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INTERNATIONAL STANDARD

1SO 9689:1990(E)

Raw optical glass — Resistance to attack by aqueous alkaline
phosphate-containing detergent solutions at 50 °C —

Testing and ciassification

1 Scope

This Intefnational Standard specifies a method for
testing tHe resistance of raw optical glasses to at-
tack by gqueous alkaline phosphate-containing de-
tergent splutions (phosphate solutions) at 50 °C and
a classification of optical glasses according to the
aqueous | alkaline phosphate-containing detergent
resistancp (phosphate resistance) determined by
this methpd.

This Intenational Standard is applicable to samples
of raw ogtical glasses.

NOTE 1 |The test method may also be used for\other
types of glasses.

2 Normative references

The follopwing standafds“contain provisions which,
through rleference in/this text, constitute provisions
of this Infernational/ Standard. At the time of publi-
cation, the editions indicated were valid. All stan-
dards are “subject to revision, and parties to
agreemeptsbased on this International Standard

3 Principle

Attack on polished glass by an aqeous solution
containing 0;01"mol/l tripolyphosphate at 50 °C for
specified times. Weighing to determine the loss in
mass and’calculation of depth of attagk based on the
densityoof the glass. Comparison df the time re-
quired”for the apparent attack to a depth of 0,1 um
with time scales given in a classification table to
obtain the phosphate resistance class.

4 Reagents

During the test, unless otherwise stpted, use only
reagents of recognized analytical grade.

41 Water, complying with the grpde 2 require-
ments of ISO 3696.

4.2 Phosphate solution.

4.21 Purifying of commercially available
tripolyphosphate

are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 2768-1:1989, General tolerances — Part 1: Toler-
ances for linear and angular dimensions without in-
dividual tolerance indications.

ISO 3585:1976, Glass plant, pipeline and fittings —
Properties of borosilicate glass 3.3.

ISO 3696:1987, Water for analytical laboratory use —
Specification and test methods.

Prepare an  aqueous  solution  containing
10 % (m/m) to 15 % (m/m) tripolyphosphate, filter
out any insoluble matter and add ethanol (4.5)
gradually, until one volume of ethanol has been
added to four volumes of the phosphate solution.
Stir for 30 min and filter off the hexahydrate crystals,
wash twice with a mixture of one volume of ethanol
and one volume of water and redissolve in a mini-
mum amount of water. Repeat the process at least
four times. Then dry the crystals at room temper-
ature at a relative humidity of (50 4+ 10) %. The
yield is about 40 % 1o 45 % (based on the initial
commercially available substance) and has impuri-
ties of less than 0,5 %.
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4.2.2 Test solution

Dissolve 47,6 g of the purified tripolyphosphate
(4.2.1) in water {(4.1) in a one-mark volumetric flask
having a capacity of 1000 ml; make up to volume
and mix well. The solution contains approximately
0,1 mol/l phosphate. For the test, dilute one volume
of the solution prepared with nine volumes of water
(4.1). This new solution is called the test solution, the
concentration of which is ¢(NasP;0,,)) = 0,01 mol/l;
the pH shall be 10 + 0,1 at 20 °C. If the pH value is
different, the salt shall be purified again.

5.5 Analytical balance, accurate to 4+ 0,1 mg or
better.

5.6 Desiccator, using a 2 : 1 mixture of silicagel (for
H,O absorption) and soda-lime (a mixture of CaO
and Na,O, for CO, absorption, with indicator for re-
generation).

5.7 Tongs, protected with inert smooth material, for
example plastics.

5.8 Measuring-instruments—suitable for measuring

4.3 Nitric acid| (HNO,), analytical grade.
Dilute to pH =|4,5 + 0,1.

4.4 Sodium hydroxide solution,
0,1 mol/l.

¢(NaOH)) =~

4.5 Ethanol (d,H;OH), volume fraction ¢ = 96 %,
extra pure.

4.6 Isopropyl plcohol (C;H,0OH).

After evaporatipn of 100 ml of the alcohol, no resi-
due shall be visible. If this is not the case, re-distill
isopropy! alcohol.

