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Analytical Studies of Boron. VI. Determination of 
Boron Using Ion Exchange Resin 

By Satoru MUTO* 

(Received March 24, 1956)

Introduction 

When boric acid was treated with a 
cation exchange resin, it could be separated 
quantitatively from cations which co-
existed with boric acid. Such a separation 

procedure was reported by the author1) 
and applied to the determination of boron 
in steels2), silicon3) and silicate rocks4). 
For the determination of boron, a sample 
solution was passed through a cation 
exchange resin column and the effluent 
was titrated with an alkaline solution. 
However, weak acids such as phosphoric 
and silicic interfere with the titration. 

After a solution containing a small 
amount of boron was treated with an ion 
exchange resin column, a colorimetric 

procedure was applied to the effluent. The 
results were satisfactory.

Treatment of Boric Acid Solution with 

an Ion Exchange Resin Column 

Reagents and Chemicals: Resins; Cation ex-

change resins, Amberlite IR-120 and Diaion K in 

Na- or H-form. 

Anion exchange resins, Amberlite IRA-400 and 

Diaion A in Cl- or OH-form. 

 Washing solution; Three normal aqueous solu-

tion of chemically pure grade sodium hydroxide, 

hydrochloric acid and sodium chloride. 

Sodium carbonate; Guaranteed grade sodium 

carbonate. 

pH regulating solution; One normal guaranteed 

grade sodium hydroxide. One normal guaranteed 

grade hydrochloric acid. 

Standard boric acid solution; Guaranteed grade 

boric acid was recystallized and a solution con-

taining 1.1mg. B/cc. was prepared. This solution 

was diluted to the given concentration before use. 

Preliminary Experiment: Standard boric 

acid solutions containing 17-20mg. B were taken, 

and made up to 20cc. with distilled water. These 

solutions were divided into 3groups. The first 

group, (a), contained 1-20mg. B, the second, (b), 

10-500=ƒÁB, and the third, (c), 1-9ƒÁB. 

One normal hydrochloric acid and 1N sodium 

hydroxide solution were added to 20cc. of the 

boric acid solution and its pH was adjusted to 

various values. The resulting solution was passed 

through a cation exchange resin column. The 

column was washed with distilled water, and a 

titration method was applied to the (a) group. 

To the (b) group containing 10-500ƒÁB was applied 

the colorimetric procedure using acetone-curcu-

min. The effluent and the washing solution were 

combined together and diluted to 100cc. The 

resulting solution was made alkaline with solid 

sodium carbonate, evaporated on a water bath,
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and then the colorimetric procedure was applied. 
The same procedure was applied to the (c) group. 
The results are shown in Table I, II and III.

TABLE I 
DETERMINATION OF BORON IN (a) GROUP. (mg. B)

TABLE II 

DETERMINATION OF BORON IN (b) GROUP. (ƒÁB)

TABLE III 

DETERMINATION OF BORON IN (C) GROUP. (ƒÁB)

These results indicate that boron is not 
adsorbed on the cation exchange resin and 
separated from cations quantitatively. 
For the second place, the pH of the boric 
acid solution, whose volume was diluted to 
20cc., was adjusted by adding hydrochloric 
acid and sodium hydroxide solutions, for 
the resulting solution to be passed through 
an anion exchange resin column of Cl- or 
OH- form. The direct titration method 
was applied to the effluent. The content 
of boron in the effluent is shown in Fig. 1.

Fig. 1. Boron adsorbed by various forms 
of anion exchange resins. (The original 
solution contained 2.12mg. B.)

Boron was adsorbed to some extent on 

a weak-base resin, like Diaion A. The 

adsorption on the resin of OH-form was 

most marked at pH 3 to 4. The resin of 

Cl-form did not adsorb boron from acidic 

solution. When the pH was higher than 5, 

however, the resin adsorbed boron slightly. 

A strong-base resin, Amberlite IRA-400, of 

Cl-form showed the highest adsorption 

value at pH 11 to 12. When the pH value 

is higher than 12, the adsorption decreased. 

Boron was not adsorbed on the resin and 

separated quatitatively when the pH of 

solution was lower than 4. This fact 

makes it possible to separate boron from 

other anions. When the pH value was 

higher than 2, Amberlite IRA-400 of OH-

form adsorbed boron quantitatively. 

