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UDC 621.315.615:678.06.001.4
. JAPANESE INDUSTRIAL STANDARD JIS

Testing methods of solventless liquid C 2105-1992
rasins for electrical insulation

1. Scope

This Japanese Industrial Standard specifies the testing methods of
solventless liquid resins for electrical insulation and the materials in
cured form used for lmpregnatiou, molding, embedding, etc. for electric
machinery and apparatus, and electrical and electronic components.

Remarks 1. The standards cited irn this Standard are shown in Attached
Table 1.

2, The International standard corresponding to thils Standard
18 given below.

IBGC 455-2 (1977) Specification for solventless
. polymerisable resinous compounds used for electrical
insulation. Part 2: Methods of test

3, The units and numerical values given 1in { } 1in this
Standard are based on the traditional units and are
appended for informative reference.

2. Classification of tests

Tests are classified as shown in Table 1.
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Table 1. Classification of tests
Kind of teat Applicable |Kind of test Applicable
(1iquild characteristics)| clause for ([ (cured material clause for

test method

characteristica)

tent method

Appearance

Color number
Specific gravity
Viscoslty

Ralative viscosity
change

Ash content
Filler content
Volatile content
Acid value
Hydroxyl value
Epoxy wvalue

Drying time of coated
film

Adbeslon of coated film
Gel-time
Curing

Influence on enameled
wire

S
6.
7.
8.
9.

10.
11.
i2.
13.
14,
15.
16.

17.
18.
19.
20.

Appearance of cured
material

Hardness

Specific gravity of
cured material

Relative shrinkage

(Flexural strength and
j|flexural modulus of
lelastieity

Tenslle strength, elonga-
tion and tensile modulus
of elasticity

Impaet strength
Compressive etreugth
Bond strength

Coefficient of linear
expansion

(Thermal conductivity

Reslatance to cracking

|Temperature of deflection
lunder load

Thermal endurance
iLoas in mass on heating
[Flame retardance

Water absorption
Resistance to olil
Reglstance to chemicals

Dlelectric breakdown
strength

|[Volume resistivity

&Diasipation factor and
permittivity

Arc reslstance

1 Tracking resistance

21,

22.
23.

24,
25,

2. 0

27.
28.
29,
30.

31.
32,
33.

35,
®
37.
38.
39,
40.

41.
42,

43.
44,
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3. Test conditlomns

3.1 Testing place

3
C 2105-1992

Unless otherwise speclfied atmospheric conditions of

testing place shall be the ordinary temperature 20 + 15°C and the ordinary
humidity (65 + 20) % specified in JIS 2z 8703.

3.2 Sampling procedure

Products of each job number is considered as one

lot, and the product i1s well stirred if necessary. Then the sample of about
0.5 kg shall be taken into each clean container by taking care not to
include impurities and the container shall be closely plugged to avoid
evaporation of the volatile content.

3.3 Disposition of sample

The sample shall be stored in a cool and dark

place as far as possible until 1lnitiation of the test. Each test on liquid
sample and manufacture of test pleces shall be commenced within 72 h from

the sampling.

The above procedures shall be commenced immediately for products to
which curing agent has been added.

4. Rounding off of numerical values

The measured values or the average values obtained in each test shall be
rounded off to the places or the significant figures shown in Table 2

according to JIS Z 8401.
Table 2.

Rounding off of pnumerical values

Classification

Place or number of figures to which rounded off

(Liquid characteristic)

Specific gravity

Two places of decimals

Viscosity

Relative viscosity change
Ash content

Filler content

Two sigunificant figures

Volatlile content
Acld value

Two significant figures

Hydroxyl value

Epoxy value

Three significant figures

Adhesion of coated film
Middle part

Lower part

Two significant figures
Three significant figures

Gel-time

One place of decimal

Curing
Minimum curing time

Highest exothermie
temperature

One place of decimal

Integer
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Table 2.

