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SOME RECENT DEVELOPMENTS IN THE ZINC-PLATING OF
STEEL CARTRIDGE CASES IN CANADA

by

b
W. Dingley

ABSTRACT

For some time high-quality electroplated zinc
has been specified as a suitable coating for protecting
drawn-steel cartridge cases of the 105 mm and 3 inch,
70 calibre,types. The present report outlines a recent
‘Canadian investigation that has shown how to improve
the quality of the zinc which is being applied by present
processes, In particular, the following improvements
are dealt with:

(1) An alkaline anodic treatment to remove zinc phos-
phate coatings from steel surfaces, particularly
coatings thal have undergone heat treatment.

(2) A rapid and effective method of removing ferrous iron
and nickel, and probably other similar impurities, .
from the cyanide zinc plating bath,

(3) A rapid and effective method of removing the same
contaminating materials from the surfaces of zinc
anodes used in the same type bath. '

In addition a hydrochloric acid corrosion test has been
developed,which has enabled the detection of metal con-
taminants in the zinc coatings and thus in the cyanide
plating baths.,

*Technical QOfficer, Corrosion Section, Pyrometallurgy
and Corrosion Subdivision, Extraction Metallurgy
Division, Mines Branch, Department of Mines and
Technical Surveys, Ottawa, Canada.
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.. INTRODUCTION

1. In 1956 the Canadian Department of National-Defence agreed
to accept drawn-steel cartridge cases of the 3 inch, 70 calibre type
for the Navy,and of the 105 mm type for the Army. Each case was

i:o be zinc-plated ir; accordance with Federal Specification QQ-Z-325a
of the U, S. A,, in which a Type II, Class 2 zinc coating was specified
for the ext.erior surfaces and a Type 1I, Class 3 zinc coating for the

interior surfaces, THaser frtrs\eLLhLSA&pemf cation_which are .

/ N
p%%,ﬁﬁl _imy ,estlgatlon are gi /

i O
[N
o
g
*C}
(D
;!
Q-x
g
[
H

S e
DT SNSRI

2, By the early part of 1958 cases of both types were being
produced, inspected, placed in cardboard cartons and shipped to the
Filling Division for storage until required. . This storage was in
unheated buildings where, due to the temperature fluctuations, a
certain amount of moisture condensation must have takeq place. In
other words, for at least part of the time, the zinc coatings on the
cartridge cases must have been covered with a thin film of condensed
water which somewhat resembled distilled water except that it

doubtless contained carbon dioxide dissolved from. the atmosphere.

3. In December 1958, tiny black spots were observed on the
surfaces of several cases of each type., The manufacturer then
made certain process changes which he believed would improve the
zinc coatings and prevent the development of spots on futur'e cases,

However inspection during the following months revealed that spots




‘had developed qﬁhsome ofl the newer cases soon after they had been
placed in storege; also-that there had been an increase in t'he nurnber’.
of older cases wifh spots, and in t‘ee number and size of the spots

on each case. T‘r"xis corfosioq weuld not have been considered
partic:ul‘erly' sefieus in wartime when the certridges pro'be‘bly would
have been used a few months after they had been rnanufactp._red.
However under present-day ‘eonditions they might remain in storage
fo;‘ many years. Also at seme time in t.he future the iélated certridge
‘cases might have to be etored under_ tropical coﬁditions which would

be much more corrosive than the present storage conditions.

4, This Division was requested by both the-rnanufacturer

and the'user of the cases to make a thorough investigation of the

-

causes of this deterioration and recommend a remedy.
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5. The complex manufacturmg procedure BSed at that time in.
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which were made,durlng th;fl 23 esltlgatl\on,,,have been included in the
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list, 'these‘ha/";(e been ;)}?g;d'in " hoxexl

: e ! to enable the reader to
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obtain a’ clearer undefstanding of ‘the situatidn.
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6. -The investigation is described under the main headings:
1  Examination of materials involved in the problem
11 _Laboratory corrosion testing.

m Improvement of the surfaces of the cases ‘prior to
zinc plating

Iv Improvement of the zinc plating procedure, -




INVESTIGATION

I Examination of Materials Involved in the Problem
Syt e TN <Ceq,z_,¢r//_—/m:§ LN
Metallographic Examination
R
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7. Metallographic examinations by D, E, Parsons(l) and

JeJoe 2 , both of the MineiBranCh staff, revealed that the
surfaces of the drawn steel were mooth and éovered with a uniform
grey coatin of zinc phpsPhate 0.0005 inch thick, prior to the
. tempering tr atment (Step ix). After\this treatment the“steel was
slightly rough and covered with tempé oxides and the remains
of the zinc phosphate coat.i-ng. Tﬁese fd med a rough dull-black
film containing numerous tiny, severely-dracked areas, 'FollowingA
the ,sﬁlphuric acid ickle, which was supposed to remove this film,

,
the surface of the stgel was severely pitted ahd covered with an
adherent smutty, black coating, Many of'the pits were between
0.001 énd 0. 0015' inch-in depth and partially or T\Eor'npletefy filled
with black material. The\abrasive treatment (St\:¥ xvii),

adopted by the plant rﬁanag ent, improved the surface appearance

but increased the amount of material in the pits.

