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THE CAU3® OF FAULT3 IN ELRCTROPLATRD.SPRINGS.

The 2l2ctreplating of stz221 springs, in c:rtain baths
Mas b223n known for a considsrabla l:a:ngth of tima tc b3 im-
possible in commercial practice, This is bacausz ths springs
ars randsrad so brittle as to b2 usalazass, Th3ry som2tim3s
braak in th2 bath undsr tha =light tansion nse3ssary to
k33p tham stratchad so that ths plats will not bhridge
across from turn teo turn, In any cas2 , th3v ara 2asily
broksn by pulling apart aftar th: immsrsion in th2 bath.
Tha caus2z of th2 ph3nomenen is un knewn, and apparantly
ne invastigater has attacksd tha prehlam, since no mantion
of it has bha2n mada in any of th: al:ctrechamical eor phys-
ical litaraturs.

In ordar tc pfocesd aystamatically, it was firat
nzcassary to find o~ut th2 conditions undar which *ha
springs breka., Thasa conditiens wara found by varving ths
hbath, ths tampsratura, and tha curr:nted:nsity. 3incs2
clzaning and pickling ars nacaessary in any ccma2rclal lad
ing oparation, it was thought dasirablae tc saz if thasa
oparations had any 2ffact on tha 2:lasticity cf the springs.

Tha first thing found was that th2 hraaking 3ff:ct
is not so univarsal as had bh23n suppos2d. Thi=z ccnclusicn
was arrivad at by considaring tha2 fellowing s3arias of 2x-
pariments with various haths, Tha first bath which was
usad was ths crdinary nickz1l-plating bath, This was mada

up as follows:
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Nisqr(NHQSQ.BHp - - - 70 grams

(NH&SQ. - - - - ~ 10 "

Watar - - - - - 1l Titar
Tha solution for rameving graase was made by dissolving
120 grams of sodium hydroxids in ons liter of water. The
pickling solution was 150 cc. concentratad sulphuric acid
in 750 cc., watar,

3evaeral sizas of st221 wirs, mads 3spacially for

springs and listad in ®dgar T. Ward % 3ons'prica-list as
" Black Tsmparad 3Spring Wirs ", warz procurzd and cecilad

inte springa. Thess ware placad in ths bath and platad as

fellows:
Diam, Timas platad Currant
1.05 mm, 1l h, 25 m. 0,20 amp,
1.33 L 1 h- 37 m. 0. ?5 n
1.65 " 2,h, 7 m, 035 . ",

3amplas of piano-wirs, which is very similar to spring-

wire, weres plated as follows:

Diam, D, aftar plating Time platad Currznt
0,28 mm, Q.45 mm, 1l h, 10 m, 012 a,
0,33 n 0,50 " 1 h, 28 m, OxdD 8

All thess runs ware carrisad on at reom tampiratura.Ths
3aprings wars absclutaly unaffactad in any way. The nickal
plats was firmly adh2ring and coculd 2van be burnishad.
Whan the springs wars stratched »3yond tha 3lastic limit,

the nickal plata crackad and p221ad.
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The regulation coppar-plating bats was naxt mads up.

This had ths following composition:

CufCN), - - = 35 grams
NaCN - - - l4c "
Watar - - - 75C cc.

Scdium cyanids inst2ad of potassium cyanids waa usad in
all th:ss axparimsnts on account of tha prasant scarcity
of potassium salts. A sampla of piano-wirs, 0,45 mm, in di-
amatsr, was platad with 0,45 ampsrzs, It was hsld in ths
bath undar tansicn and brok2 at ths and of twanty-twe min-
utas., No copp=2r was dapnsitad, owing te teo low a voltaga,
This would inq%ata that the hydrogen instaad of tha coppar
causad tha troubls. A sample of tha spring-wir: 1,05 mm,
diametgr was platad with 5,15 amparasand a geed dapesit of
coppar obtained., At th3 2nd of twanty minutas it was ramevad
from the bath and sasily brokan by stratching. Largar .
8iz3s, and springs of diffarant mstals wars unaffactad.

Thes2 data ara as ferllows:

|

Diam, Matarial Tim2 platad Currant zvkﬂ- }
1,57 mm, 3t221 25 m, 1Cc.,00 amps, 'buﬂ%L‘f
2,02 n " n " " . )
2.54 " " : " 15,00 " WV"\.FJ
0,53 " Brass 21 " 10,00 M

1,03 " " 30 " " n

0,54 " Phosphor=bronza 27 ¢ " "

In ordar to test tha offact of th3 hydrogan dsaposition
springs w2r2 2lactrelyzed in a sclution of seodium hydroxide

( 80 egms, ?\T&P]{, ’130 CC., JLif\' )

Diam, Tims platad Currant
0,33 mm, 35 m. 1,5¢C amps.
0,456 mn, 49 m, 5.0¢ amps.