(Continued)

Classification

Place or number of figures to which rounded off

(Cured material characteristics)

Haxdness

Integer

Specific gravity of cured
materlal

Two places of decimals

Relative shrinkage

Two slgnificant figures

Flexural strength

Flexural modulus of
elasticity

Tensile strength

Tensile modulua of
elastleicy

Integer

Elongation

Two significant figures

Impact astrength
Compressive strength
Bond strength

Integer

Coafficient of linear
expansion

Thermal conductivity

Two aignificant figures

Resistance to cracking

Temperature of deflection
under load

Integer

Loss in mass on heating

Two significant figures

Flame retardance

Integer

Water absorption

Dielectric breakdown
atrength

Volume resistivity
Dissipation factor
Permittivity

Twe significant figures

Arc reslstance

Three significant figures

Tracking resistance

Two significant figures
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5, Appearance test

5.1 Apparatus Suitable ones shall be selected from the test tubes
specified in JIS R 3503 and used as the apparatus.

5.2 Procedure Put the gsample into the test tube to a depth 30 mm or
more, and examine for the presence of impurities by looklng at the tube from
the side under diffused daylight.

5.3 Report Enter the appearance in the report.

6. Color number test

The color number test shall be carried out, according to the degree of
coloration, by Hasen's color number method for light color, and by Gardner's
color number method for deep color.

. (1) Hasen's color number method
(1.1) Apparatus The apparatus shall be as follows:
(a) Test tube The test tube shall be that specified in JIS R 3503.

(b) Hasen's standard color solution Dissolve 1.246 g of the
potasslum chloroplatinate of special grade of JIS K 8163 and
1.000 g of the cobalt chloride of special grade of JIS K 8129
into 100 ml of the hydrochloric acid of special grade of JIS K 8180,
make the solution 1000 ml by adding distilled water or
demineralized water to prepare the standard stock solution.

Make the Hasen's standard color solution by diluting this
standard stock solution with distilled water or demineralized
water at the rate shown in Table 3, put about 100 ml of this
solution into the test tube of (a), tightly plug the tube and
gtore 1t in a cool and dark place.

' Table 3. Hasen's color standard solution
Unit: ml
Hasen's | Standard | Distilled water Hasen's | Standard | Distilled water
color atock or demlneralized || color stock or demineralized
number solutlon | water number solution | water
0 0 100 100 20 80
10 2 98 120 24 76
20 4 96 140 28 72
30 6 94 160 32 68
40 8 92 180 36 64
50 10 90 200 40 60
60 12 88 250 50 50
70 14 86 300 60 40
. 80 16 84 400 80 20
90 18 82 500 100 0
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(1.2) Procedure Take the liquid sample of almost the same volume as
the standard color solution contained in test tube, intc a new
test tube, and stand both test tubes vertically side by side,
after the bubbles disappear. Place white paper or white screen
behind the tubes, carry out colorimetry visually from the side
under diffused daylight, select the standard color solution
correasponding to the sample and take it as the color number of
the sample.

(2) Gardmer's color number method

(2,1) Apparatus The apparatus shall be as follows:

(a) Gardner's color-number tube The Gardmer's color number tube
means one set of 18 tubes made of colorless tramsparent glass
tube to the shape and dimensions 1llustrated in Fig. 1 and
numbered from 1 to 18, Each tube contains the Gardner's standard
color solution of the respective number. ‘

(b) Gardner's standaxrd color solution The Gardner's standard color
solution 1s the solution of the compositlon shown in Table 4, and
when the color of solutlon is measured In accordance with JIS
Z 8722 on the solution of 10 mm layer, the measured chromaticity
coordinates shall coincide with the valueas of Table 4.

