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SEALS AND PACKING MATERIAL S POR MOL TEN FLUORIDE SALTS
W, C. Tunnell

ABSTRACTY

An investigation wes mede of pecking meteriale, 1o be vaed in o conventiend type of stulfing
box with o roteting shelt, for sedling ot eleveted temperstures o fused selt liquid fuel being circw-
leted by o conwifugel pump. The resuits of 26 tests wre raported in which the fluaride NoF.2.F
UF, (50-46-4 mole W) wes secled, with sccopteble lechege rates, for perinds ve to 2500 he.
Howeves, the investigetion hes not progressed ¢ the point where these moterials heve boon applied
succosshuily tor o hull-sine pume.

V ericus graphites (or graphivic miztures) were vsad in the majerity of the rests bacevse of their
apparent resistonce te weting by the liguid fuel. OF the 1ypes of graphite tested, the ones con
teining lerge emounts of emorphous carbon mppewed o be the mest promising even though they
ewhibited grester irictionsl preperties. In some tests osdditives were mined with the graphite
powdars os 'ubricants and/or binders.

Alhough the powdared mater sls indicate promise es e packing, the meiy difficulry encountered
during the investigation was the retention of the paching teell within the sruifing bon.

teridls. In some tests Ldlivives such as MeS,,
BN, 8eF ), and BoF , were mined with the graphite
powder to act as a and/ or bnder,

This investigation is o centinuation of some

rotor type of pump. When temperciures are oo
high for moter windings and when the pusped fluid
is not o conductor, neither of these pumps is
svitable.

one of the more resistent moteriels is graphite,
which olse mpecrs % resist weltting by the flue-
ride salt,

bosis for emphasizing the testing of graphitic

earlier work done by the Experimental Engineering
Group of the Aircrelt Reactor Engineering Division
in comnection with valves for liguid metds' end
Hluorides. 2

TEST PROCEDURE

Types of Graphite Used
The severd types of graphite investigoted can
be divided inte “‘natural” or “erifical.” Neturel
graphite is o minerd form of graphitic carbon,
crystallized in the regular henagonal system with
rhombic symmetry. Thare are three physicolly
distingt varities of naturel graphite, demending on
its mode of formation: disseminated floke, vein
(also colled crystalline or plumbage), and amor-
phous.? Artifical graphite, or slecwegraphite, iy

S——— s
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bearings so that avy change in power
be arivibuted friction within the seel

™
No aottempt hos
of

it
{
L
!

eccident or is intentional, the hest of friction is
lost, and any Huorides within the seel will freeze
and seize the shaolt. Heating s nommelly required
to molt the rezen flusride belere the shalt con be
broken loosa, and any encess heat centributes ®
possibility of liquid leskage. This cenditien
probably net exist in o sesl thet remained
the melting point of the Nusride, = tha
of the pump would net be criticd, and
odjustemesis would "0t be necessary
in swhstance, o rozen-poched sedl
s one in which the tempercture gredient is such

1

|

thot the secled materiol freeres within the packing
and tends to prevent leckage. Such o sed is
charecterized by variable and sharply fluctvating
power requirements.

RESULTS AND DISCUSSION

The 26 tests reported con be divided into five
ditferant clossificarions: (1) powdered graphite

Pswdored Grophite Poching

coivable thet any eccentvicity of the shalt ther

:
ia
i
!

~4



hdh'ﬁnl*u-n.a-‘oﬁd!-mm
ful than sedling the 2).in..dia shol, and one
possible ewplanation is thet the smaller shalfts
may have been paorticily restrained by the packing
5o o8 o reduce avy eccentvicity coused by me-
chining inaccwacies or by thermal warpage.

As may be noted in the Appendix, most of the
tests resuited in a frozen seel, or ¢ frozen-packed
secl, olthough test No. § invelved o packed seal,
and there wos no detectable fluoride leckage or
ion int3 the packing. M is believed thet o
hot Auoride, with an acceptable |eakage
on be constructed for laboratory use or
where there is access for inspection and mainte
nance,

Additional work must be done before o sedl con
be developed which will consistently and reliably
operate on a rotating shakt for extended periods of
time without maintenance.

Othor Powdered Pockings

this clossification of packing thet were made
abeve, except that MoS, and MoS, mixtures were
”mdﬂwbmﬂﬁghhnﬂq
bux. There is some evidence thot there is o rece.
tion between MoS, and the fuoride, and enposure
o oxidizing conditions is more severe than with
graphite. There ppears o be some virtue in
hoving MoS, or some other high-tenperatwe
lobricant, within the siuffing box in order o re
duce friction and heat generation, os well os to
reduce obrasion. In o pretective atmosphere MoS
apporently remoins quite “fluid,” even o
temperotwre, and does oct as o lubricant under
these conditions. There are severcl grades of this
material with varying degrees of purity, but linle
difference between them couvid be detecred during
the nve:tigation.