A solution containing 5ƒÁ boron was 

prepared from the standard boric acid 

solution. The solution was treated with 

the resin column, and the boron in the 

effluent was determined colorimetrically 

by the acetone-curcumin method. The 

results are shown in Fig. 2. The curve 

has a similar tendency to that in Fig. 1. 

Boron can be adsorbed to some extent by 

the Amberlite IRA-400 of Cl-form in the 

pH range of 11 to 12. It flows down 

quantitatively when the pH is lower than 5.

Fig. 2. Boron adsorbed by various forms 

of anion exchange resins. (The original 

solution contained 5.5ƒÁB.)

Experimental 

Decomposition of Samples: Since the 
samples are treated with resin column, acid 
decomposition is better than alkaline fusion. 
When the samples are decomposed with acid and 

heated, however, a considerable amount of boric 
acid volatilizes with water vapor. For this reason, 
the author placed the sample in a 100cc. round 
flask, a slight excess of 6N hydrochloric acid 

was added, and the sample was decomposed on
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a water bath with a reflux condenser. Samples 

which could not be decomposed by acids were 
fused with sodium carbonate of guaranteed grade. 
The melts were dissolved in a slight excess of 

6N hydrochloric acid. 
In order to examine this decomposition method, 

the guaranteed grade sodium carbonate was added 

to the standard boric acid solution to make the

Fig. 3. Resin columns.

solution alkaline, and evaporated on a water bath. 
The residue was dissolved with a small amount 
of water and the solution was poured into a 100 
cc. round flask. This solution was neutralized 
with 6N hydrochloric acid and 1cc. excess of the 
acid added. The flask was connected to a reflux 
condenser and heated on a water bath for 1hour. 
The solution was diluted with 50-100cc. of 
water and passed through the cation and the 
anion exchange resin column using the apparatus 
as shown in Fig. 3. The effluent was analyzed 
by either titrimetric or colorimetric procedure. 

Titrimetric Procedure: 
Reagents and Chemicals: Standard sodium 

hydroxide solution (N/20); Guaranteed grade 
sodium hydroxide was dissolved in carbonate-free 
distilled water. The factor of the solution was 
1.165. 

Sodium hydroxide solution (1N); Guaranteed 
grade sodium hydroxide was dissolved in car-
bonate-free distilled water. 

Hydrochloric acid (1N); Distilled hydrochloric 
acid was diluted to 1 N. 

p-Nitrophenol indicator; 0.1% ethanolic solu-
tion.
 Phenolphthalein indicator; 0.1% ethanolic solu-

tion. 
Mannitol; Analytical grade reagent in solid.

Procedure: After a sample solution was 
treated with a resin column, 1-5mg. B was 

pipetted out and poured into a 300cc. conical 
flask and the volume of the solution was adjusted 

to 100cc. To this solution was applied an im-

proved Foote's titrimetric procedure5). One drop 
of p-nitrophenol solution was added as indicator 

and the solution was neutralized with 1N sodium 
hydroxide solution until yellow color of the 
indicator just appeared. One drop of 1N hydro-
chloric acid was added to this solution to make the 

yellow color vanish, then the flask was connected 
to an aspirator. The solution was heated and 
boiled at a low pressure. Carbon dioxide gas 
being bubbled out, the pH of the solution became 

higher. When the yellow color of the indicator 
appeared again, one drop of 1 N hydrochloric acid 

was added and then the boiling was continued. 
After 2 to 3minutes of boiling, the aspirator 
was removed and the solution was cooled by cold 

water. One twentieth normal sodium hydroxide 
solution was added to the solution until the yellow 
color of p-nitrophenol was just visible. This is 
the starting point of the titration. Two grams 

of mannitol and 5drops of phenolphthalein were 
added to the solution, which was titrated with 
N/20 sodium hydroxide solution. At the end 

point, the color of the solution was yellowish 
brown. The color of phenolphthalein appears at 

pH 8.0, and the neutralization point of mannitol-
boric acid complex lies at pH 7.6. Therefore, 
the end point of the titration is shown by the 
appearance of yellowish brown color in the 
solution.

