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ABSTRACT

The combination of electrolytic sampling with
conventional colorimetric spot ftests provides
a convenient method for identifying small me-
tallie inclusions in aluminum. Tests of par-
ticular interest at the Savannah River Plant
are complled for easy reference. Techniques
are gilven for the 1dentiflcation of copper,
1ron, lead, magnesium, mercury, molybdenum,
tin, and uranium on aluminum. Pinholes may be
revealed 1n aluminum cladding by the detection
of nickel or uranlum substrates.
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SPOT TESTS FOR CONTAMINANTS ON ALUMINUM

INTRODUCTION

Corroslon of aluminum components that are commonly
used 1in a nuclear reactor may be both dangerous and expenslve.
Metallic inclusions in aluminum may give rise to galvanilc
attacls with resultant deterioration of the component. The
ldentification of harmful inclusions is essential if they are
to be traced to thelr source.

The technique employed both ?g Caley in the
analysis of ancient c¢oins and by Alcoa in the identifica—
tion of certain lmpurities in alumlnum was based on electro-
graphic sampling combin?d with colorimetric spot tests of the
type descrilbed by Feigl 3) Many of the inclusions encoun-
tered at Savannah Rilver were not susceptible to investigaticn
by direct application of tests previously descrilbed in the
llterature, so that some adaptation and extension was neces-
sary. Thils report contalns a compilation of tests as finally
used to identify inclusions found in aluminum and to ascer-
tain whether the pilts in aluminum cladding penetrate to the
substrate metal.

SUMMARY

Procedures were adapted to detect and identify
minute quantlities of the following metals which may be present
as inclusions or alloying constituents:

1. Iron inclusions in aluminum
Lead incluslons in aluminum
Magnesium on aluminum
Mercury on alumlnum
Molybdenum on aluminum

Nilckel plating on aluminum

Tin on alumilnum

0 31 o U oW

a. Copper flashing on stalnless steel
b. Copper 1nclusicns 1In aluminum
9. a. Uranium in uranium-aluminum alloy

b. Uranium substrate at corrosion pilts or pin-
holes in aluminum sheath.

*
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The methods described are simple, fast, and capable
of revealing extremely small quantities of contaminants. The
necessary equipment 1s sufficiently portable to permit 1ts
ugse in the fileld.




DISCUSSION

BACKGRQUND

Colorimetric spot ftests are well established methods
for qualitative analysls. A familiar example is the use of
indicator papers for determining relative concentrations of
hydrogen or hydroxyl ions 1n a single drop of solution.
Similarly, end points in certain titrations or reactlons may
be determined by testing single drops of solution with a
suitable reagent. Spot tests are now a recognized fleld in
microchemistry in which reactions are studied on a "micro-
drop" scale. Feigl lists over two-hundred spot tests for
over forty metals, including rare-earth elements.

Electrographic sampling is a spot-testing innova-
tion. An early application was the %g?ntification of metal
constituents in minerals. Jirkovsky has ldentified iron
in pyrite, marcasite, and other iron-bearing minerals.
Electro%r??h%?uﬁ?mgling has been applied recently by various
workers to the identification of both metallic
and nonmetallic constituents in alloys.

The procedures described in this report are a com-
bination of the electrographic sampling technigque and colori-
metric spot tests which were adapted to the study of certain
reactor components at the Savannah River Plant.

MATERIALS AND EQUIPMENT

Reagents required for the tests described in this
report are, in most instances, those commenly used for colori-
metric spot tests previously described by Feigl. Theilr pre-
paration and properties are given in the Appendix.

The eguipment which consists of c¢lips, wire, a six-
volt dry cell, cathodes, and filter paper, 1is compact and
portable. Tests in the field are easy and convenlent facil-
itating inspection in the field.

PROCEDURE

1. The area of aluminum to be tested 1s cleaned if
necessary using soap and water, alcohol, or

acetone.

2. The sample to be tested 1s made the anode of a
galvanic cell by connecting the specimen to the
positive terminal of a six-volt dry cell.
Depending on the shape and size of the specimen,
adequate connection is made by an alligator
clip or by resting the specimen on a plate
that 1s connected to the dry cell.
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3. The cathode 18 prepared by connecting the nega-
tlve terminal to a stainless steel or aluminum
electrode which should be of the proper size
and shape to fit the area to be tested.

