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( 2 )  Bond strength of Tflercmy arcldtgraated sf lver  illcret at: :,.ri&& b o ~ ~ i ~ ~ g  
terqmrature a t  constant t ime End .xith incremiq  -time a t  co;?stitnt ternperatwe 
? ~ . s b g  t h e s  up t o  6 houz.s m d  Geiqpmtwes up t o  550°C, 

( 3 )  The effect of vacum anned;i3.lg on the bond strength of a silver plate 
on usanim is not known s h c e  t h i s  bond i s  strongor than the silver--amd.w 
saver  bond, 

( 4 )  Pllacfiined surfaces on uranium prcduce considerably st-ronger bonds %ban 
as-rolled surfaces when the surface i s  silver plated zm.3 joined -to silver 
plated copper by mercury mdgmatiou,  

(5) Bond strengths as high as 4,455 ps i  CUI? be obtrined in ssidwiches of 
silver plat& uranium joined t o  silver plated coppw w i t h  a mercury amdlgrun 
bond, 

( 6 )  Bonds as strong as 6000 psi were obtained by amalgamathg silver 
plated copper plates a& pressing together at 350% and 6100 psi, 

The pr;incipzi probl~ra in. plBting is obtaining a plate which w i l l  stand up 
a t  e lewted  temperatures, 
q g e n ,  affords l i t t l e  protection f o r  uranium rahen heated i n  a h L  
i s  a descr-ip-tion of the methods used t o  try to overcme this :?robl,m: 
free of flaws m d  impurities is  esseatial i n  obtaining a sound plate; the plate 
is  DO bet te r  than the surface plated. 
surfaces of as-rolled spechens ezren though the surfaces were deeply etched 
prior t o  plating. Indications as@ that plating on rolled mrfaces does not 
adhere as well as t o  machined surfaces, The procedure us& to silver p l a t e  
wnnium is listed jn the appendix, 
fmm. l/% inch plate w e m  used in "the tests, 
of silvern? and placed in an ah? atmosphere m u f f l e  fwmace at 30OoC cracked at; 
the  edges m d  blistered on the flat susfrtce t o  the extent; that w i t h i n  two hams, 
the plating was f30Mpj_e%ely separated frm -the heavily oxidized urmLurm. 
annealing at 600 C forr 1 how befolre heating jn aSr did not impmve the s s s u l ~ s *  

Specimens plated t o  0,003 inches and given a 0,002 inch reductian in a 
hztnd roll were g e n t l y  improved, (41 
noticecbly, it improved adhesion so that although the plating cracked at the 
d g e s ,  oxidation did not poceed su€Piciently fa t o  cause spa22ing of the plate. 
The sitie of blisters due .to porosify was greatly raducedq 
uraim were bond& .to another smuught netxd3 the bonded 
exposed t o  air;  therefore, pmosity of the p la te  was considered no problem in 
the ac tml  bond, 
impsove results. 
t o  10 mps/sq,ft. did not inprove the protectbm qualities of the plate. 

Silver pJ_ate-, due t o  its porosity m d  capacity f a  
The fallowing 

A surface 

Difficulty was encountered in plat ing 

2 x 3/4 x l/t3 inch urmim smples shewed 
Ur&m pla t& with 0,003 inches 

Vacua 

Although ro l l ing  did 110-1; yeduce the porosity 

E silver plated 
would ncrt be 

Vamil amiezJhg  at 600°C for  m e  h o w  a f t e r  rolling did not 
Reduction of' the pllatbg current from recornended 25 amps/sq,ft. 
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Five spechens were p9ated ashg  t3he following procedure: 

(1) 2 x 3/4 x 3/16 inch wadm bjocks v e m  machined from 1/2 inch thick 

(2) Edges and corners were romded tjs 1/64 inch radius. 

(3) Specimens were plated wSth 0,003 inch silver according to procedure in 

(4 )  Specimens were polished on buffkng wheel. 

(5) 0,006 fneb add i t iona l  siLve~" was plated on, 

( 6 )  Specimen was red.uz;ad 0,001 inch f 3  hand roll. 

