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Convent10na1 Zn galvanxz;nq of

‘-O.73 Ti results in nenuniforr |

coatlngs and reduced elonqatlon bECGuSe of thermal acing 2f the sﬁ}— ) o

) . B . Q . . n . .
%ace‘of the U-Ti. I lower melting materlq} which.would glvq\iacrlfjclaln
galvanic protection to the- U~Ti was found in the Sn-2n alloy ™
? - : PR ;

systém. The prejééx work describes: 1} the metallogrﬁphy of

the Sp-Zn sysiém, 2) thé #jectrochenistry of -the Sn~7n systor with

i . . 4 5 A ,
v reapect to U=Ti, ) the mechanics of applyinq a Sn-2n coatlnq Lo ¢ A
< i “ ; =
U-Ti, 4} salt spray COLIOSLOH test resulis cf varic:s Sn-¥n all loys §
. applied to U-Ti cquponé, 5) .mechanical property tésts ofccoated
- a

UiTi tensile Eérs.v An 80 Sn-20 Zn éilbv (MD—230°C) was chosen

for the galvan111nu/study hecaqse of Jts lower “melting pOLnt,

The’ Lesults showed that all alloys of the 'Sn-2n system ngVﬂthd]lY

*protected the-U-Ti in salt feg: . environnments. The lack of &

sultable low temperature Elux. preventnd the op,ratxon of th§”Sn~Zn

bath at its optlmum temperuture -and low elongatlons hore obté;ned3
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"any oxide that may
.

FTRODUCTION »

Galvanlzlng R . >

Galvanlzlnc 1s the practlce Qf coat;nr Lron or steel with

b

a thin layer of 21nc ta protect the surface acainst norr051nn.

The most lnportant gdlvanlzlng method is the hot-dip nxoce%

which consists of four steps:

1mmer51ng in molten 21nc, and rlnlshlnq.

ingludeS‘degrea 1ru.and

grease, and scale. The

fore immersui; the part in molten

i 15
formed on

have
Finishing includes

or centrifuging;
- §i
anq 1ns:ect10n. -~ %

surface preparation,

remov:.ng exccss zinc b‘

cuenchlnc (optlonal),

Fluximq,

Surface wrennrationi “
i

it

nlckllna operatlona to remove oil, a

fluxlnv step is done 1mmcd1atol" boe-

oo <
zinc so that Llux removes

the surfaces

the
a
% o .
since cleanin-:.
draining,

shaking,

chromating {optional);

' .. The value of zinc calvany;lnq 1n pro*octlnn =D, 75 Ti was

;demonstrdted in the Air Force FAU

protectiveness afuorded to the U~

zinc in a hot, moist nitregen atm

The weight gain curve for Fhe al]

shows that the corrosion rate was

days and “then changed to a fairly|

This dramatic change was partly di

in -fhe outer layers of uranium di

©OFf this spallétion was ére@t &noult

weight loss of oxide f£rom the pen

3 ncnotrafor progran The

P.75 7i aylov by valvanizod

o

shewn in Ficure 1.

bsphere isi
Hcoated state

i

Jyrin an u,

W ° .
1 for the First“fcw
1con°tant UbUt much sln”or rate.
o
JP to the jonset of ssallation
i ' L =
oxide. Tp facty the nagnitude

“‘,\

/ o

‘vcry rapi

Ya

\trator.“rlnure 1 also shows
) /J -
i

E @




>

=

that galvanized zinc protectéd the peneérators from any signi-
ficant corrosipn in' the hot, moxqt nltregen environment, ¢ The
welaht galna shown for the zinc qalvaniihd penetrators were
rdue to: the Zormation of a whlte, zinc oxdde tarnish film and

The corrosion

oo =

not to any deqradatlon of the uranlum alloy

data generated from’ salt fog tests for uncoated and coated

senetraters is’ shown in Figure 2. The data sypw that after an ’

extended t%me period, the zinc becan to corrode, but not the
3 ; B

P =
i 5

uraniui allgy.
1
Tuo 519n1£1PAﬁt limitations on the use of galvanized zinc

to protoct U 0.754 Tl in some applications {such as that pregently
under consideration) have been uncovered. The first is a lack
of tolérance control on coating thickness. f"‘ExpefiW:nt:s during

- ¥

the lifvrorce progfam:showed the folldwing:
o o .
A single-dip process allowed some of the flux to adhere

to the specimen and cause roughness. Dipfing the parts

o ;
a Betond time in a crucible cqntainfng énly zinc caused
R g
all remaining f£lux to float to the'surface, where it was ’
skimmead befo;e the part yas removgﬁ. In an attempt to
obtain smootﬁ, ﬁniformyéoétings,iéalvanized penetragorsg

o i S
o were initially quenchei_in eitqgrhwaﬁer or mineral oil.

