B —cntn ey

-~ -y

”* -

w08 Amn“os NATI

I

|

00384 9337

|

|

ONAL LABORATORY

[l

]

|

39338

|

|

I

|
]

T'
|

APPROVED FOR PUBLI C RELEASE

LA REPORY 27

ol |

Scptember 50, 1943

PREPRPATION WND vROPANTISS OF 30L& SOLD ~ALLOYS

GOEE DOk 3Ye

A, U, Seyoolt

fro I GARCTLLDD

: TW"T*fﬁ*w

1
!
|
!

For t.C 9»%.;;0 Liicrgy Gon:xnigs_:lon "."2/,,;//

?/ L . -
{ &W/‘b <l

This docunient contains 10 paxes

f.("/:/:/" -
' e T

i b

APPROVED FOR PUBLI C RELEASE

DO NOT CIRCULATE

PUBLICLY RELEASABLE
LANL Clessification Group
Vs

&/22/ 45

cEPOUT JRITTwd 3Y:

A. J. Seybolt

REQUIRED BY CONTRACT

DRCLSSIFIED o


ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



d

il

84 9337

il

3

0S NATL.

il

|

Il

LOS ALAM:

il

3933800

T

APPROVED FOR PUBLI C RELEASE

UNCLASSIEIED

e

ABSTRACT

Sauples of gold &nd five gold alloys vers preparad and tested for

hardness, yield strength in comprcssion, and density. The elloys contained

approximately 5 per cent and 10 per cent !ii, and 1C per cent cach of .n, Fe,

and U. Hickel was by far the most notent addition for hardening and strengthen~

ing; a yield strength (0.2 per cent ofiset) of sbout £9,000 psi was found for
the alloy with 10 per cent, compared with 5,8C0 psi ior pure gold. All alloys
were less dense than gold, 10 percent Ni hsving a density of 17.C6, 1C per

cent U, 18.6. The gold-mangenese and the gold-iron alloys showed sone age

hardenine effzcts.

UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

PROPARATI 00 AXND DROPANTIEZS OF 3005 COLD ALLOYS

Preparation of the Alloys

Alloys were made in 75 g auounts by melting the gold undsr hydrogen
in alundwn thinbles surrodnded by & grapnite sleevs in en induction furnace,
adding the other compcnent and then casti:g into grapnite moulds. The use
of hydrogen during melting prevented excessive oxidation of the alloying
metels and cuviated the use of 2 flux. A previous attemst had been made to
elloy gold with uraniun in a relatively pecor vacuum. No alloying occured
owing to the formation of an oxide film on the wranium. This did not fornm
when an hydrogen atmosphere was used. HNo allowance of loss was made except
with uranium where 1.4 per cent additio al was added. This allowance was too
hign as recovery was actually 9C per cent of the 1ll.4 per cent used.

The s:2ll heats were poured into a graphite mould to produce a plete
of dimensions 1" x 3/4" x 13". Possibly veccuse of the use of hydrogen ths
heats vwere somewhat unsound, and gave some trouble with the subsequent hard-
ness raadings.

The nowminal and actual corpositions of the heats are shown in Table
1. safter hardness tests the samples were remelted and used for compression

-

tests. The analyses alter remelting are given in Tadle Il.

dxperinentel. Results

Hardness Tests

Yo investigate the response oif the alloﬁs to heat treatwent, and in
particular to fird out il any cf the alloys were susceptible to age harden-
ing, the Nozkwell B hardness of esch sample was measured aiter it had been
subjected to » serissz of suecessive heat treatments. The resulbs ave saown

iry Toble 1. _
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t will be observed that both the iron snd manganese #lloys show
some tendency toward age hardening.

wierosgstructure

Tne microstructure of the four alloys was determined afler this
seriss of heat treztments, which terminated in an anneal at 600°C. for @wo
hours followed by air coolihg. Figures 1, 2, 3, and 4 snow the structures
aiter etching with agua regia. The gold-iron alloy (Fig. 1) shows a fine
precipitated phase covering the entire field. It was provably a uniform
solution when quenched. The gold-uraniur: alloy (Fig. 2) exhibits a eutectic
structure in vhich the dark-etching phase is obviously rich in uraniumg
there is excess uranium phase over the eutectic composition which has
erystallized in large platelets or thick needles. Both the gold-nickel and
gold-manganese alloys show more complex structures (Fizs. 3 and 4). In the
case of the latter, the structure appears to oe closely similar to copper-
silicon alloys in the neighborhood of 5 por cent Si, whiere a homogensuus
solid solution stable only at elevated temperatures precipitates on cooling
a second phase closely akin to it in structure and which forms in thin twin-
ii.e plates.

