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UDC 669.15°782-198:543.062
JAPANESE INDUSTRIAL STANDARD JIS
‘ Methods for Chemical Analysis of Ferrochromium G 1313-1989

1. Scope

This Japanese Industrial Standard specxﬁes the methods for determination of chromlum, car-
bon, silicon, phosphorus and sulfur contained in ferrochromium.

2. General Items

The general items common to the methods for chemical analysis shall be in accordance with
' JIS G 1301.

3. Determination Methods for Chromium

s 3.1 Classification of Methods The methods for determination of chromium shall be in accord- '
~ ance with either of the following,.

(1) Potassium Permanganate Back-titration Method for Excessively Added Diammonium
Iron (II) Sulfate after Oxidization by Ammonium Peroxodisulfate This method can be
applied to the whole range of chromium content in ferrochromium,

. _ (2) Diammonium Iron (IT) Sulfate Titration Method after Oxidization by Ammonium
Peroxodisulfate This method can be applied to the whole range of chromium content
in ferrochromium. .

3.2 Potassium Permanganate Back-titration Method for Excessively Added Diammonium Iron
(II) Sulfate after Oxidization by Ammonium Peroxodisulfate

3.2.1 Summary After either decomposing the sample with phosphoric acid or dissolving in
water the sample fused in fusing mixture, dissolve it in sulfuric acid. Oxidize chromium into
dichromate with ammonium peroxodisulfate making use of silver nitrate as a catalyzer, and then
reduce the permanganic acid, which has been concurrently oxidized, with hydrochloric acid and
manganese sulfate. Reduce dichromate with a diammonium iron (II) sulfate standard solution
added slightly to excess, and then titrate the excessively added diammonium iron (II) sulfate with
a potassium permanganate standard solution.

3.2.2 Rcagents The reagents shall be as follows.
(1) Hydrochloric acid (1 + 3)
(2) Nitric acid
(3) Sulfuricacid (1 + 1,1 + 4)

. (4) Phosphoric acid
' (5) Fusing mixture [sodium peroxide 7, sodium carbonate (anhydride) 3]
(6) Ammonium peroxodisulfate
(7) Silver nitrate solution (5 gf7)
Applicable Standards:
JIS G 1301-General Rules for Chemical Analysis of Ferroalloys

JIS K 0113-General Rules for Methods of Potentiometric, Amperometric, and Coulometric
Titrations

JIS K 8001-General Rules of Testing Methods for Reagents

JIS Z 2615-General Rules for Determination of Carbon in Metallic Materials

JIS Z 2616-General Rules for Determination of Sulfer in Metallic Materials
Corresponding International Standard:

ISO 4140 Ferrochromium and ferrosilicochromium — Determination of chromium content —
Potentiometric method
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(8) Manganesc sulfate solution Dissolve 100 g of manganese sulfate 4- to 6-hydrate in ' ’
water up to 1 /.

)] Ammonium peroxodisulfate solution (200 g/l) Prepare this solution for each use.
(10) Potassium permanganate solution (3 g/!)

(11) 0.1 mol/! diammonium iron (II) sulfate standard solution [39.21 g Fe (NH4)2(SO4)2
6 H20/l] The methods for preparation, standardization and storing shall follow the
descriptions in 4.4 (29) of JIS K 8001, The standardization, however, should be
made for each use.

(12) 0.02 mol/! potassium permanganate standard solution (3.161 g KMnO4/l/) The
methods for preparation, standardization and storing shall follow the descriptions in
4.4 (9) of JIS K 8001.

(13) 1/60 mol/l potassium dichromate standard solution (4.903 g K2Cr207/1) The
methods for preparation, standardization and storing shall follow the descriptions in
4.4 (24) of JIS K 8001,

(14) Sodium diphenylamine-4-sulfonate solutlon g ThlS solution should be kept ina
brown-colored bottle.

(15) Ferroin solution Dissolve 0.35 g of iron (II) sulfate heptahydrate in water, add ‘
either 0.75 g of 1, 10-phenanthroline monohydrate or .88 g of 1, 10-phenanthroline
hydrochloride monohydrate to dissolve and dilute with water up to 100 ml.