8. It further was found that the black spots, seen oh the zinc-

=1

were mounds of corro

plated cartridge cases in storage on
product covering a tiny uncoated pitted area of steel. Appayrently
the zinc was plated on the adherent smutty, black coating resulting

from thé sulphuric acid treatment, inktead.of being plated directly

on the steel,




Thickness of Zinc Coating

9, 4 Using|{a chemical stripping method it was found that the
average thickness of the zinc coatings on/the exterior surfac'es of

the cartridge cases varied between 0. 0003 and 0. 0006 inch,’

- Analysis of the\ Zinc Coatings on the Cases
10, Iron was found to be the major impurity in the zinc coatings;

o 3 [ .
however nickel,chromium and copper were present as trace elements,

Analysis of Zinc Pla\tirig Bath! ' o . L -
11, The plating bath used f7{r plating the cartridge cases

contained sodium cyanide, s\ddi}lm hydroxide and zinc cyanide as
the major constituents. In a(idition there was a considerable
amount of iron, small amounts of nickel and chromium,and a trace

of copper.

Nature of Smutty Black/ Coating

12, It was shown by the X-ray diffraction method that the
1 ,
smutty, black coating, remaining a} er the sulphuric acid pickling,

consisted Iargely of zind phosphate and an unidentified material.

Nature of Corrosion Product on Zinc Coatings

. / _
13, It was show fby the sarnefmetl\lkod.that the dark sp_ots,fouhgl

on the cartridge cases in -storage,; consig-te'd largely of basic zinc

carbonate (4 ZnO. (L/OZ. 4HZO). The rnateriil causing the color in

the 5po£s remained unidentified. \

3
3
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Distilled Water .Testé

18, . As stated above, 'ghe zinc#éoated cartridge cases must be
covered with a film ;ﬁ«ate’r, prob}ably somewhat re‘sem'rplingv
distiil'éd Water:co.ntaining di'vss.olv_edj.carbqﬁ_dioxide, .during pért of . ) g
the time they’are ipv this par 'i'cular:rk'ind of storage. A.:cco,rdingly
sarﬂbles 'cut'fJ;‘ofn zinc;éoated\artridgec‘ases were imm_ér sed in
. dié_tillleld wat'evr;-which .ha,dA_beeAn exposed to .the air, at 70‘?F (‘21‘ °C).

In this Way_bla‘ck’s'po'ts,similar in a pea;r:’a.nce* t:o‘A(:hQ'se already’
obsexjvgd on ca_r.tridg;a cases'ir} -s?tdrag.‘ , Wére‘ i’);odu’qed on ‘éhr.omaée-
treatea‘f» zinc coatihgs in lzf);tq 14 days and on unchrofpated ones in

2 to 3 hours. . Unfoxjtunately‘this test was 'n'suit;ab‘le for use in

’

evaluating the piating on cases in production\because of the length

40

of time required, . .

. H}"dfochlori;c'A..ci’d T‘e'.st's ’
19, B iAcco'rding to UR. Evans.(3),"maqy inVestigqtqrs‘ have
. found th;cxt relativ‘elj pure z.i'nc ié éti:a’ckkec_‘l comparaﬁively,‘slb‘wlly by‘_
_d%lut_e 'aci‘ds,and»v'ery little’s"nmt remains oﬁ tft;e surface after the
: at.tacl'c." They als’o have fqund trhat’-s‘mall per'c"e.ntag‘es o£ §ther metalé
‘iljl zinc increase oyr’ dgcreasé 1ts ra‘te.of diésélution.j' _Aithou‘gh‘an’alysis,
"had.s'how'n cgytaiﬂ qth_gr :n'letals t{o»b’e pre“sentA in the zinc: c<‘3atir‘1grsy of .
i‘nterest 1n tvhisi inv‘estigaiti'on,yv the’ amounts of these %ﬁeta‘ls were very ‘
small, . ahd .t:heir énaljs“esfver;lr 'cornplicated{and timfe‘-cbnsu'rr.xing;
also thé a“ccuracy of aﬁ:élysés was not of 2 high order. .In \)ié'w of

this, a test for determining the‘fate of dissolution of electroplated




zinc coatings in dilute hydrochloric acid was adopted to give an
indication of the amount of metallic impurities preser.it in the coatings,
The rate was determined by measuring the rate of evolution of
hydrogen(Such a test, using dilute sulphuric acid, was used by

4 . '
F.W. Harris( ) in testing cast zinc specimens), The required

apparatus and the procedure used in the hydrochloric acid test are

described in Appendix III.

