for 100 hr wore complately peaectrated (20
mils), while those tested at 1350 F for 1000 hr
were attacked to a depth of only about 8 mils.

The phenorenon of veduced corresien at in-
creased temperatures and exposuvre times is explain-
ed by the researchers as follows. Oxygen in the tan-
talum can diffuse to the surface ard dissolve in the
NaK much faster at 1350 than at 12080 F. Yn fact, at
1350 F this diffusion and dissclution eoccur so fast
that the oxygen concontration in the tsntaluam regica
where corrosion is.gdvancing alemg grain boundaries
and crystallographic planes can be reduced to below

the corrosion threshold and thereb; gh
is-

tration into the specimen. This ¢

tent with tho observed reducpde
all tantalun specimens follck
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n zond of high-oxypaen

aner correcsive atiack

with attask in the hest-

irens containing 270 g
than in the base gotal, Cone
TIG atmosphere (heliom) witsh un to
uwing welding had no chservablie of-
by corrosion resistange o Nek,

o Fron this study i3 thae eaid
i3 din the SMAP-8 Bollar will
MNzX uniess the tantalim oun-

"2 = 5y higher--a clraumstance

oS t7 develep ascidentally, by vire
tue ceessibility of the rantelum-Ma¥

in e

vacuum environment by
) o £0 1Y 32T 2 peak texperature

3480 F o~d 3 AT to check out cemponents
in prepzration {o rt tests on forced-cone
yeotion systoss. (90 st petallogrephic exami-
nation of tubing zpecimens from 21l vegions of the
lcop ravealed no ovidence of corxcsion of either the
hase material or weldnents. Chemical armalyses of
sho tubing indicated that the nitrogen and cavbon
zontents were unaffected by the exposure but that
the oxygen level had dropped in the hottest regions
of the loop 2nd increased in the cocler zones. An
anexpectedly high hydrogen lsvel and Zoaseguent
szhrittlenant of tubing was fraced to the posttast
alcohol-cleaning rechnigue used.
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486 by those results, General Elee-’
triv workers construsted 2 forced-cizeuletion (he
1Zv loow, and van it fer 2630 hr with a poximm
remperature of J003 F and a AT of 100 £.(7) aAs wizm
thr thermsi-canvectisn loop, detailed chenical and
zmetallurgical examinations of the loop tubing ve-
vealed no evidence of significant contaminarion or
carrosion from either the zodium or the vacuua-
chamber environment. Again, however, thers was »
sransfer of oxygan from tho high- to the low-temper-
ature sections of the loop tuding.

Tznueitier are known to have an imporiant
t on the corrosion and mechanical properties of
efructory meztals, but the mechanisms hsve not been
fined. Hosults of studies of the kinetics in the

in cstablishing a prodictive capabiliry.(8} Stare.
ing with literature valuss for the zolubilities of
oxygen in sodiue, tantalum, and columbium, the in-
vestigazors derived the parabolic rate constents for
e Wn.mum in tantalum and columbium in the
o - presence of ibw-oxygen (1 to 20 ppw) sodivm. Thay
05T AT TRAECRS ¢ conditions of temperature and
C o ?%i.t sodlvm over which the phases tan-
AN t% APMERS and columdium, b0, and CbO2 are
CTEIIEES phermodyn 1ly stabie in sodium. Calculsted dis-
“hetwiiieg tribution codfficients (equilibrium ratio of oxygen
g concentratiod in refractory metal to oxygsn concen-
H <t Pavion.in.sedium) ore shown in Figure 1. Apparent-
iy i¥, tanzalun|does nor give up its oxygam to sodlum
B SO y-as-rehdily as it does to potassium, sccord-
S ""?m’b’m%% SA-lewis observations discussed undsr

L ailCRRas iR Potasaivm”. {9)
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CORROBITH BY fITASSHM

Yorkars 20 Lewis Reseersh Center succeedsd
in izolutivg and identifying the Wygrossopic ovystade
iine 30134 Tesulilng Frem & $6-hr tvestment £x 1800 ¥
of & Jeg coll of oxmygen-doped (3830 prm) 0.025.o%
vantadize wire in 2 tsntalus copsule contaiming ©.8 ¢
of potassiwe. (90 The tantalum wize was couplirtsly
dyoxidized, and the cervesion produst was found by
¥evay snd clemics) soxlyses to be Egfaly. The dis-
so1ut on wppeaTs to be sovirnsd by the equation

o Ta e wﬁ%} - xsw_;&m
which suggents ehet the exseny of cowrosion in fhe
tentalim-Crypen-potsss ™ SYsten can be predicced
if the total amount of interstitial cxygem iz the
tantalum is known, This {s consistent with results
of Gak Ridgs studies, which sthowed that testalus
would give up oxygon to potassium 2t 600 € (13110 ¥
even when the initial oxygen in the potassium wes
very high (%o 33002 gma and that ip the teetalmg wix
quite low (50 m},(lo

