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JAPANESE INDUSTRIAL STANDARD JLIS

Methods for determination of boron G 1227-1992
1n iron and steel

1. Scope  This Japanese Industrial Standard specifies methods for determi-
nation of boron content in iron and steel.

Remarks 1. The cited standards in thig Standard are given in the follow-
ing:

JIS G 1201 General rules for chemical analysis of iron and
steel

JIS K 8001 General rules of testing methods for reagents

2. The corresponding International Standard to this Standard is
the following:

ISO 10153: 1991 Steel — Determination of boron content —
Curcumin spectrophotometric method

2. General requirements General requirements common to methods for
determination shall be in accordance with JIS G 1201.

3. Methods for determination The methods for determination of boron
content shall be in accordance with either of the following:

(1) Sodium hydroxide titration method after distillation  This method is

applicable to boron content between 0.10 % (m/m) and less than
5.0 % (m/m).

(2)  Gurcumin gpectrophotometric method after distillation  This method is
applicable to boron content between 0.0001 % (m/m) and less than
0.10 % {(m/m).

(3)  Curcumin gpectrophotometric method This method is applicable to boron
content between 0.0002 % (m/m) and less than 0.012 % (m/m).

(4) Methylene blue extraction spectrophotometric method  This method is
applicable to boron content between 0.0002 % (m/m) and less than
0.015 % (m/m). However, for the test portion which containg 100 ug or over
of niobtum, or § pg or over of tantalum, this method 1s not applicable.

4,  Sodium hydroxide titration method after. distillation

4.1 Principle Decomposition of a test portion with hydrochloric acid and
nitric acid. Treatment with sulfuric acid and phosphoric acid and fuming.
Addition of methanol to make boron to be methyl borate. Distillation of the
methyl borate and absorption of a distillate in sodium hydroxide. Evaporation of
the absorbed solution to dryness. Dissolution of the evaporated residue with
water and adjusting of the pH with sulfuric acid and sodium hydroxide. Titration
of the hydrogen ion which is produced by the addition of mannitol with the
sodium hydroxide standard solution.
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4,2 Reagents The reagents shall be as follows:

(1) Hydrochloric acid

(2) Nitrie acid

(3)  Sulfuric acid

(4)  Sulfuric acid (1 + 5)

(6)  Phosphoric acid

(6) Sodium hydroxide solution (200 g/l and 80 g/{)
(7)  Carrier gas Nitrogen, argon or air (dried)
(8) Methanol

(9) Mannitol

(10) Standard boron solution (1 mg B/ml)  Weigh 1.430 g of boric acid,
transfer imnto a beaker (200 ml) and dissolve 1n about 50 ml of water,
transfer the solution into a 250 ml one-mark volumetric flask, and dilute
to the mark with water and mix,.

(11)  0.05 mol/ sodinm hydroxide standard seclution (2.000 g NaOH/!)
Prepare this standard solution as specified in 4.4 (20.5) (0.05 mol/! sodium
hydroxide solution) of JIS K 8001. Carry out the standardization of the
solution as follows: |

Transfer 5.0 ml of the standard boron solution [4.2 (10)] into a
distillation flask and add 10 ml of hydrochloric acid and 5 ml of nitric

acid, Further, add 10 ml of phosphoric acid and 5 ml of sulfuric acid, heat
to generate white sulfuric acid fume, and allow to cool. Thereafter,
proceed as specified in 4.5.2 to 4.5.4. The blank test shall be carried out
in parallel according to the same procedure as mentioned above without
the standard boron solution, Calculate the mass of boron corresponding to
1 ml of this standard solution according to the following formula:

f= 2
(V, ~ V,) x 1000

where, f ¢ the mass of boron corresponding to 1 ml of
0.05 mol/l sodium hydroxide standard solution (g)

V, + the volume of 0.05 mol/l sodium hydroxide
standard solution used (ml)
V the volume of (.05 mol/l sodium hydroxide

standard solution consumed for the blank test
(ml)

4,3 Apparatus  For distillation of boron, in principle, use the following
apparatuses:

(1}  Distillation apparatus This apparatus consists of a distillation flask
(200 ml), reagent injection tube and condenser which are made of quartz
(Attached Fig. 1). |
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(2) Receiver A quartz beaker (100 ml) marked at a position corresponding to
35 ml.

