UNCLASSIFIED

AD NUMBER
AD854308

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; JUN 1969. Other requests shall
be referred to Air Force Materials Lab.,
Attn: MAAM, Wright-Patterson AFB, OH
45433.

AUTHORITY
Air Force Materials Lab ltr dtd 2 Mar 1972

THIS PAGE IS UNCLASSIFIED

2,

4

rake the c rro- ion behavior~ in nzy ccnfepun! vsl::?
cult to p~relict rrmnittively. A=
d1: s
-~n~~"-;f lboratozy war%, ranging f
tic,
7: 7 : C
itC
MajoT CmphlaSiz t' day vkr
Cc~yut ex1.cnt to higA'1y sorlsI catc i2"
a- Vac colrhnt f~or fast-breeder powo~rloop te~tl has denerstrated Vic flC-1'rwns:
~. Ct~,
'
lor
.. OJC';O~T
~Pi~(1)
Reliable systel . u;Jiz~n's potC;J nrd~ ctnor liquid metals aro Gtil rezc'iving
20f!
c ua clcn
20n FersInncve
or ceimuof
n .ct.g., lithium for cooling rocknt rozzlel;
sp~epO~C ~Yte~SIn/O~in
F~t5h
ase alloyl 1_,kc Cb-lNr, =6 to 2?TT 7
o~lton
5 ki!fI
X. 4
c~rking fluida i, cniu-

-2

cn

.~.

N:ith ccsu-seeded planma; and1 therm-,ctrs,
1C'cnrlvrs
with litiium-heated cathodes an
-~-' notraizaior).(2)
~~-car~
MRAMPE~ REIS

C-~ri-Nas a1loys
ndane
th~4
and 73-65 2T-I0-Z)
Columium-basv alloys can be used at.
even higher tc peratures In lithium
systecas.

kcritical revirw of the literature on the
se llGys like TalW - e
anau
(3
o0-7 zrnition metals in molten alk~ali
appear satisfactory For
been published byT11(SW-2Hf)
z~,,
alf:2allic-.art matalss
I ec
aito
aoatr.l
hsv~~l
potassium or cesium to at least 2zot0 F.
~cl~onte t=~ariz~
daa g~aphca~y ~and
probably a few hundred dcgrecs
higher with lithium.
system studied. Solvents covered
-cu
t~
1'e
. rr>,~
m sodium, pot2-sqium. rubidium, cesium,
O SIMBSO MA7)N
:~csumcalcium, lanthanum, and cerium. Soluto3
il-,.d- iren, nickel. chromium, cobalt. manganese,
The corrosion of T.W welds in SNP-, timitaTtalum, m:oybdenum, vanadium, tungsten,
lu tubing containing 55 to 520 ppm ox-gnb
ue
a~ zrconum.tic
NaX containing about 1A -pm oxygen wa!3 inventiSpectmn.s were crposczI
gated at General Electric.(5
review of liquid-natal eoibrittlein tantalum ca-sules for either 100 hr at 121 F
ffia~~~a
as canpubishd b MatinMaret
ta. Therevrwas
bliee
tat
hemsortio ~
or 1000 hr for 1350 F. M-etallogrh shc-;tZ n3 cv
~eliquld zotal raduces thv atomic-bend strength at dence of attack in spezimens containing~ 220 Fp nva:
gen or less, althevrgh all the 1550 F 5pecim=5 ~z
vglcns of' stress concentration in the solid metal.
icey d.isagree with Robertson's concept that embritfxygen goest eig by tcres (pesmal bc
eo
tlmo-nt rcs'ilts from stress-enhanced dissolution
oye
etrn
yteN?)
arnd subscqucnt diffusion of the liquid metal at aSpcmnwih20p
oyesufrd2t
c-esck tip.(3) The review discusses the effects of
4 mils peerin inthe
270at-afoeyge
zuofee white
chcacl compnsition, temperature, prestrain, and
those with S20 p~pm oxygon were much more se
hrl
rate of loading en severity of embrittlement, and
atce. O hscrosy
h nssvrl
attaked
Of hes, cuionly, he nestested et
includos that there are still substantial Saps in
1200 F for 100 hr were completely pzenetrated (20
-ur unde sznding of the phenomena.
mils), while those tested at 1350 F for 1000 hr
.~detailed

