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MowsANTO CHEMICAL COMPANY m: a";w “ ;m oF -, J.:“‘“
3. KRUMMRICH PLANT LABORATORY ALlALLE 3 ] " 24
STANDARD ANALYTICAL I 1.
METHOD

FRoOUCT
Arocinrs, Fyrunols and Related Products

R4 )
D;eleot;ric Constant and Powea Factor

THIS FORM

FC) surensepes meTHoo 31,608 sueo on__1/21/66
] muvises insTaucTION

Phle mothod 12 used te measurce the dielectrie constonts and pows
factor of dielectric flulds.

fee Page © for btne eguipment llst end connecting dlagram.
M Gl test czls is deweribzd as below.

Teast cleeteodes, concentrde nlcitel cylinders with feet. 1Tn:
inreyr cieetroda 1B 2.8° 0.D. x 3.25" high. The sz electrode
15 5.0" I.D. 5 3.25" Righ. General Mlectide ., Fltuaflels,
Mase., Cat. les. 1,519,603, Drawing Ne. M-GH1874.

Spacey plate. General Electric Co., Drawing No. M-052274-2.,,

BOQ ml. Led.ov « Sev the spacer plete I the beriter wibth the
concentric Ango up. Set Loz coneentile cylindeqs in the
oppropristo yvingd.

('ven, cont.ant tempersture, Ficher Jr. Cat. No. 1%-20i-13,
podAdflec t> fnclude conplete inner wall dining o 9327
¢Juminug, Installation of wotor and Llower, Wermerature rewuils
covatent t2 100°C (£0.5°C).

The oven 13 alee provided with Senerel Radio Co. type 938
pindlng piite and insulatory arrangad to muateh Lerminele frow
the cepacitance and resistlivity brivges. The oven is mountac
clrectdy 43 the 2lde of the cabinet coctalnlng tic

&nd powey factor apparztus. Thle pormite shovt, dires
connactlons, Terminals and leads gre ineide Lo ovea tor
canncetin: to the teet cell.

A 1L0 wet: heater g ottachad to th: under eidn af the Capectianze
Pridge safcld to hald temperaturs axut 20°C above ambient.
Required 1o hodd ralozive hamidity oelow 404,
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Balance Capicitor - General

v Radio 1409F
Oscillator - General Radio 1302-A Null ggpgg
Detect
Bridge - General Radlo 716-C ector A
Null Detector - General Radio 1232-A in th 1
Oscilloscope - EICO 427 s— b Yre b B
60 Hz Supply - 40 volts R.M.S. with P .
3rd Harmonic Suppres- .
sion
Oscillo-
Cell ~ G.E. # 1,559,663 scope
Oven - Modified Fisher Isotemp
No. 1}'2"5 .l—‘
S S
i’:‘gst{"{t ‘1"‘4
sistiv ' .
é é Gen. 2
) ' Det.
—}-4=— Unknown Unknown
—-— —e Substitution Direct ']
5 Balance
Bridge Capacitor
Cell .
Oven
Oscillator - 1000 Hz "

ELECTRICAL PROPERTY APPARATUS
MONS 076955



Product: Aroclors, Pyranols and Related Methud No. T-2285
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e. The remalning units are used as received after interconnection
as shown on page 2.

f£. Thermomcter, -1 té 101°C., 0.1° division, 60 mm, Fisher Cat.
No. 15-000, or equivalent.

REAGENTS

a. Tri Sodium Phosphate, 10% solution, Tri Sodiam Phosphate, AR Grade
or cquivalent. Make the 10% solution immediately prior to use.

b. Trichlorobenzene, Commercial Grade.

¢. Methanol, 99.9+% Pure, Carbon and Carbide Co., or ejuivalent.
d. Benzene - ACS grade.