Alloys of colubium that contaim styong omide
formeys like rizconium or yttrium have shown excol-
lent vesistange to bolling potassium 2t temporstures
up to 1300 C (2370 F) for times sz long as 5000 ke,
Subsequent comparable studies revezled that withouwt
such oxide forsers, colimbium is heavily aztacked by
1200 € (2190 F) refluxing potassiwe sand that the
severity of the attack incresses with Increesing 2wy~
ge content of ths potassium. (10} This sersitivity
to the oxygen content of the potassiza is such wore
proncunced in boiling-refluxing systems than in non.
boiling petassivm systems. For exsxple, additioms of
vy to 2450 ppm of oxygen to the petassium in sn ell-
liguid {nonboiling) system caused only slight in-
crezses in sttack of tre columbium. The Oak Ridge
researchers hypothesiza that the difference stens
from increased local zjanentrations of oxygen 85 o
result of distillation offects in the bolling process.
¥hile colunbium does not doraslly getter oxygen from
potassiuw, these locsl-emrichment effects are be-
iiewed to drive the oxygen into the colwmbivm and
cauge gross attack. The usual behavior in the
colusbiim-cxygen-potassiva syatem is for oxygen to
migrate from the colusbium to the potassium 2t =
rate governed by the diffusivity of oxygen in colum-
biuva.
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FIGURE 1. CISTRIBUTION COLRFFICIENTS OF OXVGEN
BETWEEN TANTALWM AND SODIUM, AMD
COLILMIUM AND SODTUm(B}
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23 sumparized the Dk Ridpe re-
00 iir of testing of the fafzav
o .,.)~“ » .43 {Co-10W-12r}, T-111 (Ta-
Ti-0.12r), and C-129% 7Ch-10M-
~T2 ‘1u111 potassium at 1160
55¢ ¥), (1 {Note that all of
@10 an 1c11ve gettering elenent,)
sion interactions were cbserved in

2

stiy ypelated to migration of oxygen.
; om Thb-17r with 1200 € (2190 F) reflux-
thidice, el cestum failed to show any
iffer zhe corrosiveness of the
i metals, there being essentially ne

Tavle § summarizes wresults of the Atcaics

international oxgperimental solubility program in-
&“iJlrg refractory metals and alloys in potassium or
iitbium, (12)  The gddition of up to 2 weight percent
of a gettering element {zirconium, hafnium, or ti-
tanium) to tantalum end columbium dramntically re-
duces the apparent soludility of the metai in po-
tassiws or iithium. All solutes except rhenium are
z2ore soluble in potassium than in lithius.

At United Nuclear, solten potassium with

controiled additions of up to 200 ppm oxygen was
circulated betwesn 1200 and 1600 §F in Type 316
stainless steel loops contalning strings of Cb-1Ir
and stainless steel test spacimens in the heater
lezs. (13} The oxygen additicns were apparently
gettered rapidly by the Cb-i1Zr, as they had no
observable effect on the stainless steel corrosion
rates but caused i pronounced increase in the ini-
2ial rate of Cb-iZr surface rescval..~However, there
w#ere no identifiable oxide films or microstructural
changzs in the Cb-1Zr specimens, which remained
Zuctile. The initially high corrosicn-weight-loss
rates in the Cb-1Zr decayed with time and returned
essentially o normal rates (<0.1 mil/year) in
astout 2500 hr if no further oxygen was added. In-
creasing the potassium flow velocity by a factor of
18 had no obvious effect on the waeight-loss rate of
the Ch-1Zr.

Six alloys (Type 318 stainless steel, HS-25,
Mactelioys €, N, and X, and Rens 41) were evaluated
at Lewis Research Center for ability to withstand
18CC F boiling potassium well enough for use in
herdware for ground testing space-power-system com-
penents. (34) “Capsules machined from rod stock of
the test alloys were exposed to 1800 ¥ boiling-
refluxing potassium and examined metnllographically.
A1l of the materials shcwed some evidence of corro-
sion. However, only the Type 318 stainless steel
exhibited severe enough attack to be climinated from
further consideration. An interesting sidelight of
this work is that the potassium, which contained no
more than 20 ppm oxygen initially, showed up to 500
ppm oxygen after the test. The source of the oxy-
gen is unbnown, but the greatest pickup occurred in
the czpsules that were attacked the most. The ma-
zerials could be arbitrarily ranked into three
groups. Most resistant weve kent 41 and HS-25; next
were Hastelloys N, €, and X {in that order); and
finaily, Type 318 stainless steel.