3.2.3 Quantity of Sample Weigh out 0.5 g of sample.

3.2.4 Operation

3.2.4.1 Preparation of Sample Solution The sample solution shall be prepared by cither
of the following methods.

(1) Acid Decomposition Weigh out the sample(1) in a beaker(?) (300 ml), cover it
with a watch glass, add 20 ml of phosphoric acid, and heat to decompose while al-
lowing to emit slight white fume. Before it loses its fluidity owing to cooling down,
add 20 ml of sulfuric acid (1 + 4) and 5 ml of nitric acid, and boil for about 1 min
to dispel nitrogen oxide and the 11ke(3) Cool to room temperature, temove the
watch glass while rmsmg it with water, transfer the solution into a 250-ml-
volumetric flask while rinsing the beaker with water, and dilute with water up to
the marked line. Pipette an aliquot of 50 ml from the solution into a beaker
(500 ml), add 20 ml of sulfuric acid (1 + 1), and dilute it with warm water up to
about 200 ml.

Notes (1) In the case of high-carbon ferrochromium, even 74 um or finer grain size ‘
of the sample may result in an insufficient decomposmon and therefore
still finer pulverization with an agate mortar is preferable.

Decomposition of low-carbon ferrochromium should also be ex-
pedited by pulverizing as fine as possible.

(® The use of a quartz beaker for decomposing the sample by heating can
protect it from corrosion,

(®) In the case of high-carbon ferrochromium, after dispelling nitrogen oxide
and the:like by boiling for 1 min, add about 1 gram of ammonium
peroxodisulfate, and further boil for 1 min to decompose carbide.

When the decomposition is insufficient, adopt the alkali fusion
method,

(2) Alkali Fusion Weigh out and transfer the sample cither to a nickel crucible
(30 ml) or an alumina crucible (30 ml), add and mix well 10 g of fusing mixture,
and cover them all over with 1 g of the fusing mixture. First heat gently to fuse the
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‘ mixture, and then heat at about 700°C (dark red) for 5 min swirling the crucible oc-
casionally to accelerate the fusion. Allow to cool, transfer the crucible to a beaker
(500 ml), cover it with a watch glass, and dissolve the fused by adding about 150 ml
of hot water. After cooling, add 60 ml of sulfuric acid (1 + 1) and boil for about
10 min, Remove the watch glass rinsing with water, and take out the crucible rins-
ing with water. When cooled to room temperature, transfer the solution to a 250-
ml volumetric flask while rinsing the beaker with water, and dilute it with water up
to the marked line. Pipette an aliquot of 50 ml from the solution to a beaker (500
ml), add 5 ml of phosphoric acid and 15 ml of sulfuric acid (1 + 1) to the aliquot,
and dilute it with warm water up to about 200 ml.

3.24.2 Ogxidization of Chromium To the solution obtained in 3,2.4.1, add 0.5 ml of potas-
sium permanganate solution, 10 ml of silver nitrate solution and 15 to 25 ml of ammonium
peroxodisulfate solution {3.3.2 (8)]. Boil this solution to oxidize chromium into dichromate and,
when the pale pink color by permanganic acid appears, further boil it for about 5 min to decom-
pose the superfluous ammonium peroxodisulfate. Then, add 5 ml of hydrochloric acid (1 + 3),

. and reduce permanganic acid by boiling. At this point, if the color by permanganic acid or the
deposit of manganese dioxide still remains, further boil and reduce it completely by adding 2 or 3
milliliters of hydrochloric acid (1 + 3). Continue boiling for 2 or 3 min after adding 5 ml of man-
‘ ganese sulfate solution [3.2.2 (8)}(%).

Note (4) In this case, boiling longer than 3 min gives lower values because of partial reduc-
tion of dichromate, and therefore, 2 or 3 min shall be strictly observed.

3.2.43 Titration After cooling the solution obtained in 3.2.4.2 to room temperature,
dilute it with water up to about 250 ml, and add an accurate volume of 0.1 mol// diammonium iron
(IT) sulfate standard solution [3.2.2 (11)] to reduce dichromate and further add 5 to 10 ml to ex-
cess accurately. Immediately titrate it with 0.02 mol// potassium permanganate standard solution
[3.2.2 (12)](%), and make it an end point where a pale reddish violet appears in the solution(6).

