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W MEMO REPORT HF-68-808
April 8, 1968

COLUMN CHROMATOGRAPRIC REFINJNG OF PYRANCL 1I
PART I

J. E. Fagel
Materinl Physics and Chemistry Unit

ABSTRACT

Epoxide 206 and "aliphatic" concentration data are reported for Pyranol II
chromatographic effluents from columns filled with fuller's carth (as -
received and thermally ectivated), silica gel, alumina, and magnesium
silicate,

Probable explanations for typical Manufacturing expericnces in the Pyranol IIX
refining opcration arce derived from the dats,
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INTROPUCTION

The refining of Pyranol II to yield a diclectric of arceptable resistivity
and power factor is complicated by the Department's commitment to tank
treating, Economics dictAte recyc.img the lorge excesses of used Pyranol IX
following cach treating operation, but a difficulty exists: refining
methods successful in vemoving power dissipating impuritics from the liquid
also remove cpoxide 206, TPresaturation of the refining system with cpoxide
206 is therefore necessary to permit Pyranol II purification without un=-
acceptable, concomitant loss of epoxides Fortunntely, it appears possible
to do this (remove power absorbers from PIT without gross loss of epoxide);
but, unfortunately, not without complication(s) resulting in part, at least,
from the mode of reaction between epoxide 206 and the refining adsorbent
(fuller's enrth)--- cf. Memo Report HF-64-835,

Purification of liquida by column chromatography is now commonplace, efficient,
and cconomical in many industrial, and even home environments, The

Capncitor Department, in essence, cmploys column chromatography in its Pyranol
refining operationn, but in a grossly inefficient manner, Tt is highly
probable thet modern column chromatographic techniques and cquipment (Hey,
Culligan Man!) would substantially improve the Department's Pyranol refining
wy yielding hipgher quality oil wieth less fuss and bother, and without the
Valiphatics" contamination that often characterizes the current Sparkler

press operation, (No particular claim to originality is made for this state-
nent; 1t scows to be well known sl wppicciated throughout the Departuent.)

The aim of A.D.L. work, the first part of which is here reported, is to point
the way to a column procedure that can be introduced to the Department's
Pyranol refining operation in ploce of the precent system,

Further work will detai}l the results of column chromatographic purification
of Pyranol and Pyranol II with respcet to electrical characteristics, and
the attempt to find corrclation between such characteristics and chemical
composition. FEmphasis, howcver, will be on defining a practicable method
for cfficiently producing high qunlity Pyranol II both from virgin materials
and from recycled oil,

EXPERIMENTAL

The chromatographic work was done with commercial glass columns 25 nm. in
diameter. The columns werce fitted with a simple constant-head device

(water cooler principle) constructed from a conical funnel, and a separatory
funnel as a reservoir. Desired flow rates were achieved by adjusting the
height of the collection vessel (flexible, Teflon tubing connected to exit
valve at column base). In cach case, column beds contained 50 grams of ad-
sorbent, 60-80 mesh; bod heights averaged about 20 cm. Flow rates were
nominally about one ml per minute (extremes of 0.3 and 2 ml per minute),

The conatant head woa approximately one meter.
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The chromstographic adsorbents used were:

1., fuller's earth; 6s received in Capacitor Department

2, ful}er'; earth; thermally activated at 450°C, stored in air at
[P 170°c — .

3. sllica gelj 60-80 mesh, MCS&B #9311

4, alumina; 60-80 mesh, Alcoa Type F-1, MC&E #9288

. aluminaj 60-80 mesh, Alcoa Type B~151, MC&B #9293

6. wagnesium silicate (Florisil); 60-100 mesh, MC&B f9109

The two aluminas arc cssentially elike except H-151 has preater adsorptive
capacity than F-1 (F-1 is normally used for gascs; H-151 for liquids).

4‘ Epoxide and aliphatic concentrations were determined by conventional IR
spectrography (Test Report HIF-64-962),

Pyranol I1 (about 0.3 wt/wt percent) was synthesized by mixing one gallon
quantities of refined storage Pyrawol and epoxide 206 (vinyleyclohexene
dioxide).

All column chromatography was performed at room temperature (19°C to 28°C -
sveruge close to 25°C), Column flow was interrupted overnight for all runsi-
partly because eontinuous fraction collection cquipment was not available,

and partly because Lt was desiralle to learn the effects, if any, of such
dntermittant operatfoa. In norwnl use, & coluiin would be operated more ncarly
continuously (there is normally no interest in collecting effluent fractions).
Single pass operation was exclusive.

Data compilations, concentration calculations, integrated column retention
value calculations, and plotting of column elution curves were all simultane-
ously pexformed via time-sharing computer.

RESULYS

The data are presented graphically in the accompanying elution curves,
Effluent concentrations, expressed as fractions of starting (influent) con-
centrations, are plotted against effluent volume (25 ml fractions)., The
printed numbers represent grams of material retained by the column (integrated
for cach set of five cffluent fractions).

The BASIC computer program XYPABS, oppended, 418 a morriage of the library
program XYPLOT and necessary additions to perform IR calibration conversions,
integrated column retention calculations, and printout,
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CONCLUSIONS AND DISCUSSION

A nunber of conclusions and projections are possible from this work, and the
earlior work cited above (Memo Report HF-64-835),

From the earlicr work it is evident that the principal fate of epoxide 206,
on rctention by fuller's carth, is polymerization. The exact mechanism of
the polymerivation reaction is not known, but presumably is closely related
to documented heterogeneous polymerizations catalyzed on the surfaces of
many metal oxides and similar solidst (e.g., Encyclopedia of Polymer Science
and Technology, Interscience, Vol. 6, p.110ff., 1967). Runaway, violent
polymerization does not occur except when critical quentities of fuller's
earth and undiluted epoxide 206 mxc mixed; in particular, violence crupts
when epoxide 206 4is added to a slurry of epoxide 206 and fuller's earth -
for vcagons that arc not immediately clear, but in attemtion = demanding
faghion. In any event, epoxide 206 secems to be irrcversibly adsorbed by
fuller's carth even in non~violent reactions.

Nintorically, therc has been considerable Department interest in the presenca

of aliphatic hydrocarbons in Pyranol. Thc total aromatic character of 1499

Pyranol makes the infrared spectrophotometric detection of impurity aliphatics

(of which vacuum pump oil 1s one cxample) 2 simple task, and the determination
e - 0f relatively swall amounts of such impurities is routinely and sensitively
pexrformed, Epoxide 206 contains both active epoxide rings and aliphatic
hydiocarbon functions in & singlec wolecule (in addition, the roughly five
percent dmpuritice in commercial cpoxide 206 bear further aliphatic functions).
Therefore, "active epoxide” and "aliphatics" are synonymous in fresh Pyranol II
{neglecting the five percent impurities in commercial epoxide 206). What, then,
18 the causc of increascd aliphatics so often reported for Pyranol I1? Pump
oil 1s a probable “sometimes" answer, but obviously ridiculous as a general
explanntion. Polymerized ppoxide 206 is the likely culprit.