All springs wars unaff:ct2d, showing that tha hydrogen has



no effaet undar thesa conditions.,

The purz sodium cyanids bath was next triad.In crdsr
to pravant tha ascaps of ths poiscncus cyanogan gas,
coppar anodas warz usad at first, with no attampt to ks3p
ths anods and cathed2 compartmsnts saparats. Inccnsistant

rssults wars cbtainad, as fellews:

Diam, Time platad Currant

0,29 mm, 38 m. 1.50 ampa,
0,45 mm, 9 m, 7,00 amps,
1.01 mm, 1 h. 14,00 amps,

The ast2risk marks ths on2 that breka., Ths incensis-
tancy can probably b3 3xplained from the fact that the
solution was usad ovar and ovar again. Copp2ar was dapos-
itad ontha springs. To pravant this, tha coppsr anod2 was
placed in a porous cup, such as is ﬁsad in a Dani2ll cell.
This was tried alena, and in sarias with a ragulatien
cuprocyanida bath, but ths r2sults did net agras with
pravious runs in that no springs brok2 whatavar,

Diaphragm c211 alcne
Diam, Time Temp. Currant
0,33 mm, 1 h, 15 m, 110=12C° C. 2.5 arps.

Diaphragm c211 in saries with cuprecyanids csll

Diam, Tims Temp. Currant
0,33 mm, 20 m, 40° C, 3.5 amps.
n" 35 m, 95% €. 7.0 amps.

The coppar d2pecsitad avan with tha diaphragm c211, so that
a platinum anods was dacided upon, and the cyanogran was to

ba lead out of tha wvsassl intc an absorbing madium,
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The c¢211 us2d in all following 23lactrelys2s 2mbodiad
tha2s2 idsas. It consiatad of a largs, wida-meuthad®¥rlan-
mayar flask, providad with a two-hrlad rubbzr steppar,.

Two coppar l1lsads pisrcsed ths stoppar. "o ons was attachsd
ths platinum anod2, to tha other was attachsd tha spring
to bs 3lactrolyzed. ?nz of th2 helss in th: steppar accon=-
modatad a tharmomstar, ths cthar held ths d2livsry=tubs
which ramoved th2 cranogan. The c2ll is shown diagram-

matically in th: following sk=tch.

« oM

’f

- Spring —
BBl o e 3
N CN solitien

with this ¢21l in ssries with acuprccyanide call,
electrolysis of th2 spring, in both pur2 cyanida and in
cuprocyanid2, coculd bs carriad out undar 3xactly identical
conditions, The ¢,45 mm, plano-wir2 was 2l2ctrolyzsd for
tan minut3s at 7.¢C ampa3ras. The sample which was in tha
pur: cyanidacould b3 3asily brokan, whila tha samplas
in thacuprocyanida'qﬁe much mor: difficultly breckan.
This shows that ths pur: cyanid2 lhas th3 greatar 2ffact,
and it was decidead to carry cut all furthar 3lactrolys:s

in the above c¢all, using pure sodium cyanide scluticn,
made sligbtly s/kaline with Naon
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Omitted data.
In regard to the data on page 4, a sample cf ths
0,45 mm, spring was hung up, und2r tsnsion, in ths cyanids
bath and 12ft for twe hours, with no current passing.
Its prbpertias wars not affscted in any way, showing that
the alactric currant is a nscessary factor in the effect,
Alsc thrae plseces of the wirs war: held as in tha

fcllowing sketch, and alactrrlysed.
Lud(‘-'u
Clamﬁ

_%EF_

Th2 current was 3,00 amperes, which is ons ampers

fa/rtﬂl’n fur’face

for sach wirs, and ths time of immersion was twanty=-thrass
minutes, Ths wirs was just as brittle after this trsatment
as it was if it had deen first besen ceciled and thsen platad.
This shows that coiling is not necessary in ordsr tc have
ths effsect taks plac2, but all following sxpsrimsnts were
parformed on coiled springs sincs mors wirs coculd be put