N ) : .
Another techirique tried was to sprinkle ammonium chloride
o

o
on the part as it was withdrawn from the galvanizing
© L ' 23 <

_crucible. Very little benefit accrued from either of

¢ -
these efforts. 2 slow withdrawal from the zinc bath

o “n W
appeared to prdduce the smoothegt, most uniform coating.




o part to be further processéd using hot air devices to smooth and

§
judged ‘o |be not a

However, this coating

and thinlenough for the present application:=

Bl

The second limitation uncovered was.that §be hold time of
3

’ “ 2
one mipute in the galvanizing bat&% 460°C) was?

sulficient to
W u

%
cause a mlcrostructural and mechanical propertj chandge of the
el N3

o Vi

" sutface nater1a1 of the U-0.75 T1.2 This hold;ﬁime wag=chosen

to ensure fhat the surface of pspart neactled ‘bath temperature .oe

B 3
"at the alloy surface. It was
Q //

and to allow the formntQOn of UZ
’ //«;,

9
assumed that the difFusion pxocéss would provigle a coating with

better lntegrxty than one created simply by Haying the zine - u
Q " i’
"freeze on the sdrface. This change of surLaqé microstructure

° and mechanlcal Droperty varlnnce “erom bulk materlal is unacrept-

s a

able for the present appl;catlone “Thus, 21nu~galvanlzod coatinas

are not‘a‘v;able candldate for the present system. o
i = o ’ '

o

Hot Dlpped Tin-Zinc

One solution to the two vroblnms just outlined is to alloy

" ‘the.zinc with a lower temperature eutectic former such as tin.

: [T
The zine- tin eutec‘mc is at l‘JS"C.3 ThiSWﬁRconplishes two

7 bS]
purposés. First, the lower melting point aljgws a hot-dipped

e

thin the® coating. Secondly, the lower melting pointhermits

. the dipping poﬁ to be maintained at a temperature well below

B a
v 7 - 2 . . ! .
460°C., Thus, a change in microstructure and méchanical propeities

should not occur. e - o <

c

' @ € “The present investigation included the L0110w1nq studies
concernlng the %ot dlp tin- 21?; coatlnc o_ u- 0.75% Tl. 1) “The

metallography of Sn-zn system, "2) the electrqchemlfgrysgg the




o

. tésts on coatéd»U—0{75 Ti tensile bars.

[

- Rl
granhs in Fiqure 4 show the phases are a mlxture of\the edEe tic

 relpect to, 1-0.75 T1 included bo

Sn—zn |jstem wi]

- a
rest potential tnd gilvunic cufrent mea nta, 3). the

nechanics of apply;ng a hot-dip coating
included an investigation of molten f1

of coated U-0°75 Ti coupons in|salt fog, g

- 3
~ METALLOGRAPHY, § = =

o= © (' o
I , 0

classified as a siﬁ@le eutectié.3 The mosk desirahle compo~

[
sition for a coatlng tb»be sub%equently ho¥ worked atter

oo

i
application: would be the alloy with the lovest meltlng point,

i. c.[ near the, eutectic composltlon of 91 ﬂn-ﬂ 7nuby we1qhtt !

\\

“rom the phase dlagra it is expected thatl any alloy with a

It
comp051tlon rich 1n Zinc compared to the eutectlc composltlon

i

° .

would: conskst oi°the eutectlc phase plus fraﬁ »ncy This trec

21nc should provlde the de51red sacrif 1c1alxprqtecﬁion.
| i
Alloys o- Sn-In were made at ten percent 1ncrements
B i

welght over the entlre alloy ranqe. As the serles of micro-
L&

th-

Figure 3 shows the Sn-Zn ?inary phas dlaaran whi ch ,ig

=R

J

g
pnase plus free. zinc (1z>e‘t1h atlon made by elect*on microwgobe

=0 i

analysis}. The amountﬁq[ eutectic 4nd free zinc Lollows
. X | . . i
kinary lever rule very @Fcurately. HLQ o :
. b
e
s 0

@LECm”oanMTCTvv ¢ <V
i

Corrosion Poﬁential Measurements ° R

kY St o

o The ,corrosion: potentlal af each of’ thesn alloy compp 1tions
- 2 .

was measured in a 10 molar pota551um ch]orid (aolutlon
‘ i
|

i
i |

[
b



approaches the

§ial does shift

towards thb»Of pure tin hdt only a|small perafktace of athe

90 &n-10 ?n

*a

8 Composltlon ehange. Th en” ‘at a compositiof

gi (a one\percont eﬂcess of #inc overathe eutecti ;conposition) the
' corrosion potential is still most closelv to thﬁt of pure zine. o
The significance' of these results ig th;t any comp091tioﬁ’af a
Sn-Zn alloy whlch has free zlnc is electronegative with resoect
% to the U- ]5 i alloy and a coatlnc of this mate¥ial should B
‘ behave in a sacrificial manher towaxds r~0.75 Tl. *hus, eny

» i of these compositions could be used as a replacement Zor -the "

H pure zinc coating. E i "

Galvanic Current . N . Lo N

- 3
A kinetic measurement'was made |to ve%}-y thé}%hermodypamic o .oy

measurements.

predictions obﬁained from the corrosien poterntia

: In this type of test, an electrlcal couple of Sn-én qllov and
& i a.
U 0.75 Ti were tested in a KCl electrql"te The arrancenent of

- N
' the couple'and associated monltorlng equipment arg shown

=,

e

\?n

A ;
_ schematically in Figure 6. Upon submersion of the ¢ouple into S

the electrolyte, a flow of metal icns jnto solution is acccmpanied s

o . . N . .
¢by a movement of eleqtrons through the €lectrical circuit. ThHe )
) S : o

u i )
magnitude and direction of this elécdtron’Zlow, or corrosion

u 5

. . g . : % &
current,,is’ recorded as a function of time: An example of the
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galv‘aalzing .

which‘qavean

i -
‘unes libexated Agjuminous and even
cvaporated
izing in tH

and ZnClz:

ZnCl, by weight. The flux temperature wi

“ In“this Air Forte program, a study hd
, A ;

investigating thé effect of tHe témperatﬁ
7] s o @ by

P

¢
to the molten ﬁluqualﬁgnizing%procedure
PAY :

¢ensile bars.

pro@grties of U-0.75 T

"

o o : L.
dicates that no obvious:problem was uncoves

strength and ductﬁlityaof galvanized bars
s Yo
"standard" properties.

