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\ AB STRACT

As pa rt of a progr~~ for the U. S. Army direc ted at improving the
corrosion performance of U-O.75 Ti , specimens ~~re coated wi th Zn-1O NI all oy
elec t roplate and the n subjected to various corro sion tests. This otrk reveal ed
tha t the Zn-Ni coating s provided good protection for U-O.75 Ti in salt fog and
in non- sea led moist-nitrogen systems. In seal ed , moi st-nitrogen env irorments
the Zn-Ni coatings deteriorated quickl y and provided no protection. Some
plating with Zn al one, using some of the new non—cyaniØe pl ating solutions,was also attmspted , but the results were i nconsisten tj~ —— - . .__——--—--- ,-
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CORROSION RESISTANC E OF ZINC-NICKEL PLATED U-O.75 Ti

Introd uction

The U. S. Army, Picatinny Arsenal, is developing a new generation of
antitank munition that utilizes the SLL depleted—uranium alloy U-O.75 Ti.
U-0.75 TI i s cons id ered a lean uran ium alloy , and is susceptible to corrosion
in certain enviroiunents. A protective coating may be necessary to allow
long-term storage .

A prel iminary corrosion and coating study was completed for the Army In
1976.1,~ The work described in this report is a continuation of the coatings
devel opment studies.

The objective of this work was for economic considerations to repl ace
with a single coating the established dupl ex coating of nickel and zi nc ~iiçh
prev iously had been shoim to successful ly protect U-O.75 Ti from corrosion.’
Two approaches were considered : deposition of pure zinc coating s and deposition
of zinc-nickel alloy coatings. Although past efforts have resulted in very
littl e success wi th deposition of pure z inc on uranium from a conventional
cyanide solution , a nunder of non-cyanide zinc plati ng solutions have been

¶ developed In recent years.4 Hence it was deemed worthsà~i le to eval uate some
of these for plating on uranium. Alloy coatings of zinc-nickel were included
si nce work by ourselves and otherj reveal ed that over steel thi s type of
deposit is superior to pure zinc .”0 The zinc— nickel coati ngs al so proved
to be far superior for protecti ng uranium than electroplated zinc coatings.
Thus the main emphasis of this report is on the Zn-Ni results, and only a
limited discussion of the zinc electropl ating work is given in the last
section.

Zinc—Nickel Plati ng Details

The formulation for the zinc—nic kel plati ng sol ution used for this wo rk• is shoim in Table I. Details on operation of this solution and Influence of
plati ng variables such as current density and temperature on deposit appearance,
compos Ition , and efficiency are found in Reference 5. The solution is basically
Roehl ’s° wi th some changes. He used the chl oride salts of zinc and nickel
sdiereas we used zinc sul fate and nickel sul famate. The reason for this change

.

9

I.. ~~
- —. .—- - - — .-

~~~
---- -~ • - . .  -~ --



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~

— ~~~~~ - • ‘~~~~~ 
- -