A state-of-the-art review of the compatibility, of construction materl~ls with alkali metals for
3PMCC nUCIear power systems has bean published by
workers at Oak Ridae.( 4 ) Secause operating temperaturres, must be a-, high as feasible, refractory metals
sppear to be the most promising construction-materiai candi ,dates. Lithium, potassium, and cesium are
the fluids which have becn given most attention as
heat-transfer and working media for high-performance
space nuclear reactors utilizing Rankine-cycle convei~ion. Interictions among the myriad corrosiongov~erning parameters (e.g., temperature, temperature
gradient, surface-to-volume ratios, purity of materias, flewr conditions, presence of dissimilar

were attacked to a depth of only about 8 mils.
The phenomenon of reduced corrosion at increased temperatures and exposure times is explained by the researchers as follows. Oxygen In the tantalum can diffuse to the surface and dissolve in the
KaK much faster at 1350 than at 1200 F. In fact. at
13S0 F this diffusion and dissolution occur so f'ast
that the oxygen concentration in the tantalum regien
where corrosion is-advancing along grain boun~daries
ancrslogphclnecnbeededtblw
and crrsalotrhceshl
a n bheredue
o eo.
th corrsio
thehl
beert
tration
into the
specimen,n This
c .1 t 9Jcn'is0h~
tent with tbho observed redcc~au.a~
altnau
pcmn
ol

71i 3.cZ-M nt 1%sbjzt to spa1a export controls and each zransaittal to foreign so~4c*.nms or fore'

AVAILABLE COPY.

J tionals~

I8

I AtMad*on
be"

1

miil, and 14a-

islutiv

i Vn t 1 :i i n th e hnca t -*
in

, ,t.

..

.

th", 'usic". azd

co.~?
t~alrinj 270
t

eY!z

~inresistace
tzi: i
7

2-,h
Ins-

Wit,

th

~
O

t a t , : t i r o i ll * ta nt ak rs Copa l e eo t a ni ft - Cof potassim-. (9) 11he trintaltm Vire was c=Iplrttiy
li
and tte cerrea'ion ,Tooutws~rt~ r
Sto

4~u

Iote~rs to bt
W

to NPK.

,rcxt thisl 5t ! s
Ir thiO SMAP-S ",ia

r -t N~ Unes

~;

rZ)A1_s Vtt Lewi Aeseqt-e cefter*Cc~
an4 Identifying Vhe hycrasc~pic Cyxt~i-,I

vcj
IU

t~lal"

r

ihor--a crc=tancz
e vtlvp ac idcv.Tally. by vJi-of the
;r-'I

locp
Onszxk~ed
-- 2td
an vct= avir'anent by
~ ~~-t c r ll.AO hr it a peak tenerature
F- 1,aN of M~ F to check out ccmpnemt,
.'
oP..at1i'n for Su~mint tests on forced-cor.,feftion
> P~~.
osttest metallegraphic exanifsCron all rceioni, of th*
,sto of tublnF
!cop r.oved no ivice
of corrosion of either the
emtrjal cr welamnts. Cheical analyses of
v-tubin17.-,catc,* that thc5 nitrogen and carbon
tnt.t wvr_ uraffcctcd by the expos-ure but #hat
oxy~fn lcvel had dropped in the hottest regions
"f
he loop nn lno:reased in the cooler zones. An
.~nr~ctelyhi~l hydrogen level and :-onsequent
.zhrtleentof tubing wa,% traced to the posttest
a~ohl-lc~n~gteChni.que u;ed.

rl",e by *fr- eoeeiv
%'

TA + 0L

that tke ex5wijt of
~
j
system can be p~i
1Z tl- toz_ &
m ' fInterstitial
oxyaen ir. twtantahl is kneyarn.
TM3. 411 cnzstert with rosuilt
of OA~ Riditt stu~dies, whi.th showed that tantaltm
would 111ye up oix;rjar to potassium at 600 C (1110 7)
even when the initial oxygen in the potassium was
v- high (to SM pr
anm that in theO tatatlum W
,Tiite low (:D rpma)
V"Ih
trrta1=-c-ptsi

1: ~

1,:r,
~vTncse
results. Cemers' lcuorVkcrs constructed a forced-icircuilation Lbl ciu, a~i4 a it for 2650 hr with a mal=
~aucof Of1S F and a aT of 100 FJ7() As with
Stlte-m7-canvwocttin loop, detailed chenical ard
allurgical ecramiration3 of the loop tubing rev.'aled no cvid:n-ce of significant contamination or
..orr33ion from either the 5odiux or the vacuum.hacmber enviromr.'nt. Again, howevor, there was a
:ran:;.%er ol oxygen fr~om thn high- to the 1ev-teimperatut-e fections of the loop tubaing.
tr