*du Pont Trademarkx
o9 g

ihe in the Air P

8 48 called ZacH
k kst

The

f oh the Si:
hted them and
.

e- kinetie

and furthered

alloy. o -

"f;uxe; which could

es before the

p program.l:The flux’
3 s

2N.* However, :the " o

ly all the flux-
%7 the galvan- =
E o o

grade KCI:, LiCT

f.o Licl -ana 16.7 «lf

me excursion due

o e mechanical - E
N i . ]

in Table I in-

The mechanical







iah :
timeg, for

Table II.

‘aid ndt
aid

F.75 Ti and.

 seconds ,°

; 2

pld time”

forming too

o be(Very ui
@ ‘V,(
: It tend
<
Investigatig
Straig‘ 14 m#dé from U-0 re 4 inches ¢
9 .
: iy diameter were uscd to investigate 6

o

working the coating after applicat’ion! “The
2 . )




‘20 5n-20 2n alloy was again
Ain the ﬁroceding section.

mount the coated cylinder in-a la

splnnlnq turfice a horizontally'n
was puilt vhlch con*alncd stalnle
into a x

The gas

to heat the surfnce of the U-0

poxnt, the‘apgzoach utiljs

S

the surface.
the cyllnder.

co=m 4
zint and expelling 1t from the P

”° |
selected

the coating procedure employed was that di
i i

“The initial direction of the

attalned a t-nperature in excess of 900°C at the flow rates
&

’~«w“udgnd naccsaary for coating movement

temperature o! the gal measured at the surLace of the parL was

approaching 350'C at be-t and ﬂld not contaln enough heat content

©

the coatlng, to allow the excess Zn to be spun off.

ased as optional

g technique was to

age upon the,

se steel ‘tuping and inserted
5 F
& fdrnace capaJi@ of attaining 1100°C.

[ posxtion within the exla‘tube was neasuled to ‘have

Unfortunately the,

75 Tl, in addition to melting

2ing warm-air devices’was abandoneﬁ

The next approach trleﬂ in an attempt to stri

zine from the cylinders was to use an oxy-acetylene torch as

the heat and gas source.u”The experlmental ,etup was similar to .
those just described. Briefly, a zinc coated cyllnder was

spun on a 1atﬁe while the flame from the torch’impinged upoﬂ

surface finish was mnacceptallj rough

o

as waves on an ocean. Apparentlv what caused this surlace

= i ST

The flame was slowly”E%aversed ajong the axis
This approach was:successful ln*meltlnv thes
the resultant

the topoqraphy appearing




TS T g e ik g
T | o ¢
; !
- | P "y |
B “ o o
I . B o -
\ o R - ]
H g Z y e ¢
! i . - . A i «
| »J ; . Q ¢ " kS
i B " = . n . T i . -
T norphology was the removaT of| zinc neans of indivilual :
L R . s a G L4 >
s N - g ¢} I T =
: B dreplets. The surface ténsién of the Jarmina tho s
M . , - "
| o - ) L -, -
] T droplets left behind the‘pegk=d or waved aﬂnearancr upon i
" i B o . .
druplet rcmova]. Iﬁ‘thls explanatlon 15 corrch, it ha:s © ot
- : .
i . Cf . N
serious Lmlllcafloncvconcgrnln@ the rcmovaL&?f cess zine by ¢
[ ¥ # i
< i i '
" i st—dippinq technigues. These” types of approaches were s
o X . & ) .
o xu%{ﬂna@u at. this time. - ey e N
1
{
- An cxperlﬂert was then deSaned where an ats
S e < .
Lo made toDrenoV“ the OkCCSS\zlnC 1xwedJa;e oupon removal nf
A 3 G §
the part from the molten zinc pot while the coat inag was “still ’
o i
@ lizuid. A Previous experiment utilizinv a centrifuge was uscd
© 3 " ’ A -
L .* as a guide. In this case, a drill press would be uscd te hold
i \
the cylinder in-“& vertical positiors By'mggns af the ass ciated . \k
’ ) : . ¢ T @ .
= i lever, the"part cguld be lowered and raised in’ molten “lux
« .
.
1 K Lo P
B and zina put in a controlled manner. nostjlmportantly, the part”
@ Vg ~ a

could also«be rapldlv snun, upon rewoval from Lhe not, by
B oo

b q\s:pf the torguing motor. ‘This approach dave pronise for

o, R Lo
@ " ¢ood,cogtrel of beth’the hot<Hip step and the spin removal of
ST ] "

nc. N . ; s

f ¢

résults from mechanical testinc caused a halt
0

approach toJcoatinn. “This will be e\plmlned ir“detail shortlv

in thc "Mechanical Tes*“\sectlon of this report.

o

p ' CORROSINN TLSTS . * - .

Previous corrosion tests done to. evaluate the effectiveness !