(3) Heater The heater which is able to distill 30 m! of methanol within
15 min to 20 min,

4.4 Mass of test portion = The mass of test portion shall be weighed as given
in Table 1 in accordance with the expected boron content. |

Table 1. The mass of test portion

Boron content Mass of test portion
% (m/m) g
0.10 to and excl., 0.50 - 1.0
0.50 to and excl. 1.5 0.50
1.5 +toand excl. 3.0 0.20

3.0 tc and excl. 5.0 0.10

4.5 Determination

4.5.1 Preparation of the test solution = Weigh a test portion, transfer to a
distillation flask (200 ml) and add 10 ml of hydrochloric acid and 5 ml of nitric
acid. Leave to stand at room temperature and after the decomposition of the test
portion has ceased, heat until the test portion is decomposed compietely.

Further, add 10 ml of phosphoric acid and 5 ml of sulfuric acid, and continue

heating., After white sulfuric acid fume is generated, heat for 30 min at
290 £ 10°C () and allow to cool.

Note (!) Add 10 ml of phosphoric acid and 5 m!} of sulfuric acid in a
gquartz conical flask (200 ml), heat to white sulfuric acid fumes

and confirm the temperature by immersing a glass thermometer
or thermocouple. |

4.5.2 Distillation Introduce 5 ml of sodium hydroxide solution (80 g/l) into a
receiver of distillation apparatus so as to immerse the tip of flowing-out opening
of condenser therein. Put a rotor covered with tetrafluoroethylene resin of
magnetic stirrer into the distillation flagsk and assemble the distillation
apparatus. Supply cool water at a temperature of or lower 10°C in the condenser.
While agitating, add 50 ml of methanol little by little through a reagent injection
tube (2) into the distillation flask. While feeding carrier gas [4.2 (7)] so as the
solution in the receiver does not back-flow into the distillation flask, heat so as to
distill 30 m! of a solution within 15 min to 20 min by heater. When the liquid
volume in the receiver has become 35 ml, stop heating and wash the tip of the

flowing-out opening of the condenser with a small volume of methanol.

Note {2) Since bumping or back-flowing of soclution in the receiver may
occur, the operation shall be carried out carefully.
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4.5.3 Evaporation Transfer the distilled solution and washings obtained in
4.5.2 with a small volume of methano! into a platinum dish (No. 100) or a
tetrafluoroetyviene resin beaker (100 ml), heat to volatilize the methanol but not
bring to a boil and continue heating to evaporate to dryness.

4.5.4 Titration Carry out the titration according to the following procedure:

(1) Add a small volume of water to the restdue obtained in 4.5.3, heat to

dissclve the residue, transfer into a beaker (300 ml) with water and dilute
to 1560 ml with water. Cover with a watch-glass, add 20 ml of sulfuric acid

(1 + 5), heat and boil to expel carbon dioxide for about 10 min (3).

(2) After cooling, rinse the bottom surface of the watch-glass and inside wall of
the beaker with water, remove the watch-glass, insert the electrode of pH-
meter into the test solution. While agitating the test solution, add sedium

hydroxide solution (200 g/l) (*) to adjust pH 6.0 to pH 6.5. Rinse the inside
wall of the beaker with a small volume of water, then add 0.05 mol/!

sodium hydroxide standard solution [4.2 (11)] drop by drop to adjust
correctly the pH to 6.8. |

(3) Add 7 g of mannitol to the test solution and dissolve. Titrate with
0.05 mol/l sodium hydroxide standard solution [4.2 (11}], take the point

when the pH reaches 6.8 accurately as the end point and obtain the
volumes of the 0.05 mol/l sodium hydroxide standard solution used.

Notes (3) Where carbon dioxide is dissolved in the test solution, the
titration 1is interfered with, and therefore, it is necessary to expel
carbon dioxide by sufficient boiling prior to titration.

(¥) It is not necessary to read out the consumed volume, but it 1s
preferable to add drop by drop using a burette or the like.

4.6 Blank test  Carry out the blank test in parallel in accordance with the
procedure in 4.5.1 to 4.5.4 using only the reagents.

4,7 Method of calculation The boron content, percentage of mass, of the test
sample shall be calculated according to the following formula using the titre in
4.5.4 (3) and 4.6. |

(Vi—- Vo xf
m

Boron % (m/m) = x 100

where, Vi : the volume of 0.05 mol/l sodium hydroxide standard
solution used in 4.5.4 (3) (ml)

V. : the volume of 0.0b moil/! sodium hydroxide standard
solution used in 4.6 (ml)

f 1 the mass of boron equivalent to 1 m! of 0.05 mol/
sodium hydroxide standard solution (g)

m : the mass of test portion (g)
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