Mhen these speehens w e m  heated frm a i r  at. 350°C @or 4 hours, the plating 

plate rolled from 1 inch hg&, then annealed, 

spperdAx, 

wacked a% a l l  edges and came compietely loose frm the four smaller sides of 
f o u r  of t h e  samples. One qxxdxmn sham3 no effe-.t;s, 
obtain& with specimens which ware plated ~ 5 t h  0,003 inch of silses, seduced 
0,002 i m h  by ro l l ingy  were replated with 0,006 inch of  s i l v e r  and given a 
final. reduelion, by rol l ing,  of O..OOJ 3mb0 

B, Clapper Plalfng, 

Similar results: were 

When urani-mn waB plated w i t h .  0,003 inehss of copper from a copper sulphate 

6,003 inches of s a v e r  was plated o w w  a copper replacementt coat obtained 

bath, the plate did noti adhere t o  the wetnEm after heatiing at 300'C f o r  1 how. 

uranltnn by allowing. 5% t a  stard i n  10% CuSOg fear 24 hours. The spechen was 
given a O.QQ2 Inch reducl3on pass. When exposed t o  air  at- 3506C, the  plating 
wa6 cracked at the edges and comple-Lely separated f ~ o m  the uranizrm 1n 1 ~ Q W ,  

A w a n . 5 ~ ~  apechen was allowed ts stand l a  10% CuSQj+ f o r  48 hours and then 
given a. 0,003 fnch plating of ~ o p p o r .  
of s i l v s ~  and the speehen was given a 0,032 inch mduction pass. 
ts a5r at 750% for .?-& hours, the p l a t i n g  did not. adhere to the copper, 

C u  

Qver the  copper was plated 0,001 inch 
On exposare 

Nereur.y Bonding of S2.Qyr Platad Copver t o  SQver, 

The following t e s t s  were t o  determine the  best condiLioas f o r  bonding 
by rae~cuqy analgma%Pon, 

P~O@f3dUXX?: 

(SI 3 x 9/16 x 118 Smh pimes of m&chLned copper sheet were pf-ated with 
0.003 inches of ;;Uves~ in the bath -ax8A, for cranium and abraded w i t h  Hoe 600 
emery paper. 

papey, 
(2) 3 x 9/% x 1/16 inch pieces of s U v e r  tr~ere abraded ~5th Eo, 630 emery 



( 3 )  Specimens f o r  measuring relative bond s t rength were made by over- 
lapping 2 inch of memwy malgrzmetted surface of  a plated copper piece and 
1 5nch of mercury amalgaraatd surfwe of a si lver  piece (Fig, lao 
merctuqy. isas wiped o f f  the  pieces hefore joining, 
X T ~  se ts  of fQW and heated i n  &ird 

Excess 
These were clmped i n  vises 

(L) After bonding the spechens were machined t o  -$- inch width across the 
bonded area 

(5) Fig, la shows the ovePlapping of 1 inch used i n  the strength t e s t s ,  
Since one of the 350*C, E? hour speoimens broke outsiJe the bonded area, the 
bonded area of  the renaining spechiens was reduced 50% as shorn in Fig. lb, 

ReaUlt;s 2 

The specimens w e m  pullled i n  teaasion in the 120 ton Baldwin Southwwk 
tensile machine. !they show 
a general, increase i n  bondiri strew&h w i t h  t ime a% constant temperature and 
with tenperatme at eonstant time, Figs, 2 ,  3, and 4 show metallographically 
the improvement of  the bond with t h e  a t  cbnstant kmperature and Figs. 5 ,  6 ,  
and '1 s%ow the improvement of  the bond with tempePaSure at constant t i m e .  

The: r e su l t s  of bond tests are l i s t e d  in Table I. 

Ekax&aLatiom of the fractures of the spechens showed the majority to be 
at. the original interface, 
p1at;b.g from the copper, the strengths were Low indicat ing that the p l a h  
adhesion, not the silver t o  silver bond, was weak on these specheras, 

- D, Heremy Bonding of Silver Plated Copper t o  Silver Plated Umniurn, 

Where the fractures ineluded t eming  of the silver 

Pieces of uranium were sheared from a I/€l inch plate,  plated with 0,003 
inches of silver, and reduced 0.002 inches i n  a hand rolE, 
were bonded tQ copper plated with 0,003 inches of s i lver  by iunalgamatfvlg 
2 x 3/4 inch surfaces were mercury and heating i n  a vise, 
300'C Sol- periods of from 1. t o  6 'hours produced in a metallographically poor bond, 

mess specimens 

Temperatures below 

To e m h a t e  the b m d  strerg%h of s%lver  p la t ing  on machined and as-rolled 
iiranium, a ~ d  -Lo dekermiaei the effect of vacuum annealing on plate adhesion, 
re la t ive  bond strength tests were et3 followas 

3 x 1/22 x 3/16 iraeh uranim s p e c h e m  were machined fmm a 112 inch plate  
r o l l e d  from a 1 inch casting, 
reduced 0,002 i n  hand r o l l s ,  