SAPETY

Chlorinated benzenes and diphenyl are irritating to the skin. The
vapors of the hot materials are irritating to the eyes and upper
respiratory systems If accidental contact is made with the eyes,
flush immediately with a large amounb of water for at least 15 minutes
and get immediate medical attentlon: Wash other affected areas with
soap anc¢ water. Benzene and methanol are flammable,

The voltaeges used in the determination of power factor and dielectric
constant are low and present no unusual shoock hazard. If 1t 18
necessary to open cabinet or remove any component, the line plug
must be removed.

Most measurements are made at 100°C. Therafore, gloves should be

worn when maklng connections to the test cells when they are in the

oven.

DETERMINATION

1. Adjustment of Controls on Electrical Apparatus

A. On Panel No. 1 (Top Panel, Amplifier and Null Detector)
1. Turn the 4-wey (main pover) switch on the upper right

hand side to the Jl0O0D position to determine the
Dielectric Constant and ggwer factor at 1000 Hz (cycles).
Turn this switch to the poslition for measurements at
60 Hz (cycles).

2. Allow the equipment to warm up fcr &t least 10 minutes.

MONS 076956



Product:

Test:

Die

Arcclors, Pyrancls and Related N2thod No. Mwc2bk

Products
lectric Constant and Fower Factor Page k& of )¢ pages

3.

5.

Turn the gain control to the middle of the red area.
Turn the toggle switeh to LOG position.

For 60 Hz (cycle} measurcments, turn the filter frequency
knob to 20-200 C posltion and then adjust the filter lunlsn,
dilal for a maximum weter reading. This will be very closc
to & dilal reading of 6. Tor 1000 Hz (eyctle) measurewments,
turn the filter frequency knob to the 200C-2K( position.
Then edjust the filter tuning dilel for a mixinum meter
reading. This will be very close to a dlai rcading of 10.

On Panel No. 2 (Oscillorcope)

CAUTYON: Do noti allow & high intensity spot to remein

1.

2.

stationary on the scresn for any length of &ine.

Turn "OFF PHASE" control to the 12 o'clock position
(relative to the oscilloscope).

Turn the "ITEN" control to about the 12 o'clock poeition
(relative to the oscillosccpe).

BOTE: Always use the mininum trace intensity
compatable with eaty visibility,

Adjust the "FOCUS" and "ASTI3" controls for a shanp
line., Use the vertical and horizontal positioning
controls to center the image.

Set the "SWEEP SELECTOR" to 10K .
TO0K

Set the "SWEEP VERNIER" to 8.

Set the "VERY. ATTEN." v/cm to 0.1,

Set the "VERTICAL GAIN" to 4.

Set the "VERT. AC-DC" to AC.

Set the "HORIZONTAL GAXN" to about 2 1/2.
Set the "SYNC SELECTOR" to (-~).
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C. On Punel No. 3 (Capaciterce Bridge)

1. 7Turn "RANGE SELECTOR' switch to "100c¢" for 60 Hz (cyele)
nearurements and to "1 Ke" for 1000 Hz (cycle) measurae-
uents.

2. 7wn "METHOD SWITCH" to SUBST.

2. Turn "DISSIPATION FACTOR" selector switen to "o%.

N. On Pannl No. 4 (Oscillator)
1. Dieregerd this panel for mcesurements at €0 Hz (cyclen).

2. On 1000 cycle neasurements, dep:ress the No. 10
"MULTIPLY BY" butcton.

3. 8¢t "PREQUINCY DILL' to 100.

4, Tuen "QUTPUT” dial ec thai pointer is at the end of

the arrow.
5. Depress the "UNBAL. 5000 OIRS" button.
Il. Determinution of Constants for the Apparaius

1. Carefully assemble the c¢ell which has been cleared &nd
dricd within the last 8 houecs. Refer to Sectior IV.

2. Place the cell assembly in the Fisher oven which hne been
adjusted to 25%C.

3. Position the cell no that the tharmometer hole in the
oven top 18 over the center of the cell.

4, Comncct the clip on the lead {row the oven GROUKD
connectlon to the terminel on the outer cylinder of the c¢olil.