Notes (s) In place of 0.02 mol// potassium permanganate standard solution, 1/60 mol/! potas-
sium dichromate standard solution [3.2.2 (13)] may be used. In this case, 2 or 3
drops of sodium diphenylamine-4-sulfonate solution [3.2.2 (14)] should be added
for an indicator, and the point where the solution turns violet shall be taken as an
end point. This method is not available, however, when the sample contains not
less than 0.1 wt % of vanadium,

(6) In the case where the end point is uncertain, a couple of drops of sodium .
diphenylamine-4-sulfonate solution may be added. This method cannot be used
when the sample contains not less than 0.1 wt % of vanadium.

. Alternatively, 3 or 4 drops of ferroin solution may be added.

3.2.5 Blank Test Carry out the blank test using only the reagents in parallel with the
sample test in accordance with the procedures in 3.2.4.1 to 3.2.4.3.

3.2.6 Calculation Calculate the chromium content in the sample from the following formula.

Chromium wt % = 1VF1=V2F) - (VsF)‘: ; VaF2)] X 0001733
» m

X 100

where, V1. volume of 0.1 mol/l diammonium iron (II) sulfate standard
solution added in 3.2.4.3 (ml)

Va: volume of 0.02 mol/l potassium permanganate standard
solution consumed in 3.2.4.3(") (ml)

V3: volume of 0.1 mol// diammonium iron (II) sulfate standard
solution added in 3.2.5 (ml)

Va: volume of 0.02 mol// potassium permanganate standard
solution consumed in 3.2.5(") (ml)
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'Fy: factor of 0.1 mol/! diammonium iron (IT) sulfate standard - ‘
solution

F3: factor of 0.02 mol// potassium permanganate standard solu- |
tion
m: weighed-out quantity of the sample (g)
B: aliquot ratio of sample solution to blank solution.

Note (*) When Note () is followed, the consumed volume of 0.02 mol// potassium perman-
ganate standard solution given here shall be replaced by the consumed volume of
1/60 mol/! potassium dichromate standard solution.

3.2.7 Tolerances The tolerances shall be as specified in Table 1.
Table 1. Tolerances

Unit: wt %
Sampl Chromium content Intralaboratory Interlaboratory
ample & tolerance tolerance
High-carbon ferrochromium 558 0.5 0.8 ‘
Low-carbon ferrochromium 61.4 0.5 0.8 7

Note (]) The chromium content percentages given here are the values obtained.from the col-
laboration work carried out to determine the tolerances.

3.3 Diammonium Iron (II) Sulfate Titration Method after Oxidization by Ammonium
Peroxodisulfate .

3.3.1 Summary First either decompose the sample with phosphoric acid or fuse the sample
beforehand in fusing mixture and dissolve in warm water, and then make the solution acidic by ad-
ding sulfuric acid, Oxidize chromium into dichromate with ammonium peroxodisulfate making use
of silver nitrate as a catalyzer, and then reduce the permanganic acid, which has been simul-
taneously oxidized, with hydrochloric acid and manganese sulfate. Titrate the solution with diam-
monium iron (IT) sulfate standard solution making use of a potentiometer.

3.3.2 Reagents The reagents shall be as follows.
(1) Hydrochloric acid (1 + 3)
(2) Sulfuric acid (1 + 1) ' : ‘
(3) Phosphoric acid |
(4) Fusing mixture [sodium peroxide 7, sodium carbonate (anhydride) 3]
(5) Silver nitrate solution (5 g/)
(6) Potassium nitrite (10 g/l)

(7) Manganese sulfate solution Dissolve 100 g of manganese sulfate 4-to 6-hydrate in
water up to 1 /.

(8) Ammonium peroxodisulfate solution (200 g/f) Prepare this solution for each use.
(9) Potassium permanganate solution (3 g/l)
(10) Urea

(11) 0.1 mol// diammonium iron (II) sulfate standard solution [39.21 g Fe (NH4)2(SO4)2
-6 H20/{] The methods for preparation, standardization and storing shall follow the
description in 4.4 (29) of JIS K 8001.. The standardization, however, shall be made
for each use.
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. 3.3.3 Apparatus and Devices The following apparatus and devices shall as a rule be used.