5 Apparatus

Usual laboratofy equipment, and

5.1 Test vessel, cylindrical with a flat base, made
of stainless steel, having an internal diameter of
150 mm, a height of 200 mm and a close-fitting lid
(see figure?2).|The lid has a wide neck and is
equipped on the bottom with two hooks from which
to suspend the samples. The neck’is fitted with a
bung of suitablg inert material-which has previously
been boiled inl sodium hydroxide (4.4) for 60 min,
and through which a stirrer-can be inserted. Where
a gasket is rejguired t6_ensure an adequate joint
between the lid and.the' body of the vessel it shall
be made of a matetial which remains inert under the
test conditions|

lengths and diameters to an accuracy of(H|[1 %.

5.9 Ultrasonic equipment for laboratory use, filled
with water, which can be heatedto-at least|50 °C.

5.10 Beakers, made of bgrosilicate glass [3.3 com-
plying with the requirements of 1ISO 3585, having a
capacity of 100 ml and«250 ml.

5.11 pH-measuring electrode.

6 Preparation of the samples

6.1 , Polishing

Cut pieces of the annealed glass (see ISO} 3802) to
be tested so that after the polishing has bgen com-
pleted the dimensions are nominally 3D mm x
30 mm x 2 mm. Apply the foliowing polis:ning pro-
cedure to all surfaces of the samples using slurry
made with water (4.1).

6.1.1 Fine grinding
The fine grinding shall be achieved by using loose
abrasive alumina or silicon carbide, with the follow-
ing grain size distribution by mass:

— grains larger than 10,5 pm: =~ 50 %

— grains larger than 15 um: < §5 %

— grains larger than 18 pm: None

5.2 Stirrer, about 350 mm long, having a 10 mm di-
ameter stainless steel shaft, or a 15 mm diameter
polytetrafluoroethylene (PTFE) shaft (see figure 3).

5.3 Platinum or silver wires, less than 0,1 mm in
diameter, or cages of the same material to receive
one sample.

5.4 Heating bath, gas or electrically heated, with a
30 litres to 40 litres capacity, thermostatically
controlled to maintain the temperature of
(50,0 + 0,2) °C.

6.1.2 Polishing

The polishing shall be achieved by using cerium(lV)
oxide abrasive having grains smaller than 2 um and
polyurethane LP 26 polisher. The rotation speed for
the tool shall be between 50 r/min and 250 r/min and
the rotation speed for the sample shall be between
20 r/min and 100 r/min. The pressure (for polishing,
not for flatness) shall be between 10 kPa and 40 kPa.
The polishing time shall be less than 30 min.

Flatten the sharp edges by slight polishing
(chamfer).
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Store the samples in the desiccator (5.6) until they
are needed for further processing.

NOTE 2 Soda-lime may attack the glass surface. Great
care should be exercised in removing the desiccator lid
so as not to disturb any dust.

6.2 Calculation of total surface area

Measure all dimensions to the nearest 0,2 mm and
calculate the actual total surface area to an accu-
racy of 2 %.

ISO 9689:1990(E)

Place the test vessel (5.1), filled with 2 litres of test
solution (4.2.2) in the heating bath (5.4), adjust the
stirrer (5.2) so that it is 15 mm above the vessel
bottom and allow the temperature to reach
(50 + 0,2) °C.

Transfer the cleaned samples, which have been
cooled to room temperature in the desiccator, to the
analytical balance (5.5) using the tongs (5.7). Weigh
and record the mass as m, to an accuracy of
+ 0,1 mg. Always use two samples of the same

glass for the one test in the same tes

t vessel.

NOTE 3 |[For this purpose, take linear measurements to
an accuragy of + 1 %.

Record the value obtained.

6.3 Clepning

Samples|[shall be cleaned as soon as possible after
polishing] For this purpose, place three 100 ml
beakers [(5.10) in the ultrasonic water bath (5.9),
containing water heated to (45 + 3) °C. Each beaker
shall conptain sufficient isopropyl alcohol (4.6) to
cover completely any samples which are to be
cleaned.

During the whole cleaning procedure, samples shall
be held and transferred by means of tongs (5.7) to
avoid surface contamination, such as finger prints.

Immerse[the sample in the first beaker for 1 min
with the |ultrasonic effect applied; then clean the
glass with a lightly applied tissue or smooth cloth
moistenefd with isopropyl alcohol. Coniplete the
cleaning [by immersing the sample in turn in the
second apd third beakers, for 1 min in.each, with the
ultrasoni¢ effect being applied continuously.