Recently there has been intercst in the relative merits of as received and of
thermally activated fuller's carth. Reportedly, the use of as received
material climinatcs (or greatly lesscns) the normal problem of high aliphatic
content in refined Pyranol XI. Why? The answer scems clecar: activated earth
would be expected to exert a greater catalytic effect on epoxide 206 polymeri~
ration than would unactivated earth, and hence would yicld more polymer to
contaminate the Pyranol IX (or possibly polymer of readier solubility in
Fyranol II). The hypothesis fs this: polymerized epoxide 206 is generally
totained by fuller's earth, but does cxhibit somc tendency to be stripped off
by fresh Pyranol 1l. Thot is, polymerized epoxide 206, formed by reaction of
Pyrenol II with fuller's earth, is in small measure picked up by passage of
subscquent Pyranol II over the earth on (in) which the polymer is largely re~
tained, The polymerized epoxide 206 has lost none of the aliphatic character
of the originel monomer, but has lost all of its active epoxide character;
hence the concentxation of active epoxide is @ipt changed in the Pyranol 1I,
but the aliphatic hydrocarbon concentration is/increased,

=9
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Examination of the appended elution curves (I through VI) reveals the
following?

1. The breakthrough for as received fuller's earth comes considerably

2,

4.

5.

6.

sooner than for thermally activated earth, (Activation increases
the adsorptive capacity of the earth.)

The breakthrough for the as received earth is sharp and clean -
typical of physical adsorption without significant chemical
reaction,

The breakthrough for the thermally activated carth is notably
ungharp - characteristic of significant chemical change as well
ap physical adsorption.

After breakthrough, the active cpoxide and aliphatic concen-
trations arc eesentially the samc from as received fuller's
carth columns (curves I & II, V & VI).

After breakthrough, active cpoxide concentrations are notably
lese than the aliphatic concentrations from thermally activated
fullexr's carth columns (curves III & IV).

After long term clution (curves V & VI), there is a slight
increase in aliphatic concentrations over active cpoxide con~
contrations even for the as reccived fuller's carth, The
difference {8 not at all comparable to that observed for the
thexrmally activated earth; it is significant, however. In
fact, the level of aliphatic is scen to exceed the cpoxide
(hence aliphatic) level in the influent - a fact that could
result only from stripping the column of previously retained
material,
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The conclusion s that fuller's earth (particularly thermally activated
fuller's carth), causes polymerization of epoxide 206 in Pyranol I1; that the
polymerized matcrial s largely rctained by the earth, but portions arc
subscquently stripped into fresh Pyranol IX thereby increasing the aliphatic/
cpoxido ratio ("delta”) of the lattrr.

Magnesium silfcate 4s 8 compound similar to fuller's carth - the earth belng
a natural clay (a complex silicatc of aluminum, magnesium, and potassium).
Elution curves VII and VIII reveal the expected: Pyranol II responds to
magnesium silicate in substantially identical rfashion as to fuller's earth,
(The magnesium silicate was used as received).

Epoxides are polymerized by acids and by various oxides. Silica gel is both
acidic and an oxide; one would thereforc predict a response of Pyranol 1I to
silica gel much 1like that observed for activated fuller's earth, Elution

curves IX and X, for as received silica gel, tend to confirm the prediction,
Quantitative comparison is difficult at best for this, or in fact any other
solid odsorbent system, because of uncertainties regarding the actual state

of activation of the adsorbent, Thermally activated adsorbent is more active
than non-activated materinl depending on time and temperature of the activa-
tion and on the length and quality of storage after activation, The significant
and often unsuspected degradation of an activated solid during even brief
storage under presumably good conditions was mentioned specifically in WF~64-835,
and of coursc is generally well known, Undoubtedly many scemingly strange
behaviors are readily sccounted for by noteso-zctive "activated" adsovbeunte,
Kctivated silica gel, as received from one commercial source, in any event,
behaved much like Capncitor Department activated and stored fuller's earth.

Alcon Type H-151 activated alumine, as received, exhibits an unusual and most
interesting behavior in the column chromatography of Pyranol IX (elution

curves XI and XII). Breakthrough (allowing for interrupted column flow) is
sharp indicating little if any chemical reaction ~ as one might predict for a
nominally bosic compound. Following the elution curves after breakthrough,

one notes an unusual feature: the active epoxide effluent concentration tends
to become greater than the aliphatic hydrocarbon concentration. It is easy to
see how active epoxide can be lost through catelyzed polymerization, but how
can the aliphatic function disappear without concomitant loss of active cpoxide?
The onswer is that it can'tj but the aliphatics included in the five percent

of impuritics in the commercial cpoxide 206 (part of which are known to be
acidic) can be adsorbed independently. Since the initisl aliphatic concen-
tration in Pyranol II synthesized from refined Pyranol (aliphatic-free) and
comnercinl cpoxide 206 includes both the aliphatic functions of the epoxide

and indistinguishable (from the IR measurcment viewpoint, at least) aliphatie
contributions from the five percent impuritier in the cpoxide, the selective
adsorption of the latter by an cpoxide-"saturated” column would yield the uniquo
result of an aliphatic/epoxide ratio leas than one,
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The baric alumina is expccted to remcve acidic compounds, whereas acidie
adsorbents like silica gel, fuller*s earth, ctc., are not., The dote of curves
XI and XII are apparently the first non-electricel mersure of the specific
removal of impuritics (moxe thar likely power absorbing impuritics, at least
in part) from Pyranol II. Work n orogress will hopefully confirm the
electrical quality of such purified Pyranol 1I.

A precedent exists supporting in a small way the above claims. ES Dunham has
recently shared with the writer essential details of work reported by Monsanto
concorning their application of alumina-filled columns for chromatographic
purification of 1499 Pyranol. Monsanto's experience (not in the least unusual
or surprising in view of common chromatographic knowledge) has been that the
alumina column purification has exhibited long term, high volume capacity and
yielded dielectric of very high quality, e B :

The eited clution curves for Pyranol II strongly suggest chromatographic
purification with alumina should yicld results comparable to Monsanto's for
1499, Aaside from the general advantages of single-pass column operation over
the recirculating Sparkler press procedurc, the possibility of enjoyin; added
gain by using alumine instcad of fuller's earth is of increasing interest.

Many engineering problems undoubtedly lic ahcad, not to mention the incvitable
economic factors that usually confuse othcrwise good technical situations, but -
there may well be a small pot of gold worth sceking at the end of this rainbow,

The elution curves for all the adsorbents clearly reveal the effect of inter~
rupted column flow, Weekend interruptions are discernible from overnight
interruptions, even. The only immediate explanation for the sharp falloff of
epoxide concentration coincident with each flow intervuption is that given
sufficient time (hours instcad of minutes) of contact, the solids catalyze
polymerization of significant amounts of epoxide. The fact that this behavior
tontinues apparently ad infinitum i{ndicates that too fast column flow is not
the answer = in the indicated flow range, chromatographic equilibrium seems
certain, In practice, then, Pyranol II could be refined by pessage through an
epoxide 206 saturated column without loss of epoxide as long as flow was con=
tinuous. Prolonged static contact of Pyranol II and any of the adsorbents
should obviously be avoided.

