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Purpose of This Paper:

The purpose of this paper is to determin if nickel
deposited electrolytically from a nickel bath at 1000F,
or less gives the game adherence oualities to enameling
steel that nickel deposited galvanically at 160-1800°F.

produces.

Theory and Discussion of Ordinary Nickel Bath:

Most enameling plants use a nickel bath in the
pickling line following the acid rinse tank. This bath
vlaces a thin film of nickel on the enameling iron
which is good insurance against many defects which plaque
a plant from time to time. Nickel dips materially aid
in the development of adherence and in controlling the
conditions that contrivute to covper heading and fish
scale,

The following are the factors which affect the rate
of nickel devosition-- strength of solution, time of
immersion in the nickel bvath, nickel bath temperature,
the pH of the solution, acid pickle temperature znd
time, type of nickel salts, and enarel iren stock,

According to Zanderl the grams of nickel deposited

17.17. Zander, "Trend of Relation Between lickel
Denosit and Adherence," Better Bnameling, Dec. 1940.
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galvanically from a nickel bath will vary with tempera-

ture,
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Tffect of time of
irmersion unon the
nickel denosition--

Pickle time- 10 min.
Concentration- 2 oz ¥i/g.
Temp.- 150-1600%,

pH- 5.,8-5,2

Time- variable

Tffect of bath temp-
arature upon nickel
deposition-~

Pickle time- 10 min.
Concentration- 2 oz MNi/g.
pH- 5.0-6.2

Time- 5 nmin.

Temp.- variable

Gffect of bath »H
upon the nickel
deposition--

Pickle time- 10 min,
Concentration- 2 oz Ni/g.
Temp.- 150-160CF,

Time- 5 min.

pH~ variable
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According to A.H. Haesslerl the ideal nickel bath

should have the following conditions satisfied:

2 o0z. of single nickel salts per gal.

.25 0z. boric acid per gal.

pH of solution 5.6 -6.2

temperature of bath 160 to 180°F,
The above conditions along with a five minute immersion
gives a nickel deposit which produces very good adher-
ence. Comparing these conditions with those in Zander's
article® where he gives graphs which show the weight
of nickel deposited, it is found that .04 grams of
nickel per square foot will be depnosited. Now com-
paring this .04 grams of nickel per square foot with
Zander's chart on good adherence, under various condit-
iong, one finds that the .04 grams falls well within
his range of good adherence. Therefore, the above
conditions were used as a base for finding what effect

electrolytically deposited nickel would have on the

adherence of enamel.

1A.H, HYaessler, "Preparation of lletal Surfaces,"
A Manual of Procelain Enameling, 1927, p. 84.
J.

1. Zander, 1bid.
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The Apnlication ofElectricity to the Nickel Bath:

Since the averapge galvanic bath must ve kept at
180 to 1800F, to plate out the amount of niclkel necess-
ary in five minutes to procduce the desired adherence
between the enamel and steel, it seered feasible to
prodvuce the same results by lowering the hath temnera-
ture to 100°F, or lower and applying electricity to
speed up the deposition. A bvath at roon temperature is
an ideal set-un and it would he less costly from the
standpoint of fuel necessary to »roduce steam to Xeep
the bath at the cvstomary 160 to 180°F. The working
conditions will be improved by reducinz the bath temp-
erature, and the life of the tank should be »nrolonged.

It is understood that an electrolytically deposited
nickel is a tight deposit, while the galvanic deposit
is a loose denosit vhich can de rubbed off. A loose
deposit as formed by galvanic deposition is easily
taken un by the ground coat to produce adherence, while
it is debatable if an electrolytic denosit will do this.
The resnective merits of hoth types of denosits were
observed.

wWith the ahove ir mind the following procedure

vias followed:



Procedure:

Tank and anparatus used-- The nickel tank was nade

from raionel metal. The dimensions were 8" X 8" X 12"
with a wooden sunmnort on each end used to sunnort a
covper har upon which the test sheets were suspended.
Tour feet of nickel wire rolled into a 3" rins and
suspenced in the soltution acted as the anode. The
current and voltage vas supuvlied by a six volt storage
battery. In series with the basth and the battery was
placed an amneter anrd a variable resistance. A volt-
meter was hooked across the nickel bath temmnorarily so
that readings of the voltage drop across the bath could
be taken from time to time. The nickel batr was kent
at the desired temperature by the use of a hot plate
and a bhunsen burner, if the latter was necessary. The
other solutions were contained irn ordinary crocks and
were also heated by o hot plate.