(1) Potentiometer The potentiometer shall follow the description in 3.3.1 of JIS K 0113.
The pH meter with a mV scale may be used.

(2) Electrode The electrode shall be any combination of platinum-saturated caromel,
platinum-tungsten and platinum-platinum.

3.3.4 Quantity of Sample The sample to be weighed out shall be 0.5 g.

33.5 Operation

3.3.5.1 Preparation of Sample Solution The sample solution shall be prepared by either
of the following methods.

(1) Acid Composition Weigh out the sample(}) in a beaker(?) (300 ml), cover it with
a watch glass, add 20 ml of phosphoric acid, and heat it to decompose while allow-
ing to emit slight white fume. Before it loses its fluidity owing to cooling down,
add 20 ml of sulfuric acid (1 + 4) and S ml of nitric acid, and boil for about 1 min
to dispel nitrogen oxide and the like(}). Cool to room temperature, remove the
watch glass while rinsing it with water, transfer the solution into a 250-ml-
volumetric flask while rinsing the beaker with water, and dilute with water up to

. the marked line. Pipette an aliquot of 50 ml from the solution into a beaker

(500 ml), add 20 ml of sulfuric acid (1 + 1), and dilute it with warm water up to
about 200 ml,

(2) Alkali Fusion Weigh and transfer the sample either to a nickel crucible (30 ml) or
an alumina crucible (30 ml), add and mix well 10 g of fusing mixture, and cover
them all over with 1 g of the fusing mixture. First heat gently to fuse the mixture,
and then heat at about 700°C (dark red) for about 5 min swirling the crucible oc-
casionally to accelerate the fusion. Allow to cool, transfer the crucible to a beaker
(500 ml), cover it with a watch glass, and dissolve the fused by adding about 150 ml
of hot water. After cooling, add 60 ml of sulfuric acid (1 + 1) and boil for about
10 min. Remove the watch glass rinsing with water, and take out the crucible rins-
ing with water. When cooled to room temperature, transfer the solution to a
250-ml volumetric flask while rinsing the beaker with water, and dilute it with water
up to the marked line. Pipette an aliquot of-50 ml from the solution to a beaker
(500 ml), add 5 ml of phosphoric acid and 15 ml of sulfuric acid (1 + 1) to the ali-
quot, and dilute it with warm water up to about 200 ml.

3.3.52 Oxidization of Chromium To the solution obtained in 3.3.5.1, add 0.5 ml of potas-
sium permanganate solution, 10 ml of silver nitrate solution, and 15 to 25 ml of ammonium
peroxodisulfate solution [3.3.2 (8)]. Boil this solution to oxidize chromium into dichromate and,

‘ when the pale pink color by permanganic acid appears, further boil it for about 5 min to decom-
pose the superflnous ammonium peroxodisulfate. Then, add 5 ml of hydrochloric acid (1 + 3),
and reduce permanganic acid by boiling. At this point, if the color by permanganic acid or the
deposit of manganese dioxide still remains, further boil and reduce it completely by adding 2 or
3 ml of hydrochloric acid (1 + 3) Continue to boil for 2 or 3 min after adding 5 ml of man-
ganese sulfate solution [3.3.2 (7)]( ).

3.3.53 Titration Cool the solution obtained in 3.3.5.2 to room temperature, dilute it with
water up to about 250 ml, titrate the solution with 0.1 mol// diammonium iron (II) sulfate standard
solution [3.3.2 (11)] using a potentiometric titration apparatus, take it an end point when the
pointer of the potentiometer swings violently, and thus make this measurement the first quantity
of titrant(®).

Next, after letting this solution show a reddish violet color by dripping potassium perman-
ganate solution, drip several drops of the solution to excess, and agitate it for about 2 min. When
this reddish violet color disappears by dripping potassium nitrite solution and the change of
electric potential is noticed, add excessively two more drops. Add 0.5 g.of urea and agitate it in
order to dispel finer bubbles caused by the decomposition of superfluous nitrite. While successive-
ly agitating, titrate this solution with 0.1 mol// diammonium iron (II) sulfate standard solution
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