Dry the sample by moving it if air and store imme-
diately in|the desiccator.

NOTE 4 |For drying, a drying oven may also be used, for
30 min at {115 + 5) °C.

The isophopy! alcehol in the first beaker shall be re-
placed ajter ,éach sample has been cleaned. The
isopropyl| alcohol in the other beakers shall not be
used forl_more than 10 samples and shall be

Entwine the platinum or silver wire
around the samples or put them(into

5.3) crosswise
the cage (5.3)

and hang them so that they aré’/positioned midway

between the stirrer rod and the wall
sel. The underside of the)sample s
above the bottom of the\fest vessel
paratus is shown in figure 2). There s
tact between the sample and the equ

Stir with a frequency of 100 r/min.

Reaction times shall be counted fro
the samples are immersed in the tes

Aftersbhe attack time is completed
samples from the liquid and clean tH
lowing procedure. Dip each sampl
mately 1s into each of a series
capacity 250 m! (5.10) and containing
following liquids. Use the following g
out pausing:

a) five times into the same water (4.1
fresh water for the next sample;

b) once into nitric acid (4.3) at room
c) once into water (4.1) at room tem;y

d} three times into isopropyl alcoho
temperature.

Remove the platinum or silver wire (5
(5.3) by holding the sample with the

merse it a last time into isopropyl al
dry by moving in air (see also note 4
the clean sample to the desiccator t

bf the test ves-
hall be 50 mm
the whole ap-
hall be no con-
pment.

m the moment
solution.

, remove the
em by the fol-
e for approxi-
of beakers of
200 ml of the
equence with-

at 50 °C. Take

emperature;
erature;

(4.6) at room

.3) or the cage
ongs (5.7), im-
cohol (4.6) and
n 6.3). Transfer
b cool to room

changed in the event of any suspected contam-
ination.

7 Procedure

7.1 General

The prepared samples shall only be used once.

For the calculation of phosphate resistance, at least
two samples shall be tested under the same condi-
tions.

temperature. Weigh as soon as possi

ble and record

the mass as m, (after test) to an accuracy of
+ 0,1 mg. Calculate the time for an attacked depth
of 0,1 pm in accordance with the formula given in
clause 8 and observe the changes in the glass sur-
face (see clause 8 and clause 9).

NOTE 5 For this purpose observe the glass surface un-
der natural light or under illumination by a microscope
lamp at an angle of approximately 45 °C.
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Immerse for 1 h

< 1mg Mass > 4mg
removed
Immersefar 4 h Immerse for 0 26 h
/ 1 mg > 1mg Mass
r to I reneved
4 mg
< 1mg
Immerse for 16 h
Use data from 1 h immersion
- Calculate g
- classification -

Figire 1 — Sequence of testing the phosphate résistance of an unknown optical glass

7.2 Testing ynknown glasses

For this purposg the following preliminary measure-
ments for the determination of the time'of attack are
necessary.

Prepare six samples in accordance with clause 6
and test, only pne sample at a time, following the
sequence giver in figure 1,

Start the test by immersing one sample into the test
solution (4.2.2)| for t-h: Depending on the loss in
mass, calculate for classification or continue with
the next attack {4 h or 0,25 h, see sequence in

7.3 Testing known glasses

If the phosphate resistance class of an opti¢al glass
is reasonably well known or determined in| accord-
ance with 7.2, the following procedure shall be ap-
plied.

Immerse two samples in the same test solution for
the expected time, i.e. 0,25 h, 1 h or 4 h. If|the loss
in mass is less than 1 mg/sample after 4 h] apply a
further test for 16 h.

If the loss in mass is clearly less than 1 mgfsample,
proceed with the next longer attack. If the loss in

figure 1). Normally, the class is calculated when the
loss in mass is between 1 mg/sample and
4 mg/sample. When the loss in mass is less than
1 mg/sample after the 4 h attack, apply the further
attack for 16 h. The result after this time of attack is
to be used for calculation in every case as well as
the result obtained when the loss in mass is more
than 1 mg/sample after the 4 h attack.

When the time of attack is determined, continue ac-
cording to 7.3.

mass is clearly more than 4 mg/sample after 1 h,
proceed with the next shorter attack (see figure 1).

