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SUBJECT:  Tvpe 316 Stainless Steel Inpile Forced
Convection Liquid Metal Corrosion Testes
NSSA-1A1, NSSA=2A2, NSSB-1Al, and NS{B.-343
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Abstract

Na¥ was pumped through four test loops constructed of type 316 stainless steel
40 determine the ability of the stainless steel to resist corrosion with NeX
at test conditions similar to those of the Pratt & Whiiney Adrcraft Forced
Convection Liguid Metsl Impile Loop (FW<19). The four loops, which centained
heater and cooler sections so that tempersture gradients could be established
in the NaK circuii, operated at maxirum NsK temperatures of 1560F emd rinivum
temperatures of 1530F,

The maximum corrosgien attack in the four loops, which cccurred as subesurface
voiding, ranged from 0.8 to 1.5 mils except for a2 local zrea downstream of the
expansion tank tee in the hot isothermal zone of loop HSSE-1A1 where it was
1.0 mils, Maximum deposits (mass tremsfer) ranged from none in loop NESB=343
to Li.5 mils in depth in loop NSSA-2A%, From the siandpoint of corrosion re-
sistance, type 316 stainless stecl appears to be a satisfactory container
material for NaK at the test conditions of these loops, Neilther ths corrosion
attack nor the macs transfer deposits had any measureable effect on the hesat
tranafer characteristics or NaK flow rate of the loops,

Object and Scope of Investigation

The purpose of these tests was to determine the raesistance of type 316 stain-
less steel to corrosion attack by MaK when tested at temperaturss and Yaf
velocitiss, in loops incorporating festures such as, fuel element to cooler
wetted ares ratio, gamna and nsutron heabed arca 0 cooler we'ted area ratic,
ewe., which were similar to those of the Pratt and Whitner Aircraft Forecad

Convsetion Liquid Metal Inpile Loop (PW=19), ; 7J
DISTRIHTIN BF THIS DSCUMENT 18 ENRLISITED 'S w !
gV
5’1‘;‘ o

S s de?

. {ra camitial
This N LS, t_:ﬁnp,aﬁ’ i
v
=~ AT
3 BNP -
v BN ¢t




UNCLASSIFIED

FiM-3918

Ubject and Scope of Investigsiion{Conmbinued)

;;;cigfiitions the _c’afegreasing and Siushing, inert gas purging; and ¥a¥ puri-
ion and sampling ‘%:.echmque."a employed in the preparation of the loops |

prior to testing was to duplicat i
¥ : piicate ag closely a8 posgil se te
Flarned for the inpile tooae . 3 possibls thoss techniques

Ehif r;apor’t pez*ta;.ns ta }‘ouzv tests conducted in monometallic type 316 stalne

aizocs ;xei 1oo§s_ in which the NaK was hested %o 1660F in the heater sactd s';*:ez
nd 00, to 1530F in the cooler sections., Test loops NSSA=141 and N3q¢§~§152
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Semperaiures o the roe o etebieldthivn-Joone, 1o
: : WIS Liplle L0oDs, &3t loops NSSB-1A1 and NSSB-343 .
signed and bullt speeifically for these tests %o duplicate the :»-zi‘éigiiifigs

and wetted area ralios as well as the temperetbures of the inmpil loops
3 e o

Test Item

;L;gopi NSSA:IAl and ?X;SSAJAE were fabricated to P&WA drawing FSK 47L&, which
;n ds ﬁgzagziegstgplg giiéim‘f L, a;zéswef*a construction wnits és,lSézUcalixl )
s 3 2Ly, Loo 35 B4 H 35B=3A3 ware f
%%o WA drawing TL 100437 which ispzhgwn sc;i:mzzgciblis igj"‘?auf:‘;%bmcgt&i
wers construction units L156-U-223 and L2i9-U.22 respect:!_;;:g - ;;?i“ - s
of 'fhi four loops that came in contact with the isﬁi ware cm;i& 3 teti o
type 316 stainless steel. & troned:previousivesthe ams‘”‘ ied si’ S
: 2FE SASLY ; ~ sl o