in a given space with that arrangamsnt.
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The above axpsariments show conclusivsely that the
cyanids radical is nacassary to produca ths braaking 2ffsct.
This suggests a sort of casa-hardaning affact, but as all
of ths 2lectrclys2:s ar2s carriad cut at tampsraturss lass
than ths boiling-peint of watzar, such an 2ffact ssams
highly imgrobable. Nevarthaless, it was thought desirable
to g2t scma infermation ragarding th: carben-contant of
tha wirs. The carbon was datsrmined b23fer2 cnd aftsr 2l3c=-
trolysis by m2ans of tha chremic acid mathed. ( "rsadw21l-
Hall, 1914 sd,, p. 399 ) The wira is beciled with chromic
acid to rxi&; tha carbon to carben dioxids, which is
absorb=2d in a waighad Geisslar bulb., The fecllowing is a

skatch of ths apparatus.

< To Geissle )
Zolh Soda-Limeto
€O, Absorptiog 60 ?emoveCOA
\puct'i,,_ﬁ,.’ % Co 'F.r’ﬂﬂ:i Il-"ltdmt.hj
%o 1iasere 9 alr
Gurrentefan g
A—alr
g infet
J
»

Ce Conc, H,59, to
cac‘a Toremove /asttraces Remove ‘?Bul‘rf of
of water Waterfrom Grases

The first analysas sho3d an avarag? of F.35% carbon
for the untresatsd wira, and valuss of 0.70%, andl, 22~ for
ths wirs that had b33n 9lactrolysad. Thes2 values ars
vaery unraliable, howavar, bacauss th2 analytical apparatus
was not working wall, Tha wash bottlas shown abev2 wars
too small, at first, for ths velums c¢f gas2s and vapcrs
which had to pass through tham, and causad troubls by fil'-

ing up and cvarflowing.
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Byt whean tha small wash-flasks w2r2s raplaczd hy
ones of .suitabls siz2, ths analytical apparatus gava no
further troubls, and gcod chacks w2r: cbtained. The brit-
tlensss sesms to be a function of the depth of immarsicn,
for tha parts of ths spring nsarsr to the tcp of tha scl-

utien sa3am to ba mora brittla than thoss parts mer: de2ply

immarsad. -;ﬁ_w—ie vel o Jolvtion JLr?‘ace
— — _h‘"“‘——-~.yery brittle

It was also noticad in thss2 runs that a vary strong
odor of ammonia was pr2s2nt at ths and of avary run. Th2
colorless solution also graw dark-brown around the anods,
snd this coloration socn diffusad through the 3ntira
gsolution., Tha following ars the analytical data.

Bafora Electreolysis,

I II
Weight sample 2,1945 grams 2.5765 grams
wt, Gaisslars 57,7215 grams 57,7952 grams
57,6650 57, 7185
wt. CO, N.05565 grams €.0757 grams
=:-_;_2%§.}8;§.&= 0. 70 0.273%7.87 .
2,68 veT®

Average = C,74% C

Aftar ¥Wlactreolysis,

333 next paga3.
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After alactrolysis.

I iX
Weight sample 1.1719 grams 1.3274 grams
Wt. Geisslers 57,8295 grams 57.8528 grams
57,7983 57,8310
Waight CO, 0,0312 grams 0.0318 grams
7o = Q288512 o g3 0,279%3.18 = 0,55

P

Avsrags = 0,69 5

Thesa results( .74 and 0,69 ) check within the limits
of analytical error, so that we may say that tha carbon-
contant does not changa. This particular sample was 0,15
mm, in diamstsar, and was alactrolysad at 80-855° C, with
3.5 amperes for ona hour and fift22n minutes. The dark-
brown coloration and the streng odor of ammonia ware in
8vidsnca as usual,

3ince ths carbon=contant did nct chang2, it was
thought that thare might be a chance of the structure of the
stecl changing. In order to invsstigate this, specimens
wara praparad for microscopic sxamination. On account of
tha small sizs of the wire, spacial methods of prepar-
ation had to he usad. 3everal lengths of the wire waras
clampad betwean two strips of brass in such a manner that
the ends projectad bayond the surface of tha brass. Thess
ands were than ground down flush with thz brass surface
and ths whole surface, brass and ste:1l, was ground and
then polished with rouge. In this manner saveral snds of
tha wire wars axposad for ths microscops. Ths arrangsment

is shown in ths following skotchaes. ( S32 naxt pags )
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The plan visw of these sk3tches is the one s22n