20, A large number oi;' electroplated zinc coatings from
1aboré.tory experiments and plant production wére subjected to this
test, Samples from other plants, including that of a British
manufactu1;er, also were tested. In these tests the gas evolution rate
vdried from 0.05 to 17 ml/ minute, and the time requi?éd to
completely dissolve coatings of 0.6 mil thickness varied from 2 to
160 minutes. The dissolution rates shown in Figure 1 illustrate
graphically the great differences which were found in electro-

plated zinc coatings on steel. It may be added that, although not

included in the graph, zinc coatings on cases produced in the U.Ss. A,

- were found to dissolve as rapidly as those on cases produced in

Canada and Great Britain, It is of interest to note that by far the

greatest dissolution rates were obtained from zinc coatings on

cartridge cases,
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Figure 1. Dissolution rates of laboratory- produced and plant produced

electroplated zinc coatings. :

" A-laboratory- produced coatlng on m11d steel, from a -pur1f1ed
cyanide plating bath (see para, 44)

"B- plant- produced coating on mild steel,. from a commerc1a1
cyanide plating bath,

C- plant-produced coating on rmld steel from an acid-sulphate

- plating bath,

D-plant-produced coating on a Canadian 105 mm cartndge case,
from a commercial cyanide plating bath.

‘E -~ plant-produced ‘coating on'a British cartrldge case, from a

‘ commerc1a1 cyanide platlng bath.




III Improvement of the Surfaces of the Cases Prior to Zinc Plating

21, As stated earlier under the heading '' Metallographic
Examination'', the steel was covered with a film of temper oxides
and the remains of the zinc phosphate coating after the tempering
treatment (Step ix) had taken place., This film contained numérous
tiny severely-cracked areas, During the pickling (Step xii) a
considerable part of the film remained unattacked by the acid;
however the latter did reach the steel through the crack&‘;‘, and pits

were produced in such locations,

22, Since it would be difficult to electroplate.a zinc coating of
good quality on such a surface, the writer attempted to‘ remove all
nonmetallic material so that the steel would ‘be entirely exposed
prior to plating. Various acid treatments, both chemical and
electrochemicél, were entirely unsuccessful., Alkaline solutions

had some effect but the rate was prohibitively slow. Cathodic
treatment in 5 to 10% sodium hydroxide solution removed the original
nonmetallic material but at the same time deposited another material
which was insoluble in acid., Finally it was found that a one-minute
anodic treatment in a similar solution would remove all undesirable

material and leave an active steel surface.

23, Further experimental work by the manufacturer of the
cases showed that anodic treatment in his alkaline cleaner solution

removed the nonmetallic material completely provided that the
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cleaner contained at least 3% of sodium hydroxide (‘Step'm‘civ). The
use of this solution,instead,of one containing sodium hydroxide alone,
had the additional advantage that objeétionable fumes were reduced

to a minimums,-

24, The manufacture;‘ also showed that anodic pickling in 60%
(by vvolurnne) commercial sulphuric acid was supefior to ofdinary
pickling ih a"10% solution (by volume) of t.hevsa.rne a(.:ivd '(S_tep xxvi)
because it-tends to open up the p'its in the steel so that their_intterio;s
can be plated more effective‘ly. The wril;er .suggeste‘d the use of

water sprays for rinsing in Step xxvii.

25, It will be noted that during this inves'tigav..ticlmr emphasis

wag placéd on the Iremoval of thev phospha'te coating after the steel
ha'd beeq subjected to heat treatment, It shoula be pdipted out tﬁaf
the Aremovail of this material prior to the heat t‘re,atrr.xenAt would be the

- most desirable procedure,

v Impi'ovefnent of the Zinc Plating Process

Nature of Plating Bath Contaminants

26. As stated earlier, small am'ourits of iron, nickel, | chromium
and copper were found in the zinc coaﬁings on the cé.r‘tridge cases in
storage. Then, as expected,' it was found that small amounts of these
same metals were present in the zinc plating bath at the plant.
Accordingly the.first phase of this part of the investigation was to

replace the old bath by a new one produced from commercially-pure
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chemicals, and use the latter for plating cartridge cases having

clean and active metal surfaces.

217. A piece of cartridge-case steel was plated in a sample of
the new bath in the laboratory. The resulting coating was subje,cted

to the hydrochloric acid test,

28. Cartridge cases were plated continuously in the plant,
starting with the same bath., Plated cases Nos. 5, 686 éingl 1276 were.
removed and subjected to the hydrochloric acid test (1276 cases were

approximately 1 1/2 days' production).

29, . For comparison, a piece of mild steel was plated in the

laboratory in a bath purified as in paragraph 44, the resulting

sample being subjected to the hydrochloric acid test,

30. As shown in Figure 2, none of the .zinc- coatinAgs produced
in the plant gave \as low a rate of hydrogen evolution as did the one
plated in the purifieci bath in the laboratory, ie, under the most
nearly ideal conditions. However the rate of hydrogen evolution
increased considerably as the number of cases plated in the plant
increased. The difference in rates.between B (the first sample

) plated in the laboratory using commercial materials) and C (the
fifth case plated in the plant using commercial materials) is par-
ti'cufarly noteworthy. The result obtained with the coating on case
No. 1276 approached that obtained with the coating on a case which

had corroded in storage.
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Figure 2. Variation of dissolution rates of electroplated zinc coat1ngs

on cartridge cases with the number of cases plated. The o
dissolution rate of a laboratory produced coat1ng on mild . '
steel is included for comparison.