GaoigTed: euddar The diff i
z Bebde. Th Tierences between the

9O - o & HEY &, nga)

o ;magketx 1§?ps Were as follews: ({1} the NSSAetype loop incorporated
Two Jac s finned coclers connected in series while the NSSB design had
&. st..ng;e_e.s }mf‘{,nnedi, spirally wound cooler tubs, {2} the N3SA loop empi.i oved
svcsifg.ﬁ fiec :r@ma@egi;z punp cell while the ¥3SB loop smployed tws wel’!js "c;@
wereome the lmsreased NaK prédssure dvep & : : b

’ ; 2K o ; vop due Lo the greater overszll tubin
%sigtg é ’;agg ;3) ‘tixs Es::a lcop had 2 single heater :zeg whareas the NSSB L4
: T eparate heater legs separated by i . ?
1 e -~ se d by an isothermal szection, The
§::+§§2§§§£2§§egftgxe NSiBs*uym loops were designed such that the f:lirm!; C
weater @ t @ ¢ooler to fuel elament area rati ¥
: 1 eleme: ¢ as well ss the NaX
tiimpmjatare rise through the fusl elsments, The isothermal section was re
geéfzg ;‘Cf givz acsurate data on the NaK temperabure ocut of the ﬁ;‘:'uel elenezl‘t‘"
87 lsg and intc the "gamma and neutron! he o e
) X eater leg, Tha second heate
» » b 1 ) er
%eg p@m«i?ea the NeX Ee:gpem:}ture differentials and area ratics of the stain.-
ess steel sectlons of the inpilse locps recelwing gemms and neutvon hea*i“i ng )
: . X 3 362, o
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Test Ttem (Continued)

pansion bank contsining iiquid metal level indleatimg probes fitted with
special inert gas chambers around the outside of the tops of the probes
{shoun only in Figure 2} in which argon could be malntained at the same
pressure as the inside of the tank %o ecliminate apy possibliiiy of lezks
age around the cevemic inswlators, and inerdt ges comneetions, (L) & sump
tank containing llguid metal lewel indicziing probes; inert gas connecltlions
a Pilton-Sylphon liguld metel shutoff velve, snd z tube conbaining a2 Jemss-
bury bgll valve through which ¥eK samples could be taken (5) a permanend
magnet type liquid metal flowmeter, and {&) fourepass electromsgnetie pump
cells for use with the General Flegtrde type electromagnetic punps descydbed
mder "Test Equipment®.

Although not initially an imbtegral part of the test loop iiself, other test
items requived were (1) sppreximately SO thermocouples {chromel-alumel}
condenser-discharge welded to the leop at regulsy intervals, {2 ) 110-v0lt
calrods of 200, 500, and 700 wabt ratings for preheating the leop angd main-
taining test temperatures on the loop comnseiing tube sections. and 33) suf-
ficient bulk Fibsrfrax insulaticn to cover the entive heated seotions of the
loop to & minimm depth of two ianches.

A Usting of the pertinent dimensionas of each type of loop is contained below
in Table I,

TLBLE I

~

Dimsnsions of Type ISGA and NSSB Loopa

H3S8A NSSE
Heateor Leg I.D, 0,126 in. 0,390 in.
Effective Heater Leg Length: First Heater 31.0 in. 2.1 inm.
Ssecond Heater  ema= 51,0 in,

Conler Leg I.0% G206 in, a,

3
Cooler to Hesber First Heater 2.3:1 9.8
Hetted Area RBatio: Second Heater  axe- 1.7
0.8

e

Tuoe Well to Nak First Heater 2.63:1 .8hs

- Heating Ratio Seconé-Healer . ollt
M\\‘-NN“"\.‘(“"
" CORF TDENTEAL "
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Test Eagulpment

Although the control panels, test stands, and test stand egquipmsnt varded
slightly for each of the four tests deseribed in this vepori, the items
1isted below as well as the complebtely installed loop shown in Figure 3
2nd the control panel shown in Figure L are typical of &1l the tests:

1, The rectangular loop mounidng {reme conformsd to P&WA drawling CLRe
10068«1 and contained all the inert gas, scoling eir, and elscirical
connactions as we'l as a number of flexibtle cables rmmning over pulleys
and hung with counterweights for suspending the loop,

2, The electrical and ineri gas systems conformed to P&WA drawing CLR=10088-3-5.
The control panel conformed to PEWA drawing CLR-10088-l and contsined suf=
ficient temperaturs vecording and indicating instruments, electrical power
indicating instruments, water-filled U-tubes, pressure gauges, etc, Lo sal-
¢ late and/or monitor the desired test conditions.