through the mi@roscopa. /ﬁl.‘sl.edfurface

L Flan l (D Brass @ } Efevalion

Strife
/N

The springs ware atchad with a four psrcent solution

Wire Ends

of nitric acid in alcohol. The sxamination snhow2d né nc-
ticeable differance bstwe3n th2 structurs of wire which
had b2sn elsctrolysad and that which had not ©bsan, Th2
microscope was fitted with a camsra attachment, so that
photomicrographs could ha taksen.This was dons, and the
picturas are shown on ths naxt pags., The picturs of the
alactrolysed spring appsars slightly diffsrent from that
of the cther, but ths diffarence is not in ths structurs.
It is probably causad by improper davaloping or fixing,
or ths plataz may havs bsan slightly jarread during 2xposura.
The effact of annesaling ths wirs was naxt studiad.
This operation was carried out in an 3lectric furnace of
the resistancs type. A can was filled with some heat=-insu-
lating matsrial, and a h2lix of nichrome wire was inssrtad
in tha cantar.The furnaca was designead to study ths
matal-fog in fussed 2lactrolytas, and had a sight=-tubs
which was in the right position for the insartion of a
pyromatar. The genaral arra ngsmant is shown in the

skatch. For sketch and annealing data s32 pass 12,
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ﬂaglﬁffc atron /7 Diam,

Photomicrograph of wirs
which has not b23n alactrolysad.

0.7 % Carbon
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Magnf‘l‘:'ca’t‘fon /75 Plam.

Photomicrograph of wira
which has bsa2n alactrolysad.

0,7 % Carbon.

(11)



3katch of tha annealing furnace.
Spr g

Tackdd :‘_/M'ohrme Contaiher o
with | Helix 3 rf
it Insal- s
| Hes 3'1.‘-”5-: | ) . " tt0"
yromeler o FiTr I.fn;
/ £ % - £ ghty
o Circ ut
~+

\ Ashestos Plugs /—/’/

The furnac2, ccntaining th2 spring, was started up

slowly, When a tampsraturz of 740° C., was reachsd, the

following

data ware taken,

Time Tamparaturs
11:25 A M, 740° C,
11:45 " 760 "
12:15 P.M. 500 "
12:45 " 350 »

1:00 ® Room temp,

Ths spring was covered with a cocating of oxide, which

when brushed off, left the spring-wire with a diametsr

of 0,40 mm,, instead of 0,46 mm,, which was the original

8ize. The

8low cccling indicated in thz2 abova table

ramovad all strains causad by cold-working and also ran-

dared the
chosan in
Dr., Fay's

this, ths

wiras mueh lass slastic. The temperaturss wsra
accordance with tha2 iron-carbon diagram usaed in
lecturas on enginearing alloys. Acccrding to

transition-temperaturs cf a 0,7 $) carbon stesl

is about 700° C, Photomicrographs of this wirs are shcwn

on the following pages. This wir: was 3lectrolysad for

one and ona=half hours with 3,00 amperes at a temperaturs

of 80=-85°

C. without its physical propsrtiss being affac=-
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ted in ths slightest dasgres.

/\'fag,-, ification /74 Diam.

Photomicrograph of wire
annsalsd but net electrolyssd.

0,7 ;. Carbon,
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Magnf'f/ eglion 70 Diam.

Photomicrograph cf wire
annaaled and electrclysad.

0.7 f Carhon.
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Ths next thing tried was ths uss of th2 springs as
ancdes, This, of ccurse, would nevar be ths case in any
platihg operation, but it was thought desirable to sas
what ths resulte would be. A gsam:le of tha 0,46 mm, size
wa3 usad as an anode feor fifty minutes with 3.5 ampares,
with th2 temperaturs at 80-85° ¢, Its physical properties
undsrwent nc changs whatsver, a slight discoloration of
ths surfacs being th2 only =vidsncs of any changs. In all
these electrolyses the oder of ammonia was pravalant.

Soma of the brass and phosphor=bronzs wirs, of which
samples had b2an a2lactrolysad bafora( ss» pags thres )
ware now cold=worksd and then 2lsctreclyssd. The ccld-
work consisted of hammering te a ribbon betwzan twe flat
pieces of ste2l . The ribbon was coiled intc a helix,
to savs space, and placed in the cell, Tha following

ara the data.