~~~
-

~~~
-

TABLE I

ZINC-NICKEL SOLUTION FORMULATION

Zinc Sulfate (ZnSOr 7H2O) 266 g/l

Zinc 60 g/ i

Nickel Sulfamate 190 mi/l

Nicke l 34 qJi

Sodium laury l Sulfate 0.375 g/i

Surface Tension 35-4 0 dynes/cm

pH 5.0

‘SPa 24 sulfamate nickel concentrate, Allied—Kei i te Products, Div., the
Richardson Co., Des Plaines , Iii.

i s the susceptibility of uranium and its alloys to attack by chl orides. Roehi6

recommended a smal l amount of acetic acid as a buffer to promote ease of pH
control . We found this to be unnecessary, and furthermore discovered (as a
result of some Hul l cel l tests) that acetic acid reduced the covering power of
the solution. A wetting agent (sodium laury l sulfate) was used to lower the
surface tension of the solution to el iminate pi tting. Zinc anodes were used
~ ir most of the work, but alloy anodes of the approximate composition Zn-1O Ni
would probably be quite suitable since the composition of the deposit is — 5—10%
Ni wi th the balance Zn.

Corros ion Tests

Experime nta l Procedures -- Most of the specimens were etched in 1400 g/ l
‘prric chl9r lde solution, pTated with vary ing thicknesses of zi nc—nickel
at 214 A/ me (20 asf) ,  and then given a chromate treatment by iiunersion in
~ranod ine 90 for 10 sec onds. A few specimens were left for testing in the
unprotected state . Three kinds of enviromients were used for corrosion
testing :

1. Salt fog env irovvnent as specificed in Mil-Std 8106, Method 509.
Briefly described, thi s consists of a salt fog iduich contains 5 wt. %
NaCl In atomized wate r ,àiich is continually flushed through the
chamber ~duile being maintained at 35 C. Thus specimens are con-
tinuously exp osed to a thin film of fresh, aerated salt water.

‘Product of AMCH(M Products, Inc ., AMBLER , PA.

10
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2. Deoxygenated nitrogen maintained at 70°C and containing 95% relative
humidity (RH). Spec imens were al lowed to °breathe° in this test,
I.e., any c reated hydrogen as wa s al low d to vent to air and it was

• possible for oxygen to enter the test env iroment .

3. I~ ist nitrogen maintained at 74°C in sealed glass ampou les .
• This envirouinent was made by transferri ng water from a weighed

• quantity of barium chl oride dihydrate to glass ampoules, adding
nitrogen, and placing the ampoules in an oven at 74°C. At thi s
temperature, the atmosphere inside the enpoules was saturated. The
ampoules had side arms with break seal s for extracting gas samples
for analysis so that hydrogen generated during the test could be
measured .

Two tests were made in the salt fog env iromnent , each with coupons of different
size. For one test the specimens were 1.3 x 2.5 x 0.5 cm (0.5 x 1.0 x 0.2 in.),
and for the other they were 2.5 x 7.5 x 0.64 an. For test enviroivnent 2, U-0.75
Ti coupons approx imately 1.3 x 2.5 x 0.5 cm were used; for envlroment 3, the
3-0.75 Ti tensile specimens were 0.63 cm (0.25 inch) in diameter with a 2.5 an
(1 in.) gauge length (per ASIM E8-69, 1972, Fig. 8 therein, and Federal
Standard 151).

Evaluation procedur’ . for determining test results included both visua l
observation and gravimetric methods. Photographs of specimens ware taken
after the tests for visual documentation. Pl ots of change in weight as a

• function of time for each specimen were made to determine rel ative corrosion
rates. Specimens removed from the vented nitrogen envirorunent (2 ) were
weighed as removed, ~diile those tested in salt fog were rinsed before they
were weighed In order to remove loose, porous corrosion products. Specimens
from the sealed anpoules (3) were tensi le tested in vacuum at 1O~ Torr at
22°C. Crosshead speed was 1.3 nm / mm (0.050 in./mj n). The specimens were
then sectioned for hydrogen analys is by the Powell’ method. This consists
of mass spectrographic determinat ion of the instantaneous rate at iE~ich
hydrogen is thermally evolved from a sampl e, thus allowing the hydrogen
produced by the decomposit ion of surface contamination to be distingui shed
from the hydrogen evolved from the sample.

Results

Salt Fog -- Figures 1—3 sununarize the corrosion data generated for this
enviromiuent . The specimens lost weight because of the formation of non-adherent
oxides and chl oride compl exes .-~ The weight loss was fairly constant with time.
The weight loss for a specimen plated with only I ~ of zinc-nickel was greater
than that of the bare material . Of Interest is the fact that the sl ope of the
curve for the thinly plated (1 um) spec imen was the same after 5 days in salt
fog as that for bare U-0.75 Ti. This plated specimen had very deep pits in
areas mIiere there was initial porosity In the coating. Specimens with thicker
zinc-nickel coatings showed increasing resistance to salt fog env irorunent