A- laboratory-produced coating on mild steel, from a pur1f1ed .

B cyanide plating bath, ‘ ' *

B - laboratory-produced coating on cartridge-case steel,. from
freshly prepared commercial cyanide plating bath.

C- plant-produced coating on the 5th cartridge case electro-

~ plated from a bath similar to that used in plating B. '

D~ plant-produced coating on the 686th cartr1dge case plated

' from the same bath as:C, .

E- plant-produced coating on the 1276th cartr1dge case pla.ted

- from the same bath as C.
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31, These results strongly indicated that the original bath was
comparatively free from contamination, but that the concentration of '

one or more contaminants increased as the plating proceeded.

32, It was recalled that iron and nickel had been found il’.il the
original plating bath used at the plant; so one or both of these was
immediately suspected of being the contaminant (or contaminants)
which produced such a. great change in the rate of corrogion of the

zinc in the Eydrochloric acid test,

33, To obtain actual proof of this a series of laboratory
experiments was performed., Zinc coatings were plated from
solutions containing impurities as follows:

No appreciable impufities

.0.05, 0.3l and 1,25 grams/ litre of iron in the
ferrous state

0.09 gd:ams/litre of nickel,
&

The results of the hydrochloric acid tests on these coatings are
shown in Figure 3. It is quite evident that after iron or nickel is
. introduced into the plating bath, the hydrogen evolution rates of the
resulting plated samples become greater (sometimes much greater)
than they would be in the absence of these two contaminants; also
a much larger amount of iron than of nickel is required to produce

the same result,



14

HYDROGEN EVOLVED (millilitres)
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Flgure 3. Dissolution rates of laboratory- produced zinc coatings on
mild steel, from purified zinc-plating baths containing ferrous
iron or nickel as impurities,

A -bath with no appreciable impurities.

B- bath containing 0.05 grams/ litre iron.
C-bath containing 0, 31 grams/ litre iron.
D-bath containing 1.25 grams/ litre iron.
Y- bath containing 0,09 gMQ/ litre nickel.
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34, In view of the analytical results obtained, it is possible that

chromium and copper also are highly undesirable contaminants,

These will be investigated later.

Source of Plating Bath Contaminants

3%, The next problem was to determine the source of these
contaminants which apparently continued to enter the plant plating
bath while it was in u#e; As indicated in Appendix II, theh‘mternal
anodes used in zinc plating fhe cartridge .cases consisted of a nickel
tube with a flared piece of mild steel fastened to one end by means

of a nut and bolt of 18-8 stainless steel. The stainless steel contains
about 8% of nickel. It appeared that the bath could have beeg con-

taminated by the very slow but continuous solution of these metals.

36, Zinc-plating experiments were performed using pairs of
anodes, each pair consisting of a zinc anode connected electrically

to an anode of one of the fc;-iiowing materials: mild steel, nickel,

18-8 stainless steel (cdntaining 8% nickel and about 70% iron) and
inconel (containing 76% nickel and 7.5% iron,as well as 15% chromium).
The samples for the hydrochloric acid test were not plated until each
pair of anodes had been used in its plating bath for from 20 minutes to
2 hours and then the non-zinc anode removed. All baths had been

purified before use, and all cathodes were of mild steel.

37, The results of the hydrochloric acid tests on the plated

samples are given in Figure 4, These are due to the nickel and/ or
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Figure 4. D1ssolut1on rates of laboratory _produced zinc coatings on -
mild steel, from purified zinc plating-baths in each of which
an anode of zinc (99. 99% purity) and one of a different metal
'had been used., Prior to plating each sample the non-zinc’
anode was remaved from the bath, :

A~ coatlng plated after bath had been used for two hours w1th 2 .
zinc anodes (for comparison).
B-coating plated after bath had been used for 20 minutes with a
stainless steel (18-8) anode and a zinc anode.
' C- coating plated after bath had been used for 2 hours with a
stainless steel (18-8) anode and a zinc anode. '
D- coating plated after bath had been used for 2 hours w1th a
mild steel anode and a zinc anode.
' E-coating plated after bath had been used for 2 hours w1th a
nickel anode and a zinc anode,
F - coating plated after bath had been used for 35 minutes with-

an inconel anode and a zinc anode.
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iron dissolved in the baths from the various anodes containing these -
metals, ' The zinc-plated samples from the resulting baths gave a much
greater hydrogen evolution raté than did thgse from baths which did not
contain nickel or iron. Her‘e again it was shown that nickel is a much
more serious contaminant than iron. Since the inconel (76% nickél) had
an even greater effect than pure nickel it is possible that chromium

also is a highly unde siraible contaminant,

~

38, Expefiments also we‘re conductéd in a zinc-plating pilot plant’
where it was possible to plate individual cartridge cases in racks
similar to those used in the continuous production line. It was found
that an.ordinary internal anode of nickel and mild steel, when connected
to the electric circuit, caused the dissolution.rates of the zinc coatings
to increase rapidly. . If this internal anode .was disconnected f1;_om the
circuit but allowed to remain in the bath during plating, the same
results were obtained but a longer time was required. When the
internal anode was removed from the bath the dissolution rates i
remained low; however, of course, the interior surfaces were not
plated. The rates continued to be low, and the interior surfaces were

