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INTRODUCTION

The problem of determining boron in cobalt and nickel coatings
is important because of the growing use of cobalt and nickel coatings
deposited from borane-type baths. Some borane baths:=3* tend to give
a coating containing several percent boron and the boron content of
the coating can be calculated with reasonable accuracy by difference;
other borane baths>~7* tend to give a coating with a lower boron con-
tent and the calculation of the boron by difference is subject to
large errors.

In this paper, a spectrophotometric method is proposed for the
determination of boron in cobalt and nickel coatings. The sample is
dissolved in hydrochloric acid in the presence of platinum chloride
as a catalystl0* potassium chloride and mannitol are added, and the
solution is evaporated to dryness. Methyl alcohol is added, the
boron is distilled as methyl borate into sodium hydroxide solution,
the distillate is evaporated to dryness, and the boron is determined
by use of carminic acid. Feldman *in a comprehensive study of the
volatility of boron from solutions, has shown that mannitol prevents
the loss of boron when hydrochloric acid solutions containing boron
are evaporated to dryness. Many investigators have used carminic
acid (in a sulfuric acid medium) f0f2tpg*spectrophotometric determina-
tion of boron in various materials. <~

EXPERIMENTAL

Apparatus and Reagents
Distillation apparatus (Figure 1).
Condenser tube, Corning 7280 glass, Corning 72300.

Steel spoon spatula, 9 inches long, Arthur H. Thomas Co.
8339-M10.

Polypropylene graduated cylinders, 10 ml and 50 ml,
Arthur H. Thomas Co. 3571-C10 and 3571-C20.

Sulfuric acid, 96% (ACS).

Hydrochloric acid (ACS).

* See References
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Nitric acid (ACS).
Methanol (ACS).
Hydrogen peroxide, 30% (ACS).

Standard boron solution No. 1 (1 ml = 0.2 mg B). Dissolve

0.5721 g of boric acid (ACS) in water and dilute to 500 ml in a
volumetric flask. Store in a polyethylene bottle.

Standard boron solution No. 2 (1 ml = 0.02 mg B). Dilute

25 ml of standard boron solution No. 1 to 250 ml in a volumetric flask.
Store in a polyethylene bottle. Prepare fresh weekly.

Carminic acid solution (0.1%). Dissolve 0.500 g of carminic

acid (Eastman Kodak) in 500 ml of sulfuric acid. Store in a poly-
ethylene bottle.

Potassium chloride solution (10%). Dissolve 50 g of potassium

chloride (ACS) in water and dilute to 500 ml. Store in a polyethy-
lene bottle.

Key for Figure 1

1500-m1 beaker, Pyrex.
300-m1 Erlenmeyer flask, Corning 7280 glass, Corning 75000.

Connecting tube, Pyrex, each arm 12 mm long, 24/40 ground glass
joints, Fisher Scientific Co. 15-322-2.

Condenser, Liebig, Pyrex, jacket 400 mm in length, 24/40 ground
glass joints, Fisher Scientific Co. 7-721C.

Adapter, Pyrex, 11 mm in total length, 24/40 ground glass joint.
Tygon tubing.

Exit tube, hard plastic tubing, 20 mm long (can be obtained from
500-ml1 plastic wash bottle, Fisher Scientific Co. 3-409-20C).

250-m1 beaker, Corning 7280 glass, Corning 71000.

Tripod, 6 inches high, ring of 3 inches (i.d.),
Arthur H. Thomas Co. 9481-Bl0.

Wire gauze with asbestos center, 6 inches x 6 inches,
Arthur H. Thomas Co. 9931-G28.
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Mannitol solution (10%). Dissolve 50 g of mannitol (reagent
grade) in water and dilute to 500 ml. Store in a polyethylene
bottle.

Platinum chloride solution (5%). Fisher Scientific Co.
So-P-118.

Preparation of Calibration Curve

Transfer 1.0, 2.0, 2.0, 3.0, and 4.0 ml of standard boron
solution No. 2 (1 ml = 0.02 mg B) to 300 ml Erlenmeyer flasks
(Corning 7280 glass). Carry along a reagent blank. Add 10 ml
of water, 10 ml of hydrochloric acid, 5 ml of potassium chloride
solution (10%), and 10 ml of mannitol solution (10%). Move the
flasks to the edge of the hot plate away from direct heat and heat
until only one or two drops of liquid remains or until the salts are
just dry (do not bake since this will cause the salts to be difficult-
ly soluble). Allow to cool to room temperature. Insert stoppers
(Pyrex), add 100 ml of methanol, and allow to stand for 1 hour while
swirling frequently. At the end of this time, scrape the salts from
the bottom of the flasks with a steel spatula, break up the salts
with the spatula, and insert the stoppers.