'They were plated with 0,003 inches of silver armd 

3 x 9/16 x S/cS h c h  rolled capper sheet speaherra were plated with 0,003 
inches of silver. 
Joining surfaces V E P ~  mialgamated with mercury as plated, and the samples were 

i n  mi a i r  atmosphere fWmce a t  35 % f a r  4 hours, 

Bond. strength speeb-ens w e ~ e  made as s h o m  In FigT, 8 ,  

placed in s m d 1  vises.  The i?fses ere 3ightdened as t i g h t  as possible and plaeed 

Specimens No, 11, 12, and 13 were prepared by the above procedure, 
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t I '  I 
COPPER 1 

A 

B 

Figure 1 

Bond Strength Specimens 

Si lver P la ted  Copper t o  Silver by Mercury Amalgsmation Pressure Bcnding 

Dwg. No. 10095 
Unclassified 

I 
4 
I 
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Effect of T h e  and Temperatwe QD Band Strength of Silver  Plated 
Copper Joined 9.0 Silver by Mercury Amd.gmt%%fon 

2 - 1 .r' a56 Silver broke outs ide  bonded 
mea, 350 

1393 Ag to Ag 
.53 G Jig to Ag 

350 6 

k50 2 

450 6 2100 Ag to Ag 

6 
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w 

Silver 

Original Interface 
Silver 

I 
Figure 2 550C 2 hr Y-2483 

Copper 

Silver 

Original Interface 

Silver 

Figure 3 55w 4 hr Y-2484 

e 
Figure 4 55OC 6hr Y-2430 

Copper 

Silver 

Original Interface 

Silver 

Copper 

Si lver Plated Copper Bonded to Silver by Mercury Amalgamation 

w3.- kOOX 

Unclassified 

Unetc hed 
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Silver 

Original Interface 
S i lver  

Copper 

Figure 5 6 hr Y-2482 

Silver 

Original Interface 
Si lver 

Figure 7 550c 6 h r  Y-2480 

Silver Plated Copper Bonded to S i l v e r  by Mercury Amalgamation 

Mag.- 4oox Une tc h ed 

Unclassified 

Copper 

Si lver 

Original Interface 
Si lver 

Copper 

Figure 7 550c 6 h r  Y-2480 

Silver Plated Copper Bonded to S i l v e r  by Mercury Amalgamation 

Une tc h ed 

1 
Mag.- 4oox 

Unclassified 
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Specimens Eo. 21, 22 and 23 were vacuum annealed a t  600 C f o r  1 hour after 

Specimens No, 31, 32 and 33 were vacuum annealed a t  6OO0C f o r  3 hours 

Spechens No. 1, 2 and 3 were made from 3 x 9/16 x 1/8 inch as-rolled 

roll ing.  

a f t e r  roll ing.  

uranium sheet and copper as above. 

Discussion of  Results: 

Determination of the effeet ,  if any, of vacuum annealing on the strength 
of the bond of  s f lve r  plat ing t o  uranium was not achieved by the t e s t  because 
the plat ing adherence proved stronger than the mercury amalgam bond. 

The bond strengths of these specimens (see Table 11) were much greater 
than were indicated by tne previous tests (see Table I). Explanation may l i e  
i n  the poss ib i l i t i e s  t ha t  the bonds i n  the previous t e s t s  were weakened by 
machining; pressure dis t r ibut ion i n  the previous t e s t s  was uneven and contact 
poorer because the th in  copper warped when machined, and because there were 
four specimens i n  each vise. The type of  spechens used previously cur l  when 
pulled i n  the tens i le  tests and are thus subject t o  a different  s t r e s s  d i s t r i -  
bution. p s i  were obtained despite oxidation under- 
mining of about 20% of the plating on the uranium, values as high as 6OOU p s i  
might be expected since the strength increases with time and temperature'of 
bonding, 

Since values of 4000-4.500 

The low strengths of specimens 1, 2, and 3 might be at t r ibuted t o  the 
f ac t s  t ha t  the surface of  the rol led uranium was not as f l a t  as the machined 
uranium and the thickness of the uranium was not uniform, thereby preventing 
pressure of the vise  on par t  of the area. 

Three specimens similar t o  Nos. 11, 12, and 13 were fractured by bending 
The fracture was of the mercury-silver bond. the copper away from the uranium. 

plated uranium and s i lve r  heated i n  a vise a t  350°C fo r  4 hours. 
Fig. 11 is  a cross section of the mercury amalgam bond between s i l v e r  

E. Mercury Bonding of Si lver  Plated Copper. 

Using a hydraulic press with e l ec t r i ca l ly  heaten platens, the e f fec t  of 
time of heating on the bond strength of  s i l ve r  plated copper bonded t o  s i l v e r  
plated copper by mercury amalgamation was investigated, 

Procedure : 

(1) Sixteen & x 3 x 3/16 inch rol led copper p la te  specimens were plated 
with 0.003 inches of  s i lver ,  

(2) 38 x 3 inch surfaces were amalgamated with mercury.and pressed together 
under 6,100 p s i  a t  350 C fo r  times of 8, 1, I*, and 2 hours. 