9

plated, when internal anodes of zinc were used,’

39, During these experiments thé hydrochloric acid test proved to
be an important tool in detecting the presence of contamination in the

plating baths and pointing to the major sotirce of this contamination, -
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Prevention of Plating Bath Contamination’

40, In view .of’th_ese results, it has been suggested that the internal
anodes of nickel and mild steel ‘fo‘rme.rly used in produc¢tion be
replaced by zim‘:" anodes., This would keep the contaminant content .
of the‘plating‘ba'th' at a desirably low level; however the shape of the
zinc anode would ch'ange dﬁe to diqsolution of the zinc and ‘this, in -
i:urn, would cause an undesirable change in thé thickness- of the

internal zinc coating.

Removal of the Contaminants from the Plating Bath -

41, Zinc coatings from é.' purifi_ed"pylatingvbath may have a
hydrogen-eyolution rate as low as :@Z-E_Zml/ hour in the hydrochldric
é.cid .t'es‘t. Even a plating bé.th produced frém reaéent—grade
chemicals onuld not give a zinc i)late h'aving such a iov;/ eivoiution -
rate. | Accordingly the next stage of the investigation consisted of‘
a search for a method of purifﬁng zinc cyanide'plafing baths which

have been contaminated by elements such as nickel.and iron.

42, Several procedures which have been proposédb "1n the liteféture
weré first investigated, the first be‘i.n'g the prelimiﬂary elec.trolysis
of the plating bath using zinc anode.:.s and mild steel cathodes at a low
currAent. density for 16 hours., Such a procedure is commonly called
" aummying" « In some of these experiments the an'od'els were cleaned
in acid, which gave some improvement as shown by the b&drochldrié
acid test; however none 6f'thé experiments involving the use of

" dummyidg" were particularly successful, as shown in Figure 5.



HYDROGEN EVOLVED (millilitres)

Figure 5.
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19

o 4 _ 8 .1'2 l|6 20
TIME (minutes)

Dissolution rates of laboratory-produced zinc coatings on
mild steel, from commercial plating baths some of which
had been purified by preliminary electrolysis using zinc
anodes and mild steel cathodes (dummying).

coating from commercial plating bath with no preliminary
electrolysis.

coating from commercial plating bath which had been
"dummied'" at a low current deunsity for 16 hours.
coating from commercial plating bath which had been
"dummied" as in B. Anodes cleaned once in acid during
the "dummy'" treatment.

coating from commercial plating bath which had been
"dummied" as in B. Anodes cleaned several times in
acid during the " dummy" treatment, '
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43, Little impfovéme.nt- also was obtained when using the
‘standard method of treating the plating bath with zinc dust. The

: | . ‘ N ;
treatment recommended by H.J. Backe and R.¥.C. Robinson( ‘),‘ in

which the bath was treated with zinc dust at 113°F (45°C),gave a major

improvement but required at least 24 hours., .

44, Much better results were obtéined by a new procedutre developed
by the writer in’ which ’zinc'dﬁ'ét was added to the platingA bath éithgr in
the plating cell or in a purifying taLnk equipped with iinc anodes and a -
steel cathode. The sblution,at room temperature’, was vigorogsly
agitated while being electrolyzed at a curfent dénsity of 75 to

85 amp/ sq.ft. The quantity of zinc dust and the length of time
required'depended on iflow badly (:he bathwgs contar'ninaF:ed. Five to 10
grams of zinc dust per litre of so'lution' and 1/2'(:0 2 hours ap”pear to. be
,adéquate for most baths. The cathodes were scraped seve_rai times
during treatment to rer.nox.re ‘the zinc sponge that fo?_rned on.their surfaces.
During the process the 'zAinc, particles gradually adhered to one another -
and‘l:';ecarne sufficiently heévy to se'ttle' to the bottom, - At the end of

the treatment the plating bath wa‘.s fil/tyered and returned to the plating

tank,

45, “The results obtained in ekpefiments with these different

zinc dust treatment's are shvown>i_n Figure 6.

46, It has been shown in Figures 3 and 4 that a very small amount

of nickel is a serious contaminant when present in a zinc cyanide
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Figure 6. Dissolution rates of laboratory-produced zinc coatings on
mild steel, from plating baths purified by various zinc-
dust treatments, The results obtained with an unpurified
bath are included for comparison.

