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 ; 

Conventional ?,n galvanizinq of: v-0.75 Ti results in r.onuniforr 
coatings .and reduced elongation because of thermal aaing of the sur-
lace of the U~Tl. A lowe,r melting material which,.would give,-, sacrif icia J , iLtiiai WIIXUII „wuuiu yivy\ Set 

found in the. Sn-?n alloy \ galvanic protection to the- U-Ti was fo 
system. The prgg£E±, work describes; 1) the metallography of 

sr « ''' ',: 

the Sn-Zn system, 2) the frjectrochenistry of the Sn-"7n systo-. v.-ibh 
respect to U-Ti, 3) the mechanic's of applying a Sn-Zn coating to ' 
U-Ti, 4) salt spray corrosion test result K ' of varioua Sn- '/n nl Joyr, 
applied to U-Ti coupons, 5) ,'mechanical property tlfst.s or>coated 
U-Ti tensile bars. An 80 Sn-20 2n airoy (HP-2B0°C) was chosen ~i3 
for the galvanizxna/ study because of its lov̂ er belting point? /-• •• 
The results showed that all alloys of the Sn-Zn system ga'lv'anical ly 

'- protected the ̂U-Ti in salt f©g-= environments. The lack of a-
suitable low temperature flux.prevented the operation of the Sn--Zn 
bath at its optimum temperature and low elongations were obtained,.. 
with this coating system.' ~ 
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INTRODUCTION 

Galvanizing 
Galvani/zing iS;,the practice pf coating iron or £teel with 

a thin layer of zinc to protect the surface against eorrosion. 
The most important galvanizing method is the hot-dip process, 
which consists of four steps: surface preparation, fluxing, , 
immersing in molten zinc, and finishing. Surface preparation!) 
includes decreasing ,and pickling operations to remove oil, ,, 
grease, and scale. The fluxing-step is done immediately be-
fore immersrny- the part in .molten zinc so that the Tlux rer.ovc-q 
"any oxide that may have formed on the surfaces since cleaning. 
Finishing includes removing excess zinc by shaking, draining, 
or centrifugingr quenching (optional); chro~mating (optional); 
and inspection. . r v ^ 

..The value of zinc galvanising in protecting u-n.v^ ^i was 
0.demonstrated in the Air Force GAU 3 penotrator program. The 

protectiveness afforded to the tJ—1.75 ?i aljloy by f'alvanî cd 
zinc in a hot, moist nitrogen atmosphere is'j shown in rir;ure 1. ... 
The weight gain curve for t:he all 
shows that the corrosion rate was 

py. in an ubcoated state 
very rapi|2 for the Tirst "few 

davs and "then changed to a fairlyjiconstant ,nbut much slower rate. 
This dramatic change was ̂ partly due to the [pnset of spallation 

„ in -the outer layers of uranium dibxide. In fact", the magnitude 
:6£ this spallation was great enourh\,to produce an overall 
weight loss of oxide from the pent itrator. /' rinure 1 also shows 
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that galvanized zinc protected the penefcrators from any signi­
ficant corrosion in the hot, 'moist nitrfljgen environment. <•• The 
weight gains shown for the zi,nc galvaniaWi, penetratprs were 
"due to-the formation of a white, zinc oxide tarnish film and 
not to any degradation of the uranium alloy. The corrosion 
d.ita generated from'' salt fog teste for uncoated and coated 
penetrators is" shown in Figure 2. The data s(N)w that after an 
extended time period, the zinc began to corrode, but not the 
uranium allo^. '' '' -

TwHo significant limitations on the use of galvanized zinc 
to protect U-0.75^Ti in some applications {.such as that presently 
under consideration) have been uncovered. The first is a lack? 
of tolerance control on coating thickness. '•-• Experiments during 

r , .. = / 
the Air Force program showed the following: 

A single-dip process allowed some of the flux to adhere 
to the specimen and c^use roughness. Dipping the parts 
a second tine in a crucible containing only zinc caused 
all. remaining flux to float to the /surface, where it was 
skimmed before the part was removed. In an attempt to 
obtain smooth, uni fornv,coatings,.galvanized penetrators 

r were initially quenched., in either water or mineral oil. 
Another technique tried was to sprinkle ammonium chloride 
on the part as it was withdrawn from the galvanizing 

^ crucible. Very little benefit accrued from either of 
these efforts. *, slow withdrawal from the zinc bath 
appeared to produce the smoothest, most^uniform coating. 
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However, this coating va':s judged to 
and thin enough for ,the present application.-"-^ 

The second limitation uncovered wascthat she hold time of 
one minute in the galvanizing bathy) 460°C) \vas*BuIficient to 

..." -13 ^ I 

cause a micro&tructural and mechanical property change of the 
This hold tiime was=chosen 
rt neacfied bath temperature 

surface material of the U-0.75 Ti.' 
to ensure that the surface of the^t 
and to allow the formation of UffftJ* at the alloy surface. It wa? 

lately uniform 

O 
viwe assumed that the diffusion process would provide a coating with 

better integrity than one created simply by haying the zinc 
"freeze" on the surface. This change of; surfacle microstructurp 
and mechanical property variance from bulk material is unaccept­
able for the present application.^ °Thus, zinc-galvanized°coatings 
are not a viable candidate for the present system. 