Lubrication properties of boron nitride ot high
temperatures were unacceptable, based on dry-run
tests.

Hi
. T

sereilic-Type Pachings

Advantages of metellic-type packing are that it
can be retoined within the stuffing box and ther it
can be selected so os %o be resistant o comosive
ottack. However, ofl matericls tested, which in-
cluded inconel and monel browd, nickel ond copper
foil, srainless steel and bronze wool, and stain-
less steel ribbon, were sufficiently obresive %

such o

n the most successhul tests, lef-hand wpirel
greoves were mochined in o .-h.-‘.“in.
coated shaht and sperated with shobt rovared m

packing was vsed which consisted of solid Graph-
itar rings os shown in Fig. 3. In coder to conpen
sate for the difference in the thermal expansion ¢
the sha.! and the stulfing box, the seal wos con-
strucied of solid Graphitar No. 14 rings with o wi-
angular cross section and of mating rings of copper
or copper-MoS. compucts which would empand
ogonst the wall. The Graphitor rings
were designed so that they would contoct the shalt
when ot the normal temperature. These
teats were conducted on the |3 . and 24.in.-die
shalts (see Figs. 3 and 4. This design eppears
to be promising but hos the disodvantage of being
tempercture sensitive (see Appendix, tests Neos.
21, 23, ond 25). The secls as tested would ap-
parently be successhul with helium o« 1100°F;
when tested with fluoride, there were times when
no detectable leakage occirred, In these tests the
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tempaerature of the seal arec wos chove 1000°F so
s that no freezing of the fluoride could ocew.

A second dasign, which used solid packing
consisted of o solid Graphiter No. 14 deeve that
was held in the stuifing box and o solid Graphiter
No. |4 bushing that was fostened ®m the shelt so
thot o graphite-to-graphite nterfoce emisted. The
slesve and the bushing were supperted by tepered
copper rings Yo compensate for thermal-emp ansion
differences (see Fig. 5). This arrengement shows
some promise (see Table A 1, test M) and sheuld
be given considerstion in subsequent investigo
nons of Hueri'e sedls. The design sheuld be less
sensitive fo temperotwe changes then the con-
contric-ring design but hes o disedvantage n thot
it is difficult o relicbly mount and support the
wphite,

The tests in this series were true packed sedls,
in thet the temperature of the entire sesl region
was above the melting point of the Huoride. L eak-
age rate was found to be o functien of rempercture.

CONCLUMONS

Although this investigation did not resvlt in the
Fig & mhdh-ﬂrh-ﬁlﬂ-‘ dovelopment of o successhul se~l, the progress
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surface of the shal, o |3, -in.-dic type 316 stoin-
less stesl shalt woe coted ir which fow
tharmocouples were iocated st below the shelt
swriace. The thermocowple leads were fed thweugh
e hole in the canter of the shalt, and the signal
was taken off by means of o slip-ring arrangement.
The swifing box was packed with Disen’s Ne. 2
flake graphite, which wos retcined by means of
Graphiter No. 14 rings, but leakage occurred of
the top of the shah, so inconel broid wos added
ot the retainer material. The graphite was packed
as tightly as possible, an. it was necessary thet o
5-hp motor be used 1o rotate the shaft so thar the
moter woud not be overloaded. Fuel 27 was
intwoduced agoinst the packing, and from the start
of the test the power and the temperatwe Huchs
oted %o extremes. As indicoted by the thermo-
couple readings, the sholt surfaces reached
2200°F o8 o result of iriction. After S0 W of

operation the run wos ‘erminated becouse of bind-
ing <. the shalt, Postrun examination shc wed thet
the shoft was severely scored ond thar the graoh-
ite wos in coked awmuler layers. Figure A.l is o
photograph of the stuffing box, cut through the
conter line, showing the ceked graphite and o
section of the sholt that extended through the sesl
area, The type 116 sicinless stesl shalt wes
carburized in ploces o o depth of .07 in, and
hod a Reckwsil C hardness of 54. There was ne
legkage . ¢ fluoride during this test, and posivun
enaminatior. showed no evidence of any Auoride
penetiation into the graphite-packed region,

Yoot Mo. M. - In this test o Sesllire-coared
Ml%.n.m‘lmmﬂh.&i&.-
long = Y-wn.-annulus stuffing box. The pecking
consisted of dltermn te loyers of silicon-brenze
wool Y, . thick and cbout }, in. of o 50-50 mix-
twe of Dimon No. 2 flake graphite and Me5,. The

- e seridn
. Te 4

Fig. AL, Sniling Bex and Seared Shabr - Tes Ne. &
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464 mole %) ot 10 psi, with the sholt turning ot
1500 om.