Store the Gardmer's standard color solutiom in a cool and dark
place.,

Fig. 1. Gardner's color number tube

Unit: mm

N
-

Inatde diameter
10002005

s e e e
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. Table 4, Composition and chromaticity coordinates of
Garduoer's standard color solution
y Potassium chloro- Iron cobalt solution Chromaticity
9 platinate solution(?) coordinates
Q
: Number of grams of Ferrous | Cobalt Hydro— x y
- potassium chloro- chloride| chloride | chloxic
~ platinate to be solutlion| solution | acid
52 dissolved in 1000 ml | (2) () (1+17)
§ § of 0.1 mol/! hydro~ | Number Number Number
chloric acid of ml of ml of ml
1 0.550 — — — 0.3190 0.3271
2 0.865 - - - 0,3241 0.3344
3 1,330 — — — 0.3315 0,3456
4 2,080 — — — 0.3433 0.3632
‘ 5 5.035 — - — 0.3578 0.3820
6 4.295 - - — 0.3750 0.4047
7 6.400 — — — 0.4022 0.4360
8 7.900 — - — 0.4179 0.4535
o — 3.8 3.0 93.2 0.4338 0.4648
10 - 5.1 3.6 91.3 0.4490 0.4775
n — 7.5 5.3 87.2 0,4836 0.4805
12 — 10.8 7.6 81.6 0.5084 0.4639
13 — 16,6 10.0 73.4 0.5395 0.4451
14 — 22.2 13.3 64,5 0.565 4 0.4295
15 — 29,4 17.6 53,0 0.5870 0.4112
16 — 37.8 228 39.4 0.6060 0.3633
17 - 51,3 25,6 23.1 0,6275 0.37125
18 — 100.0 0.0 0.0 0.6475 0.3525
. Note (}) Potassium chloroplatinate solution Take 1000 ml of 0.1 mol/!/
hydrochloric acid, and dissolve potassium chloroplatinate of the

amount shown in Table 4 into the acid to prepare this solution.

(2) Ferrous chloride solution Dissolve about 5 portions of ferrous
chloride (FeC13¢6H20), in mass ratio, by adding about 1.2
portions of hydrochloiic acid (1+17) and adjust the color hy
adding hydrochloric acid (1+17) so that the color becomes equal
to the solution immedlately after making by dissolving about
3.0 g of potassium dichromate into 100 ml of sulfuric acid
(specific gravity 1,84), to prepare this solutlon.

(*) Cobalt chloride solution Dissolve one portion of cobalt
chloride (CoCl2*6H20), in mass ratio, by adding 3 portions of
hydrochloric acid (1+17) to prepare this solution,
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(2.2) Procedure The procedure shall be as specified in (1.2).

However, colored glass of the same color may be used in lieu of
the Gardomer's standard color number tube,

(3) Report Enter the following items in the report:

(a)
(b)

Kind of test method

Color number

7. Specific gravity test

7.1 Equipment and apparatus The equipment and apparatus shall be as

follows:
(1)
(2)

(3)

Hydrometer The hydrometer specified la JIS B 7525.

Measuring cylinder The measuring cylinder of 200 ml capacity
specified in JIS R 3505. .

Even balance The even balance of weighing capacity 500 g and
sensitivity 0.5 g.

7+2 Procedure The procedure shall be as follows:

(L

(2)

Hydrometer method Carry out the measurement at 25 + 0.5°C by
using the hydrometer of 7.1 (1),

Measuring cylinder method Put the sample of about 100 ml into a
measuring cylinder whose mass ls known taklng care not to lnclugde
bubbles, measure the mass with the even balance and calculate the
apecific gravity from the formula given below. Previoualy maintain
the sample and measuring cylinder at a temperature 25 + 0.5°C.

d_ . ny —mnL,
m,

where, d: specific gravity ‘
m, ¢ mass of measuring cylinder (g)
m, ¢ mass of measuring cylinder containing sample (g)

m. ¢+ mass of water equal to volume of sample (g)

7.3 Report Enter the following items in the report:

(1L
(2)

Kind of tesat method (hydrometer wmethod or measuring cylinder method)

Specific gravity
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8. Viscosity test

The viscosity test shall be as specified Iin 8. (viscocity test) of
JIS C 2103,

9, Relative viscoslty change test

9.1 Equipment and apparatus The equipment and apparatus shall be as
follows:

(1) Viscometer The Brookfield viscometer shall be used.

(2) Tall beaker The tall beaker of 300 ml capacity specified in JIS
R 3503.