Add 20 ml of water and 3 ml of sodium hydroxide solution (5%)
(measured with 10-ml polypropylene graduated cylinder) to a 250-ml
beaker (Corning 7280 glass). Place the beaker under the exit tube
of the distillation apparatus (Figure 1) so that the tube reaches
diagnally to the corner of the beaker. Attach the Erlenmeyer flask
containing the methanol to the connecting tube and place the 1500-ml
beaker under the flask so that the bottom of the flask is about 2
inches from the bottom of the beaker. Add tap water until the volume
of water in the 1500-ml beaker is about 1 inch from the top. Place
a burner under the 1500-ml beaker and heat the water to boiling; then
turn down the flame somewhat so that the water boils moderately and
continue heating until dry salts remain (the total heating time will
be about 15 minutes). Lower the 250-ml beaker and wash down the exit
tube with a 1little water. Place the beaker on a steam bath or an
electric hot plate (at low heat) and evaporate just to dryness. Re-
move from the hot plate and allow to cool (do not cover). Add approx-
imately 35 ml of sulfuric acid and swirl to dissolve the salts. Add
10 ml of carminic acid solution (0.17%) measured from a buret and swirl.
Dilute with sulfuric acid to 50 ml in a polypropylene graduated cy-
linder and then pour the solution back in the beaker. Cover with a
watch glass (Pyrex). Allow to stand for 90 minutes and measure the
absorbance at 610 nm against the reagent blank. Plot absorbance vs
mg of boron (per 50 ml).




Procedure

Weigh the specimen (preferably 3/4 to 1 sq. inch in area)
and calculate the weight of the coating by deducting the original
weight of the base metal. Transfer the specimen (squeezing it if
necessary) to a 300-ml Erlenmeyer flask (Corning 7280 glass). Add
10 m1 of hydrochloric acid and 1 drop of platinum chloride solution
(5%). Heat under reflux until the coating has dissolved. TIf the
base metal is copper, the heating need be conducted only until the
bright copper surface appears (although complete dissolution of the
copper will do no harm). Add 2 ml of hydrogen peroxide (30%) and
heat under reflux for 20 minutes to destroy the peroxide. Wash down
the interior of the condenser with a little water and detach the
flask. Cool, dilute to 500-ml in a volumetric flask and transfer to
a polyethylene bottle. Pipet a 5-ml aliquot into a 300-ml Erlenmeyer
flask (Corning 7280 glass). Add 5 ml of potassium chloride solution
(10%) and 10 ml of mannitol solution (10%), evaporate to dryness,
distill, and develop the color as described under preparation of cali-
bration curve. Determine the mg of boron by referring to the cali-
bration curve and calculate the percent boron in the coating as
follows:

mg of boron as found from curve

R g of coating in aliquot x 10

DISCUSSION AND RESULTS

The advantage of evaporating the hydrochloric acid solution of
the sample to drynesgois that such a treatment eliminates excess
acid and water, Luke” has shown (using sulfuric acid solution) that
the presence of excess acid and water causes incomplete recovery of
boron in the distillation.

The potassium chloride serves the purposes of complexing the
boron (as potassium borate) and making the cobalt and nickel chlo-
rides more readily soluble after the evaporation to dryness. Potas-
sium chloride is not readily soluble in methyl alcohol at room temper-
ature but it dissolves when the alcohol is heated close to the boil-
ing point. Sodium chloride is far less soluble in methyl alcohol than
is potassium chloride and cannot be substituted for potassium chloride.

2U.
C. L. Luke, Anal. Chem., 27, 1150 (1959).
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Sulfuric acid cannot be used in place of hydrochloric acid be-
cause 1t is not possible to evaporate the sulfuric acid without
loss of boron and because the mannitol would be destroyed by the hot
sulfuric acid. Also, cobalt and nickel coatings do not readily dis-
solve in sulfuric acid, and cobalt and nickel sulfates are insoluble
in methyl alcohol. Nitric acid cannot be used in place of hydro-
chloric acid because the mannitol would be destroyed by the hot nitric
acid and because residual nitrate (that would be distilled) would
interfere with the development of the boron-carminic acid color.

It is essential that the Erlenmeyer flask and condenser used
in the dissolution of the sample be made of Corning 7280 glass (low
boron, alkali resistant). The combination of high temperature and
high acidity will cause high results for boron is glassware of high
boron content (Pyrex) is used. The beaker used for the evaporation
of alkaline solution after the distillation must also be made of
Corning 7280 glass. By reason of the low acidity and relatively low
temperature encountered during the distillation, no significant
amount of boron is picked up from the connecting tube, condenser, or
adapter - (all of which are made of Pyrex).