A Type 316 stainless steel, gas-fired loop
and potassium vapor-turbine test facility was con-
structed by General Electric. Testing of candidate
refractory turbine alloys was done by inserting
sample blades and stationary imserts in the turbine
seccnd stage and runaing a 2100-hr endurance test
with turbine-inlet potassium vapor at 1500 F.{15)

the welght changes of insert speci-
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Tadro s T-111(0F kgS{w ™ §200-1606 -2 1200 400
Som T,

Ta ivom ASTAR-BT 11k} 610 P20~ 1443 [ [T

To from Te(.82r 150-2000 1200 160G - -

Cb from Co-12Zr ~ 8 12003400 - -

% from CH-Q.52¢ 314 120G-i 650 - -

Ao from Mo-0.52: ~1G0 1200-3400 - -

Mo from TZM8 wi 1400 - B
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HE (20me refined) ~100 12001450 5 1260-3400

Z (zone ~e{ined) #0100 500-1200 L~ -

W {vapor Gepositads 4060 12006-1600 @ P2 1600

Re o 1200-1600 LS 4200- 1600

Mo - - 215

{9) 900 = 1632 F, 1200C» 2192 F, 1400C e 255" f l(>~’)0'“~= "*'3 IF.

83 T-111 = Ta-8W-2H0, ASTARET1C = T8 W-1H: 1Ke-0.025C; Tm = Gl BT

Minimal deterioration of the stainless steel turbine
parts and the sazple rotor blades of U-760, TZM,

and TZC occurred. Average weight losses of the U-
760 blades after the 2100-hr run were 0.3 percent
{Stage 1) and 0.02 percent (Stage 2), and the TZY
and TIC blades in Stage 2 lost about 0.1 percent in
weight.

In view of these encouraging results, the
turbine was tested for an additional 3000 hr, with
the following conclusions:(16)

{1} The oxygen and carbon levels in the
potassium, which were low at the ocutset,
were reduced even further as the test
progressed. This may be part of the
reason that blade corrosion was less in
the 3000-hr test than in the 2100-hr
test.

{2} The room-temperature ductility of the
U-700 blades in the first stage was re-
duced because of sigma-phase formation,
and the room-temperature ductilities of
the refractory alloys were in some in-
stances likewise lowered.

{3) Some erosion of the René 41 blade clips
and of the Type 316 stainless steel
shrouds in both stages was noted, al-
though aven the worst crosion (second
stage) was not considered sericus.

{4} The observed mass-transfer and alloy.
depletion effects were also not con-
sidered serious, being generally less
than 1 mil deep.

{5) There was no damage to the turbine which
compromised its safety or reliability.

QOak Ridge has completed a 3000-hr test of a
Cb-12Zr boiling-potassium forced-circulation loop cen-
taining three stages of nozzles and simulated turbine
blades subjected to 97 to 83 percent quality potps-
sium vapor at 1015 to 680 C (1860 to 1256 F).{(17)
The only surface change found in the entire loop was
a roughening of the leading edge of the second-stage
blade specimen to a depth of 1 wil where it had been
impinged upon by 3080 ft/sec vapor of 83 percent quaji-
ity. The Cb-12r alloy had gettered oxygen from the
potassium--particularly in the hotter loop regions.
A chromfium-rich layer found on the second-stage blade
was attributed to chromium leached from the stain-
less steel pump cell. This suggests that stzainless
stee] components should have been avcided alrogether,
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since even this very limited surface ares of low-
temperiture stainless caused noticeable chromium
transport. The creep resistance of Cb-12r is mer-
ginal for service near 1100 C (2010 F), as evidenced
by a significant increase in dismeter of the tubing
at the dryer section of the loop.

CORROSION BY LITHIUM

The results of short-time tensile tests of
Soviet-aeveloped experimental alloys fo‘ service in
molten lithium are shown in Figure 2.(18) Sheet
tensile specimens were encapsulated in s columbium
tube containing fiiteved iithium (100 ppm oxygen
and 190 ppm nitrogen), sosked at 1000 C (1830 F) for
the times shown, then tensile tested in an argon
staosphere. The results (solid curves) were com-
pared with those for identical control specimens
(dashed curves) vhich had been given similar hest
treatments in argon without lithium present. The
lithium apparently had a negligible influence om
the strength and ductility of PH-3, PH-S, and PH-6,
and only a slight weakening effect on PH-2.

