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D A ETALLIRGICAT, LABORATORIES .

Investipation Vo, 2113,

Metallurgleal Lxsmination o»f 2 Gyvanided Steel

Engraving Plate Which Had Cracked
Pramaturely in Service,

Origin of Mabterlsi and Obiect of Jnvestigations

On August 12, 1048, the Canadian Bank Note
Gompany Limited, 284 Jdgllington uthpr Ottawe, Onbtario,
per kv, J. b, Gooddie, uunfitﬁd ¥y hand en engraved stesl
pilate, for printing postage shamps, which ﬁ d eracked
prematursly in service, A small gample of the plate Ian the
cracked area was cut from the plate and the remaining por-
Llon was &eturm@da It was requested that a metallurgical
pramination be mads to detesrmine the cause of the fallure,

At our suggestlion, three pleces of blank stasl
plate, 6% x 11" x 3/16"%, were submitted to the Laboraiories
Tor sxperiwentsl purpessa on Auvgust 14, 1946,

Thegss plates had boon cass-hardensed 1In scodiun

. eyanide and then bent over a dyum P4 inches In cleeums

a3

ference, ln accordance wivth the usual plant procedurs.
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PROCEDURE @
L, Chemical Uxesmination.

The resulbs of chemical analyses made on the eracked
plate and on one of the platss submitted for experimental
purposss are eg follows:

Cracked Cyanided Plate
Gyanlded Submitved for
Plate gxporiment

-  Pey ant -

Carbon - 0.38 0,35

Mangansga - 0,38 ‘ "u9

Silicon - 0,48 Q.42

Sulplwre - 0,016 0,018 -
Phosphorus - 0.0 LE 0,009

Nicksl o N1l Nil.

Chromiwm e Nil, 0,08

Molybdenum - Trace, Tracea,

-

2, Heat Treabtiong Experiments and Hardness Testsa.

One of the bent, cyanided, engraving plates was
subjected to three different teupering beowperalures, 95009,
aB0° and 4007 F°» for & period of 10 hours at sach tempora-
tumaimsxﬂmm>twpovh1gﬁumawu

Measmr@m@nta of the helght (maxlmus perpendiculax
from the chord to the circumfersncs) of the plate were mads
balore and alftsr cach tempering opsration in order to detset
the amount ol movement r@ﬂnlting from aach healt treatmont.

Hardneas t@ﬁts.by means of a Scleroscope were also
made aftéf aach draw. JIn addition, the surfsce condition
ag regards scallng and discolouration was also noted.

A second platse was Emn tempored ab 360° B, for

10 hours and measuvrements taken in ordar to confiym the

first experiments. 7The results are conbained in the




(Procedurs, cont'd) -

following tables:

“Tempering Hardnesaa, Haxlmam
Temp, (°F,) {(Seleroscops) Movemant (inches)
0 - 46% 0,0000
200 = - +0, 00867
380 - @71 +0, 0071,
400 - A9HS =0, 0004
@

Note: Inereased hardness may be due o
inaccurasies 1in the readinge.

9. Mleroscoplc Pxamination.

Mgures 1, 2, 5 and 4 are all taken -from the
cracked cyanide~hardensd engreving plats, wherseas Flgure &
wag taken erm'ona of the cyanided plates used for the
tompering expsriments,

Figure 1, taken ab X8 magnification, showa that
the crack extends completely through the plate,

Figures 2 and &, takeon at X100 magnificatlon,
show bthe app@ar&na@ off the crack at bhoth surfaces,

Figure 4, taken alt XH00 magnilficetlon, in intendsd
to show thae exbent of the cyanide cass, The white layer
is chromlum plating.

Figure 5, bteken at X500 magniification, shows the
extent of the cyanide case in the plate used for the temper-

ing experiments.

Discuaaions

The resulits of this exemination Indlcated that
the steel wag metallurgleally sound, The miaro@mopia
examination and chemical analysls falled to reveel anyithing

. but & normal steel relatively free from impurlties.

The novmal plant procedure Iin handling th@

eneravineg plates is as Lfollows:
3 &
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(Discuasion, contld) -

the plates are engraved in the softened conditian;
A very thin cyanide case is then applied by heating the
plates in a sodium cyanide bath at 1526° F., fop éézminutaao
(The bath is made up of 50 per cent NaCl and 50 per cent
NeaC0s) . The plata 18 then guenehed in oil for 10 geconds,
Lellowed by lmmersion in water at room temparature. The
haydened plate is next bent around a dvum 94 inches in cir-
cunference, and then chromium=plated in order to Turnish
2 very hard suriace. The objeet of the cyanide treatment
18 to produce a case hard enough to prevent wrinkling on
bending and sof't enocugh to prevent cracking. This may be
achieved by alming for & Scleroscope hardnesss of 45 to 46,

The above heat treatment does not provide any
temporing operation for the removal of Internal atraasaa\
gat up by the hardening operation, and it is our opiniop
th@t_thi& would account for cracking in aar§i©®o Agoond-
ihélyp temp@ﬁing experimaents were augga&tad in order %0‘
determine tha.@ptimum temperature whish would result in
complete removal of stresses without sacrificing hardness
and without causling scaling. This was determined by
heating the oyanided plate at 300°, 3B0® and 400° P,
suceossively in & Homo tempering furnace and measuring
the helight of the plats before and alter each heat treat-
mont. The resulbs of these experiments showed no movsm@nt
botween 350° end 400° B, There was very 1litile ée&ling
@vidanﬁ gnd no decrease in havdness, even at 400° P, _
Génaeqy@ht;yg.the Lemporature of 3H0° I, wéa s@lﬁeﬁed.ég
b@iﬁg the @ptimum temperature for the Job, | ;

Another important factor in the prevention of

cracking is the selection and standardization ol the plate

a3 rogards carbon conbent. A plate having a comparatively
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low carbon content would reguire lmmerslion in the cyanlde
bath for a longer time and at & higher temperature to
produce the same surface hardness than one of higher carbon
content. Hence it is sugsested that the carbon content be
spacified to fall vetween a certaln renge, say 0.25 to 0,55
per cent. Records should e kept showing the analyses of

the plates and also thelr performance in service.

Conclusilons:

1. The crécked plate was found to be metal-
lurgically sound, both as regards chemlical content and
nicrostructure,

2. Cracklng ﬁost likely occurred as a result
of failure to remowve intaernal streases incurred during

the hardening heat treatment and bending operations.

Recommendationa:

l. It is rocommendsd that the engreved plates
be tempered at 350° F. for 10 hours immediately after
hardening,

Temnering after the bending operatlon is also
recommended,

2. The carbon conuent of the steel used as
engraving plates should ve standarvdized at, say, 0.25 to
C.35 per cent.

%. Hecords should ce malntained comparing the
carbon content and the service 1life of each batch of steel

uged &8 engraving plates,

QO0COoQOC0CQO0000
(slelelololelofnlv]
000

(Figures 1 to & [ollow)
AF:NMMD:LB, (on Papes 6 to &, )