[
. . : P
of coatings in protecting uranium have demonstrated that a

i




b

salt fog test is a uobd discrim:nntur. his is particy
true uﬁhn°the coa tings of interest are metallic. Other environ-
4

wents classically used for corrosion Stuulbﬁ_lnvol“lnn uraniuw
b

are woist air or noist nitrooen at moderately elevatad tomperi- i K

\

T tures. These two enviromments, and pa}ticularly roist nitrocern,
Uch as

are best for relative evaluatign of uncoated materials
discriminating the effect of auinrAbn ccrrosidn respoanse.  Tn
ﬂadﬁitioh, moist nitrogen is a good cnvircnment for cvaluatigﬂ
organic ccattngs ‘such as palnts on uranium. - However, Tor -

netalllcﬂcoatlnos, these env1ronment care usually too benian to &

- iy 2
zdiscr;minate betweeh coatings othér than the'most =

The salt=fog test was thus used for this investiqatfbn. @

The” salt fog test is a standard test, the detaiis of

: - <
which are gfVen in MIL-STD-BlOB, Method 109. It hasically con-
N v © N ! u E i
sists of- a-salt fpg atomized from a 5 wveicht »ercent sodium
"
chloride solution which.is maintained at 33°C. The tatal time a

a

specimens were subjected to this test was 16 days. The samples’ . ;

were removed, cleaned and weighed every tuvo dqys:throuqhout the i

duration of the test. : .

Two sets of coated specimens were tested in the salt fou.

Both sets consisted of uranium coupons coated with the serics
I
of tin-zinc alloys discussed previously. . The first set was
N - B .
tested in the "as hot~dipped" suriace condition. The sccond set
was designed to test the galvanic protectiveness of the coatings:
when flaws 1n the coat1n s wele presenr. The flaws were in-

tentLonally 1ntroduced by drllllng throuvh the coatlng at five w




i

16

positions with a 0,010" diameter dril
. . ; B - IS

fice area ol uranium erposed Ly th;s procedurc was not large’, )

‘The reSults from these.salt £bd
] .

T"igures § and 9 for the two aeﬂw oI coupons; respectivelv.
B :

oot " [ & . 3
riacufe 3 shows-that the corrosion response?ot‘the tin-zinc allow
© N . Lo - 3
-is dependent upon vinc content, as was expecteéd.  The g
- R 3
@ Ce T ! 2

. ! . = * g5o (i, = . . -
higher the zinc content, theﬂdkeater the cor*osinn. The réascon

beine that the amount of free zinc is preportiocnal to the .cor®
-

rozion response of the tin-zinec or cutectic-zinc alloy. 1t
O - oL .
should be emphasized that the corrosion résponse measured was

ik

> R ‘
or the coatinc, not the uranium coupon? In no casc was therc
G 2 = .
s fe S : - .
observed any c rqulOHLOf the uranium inthis set.
a o c

This resul® is" further ecmphasized in thé results from the
second set (the set containinc the induced flaws) -shown in

s
Pigure 9. If the flaws did not affect the corrosicn response,

B " ¥ i
he weight changes should be similar to the first sample set

. B :
dnd proportignal to the zinc content of the all

deed, this yaé found to Be true. Figur?”ﬁ shows results very

similar to Pigure 3 fér tHe respective alloy coatings. Thus;
Ty k2 |

all.the coatinas did galvanically prote?k thgxbare U-3/4 Ti at

expected from: the previously discussed electro-
4

I -
chemical measurenent.data. k E2
L B

N a
the {laws as w

In conclusion, from the corrosion test results, any of the
S
tin—-zinc alley coatings will adquateiy*protect the U~-3/4 Ti

substrate, even when the coating is flawed. . Considering also




the £ase 0. 2ine chromating and base corrosion rate ot the

coating itself, still makes the 80 5n-20 7n alloy t)c vrefcrrcd

®

choice. . N . - : =

&
o } MECHANICAL

“ o Hydrogen erbrittlement is the ncinem LoxlnL ylop( o
)

goncérnmwhen sinc U 0.7J Ti ln\\h dpwllcatlon hthh'lg]ullC "

mechanical strength- ard some Juc ilityro” the’ part arter bro< s

B 16hged storage. A Uu-0.75 7i part manufacturéﬁ w%th closo

4

; o . ) .
guality control-and all heat tréhting steps dond” in a wood

= ‘B oo Y
vacuum will exhlblt\; dhctlllty level in excess of le’ncrcent

= E g N

‘elonqatlon and 29 Dercenh reductlon in area along with reasonable
<
ultimate tersile strength, 1380 MN/m2 (200 Xsi). This material - N

will have a hydrogen content below one part per millién, ppm,  How-

aver, if the heat treating is,done in salt baths or molter lead

= " pots, the hydrogen level is 1ncteaued and the ductility can be
%

'Y reduced to as “low as. two percent, in spite of maihtaining good

a oo

o c strength. The hydrogen level, can climb as high:.as 12 ppm.

FigureJlD shows the-effect on ductility of an increasine

o )

N A '
hydrogen coﬁtent in a-typical, heat-trcated --0.75 Ti part.