5., &. Adjust the position ¢f the oven HIGH clip sc it le
close to (ebovt 1/4") vut not touchlng the terminal
of the inner cylinder.

b. Rewove the thermoneter fron the cell.

6. To Belance the Bridge --
Adjuct the CAPACITANCE er.d DISSIPATION FACTOR dlals
alternately until & sharp belance is obtained or: both,
adjusting the DIS3IPAYTION SWITCE if necessary. This
condition will be indicated on the oscilloacope when a
pharp narrow trace is obzerved. -

MONS Q76958



Product: Aroclors, Pyranols and Related Metho@ No. T-22h5

Products
Test: Dielectric Constant and Power Factor Puge 6 of 10 pages
6. (cont.)

The capacltance balance usually must be made more closely
than it can be read in order to obtailn a dissipation factor
balance to a tenth division on tine dial.

CAPACITANCE value is the sum of the readings of the dial
and vernler.

DISSIPATION FACTOR value 1s the sum of the reading of
the dlal and switch.

A. Balance the bridge and record the CAPACITANCE value.
Call this value X.

T+ Connect the clip from the HIGH lead to the inner cylinder
of the cell.

8. Again balance the bridge and record the CAPACITANCE value.
Call this value X'.

9. Remove the beaker containing the cell from the oven and 1)1
it with benzene (ACS grade) to a level 0.737 inches (ca.
}/:linch) above the top of the cbncentric cylinders of the
ce .

10. Adjust the temperature of the benzene to 24°C. while
stiiring with a thermometer.

11. Replace the cell in the oven gat 25°C). and make the same
electiical connections as in Steps 4 and 7. DO NOT inter-
change connections.

12. Balance the bridge again, recording the CAPACITANCE value.
Call this value Y.

13. Calculate the cell sonstant by the following equastion:

Cell Constant, K = B . A , {this 1s usually around 70 uuf).

B -
LS

Where A = X - X!
B=X-Y
2.27 is constant for benzene
G (oell lead constant) = A - K

MONS 0726959
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— e ke

1%, Tabulate the System Consiant (A), the Cell Icad Constant (G),
and the Cell Constant (K) on a pilece of sLif{ paper and
post them near the instrument where they can be easily
referred Lo for comparison and calculaiions.

These oconstants must be checked at least once every three
months and in all cases ‘where the Dielectric Consiant
and/or Power Factor are out of specification.

(A) < The System Conztant 1s th: air eapacitance of the
entlire system.

(K) - The Cell Constant is the air capaeitance of the weagure-
ment portion of the cell alone, that s that part of
gheto‘elll completely surrounded by the meterial being

ested.

(@) =~ The Lead Constant is the capacitance of the leads to
the cell not coverszd by tne test material.

IIX. Neasurewsnt of Dlelectric Constant and Power jactor on Aroclors,
Pyranols, Inerteent, and Tri-Tetrachlorober:zene Blends.

A. Test Run on Cell to Deteruine Whether 1t is8 Clean and
Properly Aligned.

1., Carefully assemble a cell which hags been cleaned and
dried within the past 8 hours.

2. Adjust the oven control to hold at & temperature of 100°C.

3. Position the cell so that the thermometer hole in the
oven top is over the center of the cell.

4, Conneot the olip on the lead from the oven (ROUND
connection to the terminal cn the outer cylinder.

5. a. AdJust the position of the oven HIGH clip so it is
close to (about 1/4") but not touching the terwinal
of the inner cylinder.

b. Allow 15 minutes for the cell to reach tewperature
equilibriun inside the oven.
~

c. Remove the therwometer from the top of the oven bLefcr:
ng any mecsutenents on the bridgg. "THAS 18 importuri.

d. Heke a2ll the adjustmentu on the slectrisal apparctuc
as directed in Part I of this method.
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6. PBalance the bridge and record the readings. 0Call the
CAPACITANCE value and the DISSIPATION value D.