A- coating from a severely contaminated bath,

B~ coating from the same bath as A after it had been given the
standard zinc~dust treatment at 70°F,

C- coating from the same bath as A after it had been given a

) zinc-dust treatment at 113°F for 24 hours. _

D~ coating fromthe same bath as A after it had been given a

zinc-dust treatment at 70°F accompanied by electrolysis,
for one houyr. '
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plating bath, This contamination can be avoided by using internal |
anodes of comparatively pure iron, which is much cheaper:‘t.han'nickel
ot hickel al'loys; _sﬁ.‘ch‘as 18-8 stai.niess steel or inconel, 'fﬁe iron
a‘lsovdiss‘ollves slowly in the béth, but it can be _‘r.ernoved by means Qf ’

the electrolytic zinc-dust treatment,

' 47.V It is important to add that the c'urvre.nt efficiency of zinc
plating is greater in cyanide"bathé purified by thev eleictrol*)’rtichz-inc
dust treatment déscribed above | than in cyanide bathé containi'ng
impurities such as nickel and ferrous iron. Ferric iron is not

considered to be a contaminant,

Decontaminating Zinc Anodes
T-

48, - On some occé.éions, during the 'pr.esent i_nve'stigat.ion, it was
obéerveci that a purified plé_.ting bath produced ;inc boafing’é 'ha.ving'
high dissolution rates. Tﬁis appeared té happen -when tﬁe"zinc anodes
had been used previously 1n a coﬂtaminated plating bath and had 'ﬁot
been cleé.ned suffiéiently afterward. Pickling the é.nodes in various
streﬁgths of hydrochloric, sulphuric or nitric acAids failed to remove

all of the contaminants fr()m'the zinc,

49. Fortunately it was found that anodes which had been used
during the purification of a plating bath by the new zinc-dust treatment
were quite free from contamination, and always gave a good hydro-

chloric‘acid test when used in a purified plating bath.‘ Experimental
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data comparing the various methods of decontaminating anodes are

given in Figure 7.

50, To produce zinc coatings that are satisfactory on the basis of
the hydrochloric acid test it appears to be necessary to decontaminate
both the plating bath and the anodes.

Present Status of the Zinc-Plating of Steel Cartridge Cases in
‘Canada '

51. The new purifying treétment just described was used
successfully to purify the 100 gallons of plating bath in the zinc-
plating pilot plant, Following that,' equipment was installed in the
continuous production plant to treat 500 galions at a time, on a

continuous basis if required.

52, As this paper is being written the plant, employing the new
purifying treatment, comparatively pure iro.n internal anodes and
the other improvements referred to, has been in operation for some
days. During the first two days 1307 cartridge cases were plated
and, on the cases tested, the maximum dissolution rate was

0; 3 ml/ minute and the average was 0.15 ml/ minute,

53. Although the immediate production problems seem to have
been solved, a number of interesting new ideas have developed
during this investigation which will be pursued in the Division

laboratories as opportunity permits,
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o= ! | l — l |
4 8 12 6 20
TIME (minutes)

Dissolution rates of laboratory-produced zinc coatings

on mild steel, from purified plating baths having zinc anodes
which had been used in a contaminated bath and then
subjected to various cleaning treatments. The results

obtained with an uncleaned anode are included for

comparison,

from a bath having anodes which prev1ously had been used -
in a contaminated bath,

from a bath ‘having anodes which had been acid-cleaned.
after use in a contaminated bath..

from a bath having anodes which had been cleaned by the
new electrolytic zinc-dust treatment after use in a con-

taminated bath,
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" CONCLUSION
54, ° This report deals with recent Canadian developments in zinc
plating the ex.teriors and interiors of steel cartridge cases, It ié
believed that these developments will be of considerable interest to
other manufacturers of ammunition, and indeed to the whole electro-

plating industry.

55. " The following improvements have been adopted as a result of

the writer's experiments:

(1) An anodic alkaline cleaning treatment for the removal of zinc
phosphate coatings from steel, particulafly after the coatings
have been heat treated.

(2) A new zinc'-dust treatment that will adequately remove iron,
nickel and probably other impurities from zinc-cyanide plating
baths in much less time than previous methods.

(3) A new method of removing iron, nickel and probably other
impurities from the surfaces of the zinc anodes used in zinc-
cyanide plating baths,

The writer also has developed a hydrochloric acid corrosion test for

zinc coatings,. which has proven to be a rapid and accurate method of

detecting the presence of contaminants such as iron and nickel in the

coatings, and thus in cyanide zinc plating baths.
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APPENDIX I

ZINC ELECTROPLATING SPECIFICATION

56. The following requirements are quoted from Federal

Specification QQ-Z-325a, " Zinc Plating (Electrodeposited)' :

3.2.1 Basis metal--The basis metal shall be substantially
free from defects that will be detrimental to the appearance or
the protective value of the plating. It shall be squected to such
cleaning, pickling and plating procedures as are necessary to

yield deposits as hereinafter specified,

3.2.2, Plating--The zinc deposit shail be smooth, fine-
grained, adherent, and free fro1.rn blisters, pits, nodules,
indications of burning, and other defects. Superficial staining
which has been demonstrated as resulting from rinsing as spe-
cified hereinafter, shall not be cause for rejection. All details
of workmanship shall conform to the best practice for high

quality plating.