Hot Dipped Tin-Zinc 
One solution to the two problems just outlined is to alloy 

the zinc with a lower temperature eutectic former such as ti.p. 
= 3 " G '-

The zinc-tin eutectŝ c is at 10S°C. This ̂5jcconplishes two 
purposes. First, the lower melting point algws a hot-dipped 
part to be further processed using hot air devices to smooth and 
thin the' coating. .Secondly, the lower melting point permits 
the dipping pot to be maintained at a temperature well below 
460°C„ 'Thus, a change in microstructure and mechanical properties 
should not occur.. o ri „ ' 

,! v! The present: investigation included the following studies 
concerning the hot-dip tin-zinc coatinc* of U-0.75 Ti: 1) The 
metallography of Sn-2n system, 2) the electrochemistry^ pf the 



Sn-Zn system with r*|pect to^U-0.75 Ti 
rest potential and galvanic current meaal 
mechanics of applying a hot-dip coating 
included an investigation of molten flu 
of coated u-0?75 Ti coupons in 
tests oh coated U-0.-75 Ti- tensile bars. 

. „ ' r flETALLOGRJ\PffY 

Figure 3 shows the Kn-?n binary phase 
3 

Bjjh i n c l u d e d b o t h -
a 

sntfl," 3) the 
4?-0.75 Ti which,? • 
i' 4) corrosion tests 

salt fog, ] ) mechanical property 

di agram, whidti0 i s 
t desirable compo-
worked after 

classified as a simple eutectic."' The mos 
sition for a costing t6 =be subsequently ho; 

application would be the alloy with the lowest'melting point 
' I • :' •. * 

, i.e., near the-̂  eufiectic composition of 91 Sin—J) Zniiby weights 
From the phase diagram*^ it is expected thati any alloy with a " 
composition rich in zinc compared to the eutectic composition 

: ;. !J \ v ;, 
woulQc consist oicthe eutectic phase plus frê a zjtnc. This free 
sine should provide the desired sacrificial "protection. & 

Alloys of Sn-Zn were made at ten percertf: increments by 
weight over the entire alloy range. As the series of micro-

• = ' I ' \ \ ' ^ -
graphs in Figure <1 show the phases are a mixture of Ithe euVectic 
phase plus free,, zinc (identification made by electron micfopr;6bê  
analysis) . The amount^fe eutectic 'and free zinc follows the.-̂  
binary lever rule very accurately. n ̂  '• l" '' '• ''(t '\;J 

ELECTROCHEMISTRYL ° 
Corrosion Potential Measurements y,'"' -- v !l 

0The^corrosion; potential of each of thess" alloy comppsitions 
- 2 - " '""° ° ! II ' ' 

was measured in a 10 ..molar potassium' chlprifcei solution1'.'-1 The 

,,.;,,4 / . . v i 
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results at* »how i in~„, 
zinc in the sUcr-tstr<>ifcur»«a| %h*::Sfloy s i s 
in deterrainiiig tlie oc*SK>»iOn*ii>tential of th. 

adfimd As tin is Mjfad and the composition 
eutectic. pod|lt (91 Sn-9 7.n) , the corrosion po^jlllial does shift 

small perallpjace of.ithe 
conpositiOaTof 90 Kn-in Tn 

towards that of pure tin bat only a 
composition change. ThvMlJ'fven= at a 
(a one,percent excess of *inc ovei ̂ he eutecticScoriposi.tion) the I ° ° corrosion potential is still most closelv to that o" vjre zinc. 

The significance" of these results in that any composition Qr. 

Sn-Zn alloy which has free zinc is^electronegative with respect 
to the U-0.75 Ti alloy and a coating of this material should 
behave in a sacrificial manner towards u-0.7 5 Ti. Thus, any 

C ' i n 

of these compositions could be used las a replacement -or the 
pure zinc coating. i -

WW* 

ihe free 
ikant species 

ticular all$y. 
^approaches the 

// Galvanic Current c i 
A kinetic measurement "was made [to verbify thef, thermodynamic 

predictions obtained from the corrosion potential measurements. 
In this type of test, an electrical couple „of Sn-^n alloy and 
U-0.75 Ti were tested in a1 KCl electrolyte. The arrangement of 
the couple-and associated monitoring equipment are shown '' ̂ | ° 
schematically in Figure 6. Upon submersion of the 6ou.ple into 
the electrolyte, a flow of metal ions into solution is accompanied 
-by a movement of electrons through the electrical circuit. The 
magnitude and direction of this electron'1 flow, or corrosion 

" G ° <- => €\ 
current,., is recorded as a function of tinted An example of the 

i " 'p • 
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b? enployet 
jalvaikizindj p$o 
uhich gaveithe 

i 
tunes liberated 

I 
evaporated J The 
iaing in tHat prô î  
and ZnCl.; jthe p e t f e S t A a being 46.4 KClJ 

