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Foreword

ISO (the Intdrnational Organization for Standardization) is a worldwide federation of
national stanidards bodies (ISO member bodies). The work of preparing International
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body interested in a subject for which a technical committee has been established has
the right to Fe represented on that committee. International organizations, govern-
mental and pon-governmental, in liaison with ISO, also take part in the work. 1ISO
collaborates [closely with the International Electrotechnical Commission (IEC) on all
matters of elgctrotechnical standardization.

Draft International Standards adopted by the technical committees are circulatedto
the member bodies for approval before their acceptance as International Standards by
the ISO Coupcil. They are approved in accordance with ISO procedures requiring at
least 75 % approval by the member bodies voting.
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Plastics.
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INTERNATIONAL STANDARD

I1ISO 8985 : 1989 (E)

Plastics — Ethylene/vinyl acetate copolymer (E/VAC)
thermoplastics — Determination of vinyl acetate content

|
I
|
|

1 Scope

1.1 This International Standard specifies two categories of
methods fol the determination of the vinyl acetate (VAC) con-
tent in ethylene/vinyl acetate (E/VAC) copolymers for their
designation| in accordance with 1ISO 4613-1. The first category
comprises ‘[reference methods”, the second comprises ‘‘con-
trol methods”’.

“Reference| methods’” are used for the calibration of the
method usdd for the determination of the vinyl acetate content
of ethylenefvinyl acetate copolymers.

“Control methods’’ can be used for the determination if
calibrated with one of the “reference methods” described in
clause 3 anfi if the repeatability is acceptable.

2 Normative references

The follow|ng standards contain provisions which, through
reference in this text, constitute provisions oftthis International
Standard. At the time of publication, the_editions indicated
were valid. |All standards are subject to revision, and parties to
agreements|based on this International Standard are encouraged
to investighte the possibility of “applying the most recent
editions of the standards listed below. Members of IEC and ISO
maintain repisters of currently valid International Standards.

ISO 4613-1|: 1985, Plastics —  Ethylene/vinyl acetate
copolymer thermoplastics (E/VAC} — Part 1: Designation.

ISO 4799 : (1978, Laboratory glassware — Condensers.

3.1.2 Reagents

During the analysis, use only feagents of recognized analytica
grade and only distilled water or water of equjvalent purity.

|
|
i
|

3.1.2.1 Xylene. |

3.1.2.2 Sulfuric acid, approximately 5 gj/l solution, o
hydrochloric acid, approximately 3,7 g/l solytion.

3.1.2:3 " Potassium hydroxide, ethanolic s¢lution, approxi
mately 5,6 g/|. ‘

Dissolve 5,6 g of solid potassium hydroxide (KIOH} in 500 mi of

ethanol. Make up to 1000 mi, allow to stangd overnight anh
decant the clean portion of the solution.

3.1.2.4 Sodium hydroxide, standard volumetric solution,
c¢{NaOH} = 0,1 mol/l.

3.1.2.5 Phenolphthalein, indicator solution

Dissolve 0,7 g of phenolphthalein in 100 ml of ethanol.

3.1.3 Apparatus

Ordinary laboratory apparatus and

3.1.3.1 Burette, of capacity 50 ml, for the spdium hydroxide
solution (3.1.2.4).

3 Reference methods

3.1 Reference method 1 : Hydrolysis and
back-titration

3.1.1 Principle

Dissolution of a test portion in xylene and hydrolysis of the
acetate groups by potassium hydroxide in alcoholic solution.
Addition of excess of sulfuric or hydrochloric acid. Back-
titration- of the acid with a standard volumetric solution of
sodium hydroxide, using phenolphthalein as indicator.

3-+:3-2—Pipette—of—capaeity—30-mi—for—the acid soluti%n
(3.1.2.2). . ‘

3.1.3.3 Pipette, of capacity 25 ml, for the potassium hydrox-
ide solution (3.1.2.3).

3.1.3.4 Cylinder, of capacity 50 mi, for the xylene (3.1.2.11).

3.1.3.6 Conical flask, of capacity 250 m! or 300 ml, rith
stopper.
3.1.3.6 Dropping bottle, for the phenolphthalein indicator
solution (3.1.2.5).
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3.1.3.7 Reflux condenser, of length at least 500 mm, com-
plying with the requirements of 1ISO 4799.