3.4.2 Salt—spra).r requirements--Type II plating (Supplementary
- chromate treatment) shall show no white corrosion products of zinc
as defined in 3, 4. 2.1 when separate test specimens are subjected
to cOntinuoqs exposure to the salt spray for 96 hours in accordance

with 4. 5. 3.
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3.4.2.1 For type II plating the appearance of white corrosion
products, visible to the unaided eye at normal reading distance, at
accidental scratches through the chromate film. to the zinc plate

or unscratched areas. of t:he" chromate _film shall be cause for’

1

-

rejection, except. that white corrosion products at edges shall not

constitute' failure.
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APPENDIX II

MANUFACTURING PROCEDURE FOR CANADIAN ZINC-PLATED

CARTRIDGE CASES

A brief outline of the procedure used to manufacture Canadian

zinc-plated drawn-steel cartridge cases is as follows:

58,

(1)
(ii)

(iii)
(iv)
(v)
(vi)
(vii)
(viii)

(ix)

(x)
(xi)

A. Drawing and Maéhining

Early steps which are of little interest in the present
investigation

Hot water rinse, sulphuric acid pickle, zinc-phosphate
application,. soap coat, dry

Fourth draw

Last trim . .

Clean, rinse.

Heading

First head turn and pierce primer hole

Clean, rinse (via overhead conveyer)

Salt-bath tempering including:

(a) Barium and sodium chloride bath

(b) Brine quench

(c) Dry and heat over gas flame (city gas)

(d) Sodium nitrate bath

(e) Water rinse

(f) Dry

Clean, rinse

Flange, i)rimer hole and mouth anneal (induction heating)



(xii)

(xiii)
(xiv)

(xv) "
(xvi)

(xvii)

(viii)
 (xix)
(xx)
o)
{exid)
(i)

_NOTE:

Se‘cond head turn

30

Hot water rinse, sulphuric acid pickle, zinc phosphate

application, soap coat, dry

Tapering = - . S , , : ., s

Clean, rinse (via overhead conveyer)

Clean, rinse (via overhead conveyer)

Abrasive cleaning-'with 60 to'120 grit paper on the outside

and"No." 50 steel grit and w’i"r'clalbru.sh on the iﬁéi&e. |

NOTE: This pi'o:ce'd;uré was added to fhe’ proce;g by the
fnanufacturer aftér the corrosion spots were R '

first observed, |

" Bead

Mouth siz'e

Plug and ring gage

Primer hole re'ctify'mg

Cleag, rinse (via overhead corweyer)
Inspection>béforé'platiﬁg ‘ .

Cleaning and 'ilind-phoééhate treaﬂ:méni:sl were done in |
propﬂetafj}' matérials, Pickling Was done in sulphuric
‘acidi('é.:to.él% by ;olumé' cbmrhercial_ aci‘dQ-SI):._ G. 1,84)
aﬁ"lés‘ to 175°F (74 to 80°c_). | soap'_c“'Oat;_'ng was. done in

‘an 11 to 12% soaP-and-wal;er mixture at 1'8_0”1:0 190°F.

(82 to 88°C). - The soap is a proprietary product,
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59. B. Electroplating

The cases are eleétroplated in an automatic machine with
a single horizontal conveyer equipped with racks, each designed
to hold oné case in the mouth-up position. Each rack consists <;f
an electrically-insulated outer frame which supports the case and
provides the cathode contacts at the mouth and head. A one-inch
nickel tube with a flared piece of mild steel securely fastened to
one end with an 18-8 stainless steel nut and bolt, is attached to
the frame by means of an electrical insulator and serves as an
internal anode. Mechanical devices at convenient locations along
the line tilt each rack slightly at right angles to the conveyer
and then return it to the vertical position. This action
drains the case and transfers it from one tank to the next, Each
cycle consists of the following:

(xxiv) Cathodic cleaning in alkaline cleaner

NOTE: This has been changed to anodic cleaning in an
alkaline cleaner containing at least 3% (4 oz/ gal

or 30 gm/ litre) of sodium hydroxide as suggested

partly by the writer and partly by the manufacturer,

(xxv) Rinse in water
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(xxvi)

Pickle in sulphuric acid (10% ‘by‘volume of commercial

acid Sp.G. 1.84) at 160°F (71°C)

NOTE: This has been chaﬁged to aﬁ anodic pickle in
~ sulphuric acid (60% by volume of commercial acid
Sp: G. 1. 84) aL‘t 70°F (21“° C) to 5pen up the pitted

‘sté_el surface as suggested partly by the Writex;

and partly by the manufacturer.