XnClj by wdight. TRe f lux temi 

In^th^s "Air Force progran, 

i n v e s t i g a t i n g "the- e f f e c t of the 

t o t h e mol ten flux--galvanizing"= 

properties of U-0.,75 Ti^tensi^e 
dicates that no obvious problem was uncova 
strength and ductility^of galvanized bars 
"standard" properti'e& 
*du Font Trademark „" 

i..aifS»,.=4i.L... !LyK 
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£0 Sn-20 Zn alloy was again selected for theie experiments and 
the coating procedure employed was that disvassed as optional 

;in the preceding section. 
JThe initial direction of the 

mount the coated cylinder ln<=a la 
warm-worlflHkj technique was to 
the and airfMnge upon thê,' ' 

spinning surface a horizontally'moving hot-akr je€. A chamber 
was built which contained stainless steel 'tubing and inserted 
into a reeietively heated tfiifie furnace capable of attaining 1100°C. 
The gas n a position within the exii^ tube was measured to have 
attained a temperature in excess of 900°C a,t the flow rates 

-^judged necessary for coating movement. Unfortunately the, 
temperature of the ga» measured at the surface of the part was 
approaching 350#C at beet and 'did not contain enough heat content 
to heat the surface of the U-0.75 Ti, in addition to melting 
the coating, to allow the excess Zn to be spun off. At this 
point, the! approach utiljjing warm-air devices°was abandoned. 

The next approach triea in an attempt to strip excess 
zinc from the cylinders was to use an oxy-acetylene torch" as 
the heat and gas source,,.a „The experimental setup was similar to 
those just described. Briefly, a ̂ zinc coated cylinder was " •' 
spun on a lathe while the flame from the torch/imping.ed upon] 
the surface. The flame was slowly1" traversed aJLonc the axis \j 
the cylinder. This approach was."successful iri'̂ melting tthe> , 
zinc and expelling it from the surface. However, the resultant 
surface finish was ̂ unacceptally rough, the topography appearing 
as waves on an ocean. Apparently what caused this surface 



^ 

morphology was the removal of zinc by ne,arin of i:;divi lual 
dreplQfts. The surface tensi6:i of the ziacL-i;; . "f-n^nc th:- " 
droplets leP. behind the pelted or waved appearance- upon 
droplet removal. If. this explanation is correct, it h:s ^ 
rK:rious implications 'concerning the removal^ ̂ C excess zinc by ^ 
post-dipping techniques. Those'" types of approaches were u 
.1 us ponded at. this time. '' ^, t u 

An experiment was then designed where an attempt would 
bo made toD''reuovb, the exceŝ s jzinc inmodiate1 •' upon removal "oc <> 

the part from the molten zinc pot virile the coating was '"̂t 1J..1 _ 
o ' i\..y " -• 

Ii:iuid. A previous experiment utilizing a centrifuge was used 
,i ' .<•* „ 

an a nuide. In this case, a drill press would be used to hold 
the cylinder in'-a vertical posit ioiP. By^means o? trhe as.1; ciated 
lever, the"part could be lowered and radsed in fesje molten flux 
and zino pot" in a. controlled manner. .Most'"1 ir.portantlv, the nart 
could also-be rapidly., spun, upon renoval fror. the pot, by 
itfeiifJis ,of the torquinq nptor. , This approach jjavG promise J O P 
good^control of both: the hot--9ip step and the spin removal of 
zinc. L, :;

 L, '' " '' :i 

Equipment was being assembled to try this experiment when 
re'sults from mechanical testing caused a halt il'z the hot-dip, 
approach to coating. 'JThis will,be explained inĝ detail shortly 
in -;the "Mechanical Tes;£'̂  section of this report. 

CORROSION TESTS "-" 

Previous corrosion tests done to evaluate the effectiveness 
of coatings in protecting uranium have demonstrated that,: a 



salt fog test is a >;otxI discriminator. ';!iis is p.irt i t-u.l rtrlv 
true whsn'-the coatings of interest are metallic. Other environ­
ments classically used for corrosion studies .ir.vol"in<; uraniur 
arc moist air or noist nitrooen at nnclor.itcly "elevated tonpor v-
tures. These two environments, and particularly moist nj.trbccn, 
are best for relative evaluation o r uncoatfd material--; such as 
discriminating the effect of aninf on ecrronibVi response. Tp, 
^addition, moist nitrogen is a good onvirontont for evaluating 
organic coatings'Such as paints on umniun. "-However, ''or 

D 

netail-ic^coatings, .these environments 'are usually too benign to 
-= discriminate between coatings other than the-'nost ̂ unacccptal^e, 
The salt^fog test xvas thus used for this investigation. 