’ It is important to note the Serious detrimental effect that 4 ¢ .
= k 2

small amount of hydrogen has on the ductility. Thus, if tpq_‘ BN

™

part needs to exhibit ductility, thé hydrogen.content must he

kept .low during manufacturing.
5 o " . B

liydrogen must also be prevented Irom entering the U-D.75

e
Ti component durlnﬁ its storage llfgtime. There exists data =

s J .
from two dlf&erent s;udles and lnvéstugatoﬁk which strongly
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a
- i
su¢gest that when 1-2.75 Ti is stored in an environment which ;
-ermits an interaction with water vapor, the ductility is
oy g ' = g o
dedkcased. The first evidence is surimarized ip Table III. Tt
. * /ﬁ 2 . ) i
N is clear that exposing U-0.75 Ti to moisdére caused a-“ductility !
jlated in Table IV also shows this, coxr-
- \

e

-. ’ °

decrease. - Tiie data tab

reiation of deﬂradation in auctility resﬁon se in C-0.75 ™1 Y
B

h
alter exposure to water vapor.‘ In.addition, the in’ormation

in Table IV also shows that thc two no"t cnnmonlv used coatln(r R ,

on uranium and uraniunm ‘allovys, (Qlectroplatgf niékel angkc*ec§ro~'
s -~ ol g 0« .

n o

2 pljted”nickcl—zinc), not “only do not prevent the decradation “
2 U
in ductilTty but actually appear to aCFC]CTaLE rne earaqatlJnn

A thirg study indicates that- -the reason for the ductlllty

[

loss o pﬁkﬁ 75 Ti after -exposure to m015ture is the lntroauctlon

S
of hvdrogen lnto the-alloy as a result Of(FOYEqslgn. The

4 “ uranjum plus water reaction results in the fdfration of uraniun
. o

dioxide and the produ&tion of hvdrogen. Thus%yritten:'

H
=
-
0
god
[¢]
a
2
o
e
o
a
o)
¥
@
o]
3
R
C'
S
i
1]
"
=
o
=
o}
I
o
2
o]
o
>
P
a,
"
Q
Q2
(v
=
‘./
o]
o
o
@
o]
I
o
5

« o @

o and then diffuse into @he 0z0.75 Tii Table V qives‘ﬁ&e hvdrogen
o =AY

53
o - proflle rneasured in 1n U-n.75 Ti specimen whichwhad been electro- .
ANy a
5

ylated with nickel and ;then exposed to a salt-Ziy enVironment.
. ) “ o

%

Clearly, if these gitantities of 'hvdrogen are diffusing into the

material as a result of the metal-water interaction, then it N

is anderstandable that therc results a significant‘ﬂuctility B )

loss in the material. Testing U-0.75 Ti specimens in a similar

o

o2 :
manner but in a less aggressive ‘environment resulted in analocous
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o B : " g
i I I

0 X

behavior but to . less sevare d In‘summaryq the extent

- . 5 . ” It 7
o metdi-water reaction and thufs the extent of hydragen em- -

- o~

. P .C fF 0 . . ;
brittlement and ductility loss TS anatter 'of kinetics which,
lhe corrdsive environment.

is coverned by the severity of
o =

= L0 > < Soeid
There is one additional perlem conPernung thc associdtion

W o water vapor and U-3/4 Ti. This is the observod anrxadod
2, ) “ . [ o
" Yesponse ofnﬁ-0.75 Ti tensile s;e&imens“or parts when' sub- -
jected to delormation in the’prefence of water yapor. The deuree

ogéghg degradation in‘:esponse (prlmarll” a loss in ductility) N .

N 1s directly related toan 1ncrea ed water vap01 or rulatlve

o i

, u humidlty level.. In fact, at a. rﬁlatlve numldlty level of ]0‘“

Che L .“ S s -,
@ the material behavés in a brlttle manner exhibiting -elongation
o
as low as two percent.h In addltﬂon a coating system has not

Y Y

been found whlch«pﬁevents this response from occurring in humid * - .
}

< B
environments. . . = . .
. a .
The purpose of the presently reported mechanical tests - . -
L. , S &
e, then was to evaluate the effectiveness of a tia-zinc allov

@

coating in preventing both or either the loss in ductility of
U-n0.75 Tl in moist test env1ronnents or. the loss in ductility

0 o

due to hydrogen embrlttlement cauaed by exposuﬁe of U-J. 75u

to moist env1ronments.

UL

@

s A
Tﬁéuéesign of the U-0.75 Ti peclnen is shown in Flcure ll
It is a standard, round, ten51;e sneclnen>q&?he tin-zinc allovb
chosen for testing in th}s section was the g0 Sn—ZOFn:bompobitfon.
The application tecﬁhique;hsed was that found to e optimum as

described in an earlier section. A halZ.dozen of the tensile



3 . t N
. B

srecirens were coated for an initial evaluation. Some ad-
b kS ER.