The Taliotte Roulette Comparator was used in deter-
mining of the pH. The color standard used was chlor-
phenol red, which has a pH range of 5.2 to 6.8.

The ground coat enamel was dried in an oven at a
temperature of about 3000F. The sheets tested were
fired in a small muffle furnace, auntomatically controlled

at 850°C.
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The bendings tests were performed with a clbamp-like
device that held the enameled sheet tightly in place
while the bending was done. A piece of wood was used
t0 back up the enameled sheet. This niece of wood was
shaped as shown in the drawing to assure a uniform
curvature when bending the enameled sheet during the
adherence test.

A dron-weight test was wuaed to check the results
of the vend test, An 180N gram, 3.5" steel ball was
dropped 18" upon the eneméled sheet which was lald over
a. cupped shaped piece of steel that had a circular hole
3" in diameter. The ball mas dronped first on one side
and then on the other until bare steel was viasidle.

Solutions used--

cleaner- 4 oz. Oakite per gal. water.
temperature- boiling.

pickle solution- 6,5 Hs804
1,0 Nacl
terperature 170°T,
time~ 5 minutes.

nickel solution- 2 0z. single nickel salts./sz.
.25 o0z. boric acid wmer 3zal.
pH- 6.%2.
temperature- and time variable.

neutralizer solution- .4% Nago -- egually divided
hetween NaO0I, Nagco%, and
NagBéov.lO HZO‘ -



General Characteristics of Jickel Bath 25 Tound by

zreliminary Observation--

l. UMen no He50, is vnresent in the bath, “he only
acid neing Mmoric acid, no hydroszen iz evolved at low
termeratures and relatively hizh voltages, dbut if ¥.,80,
is added only in small amounts hydrogen is evolved, It
was ohserved +that the rate of hydrogen svolution increases
v7ith increase in the temmnerature of the nickel bath.

At two volts and 1809%, no hydrogen was observed and at
three and Tour-tenths volts and room temnerature no
hydrogen wras evolved, hut with a voltaze of four volts
and 18097, hyvdrogen was cvolved rather vigorously. The
areo of the cathod will determine to a limited extent
whether hydrogen will be =avolved or not. An extrerely
small cathodesrea makes possible hydrogen evolution.

2. Then the bath is at 170°7., current and voltage
throuzh the bath iz 2 amp pner square foot and 2 volts
respectively, and the anode-cathodcdistance is 4,5%,
the amveres and voltage do not change appreciably when
the anode and cathode are broucht close to one another,
but as the current is raised to 4.5 amperes per sguare
foot or more, roving of the cathode and anode together
produces a marked increase in the current and voltaze
through the ceil. This is due to the fact that the

break down voltaze of the solution is somewhere above
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two volts and under the voltasge associated with four and
five-tenths amps per scuarz Toot.

3, At low voltages, 1.3 or 2 volts, wnen the bath
is at 1700®,, the area of the anode surface is no factor,
but 3t higher voltages it is a factor.

4, Below is a gravh showing the relaotionship
between the temmerzsture of the bath and the voltage

drop through the bathn:

3.5
3.0 B

voltage B.SF

drop
2.0 f
1.5}
1.0 s . , )
50 100 150 200
Temp.- OF.

The bath was set unm as avove with the temperature
1700F, 8Single sheets were plated for 15 and 30 minutes
at R amperes per square foot. The amount of nickel
devosited was determined.

In 15 minutes ,2691 grams of nickel per square
foot was deposited and in 30 minutes ,7056 grams of
nickel per square foot was deposited. This would
indicate that as time progresses the nickel deposited

per minute increases.



Using the 15 minute deposit as a standard, it was
found that in one minute .269Q1 = .0166 grams of nickel
is plated out per sguare foii per minute. 8o in two
minutes ,0322 grams of nickel per sguare footwould be
plated out. This is over the .025 grams per square
foot minimunm for good enamel sdherence. A check was
nade to determine if that amount of nickel is actually
nlated out in that time and it was fourd that it is.
F¥rom this it was assumed that a two minute deposit at
1700F. in the standard bath is equivalent to the 5
ninute galvanic cdeposit at 17007, in the standard bath,
Of course it is undexrstood that these two tynes of
deposits, the electrolytic and galvanic, will not nroduce
the same degree of adherence to enamel on steel, vnless

some of the conditions of the bath are changed.

Actual Run:

With the ahove characteristics in mind the first
un was made. The 4" X 4Y gheets of enameling iron
used viere cleaned in a cleaner solution for ten minutes,
rinsed, and then pickled for five minutes.