The results from attack with loss in mass between
1 mg/sample and 4 mg/sampie after 1 h, or more
than 1 mg/sample after 0,25 h or 4 h, or from attack
after 16 h, shall be used for the calculation of the
phosphate resistance class.
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8 Expression of results

From the mean value of the loss in mass determined
in accordance with 7.3, calculate the time ¢, in
hours, necessary to etch a surface layer to a depth
of 0,1 um using the following formula:

texpxA

t —
o1 (my — my) x 100

where

is the time for attack in the experiment,

ISO

9689:1990(E)

Table 1 — Classification of optical glasses

Phosphate resistance Time, £y 4, needed to etch
class PR to a depth of 0,1 pm
h
1 >4
2 from 4 to 1
3 from 1 to 0,25
4 < 0,25

iy

in hours;

is the density of the glass, in grams per
cubic centimetre;

is the total surface area of the sample, in
square centimetres;

is the mass of the sample before the test,
in millligrams;

is the mass of the sample after the test,
in milligrams.

9 Classification and designation

Optical glpsses shall be classified in accordance

with tabld
necessary

1, according to the time ¢, in hours,
to etch a surface layer to a depth of

0,1 um, when tested by the method specified in this

Internatior

Changes
visible a
clause 7)

al Standard.

n the surface of the sample which are
ter determining the mass. 7, (see
used for the calculation (see.clause 8) are

qualitatively evaluated with the naked eye and given

in addition
— 0 no

— 1 cle
pockm

— 2 sta
selecti

to the class number aslfollows:
visible changes;

Ar,  but  irfegular  surface

arked, pitted):

(wavy,

ning and/or interference colours (slight
e leaching);

— .3

nnnnnnn thi hitich 1o, [atran o K !

be responsible for a deviation of-ong
additional numbers to the class.

For convenience of reference)to the
sistance of optical glass camplying W
fication laid down in this/International
designation shown in(the following ex3
used.

EXAMPLE

For a glass*having a density p = 3,31
surfaces area A4 = 20,4cm?2, a Io
(m1 mny = 3,7 mg/sample, after ar

=, 1°h, resulting in ¢, ; =
depth of 0,1 pum and with interference ¢
after the attack:

Optical glass, resis

1ISO 9689-PR 4.2

phosphate

10 Test report

The test report shall include the follo
tion:

e place in the

phosphate re-
ith the classi-
Standard, the
mple shall be

g/cm3, a total
5 in  mass
attack time

0,18 h for the attack to a

olours visible

tance class

wing informa-

a) a reference to this International Stgndard;

b) identification of the samples, including density;

c) the surface area tested, in square

d) statement as to which attack time

sults for the calculation of the time

centimetres;

gave the re-
for the attack

of the surface layer to a depth of 0,1 um, and

observation of any changes in the

surface;

ten

1 K o
SHOUS—tH—WHHHSH rayCi— oo oyt STITTT

tive leaching, a cloudy/hazy/dullish surface);

— 4

loosely adhering thick layer, such as insolu-

ble, friable surface deposit (may be a cracked

and/or

peelable surface surface crust, or cracked

surface; strong attack).

Differences in the history of glass or in its pre-

treatment

during fine grinding or polishing (6.1) may

e) the number of samples tested under the final

conditions and taken for the mean

f) the designation of the phospha
class PR;

g) any unsual features noted during
nation.

value;

te resistance

the determi-
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Dimensions in millimetres

Permissible variations in dimensions without
tolerance indication shall be in accordance with
those specified for the coarse series in 1SO 2768-1.

¢35
1] One-hole stopper
~N
m
\\
O
N
g p
5
40
2
Surface of the liquid 4
>_‘_ g e—p—— S
SRS MBI N S ——— DU 8
Stirrer (see figure3) ——f—~ —— 17— | | —— 1+ —
\\~
Sample ———_| : | _———+—Sample
\\ "/
o
ra
/
1 [¥g]
[ -
!
150
Execution:
— 2 hooks soldered to thé lid
— 1 flange with ground-flat surface, fixed to lid
Figure 2 — Test apparatus
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Dimensions in millimetres

Permissible variations in dimensions without
tolerance indication shall be in accordance with
those specified for the coarse series in 1SO 2768-1.

a) Stainless steel b) PTFE

@10 @15

{
25

3 for stainless steel stirrer
5 for PTFE stirrer

15

|

—

e

58

Figure 3 — Stirrers
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