3, Power for the resistance typs hester sections was supplied from an 80 KVi
480/30 wit transformer (Hevi-Duty Transformsr, Type T=L7159-8), Power
control for the transformer was accomplished wiith & remots operated 32
gang powerstat (Superior Flestric Powsrstat, Model 522098 B), rated at
168 amperes at L3O wolis.

L, Auxiliary heating of the Lloop during preheat and heating of the connecting
tubing in the loop during test was accomplished with 110-veli salreds con-
trolisd by parcentage timers,

5. To remove oxygen and nlirogen from the cover gas to the loop, the argon
was first passed through a NaX bubbler \PRWi drawing FSX-7753) in which
the NaK temperature was held at a constant LOOF and then pasesed through
a titanium chip purifying chamber \P&WA drawing FSK-7515} irn vhich the
titanium chips were held at 1800F.

6. A mamuslly operated powerstat {Supericr Electric Powarstat, Model 1256}
rated at 28 amperes at 230 volts contrclled the power to the General
Flegciric zlectiremagnetic pump.

7. Gemersl Kectric electromagnetic pumaps (Cataleg No. 173DELLE) with &
maximm rating of 30 smperes ab 230 volis.

Test Prededuwrs

During fabrication of the loop compoments, trichlorcethylens was used to re-
move resldual greases and oil, and the completed loops were glven an acetons
flush, Loop NSSB-1AL was given additional flushes as follows prior 10 eva-
cuation and purging of the Lloop becavge of suspected oil contamination from

a defective titeniwm-chin purifier: {1} thres gomplete flushes with puvs
f a 7S

naptha, {2} one fiuwsh wiih distillsd scetone, {3) ons flush with pure

othyl aleochol, and (i) severs). fiushes with distiliad watar,
NI
-
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Test Frocedwse { Contirnued )

After suspension in the test stands snd after all punp, {lowmeter, thermocoupls,
dlgetrical, elc., conneztlons had been made; each loop was heated to aporoxdimately
300F and purged throughout with argon from both the sump and expansion tanks by
cpening &1l f111 and drain line caps and levsl indicating probe adapters., All
£ittings wers then tightened, the loops wers evacuated with a vecuum pump to 5

o 10 microns, and the complete loops and all ipert gas piping were checked for
lealss using & mass spectrometer type helium leak detector, Following this opevrs
ation, each loop was f£illad with unpurified argon, ra=-gvacuated to 5 to 10 microns,
and refilled with argon that had been passed througn the Nsk bubblers containing
NegK at LOOF and passed ovayr the 160CF titanimm chips in the purifyving chambers,

The NeK used o £i11 the loops was taken from a point several inches btsiow the sur=
face of the Nak in a 35 gallon barrel that had besen allowed 1o stand undisturbed
for approximstely iwo days prior 4o ths travsfer to settle cut as mueh of the
heavier oxides as possible, A1l of ths NaK used in the test loops as w2ll as

the bubblers was NaK Iifi. The HaK waes travsfsrred from ithe barrel to the suwpm
tank of each loop at room temperature by passing it throuwgh two 20 mieron microe
metallic filters in series. It was then hested in the sump tank to 7C0F and a
number of sarples wers taken for chemical analysis. Betwsen the abovs-mentioned
sanpling and the £illing of the loop, the NHak was cooled 0 room ismpsrature,
Vhen the loop and the NaX were preheaied to 250F, the Na¥ was raised into the loop
miil the desired liquid leval had been atiained in the loop proper &t which time
the Fulton-Sylphon valve between the loop and the swip {refer to Flgures 1 and 2)
was closed, After the loop was filled and the drain valved closed,; the Hak re-
paining in the sump tank was heated vo 153(F, held at that temperatura for two
hours, and then completcely removed from the tank, This procedwrs was iollowed

to obtain 2 sump tank cleaned of any contaminants soluble in 1530F NaX prior to
the sampling of the NaK drained from the loop inte the swmp at the complaetion of
the test run. The loop was then graduslly heated o 1530F while circulating the
NaK slowly at isothermal sonditiocuns prior to increasing the flow rate as the 130F
temperature gradient was established, Test conditions were maintained by regu-
lating the NeK fiow rate with the elsctromagnetic puowp, the hezt ilnput to the
heater leg, and the amount of cooling air to the cooler leg. Test conditlons
wlth respect to ths cooler heat fluxes were calculated from a heat balanse of

the coocler {See Appendix A for sample calculations) as well as from thermocouple
snd flowmeter data, :

