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ABSTRACT

Samples 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 i, and 1C per cent cach of .n, Fe,

and U. iickel was by fuar the most notent addition for hardening and strengthen~
ing; a yield strength (0.2 per cent offset) of sbout £9,000 psi was found for
the alloy with 10 per cent, compared with 5,8C0 psi for pure gold. All alloys
were less dense than gold, 10 percent Ni hsving a density of 17.C6, 1C per

gent U, 18,6. The gold-mangenese and the gold-iron alloys showed soue age

hardenine effzcts.
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PROPARATI 0D AND DROPANTIEZS OF 3045 CQOLD a#LLOYS

Preparation of the Alloys

Alloys were made in 75 g auounts by melting the gold undsr hydrogen
in alundw: thinbles surrodnded by & grapnite sleevs in en induction furnace,
adding the other compcnent and then casti:g into graphite moulds. The use
of hydrogen during melting prevented excessive oxidation of the slloying
metals and cuviated the use of 2 flux. A previous attemst had been made to
elloy gold with uraniun in a relatively peoor vacuum. No alloying occured
owing to the formation of an oxide film on the uranium. This did not form
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
high 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 " x 3/4" x 1i". Possibly veccuse of the use of hydrogen ths
heats were somewhat unsound, and gave some trouble with the subsequent hard-
ness raadings.

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

tests. The analyses aiter rerelting are given in Tadble il.

ixperiuentel. Results

Hardness Tests

Po investigate the response of the alloys to heat trestxent, and in
particular to find out il any cf the alloys were susceptible to age harden-

ing, the Noskwell B hardness ol esch sample was measured ai'tsr it had been

sudbjected to » seriss of successive heat treatments. The rosulbs are saown
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t will be obsesrved that both the iron snd manganese #lloys show
some tendency toward age hardening.

wierostructure

Tne microstructure of the four alloys was determined afier this
seriss of heat trestments, which terminated in an anneal at 600°C. for iwo
hours followed by air coolihg. Figures 1, 2, 3, and 4 snow ths structures
aiter etching with agua regia. The gold-iron alloy (Fig. 1) shows a fine
precipitated phase covering the entire field. It wes probably a uniform
solution when quenched. The gold-uranium alloy (Fig. 2) exhibits a eutectic
structure in vhich the dark-etching phase is obviously rich in uraniung
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 (Figzs. 3 and 4). In the
case of the latter, the structure appears to ove closely sinilar to copper-
silicon alloys in the neighborhood of 5 per cent Si, wiiere a homogenesus
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-
iihe plates.,

The presence of cracks suggests thut a brittle phase hsd existed
2, the prain voundary afier one of the low temperature anneals, out hed
disappeared by solution at 600°. Interncl oxidstion has taken place along
the cracks and there is a layer adjacent 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 somewhst segregated in the rrain boundaries, or whicn has

spheroidized into larger verticles, leaving the sold matrix in 2 condition

wnien etchies more lichtly.
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iJsnsiiy measnrenents

The four gold slloys were re-neltied in a graphite crucible-mouid
vielding ingots about 7/16 in. in diameter by zbout 1 in. long. in addition,
two new he:is were made, one containing 5 per cent Hi and the other pure
gold. After casting, taey were guenched from 850°C. and the ends turned
sjuiare leaving the length gbout 1 in. These samples were lintended for come-
pression tests, but beforz such tesits were made the densities were measured.
The results are riven in Teble 1I.

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 sanmple
are reproduced in Fig. 5. EFrom these curves were read the spproxinate pro-
portional linits and the yield strengihs (0.2 per cent offset) given in
Table 1I.

The icockwell 2 hardness values vere necsured after the compression
tests, curing which about 1.5 per cent reduction in length occured. See
Table 1I. The QiScrepancy betwcen the hardness values given for the previous
as-gquenched samples snd for the same alloys remelted, guenched and com-
pression~tested is probably due woth to changes in analysis occuring on re-
melting snd to cold work resulting irom the comprsssion tests.