(exvii) Two se_parate r';nses in water

/

NOTE: Sprays have been added . Suggested by the writer.

(xxviii) Anodic cleaning in'a solution’'containing 8 oz/ gal (60 gm/_
litre)‘sodium cyanide and 4 oz/ gal (30 glﬁ/litre) so&iuhi -
, hydroiide;
(xxix) Eléctropiate in a solution as fc;llows:_
Zinc " ' . 4'to 5 oz/gél :(3.0 to 38 grﬁ/l) :
Sodiurﬁ cyanix'ieA 12 to'13.5 oz/ gal (9(; to 100 gm/ 1)
Sodium hydroxidé 10,5 to 12 oz/ gal (79 to 90 gm/1) -
Temperatﬁr,_e | ~ 80°F (27°C) ’
Curfenf density 74 amp/ sq.ft. (8.0 amp/ sq. dm) for _
' ~exterior surfaces
54 a_mp/ sq. ft. (5.8 arnp/ sq. dm) _for
interio_r surfaces ’
NOTE (1): Cases are ‘tilted-_on‘ce auring plating to -

replenish the electrolyte in the interior.

'NOTE (2): The plating bath is being zinc-dust treated

by the new electrolytic procéss suggested by

the writer.




(xxx)
{xxxi)
(xxxii)
(xxxiii)
(xxxiv)

(xxxv)
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Three separate rinses in water
Chromate treatment in proprietary solution

Two cold and one hot water rinseé

Dry in a stream of warm air, 140°F (60°C)

Final inspection
Placed in cardboard cartons ready for shipment to the

Filling Division,
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APPENDIX III

THE HYDROCHLORIC ACID CORROSION TEST FOR

ZINC COATINGS ON STEEL | .
Scope: -
60. This method is for determining the dissolution rate of eléqt:‘:o-

plated zinc coatings on steel, in dilute hydrochloric acid,

Reagent
61, Hydrochloric acid (10 per cent solution by volume of 12N C, P,

acid, Sp.G. 1.19, in distilled water). S | ;

Equipment
62,  1:2000 £n1 beaker
1-1500 ml beaker
1-60° glass ‘fu'nnel, 75 mm diameter and 70 mm stem
1-50 ml burette
1 -burette support
| 3-steel panels (1 1/4" by 11/4") which have been electro-

. plated with zinc}

Preparation of Tgst Panels.:

63. "One square inéh of electroplated zinc on each test panel is left
expoégd whiie the remaining surface aréas, includi‘ng l:hé edges, are
masked with'electroplé.ter's tape. The exposed area must not be

scratched or soiled in any way.
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Procedure

64, Place a masked panel horizontal on the bottom of the 1500 ml
beaker, with the exposed surface uppermost., Cover the sample with
the 60° funnel. Fill the burette with the prepared hydrochlorié acid.
Slowly pour sufficient acid into the 1500 ml beaker to cover the stem

of the funnel, Cover the open end.of the burette with a finger, then
invert and immerse it ir; the acid., Keeping the end of the burette below
the surface of the acid, placé the open end over the funnel stem, and
lower it down onto the tapered section. Clamp the burette in the support
stand. Lower the top surface of the column of acid to the 50 ml mark

on the burette,

65, The exposed zinc will be attacked immediétely by the hydro-
chloric acid, and hydrogen will be produced. The hydrogen will rise
into the burette displacing the acid. Each minute make a record of tﬁe
total volume of gas collected until the stleel has been exposed or the
column of acid has been completely displaced with hydrogen, Freshly
prepared acid should not be used more than three times, to ensure

accurate results., (It should be pointed out that the rate of gas evolution
increases materially as soon as the steel is exposed to the action of

the acid).

66, . The accepted dissolution rate of the electroplated zinc coating

will be the average of the results obtained from three panels.




Modified Procedure for Use with Cartridge Cases

67. This modified procedu:;é Hés‘, been perfdrmed successfully on.
the exterior sﬁrfaces of finished cartridge cases with the aid of a

. plastic apparatus devised by the writer. This is in the fofm of a
saddle‘ ;vhich is cllampeci»qnto the case with " U" bolts and takes the
i)lace of the 1500 ml beaker. A hole - is drilled through fhé' plastic
saddle to expose é zinc-coated a;rea‘of one square inch, A

plastic cylinder approximately 106 mm in diamet®r and 160 mm long
is attached to the upper. sﬁrfacg of‘the saddle in such a way that it
surround\s the hole and retains the hydr.ochloric acid when the appa~- -
rafus is clamped tp a case. A rubber seal is used between the sadéle

and the coated surface of the case.

68. - The test is performed by clamping the a};paratus to the case at
the desired location and placing the inverted funnel over the hole in
the saddle, . Continue the procedure as previousl&r. directéd in the °
_instructions. Cases used in this test ,c‘an be stri.‘pped and replated

without loss.