4. A pad consisting of 2-4 thicknesses of Whatman
No. O fllter paper 1is prepared.

5. The pad 1s moistened wilth the proper electro-
lyte which should penetrate all the layers of
the pad and cover an area at least as large as
that to be tested.

6. The moistened pad 1s then placed on the area to
be tested and the cathode 1s placed on top of
it. The cathode should be held wlthout move-
ment and 1t should exert a steady pressure
agalnst the pad and specimen. The flow of cur-
rent through the pad causes metal lons to leave
the specimen and be deposited in the pad.

7. After 30 to 60 seconds the cathode and pad are
removed. The pad now contains a "negative" of
the area tested,

8. The "negative" 1is then developed by spotting
the exposed surface of the pad with the proper
indicator to form a characteristic colored pre-
cipitate or complex with the metal lons removed
from the surface of the specimen.

A typlcal setup and test results from 1t are shown in Figure 1.

PRECAUTIONS AND SUGGESTIONS

In order for the tests to be satisfactory it is
necessary:

1. That all electrlcal contacts be good.

2., That the molstened fllter paper pad be in good
contact with the test area.

3., That the cathode be in contact wilth the filter
paper pad over the test area.

4, That sufficlent time be allowed for the trans-
fer of lons to take place.

5. In the case of plts, indentations, and pinholes,
that the electrolyte f111 the cavity before the
test ls started.
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In some instances, good results are obtalned by
mixing the electrolyte and indicator before passing current
through the cell.

Increased flow of current usually makes the test
more positive by causing more metal lons to collect in the
filter paper pad. The optimum time depends on the indi-
vidual case and is affected by the size and distribution of
inclusiocons.

The amount of pressure applied to the cathode and
the pad also has some effect on the results. A moderately
heavy flnger pressure is best when using a fllter paper pad
of the type mentioned previously. The pressure should be
congtant with no movement of the cathode.

A cross=check on the results, using another test
or another indicator if available, is usually desirable.

SPECIFIC TESTS (Reagents described on Page 17 )

Iron

Iron incluslons in aluminum
Electrolyte: potassium sulfate
Indicator: potassium ferrocyanilde
Alternate indicator: o-~-tolidine solution

This test was successful in identifying iron in-
clusions in tubing, bar stock, flat stock, and vessels. With
potasslium ferrocyanide, a light to dark blue spot forms de-
pending on the amount of iron present and time of current
flow. If o-tolldine solution 1s used, copper and 1ron can be
detected simultanecusly 1f they occur as discrete inclusions
some dlstance from each other. Copper will give a blue color
as mentloned below, the iron will be distingulshed by a
reddish brown stain.

Lead

Lead powder lubricant or lead inclusions in aluminum
Electrolyte: acetic acid (10%)
Alternate electrolyte: nitric acid (0.1N)
Indicator: potassium ilodide

This test was useful in testing for the removal of
lead powder that is used as a lubricant on extruded aluminum
stock, and 1n detecting lead inclusions in tubes. A yellow
color indlcates the presence of lead.

Magnesium
1. Magnesium on aluminum - (test #1)

Electrolyte: potassium sulfate
Indicator: guinalizarin solution
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Two additional steps are required in the procedure.
After spotting the filter paper pad with indicator, the pad
1s held over the mouth of a bottle of concentrated ammonium
hydroxide until the indicator turns blue. Then the pad 1s
held over the mouth of a bottle of glacial acetic acid untll
the indicator turns pink-lavender. A red-violet or red color
. indicates aluminum, while a blue color indicates magnesium.

2. Magnesium on aluminum - (test #2)
Electrolyte: potassium sulfate
Indicator: quinalizarin solution

This test follows the general procedure except
that after spotting with indicator, sufflcient sodium
hydroxide is added to dissolve the aluminum hydroxide and
to form the aluminate ion. The resulting solution will have
a faint-blue tint. However, the insoluble magnesium
hydroxide will remain 1n place and retain the darker-blue
color that indicates magnesium.