(3) Two bond strength specimens were cut from each of the eight sandwiches 
as shown i n  Fig. 10, 
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(4)  Specimem W ~ K @  pulled at a rate of 0.05 inches per minute. The 
realilts are given i n  Table 1x1 a d  plot ted in Fig. 11, 

Riscussisn of Results:: 

Pig. 11 shows an increase i n  strength with bonding time from Q hour t o  2 
hours when the bonds were made at, 350% and 6,108 p s i  pressure, 
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TABLE 17: 

BOND STRENGTH TESTS 

Si lver  Plated Copper Bonded t o  S i lve r  Plated U r a n i u m  by Mercury Amalgamation 
Temperature - 350*C T h e  - 4 hours 

Hone 

Nom 

ET0ne 

i h o w  at 600 e 

1 hour at 600°C 

I hour a t  600% 

3 hours at; 60Q°C 

3 hours at 600°C 

3 hours at 6OO0C 

None 

None 

None 

a75 

2385 

2626 

3@5 

4385 

4-45 5 

4.400 

4435 

4295 

3000 

3650 

1835 

XTota l  area was one square in in each case. 

Both bonds fa i led  

One bond fai led.  

Both. bonds failed 

Second bond fafle 
a t  1950 pound8 ., 

Both bonds fa i led  

Copper broke befo 
bond 

Both bonds failed 

Both bonds f a i l e d  

Both bonds f a i l e d  

Second bond faile 
at 1300 pounds, 

Second bond f&ik 
at1810 pounds. 

Second bond f a i k  
at ZOO0 pounds, 

“’811 Ag-U failures were around edges and revealed heavy oxidation of 
uraniumo 
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SILVER 

SILVER 

URANIUb¶ 

uag.-ltoox 

Y-1954 

Figure 9 

Silver plated uranium bonded to s i lver  by mercury 
analgamation bonding 
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Zffect of Time 011 Eond Stren.$h of S i lve r  Plated Copper Joined by 
I ;f \ .. ’”, u r y  Araz l  ga71a t I on 

Bonding Pressnre - 6,100 psi Bonding Temperature - 

%e c inie n &To Time (hours) B r e a k i w  Stress (psi) R e m k s  

la 
b 

2a 
b 

3a 
b 

4a 
b 

6a 
b 

?a 
b 

8a 
b 

- 1 
2 37230 

3500 

I 2 1 4020 
4450 

1. 

1 

4.420 
5000 

5900 
573Q 

2 

2 

5380 
5208 

5970 
6220 

35OoC 

Specimn broke out,side bond 

Spechen broke outside bond 
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+ 
+ X 

% 

T h e  ( h r )  

Figure 91 - Increase in bond strength of" s i l v e r  p l a t e d  copper 
jo ined  by mercury amalgamation a t  3506 and h , l Q O  psi. 

Dwg. No, lOOCj0  
Unclassified 
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Electric Power Pile," J~urpnaJ_ of Metallurgy aEd Ceramics, May 1949, 

(5) CT-2116 A G. Gray, "The Electroplatd-ng of Tuballoy,f' February 6 ,  194.,50 
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3% 
Procedure for s i l v e r  plating urnniums 

(1) Clem anodically in "hodex" cleaner ( 6  ounces e r  gallon) 
Temperature - I~O"F, Current Density - 75 amps /'? sq, f t .  

(2) Rinse i n  cold water, 

( 3 )  Dip f o r  3 mimtes i n  1:l nitric acid (1 par t  70% HRO3 t o  I par t  water) 
born tempera-Lure . 

(l+) Rinse in hot  r.rates. 

(5) Pickle anodj-ca,lly in phosphoric-hydroeklorie acid (50% by weight H3FO4 
plus 20 rjL per liter 3% Hell Room Temperature, Current Density - 
45 aps/sq .  ft. 

( 4 )  Rinse i n  cold water 15 t o  30 seconds only, 

(7 )  Dip 5 minutes i n  1:1 nitric. acid. 

(8) Rinse i n  hot water. 

(9) Silver pla te  a t  25 amperes per sq. ft, 

Bath: 75 tspms per l i t e r  AgCM 
122 grams per l i t e r  KCE' 
225 grams per l i t e r  K$03 

Adjust t o  pE 13 with KOH 

Temperature - l U Q F  

'from Reference (1). 