TABLE IV 

DETERMINATION OF BORON BY TITRIMETRIC 
PROCEDURE. (mg. B)

When the yellowish brown color changes to 
yellow or sometimes disappears on the addition 
of 2grams of mannitol, the titration should be 
continued. The results on the experiment with 
known amounts of boron is shown in Table IV. 

Colorimetric Procedure: 
Reagents and Chemicals: Sodium carbonate; 

Guaranteed grade sodium carbonate (solid). 
Hydrochloric acid-oxalic acid solution; Mix one 

volume of distilled 6N hydrochloric acid with 
four volumes of saturated solution of guaranteed 
grade oxalic acid. 

Acetone-curcumin solution; Dissolve 0.0625g. 
of curcumin in 5cc. of carbitol (monomethyl 
ether of diethyl glycol), then dilute to 500cc. 
with acetone. The solution is stable for 2 to 3 
months. 

Acetone; Distilled with calcium oxide.

5) F. J. Foote, Ind. Eng. Chem., Anal. Ed., 4, 39 
(1932).
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Procedure: The Naftel's6) and the Silverman's7) 

method were modified and the following procedure 

was applied to the sample. After the sample 

solution was treated with resin, a portion con-

taining 1 to 5ƒÁB was pipetted out and poured 

into a 50cc. porclain dish, to which 0.2g. of 

sodium carbonate was added. The resulting 

solution was evaporated on a water bath and 

acidified with 2cc. of the hydrochloric acid-oxalic 

acid solution. The product was evaporated on a 

water bath at 55•}2•Ž. The heating was con-

tinued for 30min. after the solution was dried. 

The red color of: rosocyanine appeared in the 

presence of boron. After the colored residue 

was cooled, it was treated with acetone. The 

colored acetone solution was centrifuged for 20 

minutes at 3000r. p. m. The clear solution was 

poured into a 10mm cell of Hitachi APO-I photo-

colorimeter equippdd with No. G (520mƒÊ) filter. 

This method was applied to solutions containing 

a known amount of boric acid, which were not 

treated with the resin columns. A known amount 

of the standard boric acid solution was treated 

by the above mentioned procedure and the scale 

of photocolorimeter was plotted in Fig. 4. The 

results are shown in Table V.

TABLE V 

DETERMINATION OF BORON BY COLORIMETRIC 

PROCEDURE. (ƒÁB)

Fig. 4. Standard curve of boron-absorbancy. 

This procedure could be applied to a sample 

containing a small quantity of boron within the 

error of •}5%. 

As shown in Table VI and VII, iron and 

aluminium interfered with this colorimetric 

procedure.

TABLE VI 

INTERFERENCE OF IRON. (ƒÁ)

TABLE VII

INTERFERENCE OF ALUMINIUM. (γ)

When the ferric ion exists in small quantities, 
the error tends to become larger. The presence 

of the aluminium ion gives negative error. Sodium 
chloride does not interfere with this method.

Application 

Kotoite, paigeite and tourmaline were 
sampled. Kotoite and paigeite were de-
composed with hydrochloric acid in a flask 
connected- with a reflux condenser. Tour-
maline was fused with sodium carbonate 
and the melt was dissolved in hydrochloric 
acid. When the samples were rich in

6) J. A. Naftel, Ind. Eng. Chem, Anal. Ed., 11, 407 

(1939). 
7) L. Silverman and K. Trego, Anal. Chem., 25, 1264 

(1953).
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TABLE VIII 

EORON IN BORON MINERALS 

(Determined on the regulated volume of the effluent as explained before)

Fig. 5. Decomposition of samples 

silica, the acidic solution had to be filtered. 

The solutions were treated with resin 

columns, as shown in the Fig. 5. The 

results in Table VIII were obtainedd when

boron in the effluent was determined by 

the titrimetric and the colorimetric pro-

cedure. The errors of the colorimetric 

procedure were greater than those of the 

titrimetric procedure, but less than •}5%. 

The accuracy of the procedures was ex-

amined by adding a known amount of the 

standard boric acid solution to the mine-

rals. The results were satisfactory as 

shown in Table VIII. The boron could be 

determined by the titrimetric procedure, 

but the colorimetric procedure gave more 

satisfactory results for micro amounts of 

boron. 
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