The presence of cracks suggests thut 2 brittle phase hsd existed
2, the pgrain pvoundury after one of the low temperature anneals, obut hed
disapneared by solution at 600°. Internsl oxidation has taken nlace along
the cracks and there is a layer adjaocent to them which is richer in gold 2s
a result of oxidation of the element.

The gold-nickel sample (Figz. 3] appears to contain two phases, one
or wnich is somevhst segregated in the srain boundaries, or whicn has

spheroicized into larger particles, leaving the rold mabrix in 2 condition

wsnien etclies more lightly.
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isnzily measuranents

The four gold alloys were re-nelied in a graphite crucible-moulid
vielding inpgots about 7/16 in. in diameter by zbout 1 in. long. In addition,
tw:o new he:ls were nade, one containing 5 per cent Hi and the other pure
gold. After casting, taey were guenched from 850°C. and the ends turned
sjuare leaving the length z2bout 1 in. These samples were lintended for come
pression tests, but befores such tesis were made the densities were measured.
The results sre riven in Teble 11.

Compression Tests

The tests wers carried out in a specially designed compression jig
fitted with a C.CCL in. dial gaupe. Stress-strain curves for cuch sanple
are reproduced in Fig. 5. EFrom these curves were rcad the spproximate pro-
portional lirnits and the yield strengihs (0.2 per cent offset) given in
Table 1I.

The icockwell = hardness values vere necsured after the compression
tests, curing which about 1.5 per cent reduction in length occured. See
Table 11, The discrepancy betwcen the hardness values given for the previous
ss-gquenched samples snd for the same alloys remelted, guenched and com-
pression~tested is probably due noth to changes in analysis occuring on re-
melting snd to cold work resulting irom the coupression tests.

No compression tests were nade on fu-ln and Au-Fe alloys alter
heat treatmsnt for maximum hardness.

The specimens were tested to teilure in.compression after the
hardness readings were made. Only two specinens fractured durihg these
tests, tune iu-n at 83,300 psi and the ju-lU at 72,000 psi. Tha two nickel
2lloys failed vy slipping along a 45° plane, the 5 Ni at 114,000 psi and
A0 Ni at 131,000 psi. B ih the Au-Fe and the pure gold samples merely

flattened out into discs without fracture.

APPROVED FOR PUBLI C RELEASE




Teble I  Rocxwsll B Herdness of Gold filloys afier Heat Trestrients

5
%Sample Sotposition Composition Rockwell B Haruness
> Vo, Intended, by Analysis,
Per cent Per cent ks (uenched wuenched and rehsated 2 hr. successively at o
Cast | after 1 300°¢  350°C  4C0%C  450°0%  s500YC  500°CT  600°C
A hr,9850°0
-
§15 10.C Menganese | 90.96 gold | 94 79 78 &0 83 83 26 90 89
16 10.G Nickel 9650 39 91 86 91 89 G5 95 91 93
=17 10.0 Yranium | 88.86 76 45 53 53 43 43 50 4. 36
12 10.C 1ron 90.18 ¢ 47 43 47 51 56 70 75 77 48

ASvi1d

3 hours &t temperature

+ 18 hours total tise 2t temperature

hbove figures are averages of four or more readings sfter esch treatment.

b
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Table JI

Density, Co.pression onid ilardness Yesis

AMioy | Sompozition Sumposition roc:well B Hardness
No. Intended, oy Anelysis
Per Cent Per vent Lensity | Proportional | Yield Streagth| As |Quenched Maxinum kfter Coun
g/ce Limit, {0.29 ofiset) | Ccast | 8509C Observed pressive
1os./sg. in. | ibs./sq. ir. Hardness Testing
20 | purs eold 19.30 3,30 5,800 - - — 30
19 | 5.0 Jiclel 94.57 gold | 18.07 27,000 38,006 — — _— 64,
164 10.0 Zickel 82.74 " 17.06 54 ,CCC 69,000 £9 91 25 o 92
{2 hr. 500°Z)
174 | 10.0 Uranium 90.6¢ U 18.60 12,000 26,0CC 76 45 76 74
(as cast)
154 11C.C Hanwenese! 91.41 ¢ 15.86 33,000 51,000 9, 79 94 83
J (as cast)
i .
P13 116.0 Iron & 9C.14 ® 16,29 15,000 25,000 47 e 7 38
i 7 ’ ’ (1& ar. 500°2)
! i :
e
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fig. 1 Alloy 13, 9.82 re,
Etched with Ajquz dezxia X 5C0
Photo No. 2017-0

S iz, 2 Alloy 17, 1l.14 U,
whohed with foue Regiz X 500
Paote Jo. 2018~
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Fiz. 3 alloy 16, 3.50 Ni.
Btched wibn ~gua Hegia X 300
Photo io. 2062C-0

‘Fie. 4 Aldloy 13, 2,04 Lu
Ztenzsd with waué hogis A 100

*>
Duoto 0. 20150
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