Matarial Time Tamp. Currant
Brass ) 1l h,5 m, .80-85° C, 3.5 amps.,
Phospher-brcnze L " " " »

Neither spacimen was affacted in the slightast
dsgra=, 3xcept for a slight surface disccloraticn,

The surfacss of th2 springs and ths fractures w:are
then sxamined with a microscope. The magnifying powser was
only about 30=-50 diame tars, and no phetomicrographs cculd
be taken, since the wirs was round, and the fracturas ir=-

so that
ragular, n only part of the cbj2ct could he brcught into

focus at one tims.
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The surface of ths wire showad smzll, shallow scratches
running parallel with ths axis of thz wirs foifindafinita
length. Thase were probably caussd by ths die threcugh
which the wire was drawn. The surface also appzarad to b2
composad cf small, interlocking crystals, eimilarin appsar-
te the crystale-structurs semstimss developad in stching
for photcmicrograph work, The surfacs of ths samples of
wire which had be2n 2lectrclysed shewad sxactly the sama
scratches and crvstals which appeared on the samples which
had nct baen alactrolysed . The sketchas shecw liow ths

e
scratch2s and crystals cccur, /)

5 R fike Chis
sver whole surface ’
Scralehes

The majcrity of ths fracturzs seem tc fellew thaes

scratchas,

F G‘enera/ a/,beara

of fraclures / //

Ons sample was twist=ad, but not far anough tco
brsak it, The cracks war2 vary d22p, extanding nsarly to

the centar of th2 wire,

Nccasionally, howsvar, fracturaes cf a different typs
occurrsd, Ths one cn tha right is similar tec the type

called " fracture in detail " in metallcgrarhy. ( s=2 p,17 )
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l com ara?" VE,
JMaoot.

conical Traugi and 3395d
end

| .

Owing to lack of time, ths experimsntal work had
te be discontinued with the microscopic examination of the
surfaces and fractures, While this a2xamination was geing
on, howsver, a sarple of the electrolysad spring was
boiled in water, as scmetimes this treatment renders the
brittlensss in cold-worksd metal less marksd, In this
case, howaver, ths boiling had ne effect, the spring

being just as brittle after hoiling as bafora.
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SUUMMARY OF RESULTS.
The results of ths praceading sxperimsnts may be
summarized as follows:

1., The rendaring of ths mstal brittle is limited to
the use of the wire as a cathode in the electrolysis of,
cr the elsctroplating in, a cyanide. solution, 2ither

simple or complax,

2., The carbon-centent and the microstructure remain

unchanged.

3, The fracturas evidently occur in the surface

scratches caused by the die in drawing the wire,

4, The wire nsed not be coiled into springs.in ordsr

to have the effect take place.
5, The effact does not take place in annsaled wire,

6, Othsr metals than stesl ars appar:zntly not
affectad.
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DISCU33SICN,

From the limited conditions under which ths phe-
nomenon occurs, it is evident that the cyanide radical
is a necessary factor in ths =ffect. But since the affsct
occurs only when thes wirs is used as a cathede, it was
thought that hydrogen deposition would havs soms aeffact.
But hydrecgen deposition has no affaect in any other
solution., It was also thought that the phenomenon was a
case of Cohan's " strain disease " ,but the limited
conditions made this sesm improbable.

The analytical results show the phenomenon is neot a
case -hardsening effect, which was cne idea. The idea of
the formetion of a brittle hydride of iron was abandoned
when the hydrogen-depositicn experiment was performsd.
It may be that a britfle nitride of iron is feorme=d, but
this is improbabls for two rsasons. First, such a com=-
pound would probably show up in th® microstructura; and
second, the nitrogen in ths cyanide ions is carried over
and de posited on the ancde, as cyanogen, whersas the
cathode is the placs whers the effect occurs.

The longitudinal scratches cn the surface of ths
wires may have changsed tha iron in the scratches to the
" amorphbusrcementihg material " of the metallographist.
This might render the iron more susceptible to the effect,
causing ths crack to start in th2 scratch. Howsaver, this

is only a gusss,.

(19)



At first it was thought that ths strain of coiling
the wire into a hslix was a factor in the breaking sffsct,
but this id2a was abandoned when it was found that cciling
was net nacessary in ord:r te have the effsct taks place.

The fact that annsaled wirs de2s nct show ths =ffact
wculd s22m to bear out the idea that it is a cass cof Cchan's
" strain dissase ", but this sesms toc be disccuntsd whan
the limited conditions ars ramsmbered.

In conclusion it must be said that, while it nhas be2n
found that ths phenomencn is not so universal as had besn

supposed, th: sxplanaticn is as far off as sver.
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