3.1.3.8 Heating device: sand bath or heating mantle,
capable of being maintained at 200 °C.

3.1.3.9 Analytical balance, accurate to the nearest 0,1 mg.

3.1.4 Procedure

where

v, is the volume, in millilitres, of the standard volumetric
sodium hydroxide solution (3.1.2.4) used in the determi-

nation;

V, is the volume, in millilitres, of the standard volumetric
sodium hydroxide solution (3.1.2.4) Jsed in the blank test;

¢1 is the actual concentration, expressed in moles per litre,

of the standard volumetric sodium
(3.1.2.4);

m is the mass, in grams, of the

a4 2.4 a3

hydroxide solution

test portion {see

3.1.4.1 DJtermination

3.1.4.1.1 Ihto the flask (3.1.3.5), weigh, to the nearest
0,1 mg, a qliantity of dry copolymer as indicated in table 1. The
mass of eagh particle of the sample shall be less than 0,05 g
approximately.

Table 1
Estimatpd vinyl acetate Approximate mass
content w(VAC) of test portion

Yo (m/m) g
w(VAC) <10 1

10 < |w(VAC) < 20 0,5

20 < |w(VAC) < 40 0.3

40 < |w(VAC) 0,2

When analysing an unknown sample, carry out a preliminaty
test under| conditions valid for a copolymer containing
20 % (m/nf) to 40 % (m/m) of vinyl acetate.

3.1.4.1.2 Add 50 m! of the xylene (3.1.2.1)«t0"\the flask and
25 ml of thg potassium hydroxide solution({3)1.2.3) by means
of the pipette (3.1.3.3). Heat the flask fitted with the condenser
(3.1.3.7) for|2 h on the heating device (3.1.3.8), maintained at
200 °C. After hydrolysis is completé,-remove the flask from the
heating device and allow to cool torambient temperature. Add
30 m! of thq sulfuric or hydrachlotic acid solution (3.1.2.2} by
means of the pipette (3.1¢3:2), stopper the flask and shake
vigorously. Add a few _drops of the phenolphthalein solution
(3.1.2.5} anf titrate the excess acid, while stirring, with the
standard voljumetric_sodium hydroxide solution (3.1.2.4}.

3.1.4.2 Bl

[ 20 Pl 79 P

0,860 9
sponding to 1,00 ml
¢(NaOH) = 0,100 mol/I.

of sodium

3.1.6.2 Carry out two determinations. If

is the mass, in grams, of(viny
hydrpxide - solution,

acetate corre-

the Jresults differ by

more than 1,0 % {(m/m), répeat the determination. Report the
result as the arithmetic mean of two determinations.

3.1.6 Test report
The test repart shall include the foliowing

a) “a“reference to this Internationa
method used;
b) full identification of the sample;

¢} the result expressed in accordance

particulars:

Stdandard and the

with 3.1.56.2.

3.2 Reference method 2: Saponification and

potentiometric titration

3.2.1 Principle

Dissolution of a test portion in a mixture of xylene and hexan-1-
ol, and hydrolysis of the acetate groups by alcoholic potassium
hydroxide solution. Addition of acetone. tp prevent the

precipitation of copolymer. Titration of the

standard volumestric hydrochloric acid solution

tiometric titrator.

3.2.2 Reagents

excess alkali with a
using a poten-

During the analysis, use only reagents of recognized analytical

grade and only distilled water or water of

guivalent purity.

Carry out a blank test at the same time as the determination,

following the same procedure and using the same reagents as
used for the determination, but omitting the test portion,

3.1.5 Expression of results

3.1.5.1 The vinyl acetate content, expressed as a percentage
by mass, is given by the formula

0,860 9 (V1 - Vz) C1

m

3.2.2.1 Xylene, or p-xylene.
3.2.2.2  Hexan-1-ol.

3.2.2.3 Potassium hydroxide, ethanolic
mately 28 g/I.

3.2.2.4 Acetone.

3.2.2.5 Hydrochloric acid, standard v
¢(HCl) = 0,3 mol/l.

solufion, approxi-

olumetric solution,
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3.2.2.6 Lithium chloride, 40 g/| ethanolic solution.