The planned sccond part of this report will include electrical measurement
data on column chromatographically purified Pyranol and Pyranol 1I, and will
discuss specifics of column chromatography applicable to the Capacitor Departe~
ment's refining operation.

ACKNOWLEDGMENT

The routine of column operations was handled mainly by E. Howk and V. Shedigian,
both of whom also performed the many IR measurements.

Holpful discussions with mony Department pexrsonnel (particularly including

R.L. Guiles, G.A. Smith, F.S. Dunham and W.0. Solberg) are gratefully acknow-
ledged.

MONS 034790



¥¥eans . 9156  TUFSDAY 04-02- Y

0 NEN MNTER DATA, LINK 31503 LINKS 160-2993 CORRECT LINE 120
10 LKY S=0

£Y Lr1 A=D

an LET T=n

A0 READ M CO

50 6010 320

60 RrAD H

70 JIF He 999 THKN 799

B0 LET A=a+)

9N LET 5=5+¢H

100 LET Yo R/Z{M*(CN)

110 1F Aa<>5 THEN Q10

12N LET Rs PS11.204(54.0N314~-5727400)
130 LFY 1e7eu

0N nATa 999

350 ORIUIN

ann PRINT R
330 PRINT “HHAT A%E Yo TN, YMAY, XETas XMAX DELY 3
Jan INODT 0, 01,02,03,04

AN LFI QS=(N1-00)/60

ann Lyi 06=0

AN KG? 7 = 02 TO0 03 STE® Qa

RN LSO 60

390 1k 06 = 0 THEN 650

a00 1F 06 = 20 THEN 430

a10 PRINT * « 3

asn cOTu asn

430 PRINT * = 3

and L¥1 06 = 10

asn 1F Y > 0} THEN 620

a6n 1F ¥ < 00 THEN 620

ayn LFY 07 = 0N ¢ 210h

H4RN LFT 2207405425

490 1k 7<Y THEN 590

e BN LET Q6 w 06 4 ) .

S10 IF Z-Y>e240h 14N 57

520 1k s=Y>=08 [HRN 550

HAD SFINT v 43

San 00 N0

580 PRINT 43

Sa0 (010 710

K70 3Nl ey

san KUTU 710

SO0 LET 07 = 07 + #0S

a0y PRINT "

61N GOV any

6PN PIINT HWE §CALES (YL Y) = U3X3Y,  MIY ]
AN LAY N6 = N6 4+ )

RN LV 1N

650 ©INT

66N DLINY TR Ve TOP = "INrO§T ROTION & "3033" INCREMENT = “5~a
70 U FNT TFOE YT LEFT ® 23003 PYIEMT ~ 3013 INCREMENT = 305
ARN DB TNT

fon D NT » Tosooonsoolosvesnosaslossoveveelonosovsscolostocevenlocenset '
N Gulh 4n .
740 'F AsS ThEN 7an ‘

en SRINT

CAINE ) (VI i O]

N 2

TSN LFYT AN

Teer 1LEY Smn

7N NFFY ¥

TRO PRI

90 & 1W) GRAND TOTAL RETAINED="j;T3"GRAMS"

Eala B M 1) .

MONS 034791 J




£ E,

~ 2t

MNop- Ac?.

Joeoccvsne

eo0-

-

~
= INIWIHONI
T = INIWIHONI

el
eL

= LHOIY
= WOLI0H

-

o
[}

R

= khm¢
= dol

(24

so

e 6 e s e sl s e e v e e el s

/0

§ o s s s 8 s s s et e s e s e s s e | s e s s e el oo

o

T R  ERERERE AR R LA A |

o
tx Hod
sy Hod

MONS 034792

L e ey — et i = e e A



Py

ALIPAN.

NoN~ fe7. F£.F.
50?
...-\.._e/ -

$
Ry

Jovsessces

80°

= INIWIUONI

1

= INIWIVINI

et
2L

- LHOTY
s WOollo8

0o
0

= 1437

0

c et os Fa e e

s0

Jo

.
.
.
.
.
.
.
.
.
.
.
.

zo

/7o

§ o 0 s e s e ety e o

vsssesseafesscessesfenrssrcectroncrcncc]orrccacer]

had

Q
2L ¥04

= dOolL X ¥od

<r e d

L)

MONS 034793



F.F.
.5'07-
o ek for

Act

-
<)

zo*

» INIWINONI

= JNANTLDN]

/uf-\-aotn;of

ceeeat

3

oo

/e

-0
o

Tet e JHOIN 0 = 140 15 HO4
$6 = HOJluH 0 = dot 1% dos




-0

ENCRENENT =

IoLnenrNg o L
1.2

BOITUN = 93
RUGHT =

"op = 0
LEFT = 0O

FOR %1
FOR Y1

sesesseloncnacen

[+)
1

IV

MONS 034795




oy
-3 WHELD .
A,
£-x 62604°9 i
s ) RN
of - ce e .
: 3-3 eLo8 K
! B-3 viL9 .
“ 1
LsUZ10* .
s .
LIS ¢ .
v—.ﬂn—!-ev g .
B .. .
¢ “y e .
. . .
¥-¥ BUBSL'S °e
* N
B
e . .
bed WOLLU*6-o]""" .
. B
. )
€2 9et1t e . )
. . .
_ kY .
i €2 w1950 : !
. .
| | L
- ) : * M :
: JoLISE" .
. i
. H
R S AL L . : M )
W . . 1
8.3 sop9e-tife : :
o : . N
ﬁ . : —
. . . . .
€3 BUI9S S : . '
f+ : .
. L
. : :
B-3 999LL C f ” \
)
. : \
e}y tsetes ) ) i
g .
o F - 0
¢ e R
- e ~
-3 LLC0" -
- u’ £-4 6LLE6 T : ” N Q.Q-
v ~~ o . o
Y . .
& .
—— B-3 9vOCS 1 . »
¢« &5 - z
v 9 »M b . 2
N Bey £BSSHY .
4 o :
——— - .\




FOT 2t 709 w
05 ¥t LEHT =
o>
Tesavesoocls
-~ -

o/

L eesseesactonnssessnionsesvvsace e

+569001

+5E2031

~437128

1
o

ROTTON »
RIGMT =

cevee

240
tep

+ B.87332 E-2

1ACORNENT = 202

~

148y E-2

766 E-R

53864 k-2

2499191 FE-2

2.66714 E-2

)
ar24 E-2

1.04331 E-2

ss s,

+85523 £-2

0
k)

1.53046 E-2 |

o
N

034797



. A t
- : 111669 £-2
: L]
. . R
. 7.26036 53 ‘N> :“‘
.o Lol
. . S
: -~ . 8 N
g l‘ L -3. 14063 :~a") “
. - * »
. [y ~ N
. 5 - 1
. "
» 219253 £da v
L] . k\
U : 2.4704F E-§
: 3
. X
. b
. .
. ~1.P2601 E~@
. X
. X
. 4
. . S
. +-8.35562 E~)
- L
. 4
- po—
., L AN Y 2]
™., —- |
.
.
: + 134809
L) - N
: .
. =1.-09586 E-8
.
. 4
. 2314963 £-3 ?
.
. 4
. p
. Leeeepacasiig -3
. .
N
. 6.37083 £-2
3 :
. -~
. . +17.50869 £-4
. e
. .
. "
. -
.o P her.0%412 E-3
N s
. o
. 1
.
. -1.64813 T-3
.
3 9. #6536 £-3
w! MONS 034798 .
. v
. 4463906 £-3