9.2 Procedure Add the specified amount of the appropriate curing agent
specified for each product to the product under test and mix them uniformly
to prepare the specimen. Take about 250 g of the specimen so prepared into

. the tall beaker, measure the viscosity at the prescribed temperature,
slightly plug the beaker, allow it to stand at the prescribed temperature
for the prescribed duratlon, and measure the viscosity of speclmen again at
the temperature of first measurement.

9.3 Calculation Carry out the calculation by means of following formula:

”v:_q%-.x 100

where, 7, : relative viscosity change (%)

o

viscoaity of sample after addition of curing agent
[mPa*s{cP} or Pa<*s{P}]

7 : viscoslty of sample after allowed to stand [mPa‘s{cP}
or Pa*s{P}]

9.4 Report Enter the following items in the report:
. (1) Test conditious
(a) Name and added amount of curing agent (g)
(b) Temperature (°C) and duration (h) of standing

(¢) Temperature at viscosity measurement (°C), rotor number and
number of revolutions of zotor (min~1)

(2) Relative viscosity change (%)
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10. Ash content test

10,1 Equipment and apparatus The equipment and apparatus shall be as
follows:

(1) Chemical balance A chemical balance with reciprocal semsitivity 1
ng.

(2) Crucible A ceramic crucible for chemical analysis or a platinum
crucible for chemical analysis.

(3) Burning equipment The burning equipment shall be an electric
furnace or a gas burner which can heat the specimen up to 9500°C.

(4) Deslccator The desicecator specified in JIS R 3503.

10.2 Procedure Put the sample of about 10 g in the crucible of an
adequate size which has been previously made a constant welght by atrong
heating, and measure the masa correctly to the nearest 1 mg with a chemical .
balance, Place the 1ld on the crucible and place the crucible in the
burning equipment previously heated at 200°C to 280°C. Progressively ralse
the temperature of burning equipment unit it reaches 900 + 25°C, and then
maintain this temperature for 2 h. The lid of cruclible may be removed
during the heating, 1f necessary, but 1t shall be placed before completion
of the heating., After a lapae of two hours, cool the cruclble to the room
temperature in a desiccator for about 30 min, and immediately measure the
mags to the nearest 1 mg with the chemical balance.

10,3 Calculation Carry out the calculation by means of the following
formula:

M. Nk,

ny) —ny,

£ [ty

where, A1, ¢ ash content (%)
m, ! mase of empty crucible (g)
m; ¢ mass of sample and crucible before heating (g) .
m. i mase of sample and crucible ther heating (g)
10.4 Report Enter the followlng items in the report:

(1) Test comnditions [heating temperature (°C) and duration of heating
(h)]

(2) Ash contents (%)

1ll, Filler content test

11.1 Igniting method The igniting method shall be as stated In 10.

11.2 Extraction method
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11.2,1 Equipment and apparatus The equipment and apparatus shall be
aa follows:

(1) Chemical balance A chemical balance with reciprocal sensitivity
1 mg.

(2) Conlcal flask (Erlemmeyer flask) The Erlenmeyer flask specified
in JIS R 3503,

(3) Crucible type glass filter The crucible type sintered-glass filter
specified in JIS R 3503.

(4) Desiccator The desiccator specified in JIS R 3503.

(5) Thermostatic chamber A thermostatic chamber of hot air
clrculating type which can malntain the prescribed temperature,

sintered—glass filter, a lower funnel and a suction bottle as
illustrated in Fig. 2. Fix the crucible type fllter and the
lower fumnel by gripping with a metal clamp.

. (6) Equipment The equipment consists of a crucilble type

Fig. 2. FPiltering equipment (an example)

C) Crucible type glass fillter
C) Lower funnel

() Solvent resistant rubber
stopper

@ Metal clamp
() Suction bottle

11.2.2 Solvent VUse the acetone specified in JIS K 8034, methylene
chloride or other suitable solvent.

11.2.3 Preparation of crucible type glass filter Dry the crucible
type glass filter in a thermostatic chamber maintalned at 105°C to 110°C for
30 min, take it out of the chamber, allow it to cool 1In a desiccator at the
room temperature for about 30 min and weigh it. Repeat the drying, cooling
and weighing until the crucible type glass filter becomes a constant weight,
and then attach it to the filltering equipment. Unless otherwlse specified
the desiccant in the deslccator shall be silica gel.
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11.2.4
(1)