P

= ditional specimens were .tésted in an uncoated state Zor cog

carispn and standardization. = ¥

. -, el
Table VI lists’ the results from. this set.- The hare or“un~ R

g

« 3 o
coatod specimens respohded as predicted. A bare §becjneﬁ

tested in vacuum with no sinultaneous nor prq&1ous exposure to

moisture exhibited excellent mechanical properties (f.e.,

ultimate strenath above 1380 HN/mZ (200 Ksi) and ductility ' .
greater than 16% elongation). Conversely, ‘a”bare specimen tested

in a 100% R.H. environment exhlblted good strength but extremely

s P

brittle behavior (i.e., UTS of 1520 WN/M (2@; Ksi), Elong.“of 2.5%).
The two specimens coated with. the 80 SQ-ZQ.Zn‘aliOXTQnQ

tested 1n the 100” ? H. environment did nol exhibit a duétilit%

level 51gn1L1cantlj better than the bare specimen: theik duc- ﬂ

ilities being respectively 3.0 and 3.6 percent compared to

o

.5° for the bare specimen. The prohable explanation for this

[N]

result is tha?‘the Sri~-2n allo& coating did not;gglvanically N
L protect the U~N.75 Ti specimen from water vapor degradation
s at “laws”in tho coating, of which there are always some present.
The tin-zinc coating was a disagpdintmeni from the stand;oint
0 rLreventing brittle benav1or of U-0.75 Ti tg;ted or deformed
in the prescnce of moisture.
Tyo more specimens coated with the 50 €n~20 7n alloy
were tested, but in 5 Vaéuum rather than moist en%}ronment.

curprisincly, they exhibited a dﬁctility level significantly L

lowexr than the bare specimen tested in vacuum: the ductilities

7.6 arnd 9.8 compared to 18.3 percent, respectively. The

-y . - B & -
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»ODVLous sugyestion by thi

' proccdure used Lo apply #he co Llnq lS aff
[ © /

pzopexthes of the U-0. 7’/T1(

r,, 5o

" =
' u

S
Tn order to ohtaxr addlklonal inforng tlnn concernlnq the

/
"the ductility lOSQ/ a specimen wds ccated us1nq the ¢

=i 1
doubltd hold time in the”molten tin-z which is At
/

The mechanlcal/response of thjs speciman is also listed .

\ e

in Table, VI as4gpec1men number 7.. T

¢ 515°C,
mﬁortant“resu]t is
3.68%.,

that thc ductlllty meaeured for thl wec1mcn was only

Thls confirmg the hypotheses that elEher the coatlng

" cor the coatlng;procedure is afLectlyg the U-0.75 Ti." Ho

‘since. the coatlnq is essentlally t1e same Lor spegimen numbers

| et B

54v6 and 7 {only the thlckness of the| coating belng greater for

- 7)), the procedure seems more suspect than’ the LOQtan.“In

partlcular, the temperature excursion ol the surface of the .
. - :

specimen is suggested as thé c;use, R
A final specimen was prepared to address this questién. It .
was subjec;ed-only to the soak in the moltenlflux at 515°C for a
“total submersion time of 45 seconds. \?he surface” of the specimen was
at the temperature of 515°C for approximately 15 to 20 seconds. The

specimen was removed from the flux ani/yinscd with water thus

quenching the metal and renoving the }lux. After sufficient

drving of the surface, the specimen was tested in vacuum. The “

. . . - . @

mechanical properties of this specimen are listed in Table VI

for specinen number 2. The égiltant strength wasbéxcellen%
. 5;57 !

(1560 MN/m“, Ksi) but a ductility response

226 of 5.6% elongation . E

21




[ 2 " o 51 ' . oy R o,
.
2 - { -
is significantly léss than the alue of 18 3 far untreated, un-

I

‘coated U-0.75 Ti. The cause of‘the ductility loss is obv1ou€ly

due to the “coating procedure and not the contlng 1b5e1f “Hince

no coatlng was put-on thls'speclmen. . “ Sy

There are two asp?%ts of the*’luﬁunc ptocedurc which nay

Ji
account for the produced“dhctllmt' loss. T&ey are an etchln
\l

or roughenirng‘of the spe01men qgnﬁacevandna temveratare ax-
o = oy,
cursion of”qhé surfgce. A surface rouvhenlng could }ntfoduce

i

a sgrfabe flaw with Geccompanying reduqtloncin Fracture touoh—
{ 2 i

ness and loss 1n Euctlllty. Thi5 event has been observed for

swcc1nens electrdplﬁted with nlckel Wthh have undergone a

revere:chemlcal etch as part of the coatlng procedure. However,

titis reduction in ductility has been measured as an approxi
A

nately one percent’drop in the value fdr elongation. The data

is shown ingTable TV. This explanation does not account for

.

a reduction of annroximately 14% in olongation. The most

probable explanatlon for the cause in the ductlllt" loss is
It
that the tempelature excursion to 515°C oF the specimen surface

has produced an aging effect upon this material wh1€“\strengthcns

lt witile alsao decrca%lnq its ductllltv. %ince numerous ‘experi-

nents have shown the sensitivity of the ductilitv response
[ T

e

of U-0.75 7i tensile specimens, to their surface condition, it

is not surnrié%ng that in the presént case the ductiblityeloss
is 8spreciable. «Te ®

2

The processing direction to be widued, which is expanded

. s . ¢ el :
,uron in a following section, is to“eliminate this temperature”
&
excursion.

. :

22




- The

" type with

the eutect;c compositlon at QISn-QZT by welghF< o

[

- Tﬂe corrosion potential of the BOSnL2OZn'CQm;

- An alloy button of 805n-202n electrﬁcally conn

- The hot®dipping procedure was to submerse the part in.molten

- The warm—working tecﬁnique of mounﬁingtfhe coatdd cylinder in %

= T
free zinc. a. T | - ®

to that of zinc and ela?qtonegatlve\w1th resp

Ti. alloy. o

coupon of “U=0. 75 Ti in a salt elecétolvte&prod ¢

corrosion current, i. e., the Sn-2n coRroded sacriflcally and
)

protected the U-0.75 Ti. ’ g - i

-~ The molten flux used was a mixture of KCl, LiCl and Zrclz.