FOl X3
FO Y3

T rOTION =
LEFT = O MIGHT =

esmaennn

240
1.7

c16a7an

TNERFSENT »
INCARMENT ®

aes et

840507 E-2

4

.02

7.75433 £-2’
g

253 -2

41228 E-n

14078 £-2

19908 E-f

. 15788 £-2

/LWNdITY,,

-

20688 52

89738 E-%

1S748 F-2

qrevn k-2




008%€0 SNOW

F/6 L




Sl

(el

MONS 034801

" Aupnarie”

feo




3

o/

Lsveenn

. waa

La30108

KX

pryeiel}

5530a3

LI

e

XL 9/

Lsefe Fog

|

R

/)
o5

5

frr e

(

pre

N 'STENTY

038 -2

1o so

hose

qrser €2
fr92e €2
3]raree o0

efarzen 1-g

MONS

772 yoI1US

.
LI

034802



~-

L1
CETAN )

L3

£

BIRITL

-y

X 97

L3

a1 bt [
NEES
g
L‘\ 0
R Y
N
Eoe
o ~ ~

ofeans hes

1

wapbeg e

P eew

“reem

s-9833% 1o

MONS

034803




Fu- o1 s ] WETue » 0? INChiALNf o«
¥O¥_i» LrEE =« o R L B P tarminim o om
-~
Terrees T PSR [T Teavenransfeernarans )
.
ERAL A ]
s -sreany
»SJaARRY

- 379518

cnarese

jRIIN E-2

cf

Lifonsy

+33389 L-2

(7 ‘:;_'*)

(5s-~ 2aaz) ‘o TV

AS1a8 E-2

-foass E-e

~ 34

IX 9/

-one17e
. a.4a13% Run
-39138 C-8
-’
S

AN TUTAL EaALN-sE 4.24DIR LHANS

Vians 4y Cenes

MONS 034804



eSunLTS

T s

e

CLIY

LNy

-

283673

. - v

1663

<2)

v ’ B Al AR 5

oy

Z.

-/

(

(157-0 2ehz) ‘0™FY

MR

1 ‘.
; . I EPTE IR
».
; .
. -2
.
. 24071
. s »
h
-
R VoAl AL eit) - s e teen e et

o MONS 034805




MEMO REPORT HF-68-822
July 16, 1968

COLUMN CHROMATOGRAPHIC REFINING OF
PYRANOL 11. PART IIX.

J. E. Fagel
Material Physics and Chemistry

ABSTRACT

Single paxs, voom temperature column chromatographic purification of
Tyranol IL with both fuller's earth and alumina yields full strength
P1L with wo "aliphatics", and 100°C-100 N1z dissipation of 0,6%7.
Minsruom wnefal capacfty 1s 4 licers per fifty prams of each adsorbent;
breakthroush occurs et about 1 1iter, and full strength effluent is
obtained after 3 liters.

* k k ok %

This Je o Class IV techoica) report. The information is proprietary
and {1 for Generel Electrie employees only, Distribution within the
Coupany §s reatricted, No disclodure should be made to_unauthorized
peraont .,

Capacitor Departument
Logineerineg Section

Advance Dovelopuent Laboratory
Hudson Fxlls, New York

Copy No, ‘@_‘
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INTRODUCT1ON:

The rvesults of initial column chromatographic efforts to purify Pyranol 11
were reported in Memo Report HF-68-808. Datn in that report concerned
column behavior, effluent concentrations of active epoxide and "aliphatics”,
holdup and breakthrough characteristics, but nothing nbout the elecctrical
quality of the effluents, This report, and its companion deseribing the
technique by which dianipation data werc finally obtained, essentially com-
pletes the story started earlier. The conclusion, although not unexpected,
is nonctheless happy, ’

EXPERINENTAL

Two columnn, {dentical to thoscdescribed in HF-68-808, were set up for the
present works  The first filled with 50 g of 170°C air-dried fuller's carth,
the sccand filled with 50 5 of activated alumine H~151, Flow rates through
cach column (approximately 20 cm deep, cach) were 0,3 ml/min under a constant
head of rouphly one meter. Percent dissipation at 100°C-100 Nz (and 1000 ),
and epoxide and aliphatic concentration (XR) were determined for coffluent
samplea from ench column over @ period of three weeks, Coluwmn flow was con-
timous throughout the entire perfod for each adsorbent (contrasted with the
intervupted flow reported {n HF-68-808).

RESULTS:

The data are tabulated fn Tables I and II for each column.
DISCUSSION:

The % cpoxide (column 3) values listed in the two tables were dexived from IR
absorption meagurements of effluent samples taken from the Balsbaugh cell

folloving dissipnation measurement, Comparison samples measured before dissi-
Lion detorminntions showed full strength effluents after about 3000 ml, In

as a conncquence of the dissipacion measurement 13 clearly rcvealed, The

caupe andfor mode of the loss are unknown; the Joss, however, is as real as it
is surpriasing, and ralses a number of interesting questions regarding the actuol
fu-sevvice {ate of epoxide 206 as n capacitor diclectrie component. The
fmacdiate-fnterest sipnificance of the loss seems minor, however; the loas
cortafnly does uot contradict carticr column chrowmatographic data,

The dnta lurther reveal effectfve purifying capacitics of at least four-plus
Titers of Pyranol XX per 50 grams of cach adsorbent. The runs were terminated
avbitrarily after the passape of roughly scven liters of PIX; onc mipht puess
the actunl capacitics to be greater than the mininmum value demonstrated, however,
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‘The important, 1f not surprising, result of this demonstration is that a
singlc, room temperaturc pass through modest-depth beds of either fuller's
carth or alumina ylelda full strength Pyranol II of excellent 100°C-100 Hz
di{ssipation. Q.E.D.!

What about the prognosis of the technfque as a useful Department tool?

The writer confidently expects the near-future implementation of the basic
(colummar) appronch by Manufacturing in somc non-critical area, and gradually
the complete replacement of existing refining facilities by a neat, c[[icient
casily manageable, automated column operation.

Scaling columna to usecful dimensions will of course uncover nuisance problems
of the sort always encountered in the transition from laboratory through pilot
plant to production. There {ia certainly no rcason why anything greater than
nuiaance will be encountered, however, and at least a good trinl installation
should be constructable at modest cost and effort. The following specifics
are sugpested for openers:

1. A column roughly 12" in diameter and about 6' tall.

2. Fullev's earth activated at about 150°C (the usual higher tempera-

.ture activation results only in unnccessary destruction of epoxide and the

conscquent. gencration of “aliphatics").
3. A simple pumping system for efficient liquid handling and preuur!zlng'.

4, A simple heat cxchnn['or to warm Pyranol to lower viscosity and hence
speed column throughput (100°C s unneccsnr!ly hot and possibly troublesome--
tneveased undesired reaction rates--50°C to 75°C maximum {s suggested),

S. Proviaton (pumping and storage) for recirculating liquid through
column to facilitate initial “saturation” of adsorbent with epoxide.