(2)

(3

4)

(5)

(6)

11.2.5
following £

wher

JIS Cx2105 92 M 4933604 0521220 04 WA

Procedure The procedure shall be as follows:

Take about 3 g of sample in a conlcal flask and weigh them
correctly to the nearest 1 mg. Completely dissolve the sample by
adding the solvent of 50 ml gradually at the room temperature
while shaking the conical flask 1is continuously.

Wet the crucible type glass filter attached to the filtering
equipment with a swall amount of the solvent, carefully pour the
sample solution in the conlcal flask into the erucible type glasa
filter of the fitering equlpment by tilting method and carry out
the suction gradually by adjusting the suction presasure uatil the
sample solution finished its dripping through the crucible type
glaes fllter. Wash the conical flask with a small amount of the
solvent and transfer the insoluble content to the crucible type
glass fllter while washing. Use a atirring stick of glass or the
like to completely transfer the insoluble contents, Iif necessary.

Clean the crucible type glass filter using a small amount of
golvent each time until the filtrate becomes colorilesa.

After removal of solvent by sufficlent suction, detach the
crucible type glass filter from the filtering equipment.

Dry the crucible type glasa filter to which the insoluble content
18 adhering in the thermostatic chamber at a temperature
appropriate for the solvent used,

Take out the crucible type glass filter from the thermostatic
chamber, cool 1t 1n the desiceator for about 30 min and then
weigh 1t. Repeat the dryimg, cooling and weighing until the
crucible type glass fllter becomes a constant weight.

Calculation Carry out the calculation by means of the
ormula:

F - z;‘ Lo
e, F.: filler content (%)
m, ¢ mass of sample (g)

m; ¢ lncrement in mass of crucible type glasa filter (g)

11.3 Report Enter the following items in the report:

(1) Te
is

st method (state whether the igniting wethod or extraction method
used)

(2) Test conditlons [heating conditions (temperature and duration), for
igniting method; name, number and pore aymbol of filter plate of
crucible type glass filter, and kind of solvent used (e.g. crucible

ty
(3) Fi

pe filter IG3, acetone) for extraction method.]

ller content (%)
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12. Volatile content test

12.1 Equipment and apparatus The equipment and apparatus shall be as
follows:

(1) Thermostatic chamber A thermostatic chamber of hot air
eirculating type which can maintaln the prescribed temperature.

(2) Plat-bottom dish A flat-bottom dish made of glass or metal with a
inside diameter of about 60 mm and a depth of about 20 mm.

(3) Chemical balance A chemical balance with receprocal sensitivity
1 mg.

(4) Dealccator The desiccator specified in JIS R 3503,

12,2 Procedure Take about 1.5 g of resin from the sample and put 1t on
the flat—bottom dish previously welghed, measure thelr mass correctly to the
nearest 1 mg, place the apecimen horizontally in a thermostatic chamber, and
heat it at the prescribed temperature for the prescribed duration. Cool the
specimen in the desiccator and then measure the mass to the nearest 1 mg.

12.3 Calculation Carry out the calculation by means of the following
formula:

Vm=MX 100
my—ny

where, V.t volatile content (%)

.

m, ¢ masa of flat-bottom dish (g)
m ¢ mass of flat~bottom dish and sample before heating (g)
m, : mass of flat-bottom dish and sample after heating (g)
12,4 Report Enter the following items in the report:

(1) Test conditiouns [heating temperature (°C) and duration of heating
(h)}

(2) Volatile content (%)

13, Acid-value test

13.1 Equipment and apparatus The equlpment and apparatus shall be as
follows:

(1) Chemical balance A chemfcal balance with reciprocal sensitivity
1 ng.

(2) Buret The buret of 25 ml capacity specified in JIS R 3505.

(3) Conical flask The conical flask of 300 ml capacity specified in
JIS R 3503.
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