©
e o,

B ¢ ) - .
flux until the surface i?s clean, submerge the part in molten

v

o
Sn-Zn until the coating was complete. withdraw part and submerae
a2 g

in secaond’pot containing enly Sn—anfor a few sefonds,
) 2\

T
a lathe and 1mplng1ng upon the: spinning surface & horlzontally

moving hot—alr jet was not satisfactory.

- Remov1ng excess alloy coating from the part is best done whlle

th: coating is Stlll molten after the dipping.
- A salt fog test is a good ‘discriminator to evaluate the relative

effectiveness of metallic coétings in protecting uranium from

corrosion. P B
- Rg§ﬁlts fron the salt fog tests demonstrated that any of the

-
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ncred§1ng zinc. content.

-wn'ummm’l euﬂbo Tl T

ién was the BOSn-ZOZn.u
-0.75 T1 showed
1

§ did not preve it of theHU-O 75 i J

jte in a hunid onv;rOLment.

The %se tff +the apln‘ittlement

the temper§ture rise of the U+40.75-Ti surfuce upon hot- dlpplng

a

n

nochdnical testf ed that the coatlng§>

rurthe!mor esults ind

procass it 1‘ was, producing an embrlttl t in the U 0.75 Tl.

was determiﬁed to bé due to

which produced an aging of the surface matﬁ:1a1. & E <)
o 2 o . v : . , B
: FPUTyURE D]?REKC‘Tior: e
R 50O The paramet;r which most likely is th ause of the * ’
j‘ duetility loss fn hot-dipped; metal cégted 0.%}‘Ti teq;ile o
e specimens or part; is the temperature excu on abcove 300°é?

i The thrust of future efforts should thus b

nificantly lowering the*max%yu

alloy

2

of tin-zinc, particularl

netal

" 450°¢ For zinc alone. Thus, the 80 Sn-20 zn akloy and the
° s n
390°C bath temperature should be a good coaf

] . ;
low enough temperature tg fhot efghct the (=

)

“3
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tnw LiCl cuntent must approdch 40' be

syscem

is obtadinews For the LiCl-ZnCl2
)

Imixtale have a meltinn point of

i g
~pért1es. This flux

ty effacts.

tq thls problem must‘
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on and J.

'; Clevel:

s for Ce

nc:i work. The LiCl content was too le*to'prodqugpgopern

etching and ‘¢leaning of the U-G. 75 TL;surFace. Lﬁpgazeqtly

& o

re an ef!ectlye mixture

, a 40¢

auproxlmat

gﬁnal temperatnr%‘wlch respect
B 5

as not tri

o

W.

rators,”

y & Pi'zz("" s,
and, OH. .

Dlnl.o

u§“ I-69% 7n(‘1Z

'yaoo c.?

TN

It may uork\‘/dL ifg does not,

San

[

thedef fect

for either

rrosion and
Laboratories,

Edition,

American® -

o



©
G
5
B
N

(x4

= ¢ 3
K B
- o N
. -
. TARLE T
o : K
tlechanical Properties of Zinc-Galvanized U-0.75 Ti Tensile Bars -
s ‘ i o™ . ° . >Q L
Surface Test - © = At ~
Treatment Environment' ¥ Yield . Strength Tensiie Strength Flonyation
. MK /me KEL.. MN/mZ KSI ® K
Rs-machined 69% R.H. © 993 . 244 1447 200, 3.3
Zn-galvanized 602" R.H. Y 066" 7149 1107 202 E 9.5
o <7 - s i
As-machined 109% m.H. 986 a5y 1428 207 > 1.8
Zn-galvanized  109% R.H. 952 133 . 1a48 210 7 5.0
o . ) @
frem Reference 1 ¢ :
& e ‘
< ° : & 3
- 5
. & A 4]
= < . - N Do,
ca C s
a @
Q B =
- a B
« : . l
8 ! o .
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. ,( ‘ R i &
. &
\ . 'T‘T\d?LF T ] :
Matrix;of Times for Coatineg Optinization Study
i
! Trecedure &o. Flux Time pip 1 Tine Pin 2 Tirme
sec sec 1 sec
¢ 1 oL | 0 3
2 . 60 15 20
N 60 €9 20
i 2 .6 +4 19 . 15
. 5 . 60 a5 15
: Los 6= . 60 . .60 ’ SER
7 * 90 ’ 10 i
] . GO 10 : r)o
; 5°.
: 9 s 60 30 -
10 . €0 0 45 —-
11 vo90 15 30
. 12 90 : 15 .. © 15
13 4 29 15 -
S DR S Y 10 .
i : i
= H i !