No compression tests vwere :nade on fu-ln and Au-Fe alloys alter
heat treatment for maximum hardness.

The specimens were tested to teilure in.compression after the
hardness readings were made. Only two specinens fractured durihg these
tests, tus iu-'n at 83,300 psi and the ju-U at 72,000 psi. Tha two nickel
2lloys failed oy slipping along a 45° plane, the 5 Ni at 114,000 psi and
A0 Ni at 131,000 psi. B 4ih the Au-Fe and the pure gold samples merely

flsttened out into discs without fracture.
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Table 1 Rocxwsll B Hardness of Gold filloys afier Hest Trestients

2
%Sample Sotposition Composition Rockwell B Haruness
> Vo, Inteanded, by Analysis,
Per cent Per cent hs (uenched wuenched and rehseted 2 hr. successively at o
Cast | after 1 300°C  350°C 4009 450%C% 5009  500°CT  600°C
| hr 985000
-
L 15 10.C Manganese | 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 iC.0 Yranium |88.86 v 76 45 53 53 43 43 50 4. 36
mie 10,0 1ron 90.18 © 47 43 47 51 50 70 75 77 48
i
3
g

3 hours &t temperature

+ 18 hours total tise a2t temperature

hbove figures are avsrages of four or more readings c{ter esch treatment,

b
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Table JI

Density, Co.pression ond ilardness yesis

AMioy | Sompozition Suaposition Rociwell B Hardness
No. Intended, oy Anelysis
Per Cent Per vent Density | Proportional | Yield Streagth|{ As |Quenched Maxiom ifter L?O::.-
g/ce Limit, (0,29 ofiset) | Ccast | 850%C Observed pressive
los./sg. in. | ibs./sq. in. Hardness Testing
20 | purs eold 19,30 3,300 5,800 - -— - 30
19 | 5.0 tfichel 94.57 gold | 18.07 27,000 38,000 — — _— 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¢ 1 18,60 12,000 26,0CC 76 45 76 74
(as cast)
154 §11C.0 “anvenese] 91.41 ¢ 15,86 33,000 51,000 9, 79 94 83
' (as cast)
i H
P13 11c.0 Trom 90,24 ™ 16.29 15,000 25,000 47 48 n . 38
! ' (16 ar. 500°3)
! ] i
e
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fig. 1 Alloy 13, 9.82 re,
Etched with Ajquaz Gezxia X 5C0
Photo No. 2017-0

<2 Alloy 17, 1L.14 U,
Ctohed with foue Regis X 500
Paote Jo. 2013~
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Fiz. 3 alloy 16, 5.50 Ni.
Btched wibth nyua Hegia X 300
Photo flo. 20620-0

>
Y & [ by T "‘- o
Ph0t0 Mo, Z0iVe]