3.2.3 Apparatus

Ordinary laboratory apparatus and

3.2.3.1 Potentiometric titrator, equipped with a burette of
capacity 10 ml {each division 0,02 ml), a millivoltmeter or any
other suitable type of voltmeter, a glass measuring electrode
and a silver/silver chloride reference electrode filled with the
ethanolic lithium chloride solution (3.2.2.6), a connecting
bridge filled with the same lithium chloride solution and a

1SO 8985 : 1989 (E)

3.2.4.1.2 Add 215 ml of the xylene (3.2.2.1}, 10 ml of the
hexan-1-ol (3.2.2.2) and 5 ml of the potassium hydroxide solu-
tion {3.2.2.3). Heat the flask fitted with the reflux condenser
(3.2.3.8) for 30 min on the heating device (3.2.3.7), maintained
at the boiling point. After hydrolysis is complete, remove the
flask from the heating device and allow to cool for 5 min to
6 min, then introduce 35 ml of the acetone (3.2.2.4) through
the top of the condenser. Disconnect the flask from the con-
denser and place it on the magnetic stirrer (3.2.3.9). Immerse
the glass electrode (see 3.2.3.1) and the end of the connecting
bridge {see 3.2.3.1) in the solution in the flask, and immerse the
other end of the connecting bridge and the silver/silver chloride
reference electrode (see 3.2.3.1) in the beaker filled with the

beaker filled |with the same lithium chilonde solution.

Any other suitable type of potentiometric titrator may be used.

3.23.2 CYIindei', of capacify 50 mi, for the xylene (3.2.2.1}
and the acetone {3.2.2.4).

3.2.3.3 Pipette, of capacity 5 mi, for the potassium hydrox-
ide solution [3.2.2.3). ~

3.2.3.4 Pipette, of capacity 10 mi, for the hexan-1-o}
(3.2.2.2). ~

3.2.3.5 Cohical flask, of capacity 100 ml, of chemically
stable glass.

3.2.3.6 Reflux condenser, of length at least 300 mm, com-
plying with the requirements of 1SO 4799.

3.2.3.7 Heating device: sand bath or heating mahtle,
capable of being maintained at about 200 °C.

3.2.3.8 Anmalytical balance, accurate to the nearest 0,1 mg.
3.2.3.9 Maggnetic stirrer.

3.2'4 Procedure

3.2.4.1 Determination -

3.2.4.1.1 Ipto the<flask (3.2.3.5), weigh, to the nearest
0,1 mg, a qyantity ‘of-dry copolymer as indicated in table 2. The
mass of eadh particle of ‘the sample shall be less than 0,05 g
approximately. .

ethanolic lithium chloride solution (3.2.2.6).

Carry out the potentiometric titration-/with| the standard
volumetric hydrochloric acid solution+(3:2.2.5){ while stirring,
up to the first drop in potential. At first, add the titrant quickly
from the burette: when approaching the equjvalence point,
add it by 0,04 ml to 0,06 mlLadditions.

When the equilibrium pofential is reached, read the voltage, in
millivolts, of the potentiometer {3.2.3.1) as well as the added
volume.

NOTE — Thend-point is taken to be the point at which the greates#
change in\poténtial occurs on introducing the hbove-mentioned.
volume of-titrant. In the case of two similar high valups of the change,
the first value is taken as the end-point. The end-goint can also be
determined graphically.

3.2.4.2 Blank test

Carry out a blank test in parallel with the deterrrination, by the
same procedure, using the same reagents as fin the determi
nation, but omitting the test portion. Prepafe the titration
curve. The middie point of the sharply rising part of the titration
curve is taken as the end-point of the titration

3.2.5 Expression of results

3.2.5.1 The vinyl acetate content, expressed @s a percentage
by mass, is given by the formula

2,56 (V3 - V4) Cy

m

where

. Table 2
Estimated vinyl acetate Approximate mass

content w(VAC) of test portion
% (m/m) g
w(VAC) < 2 1

2 < wliVAC) < 5 o 0,5

5 < w(VAC) < 30 0,2

30 < wiVAC) ) 0,1

When analysing an unknown sample, carry out a preliminary
test under conditions valid for a- copolymer containing
5 % (m/m) to 30 % (m/m) of vinyl acetate. ,

V3 is the volume, in millilitres, of the standard volumetric
hydrochloric acid solution (3.2.2.5} used in the blank test;

V, is the volume, in millilitres, of the standard volumetrjc
hydrochioric acid solution (3.2.2.5) used in the determji-
nation; i

of the standard volumetric hydrochloric acid solution
(3.2.2.5);

m is the mass, in grams, of the test portion {see
3.2.4.1.1);

2,66 is the mass, in grams, of vinyl acetate corresponding to
1,00 ml of hydrochloric acid solution, c(HCl) = 0,300 mol/l.