28 .
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SADLE TIIL, Mechanﬂica\ Properties of U-0.75Wi% Ti Sheet Tensile . . B
v, 6 -
Specimens After Exposure to Enviromment at 759
. ke
\ :
: /j/"’ : .
o= Y . Ultimate Tensile c SR
Exposure Test Time Yield Stress* 2 o Scrength 2 Elongation ‘ 14
trivirenment (days) {ksi) (MN/m°) (ksi) (My/m”) T %

: J_, . ¢ e L s
Vacuum, 14 w7 .. 9 216 1490 12.6 i
Wet 0, 16 1010 207° R LE! PR 6.7 °
Wet NZ 14 ° 136 938 199 1370 5.1 R i

W < R o Bl
: ‘ by .
* Data fram N.J. Magnani, Sandia Laboratories; Albuguerque, New Mexico. 3
* Tests performed at R.T. at strain rate of°0.03 min'l, average of tliree tests. .
. N - " B
A W R \ P
o /) =
@ 7
o ‘
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Tabla 1y, Ductility Daty for U-0.75 Ti Tensilt Specin

Spenimen Su

. . e 4
sura’ ts Maust Yitrogen at 7570
W -

iv

aca {orcitien

Qﬁarga As

-Machined ) o

(S0 Environmental Ixposure) 20.5
Ni-plated 0 "

L {N¥o Environmantal Exposure) ) 19.5

Ni-Zn, plated

(No Envircnmantal Exnosare) : 19.5
Bare, Asgt chTf.zd 14.0
Ni-plated | ; 3.0

- °Ni-Zn plated 90

o

* Data from HaR. Jo_hnson, Sandia Labgratories, Livermore, California.

Corrosion Test - 20% R.H. nitragen at 75°C for 30 weeks.
Tensile Test - 0.0{65 inch per second strain rate.

P2n)
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Table v. Profile of Hydrogen in Corroded U-0,75 Ti*

Pesition from Surface © H&drogon tevel
{in} wppn)
1/16 : 26 + 2
< 1/8 A . 22
- . : bl

I 3/16 § , 17

! ! o 2

” 1/4 ’ 12

5/16 - Center 12

o 3 .
Ca o *
o
* Data from L.J. Weirick, Sandia Labogatorﬁ:es, Albuquerq:m, N
W B - o
Ni-plated .
Salt Fog -10 Days €
+ VYacuum fusion analysis >
“ “ o
v J
. 31
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FTARBLE VI

¥echanical Properties of G-0.75 Ti Tensile Specimons:®

*held twice the optirum tire in the Sn-7n bath

with Coatings of Zinc-~Tin z
o - ; .
“ Test: :
Environmenht " Yield Strength Tensile Strength  Elongation
. . F /e Ksi Sm/mE kAT
. 2
'
bare 1y Vac 1000 _ 145 1553 225 10.3
bare 1192 w.H. 1121 143 1325 201 2.5
20Sn-297n 1095 R.H. 1049 152 1538 227 3.9
39Sn-29Zn 199° n.H. 1735 " 159 1353 2255 _ 3.¢
80Sn--297n 1y vac 1029 152 1615 234 7.6
= o ¢ .
20Fn-297n 1y Vac 1914 147 160 7 213 B0 -
80Sn-2070% 1y Vac 1915 150 1513 220 - 3.0
flux etch 1y vac 1056 153 15¢0 226

4
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Weight Gain (mg)

40

20

10

G

r T T \ T . T T T —
v-aa T . \ A c
70°C 92% R.H. N, ) ) A N
Pt /
? . / By -
L s o 7
Oxide

Spallation

Time L(dugs) o
Figure 1. Lorrosion and Relative. Pratection of U-3/4 Ti Penetrators °
in 92 Percent R, 11, Nitrogen at 70°C

o

2)

Height Gain per Surface Area {mg/cm
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¢
14 T — T - v .28
! U-3/4 Ti
N o
12l salt Fog
3 NA
‘ 5
w} = g
-
— o,
£ £
< s} [T
[
.t 3
-~ 3
- wv
s e &
LW o
o = A
v
s
4 -
=
. 2
L
=
2} B °
; ° /‘/‘./

Time (days)

¥ Figure 2 , Corrosion and Relative Protection of t-374
Ti Peneirators in Salt Fog at 35°C
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CURRENT (ARBITRAR

- = TIME (HOURS}) &%
| ,, \ 5
‘current of U 0.75 Ti - Coatint Material Galvanic Couple.
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SALTFOG % s

12| -e202Zn # . S A

+30IZn . |
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: DIAMETEROF THE THEEADED UGS WITHN L 1 i
CID sr‘rxow sHOLD 2 .a"m SDFRCU THE CRITER TS THE B30 WITH THE DIaMETER &F 7
IMUM CF 002 LARCER THAN THE CENTEN,
ISt THE REDUCED SECTICN AS FCLLOWS:
A. FINAL TWO MACHINL CUTS NOT MORE THAN .006*.
B, SURFACE FINISH 32 MICROINCH OR BETTER, ’ <
€. REMOVE ALL CIRCUMPERENTLAL TOCLMARKS WITH EMERY PAPER AND CRCLUS o,
“INISH OF ALL SURFACES BEYORD THE REDUCED SICTION TO LE 125V EXCEPT ENDS WHICH MAY BE SAW CUT AND
AVE MO SURFACE FDNISH REQUIREMINTS, LA - ¥
ISLERANCES: DECIMAL u . 010, 'FRACTIONAL & 1/64; EXCEFT AS NCTED.

2

o
s
~Certsr Dri)l Reguireq of en B
th oty v Tf. Bath Eags ‘ T
A 4 Bsta Enps
° /’»’,e M o /5714 gz
T ~ 2
i‘h———“Q\L__.;l\‘d_'!} ‘.._—:LD‘
T P —
: | i
[ .
r__/,;coi'.oas >7 .
) . i ; 6334 Length ,
: . . . §
¥ :
) - /,"-+—I Sectior
. Min
- K &

FIGURE 11.
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