6, At lenst 10X PII (that #s, about 3% cpoxide) for column "saturation.”
Probably conniderably preater epoxide coneentrations (10%-20%~-~~=7) could
profitably awd safcly be used, but continuous recognition must be given to
coviain conscquences (all bad!) that result when "too much’ epoxide 1s mixed
with active adsorbent (Mcwmo Report NF-64-835). (

7. In lne with No. 6, consideration should be piven to the real possibiliey
of moking a concentrated YPII" that profitably could be added to refined 1499
to yicld the desfred final PIT, It might be more economical to run the operation
this wny than conventionally (smaller volume of 1iquid through "PII" column,
hence smalicr column, ete, ecte.). The concentrate concept warrants serious
investigation, and reportedly (Monsanto personncl) is already employed in Furope,
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As o fivst babystep, the writer has constructed an all glass column about

2" in diamcter and 3,5' tall to produce usable quantities (laboratory scale,
to be sure) of purified oil. An adsorbent charge of 500 grams of fuller's
carth (160°C air dried) yields a bed about 17" decp, and a room temperature
throughput of 300-plus ml per hour under & head of roughly four feet. This
repreaents about & 15-fold output increase over the small (1" coluwn, 50 g
charge) sctups oviginally used and described (Memo Report HF-68-808; first
part of Lhis report), The dinitial output from this column has a 100°C~100 Nz
dissipotion of 0.4%.

The datn in Tables I and IT offer further suggestion that alumina may be

hetter sufited to the PII purifying job than fuller's earth, and should be
nctively conssdered for future application. For the moment, however, there
$8 no appavent reason not to procced simply and directly using material on
hand nnd well proven by long, direct experience., In other words, to summarize,
the work reported and the suggestions offcred say little moxe than this: A
modest, rensonnble change (to full column technique) of the present, basically
proven procedure of Pyvanol refining will yield a more efficient, reliable, and
ecanily monageable system than presently avajlable while permitting greater
(lexibility to cope with nev problems the future will undoubtedly bring.
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100°C ~ 100 Hz DISSIPTATION

FULLER'S EARTH COLUMN

M. Through

Column___ D3 % _tpoxide¥ % Alaphaticx
380 .8 0 0
520 .7 0 )
905 4 0 0
1300 .9 47 73
1450 .7 63 .82
2445 .8 76 86
‘ 2905 .5 84 ) 95
3400 .7 87 ) 100
i 3875 .5 87 ) 95
4325 1.0 89 ) 100
5475 .6 92 ) 100 @ 100
6305 .6 89 ) 100
6755 .6 89 ) 100
7205 .8 92 ) 100

& Influent %D = 2,5
% Relative to influent @ about 0.35% EP 206.

@ Sece discussion,

J. E. Fogel

[P © 7-16-68
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- TABLE 11

100°C - 100 Mz DISSIPTATION

ALUMINA COLUMN

ML Through

Colunm __ b % _Epoxide* % Aliphatick
125 .8 0 [
465 .7 0 0
815 .5 58 64
1275 5 ‘ % 7"
2355 .5 87 o1
2875 .6 89 93
3325 | .5 89 ) 100
3785 6 92 ) 98
4235 .7 89 ) 100
5315 .5 92 ) 100 @ 100
6215 N3 89 ) 98
6665 . .5 92 ) 100
75 .8 89 ) 100

& Influent %D = 2,5
* Relative to influent @ about 0,35% EP 206.

@ See discussion.

J. E. Fagel
7-16-68
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MEMO REPORT HF-68-821
July 16, 1968

TECHNIQUE FOR MEASURING DISSIPATION OF
1499 PYRANOL AND OF PYRANOL II

J. E. Fagel
Material Physics and Chemistry

ABSTRACT -

Cell cleaning inadequacics are the principal source of contamination
leading to the frequent experience of low precision dissipation
measurement s,

A technique hased on this premise has been derived and found to yield
relinble measurements routinely,

* * % &

This 48 n Closs IV technical report, The information is proprictary and
s for Cencral Bleetric c¢mployecs only. Distribution within the Company
$n vestricted. No disclosure should be wade to unauthorized persons.

Cnpacitor Department
Engineering Scction

Advanec Developmant Laboratory

Hludson Falls, New York

Gopy No. __
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INFRODUCTION:

The author in recent months has had nced for reliable dissipation measurements,
of relatively small volumes of Pyrancl I and XX, in support of column chroma-
topraphic purification studies. At the start of these studies, the naive assump-
lectrical measurements need would casily and routinely

" ..3 AT TR S SRS T ST

In order to continue from the first part of the chromatographic work (Memo

Report NIP-68-808) it was necessery to develop a reliable dissipation meesure-

ment technique., Chemical and related measures of additive and of impurities
; concentratjons in Pyranols are interesting and even pertinent, but thc real
proof of the pudding 1s of course electrical dissipation. The brief dfscussion
offered in this memo velates a successful technique derived from the hypothesis
that esaentially the only rcesonable cause for low quality dissipat{ion measurc-
nenta §8 contamination resulting from--or as residual of--cell cleaning inade-
quacics,

ALPARA

The Balabaugh #3HV35S  (Monel) diclectric liquid test cell was chosen because of
minimn) size (roughly 35 mil of 1i1quid required), proven performance (Capacitor
Department; ASTM), and imncdiate availability (two such cells have been located
in the Depnariment).

Instrumentation and associated cquipment (completely shiclded cell cage, for
example) chosen was the GR Type 1605 Impedence Comparantor setup in the QC Lab,~-
ured with the generous approval and assistance of QC Lab. personnel,

TECHNIQUE:
The writer {8 of the opinfion that reliable dissipnt{ion measurements must be
; ... posrihle piven a clean test cell and (of course) functional, quality instrumenta=

tTon. Likewisc, measurcments thar fall short must suffer from contamination that
in ture {n directly attributable to inadequate cell cleaning. As previously
indicatrd, the technique herae described is bascd on the thesis of adequate cell
cleanfup, and bhanlcally consista of two parta: (1) Initial cleaning of cell,
and (2) between measurements cleaning of cell,

Ceneval expecience, coupled with the dictates of the chemistry of the metal(s)
‘of which Lypicnl cells are constructed, suggests an alkaline cleaning medium as
most suitable for i{nitial elcaning of the cell. (The Balsbaugh 3NMV35 is Moncl;
M6 strinless steel would be preferred by the writer, and reportedly others -
Monsantoe pernouncl for example). Accordingly, the following is done: The dis~
ansembled cell 48 first cleancd with acctone to e¢nsurce removal of ovganic residucs
(princ{pally Pyrinol). The cell parts are then placed in a gently boiling aqueous
solution (in a stainless steel beaker) containing roughly 10% (wt/vol) sodium
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hydroxide and 1% ethylenedisminetetraacetic acid-~the latter to stabiline
cations and ensure that they stay in solutfon, Following boiling for approxi-
mitely one-half hour, the parts are removed from the caustic solution, rinsed
$n water thoroughly, then rinsed in dilute, aquecous hydrochloric actd (1:10),
and finnlly rinsed thoroughly again in distilled water, and oven dried at
about 100°C,

2, Between Measurements Cleaning '

Before the first measurement, and betweon each and every subsequent
measurcwent, the entire (assembled) cell is cleaned with generous quantities
of acctone and then hexane, The acetone s dispensed from a wash bottle in
a fine stream to pain the benefit of motion in addition to solubility-~this
18 an cssentinl feature of the technique: Pyranol is not readily removed
Crom the cell, {t turns out, Cleaning i{s judged adequate when, (a) Pyranol
{8 no longer preeipitated by water from the acetone wash liquid, and (b) no
residuce is dincernible on the cell surfaces (viewed obliquely from several
difforent angles) following cvaporation of the acctone., Repeated acctone
waghing is required to meet conditfon (a) and even further washing is cssential .
to satisfy (b). Hot air (laboratory heat gun) is blown over the cell to
prevent condensation of moisture from the air as a result of cooling caused
by the evaporation of acetone.