as a function of thickness. A 4.8-s i coating protected the U-0.75 Ti for 13
days before the sl ope of the weight loss curve changed to that for bare U-0.75
Ti. Coatings of 15 to 30 ian provided excellent corrosion protection. Results
with the 30 ian thick Zn-Ni deposits closely paral lel earlier work with a

• . duplex coating of nickel plus zinc (al so shoim in Fig. 1.)

• 11
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Figure 1. Salt Fog Results for Bare and Zn-NI Plated U-0.75 Ti
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Figure 2. Specimens After 16 Days of Salt Fog
(Specimen Si ze~ 2.5 x 7.5 x 0 .64 cm)

12
• • - ---

—-—-——• -- —— —- -—— — -----• -•—— -- -
~
——-—-— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ 
—



I ..

— •~ç.. rlb xi

i L  _
• •

-
—

-

. T  •~~I ’ •
• , 14 ~~ • — i i

Figure 3. Specimens After 12 Days of Salt Fog
(Specimen Size: 1.3 x 2.5 x 0.~5 cm)

Of addit iona l importanc e is the fact that the chrotnate coating on the
• spec i mens inc l uded in these tests was very thin and colorl ess. Use of an

olive drab fin ish -- a muc h heavier coating -- would probabl y l ead to inc reased
protection , as it does with pure zinc coatings.

Vented Moist Nitrogen -- Six U—0.75 Ti specimens, plated with a nominal
25 ~jn (1 m u )  of zinc—n ickel , were exposed to this env iroment for 27 days.
The weight loss versus time curve for these specimens Is shown in Figure 4
al ong with data for uncoated u-fl.75 Ti . The protect ive feature of the zinc —
nickel depos it is quite evident iE~en the data for coated and uncoated sampl es
are compared. Although there was some scatter in the data for the pl ated
samp les , all were noticeabl y more resi stant to corrosion than unprotected
samples. Figure 5 sho~~ the specimens after compl etion of the test ; no
corrosion or degradation is evident.

linvented Moist Nitrogen -- The data from this test were not as
encouraging as those frotn the other two tests. Noticeable degradation was
seen wi thin 4 weeks of exposure. Ck~ many areas of each sampl e the coatingexfoliated , as shown in Figure 6. Hyd rogen generated during the test was very
high for all four specimens. > 120,000 ppm (Table II). Tensile test data ,
also shown in Table I I , revealed that the specimens coated with Zn—Ni suffered
a loss in ductility properties as a result of exposure in the sealed ampoules.

___-~• 
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Figure 6. Zn-Ni Plated U-0.75 Ti Samples After 4 Weeks Exposure
to Moist Nitrogen at 74’C in a Seal ed Container

Table I I

DATA FOR ZINC-NICKE L PlA TED U—0.75 Ti AFTER EXP0S(~ E
TO MOIST NITROGE N IN SEALED AMPOULES

Zn-Ni Length
Plating of Hydrogen Ultimate Reduction

Thickness Testã Evolved Strengthb Elongat ionc In area
(urn) (weeks) (ppm ) (MN/rn ) (% ) (% )

None-
Control 10 224 ,000 1420 11.3 8.0

14 10 144,000 1305 10.5 7.4

27 10 160,000 1425 3.7 3.7

11 30 130,000 1370 4.3 5.2

22 30 120,000 1400 4.3 2.0

aihe atmosphere was water saturated moist nitrogen at 74°C .

b j~ 5~~~ at a strain rate of 0.001 sec 1.

cm 25.4 nm (1 in.).

15
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Zinc Plating

Chl oride , sulfamate , and pyrop hosp hate solutions were eval uated as
potential candidates for deposition of zinc alone on 1.1—0.75 Ti. Sol ution
detai ls are given In Table II!. Results with all three were sporadic: (~some occasions, sound deposits ware obtained, but on others the deposits did
not fully cover the substrate or the coatings blistered. These deficienc ies,
coupled with the general ly favorable results obtained with Zn-Ni coating s, led
to abandormnent of work on zinc deposits.

Table III

ZINC PLATING SOLUTION FORMULATIONS

Chl oride

Zinc Chl oride 31.5 g/l

Anrionium Chloride 360 9/1

Du-Zinc Cl_H4a As reconinended by supplier

Du-Zinc Cl_ L3 a As rec omended by supp lier

Temperature 25°C 
——

Sul famate

Zinc Sulfamate 250 g/l

pH 2.0 — 4.0

Tem perature 49 - 60°C

Pyrophosphate

Zinc Pyrophosphate 60 g/l

Potassium Pyrophosphate 300 g/ l

P
20/ln 12/1

Temperature 38°C

10’.j Tone Chemical Co., inc ., Waukegan, Ill.

16
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Sumary

• This work showa that an electrodeposited Zn-NI alloy coating offers
promise for protecting U-0.75 Ti from corrosion. Excellent protection was
obtained in salt fog envirovinent with coatings as thi n as 15 ~m. Similarly ,

r good protection was obtained in a moist nitrogen test ~ erein the specimens
we re al lowed to Nbreathe (i.e. , the container was not sealed). When the
moist nitrogen te st was performed in a sealed container, severe degr adation
wa s obtained. Exfoliation of the plating was noted, as wall as some reduction
in duct i l i ty  properties.

17/18 
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