It s beliaoved that, during the first 200 hr of op-
eration of this test, the lreezing-point temperature
enisted withnn the bravd ond packing, masmuch as
thare was no ledkage and the power requirements
ware low and constent. Several successhul stop-
stort tests were made withou! wouble of any kind,
however, the location of the ‘reezing-point tem-
perature apparently moved ocutward to the gland,
and o smoll leck deve oped Leakage during the
run varied and averoged about 1.5 cm’/day over
1652 b of seeration. The tes? required o minimum
of amantion ond maintenance ofter 1 woas n op-
sration ond wos tesmnated in order to moke the
squipment available for other tesrs.

Test Me. 17. - As mugt be expected, tests
conducted here verified that there s considerable
differance » sealing amund smoll shalts, as com-
pored with sesling aousd lorge shalts,  Seal
constitutents and configurations that leoked prom-
wine e used with the 13 cin dic shokt foiled
o were not so successhul when used with e
2 n.-dho shalrs. The first seal tested with o
vertical 2 in.dic shalt comsisted of aoltemate
lq-co-‘L-u-lﬂdn’-’luMoi
gephite and MoS,, os was used in test No. K.
There was dho.bm.m“h?"z-
n. shalt was not hard-surfaced. In ocperation, the
power requirement was high, there were errahc
surges, and liquid leckage occumed wi ch seemed
to wush some MoS. out of the packing, thus lead
qudrdcp. This' rest wos termi-
nated after o short pariod of operation becovse of
encessive !eokage. Disessembly showed that the
shaft hod been slightly scored.

Test M. 18. - The seol employed n the second
test with the iliin-dio sholt cons. sed of alver-
nate layers of ronie woel and an Asbury graphite
and 5% MoS, mixture. At startup the leckage con-
sisted of an encessive amount of FHlyoride, to-
gether with some packing moterial, sp after o short
period of vime the unit was stepped, and additional
grophite mixture and bronze wool were odded 1o
the stuffing box. During this Liw shutdown the
1o remoined free and turned eosily, so that when
thi  unit wos recssembled it restorred by motor
power slone. Operation with the shaft vertical
and with smoll leckage continued for 240 br, ot
which time the mpeoratus wos modified for hori-
ontol aperetion. Ouring the modification the secl

1]

and the shalt were not disturbed. The unit was
restarted without trouble and continued in opere
tion with the shaft horizontal for over 1000 he.
There was no detectable difference in vertical o
horizontol operation. The leckaege rate varied;
it ranged from os much s 7.5 cm’/day %o o8 lirsle
os | cm?/doy, overaging about 3.5 cm’/day for
the 1000 he. The seal operated with o shalt speed
which wos varied from 800 to 1400 rpm, holding o
1200°F liquid ageinst o presswre of 10 psi. The
power requirement was errolic on occasions but
for the mo.t part was loirly constant and low. The
test was terminated in order to modify the stulfing
box, changing from o Y.in. m'ulb.t-ﬂ-

ﬂuhs.hm:ﬂhhlliﬂan-

Tost No. 22. - Apparently, graphite can be quite
shrosive under these test conditions, and becouse
of this it wos lelt thot i+ might be advantageous
© provide o lubricant for the powder. Now Bef,
is like glass n that it has no true melting point,
and it s believed hat any reaction of the flue-
rides with BeF _ will form a lower-melting sutectic;
-ﬁumlJvﬂmw An 80% graph-
ite-20% BeF, mixture wos used as o packing,
and bronze wool wos used as the retainer in this
test. Before operation the mixture wos pocked in
ploce and the ossembly heated w© 000°F before
the pocking wos compressed. This procedure was
repected until it was thought that the Fuoride had
flowed into the voids in the graphite powder.
Fuel 30 wos introduced agoinst the seal ot ohou!
I200°F and ot 10 psi. The seal temperorure
grodiant varied from 500 1o 1000°F, and the power
requiremant was slightly lower than with the sedl
using graphite olone. Shoft speeds 1o 2400 mpm
produced o leckage of slightly over 4 g/day ior
the first 1000 v of operation, but the leakage was
reduced % proctically nil during the next 3000 hr
of operation. This test continued ir operotion for
over 4000 b,

Other Powdered Packings

Test No. 4. - It is cloimed thar MoS, hos geod
high-temperature lubricaring properties, and it was
thought that it might also be used os o packing
materiol. A test was made on o seal consisting of
this material retained by Graphitar No. 4 rings
n o short stulfing box. The fluoride leakage wos
slight, operation was smooth, md there were no
power surges; however, the MoS, rapidly lecked



of the packing ot the end of 120 he of cperation.
Seizing of the shaft resvited in rermination of the
test. Postrun exominstion indicated that there
was o large loss of MeS, and possibly some recc-
tion with the liquid, since the sheathing was wom
and corroded.