¢, is the actual concentration, expressed in moles per lit%a,
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3.2,5.2 Carry out two determinations. If the results differ by
more than 1 % (m/m), repeat the determination. Report the
result as the arithmetic mean of two determinations.

3.2.6 Test report
The test report shall include the following particulars:

a) a reference to this International Standard and the
method used; '

b) - full identification of the sample;

¢) the result-exprossed-in-accordance-with-3-2.52— > 10 % (m/m)

4 Contfol methods {examples)
4.1 - Infrgred spectrometric method

4.1.1 Principle

The vinyl pcetate content is determined by infrared spec-
trometry. This method consists in the determination of the ratio
of the absoybance of the v(CH,) band at 2 678 cm ! to that of
2v(CO) at 3 460 cm " in an E/VAC film of thickness 50 um to
300 pm. The ratio of the absorbances is converted to vinyl
acetate coptent using a calibration curve established with
E/VAC stapdard samples of known vinyl acetate contents.

It is not negessary to know the exact thickness of the film; an
infrared bamnd is used as an internal standard.

NOTES

1 This method is suitable for samples with VAC- contents of
10 % (m/m)|and above.

2 The interfal standard peak at 3 605 cm~ ! can also.be used for thick
samples (> 200 um) instead of the peak at 2 678.6m5 ", if the sample
thickness caf be measured manually, this can be uised instead of the
absorbance ¢f the internal standard peaks.

3 Other CO|peaks, for example 610 cm~1,)1 020 cm™1, 1 250 cm™~"!
and 1 743 crp~?, can be used instead 61)3 460 cm~", with a sample
thickness- appropriate to the content-of the sample.

4.1.2 Apparatus and materials

Ordinary laoratory<apparatus and

4.1.2.1 Infrared spectrometer, of wave number range

4.1.3 Procedure : '
4.1.3.1 Preparation of films \
|

Mould films of constant thickness with .the compression
moulding press (4.1.2.4), at about 150 ° .. The thickness of the
films shall be }

\
— 200 um to 300.um, when the VAC content is
< 10 % (m/m);
— 50 um to 150 um, - when thL VAC content is

NOTES

1 To facilitate the moulding and to avoidsticking of the E/VAC, a
thin film of polytetrafluoroethylene (PTRE) ma\‘( be placed between the .
E/VAC and the mould. 1
2 When the VAC content is~< 20 % (m/m), the PTFE film may be
replaced with aluminium foil,

4.1.3.2. Measurement

4.1.3.2.1 Select the appropriate wave number scale and
adjust the\zero absorbance [for 100 % \transmission of the
infraret\spectrometer (4.1.2.1)]. !
4:1:3.2.2 |Introduce a film, prepared a‘ in|4.1.3.1, of an
E/VAC standard sample {4.1.2.5) into the film holider (4.1.2.2),

and place it in the beam of the spectrometer.

4.1.3.2.3 Adjust the base line with the s \utter (4.1.2.3) of the
reference beam. |
1000 cm~! to

4.1.3.24 Record the spectrum ‘froﬁn‘
2000 cm~1. {

|

4.1.3.25 Draw lines tangential to the peakg at 3 520 cm~1
and 3 400 cm~'and at3.280 cm~'and 2 430 ¢m~', as shown
in figure 1, \

4.1.3.2.6 Determine the absorbances jt 3460 cm~" and
2 678 cm~ 1. (See the example of the determimation of optical
density shown in figure 1.)

\

| |
4.1.3.2.7 . Repeat the operations in 4.1.312.2|to 4.1.3.2.6 for
films, prepared as in 4.1.3.1, of the other B/VAC standard

4000 cm—! - olutlon o Tcm
4.1.2.2 Film holder.
4.1.2.3 Beam shutter.

4.1.2.4 Compression moulding press, having a clampihg
force corresponding to an applied pressure of at least 10 MPa,
and having platens capable of being heated to at least 150 °C.