Termination of test MSSA=2A2 was effected by graduvally bringing tha loop to 153CF
iscthermal flow condltions before dumping the Eak from the loop inbo the sump tank
where 1% was sampled at 1530F., The remaining thres test loops wers dumped lmmee
diately upon discover of the leaks and no postiest Nak samples were talen,

CONRIDENTEAL~
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Test Resulls

& pd

The NEBi-type locns were

3

loops bud velocL ies and heat fluw
type of loop are outlined beslow in Tat

Wek Temperature inte First Heuter, "%

WeK Temperature into Second Heater, “F

Nal Tempsratovs oul of Heaters, oF

WaX Temporsture into Coolor, F

Temperaturs Oradient through Coolor ., of

Cooler Floid Velooity, Ips GuB

Heater Fiuid Veleoolty, fps 1e

Heater Tube Wall to Nal Heating Ratio: Ist kir. 2205331 OcBlsl
2t hiTe o~ il

g

Jio t Y

9]
b

Cosler Heat Flux,

Locp NSSA-IAL nperated for $6 hours befo:
interrupticn of the test. The loop was
nd the same startup oroc

wae installed, s ¥
was followed uniil test conditions were v

at test condihw na, another lesk develeped in
vpetream of the expansion tank., This ie
tubing sectlon, and test conditlons were resumed witl oy
the NeK. & third leegk occurred at the jungilon of znﬂ ewpan*i@p t&nk '*i the
izothermal tube after 2 bobal time at test cendlitions of 369 houwrs and the tewi was
terminated,

Loop ﬁSaAmaﬁa sperated contimously for ©i5 hours with no lntervuntions.

Ioop M83B=14l failed in the first heater section after 2h3 hours at test o
The entire first heater was veplaced and; although the looy was not deccﬂb“r
it was flushed for approximately two hours at 200 F with NaK. It was then v
with fresh BaK and test conditions were vesumed following the standard procc
After a total time at test conditions of 353 hours, a failure in the second
cell with a subsequent failure ¢f the first heater section again nec i
temporary interruption of the test, Both failled secﬁlona were compl
the loop was flushed at 200 Ty refilled with fresh NaXl, and again ve
case of both of the above-mclti red failures, 3 am&¢1 speginen of
wi end of the second heater lsg was removed at the time of failure

ey - 3 -~ s

& Z
o5 et Ty oy ra T BRI ey = > 5 & a b
and ths resulds of these aralyses ayg coptalzed in Table
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The following moballucgical and c?
Laboratory Section of the GANEL Prejs

1o Attack and Deposition (NSSa-1AL)

Teble 11 - Metsllographic

Abtack Deposgih Appazent Wall
Location MLL Mils Decreass, Mils Remapks
. ] Pa—— ~ P o
Heater entrance 0,8 Oube 18 - 2,0 Lo bparsa athack
Z. TFinz, sparsa,

metaliic dap evsli‘.

Heater exit 0.6 P 3.8 e
(1660} attack

Hot Isothermal 1.0 s 3.0 = 3e5 Spaerse attack
Zene, Prior
Surge Tank (1660}

Cooler (L6" total)
@ 1g% 1.5 - = Sparse atiack
@ Goh 2.8 - 1; Sparse aitack
2 Larpe, coarse moderatels
concentrated mutallia
deposit of 1.2 mils
3. Sparse, fine particles
l‘f 3 oo fﬂilu a’iv QL QD(J
o Platelet deposit of
J:.3 mils
@ hen Go9 L2 S 1. Sparse attack

T
# 2, Large coarse con’*enw
trated metallic deposit
of L.0 miiu
3s Platelet dapozit of
“J ﬁ mn-u