It is recommended that the color be developed in beakers made
of Corning 7280 glass after diluting in a polypropylene graduated
cylinder. However, previous investigators have demonstrated that
Pyrex glassware gan ?e used for this purpose (after rinsing with
sulfuric acid).1 > 2

The authors used an air condenser in dissolving the sample.

It was not necessary to attach a jacket (Pyrex) to this condenser
although such a jacket is availabe (Corning 2240, 400 nm). An al-
ternative method dissolving the sample that was found to be equally

& satisfactory to the use of an air condenser was to cover the Erlen-
meyer flask with a 250-beaker (Corning 7280 glass) and then heat the
beaker gently at the edge of the hot plate. Cobalt, nickel, and
platinum salts are catalysts for the destruction of hydrogen peroxide,
so vigorous boiling is not necessary to destroy the peroxide.

18
21H. K. L. Gupta and D. F. Boltz, Mikrochim. Acta, 3, 415 (1974)

Amer. Soc. for Testing and Materials, 1975 Annual Book of
ASTM Standards, Part 12, Chemical Analysis of Metals; Sampling
and Analysis of Metal Bearing Ores, Designation E 34-72,
Philadelphia, PA.
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The platinum chloride is essential for the dissolution of
nickel coatings and less essential (but still recommended) for the
dissolution of cobalt coatings.

The maximum amount of cobalt or nickel that can be handled in
the distillation is about 0.5 g. The presence of more cobalt or
nickel than this can cause bumping.

No residue at all was ever obtained on dissolution of the cobalt
and nickel coatings in hydrochloric acid. This indicated that the
boron in the coatings was "acid-soluble" (as would be expected).

The concentration of carminic acid used for the development of
the color (Olg_T§ per ml) is approximately that used by several in-
vestigators. The absggbagse measurements are made at 610 nm
as previously recommended. ™’

"he recoveries obtained on adding standard boron solution No. 2
to reagent grade cobalt and nickel metal (0.5 g) and carrying the
samples through the procedure, using the metal sample as the blank,
are shown in Table I. The recoveries were satisfactory. The boron
("acid-soluble") found in the cobalt and nickel samples (using the
regular reagent blank) was 0.0002% and 0.00197%, respectively. The
results obtained for boron in three coatings of cobalt and one coat-
ing of nickel are shown in Table II.

The method in this report will probably be applicable to many
other materials besides cobalt and nickel coatings. This was not in-
vestigated.

1
16H' Kawaguchi, Japan Analyst, 4, 307 (1955).
17R. C. Calkins and V. A. Stenger, Anal. Chem., 28, 399 (1956).

D. L. Callicoat and J. D. Wolszon, Anal. Chem.T—zl, 1434 (1959).



"

R e

T, B

mmpar

S ——y -

Table I. Recovery of Boron Added to Pure Cobalt and Nickel

Sample B Found (mg)
0.5 g Co + 0.020 mg B 0.021
0.5 g Co + 0.040 mg B 0.043
0.5 g Co + 0.060 mg B 0.068
0.5 g Co + 0.080 mg B 0.081
0.5 g Ni + 0.020 mg B 0.018
0.5 g Ni + 0.040 mg B 0.040
0.5 g Ni + 0.060 mg B 0.057
0.5 g Ni + 0.080 mg B 0.077
SUMMARY

A method is proposed for the determination of boron in cobalt
and nickel coatings deposited from borane-type baths by electro-
less techniques. In the method, the deposit is dissolved in hydro-
chloric acid in the presence of platinum chloride as a catalyst,
potassium chloride and mannitol are added, and the solution is evapo-
rated to dryness. Methyl alcohol is then added, the boron is distilled
as methyl borate into sodium hydroxide solution, the distillate is
evaporated to dryness, and the boron is determined spectrophotometri-
cally using carminic acid. The mannitol prevents loss of boron by
volatilization when the solution is evaporated to dryness. The ad-
vantage of evaporating the hydrochloric acid solution to dryness is
that such treatment eliminates excess acid and water, both of which
cause incomplete recovery of boron in the distillation. The potassi-
um chloride, cobalt chloride, and nickel chloride left after the evap-
oration to dryness dissolve in the hot methyl alcohol during the dis-

tillation and do not interfere.




Table II. Results for Boron in Actual Deposits of Cobalt and Nickel
Type of Weight of Entire Weight of B Found (Eli
Coating Sample (g) Deposit (g)

L “Co 1.4861 0.7043 0.54; 0.52

" Co 2+7230 0.9318 0.59; 0.59

} Co 2.8392 1.3526 0.18; 0.17

fs Ni 1.6937 0.8027 0.56; 0.57

a
The results represent duplicate aliquots.
RECOMMENDATIONS

It is recommended that the method in this report be submitted
to electroplating personnel for evaluation as to implementation.
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