4.1.2.5 E/VAC standard samples, having vinyl acetate con-
tents determined by one of the reference methods described in
clause 3.

samples (4.1.2.5), and subsequently for a film, also prepared as
in 4.1.3.1, of the sample for which the VAC content is to be
determined, without changing the operating conditions (for
example scan speed, span, balance, slit, sensitivity, etc.) of the
spectrometer.

|
4.1.3.3 Calibration curve |
|

Draw the calibration curve by plotting the l/alues of VAC con-
tent obtained from the reference method (3.1 or 3.2) against
the corresponding values of the ratio absorbance (3 460)/
absorbance (2 678) determined by the procedure (4.1.3.1 and
4.1.3.2) on the E/VAC standard samples. An example of a
calibration curve is shown in figure 2. 1\
\
|

|
3
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|
|
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0
4000 3500 3 000 2 500
Wave number, cm ™"
Absorbance (2 678) = logygTig — 10849Te0 = Az — Az = 0,857
Absorbance (3 460) = logygtyy — 10G4gTy = Ay — Axp = 0,062
Absorbance {3 460} = 0,072
Absorbance (2 678)

Figure 1 — Example of IR spectrum and determination of absorbance
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Figure 2 — Example of calibration curve
4.1.4 Exprgssion of results N . 4.2 Acidimetric method

The vinyl acetate content, expressed as a percentage by mass, .
is determined by reading, from the calibration“curve, the VAC 4.2.1 Principle
content corrpsponding to the value of absorbance (3 460)/

ure of 350 °C.
glass tube to a

e solution. By
are transferred
position gases
n. The volume

absorbance {2 678) for the sample-{figure 2). If absorbance A test portion is placed in an oven at a tempera
(3 460)/absofbance (2 678) for the sample lies on the straight- The interior of the oven is connected through a
line portion of the calibration curve,/the vinyl acetate content is washing bottle containing a potassium hydroxic
given by the [formula means of a warm nitrogen flow, the pyrolyzates
to the washing bottle in which the acidic decom
absprbance (3460} are absorbed by the potassium hydroxide salutig
K x absbrbance (2°678) of potassium hydroxide solution necessary|for

: process is then determined by titration

where K is thé.ratio of VAC content to absorbance (3 460)/ volumetric hydrochloric acid solution, using

the absorption

with a standard
phenolphthalein as

absorbance (2-678}-forthe-straigtrt-ine-portior, a5 determined indicator
by the least-squares method on the calibration curve.

4.2.2 Reagents and materi
4.1.5 Test report agents and material
During the analysis, use only reagents of re

The test report shall include the following particulars: grade and only distilled water or water of e

a) a reference to this International Standard and the

method used; 4.2.2.1 Potassium hydroxide, solution,

cognized analytical
quivalent purity.

b) full identification of the sample; ¢(KOH) = 0,1 mol/1.

¢} the results expressed in accordance with 4.1.4;

d) experimental details- and incidents that may have 4.2.2.2 Hydrochloric acid, standard valumetric  solution,
affected the results. c(HCl) = 0,1 mol/1.

1
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4.2.2.3 Phenolphthalein, indicator solution. 4.2.3.3 Durand gas washing bottle, capacity 260 ml, fittei
with washing bottle insert and fritted glass plate!). An exampl
Dissolve 0,1 g of phenolphthalein in 100 ml of ethanol. is shown in figure 3. \‘

4.2.24 Nitrogen. 4.2.3.4 Schellbach automatic zero burette, capacity

50 ml,
4.2.3 Apparatus
Ordinary laboratory apparatus and 4.2.35 One-mark bulb burettes, capacity 50 mi an%
; 100 ml.
4.2.3.1 Pyrolysis oven, capable of being maintained at
o]
350 °C. 4.2.3.6 Erlenmeyer flask, capacity ZoU mt.
4.2.3.2 Vitrified porcelain .combustibn boats, 110 mm
jong, 12 mm wide, 8 mm high. 4.2.3.7 Balance, accurate to 0,1 mg.
Dimensions in millimetres
b4
[19]
(=
Vg
“40+3 , 4023 &)
{1 |
_|:___1“:~\_\_ ] T 3 i
)
, | 5 P
s ! S ()
(W]
Insert —/
\ | |
! i
|
i
ni own
Bottle —\ !
o (Wal
N t [
|
I
B Fritted ¢
5 glass plate \
\mum)
| | 255 max.
a) Bottle and insert b) Detail of the insert

-Figure 3 — Durand gas washing bottle

1) Corresponds to the commercially available type D1 fritted glass plate. This information is given for the convenience of users of this International
Standard and does not constitute an endorsement by'ISO of this particular product. Equivalent products may be used if they can be shown to legd to
the same results.
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