. Genevous rinsing of all parts of the cell with hexane, and hot air drying,
completes the cleaning procedure., The cell is then rinsed with two small

portions (10 ml) of the sample to be measured , and finally filled with the

sample,
f

The filled cell is placed in an oil bath, at about 105°C for 30 minutes.

A thermnl Jacket (comstructed with a plass beaker inside a larger, steel beaker-«the
amnulay space £illed with glass wool) is kept fn an oven at 100°C. The cell, on
removal from the ofl bath, is placed in the thermal jacket, and immediately
transported to the comparator sctup.

The completely closed cell cage precludes the convenicnt use of @ controlled

bath duving measurement, but the {nitial, slight overheating of the cell, and

the heated thevmal facket mokes 100°C measurcuent quite simple and repeatable

in the (ollowing mannesr: The dissipation at 100 liz and at 1000 Hz is mcasurcd

at the time in the cooling period of the ccll when the obscrved capacitance

equals the vatue initinlly measurcd for the cell at 100°C. This inltin) capaci-

tance wensurement was made at the time (about 5 minutes) after the removal of

the ¢cell from the ofl bath vhen an encloscd thermocouple indicated a sample tempera-

ture of 100°C, The ccll ured for the measuvements reported exhibited a capacitance

of 187,27 ¢f, at 100°C, filled with either 1499 Pyranol or with Pyranol XII. A

duplicate cell has esaentially the same capacitance. It 18 true that the nctusl

temperature during measurement may not be exactly 100°C, but it {s equally true that,

(1) the temperaturc is close te 100°C (within a degree or two at most), and

(?) 1t 18 repeatable whatever the exact value. Furthermore, it is repeatedly

ohacrved that the measured dissipation changes but little over the entire tempera-
~ - Luke range during the wensurcownt; the absolute accuracy of thie determined %Ab

fa fully acceptable, in other words.

MONS 034814
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RESULTS:

Typical, replicated data obtained over a period of several days for a van~
domly sclected sample of 1499 Pyranol (obviously of low quality) are tabulated
in Table I along with calculated averages and standard deviations. Although
the data are pooled, they actually come from two separate (and statistically
distinct) populations: The first 13 values represent results obtnined without
washing the cell between measurements; the last 6 values were obtained following
the previously described technique for cell cleaning. In other words, the 10%
relative standard deviation is a worst-case expression of precision,

DISQUSSION:

One Fundomental fault was discovercd in the course of the work with the¢ Balsbaugh
cell:s The large fnsulator (a filled polymer) scparating the outer and guard
electrodes of the ccll was found to retain impuritices to such an extent that

fts resistance dyopped {rom 1012 ohms to 107 ohms! No washing procedure was
found that would succearfully clean the fnsulator; but the high resistance could
be restored by heating for at least onc hour at 125°C in a vacuvum oven, To
civeumvent the problem altogether, even though the vacuum-heat treatment was
completely successful, new insulators werc machined from Teflon--the same polymer
being the insulation originally used betwecen the inner and guard electrodes

of the cull.

After prolenged use (three weeks; five measurcments/day) and despite the fact
nothing but AC cver was applied to the cell, an unmistakable yellow-brown film
hgd formed on the walla of the cell, atong with a few darker colored spots on

the bottom of the cell, Both blemish conditions were easily removed by mild
abragjon with sink cleaner (Bab-oj specinl institutional formula, to be exact).
Inftinal cleaning procedure (1) was repcated following the abrasive cleanup--

the need for which was signalled by sipnificantly high dissipation values for
samples known to be of relatively low 100°C, 100 Nz dissipation., The nature and
cause of the contamination buildup are not known, but presumably relate to
oxidation of the cell, Nonetheless the consequences arce unmistakoble. One wonders
how often this sorc of difficulty might have led in the past to erroncous results.

Undoubtedty, other approaches could successfully be used to gain the same result
heve reported; the point fs that it s possible, routinely, to achieve clcanliness
and that reliable dissipation measurements Follow as a natural consequence. At
least this is the conclusion from onc practical, inductive process.

AckNoW

Vandos Shedigian made nll the dissipation measurements.
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RESULTS:

Typical, replicated data obtained over a period of several days for s ran-
domly selected sample of 1499 Pyranol (obviously of low quality) are tabulated
in Table I along with caleulated averages and standard deviations. Although
the dats are pooled, they actually come from two separate (and statistically
distinct) populatfons: The first 13 values represent results obtained without
washing the ccll between measuremonts; the last 6 values were .obtained following
the previously described techniquo for cell cleaning, In other words, the 10%
relative standard deviation i{a A vorst-case expression of precision.

DISCUSSION:

One fundamentnl fault was discovered in the course of the work with the Balgbaugh
cell: The larpe fnsulator (a filled polymer) separating the outer and guard
electrodes of tho cell was found to retain impurities to such an extent thac

its resistance dropped from 1012 ohms to 10° ohms! No washing procedurc was
found that would successfully clean the {nsulator; but the high reststance could
be restored by heating for at lepst onc hour at 125°C {n A vacuum oven. To
circumvent the problem altogether, even though the vacuum-heat treatment was
completcly successful, new insulators werc machined from Teflon-~the same polymer
befng the insulation originally used between the inner and guard electrodes

of the cell.

After prolonped use (three weeks; five measurements/day) snd despite the fact
nothing but AC ever was applied to the cell, an unmistakable yellow-brown film
hpd formed on the walls of the cell, along with a few darker colored spots on

the bottom of the cell., Both blemish conditions were ensily removed by mild
abrasion with sink cleaner (Bab-oj special institutional formuls, to be exact).
Initial eleaning procedure (1) was repeated following the abrasive cleanup--

the need for which was signalled by significantly high dissipation values for
samples known to be of relatively low 100°C, 100 Hz dissipation. The nature and
cause of the contamination buildup are not known, but presumably relate to
oxtdation of the cell. Nonctheless the conscquences are unmistakable. One wonders
how often this sort of difficulty might have led in the past to erroncous results.

