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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Individual rare earth metals and their oxides are both materials containing only one kind of rare earth
element. They are refined and separated rare earth products, which are widely used as the feedstock
for making downstream products in the rare earth industry. In the products, there exist trace non-rare
earth impurities including some carbonates, oxalates and moisture. Some of them (such as Ca, Si, Fe)
come from raw materials and others (such as Fe) come from industrial processes of rare earth metal

from the electrolytic process.

Rare earth content refers to the mass fraction of all rare earth elements in the material. It is an

|
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lmp Ttatrc CreTrCaT COTH P USTOIOTT IO CA O OCTCTTIIC—errC—quarity  OT ciCirarv roaddr rarc gart metals

and their oxides. A scientific and standardized method to determine the rare earth cents

nt, which is

used|to price the product in trading, is helpful to reduce variability and to improve the'consistency and
comparability of interlaboratory results, consequently facilitating the fair trade ofirave earth products.

The focument aims to supply a classic titration method for the determination of rare earth content

for individual rare earth metals and their oxides, which can be adopted)by rare earth
conshimers, traders and other stakeholders.

producers,
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Rare earth — Determination of rare earth content in
individual rare earth metals and their oxides — Titration
method

WARNING — The use of this document can involve hazardous materials, operations and
equlpment ThlS document does not purport to address any safety problems assoc1ated with

S pensibility ¢ : d : e safety and
health practlces and determme the appllcablllty of regulatory llmltatlons prlor to uske.

This|document specifies a titration method for the determination of rare earth content in 15 kinds of
indiyidual rare earth metals (lanthanum, cerium, praseodymium, neodymitim, samariuny, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbiGay, lutetium and yfttrium) and
theiroxides.

The ¢dletermination ranges for the rare earth content in mass fraction are as follows:
— T1are earth metal: 98,0 % (mass fraction) to 99,5 % (mass fraction);

— 1are earth oxide: 95,0 % (mass fraction) to 99,5 % (mass fraction).

It dogs not apply to individual rare earth metals and their oxides when:

a) the relative rare earth purity is less than 99,5 % in mass fraction;

b) the total content of various (non-rare ‘earth) metallic elements is greater than 0,5 % in mass
fraction;

c) the content of thorium, scandium or zinc is greater than 0,1 % in mass fraction.

2 Normative references

Therk are no normative téferences in this document.

3 Terms and‘definitions
For the purposes of this document, the following terms and definitions apply.

ISO gnd-EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

rare earth content

total rare earth content

mass fraction of rare earths in the material

Note 1 to entry: For rare earth oxides and other compounds, the fraction is generally provided as a percentage of

rare earth oxide, i.e. % REO or % TREO. For metals and alloys, the content is generally provided as a percentage
of rare earth metal, i.e. % REM or % TREM.

©1S0 2023 - All rights reserved 1
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Note 2 to entry: For rare earth oxides and other compounds, the formula of the rare earth content is RE,0, except
for Ce0,, Pr;044 and Tb,0,.

[SOURCE: ISO 22444-1:2020, 3.7, modified — Note 2 to entry added.]

3.2

rare earth content (original basis)

rare earth content (3.1) of a material as contained in the original as-received sample that has not
undergone any treatment

3.3
rare earth content (dry basis)

rare earth cpntent (3.1) of a material as contained in the sample subjected to drying in air at 105.9C for
1h

34
rare earth rontent (ignition basis)
rare earth cpntent (3.1) of a material as contained in the sample subjected to ignition in-air at 950 9C for
1h

3.5
individual yare earth metal
metallic suhstance containing only one rare earth element, including L&iCe, Pr, Nd, Pm, Sm, Eu, Gdl, Tb,
Dy, Ho, Er, Tm, Yb, Lu, Scand Y

Note 1 to entty: Itis assumed that the relative purity of an individual rare'earth metal is at least 99,5 %.
Note 2 to entfy: Pm and Sc are not within the scope of this documefit:

[SOURCE: IS0 22444-2:2020, 4.2, modified — Note 1 tg entry deleted. New Notes 1 and 2 to ¢ntry
added.]

3.6
individual rare earth oxide
chemical compound containing one rare earth’element and the oxygen element

Note 1 to entfy: It is assumed that the relative rare earth purity (3.7) of an individual rare earth oxide is at|{least
99,5 %.

3.7
relative rare earth purity
mass fractign of the specifiedrare earth element or rare earth oxide out of the rare earth content (.1)

Note 1 to entfy: It is expressed as a percentage with the basis (REM or REO) stated.

[SOURCE: IS0 22444+1:2020, 3.13]

3.8
permissibletoteramnce

a

alternative expressions for precision parameters, including r (repeatability limit), R, (intralaboratory
reproducibility limit) and R (interlaboratory reproducibility limit)

Note 1 to entry: Permissible tolerances replace precision parameters only when the precision parameters are
independent of the level.

Note 2 to entry: Permissible tolerances can be expressed as a(s,), a(sg,) and a(sg) and calculated by using the
following formula from ISO/TR 21074:2016, 6.6.5:

2 © IS0 2023 - All rights reserved
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where
B is the statistical values of s, s, and s, for each level;
i is the identifier for each level;
n is the number of levels.

4 Principle

The samples 2 . . i . " . ved o

at pH
non-
5 1
WAR
men|
befo
equi
invo

The
instr
only

5.1
5.2
5.3
5.4
5.5

5.6
Add

5.7

rare earth ions such as iron, etc. with sulfosalicylic acid.

Reagents

NING — Concentrated acids and alkalis are corrosive and their yapours irritate
branes. Users should consult the safety data sheet and safety-labelling for ed
re using. Care shall be taken to avoid any type of contact during use. Appropriatg
pment shall be worn when working with concentrated acids and alkalis. All the
lving acids and alkalis shall be carried out in a fume hood.

following reagents and indicators may be used in the"titration procedure. Wherg
uctions are provided for creating solutions. All reagents should be of known analyticd
distilled or demineralized water should be used,

Ascorbic acid, C;HgO4, powder.

Hydrochloric acid, HCl, p = 1,19 g/mk

Nitric acid, HNO3, p = 1,40 g/ml.

Ammonia, NHj, p = 0,91 g/ml.

Hydrogen peroxide, H,0,, 30 % (mass fraction), p = 1,11 g/ml.

Hydrochloric acid, diluted 1 + 1.

P50 ml ofhydrochloric acid (5.2) into 250 ml of water and mix.

Nitric acid, diluted 1 + 1.

jantitatively
[ 5,5 w1th a standard EDTA solutlon and xylenol orange as an 1nd1cator after maskKinig

coexisting

the mucous
iIch reagent

protective
procedures

applicable,
| grade, and

dd DA 1 £ el (D o 20N 1 £ b | .
A LIV 111Ul lllLl ll, dliU (J.0]) mtozZotmrot-wateranamix:

5.8

Ammonia, diluted 1 + 1.

Add 250 ml of ammonia (5.4) into 250 ml of water and mix.

5.9

Sulfosalicylic acid, C;H04S-2H,0, 100 g/1 solution.

Weigh 50 g of sulfosalicylic acid and place into a 500 ml beaker. Add 300 ml of water and stir to dissolve.
Make up the volume to 500 ml with water and mix.
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5.10 Xylenol orange indicator solution, C;;H;,N,0,5S, 2 g/1.

Weigh 0,2 g of xylenol orange and place into a 150 ml beaker. Add 80 ml of alcohol to dissolve. Make up
the volume to 100 ml with alcohol and mix.

5.11 Methyl orange indicator solution, C;,H,,N;SO;Na, 2 g/I.

Weigh 0,2 g of methyl orange and place into a 150 ml beaker. Add 80 ml of water and heat at a moderate
temperature to dissolve. make up the volume to 100 ml with water and mix.

5.12 Hexamethylene tetramine buffer solution

Weigh 100
Add 35mlo
pHis 5,5+

5.13 Zinc

Weigh 0,20(
hydrochlori
200 ml volu

5.14 Disod
approximat

A commerci
and standarn

To prepare,
transfer int

To standard

H5,5), C.H oN,.

of hexamethylene tetramine into a 500 ml beaker. Add 300 ml of water and stir todiss
hydrochloric acid (5.6), make up the volume to 500 ml with water and mix. Check th4
2.

tandard solution, 1 g/1.

0 g of zinc metal (w;, 2 99,99 %) in a beaker. Add 10 ml of watérahd then add 10
C acid (5.6), and heat gently until completely dissolved. Cool and¢transfer the solution i
metric flask. Add 10 ml of hydrochloric acid (5.6), make up the wolume with water and

bly 0,01 mol/1.

hlly available product with a certified composition¢an be used. It does not need be pref
dized.

weigh approximately 7,5 g of EDTA into a 250 ml beaker. Dissolve with 200 ml of wate
a 2 1 volumetric flask. Make up the volume with water and mix.

ize, transfer 25,00 ml of zinc standard solution (5.13) to a 250 ml Erlenmeyer flask

olve.
t the

ml of
nto a
mix.

ium ethylenediamine tetra-acetic acid (EDTA)‘{standard titration solution,

ared

- and

with

a calibrated|pipette. Add 50 ml of water and_a drop (not more than 0,1 ml) of methyl orange indifator
solution (5.11). Adjust the acidity with ammonia (5.8) to turn the solution exactly to a yellow cglour.
Add 5 ml of|hexamethylene tetramine-buffer solution (5.12) and two drops (not more than 0,2 ml) of
xylenol orange indicator (5.10). Titrate’the solution with the EDTA standard solution (5.14) just tp the
point when [the colour of the solution changes from red to yellow. Conduct the above standardizption
process for|three portions inCparallel. Calculate the concentration of the EDTA standard titrption
solution (5.14) by using Formitla (1) and average the three calculated concentration values untjl the
range of the|consumed volumes of EDTA standard titration solution (5.14) is less than 0,10 ml.
The concentration of EDTA standard solution (5.14), ¢, shall be expressed as an amount-of-substance
concentration (mol/J'and is calculated by using Formula (1):
U
V, - My

where

c is the concentration, in moles per litre, of the EDTA standard titration solution;

p is the concentration, in grams per litre, of the zinc standard solution;

V; is the volume, in millilitres, of the transferred zinc standard solution;

v, is the volume, in millilitres, of the consumed EDTA standard titration solution;

M, is the atomic mass of zinc, in grams per mole, of the zinc standard solution.
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6 Apparatus

6.1 High temperature furnace (air), with a temperature upper limit = 1 000 °C and a precision

of +1

6.2

6.3

6.4

0 °C.
Drying oven, with a precision of +5 °C.
pH meter.

Automatic titrator

6.5

7
7.1
or fm

prep

7.2
(orig

7.3

appr
and ¢

7.4

air a
contgq

8 1

8.1

Weig
8.2

8.2.1

Analytical balance, accurate to nearest 0,000 01 g (0,01 mg).

bample preparation

For rare earth metals, the laboratory sample is normally prepared into the form
agments after removing the oxidized surface layer by filing..Weigh immediately 4
hration to minimize oxidization in air.

For rare earth oxides, keep the sample in its as-received state to determine the rare e
inal basis).

For rare earth oxides, approximately 5 g of the€ sample is put into a shallow weighi
pximately 50 mm diameter and 30 mm heightwith a cover. Dry the sample in air at 1
illow to cool in a desiccator to room temperature to determine the rare earth content

For rare earth oxides, approximately 3 g of the sample is put into a crucible. Ignite t
£ 950 °C for 1 h and allow to cool in‘@desiccator to room temperature to determine t
ent (ignition basis).

Procedure

Test portion

h 0,40 g to 1,00.g of the test sample to the nearest 0,000 1 g.

Dissolution

of drillings
fter sample

hrth content

ng vessel of
D5 °C for 1 h
dry basis).

e sample in
rare earth

L7 14 Jd (70

Put the test portion (see 8.1) into a beaker. Add 20 ml of water, followed by 10 ml of }rydrochloric

acid

J-UJ Ul IIIL1NIC atiu LJ.I ).

10 ml of nitric acid (5.7) and 1 ml of hydrogen peroxide (5.5) shall be used when dissolving the cerium

matr

ix sample.

8.2.2 Heat the solution at a moderate temperature (353 K to 383 K) to avoid a violent chemical
reaction until completely dissolved. Evaporate until 1 ml to 2 ml of the solution remains. Add 20 ml of

wate

1, followed by 2 ml of hydrochloric acid (5.6), and heat to dissolve the salts.

If an insoluble residue occurs from the cerium oxide, do continuous intermittent instillation of hydrogen
peroxide (5.5) to promote the dissolution.
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8.2.3 (ool the solution to room temperature. If the mass of the test portion < 0,80 g, transfer the
solution into a 100 ml volumetric flask. If the mass of the test portion = 0,80 g, transfer the solution into

a 200 ml vol

umetric flask. Make up the volume with water and mix.

8.3 Titration

8.3.1 Transfer 10,00 ml of the test solution (see 8.2) into a 200 ml to 300 ml Erlenmeyer flask or

beaker.

8.3.2 Add 50 ml of water, 0,1 gto 0,2 g of ascorbic acid (5.1) and 2 ml of sulfosalicylic acid (5.9) to the

flask or bea
8.3.3 Add
drops just t
the pH valug

8.3.4 Add
0,2 ml) of th

8.3.5 Titr
colour of th
9 Calcul

9.1 Calcu

The rare eal
and calculat]

WREM =

where

Ker.

one drop (not more than 0,1 ml) of methyl orange indicator (5.11). Add ammonia (5.1
the point when the colour of the solution changes from red to yellow. Alternatively, a
to 5,5 using a pH meter (6.3).

5 ml of the hexamethylene tetramine buffer solution (5.12) and two._drops (not more
e xylenol orange indicator (5.10) to the solution.

hte the solution with the EDTA standard titration solution{5¢14) just to the point whe

ation and expression of results

lation of results

th content of the metal sample, wygp- shall be expressed as a percentage by mass fra

ed by using Formula (2):
Mz ‘C'V3 'V4
V5 my x1 000

x100
the atomic mass,-in grams per mole, of the rare earth element contained in the test por
the concentration, in moles per litre, of the EDTA standard titration solution;

the velume, in millilitres, of the consumed EDTA standard titration solution;

B) by

djust

than

n the

e solution changes from red-purple to light yellow. Alterhatively, titrate with an automnatic
titrator (6.4).

ction

(2)

tion;

the gross volume, in millilitres, of the test solution;

is

my; is

the volume, in millilitres, of the transferred test solution;

the mass, in grams, of the test portion.

The rare earth content of the oxide sample, wggq, shall be expressed as a percentage by mass fraction

and calculat

ed by using Formula (3):

M3 'C‘V6 'V7

x100

WREO =

Vg -my-xx1 000
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where

is the concentration, in moles per litre, of the EDTA standard titration solution;
is the volume, in millilitres, of the consumed EDTA standard titration solution;
is the gross volume, in millilitres, of the test solution;

is the volume, in millilitres, of the transferred test solution;

is the atomic mass, in grams per mole, of the rare earth oxide (RE,0,) of the test portion;

The

is the mass, in grams, of the test portion;
is the atomic number of the rare earth element in the molecular formula RE; 0.

rare earth content of the oxide sample shall be given as rare earth content-{(original b

hsis) or rare

earthh content (dry basis) or rare earth content (ignited basis) according te,the pre-treatinent for the

test 4

9.2
The

on identical test material in the same laboratory by the same dperator using the same equip

a shd
than

The
on id

toler]

The

test material in different laboratorieS by different operators using different equipment, wil

the i

ample. It shall be given together with the formula stated in Note 2 to-entry of 3.1.

Precision

hbsolute difference between two independent single test résults, obtained using the s

rt interval of time, will not exceed the repeatability permissible tolerance a(s,) in Tab
5 % of cases.

hbsolute difference between two independent single test results, obtained using the s

ance a(sp,,) in Table 1 in more than 5 % ©f cases.

hbsolute difference between two sifigle test results, obtained using the same method

nterlaboratory reproducibility permissible tolerance a(sy) in Table 1 in more than 5 %

Table 1 — Permissible tolerance o

Values in % (1]

hme method

ment within

le 1 in more

hme method

entical test material in the same laboratory:by the same operator using the same eqyipment, but
at a dlifferent time (on a different day), will not\éxceed the intralaboratory reproducibility

permissible

on identical
I not exceed
of cases.

nass fraction)

Sample type | Determination Repeatability Intralaboratory repro- | Interlaborgtory repro-
range permissible tolerance | ducibility permissible | ducibility permissible
als,) tolerance tolerjance
a(Sgw) a(bg)

Rare{ earth 98,0 t0 99,5 0,45 0,45 0,p8
met3l
Rardearth

: 95,010 99,5 0,37 041 0,381
oxide
NOTE The samples for interlaboratory tests cover all the sample types in Table 1, which are different

materials and produced by different industrial processes. No satisfactory functional relationship between the
values of precision and rare earth content (m) can be established. However, the precision values are similar
across some levels from the same sample type. Therefore, the permissible tolerances a(s,), a(sg,) and a(sg) are
applied in this document instead of the repeatability limit (r) and reproducibility limits (R,, R) in accordance

with

ISO/TR 21074:2016.

The details of the samples used and the results obtained in the precision experiment are given in
Annex A.
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10 Test report

The test report shall contain the following information:

a)

b)
‘)
d)
e)

all information necessary for the identification of the sample, the laboratory and the date of analysis
or of the test report;

the method used by reference to this document, i.e. ISO 23597:2023;

the results and the units in which they are expressed,;

any unusual features noted during the determination;

any opd
results.

ration not specified in this document, or any optional operation which can influen¢g the
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