Tost Me. & - Another attempt to retain the MoS,
involved the use of Graphiter rings to retoin graph-
ite which, in tum, was o retein the MoS,. The
packing consisted of the rings and | in. of Dimen
No. 2 flake graphite on sach end of o 2-in. section
of MeS,. This worked only foirly well os o pock-
ng materil, and flueride leskage occurred; how-
over, the secl operoted without excessive leakage
for o short period of time with the complete seel-
region temperoture above the melting pownt of the
flooride. In ganeral, the Hucride leckage rote
was high and wos o8 much as 50 % 75 g/dey.
The test was ‘erminated after 271 v of cperation
becouse of o gashert leak which, in turn, coused o
hemer 1o fuil.

Test Ma. 9. - Still another attempt to retain the
ﬂ'm“hﬂmdm'l-n-ﬂd
loyers of bronze weo! and MoS,. was

negligit ‘e loss of packing during o 12-hr dry run,
fuel 30 ot 10 psi wos inwoduced against the

seal. This test continued in aperation for 78 v
with shight o 1200 w 1J5°F. Apper
ently, there was penetration of fuoride into the
packing, since the shalt would freeze stop-
start tests. Termination resvited when an inten-
tion 4 hoating of the whole sesl chove the melting
point of the Hluoride coused an excessive liquid
| ook age.

Tost Mo. 10. - This test wos similar 1o test
No. 9 except thet the packing was o 50-50 mixture
of graphite and Test No. 10 is reported in

“m"hi”_"
Test Mo. 15. - A test similar to rest No. § was

condycted, using o silverimpregneted graphite

7
i
i

sansitive in that variglions in temperchae pro-
dured extveme power swges and changes i the
lodkoge rate. Whan the seal tenperste wos
properly adiusted, cperation was faidly sabie-
tactory, but lechage was evident and power surges
continved. The test contnued for 725 ke, sealing
fuel 30 @ 10 pei with the shal mteting o 1750
rpm.

Test No. 1. - This test wos conducred with
the use of o copper mpe composed of fine round
wire thet was dipped = MeS, suspended n o
volatile cawier. Again, the temperstwe within
the sesl was such thet o osen region was esteb
lished within the packing. The test cpescted for
over 1000 b exhibired typicol froren secl



liquid ot 1050 1o 1225°F and ot 7.5 psi without
apparent leckage. Several stop-stort tests were
mode, and thers was evidence that the fluoride hed
penewoted the paching, since some shcking oc-
curre  alter o Smin stop. The run wos terminated
for emamination becouse of excessive noise, and
ot disansembly it was discovered tha! one support
bearing hod foiled. The shoft hod been wom and
scored severely, resuiting in about half the groove
lands being completely worm away (see Fig. A2)
Tost Mo, 13, - A test sumilor 1o st No, 12 was
se?! up with new bearings end o Swilite<cootd
sholt, which wos mochined with fow grooves
%.n.mh-tm.ﬁq-’um.npnh. The
liquid temperoture was varied from 1100 w0 1200°F
ond the pressure was 10 psi. During the 53 hr of
operation no Huoride leckage occurred. The test
was ftermingted lor inspection, ond esaminetion
showed e shalt 1o be in good condition,

Tost Mo. 4. - The equipment used n test
Ne. |3 wos recssembled and operation continued,
The i temporature was varied between 1200
and with o presswe of 10 psi. Seop-stan
tests wore successiul through 10min periods.
Adser 130 b of operetion the seel-arec temperature
was Joised to chove W0°F 10 sees whether the seol
would operate as 2 “poacked” sesl. Unlertunately,
during  this
emount of graghite leckege ocewred, ond shertly
after reaching %60°F liquid leckoge occurred which
resulted in the termination of the test. Leckege
betore the heating-up period wes smell, ond power
to the seol was chout 500 w, with occesional
swrges of 150 w.

Tast Mo, 16. - Another test to investigate the
grophite-to-graphite interface involved the use of
o spwoil-grooved shaft, This shoft was machined
with o lofihand Vothrood sbout % in. wide, with
o pitch of twee threads per inch. The sholt wes
rotated n @ right-hend direction so that the sprol
goove octed os ¢ screw conveyer and compressed
the packing materiol toward the liquid end. Sev-

L]

heatingwp period an apprec-eble

Fig A2 Shet (1] cin) =ik Seven Anncier Rings At
2 v of Operetion,
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