Undoubtedly, other appronches could successfully he used to gain the same result
here reported; the point fs that {t is possible, routinely, to achieve cleanlinecss
and that rcliable dissipation measurcments follow as a natural consequence. At
least this is the conclusion from onc practical, inductive process.
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TABLE ¥

PERCENT DISSIPATION - 100°C

100 h» 1000 Hz

2.10 0.22

2,45 25

2.75 .29

2,15 .23

2,10 022

2,75 .29

2,45 .25

2.70 .28

2,42 «25

2,04 .21

2.40 «25

2,60 .27

L2 LI

2,35 .25

N 2.0H 22
2,21 .23

2.30 264

2.00 .21

. 2.12 222
Avg, = 2.3) 0.24
Std. Dev, = 0,24 .025

% S, = 10,3 10.4

J.E, Frgel
7-16-68
4
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WILcy K
IR Spectrum of Pyranol II in 3-4 Microa Reglon

[1Y1d] g
To evaluute significance of obrsrved specelral d’ffersnze between Fort Edwurld
PI1 and Pilot Shop PII.

CONCLUBIONS ~ RISULTS = BISCUSSION

The two packs obrarved for PII in tyrisal differential IK spsetra in th- 3 to § mizrea
region are duz to C-H vibrations. The Jewr-- «miargth peak (3.42 microns) ia
atirivutable Lo aliphatic C-H. The ehe: ' o« songth psok (3.34 micronc) has been
found to correlate with titratable croxide.

BE. Howk has for moms time reperted a notable difference In the IR abeorpllon spzeira
of Pyranol 1I from Forl Edward erd frow thz Hudson Falls Pilot Shop. Tup pzaks ar:
observed in the 3 to & micron region for thas Fort Edward material, whercas the
Pilot Shop PII usvally chows only one ypesk with a emall poorly resolved puuk or
ghoulder on its low wavelength efde. The longer wavel:ngth paak (3.42 micrenz) has
regularly been used by the Quality Control Laboratory a3 a measure of aliphatic(e)

\ in P17,

The undersigned was arked to review the observations of Howk, and to attempt to
elucidate the difference in the IR spactra of Fort Edward and Pilot Shop Pyranol II
somples .

D. Harms, 1ST-G Department, M & P laboratory, and P. launer, Silicone Prolusts
Department, R & D Laboratory, were consulted in «liition to personazel of thisIabecratory.
Following detoiled discussions with those interested in the problem, the following
hypotheses exmerged as prcbable explacations ¢f the observed facts:

1. The longer wavelength IR peak is due to aliphatic C-H vibration, and iz a
measure of added cpoxide p us any-other aliphatic C-H containing molecules.

2. The shorter wavelength p2ak is éue to titratable or amctive epoxide C-H.

3. The sppearance of the shorter wavelength peak as (1) a shoulder on the

. longer wavelength peak or (2) as a distinctly resolved peok depenis on th2
' relative concentrations of titratable epoxice and aliphatics, ard, of
course, on the effective dispercion and resolution of the IR instrumsnt.

PRIPETAIY INFETMATICN - U7 JISIONA" \"JYK QISTI; JTINY WY

To test these hypotheses, the following were done:

A. Synthetic (Epoxide 206 and 1499 Pyranol) solutions were prepared by E. Hovk
apd by R. Guiles. IR spactra vere recorded, and epoxile content &atermired

um?.r?t’ragel SUBJECT CLASSTFICATION “’"‘ 4-23-6%

£ e e e e b s T A R S R T ST

‘\,1 TLST OR ANAL, BY: ;

APTSOVAL:

f,
CAP g0 MV 8743}
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Page 2

by I Br titration for each preyarad esmple.

B. The IR spectrum of cycloh»xanc in 1499 Pyrenol was recorded in the
3 to k& micron region. -

C. Data for approximatcly fifty esmples of Fort Edward and Pilot Shop
Pyranol 1I were cbtainud from th» Q.C. Laboratory files (Howk).
The meacured height of the shorter wavelength IR pusk or shoulder
was compared with the H Br titraticn value for perceat epoxide for
each sample. ‘ ’

RESUISS:
1. The IR spectrum of cyclohexane in 1kG? Pyruvol rzveals a single peak (in

the region of concern) al 3.42 miczons. The atcignment of the 3.42 misron
prak to aliphztic C-H ig corrctoratad, accordingly.

In. In the course of running th? new calitration standards for pereont
aliphatics, it wns discoverad (Howk) the original calibration curve had
shiftcd, Howk has traced the cause of the ehift to increased instru-
mental sensitivity resulting from the additicn of a new Nernst glowsr
on March 30, 1964. (Corrections to reporied parcent aliphatics for the
period April 1 to Aprid 15 hav: beun male by fovk).

2. The measurcd peak heighte of the chorter (3.3% micron) wavelength pesk
corrclnte linearly with titratabls epoxide as illustrated in the
accompanying grayh. Stondarda rads by Howk (lriangles) and synthetice
by Guiles (cquave) fit well on the straight line about which ciuster
the routine PII semples (circles) frem Fort Edward end thz Pllot Shop.
(ALl circled veluss abeve 0.30% Epoxide represent Foxt Edward PII; al),
below originated in the Pilot Shop).

h. Specira rezorded on the Midcl 521 spectrometer exhibii distinctiy resolved
peaks for all PII sampics (loweet eporide content 0.11%). (The Mcdel 521
inclrument gives significantly higher dispersion than the modified
Model 21 that is regularly used in the Q.C. laboratory for routine PII

Analysis).
DISCUSSION:

Without attempting to clucidate funinmentals of IR abstapiion, it ecems highly
probable on empirical grounds that the cited hypotheses are correst. The
corrclution between peak height at 3.34 microns and percent tiivaiable epozide
i8 clearly exccllent for the relatively large number of sanples and stendards
tested, Likewlse, there can be little, if aby, doudt of the bacic correctn:ea
of tho Q.C. Laboratory use of the 3.42 micron IR peak as a measurs of aliphatic
3118

..... e P e

MONS 034819



- - .
|em4-1/:.'z\s1-.q bbb

Y. C2A

TLITINIE CONPLAY  LEECTAATY,

MONS 034820



MEMO REPORT HF-64-835
November 19, 1964

EPOXIDE 206 - PYRANOL II - FULLER's EARTH:
CALORIMUTRIC AND ADSORPI'ION STUDY

J. E, Fagel
Materials Application Unit

ABSTRACT

Cnlorimetric and adsorption data for Epoxide 206, Pyrenol II ané
Fuller's Parth are reported and discussed with particular reference
to the preparation of Fpoxide 206 - saturated fuller's earth and
the treatment of Pyranol 1I.

® & X %

This is o Cluss IV technical report. The information ie proprictary
ond {o for Goneral Flectric employess only. Distridbution within the
Company is restricted. No disclosure should be made to unauthorized
peruons.

Capacitor Department
Engineering Section

Advence Development Laboratory
Hudson Fallse, N.Y.

Copy No. Z
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The

following baoic data were obtained as a result of the study aimed at

Jearning details of the mixing of Fpoxide 206 and Fyranol II with fuller's
carth:

1.
2.
3.

o,

Tho

1.

2.

3.

5.

The specific heat {C_) of Epoxide 206 = 0,36 cel/g°C.

c, 3499 Pyranol = 0.P21 cal/a-°C.