— it et st

The Jet Propulsion Lsboratory has been
studying s magnetohydrodynamic (MiD) power systes
in which liquid lithium is accelerated by cesium
vapor in a two-phase ncizle, sepavated from the
cesium, decelerated in sn MHD generator, and finsl-
ly forced by its remaining dynsmic head through s
heat source and back to the nozzle. There were
indications that msterials which had withstood sta-
tic lithium st 1090 C (1995 F) were badly eroded
after 100 hr under a 150-ft/sec 1090 C lithium jet.
The alloy Cb-1Zr was least affected.

Follow-up experiments corroborated these
observations quantitatively.(l?) Two materisis, Cb-
1Zr alloy and yttrium oxide, wers subjected to the
iithius stresm. After 109 hr st 1143 C (2090 F),
the yttria specimens were completely dissolved. The

maxisum depth of msterisl removed from the colusbium
‘ alloy sfter aa additionsl 391 hr at 1090 C was 7 u.

This value corresponds to the depth calculsted from
turbulent mass-transfer relations for simple disso-
lution if the t ture coefficient of solubility
is taken to be 1.2 x 10-9 g Cb/(g L1)(C).

The feasibility of evaporatively cooling re-
fractory rocket-sozzle-throat liners was demonstrated
at Asrojet-Genersl by test firing s 2.7/-in.-dism
lithium-cooled liner for 60 seconds st 670 psis
chasber pressurc, 6500 F flame ture, end high-
ly sluminized solid propelient, with no sppareat
erosion.(20) The flame-sids throst temperature of
the T-222 alloy, 0.130-in.-thick liner was designed
to stabilize at 4360 P.

Soluble corrosion imhibitors for lithium-
refractory metal systems have been investigsted st
Argomne. Corrosion of tamtalum by lithium has boen
found to be fnhibited by additions of silicom or
iridium.(21) For silicon, the protective layer was
fdentified as Ta2Si. With 1.0 and 1.5 stomic percent
iridium additions to lithium in high-purity tantalus
capsules, a 50-y protective layer was found after s
9-day at 1200 C (2190 F). The layer con-
sisted of three phases: TasIr next to the tantalum,
Talrs on the outside, and Talr in betwoen.

Examination of 82 insert specimens fiom a
T-222 (Ta-10.20-2.3€-0.014C) thermal-convection
loop after 3000 hr of lithium circulation at 1350 to
1140 C (2460 to 2085 F) and 2.5 ft/sec disclosed
very small hot-zone weight losses (0.8 mg/ca?, mex)
over sbout two thirds of the loop snd minimsl cold-
zone niﬁtz”im (2.0 ng/cm, max) over the remsin-
ing third. A significant transfer of hafanium
from the hotter to the cooler regionr was noted;
surfaces nea- the heater sntrance anslyzed as such
8s 60 weight percent hafnium.

A Ccrnell University dissertation on the
penetration of grain boundaries of colusbius by
1ithium at 800 to 1050 C (1470 to 1920 F) slso in-
cludes a quantitstive sodel for the process.(23) The
columbium specimens consisted of orisated bicrystals,
esch containing s simple tilt grain boundary at an
angle of 6, 16, or 33 degrees, and 0 to 2400 ppm of -
oxygen. The following observations were reported:

(1) Specimens without oxygen showed no re-
action with lithium; the resction rste ’
increased with incressing oxygen con-
tent.
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FIGUE 2. EFFECT OF EXPOSUE 10
MOLTEN LITHIUM ON THE

’| 4

2000 C TENSILE PROPER-
TIES OF EXPERIMENTAL as)
COLUMBIUM-BASE ALLOYS

|
3

1
8

Solid Curves: s
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1ithium at 1000 C.