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

eSS aRUREARA RRRRE AN AR R RR: T Ty
3 L 4
§ins T g ne T 1] + aan %'
T A L Hr | R
)] y g ofd . 0 v e
R e fisgs
wigdjangaingaaguaipiats fdu 1~ Ir .
Sh s e o i
goni e 13 + [
T e s T.q_.m. .w LT
i + s g o s nu R wnd gy RARA T TH
ju {2 4.... anu Tt ,..1« 3 <
1r..*+ sonw + T 11114 4 puay L B
{4 g o - 4 H- {- Ay pny
HE : .
i .rl.rhuhw,hn..anE.. ' rbou s g !
ar an] } 44 4 4 RE 134 45 .
[ R e sk g e R S T
Eah s auwet Canns au : % o ; H J_Jr nf o 43 by ?
REERT AR W ERttd naRSE IR T rickitbrlri 4] oo T Herrls i
s had h =
. todrbg ct Tt e FE R oL ey ix
it R AR Fo bt : | i T Sein ] O
T 3 managya T g S R Ja2 Tt . ~—
T i ng it iy gy gl Trip iR s = REna 3
i i Shghece e aiis 228
Ras .ir;nﬁu.n g iane 1 gagss «...m.. TN o NREdaha w..r :
b1t g ! . ; h 15
S3ITER TS 4 UHL:ﬁrﬁﬁ N nM. Ao cfpsupnd 1 TR iy IR LL.
: - = b ! - R Ry 02)
ua_.rx._ i i ul.m ‘..T“.\.PLL..* \ i \...mu.w... REREE "
B et ek ST Terahde
y oF N Crely T H L
. 3334 - T
pareaRkais kau.ufu ﬂmu.“nw Tﬂx.:ﬂ_ —
Ry Wh Y ittt NEGURE & - oo Lyt
: - o T T " Ead R
b ) +“‘ + vM”\ Y .R.
EReERESE] : 2! g
h
T " Ry } g 6
apysa n »
L1 1 nEgh L1 —
4 Ty ) TR RSN £ TI . I~
h R d 3 i 3] o
.J S+ 1} 4T3 | v waag pgmg D
s By Sy " -T.r,m s a
r ) + ¢ X LT
B RESSRDN B L5 RELIRY Shu
t i 1 b oL L+ < .
Nt ke R Re =t -
b b RaE - H rors T _an
oy T iy g T ong pRBY T
hags i bk sauidp [bs n il
. Sl T T e FES Y Saghl e
M,J._ 14 1 _Lu lflw.*huvuh -~ g -t g e
T TmET : e atamgERaR ity et : :
radessed =t 14 1 + it 4 H o
Sabe i 1t Pt HTH H T H e Hx i Frill
g 3 T e [T T, :
uH ja L m., 1 = rRng uin s nuns R Aue Rl sukng P s -
Ty ) 1 susfras ) (PHEFH f
T e s e e e _ <
Rt s AT B R T L Y R } ‘
i1 i + = 3 e TLe e 3
g e 11 TrHrHAHIT -H L RRadhal ; :
i i t Epesysatgaiiod plynsan LB, HO { h
pay |9y SuAN = s Ay Ar. 3 LA pRR SRR SR R T -
i L g i g o T T u gl 5oy ) + 1
o Juan: o SRR GEwH N Y L8 1 ) e
+ N = 1 M 1 e i
t S T paad ; T T A & 3
S jeuet AR ERs e ST E T ER e I -
Tt I 1 ot 1 R IRAR NN -
] T pPA Bay i 1 T Sri + FrrreT 2 = Sl t At
[XES 1 i) M L8} 117 ; T4 TIEY p r
o MIMJMM‘T nddba k3 wa.ﬂ.. ssalaanenalinala L 3t
ey R Ryeaw 1.4&.. 41544 FRpgw™ + L g | O HE B i3] o
Y A Fpuakunnw 11 T + L.T - T St pha bn wa i Eduad v G .M. s asudgn
Bk g Bt niidalasss sascipadty Meisi fedts B R T T
N LS8 SanEY Iy | S SR Ny g T L 1 0 RATEY ; AN SARTER.
J iRt HHTHT e i e e B e e e N e * agyaisEeed
i H o T P R R AT T sesafpEsant it EaREeabiE
T 1 T ] EPR Sun T By - 5y KOS FREPENY B e H e
! ERE RS LR ﬂr: D Hi R T uﬂ.j. BT .ﬁ; s “W.r.lw. fr [..mﬂ:L.
-1 4-| ’ -t - ’- 14— - v 4 b - -t -1
i | R e e T .. i
L TVt
& & =] S
— ! < o
d ul $S841g aAlssaIdUIOD  vow s
>
' N cup i+ L TAwaeRung
TPIdUeea ~oUtE YIS Yout Jivy o4 03 ot I
Ll-99y ON AN "OD ¥ISSI P 134403
< 4 & "9 -



SLELY

APPROVED FOR PUBLI C RELEASE

URCLASSIFIED

REC. F20M %.{__..
DATE. “Q.LL‘f./:.L‘:",.

4

REC....... NO. REG, Loy

UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE




