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Plastics — Amine epoxide hardeners — Determination
of primary, secondary and tertiary amine group nitrogen

content

1 Scope

This International Standard specifies a method for the
determination of the primary, secondary and tertiary
amine group nitrogen content of aliphatic or aromatic
amine hardeners for epoxy resins.

2 Principle
2.1 Aliphatic amines

2.1.1 Determination of total amine group
nitrogen content (X7)

The total alkalinity is determined by potentiometric
titration against hydrobromic or perchloric acid in
glacial acetic acid, as described by the following
reactions:

RNH, + H* — RNH3*

(RR'NH + H* — (RR")NH,*

(RR’R”)N + H* — (RR’R”)NH*

The results are expressed as percentage nitrogen.

NOTE 1 Perchloric acid is not suitable for use with amine
hardeners such as N-aminoethylpiperazine.

2.1.2 Determination of tertiary amine group
nitrogen content (X3)

The primary and secondary amine groups are
converted into amide groups with acetic anhydride, as
described by the following reactions:

RNH, + (CH3C0),0 —
RNHCOCH; + CH3COOH

(RR)NH + (CH3C0),0 —
(RRONCOGHS + CH3COOH

The tertiary amine group alkalinity is determined by
potentiometric titration against hydrobromic or per-
chloric acid in glacial acetic acid/acetic anhydride, as
described by the following reaction:

(RR'R”)NH + H* — (RR’'R")NH*

The results are expressed as percentage nitrogen.

2.1.3 Determination of primary amine group
nitrogen content (X| )

The primary amine groups are reacted with a
measured excess of 2,4-pentanedione (acetylacetone)
in  N,N-di-methylformamide to form imines, as
described by the following reaction:

RNH, + CH3COCH,COCH3 —
CH3CNRCH,COCH3 + H,0

The excess acetylacetone is determined by poten-
tiometric titration against potassium hydroxide (the
reaction products of acetylacetone and primary amine
groups are neutral under these conditions).

The results are expressed as percentage nitrogen.
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2.1.4 Determination of secondary amine group
nitrogen content (X )

The secondary amine group nitrogen content Is
determined by calculating the difference between the
total amine group nitrogen content and the sum of the
primary and tertiary amine group nitrogen contents.

2.2 Aromatic amines

2.2.1 Determination of total amine group
nitrogen content (X7)

The total alkalinity is determined by potentiometric
titration against hydrobromic or perchloric acid in
glacial acetic acid, as described by the following
reactions:

ArNH, + H* — ArNHz*

(ArAr)NH + H* — (ArAr)NH»+*

(ArACArIN + H* — (ArArAr)NH*

The results are expressed as percentage nitrogen.

2.2.2 Determination of tertiary amine group
nitrogen content (X3)

The primary and secondary amine groups are
converted into amide groups with acetic anhydride as
described by the following reactions:
AI’NHZ + (CH3CO)20 rd
ArNHCOCH3 + CH3COOH

(ArAr)NH + (CH3C0),0 —
(ArAr)NCOCH3 + CH3COOH
The tertiary amine group alkalinity is determined by
potentiometric titration against hydrobromic or

perchloric acid in glacial acetic acid/acetic anhydride,
as described by the following reaction.

(ArArArIN + H* — (ArArAr’)NH*

The results are expressed as percentage nitrogen.

2.2.3 Determination of the sum of the secondary
and tertiary amine group nitrogen contents (Xr,,3)

The primary amine groups are converted into Schiff
bases by salicylaldehyde in glacial acetic acid, as
described by the following reaction:

ArNH, + CgH4(OH)CHO —

ArN=CHCgH4(OH) + H,0
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With strongly basic amines, the secondary and tertiary
amine group alkalinity is determined by potentiometric
titration against hydrochloric acid in glacial acetic acid,
as described by the following reactions:

(ArAr)NH + H* — (ArAr)NH,*

(ArArAr”IN + H* — (ArArAr”)NH*
The results are expressed as percentage nitrogen.
NOTE 2 Weakly basic amines, such as 4,4’-diamino-

diphenylsulfone, are titrated with hydrobromic or perchloric
acid in glacial acetic acid.

2.2.4 Determination of primary amine group
nitrogen content (XR1)

The primary amine group nitrogen content is
determined by calculating the difference between the

total amine group nitrogen content and the sum of the
secondary and tertiary amine group nitrogen contents.

2.2.5 Determination of secondary amine group
nitrogen content (Xg»)

The secondary 'amine’ group nitrogen content is
determined by calculating the difference between the
sum “of «the /secondary and tertiary amine group
nitrogen contents and the tertiary amine group
nitrogen content.

3 Reagents

During the analysis, use only reagents of recognized
analytical grade and only distilled water or water of
equivalent purity.

3.1 Acetic acid, glacial.

3.2 Acetic anhydride.

3.3 2,4-Pentanedione (acetylacetone).
3.4 N,N-diamethylformamide.

3.5 Acetylacetone, 1,5 mol/l solution in N N-di-
methylformamide.

Dissolve 15 ml of acetylacetone (3.3) in 90 ml of
N, N-dimethylformamide (3.4).

3.6 Salicylaldehyde.

3.7 Ethan-1,2-diol (ethylene glycol).
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3.8 Propan-2-ol.

3.9 Ethylene glycol/propan-2-ol mixed solvent.

Mix 500 ml of ethylene glycol (3.7) and 500 ml of
propan-2-ol (3.8).

3.10 Potassium hydrogen phthalate.

3.11 Hydrobromic acid, 250 g/l solution in acetic
acid.

3.12 Perchloric acid, 70 % or 60 % solution in
water.

3.13 Potassium hydroxide.
3.14 Hydrochloric acid, concentrated.
3.15 Sodium carbonate.

3.16 Hydrobromic acid, 0,1 mol/l standard volu-
metric solution in glacial acetic-acid.

3.16.1 Preparation

Add 25 ml of hydrobromic acid (3.11) slowly to 100ml
of glacial acetic acid (3.1)sin-a;1,000mlbrown-glass
volumetric flask (4.9) and stir carefully. Dilute) 1o the
mark with glacial acetic acid.

3.16.2 Standardization

Weigh out, to the nearest 0,1 mg, 0,1g to 0,2 g of
potassium hydrogen phthalate (3.10) and dissolve in
50 ml of glacial acetic acid (3.1).

Titrate this solution potentiometrically against the
solution of hydrobromic acid prepared in 3.16.1 (V;).

Perform a blank test by titrating 50 ml of glacial acetic
acid against the solution of hydrobromic acid prepared
in 3.16.1 (Vy).

Calculate the concentration ¢q of the hydrobromic acid
solution, expressed in moles of HBr per litre to the
nearest 0,001 mol HBr/l, using the equation

1,000 x mg

o=
204,23 (V; = V)

where

mg is the mass, in grams, of potassium
hydrogen phthalate used;
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Vq is the volume, in millilitres, of the solution of
hydrobromic acid prepared in 3.16.1 required
to reach the end point in the titration;

Vo is the volume, in millilitres of the above
solution (3.16.1) required in the blank test.

3.17 Perchloric acid, 0,1 mol/l standard volumetric
solution in glacial acetic acid.

3.17.1 Preparation

Mix 8,5 ml of 70 % perchloric acid (or 9,9 ml of 60 %
perchloric acid) (3.12) with 500 ml of glacial acetic acid
(3.1) in a 1 000 ml brown-glass volumetric flask (4.9).
Add 30 ml (or 35 ml if 60 % perchloric acid was used)
of acetic anhydride (3.2) and mix well. Dilute to the
mark with glacial acetic acid.

3.17.2 Standardization

Use the same procedure as that in 3.16.2, calculating
the concentration using the same equation. In this
case, c¢; is the concentration of the perchloric acid
solution prepared in 3.17.1.

3.18 . Potassium hydroxide, 0,5 mol/l standard volu-
metric ‘solution in propan-2-ol.

3.18.1 Preparation

Take Y000 ml of propan-2-ol (3.8) in a round-bottomed
flask and add 30g of potassium hydroxide (3.13).
Reflux for several hours to dissolve completely. Leave
the solution in a carbon-dioxide-free atmosphere for a
few days, then transfer the clear upper solution to a
polyethylene bottle and keep it in the bottle equipped
with a guard tube filled with soda lime. Take care that
the solution does not touch a cork or rubber stopper
or stopper grease, which may be saponified.

3.18.2 Standardization

Weigh, to the nearest 0,1mg, 0,5g to 1,0g of
potassium hydrogen phthalate (3.10) and dissolve in
100 ml of water.

Titrate this solution potentiometrically against the
potassium hydroxide solution prepared in 3.18.1 (V3).

Perform a blank test separately (V,).

Calculate the concentration ¢, of the potassium
hydroxide solution, expressed in moles of KOH per
litre to the nearest 0,001 mol KOH/I, using the
equation

1,000 x m

g=———————
204,23 (V3 — V)
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where

my is the mass, in grams, of potassium
hydrogen phthalate used;

V3 is the volume, in millilitres, of the solution of
potassium hydroxide prepared in 3.18.1
required to reach the end point in the
titration;

V4 is the volume, in millilitres, of the above
solution (3.18.1) required in the blank test.

3.19 Hydrochloric acid, 0,1 mol/l standard volu-
metric solution in mixed solvent.

3.19.1 Preparation

Add 1 000 ml of the ethylene glycol/propan-2-ol mixed
solvent (3.9) to 9 ml of concentrated hydrochloric acid
(3.14).

3.19.2 Standardization
Weigh out, to the nearest 0,1 mg, 0,13g to 0,16 g

of sodium carbonate (3.15) and; dissolve ‘in 100, mi/of
water.

Titrate this solution potentiometrically against the
solution of hydrochloric acid prepared in 3.19.1 (Vz).

Perform a blank test separately’{Vg):

Calculate the concentration c3 of the hydrochloric acid
solution, expressed in moles of HCI per litre to the
nearest 0,001 mol HCI/I, using the equation

1.000 x my

3=
52,99 (V5 — V)
where

my is the mass, in grams, of sodium carbonate
used;

Vs is the volume, in milllitres, of the
hydrochloric acid solution prepared in 3.19.1
required to reach the end point in the
titration;

Vg is the volume, in millilitres, of the above
solution (3.19.1) required in the blank test.

4 Apparatus

4.1 Analytical balance, accurate to 0,1 mg.

4.2 Beakers, of capacity 100 ml.
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4.3 Graduated glass cylinder, of capacity 50 ml.

4.4 Conical flask with ground-glass stopper, of
capacity 20 ml.

4.5 Pipette, of capacity 5 ml.

4.6 Graduated pipette, of capacity 1 ml.

A =7 . = PP -~ o~ P e L T o T a T ~
4.7 Water bath, capable of being maintained at
40 °C.

4.8 Flasks, of capacities 100ml, 1000 m! and
2 000 ml.

4.9 Graduated fiasks, capacity 1 000 mi, made of
brown glass.

4.10 Potentiometric-titration apparatus, equipped
with a glass-calomel electrode.

5 Procedure
5.1 Aliphatic amines

5.1.1 Determination ‘of total amine group
nitrogen content (X7)

Weigh, to the nearest 0,1 mg, an amount of amine
hardener containing approximately 0,001 mol of amine
group {mm into.a;100mkbeaker (4.2). Dissolve in 50 m!
of,-glacial, acetic acid (3.1). Then titrate potentio-
metrically against 0,1 mol/l hydrobromic acid (3.16) or
perchloric acid (3.17) (V4).

Because one nitrogen in N-aminoethylpiperazine
reacts only slowly with perchloric acid, it is difficult to
detect the end point. In the determination of N-amino-
ethylpiperazine or its derivatives, therefore, use
0,1 mol/l hydrobromic acid.

Perform a blank test separately (V5) by titrating 50 ml
of glacial acetic acid (3.1).

5.1.2 Determination of tertiary amine group
nitrogen content (X3)

Weigh, to the nearest 0,17 mg, an amount of amine
hardener containing approximately 0,001 mo! of amine
group (mg) into a 100 ml beaker (4.2). Dissolve in 10 ml
of glacial acetic acid (3.1).

Add 10ml of acetic anhydride (3.2) and mix
thoroughly. Leave at room temperature for 30 min.
Add 40 ml of glacial acetic acid (3.1) and titrate
potentiometrically against 0,1 mol/l hydrobromic acid
(3.16) or perchloric acid (3.17) (V7).

Perform a blank test separately (V;).
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5.1.3 Determination of primary amine group
nitrogen content (X| )

Weigh, to the nearest 0,1 mg, an amount of amine
hardener containing approximately 0,002 mol of amine
group (mq) into a 20 ml conical flask with a ground-
glass stopper (4.4).

Using a pipette (4.5), add 5 ml of 1,5 mol/l solution of
acetylacetone in N,N-dimethylformamide (3.5), tightly
stopper the flask, and mix thoroughly. Keep at 40 °C in
the water bath (4.7) for 30 min.

After cooling down to room temperature, wash the
mixture into a 100 ml beaker (4.2), using 50 ml of
N, N-dimethylformamide (3.4).

Titrate potentiometrically against 0,5 mol/l potassium
hydroxide solution (3.18) (V3).

Perform a blank test separately (V).

5.1.4 Determination of secondary amine group
nitrogen content (X, )

Determine the secondary amine group nitrogen
content by calculating therdifferenceybetween, the
total amine group nitrogen content and the sum of the
primary and tertiary amine group nitrogen.contents.

5.2 Aromatic amines

5.2.1 Determination of total amine group
nitrogen content (XT)

Determine in the same way as for aliphatic amines
(see 5.1.1).

5.2.2 Determination of tertiary amine group
nitrogen content (X3)

Determine in the same way as for aliphatic amines
(see 5.1.2).

5.2.3 Determination of the sum of the secondary
and tertiary amine group nitrogen contents (Xp,,3)

5.2.3.1 With strongly basic amines, weigh, to the
nearest 0,1 mg, an amount of amine hardener
containing 0,001 mol of amine group (mp,3) into a
100 ml beaker (4.2). Dissolve in 10 ml of glacial acetic
acid (3.1).

Add 1 ml of salicylaldehyde (3.6) and mix thoroughly.
Leave at room temperature for 30 min.

Add 50 ml of ethylene glycol/propan-2-ol mixed sol-
vent. Then titrate potentiometrically against 0,1 mol/l
hydrochloric acid (3.19) (V).
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Perform a blank test separately (Vg).

5.2.3.2 With weakly basic amines, such as 4,4’-di-
aminodiphenylsulfone, use the following procedure:

Weigh, to the nearest 0,1 mg, an amount of amine
hardener containing approximately 0,001 mol of amine
group (mp,3) into a 100 ml beaker (4.2). Dissolve in
10 ml of glacial acetic acid (3.1).

Add 1 ml of salicylaldehyde (3.6) and mix thoroughly.
Leave at room temperature for 30 min.

Add 40 ml of glacial acetic acid (3.1). Then titrate
potentiometrically against 0,1 mol/l hydrobromic acid
(3.16) or perchloric acid (3.17) (V4).

Perform a blank test separately (V).

5.2.4 Determination of primary amine group
nitrogen content (Xg,)

Determine the primary amine group nitrogen content
by calculating the difference between the total amine
group nitrogen content and the sum of the secondary
and tertiary amine group nitrogen contents.

5.2.5" Determination of secondary amine group
nitrogen content (XR,)

Determine the secondary amine group nitrogen
content by calculating the difference between the
sumsof|_the .secondary and tertiary amine group
nitrogen contents and the tertiary amine group
nitrogen content.

6 Expression of results

Calculate each amine group nitrogen content from the
equations given in 6.1 to 6.7, reporting the results to
one place of decimals.

6.1 Total amine group nitrogen content (X7), in
mass percent (see 5.1.1 and 5.2.1)

0,014 x ¢ x(V4-V,)x 100
mr

X7

where

¢y is the concentration, in moles per litre, of the
hydrobromic acid (3.16) or perchloric acid
(3.17) used,

vV, is the volume, in millilitres, of the above
solution (3.16 or 3.17) required to reach the
end point in the titration;
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Vo is the volume, in millilitres, of the above
solution (3.16 or 3.17) required in the blank
test;

mt is the mass, in grams, of amine hardener

taken.

6.2 Tertiary amine group nitrogen content (X3), in
mass percent (see 5.1.2 and 5.2.2)

_ 0,0]4XC1 X(V‘] —Vz)x100

mg3

X3
where

cq Is the concentration, in moles per litre, of the
hydrobromic acid (3.16) or perchloric acid
(3.17) used:;

Vi is the volume, in millilitres, of the above
solution (3.16 or 3.17) required to reach the
end point in the titration;

Vo is the volume, in millilitres, of the solution
(3.16 or 3.17) required in the blank test;

m3 is the mass, in grams;-ef amine -hardener
taken.

6.3 Aliphatic primary amine group nitrogen
content (X| ;), in mass percent (see 5.1.3)

_ 0,014 x ¢y x(V3 =V, X100
m

X1

where

cp is the concentration, in moles per litre, of the
potassium hydroxide solution (3.18) used;

V3 is the volume, in millilitres, of the above
solution (3.18) required to reach the end point
in the titration;

Va4 is the volume, in millilitres, of the above
solution (3.18) required in the blank test;

mq is the mass, in grams, of amine hardener

taken.

6.4 Aliphatic secondary amine group nitrogen
content (X|5), in mass percent (see 5.1.4)

X=Xt — (X 1+ X3)
where

Xt is the total amine group nitrogen content, in
mass percent, of the amine hardener;
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X(1 is the aliphatic primary amine group nitrogen
content, in mass percent, of the amine
hardener;

X3 is the tertiary amine group nitrogen content,

in mass percent, of the amine hardener.

6.5 Sum of aromatic secondary and tertiary
amine group nitrogen contents (Xg,,3), in mass
percent (see 5.2.3)

0,014XC3 X(V5 = Vs)X100

Xpo4+3 =
ma.3
or
0,014 x ¢ X (V; = V,) x 100
M43
where
€3 is the concentration, in moles per litre, of

the hydrochloric acid (3.19) used;

Vs is the volume, in millilitres, of the above
solution.(3.19) ,required to reach the end
pointiin'the titration;

Ve is. the volume, in millilitres, of the above
solution (3.19) required in the blank test;

mp.3 , -iS,the mass, in grams, of amine hardener
taken.

a is the concentration of the hydrobromic
acid (3.16) or perchloric acid (3.17) used:

V4 is the volume, in millilitres, of the above
solution (3.16 or 3.17) required to reach
the end point in the titration;

Vo is the volume, in millilitres, of the above
solution (3.16 or 3.17) required in the blank
test.

6.6 Aromatic primary amine group nitrogen
content (XR4), in mass percent (see 5.2.4)

Xr1=X1 — Xp243

where

X1 is the total amine group nitrogen content,
in mass percent, of the amine hardener:

Xro+3 Is the sum of the secondary and tertiary
amine group nitrogen contents, in mass
percent, of the amine hardener.
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p nitrogen

XR2 = Xpo+3 — X3
where
X3 is the tertiary amine group nitrogen
content, in mass percent, of the amine
hardener;

Aliphatic amine group nitrogen content

The values of m, s,, sg, r and R are given in mass percent.
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XR2+3 is the sum of the secondary and tertiary

amine group nitrogen contents, in mass
percent, of the amine hardener.

7 Precision

Following round-robin testing organized in Japan in
1994, the precision of this test method is as follows:

Type of amine Mean Repeatability Reproducibility

group nitrogen m s, r Sk R
SELTS%?QQZ‘Z 8,49 0,59 1,64 137 3,83
g;’gjp'ﬁft‘rg e 6,90 0,49 1,38 1,46 4,08
;f’gﬂg’}"jr'gg; 10,23 0,12 0,34 0,54 1,51

Aromatic amine group nitrogen content

The values of m, s,, sg, r and R are given in mass percent.

Type of amine Mean Repeatability Reproducibility
group nitrogen m 5y r SR R
Primary amine
group nitrogen 338 0,34 0,94 0,74 2,08
Secondary amine
group nitrogen 4.27 0,32 0,89 0,75 2,11
Tertiary amine
group nitrogen 4,44 0,04 0,10 0,14 0,39
m = mean of all the laboratories
s, = standard deviation within a laboratory
sg = standard deviation for the total deviation between the laboratories
r = repeatability (in units of measurement) = 2,8,
R = reproducibility (in units of measurement) = 2,8 sp
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