7. Conneot the HIGH clip to the terminal of the inner
cylinder.

8. Agein balance the bridge and reccerd the readings.

9. This checks cell element aligument and spacer as
following example: ‘

capacliance
reading from step 6 997.0
reading from step 8 922.0
total cell capacitance _"75.0

If value 18 the same as "A" in cell cons:ant detcrwiration,
cylinder alignwent is ecceptadvle.

disaipation factor
reading from Btep 6 -0.041
reading from step 8 ~0.039

- o

dissipatlon facteor difierence 0.002

Dissipation factor differenca should be less than
0.004 when teflon spacer is used.

10. Remove the cell from the oven and fill tihe bLeaker with
the material to be tested to a level 0.757 inchet
(eca. 3/k inch) above the oylinders of the cecll.

11. Adjuot the temperature of the sample to 100°C. (use
hot plate).

NOTE: Stir sample continvously with a thermometer
= while adjusting the %emperature.

12, Place the cell and sample in the oven and mwake the tane
connestions from the cell to the biidge as in Steps ! and
7. DO NOT interchange connections.

15. Allow fifteen minutes for the cell to reach temperature
equilibrium insidz the oven.

14, Remove thermometer from the oven before taking a

Pt AA-

seasurement. Whis 16 important.
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15. Balance the brldge and record the readings.

0all CAPACITANCE value cP
DISSIPATION value D™

16. CALCULATIONS
Dielectric Constant = C2-C-G
e

wnere C® Capacitance value from step 6.
C Capacitance value from step 15. :
@ Cell lead value from part II, step 13.
K Cell constant from part 1I, step 13.

- 08
% Power Pactor %E (Dn'né6)

Where C® = CAPACITANCE value from step 6.

AC = Step 6 minus step 15 - Q.
DISSIPATION value from step 1b.
DISSIPATION value from step 6.

TEST frequency.

FREQ from Range Selector Switch.
Stands for change in.

Cell lead valve from part II step 13.

0!>§'$U!%

NOTE: Dissipation factor is numerically equal to
power factor within 2% fo: all values less than 20%.

17. PRECISION

(Reference: General Radio Manual for Model 716-C
Capacitance Bridge)

a. Capacitance readings are precise to 2 uuf x multiplier
reading ($0.2% of full scale for each range) when the
dissipation factor is less than 0.0l.

b. Diesipation Factor (Power Factor) readings are
preclse to +0.0005 or 2% of the dial reading
whichever 18 larger, for values less than 0.1 for
D {Dissipation PFactor).

IV. Cell Cleaning
A. The Electrodes Cleaning Procedure

1+ Remove the electi'odes from the tested material while
hot and allow them to drain.
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2., Place the electrodes in hot TCB for 10 minutes.
3. Wash with unhealed TCB.
4. Rinse twice with methanol and twice with tap water.

5. Place the electrodes in hot 10% T.S.P. colution.
Soak and hcat for 10 minutes.

6. Wash thoroughly with tap water,
T+ Place the electrodes iun hot tap water for 1) minuten.

CAUTION: After Step G -~ DO NOT TOUCH THI ETECTRODES
WITH HENDS

8. Wash with distilled water twice.
9. Dry in drylng oven for at laast two howrs &3 120°C.
B. The G.E. Cel) Cleaning

1. Reclean the Cell before uss, if more then & hours have
elapsed since the previous cleaning.

2. Pollow the procadure for thc electrodes strrting at
Step 4.
¢. Cleaning of the Accessories
1. Apply the same cleaning prozedure &8 given or the

electrodes (Steps 1 o 8) to prepare the plase spacer
and beaker for next cest.

2. Clean the thermometesr in the same manner as the
electrodes, except ror Step 8.

3. Place the wet thermometar (after Step 7) directly in

sition in the Temperature Heating Unit (Moditiec.
isher Isotem» Oven) and aliow to dry.
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