Alloyv- of ol~umt that cantafin stor.j zri4C
formers like zirconium or yttrium have shown excrilent %eslstaicv to boiling potassita at terperturf-S
up to 1300 C (2370 F) for times as loag as 50C0 hr.
Subsequent compsrable studios rvealed that %itbhut
such oxide formers, columium Is heavily attaaad~ t1y
1200 r (2190 F) refluxing potassim and that the
severity of the attack increases with increasing V:7,-go content of tbs potassium.0(0) This StraitiV-1 ty
to the oxygen content of the potessi'm is Auch tore,
prorounced in boiling-r..!luxing system than in nar.boiling potassiua systems. for example. addition of
to 24-30 ppu of oxygern to the potassium in an allivp
liquid (nonboilng) system caused only slight in~croznses In attack of tie colizabium. The Oak R-I,
researchers hyythesir: that theP differenct stes
from Increased local :..,irentrstiou 'ofoxygen ae, Z
ra!sult .f distillatioi effects in the boiling process,
Nhile eolumzhiia does not aorvally getter oxygen fircs
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thoe local-enrichment effects are bei~vd to driv;e the oaygen into the columbium and
cause Cross attack. The usual behtavior in the
eoltai-oyen-potssiua systemt is for oxygen to
migrate frcn the columbium to the potassium at a
rate governed by the diffusivity of oxygen in coli..bium.
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The additen of up to 2 weight percent

of a getterin element (zirconium, hafnium, or tianium) to tantalum and colabium dramatically rnsice
the apparent
e
sol
poiliy of the metal in potassium or lithium. All solutes except rhenium ae
more soluble in potassium than in lithium.
At aUnited Nuclear, molten
as
w
ecentrailed additions of up to 200 ppm oxygen was
circulated between 1200 and 1600 F in Type 316
taioless steel loops containing strings of Cb-Zr
an stainless steel test specimens in the heater
eg . (13) The oxygen additicns were apparently
gettered rapidly by the Cb-lZr, as they had no
,otbsrvable effect on the stainless steel corrosion
rates but caused a pronounced increase in the Iitial rate of Cb-r surface remoyval.. w .er, tiere
were no identifiable oxide film or microstructural
changes in the Cb-lZr specimens, vhich remained
huctilr.
The initially high corrosion-weight-loss
ates In the Cb-lZr decayed with time and retlrnedte
essentially to normal rates (e0.1 nil/year) in
ecout 2500 hr if no further oxygen was added. IncasZ ing the potassium flow velocity by a factor of
16 had no obvious effect on the weight-loss rate of
the
lb-lZr.
Six alloys (Type 318 stainless steel. HS-2S.
Haostelioys C, N, and X, and Ren4 41) were evaluated
t Lwis Reseerc Center for ability to withstand
1803 F boiling potassium well enough for use in
hzrdwar for ground testing space-power-system com4
) Capsules machined from rod stock of
p onentis..(
tho test alloys were exposed to 1800 F boilingrefl.txng potassium and examined metRllographically.
All of the materials shewed some evidence of corroaenb. However, only the Type 318 stainless steel
exhibited severe enough attack to be eliminated from
further consideration. An interesting sidelight of
tis work is that the potassium, which contained no
more than 20 ppm oxygen initially, showed up to 5OO
pn oxygen after the test. The source of the oxyglen is unt-bown. but the greatest pickup occurred in
the c
Tpsules
that were attacked the most. The erials could be arbitrarily ranked into threeo
greus
ost rsistCand
ht
4 order);4
and 2;nx
fire aly. ly
N saness
C18
sit aode);an
finalyType318stanles
stel.blade
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ptassium
ATyp vapor-turbine
facility was
vaorturine test
tetflit
waseconconstructed by General Electric. Testing of candidate
rfrctoy turbine alloys was done by inserting
refractory twas
sample blades and stationary inserts in the turbine
seccnd stage and running a 2100-hr endurance test
with turbine-inlet potassium vapor at 1500 F.(15)

M
deterioration of the stainress steel turbine
parts and the sample rotor blades of U-700, TZi4,
and
occurred. Average weight losses of the 700 TZC
blades
after the 2100-hr run were 0.3 percent
(Stage 1) and 0.02 percent (Stage 2), and the TZM
and T 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:(l 6)
(1) The oxygen and carbon levels in the
potassium, which were low at the outset,
were reduced even further as the test
progressed. This may be part of the
re
thatse
corrosiopwas
lessain
aon that
adtet
rraoin ta lties i
the
r t
a
e
(2) The room-temperature ductility of the
U-700 blades in the first stage was reduced because of sigma-phaso formation,
and the room-temperature ductilities of
the refractory alloys were in some instances likewise lowered.
(3) Some erosion of the Ren 41 rblade clips
and of the Type 316 stainless steel
shrouds in both stages was noted, although even the worst erosion (second
stage) was not considered serious.
(4) The observed mass-transfer and alloydepletion effects were also not considered serious, being generally less
than 1 mil deep.
(S) There was no damage to the turbine which
bced
o 97
se
po
i8s sa(ety
oor reiali
reiail.ity.
Oak Ridge has completed a 3000-hr test of a
Cb-lZr boiling-potassium forced-circulation lop conta
sing
three stages of nozzles and sinulated turbine
blades subjected to 97 to 83 percent quality potuasto
F
The only surface change found in the entire loop was
a roughening of the leading edge of the second-stage
specimen to a deptfi of I oil where it had been
impinged upon by 3080 ft/sec vapor of 83 percent qua7potassium--particularly
ity. The Cb-lZr alloy had
In gettered
the hotteroxygen
loop region.
from the
ptsim-priual
ntehte
oprgos
A chromium-rich layer found on the second-stage blade
attributed to chromium leached from
stainless steel pump cell. This suggests thatthestaintless
steel components should have been avoided altogether.