Both tests were applied successfully in detecting
magnesium on tubes and ofther extruded aluminum stock on which
the magnesium was used as a lubricant. They can also detect
magnesium 1n magnesium-aluminum alloys.

Mercury

Mercury on aluminum(a)
Electrolyte: potassium sulfate and nitric acid(b)
Indicator: diphenylcarbazilde
Alternate indicator: p-dimethylaminobenzylidene-
rhodanine

This test 1s only moderately successfu% %ue to the
difficulty encountered in dissolving the mercury\¢/ without
seriously attacking the specimen or cathode.

With diphenylcarbazide a deep blue to purple color
indicates the presence of mercury, while the p-dimethyl-
aminobenzylidenerhodanine gilves a red-violet color.

: (a) It 1s strongly recommended that this test, because of
the severe attack on the specimen, be the last test
appllied.

(b) Try in order - potassium sulfate, 1IN nitric acld and
8N nitric acid.
(¢) See references 6, 7.
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Molybdenum

Molybdenum in "Molykote" {molybdenum disulfide) on
aluminum
Electrolyte: nitric acid (0.1N)
Alternate electrolyte: potassium sulfate
Indicator: hydrochloric acild
potassium thilocyanate
sodium thicsulfate
Alternate indicator: diphenylcarbazide

This test was successful in detecting the
molybdenum in '"Molykote" that 1s used as a lubricant on hot-
pressed aluminum pleces. The first Indicator consists of the
reagents added 1n the order listed. A plnk to deep red or
blue color is produced depending on the time intervals be-
tween the additilon of each reagent. The diphenylcarbazide
gives a lavender to deep purple color with molybdenum.

Nickel

Nickel plating on aluminum
Electrolyte: potassium sulfate
Alternate electrolyte: acetlc acid (10%)

Indicator: dimethylglyoxime .

This test 1s satisfactory for determining whether
or not a corrosion pit or indentation in an aluminum sheath
has penetrated through the entire sheath to nickel plating
on the underside. A bright red spot indicates nickel.

Tin

Tin In the presence of aluminum
Electrolyte: acetic acid (5%)
Indicator: cacothellne

This test was used to detect remnants of tin
solders left on aluminum sheeting after corrosion testing.
A lavender-to-purple color indicates the presence of tin.

Copper

1. Copper flash on stalnless steel
Electrolyte: potassium sulfate
Indicator: rubeanlc acld (dithlo-oxamide)

This test proved ideal for 1ldentifying very thin
copper plating on stainless steel. When the filliter paper
pad is spotted, an olive-green to black stain indicates
copper. Rubeanic acild must be used since l1lron, chromium,
and nickel interfere wilth other 1ndicators.
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2. Copper inclusions 1n aluminum
Electrolyte: potassium sulfate
Indicator: o-tolidine solution

Alternate indicator: rubeanic acid

This test was useful in identifying copper inclu-
sions in tublng, bar stock, and fabricated vessels. With
the o-tolidine solution, a light-to-dark blue spot will form
depending on the amount of copper present and time of current
flow. If rubeanic acid is used, an ollve-green to black spot
indicates copper. :

Uranium

1. TUranium 1n uranium-aluminum alloys
Electrolyte: potassium nitrate
Indicator: potassium ferrocyanlde

This test 1is satisfactory for detecting uranium
that 1s present as an alloying element in aluminum. The
test 1s not satisfactory if the alloy has been treated to
produce a protective layer of aluminum oxide on the surface.
A brown staln or spots indicates uranium.

2. Exposed uranium in corrosion pits and pinholes
In aluminum sheath
Electrolyte: acetic acid (10%)
Indicator: potassium ferrocyanlde.

This test was used for determining if uranium has
been exposed 1n corroslon pits and pinholes in aluminum
sheaths on clad uranium. A brown staln indicates exposed
uranium.