Dashed Curves: specimens heated !
in argon at 1000 C. :
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specinens showed pross

sewording 0 R {depth
) » x22/2, rad an acti-

w2t snisorropic, the zate
azson < 110> baing
the rate perpoadieniar o

i1,

53 Tha <orrosion process sppraved 1o be
controlled by solid-stare grain-
boupdary di€fusion.

The offect of axygen contaminatien of T-1il
T-222 Tif-weldod spocimens on their corrosien
£ aoe ¢0 1ithium was dotesmincd at Oak Ridgs
in A00-hr exposurcs st 750 and 1200 € (1382 and
2192 #.410) Mo stteck of the weld or heat-sffected
zoncs was observed iu samples containing up to 540
oo exygen.  However, the base metel was attacked to
o depti of 10 mils uniecss it had becn heat treated
2 he av 1380 £ (2372 F) afcer welding., This
s explained by the fect that the weld heat was
Tflcient ¢o domegenize the oxygon concentration

suscsptible %o heavy ottack. .

Workers et the Lawrence Radiation Laboratory

e dovised e pumped-cepsule spparatus for dynsale
eorrosien tutin§ sf meterials by high-temperature
moleen motals. (24} They demenstrated {ts feasibil-
iey by circulating iiquid lithium et adbout 1500 C
{2733 ) {hot end) and 1250 € {2280 F) {cold end)
st about i ftfsec for close to 700 hr sad found
iie¢le corrocion dazoge to the W-30 at.$ Mo-30 st.¥
Do espsule parts. The pumped capsule consists of a
alezed tude containing 2 splitter plate which seps-
rates tho bere inte two semicircular channels. The
two chonnels join at both onds of the tube to form
a cornlete 160p. The molten metel is circulsted by
s d-2 electronagnetic Faradsy conduction pump. Heat-
ing cnz end of the tube and cooling the other simu-
istes a polytherms! coolant loop. -

CORROSIGH BY MURCURY

To gain a better understanding of the mecha-
niss and kinetics of corresion of materials ussd in
rereray Rankine-cycle systems, 108 refluxing-mexcury
capsile tests were run s% Lewis Roscarch Center on
the codalt-base alioys HS-20 snd H-8187 and tho ircn-
base alloys SICROMD-9M, AN-355, ard AM-355.(25) Ex-
rosura times up to 5000 hr s:d temperatures between
iC00 and 1300 F were esploye.

Thves tvpes of atteck wers observed. The
£ alloys suffered unifora surface dissolution and
surface depletion of mangansu?, chromium, and nickel,
o 53-25 and H-8157 showed lruched-out porous corro-
sion gonmes, dopleted in nickel, chromium, end cobalt
gnd enriched in tungsten. Tho SICROMO-9M had a
chernel-11ke, grein-toundam -penstrated corrosion
vone with no compozitional changs. As cin be seen
in Bigurs 3, all cucept the AM alloys underwent
ehenges in mechamisas of corrosion with time. In

a2 linesr reglucs, houndery-leyey
proueble rate-To lirg step, of
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CORZOSION RATE GF TESY ALLOVS BY REFLUX-
I6G MERCURY AT 1100 §(25)

FIGURE 3.

In the SNAP-2 versicn of the Morcury Rankine
Powor Conversion Program, reactor-heated Hak is pump-
ed through a NoK-to-mercury boiler and the mercury
vapor drives a turbsgenerstor unit. The extensive
sercury-corrosion tests conducted under this progrom
heve been summarized in several toplcal veports by
TRY Equipment Lebozatories.(26.27) In additien teo
ovzar I million hours of cepsule and loop testing,
more than 30,000 hours of boller-test cporaticn was
accusulsted, Figure 4 shows a representative mass-
transfer pattern in one of the H5-25 test boller
zubes after 2200 hours of operation. This vas the
result of selective leaching of varfcus elements
from the HS-25, The deposits cro predsmimantly co-
balt (95 weight porcrat), with some iron; the leached
sone is depicted in nickel, chroaium, and ccbalt, and
sousxhat enviched in tungsten.
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FIGURE 4. CORROSION-TEMPEPATURE CORRELATION F’OR(

NeX-HEATED HS-25 MERCURY BOIIER TUBE 25)
Tho corrosion products carried by the mercury
pose a major tystes-dosign problem becauss of their
tendency to deposit in critical areas liko mercury-
lubricated sleevz-bearing surfaces, lubricant-line
filtors, the mercury pumxp, and tho turbine nozzles
and vanes. These corrosicn products have Leen iden-
tified as ferrites, posscssing & spinel siructura of
either the gasmmz MeiC3 or MesCq type. Thelr effects
can be sinfwized by ngerning the beijer and conden~-
ser for at least 200 hr, then flushing with clean
mercury snd recharging before operating the turtcalter-
nater unit. This preconditioning eliminates tae
bulk of the corrosion products; their concontration
drops to a steady-stato of around 0.01 ppm in the
liquid after reaching a much higher value in the first
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