since even this very limited surface area of lowtemperature stainless caused noticeable chromium
transport. The creep resistance of C0-12r Is marginal for service near 1100 C (2010 F). as evidenced
by a significant Increase in diameter of the tubling
at the dryer section of the loop.
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The results of shmrt-time tensile tests of
Soviet-ceveloped experimental alloys o service in
molten lithium are shown in Figure 2. 11) sheet
tensile specimens were encapsulated in a coluim
tube containing filtered lithium (100 ppa oxygen
and 190 ppm nitrogen), soaked at 1000 C (1830 F) for
the times shown, then tensile tested in an argon
atmosphere. The results (solid curves) were conpared with those for identical control specimens
(dashed curves) which had been given similar beat
treatments in argon without Lithium present. The
lithium apparently had a negligible influence on
the sttength and ductility of P1-3, P14-S, and P14-6,
and only a slight weakening effect on P1-2.
Mhe Jet Propulsion Laboratory has been
studying a magnetabydrodynottic (11) power systaq
in which liquid lithium is accelerated by cesium
vapor in a two-phase nozzle, separated from the
cesium, decelerated in an MM6 generator, mnd finally forced by its remaining dynamic head through a
heat source and back to the nozzle. There were
indications that materials which had withstood satic lithium at 1090 C (1995 F) were badly eroded
after 100 hr under a 15-ft/sec 1090 C lithium jet.
The alloy Cb-lZr was least affected.

Solutlet corrosion inhibitors for lithiumrefractory metal systems have been investigated at
Argonne. Corrogion of tantalum by lithium has boom
foud to be inibited by additions of silicon or
iridiums.(21) For silicon. the protective layor was
identified as Ta2Si. With 1.0 ad 1.5 atomic pereint
iridium additions to lithium in high-purity tantalum
capsules, a SO-Is protective layer was, found after a
9-day exposure at 1200 C (2190 F). The layer consisted of three phases- 7*3lr next to the tantalum,
TalrS on the outside, and TaIr in between.
Examination Of 62 insertt specimnsW Goal a
loop after 3000 hr of lithium circulation at 1350 to
1140 C (2460 to 2055 F) and 2.5 ft/sec disclosed
very small hot-zone weight losses (0.8 mg/cm2 , sax)
over about two thirds of the loop -nd minimal coldzone weighjin (.0 mg/cm2 , max) over the remainIng third.10x)A significant transfer of hafniumn
from the hotter to the cooler regione was noted;I
surfaces now the heater entrance analyzed as much
as60 weight percent hafnium.
A Ccmsell. University dissertation on the
penetration of grain boundaries of columium by
lithium at SOO to 1090 C (1470 to 1920 F) also Includes a quantitativet model for the process. (23) The
colsuma specimen consisted of oriented bicrystals,
each containing a simple tilt grain boumdary at an
angle of 6, 16, or 33 degrees, ad 0 to 2400 ppm of
oxygen. The following observations were reported:

Follow-up experiments corroborated these
observations quantitatively.0(9) Tw.o materials, CbU~r alloy and yttrium oxide, were subjected to the
lithium streaws. After 109 hr at 1143 C (209 F),
the yttria specimens were completely dissolved. The
maximum depth of material reoved from the colusiium
alloy after an additional 391 hr at 1090 C was 7 us.
This value corresponds to the depth calculated f~a
turbulent mss-transfer relations for simple dissolution If the temperature coefficient of solubility
is taken to be 1.2 x 10-9 g Cb/(g Li)(C).te.
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The feasibility of evaporatively cooling ref rectory rocket-mossle-tbvroat linen was demonstrated
at Aerojet-Gemeral by test firing a 2.1-in.-dim
lithim-cooled liner for 60 seconds at 670 poia
cher
pmesuro 6100PF flame* temperature, a"d highly aluminized solid propellant, with no apparent
er osn (0) The flame-side throat tempoeture of
the T-222 alloy, *.130-in.-thick liner was designed
to stabilize at 436e F,
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Specimens without oxygen showed no reacion with lithium; the reaction rate
Increased with increasing oxygen con-

(1)
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