4

H. 3. fli%orn

gt
R. C. Pugh”®

Plle Materials Division
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APPENDIX

PREPARATION AND PROPERTIES OF REAGENTS

Electrolytes

1. Acetic acid: A 10 per cent by volume sclution
of acetic acld in water.

2. Acetlc acid: A 5 per cent by volume solution
of acetlie acid In water.

5 Nitric acid: A 0.1N nitric acid solution.
4, Nitric acid: A 1N niftric acild solution.

5., Nitric acid: A 8N niltric acid solution
6

Potassium nitrate: A 10 per cent by welght
solution of potassium nitrate in water.

7. Potassium sulfate: A 5 per cent by weight
solutlion of potassium sulfate in water.

Indicators®

1. Cacotheline: A saturated aqueous solution of
cacotheline. Thils 1ndicator reacts wilth acidlce
stannous solutlons to produce a violet color.
Other reducing ions, solutions, or compounds
may also react with the indicator and should be
absent to insure a specific test. Certaln
oxides and lons also iInterfere with the test,
for example, colored metallic lons. Arsenic,
antimony, molybdenum, and uranium are metals
that might be present and which may 1interfere
with the tests.

2. Dimethylglyoxime: A 1 per cent by welght solu-
tion of dlmethylglyoxime in ethyl alcohol. 1In
neutral or acetic acld solutlons thils indicator
produces a red color with nickel. Large amounts
of oxidizing substances may interfere with the
test. Of the metals that are most likely to. be
present, iron and copper may Iinterfere.

3. Diphenylcarbazide: A 1 per cent by weight solu-
tion of diphenylcarbazide in ethyl alcohol.
This indicator gives a vliolet to blue color with

* For information on the sensitivities of the indilcators,
and interfering lons, compounds, etc., see references in
the bibliography.
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mercury 1n weakly acld solutions. Chlorldes,
and 1ron, copper, and nickel Interfere with
the test in neutral or weakly acid solutions,
In the 8N nitric acid, the test 1s specific
but the sensitivity 1s greatly reduced. This
indicator also gives a violet color with
molybdenum. This solution should be made up
fresh each day.

o-Tolidine soclution: A solution of 0.1 g
o-tolidine and 0.5 g ammonlum thiocyanate 1n
5 ml of acetone. This indicator gives a blue
color with copper and a red-brown color with
iron. Mercury and strongly oxidizing metal
salts interfere with the test. Thls solution
should be made up fresh each day.

p-Dimethylaminobenzylidenerhodanine: A satu-
rated ethyl alcohol scolution of p-dimethylamino-
benzylidenerhodanine, This Indicator gives a
red-vioclet color with mercury. Large amounts

of chlorlde interfere with the test. Copper
may interfere with the test in neutral or
acetate-buffered solutions.

Potassium thilocyanate: A 10 per cent by welght
sclution of potasslum thlocyanate in water,
When used with an 8 per cent by volume hydro-
chloric acld solutlon and a 25 per cent by
welght solution of sodium thiosulfate In water,
this indicator gives a pink to deep red color
with molybdenum. If the solutions are added
slowly with a mooerate time lapse between each
addition, a blue color may develop. DMercury
and other metals or compounds which consume the
thioecyanate willl Interfere with the test. Cer
talin acids also form complexes wlth the
molybdates and thus interfere with the test.

Potassium ferrocyanide: A 3 per cent by welght
solution of potassium ferrocyanilde 1n water.
This indlcator gives a blue color with iron and
a red-brown color with uranium. The test of
one 1s Interfered with by the presence of the
other. Copper and other metals that form
colored compounds with the ferrocyanide also
interfere. Strong reducing agents will turn
the iron compound white.

Potassium lodide: A 10 per cent by welght solu-
tion of potassium lodlde in water. This indi-
cator gives a yellow color wilth lead. Mercury,
copper, and tin may interfere with the test as
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will any material that will produce free lodine.
This solution should be colorless.

Rubeanic acid (dithio-oxamide): A solution of
0.5 g rubeanic acid dissolved in 100 ml of
ethyl alcohol; of this solution, 5 ml are di-
luted to 100 ml with water. This indicator
gives an olive-green to black spof with copper.
Nickel will interfere with this test.

Quinalizarin solution: A saturated solutlon of
guinalizarin in ethyl alcohol. This indicator
gives a blue color with magnesium. Aluminum
may interfere with the test if the alkall con-
centration is not sufficlent.