The5salt fog test is a standard test, the det^ii^ o r 

which are given in MIL--STD--810B, .."ethod 109. It basically con­
sists of- a.> salt fpg atomized from a 5 weicht percent sodiun 
chloride solution which^is maintained at 35°C. The total time 
specimens were subjected to this test was lf> days. The samples 
were removed, cleaned and weighed every b:o days'throughout the 
duration of the test. 

Two sets of coated specimens were tested in the salt toy ."-
Both sets consisted of uranium coupons coated with the series 
of tin-zinc alloys discussed previously. The first set was 
tested in the "as hot-dipped" surface condition. The second set 
v/as designed to' test the galvanic !>rotectiveness of the coat inns 
when flaw's in the coatings were present. The flaws were in­
tentionally introduced by drilling * through the coating at five' 

I 



positions with a 0./)lQ" diameter drill bit:. ;: Although the .sur­

face area o.' uranium exposed by this procedure V.MS not large', 

dt was s:ifCiCjfB̂ ft to both visually and quantitativelv nca'^ure 
r . ' : ' = - . • .-'-Jfi?: •' - ,- „ i. - .: 

the effect upon '""corrcS'sic?̂  responds. " ~ ., 

'The results from these.salt ffrg Lests arc. sfh^'wn in .'hi;-

riwurcs f; and 9 for the two sefcs o: coupons,, respectively.. 

ridufe 3 -shows-that the corrosion response" o f the tin-sine alio1 

series is dependent upon ^inc content, as was expected. The 
= " - - nc ^ " " ^ - • r''3 " & ~~ " 

higher1 the sine content, the1-1 greater the corrosion. The reason 

beirit, that the amount of free zinc is proportional to the .cor­

rosion response of the tin-z.inc or eutecti'c-zinc a'-llov. Tt 

should be emphasized that the corrosion re'sponse measured was 

for the coatinc, not the uranium coupon:7 In no. case was there 

observed any ""corrosion1-1 of the uranium in ;this set. 

This result- is"further emphasized in the results from the 

second set (the set containing the induced flaws) =shown in 

figure 9. If the flaws did not affect the corrosion response, 

the weight chances should be similar to the first Sample set 

and proportional to the zinc content of the a>llcî '' coating'. In­

deed, this was found to be true. Figurejj'3 shows results very 

similar to Figure <J for the respective alloy coatings. Thus," 

all ,the coatings' did galvanically protect the„_bare U-3/4 Ti at 

the flaws as was expected frorrr the previously discussed electro­

chemical measurement ̂ data. i;. '-•• 

In conclusion, from the corrosion test results, any of the 

tin-zinc alloy coatings will adequately 'protect the U-3/4 Ti 

substrate, even when the coating is flawed. Considering also 



the ease o^ 2.mc chromatins, and base corrosion rate c *. the 
coating itself, still makes the 80 Sn-20 Zn alloy the preferred 
choi ce. „ e -. 

" <?. '• ' 

r̂cnANi.c'Ah.Tr:;;-'.̂  
Hydrogen crbritt lenient is the nr iiv notorial, property c r , 

concern, when using U-0. 75 Ti in ah application which'' rgquircn. •> r' 
mechanical strength 'and some ductility. :o" the .part aftevr pro- IV 

Idhqed storage. A U-0.75 Ti part manufactures with close " ,' 
quality control and all heat 'treating'steps done'' iai a <,:ood . 
vacuum will exhibit.-a ductility level in excess or 16''percent 
elongation and"21 percent reduction in area along with reasonable 
ultimate tensile strength, 1380 MN/m2 (200 Ksi). /This material 
.will have a hydrogen content below one part per million, ppm. How­
ever, if the heat treating is ,done in salt baths or molten lead 
pots, the hydrogen level is increased and the ductility can be , 
reduced to as "low as two percent, in spite of maintaining good 
strength. The hydrogen =1 eve 1- can climb as high^as 12 ppm. 

Figure 10 show's the effect on ductility of an increasing 
hydrogen content in atypical, heat-treated H--0.75 Ti part. ' "• 
It is important to note J;he "serious detrimental effect that a 0 G 

si«all amount of hydrogen has on the ductility. Thus,., i F the 
part needs to exhibit ductility, the hydrogen, content inust lie 
kept ..low, during manufacturing. 

Hydrogen must also be prevented from entering the U--CV. 75 
- 0 

Ti component during its storage lifetime." There exists* data 
from two different studies and investdgatca^s which strongly 



suggest that when t-— 0*75 Ti is stored, in ,an environment which 
LJSrir.its an interaction with water vapor, the ductility is ,-_ : 

decreased". The first evidence is sunmarized in Table III.,. It 
is clear that exposing U-0.75 Ti to mois caused a 'ductility 
decrease. /• The data0 tabulated in Table rV also shows this,, car-
re Lation o[ degradation in uuctili'ty response in L"-0 . 75 Ti ,, 
a J tor exposure to water vapor., In. addition, the information . a 
in Table IV also shows that -the two most copnonlv, used coatinns 