% Se¢ Figure § for photograrh of this denasit

BOA=PA2 18 contained in
sater ad cooler sechlions are




Tadle I - HMetallographic Resulis of Loop NESA-Zad

Attack Leposit Apparent Wall
Locsation Mils Mils Decrease, Mils Remarks
Hester Entrance 1.0 we 1.5 Sparse atiack
Heater exit 1.0 T e 1.0 = 1.5 Sparse attack
(1660 7}
Hot Tssthormal 1.0 -, 1.0 = 2,5 Sparse attack

Zone, Priov
Surgs Tack {1660}

fooler (L6¥ total)
e jan : 1.0 e -
@ 30M 0.3 e e
@ Z&z“ Qcé Océ b

rse gttack
rse pitting stiack
arse attack

wn
!
"S

pa

1. Sp
2. Fine metallic deposi
3, Attack and Deposition {(ES8B-1AL)
A summary of the ccrmsio*z anaiyses of test loop NSSB-1lAl is contained bolow
in Table V., The originel wall thickmesses of the hesater sacy iﬁu“—” vag 30 mils

and that of the f:oalcr sections 51 mdls. In addition, & zummerv of the gorwos
sion anglyses of the loop sectlons removed abt the time of the intermediate
failures is contained in Table VI,

Table ¥ - Metallographiic Fesults of Locp HSSB-1A4l

Fludd vhaurizcs Vold
Sectlon Temperaturs, F ~ Egtack, mils Sigms Phase - mils Remarks
i) Entrance lst Heater 1530 0.8 Across
2} Ertraencs ond Heater 1630 1.0 Across

3) Exit 2nd P’saafizer 1666 1:0 Across well - 29
} After Surge Tank 1660 b0 Halfwzy across
wall ~ L

51 Before Cocler 1660 1.0 Two-thirds scross

wall = sh

£} Cooler Entrance 1660 0.6 heross well -~ 03
71 Cooler Fxit ' 153G 007 : Aeross wall - 81 Zone
. ' wils ¢
COMMIENTS ‘ grey

£ gt
s‘zfiaem_, at

No epparvent solutioen attack svident 1
S:igmza phasge wmost GO f"rr‘%‘ ed g 1,0
Subsurfzce vold aw oK 1

,ﬁ? specineng showed &
Fne eooler 1.0, f‘}w&:*’

AL e DD
Lrraa ™ st Birar?” Doy Vs w”
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Vi ions of
Speeinens Type of ]
location T Attachk 3
L A B 5 sl RCZABTE D W AT S ST - -z—.m 2
A) 1st hiw 1530 F Subsurfase Dokt il
Fg AY N
(252 hre) void

]

B} lst htr 1620
{2h3 hys)

L

) %d Lbr 1660 F -
{2L3 m"'*)
D} Znd bty 1860 F 0e3 mil Simma phase scoiwred

0.9 mil intsrgramlarly

# Refor to Flgure 2 inhs A, By, and ¢
L. Atback and Deposition (OBSB=243)
4 summary of the corrosion analyses of west loop NSSBw3A3 is covbainsd below
in Table ¥II. The oviginsl wall thickusssas of the heater and cooler seodions

are identical to thosz of loop NSSRE-1AL.

Tabile VII « Metallographic Rezulis ol loop HSSBe47

2, &

Fluidd Maximam Depinn Sigme Fhase
Seetion Tepperature, F Attack, mils  Widdh, mils
Entrance lst Heater 1530 0oty 27 =2 s

&\
g
Lak

&
o
EN

Bgit ist Heater 163¢ O, 23
Entrance 2nd Heater 163%) 0.5 13
Exit 2nd Heater (Fig &) 166 0.8 1
After Surge Tank 1@;\0
Before Coolexw 1660 0.8

Middle of Cooler 1650 0.8 82
Cooler Exit 183G 0,3 82 . ER—
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COMMENTS
Ho apparent sslution aotac ¢ evident in the specimena.
\Ya deposit : .
ttack in all sections except #6 ( (after surze tank) consisted of concenirates

-

wiace pits. Atback in sestionm *’,‘3 was gubswizce vold type.
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L} The covler TD showed a bronze-like £iln which Y-Ray diffractico
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