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METALLOCRAPHIC EXAMINATION OF CILVER-HICKEL-IHRON ARD
BILVER~IRON-NICKEL TRIMETALS

This report presents photomicrographs of the struc-
tures of silver-nickeleArmco iron and silver-irmes iron-nickel
trimet:ls., Typical examples of the type of bond between the
layers of metals and the structures of all the samples are

shown,
ONCLUS ]

The dinformation obtained from the metallographic exam~
ination may be susmarized as follows:

1. W%®ith the exception of one sample, the bhond between the
silver aznd nickel appesred to be better than between
the silver and Armco iron.

Ze In all cases the bond between the nickel and Armco
iron appeared to be superior to the silver ronds,

Actual alloying between the two materials took place.

had
»

The bond betwesn the silver and the other materials
appeared to be mechanical in nsture rather than by
an alloying effect.

4+ The two samples of silver-Armco iron-nickel trimetal
which were supposed to have bhesn annealed at 1600°F,
apparently had not beenheat treated,
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Seven samples of nickeleiArmco iron bimetszl with the
nickel side silver faced and seven samples with the Armco iron
side faced with silver were submitted, Each specimen was approx-
imately one half inch square., These samples and thelr treatment,
28 indicated in 2 letter from Mr., 8. R. Hood on February 20, 1942,

are given in the following tabulation:

Gample
Humber Treatment
1l Silver-Hickel-Armco Iron A8 Cast
2 ® " » " Rolled %07 Reduction
3 " " n L Rolled $0% Reduction, Ann. 1600°F,
4 # " " " Rolled 50% Reduction, Ann. 1200°F.
5 " " n " Rolled £82% Reduetion
& n " v " Rolled 82% Reduction, Ann. 1600°F,
7 " " i " Aolled B82% Reduction, Ann. 1200°F,
g Eilver-Armco Iron-Kickel , As Cast
9 " N " " Rolled 507 Reduction
10 " " " " R~1lled 50% Reduction, Ann. 1600°F,
11 u n n n Rolled 50% Reduction, Ann. 1200°F,
12 Ll # " " Rolled 82% Reduction
13 " " " n Rolled 82% Reduction, Ann. 1600°F,
14 " L " " Rolled 824 Reduction, Ann. 1200°F,
PROCEDURE

The metallogrsaphic examination was conducted by cutting

the small squares into two or three pleces and mounting them side

hy side in bskelite,

ing through successive grades of metallographic paper by hand,

snd then on three cloth covered wheels containing successively

The polishing procedure consisted of grind-

fine grades of abrasive, Final polishing was carried out with

magnesium oxide on a silk broadcloth covered vheel,
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It was found neceasary to etch and repolish on the final
vheel severzl times to reveal the structures essentislly free
from polishing cold work. This latter procedure was especlally
true of the silver, The silver was etched witﬁ & dichronate-
chromic aeid solution, the Armco iron with 4 per cent nitric
aeid in aleohol, and the niekel with a 50 per cent HNO3 ~ 50

per cent acetic acid solution,

The photomicrographs tuken are shown in Charts 1 through
7. The bonds between ﬁhe various layers were examined before
etching the samples, Charts 1, 4 and 5 show typical shotomicro-
graphe at 500X. In so far as was observed photomicrographs la
and 1b were typical of the unetched appesrance of the silver-
nickel and niekel-Armeo iron bonds, with the exception of sample
¢, Apparently the silver had sepuruted from the nickel in the
#2 per cent rediuced samples annesled st 1600°F., as is shown in
Chart 4. |

The samples were then subjected to the etching and
repolishing procedure until the structure was clearly revealed.
Typical photomicrographs of the bonds in the "as cast' samples
are shown in Charte 1 and 5. ﬁimilar photomicrographs of the
20 per cent reduction samples anncaled at 1200°F. are shown in
Charts 3 and 6.

The other charts show the structures of the samples

in the etched condition at X100D magnification.
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The bond between the nickel and the silver appeared
to be better than the silver-Armeo iron. Apparently the sur~
face of the nickel was rough and sllowed fingers of silver
to penetrate into the surface as shown in the photomicrographs
of Chart 1. The silver-Armco iron bond appeared as a straight
1line very similar to that which would be obtained when two
metsals were pressed together. The nickel-Armeco iron hond
showed the presence of a diffusion layer and could only be
obgserved by a difference in color of the two metals with no
line of demarcation visible. The line of demarcation between
the silver and the other two metals was visible in all cases,

During the etching and repolishing operations it was
impogsible to avold the development of a difference in level
Vetween the various layers, This was caused by wmore of one
matarisl beinyg removed durinpg polishins and etehing., There-
fore in many cases the bonds appeared worse than they actually
ReTe,.

During the mounting operation bakelite did not pene-
trate between the sections of the samples., In the grinding

operations the silver "burred" over into this empty space. There-

fore the photomicrographs do not show a clean line of demarcation.
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Numerous inclusions were present in the Armco iron.
In some cagss it was‘impossihi@ to prevent their removal
resulting 4in a pitted surface. Numerous holes were present in
the silver 1ayera'1n the as cast condition. This was partic-
ularly true of the silver in Samples 1 through 7. The sllver
va8 also very coarse grained in the as cast condition,

Attention 1s also called to the strained appeasrance
of Samples 10 and 13 which were supposed to have beén snnealed
at 1600°F,

The only evidence of separation of the silver layer
was found in Sample Kumber 6 as shown in Photomicrographs (b)

and {e) of Chart 4.
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