° f 
on uranium and uraniun 'alloys, (electroplateT nickel anĉ elecjiro--
plated ;nickel-zinc) , not "only do not prevent the degradation ' 

in ductility" but actually appear "to accelerate the degradation^ .. 
A third study indicates that =-the reason for. the ductility1 

loss 0^5=^75 Ti, after exposure to .moisture is the "'introduction 
of hydrogen into the^alloy as a result of corrosion. The 
uranium. pl,us water reaction results in the formation of uranium, 
dioxide and the production of hvdroqen. Thus^written: 

u, ,+ 2 H,O -* uo, + 2 u 9 :.,. , ^ 
\\ 

It is possible Tor some of the liberated hydrogen v-.o absorb 
and then diffuse into the .U.rO.75 Ti. Table V qivos \the hydrogen 
profile measured in an U--0.75 Ti _specir.ten which-^had been electro­
plated with nickel and ,rthen exposed ,jto a salt-=ffe.y environment. 
Clearly, if these quantities of 'hydrogen are diffusing into the 
material as a result of "the Liotal-water, interaction, then it" 
is understandable that there results a significant ductility 
loss in the material. Testing U-0.75 Ti specimens in a similar 
manner but in a less aggressive environment resulted in analogous 

http://rir.it


behavior but to ,. less severe d 
oT metajl-water reaction and thu 
brittlement and ductility loss 

^rne. ,} In summary rj the extent 
P the extent of hydrogenrcm~ 

i 
ii-. governed by the severity of. I 

There is one additional pre] 
of water vapor and U-3/4 Ti. Trii 

R n flatter of kinetics which-
he corrosive environrtcnt. 
b len con,cerri,a ny the, as sbc idt-ion 
iiS) is the observed degraded 

response ofnU-0.75 Ti tensile specimenscor parts wheriJ sub­
jected to deformation in the,;presence of water ̂ yapor. The dn-iirco 

radation in ̂ response (primarily a loss in ductility) 
is directly related to ran increased water vapor1''or relative 

i humidity level. ;. In fact, at a r.r«lative -humidity level of lO'̂ : , 
Q* r • " = .- J| 

the material behaves in .a brittle manner exhibiting--elongation 
as low as two percent. In addition a coating system has not 
been found which-prevents this response from occurrinq in humid * 
environments. ''.,c ,-:j 

The purpose of the presently reported mechanical tests 
then was to evaluate the effectiveness of a tiisi-zinc alio" 
coating in preventing both or either the loss in ductility of. 
U--0.75 Ti in moist test environments' or the loss in ductility n 

due to hydrogen embrittlement caused by exposure- of U-3.75-Ti 
to moist environments. 

The design of the U-0.75 Ti specimen is shown in riaure 11. 
It is a standard, round, tensile, specimen . W?he tin-zinc alloy 
chosen for testing in this section was the 30 Sn-20Pn 'composition. 
The application technique used was that found to 'be optimum as 
described in an earlier section. A half-dozen of the tensile 



specimens were coated for an initial evaljation'. Some ad­
ditional specimens were -tested in an uncoat»d state Cor corn-
par ispn and standardization. '\_ 

c— Table VI lists; the results from-this s^t.^.The bare or tip-
coated specimens responded as predicted. A bare specimen 
tested in vacuum with no simultaneous nor previous exposure to 
Moisture exhibited excellent mechanical properties (i\e., 

2 
ultimate strength above 1380 MK/m (200 Ksi) and ductility 
greater than 16% elongation). Conversely, a"bare specimen tested 
in a 100% R.H. environment exhibited good strength but extremely 
brittle behavior (i.e., UTS of 1520 MN/M2 (2£Q Ksi), Elong/'of 2. 

The two specimens coated withr. the 80 Sn-20_. Zn a 
tested in the 100£ R.H. environment did not exhibit a ductility 
level significantly better than the bare specimen; their due- ? 

tilities being respectively 3.0 and 3.G percent compared to 
2.5' for the bare specimen. The probable explanation for this 
result is that the Sri--Zn alloy coating did not.- calvanically 
protect the U-0.75 Ti specimen from water vapor degradation 
at '"laws' in the coating, of which there are always some present. 
The tin-zinc coating was a disappointment from the standpoint 
or preventing brittle behavior of U-0.75 Ti tested or deformed 
in the presence of moisture. 

Two more specimens coated with the ^0 Cn-20 ?n alloy 
were tested, but in a vacuum rather than moist environment. 
Surprisingly, 'they exhibited a ductility level significantly 
lower than the bare specimen tested in vacuum: the ductilities 
beincj 7.6 and 9. H compared, to 18.3 percent, respectively. The 
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-obvious suggestion by this" result 'is that trie-coating or the 
' procedure used to apply the coating is affecting the mechanical 
properties of the r--0-D75/Ti alloy. // :/° c '\ » 

In-order to ohtain additional infornrJtion concerninq the cC'4'" '" / // • I ': ' cause *o~£ the ductility loss'/ a specimen w&s 'coated usinq the 
• • ' - / / < > ' • .// .v 

same procedure as those preceding with the .exception of a ^ 
doubled,,hold time jn the''molten tin-zinc bath, which is at 

= " ", ' / ' - " • / / / I : " • 

• 515°C. The mechanical/response of thirls specimen is also listed 
in Table, VI as Specimen number 7.1 Th'e important result is 
that the'1 ductility measured for thi^1' specimen was only 3.?,'l.r ' 
This confirms' the hypotheses that eitiher the coating 
cor the coating, procedure is affectinlg the U-0.75 Ti.71 However, 
since the coating is essentially the same" for specimen numbers 
5, 6 and 7 (only the thickness of thei coating being greater for 
7), the procedure seems more suspect than" the coating, in J 

^ particular, the temperature excursion of the surface of the 
specimen is suggested as the cause. 

A final specimen was prepared to address this question. It 
was subjected^only to the soak in the molten flux at 515°C for a 
total submersion time of 45 seconds. 'vsThe surface of the specimen "was 
at the temperature of 515>°C for approximately 15 to 20 seconds. The 
specimen was removed from the flux andVinsod with water thus 
quenching the metal and removing the /Tlux. After sufficient 
drying of the surface, .the specimen was tested in vacuum. The 

. . . tf. 
mechanical properties of this specimen are listed in Table VI 
for specimen number 3. TheRssultant strength was excellent 

2 ' u 

(1560 MN/m , 226 Ksi) but a ductility response of 5.6% elongation ,. 

o 
21 
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is significantly less than the value of 18V3 for untreated, un-
Lcoated U-0.75 Ti. The cause of the ductility loss is obyiousiy 
due to the coatinrg procedure and not the costing ifasVlf, -since 
no coating was piiton this |f specimen.' ., ; - ,-S! .',. ° 

:/ z ^\ I • I •'•"-- ' \ 
There arc two aspdcVtS|of the%flu&iing procedure which rfoy-

account for the produced"ductility loss. cT!fee-y "are an etchiriy^ 
or roughening ;'of the specimen -surface i and ̂a! temperature ex-*"t'', 

"' = ™'^ "' ;. •'•' if \, •' I 

cursion ofr' the' surface. £ surfc(ce_ roughening could introduce \ 

n surface Claw with *accompanying reduction ̂ n fracture-'tough- '' 
ness and loss inaQuctility. Thi|s event has be eh observed for y 
specimens electrdplafted with nickel which have undercjone a \ 
severei chemical etch as part of :thv& coating procedure. However, !; 
tills reduction in ductility has been measured as an approxi-"- 1 
..nntely one percent'drop in the value fd'r elongation. The data 
is shown in0Table TV. This explanation does not account for 
a reduction of .approximately 141 in elongation. The most 
probable explanation for the cause in the ductility loss is 
that the temperature excursion to 515°C of the specimen "surface 
h an produced an aging effect upon this material whiph^strengthens 
it while also decreasing its ductility,,. 5iince numerous --experi­
ments have shown the sensitivity of the ductilitv response 
of U-0.75 Ti tensile specimens., to their surface condition, it ° 

is not surpri&in<j that in the present case thê ductiilitytf loss 
is S^preciable. ;-" n ,; 

The processing direction to be v̂ iiSSued, which is expanded 
upon in a following section, is to"eliminateu this temperature' 
excursion. 

•0? r. 
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The^ t i n - z inc phase d l a f r a a i f a * i a y U - « n t t u 8 » t type with 

the e u t e c t i c composit ion a t 91°Sn-9zik °by= weighty 

The S0Sn-20Zh composit ion i s composed of e u t e a j l c phase p l u s 

fr^e zinc. _ 
o 

The corrosion potential of the 80Sn-*-20Zn compcBtfcion is close 
to that of line and alejp$ronegativej with respectgto „thedJ-0.75 
Ti,'.'alldy° 

- An alloy button of 80Sn-202n electrically conn4teted tojj 
coupon of U-0.75 Ti in a salt electrolytesprodiSed-a negative 
corrosion current, i.e., the Sn-Zn corroded sacirif ically and 
protected the U-0.75 Ti. | „ 

- The molten flux used was a mixture of KC1, LidI and 2rci2-
"- The hot-dipping procedure was to suSbmerse the part in molten * 

flux" until^ the surface Was clean, submerge the jiart in niolten 
Sn-Zn until the coating 'was complete, withdraw part and submerne 
in second"pot containing only Sn-Zn for a few seconds. 

- The warm-working technique of mounting the coattid cylinder i,n ~. 

a lathe and impinging upon the spinning surface a horizontally 
moving hot-air jet was not satisfactory. 

- Removing excess all-oy coating from the part is best done while 
thi coating is still molten after the dipping. 

- A salt fog test is a good discriminator to evaluate the relative 
effectiveness of metallic coatings in protecting uranium from 
corrosion. c " 

- ResSlts from' the salt fog tests demonstrated that any of the 
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envirorment 

corrj 
.''.echiSS&U |,t«1©»silKt« on ti'(n' 

™ ,- I » ° that tile ocj(at»ng did not 
when tested in a humid 
rurthetmore, mechanical test 
process itfelf was producing 
The cavse if th« eplwittlement 
the temper4ture rise of the U-
v.'hich produced an aging of the: 

FUTURE 

increasing zinc content. 

reirTiraxirtriz^ea-DOth 

iqn was .the 8OSn-i0Zn. 

0.75 Ti showed 

it of the°U-0.75 Ti n 

r e su l t s i n d J f t e d tha t the coating,,® 

embrittlewint in the U-0.75 Ti. " c 

was determined to be due to a 

0.75^Ti surface upon hot-dipping 

surface mater ial . 

DIRECTION 

" Q The parameter which most likely is the ,icause of the 
ductility loss in hot-dipped,« metal coated »'0.7STi tensile 
specimens or parts is the temperature excursion above :500°C. 
The thrust of future efforts sliould thus belpirected at sig­
nificantly lowering the-maximuin temperatureipf exposure. An 
alloy of tin-zinc, particularly 30 Srii-20 Zn# reduces the moltcn-L. 
netal bath temperature, to approximately, 30<Sf*Cf from that of 
450°c for zinc alone. Thus, the SO En--20 Zn alloy and the 
300°C bath temperature should be a good coâ Hjig applied at a 

/^ low enough temperature to not efj&ct the u-t 



n 
f 3F H 

, 

The Jam 

the raolt<pj| 

As d i s c u i j M 

^ t h i s w6rM,H| 

naltincr $fU 
" the poss^D^ 

0 
The profe lJI 

begin withM 

°n of ZnCl- i H 

The eutecrti 

are 350°a 

°Ti cy l inde 

^~'j mixtures p i 

molten met* 

appeared ti§-,for 

unetched, n o n - c l 

appeared tjb e t c 

p r e - t «ur8 

the s u c c e s l o£ 

to the con*inatM| 

" «&**! 
approximately 20$ LiCl at %" 

of t h e s e two s a l t s were tJ-ie^lrheS 

was hiqh ( i . e . , ^80* ZnCEJ i a ! Otd 

I " 3 
points,, V-e>F T - I O O - C ) . i Uhfoartnttil 

c°te£l 
*» "UK4 U 

the ?,nCl2 for f?iJjning. 

|i n a i i i 

Mil II i I I I II 
ll •II 
S! IU.I 
IIHII 

1 
I 



•' i^ppr!!" T rfw • r'w 

& 

nci work. The Licl content was too low to producjfc^proper „ 

elchiny ami cleaning of the U-0,75 TiAaurface. eSppar.ently 

t heflore an effective fectiVe mixture 
fjEV-tK 7-nr.l, 

tru Licl ontertt nust approach 40? beflore a 

xs obta-metr. Toe the Licl-£nCl 2 system, a 40 

in ftute woulrj have a melting point of [approximately 400°c 

This fey So ^ i a rq ina l temperature with respect ft> thei 7effect 

p a r t i e s . This flux vjas not t r i d ( for e i ther 

ty e f fec t s . I t may workSv-^-if if idoes not. 
to t h i s problem must be consid(!B§A. 

•on and J . W. Dini, (."Corrosion and 
Peneti-ators, " jisandta Laboratories, 
1975s 

s for Ceramists, 1964, American 
a,"Bin 

2fi„. 



"•ABLE I 

Mechanical Properties of 2inc-Galvanized U-0.75 Ti Tensile Bars 

a 
Surface 

Treatment 
Test t 

Environment 1 >- Yield - ^ f r 2 ^ ' Tensile Stronqtff Flotation 

As-reachined -. 60S TJ.H. '' 99 3 s = ' 44-1 1441 20 9,, G . 3 
Zn- galvaniz ed 60S" Ti.H. 966 * 119 1"07 204 9.-, 

As-machined 1094 "..H. 

Sn- galvanized IOCS R.H. 

986 

952 133 

1423 

144S 

207 

219 

s:S v 

Data frem Reference 1 
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Mntrix.ol; "rimes for Coatinq ojrjtinizatio.n Study 

rt.^oilurc No. Flux Tiae Dip 1 Tine 
sec 

Din 2 Time 

:) 
10 
11 
1-2 
13 

CO 
,P0 
60 
CO 
60 
60 
9 0 
f.O 
60 
fO 
90 
90 
90 
60 

CO 
30 
.1.5 
60 
30 
30 
30 
45 
15 
15 
15 
10 

30 
30 
30 
15 
15 

J 15 . 

(0 

30 
15 

28 



TAP.1,1; i n . Mechanical Properties of U-0.75Wt% Ti Sheet Tensile 
Specimens After Exposure to Environment at 75°C 

^Exposure 
Environment 

Test Time 
(days) 

14 

Yield 
(ksi) 

- 1 3 7 '» 

Sti ress* -
(MN/nf) 

945 

Ultimate Tensile 
Strength -

(ksi) (HK/iif) 

216 1490 

Elongation 
<%) - i) 

Vacuum., 

Test Time 
(days) 

14 

Yield 
(ksi) 

- 1 3 7 '» 

Sti ress* -
(MN/nf) 

945 

Ultimate Tensile 
Strength -

(ksi) (HK/iif) 

216 1490 12.6 

Wet 0 2 14 146 1010 207 ° 1430,: 6.7 = 

Wet N ? 14 * 13o6 938 199 1370 5.1 

Data from N.J. Magnani, Sandia Laboratories; Albuquerque, New Mexico.. 
* Tests performed at R.T. at strain rate of=0.03'min~ , average of tltVee tests 

/ 
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T;M~ i v . D u c t i l i ' y Da! -]' f j r U-Q.T5 T i Tensi '? Sp r - c i ; : ' ^ 

Aft-;r- Exposure' to ''.a-.zt " l i t rogen at 7S"C 

^ o ^ e n S . r - ' ^e Corr f i t lcn D u c t i l i t y 

B a r & As-Machined 
(So Environmental Expocj'-e) 

Ni -p la ted » " 
c°{>No Environmental exposure) 19.5 

Ni-Znr, plated ,̂  • 
(No Environmental Exposure) " 19.5 

14.0 

Ni -p la ted „ 3.0 

°Ni-Zn plated i .9.0 

\ 

Data from H,-R. Oohnson, Sandia Laboratories, Livermore, California. 
Corrosion Test - Vi% R.H. nitrogen at 75°C for 30 weeks. 
Tensile Test - 0.005 inch per second strain rate. 



Table V. P r o f i l e of Hydrogen in Corroded U-0.75 T i * 

Position from 
(in! 

Surf dee Hyd rogon Level 

H 

1/16 
1/8 
3/16 
1/4 

r 

26 + 2 
22 
17 
12 

5/16 - Center 12 

* Data from L.J. Weirick, Sandra L a b o r a t o r i e s , Albuquerque , Ji' 

Ni -p la ted 
Sal t Fog -10 Days ' 

+ Vacuum fus ion analysis ) 

J 



Mechanical Properties of U-0.75 Ti Tensile Rpeoinons : 

with Coatinas of Zinc-Tin 

Surface 
Treatment 

TCS't; 
Environment 

:Wm 

S„trengfch ^ e n s i l e S t r e n g t h E longa t ion 

Ksi r-.̂ N/P .. "Kr-I ? 

bare ly Vac 1000 145 1533 ^ 1C.3 

bare 100?, ".. H. 1021 1 « 1525 221 2.5 

S0Sn--207n 100;. ?., ,H. 1(14 9 152- 1531 .a-?. 3 • 3.0 

30Sn-20Zn 100" n. ,K. 1035 150 1353 225^ = = •3.C 

R0Kn--207.n ljj Vac 10^1 132 1615 2?J 7.C-

C0fn-20?n lu Vac 1010 147 1C0" 2V „ 9." 

80Sn-207n* ly Vac 1015 150 1513 220 = 3 -,° 

flux etch lp Vac 1056 153 ISfO 22f r..( 

*held tw ice t h e £>ptinuns t i r e i n t h e S n - r n b a t h 
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^ Figure 1 . Corrosion and ^Relative Protection of U-3/4 Ti Penetrators l 

, in 92 Percent R.1T. Nitrogen at 70°C 



Time (days) 

Figure 2 . Corrosion and Relative Protection of U-3/4 
Ti Peneirators in Salt Fog at 35 3C 
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90Zn - VtSm 

(continued) 
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8 12 
TIME (HOURS) \? FIGURE 7. C\r.\-? = lion Current of U 0.75 ":. - r.oatinc- Material Galvanic Couple. 
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"H£ RSDl'CEB SECTION" SVUU 8£ COS'CrNTRIC WITH THE ?•:'" : ; SLIVETFJl CF TH$ 7M?.EA2.0 HNSS **TT l J?.' . ' '* 
"•:E RETJCED SECTION SHOULD 2E TAPER!U'f?,OM THE CD'TE?. TO THE DtTJS WTTH THE U I A M I T L H Of TKI L ' .T ' ,\ 
•.AXIVU V CF .CO;- LARCE3. T I U S THE CETJTSH. 
•N!ii! THE REDUCED SECTION A S FOLLOWS: 

A . FINAL TWO MACHIf.'L CUTS NOT MORE THAN .CCS". 
B. SURFACE FINISH 32 MICROINC!! OH. tETTER. . ' -
C . REMOVE ALL CIRCUMFER5NTIA.I TOOLMARKS WITH EMERY PAPER AND CROCUS CLOTH. 

:S!SM OF ALL SURFACES SEVCKO THE REDUCED SECTION T O L* I2S - / E X C Q T ENDS WHICH MAY EE SA»/ CUT A NO 
.AVE SO 5LTtfA.CE KCJJSH RHQUTRSMENTS. . • > ' ? ' > 
I C t T U S C E S : DEC!M.^L« .010. T R A C n O N A l * I / 6 4 i E X C D T AS NOTED. i V ^ r ^ . ' 

FIGURE 1 1 . 
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