Thev were then rinsed and singly placed in the -

nickel bath. The bath conditions were as follows:
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2 0z. sinzle nickel salt per gal of water.

.25 02, boric acid per zal of water.

wH- 6.2 plus or minus .1l.

current density- 1.8 to 2 amp. ner sg. ft.
temnerature of bath~ 16497, down to 200%.
vbltage varied 2 to 3.4 volts, inverse as temp,
steel sheets 4% X 4",

anode-cathode distance 4.5 inches.

The time of immersion was varied from 2 to 6 minutes.

The temperatures were 164, 150, 130, 110, and 90°F,
After the sheets had been properly treated, they were
rinsed, neuvtralized, and dried. A standard ground coat
enamel was placed on the sheets by dinping. The weicht
of anplication was 1.125 oz. per square foot. The
sheets vrere then fired out proverly. |

The adherence test mas made by bending the corners
of the enameled sheets over a wooden edge that had a
radivs of curvature of .25", DIailure in adherence
observed vhen bare steel was seen at the bend on the

tengion side . The angle through which the sheet

had been bent to cause failure was measured and recorded.

Jdentical sheets were enameled under the same conditions,
excent that the nickel coat was anplied by galvanic

action for five minutes. These galvanic sheets were
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given a rating of 10 because of their good adherence
guelities. The electrolytic plated nickel sheets were
rated in commarison with these zalvanic sheets.

A re-tun was carried out under the same conditions,
gxcent that thzs low temherature-short time and high
termerature-long time nortion of the series were omitted
due to poor adherence in the first run. The temperature
waa increased to 13707, as a maxirmn and lowered to
8407, as a minimm. The maxinmum tinme was increased to
9 mirutes 2t the lowest temperatvre. Tne same test of

adherence was applied and agerin they were compzred with

sheets that had been galvanically nickel cointed,

Results:
Time of immersion- minutes

Temp.OR, 2 3 4 5 6 7 I 2

180 4 5 6 7 6

160 4 6 B2 8 lJess than

four
140 6 6 10 8
120 : 6 8 1¢ 8
less thnan four
100 10 8 7
84 10 8 7 6

Enamel adherence to sheets given electrolytic
nickel coat equals that of sheets given a galvanic
coat when a rating of 10 is given, other values indicate

provortionally inferior adherence.
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IFrom the data one can readily see That sheets viich
were electrically nickle coated under the exrerimental
conditions at the Temperatures of 140, 120, 100, and
8497, for 6 and 7 minutes mossessed the same ensmel
adnerence qualities as sheets niclel coated in a g2l-

vaenic bath at 17007, for five minutes,

Conclusions:

Mickel ap»nlied to enameling steel or iron elect-
rolytically from a nickel bath under the following
conditions--

2 o0z. sinzle nickel salts mner gal of water.

+ o0z. horic acid ner sel of water.

nH of solution- /5.2 plus or minus .1

temperature- 84 to 100°T,

time of iwmersion- 5 to 6 minutes.

cathode~anode distance- 4.5 inches,

monel metal tank-- 8" X 8" X 10"

sheets~ 4" X 4"

curvent density- 2 amp/s¢. ft. voltage- 3.4
will cause enamelto adhere to the iron or steel to
the same degree as nickel apnlied to enameling steel
or iron galvanically under the followinzg conditions--

2 0z, single nickel salts er 3al of water,

4 0z. bvoric acid per gal of water.

pH of solution- 5.6 to 6.4



temnerature- 1060 to 18007,

<

time of immersion- 5 to 2 minutes.
tank, monel metpl- 8" X 8% X 10"

sheets- 4" X 4"

As stated vefore, by calculations and exweriment,
a two minvte deposit at 2 amperes per sguare foct
current density and 170°F, deposits as rueh nickel as
does the galvanic action from the same solution in
five minutes. Howvever, the re=ults =how that thae hest
adherence is not obhtained by a tvo minute denosit
electrolytically which really is the ecuivalent of a
five minute galvanic denosit. This may be explained by
the fact that an clectrolvtic nickel denosit is tight,
vhile a gaolvanic nickel deposit is a loose deposit wnich
cen actually he rubbed off. A loose deposit is more
readily absorbed by the ground coat., TFor the encmel to
take up an electolytic dewnosit, it apvears that there
must be more nickle available,

The author Teels that much can be done on elect-
rolytic nickel coating of eniumeling iron prior to
enameling in an effect to eqgual the adnerence produced

by a galvanic coating of nickel.
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