The heat of wetting of fuller's carth by Epoxide 206 is 280 calories/
gran for slurriec containing a maximum of about 14% (w/w) fuller's
earih. Polywerization of the epoxide is initiated in slurries con-
taining greater than 144 fuller's earth.

Therma) runaway (uncontrolled polymerization) does not occur with
glurrics containing me much as 208 weight percent fuller's earth.
Thermal runavay cannot be initiated by preheating the Epoxide 206
before treating with fuller's earth. Thermal runaway cannot be
inltiated by heating a slurry to the normal boiling point of Epoxide
206 (227°C). Thermal runavay can be initiated by adding fresh
Epoxide 206 to u hot slurry of rcacted 206 and fuller's earth.

The reaction of fuller's carth with PII solutions containing O to
0% (w/w) Npoxide 206 follows the Langmiir adsorption isotherm.
Activated fuller's earth suturated with Fpoxide 206 and dried by
suction filtration and pressing weighs 101% more than its initial
weight. Overnight vacuum drylng at room temperature results in a
weight loss that reduces the 101%‘calculated gain to Ti%.

By it titration, activated fuller's earth removes up to about 15%
of its own maos of Epoxide 206. '

Miller's carth removes Kpoxide 206 from PII1 solutions to the maximum
cxtent of 0.23 grams/gram.

following conclucione arc based on the results of this study:

The storage of thermally activated fuller's earth is troublesome: unless
storege conditions are carefully controlled, the activity of the earth
can be drustically changed.

Fuller's earth canrot by itself be used to purify Unox 206 to any gross
extent, (excluding the reported lowerinvg of the acid number).

Fuller's carth takes up about 70% of 1ts own mass of Unox 206 upon
slurrying with the as received liquid.

Rapid, thorough mixing of fuller's earth and Unox 206 is essential to
minimize loculized reactlion and consequent major heat evolution. The
preferred laboratory scale order of mixing is to add liquid (one quick
pour) to powder with continuous, effective stirring to achieve intimate
total. contact in a minimum time.

The slurrying of fuller's carth with undiluted Unox 206, like many
chemical operations, is potentially dangerous; cspecially in view of
our limited current wnderstanding of the reaction(s) involved and how
such reactions arc Znitiated. Accordingly, pormal safety precautions
showld be gunrantecd by competent personnel attempting such mixing.
Aduqu e stirring, heat dissipation, ventilntion, and perhaps protective
clothing ure considercd minimum nececds.
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CONCIUBIONS (cont'a.)

6. The runawoy polymerization of Epoxide 206 appears to demond an acidic
cnvirorment.  Under £o circumstance should free acid be added to
Unox 206 nor should fresh Unox 206 be added to a reacted slurry of
206 and fuller's corth. (The latter probably results from improper
mixing of carih and 206, and 1s the ceuse of runavay obscrved on some
past occanions. )

CLION

The treatment of Bpoxide 206 with activated fuller's earth hae resulted on
occasion in Lhermal runaway. The work described herein was undertaken to
dearn some of ihe fundamenial phyeical chemical facts that characterize the
ayntems fuller's carth = Epoxide 206 ard fuller's earth « Pyranol II.
(Throughout this report the term Pyronol II is used to identify eny con-

- cenbration of kpoxide 206 in.1499 Iyroncl.) -

The basic information eought included meesures of specific heate, heats of
reuction or adsorption, ihe nature of the reactions (physical endfor chemical),
and the relative quentliilcs of the reactants. Reasonable answers have been
-obtuined for the questloas osked, ard ho,cful].y will be useful in further
laboratory and manufacturing np;,l{ccu...onn of the materials.

MATERTATS, APPARATUS, AND MRTHO 0

To enswe relinble anf representative resulis, care was token to obtain
and employ in this t4 d/omy virgin materials typical of those used in

nornal Department c eriiions. .

Epoxide 206 / - Aun unopened 45 pound can of Unox 206

(Vinylcyclohexent d;epoxide) obtained from A. Abbott (can marked "3";
C/ on Fittsfield tag 085 S/N 7912).

1499 Iyroncl

A carefully cleancd milk can was filled
with refined storage liquid.

Fuller'e certh ~ Approximately 25 pounds of Attapulgus
. 60/90 mesh were obiaired from a new
bag supplied by C. Fuller. A small
eample of 200/325 mesh material was
supplied by V. Shedigian.

The activation, in emall quantity lote as needed, of the fuller's earth was
accomplisched by heating in adr at h25-h50°C for four hours. Storage cf the
activated carth was in air at 150°C. Immediately before use, the earth wes
renoved from Lhe 150°C oven and cooled to rocm temperature in a vacuun
denicentor. (Storege of the activated fuller's earth in air at 150°C is
protably less desirable thrn etorage in vacuuwn., FPFailure of the only vecuum
oven nvalleble for exclusive use In this study forced the air oven storage
to ensure wniformity of product throughout the prolonged exserimental
period.)

Active eroxide was determined in the Unox 206 end in all Pyranol IX solutions
by the standard Hir titration method rcgularly employed in the Department(l).
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CONCLUBIONG (cont'd.)

Calorimetyric measurcienis were made with s simple Dewar flask calorimeter
conotructed for this study. The casential components of the apparatus
included a stirring asscmbly (both magnctic and propeller rod stirring were
succetnfully used), thexmometer, und @ g¢lass cnclosed, hclically wound
planar heating clement (fabricated to order in the Rescarch laboratory

Glawns Bhop). 'he power dnput to the heating eclement was variable transformer
centrolled and measurcd with a G type P-3 single phase wattmeter.

* EXPERIMANTAL TECHNIGUES

The ndnorpl.ion isotherm data were obtnive by stirring 10 gram quantities
of activated fuller's carlh with 200 gr e ol cach PII solution. Equili-
bration of the slurries wos achleved or anding wvithin two hours followlng
an initin) one-half hour vigorous stir’ tn" 5+ 1inal titrations werc perforned
one Lo two weeks following the mixing :f ..he reactants.

The titrations were performed with ulnut S gram filtered portions of super-
nlunt 1iquid to determine the amount n‘ active Fpoxide removed by the
fuller's carth. AL samples were cynilibrated and titrated at room temper-
atwe. The dotn were treated conventionally: the amount of Kpoxide 206
reinoved poy grom of fuller's carth was plotted against the cquilibrium
concentration of 206 in the PII following the reaction (Figurc 1).

Calorimetric measurcments werc mnde by observing the maximum temperature

reuched o6 a rosult of cach reaction, and then heating the cooled reaction

mixture to the measurcd maximum temperature with the calorimeter heating

clewent. The rate of heating was choscn to duplicate the obscrved rate

of the ttudied rcaction; the meacured power (wattmeter) multiplied by the

required time to heat the mixture to the endpoint temperature is directly
“"equal Lo the encrgy of the recaction. )

Initiecd calibration of the Dewar flusk calorimeter (necessary to cnable
ctleulation of the specific heats of kKpoxide 206 and 1499 Pyranol) was
_accomplirhed by measuring temperature increascs upon dilution of aqueous
sulfuric acid solutions. The differencc between observed and calculated
temperature incrcases is a measure of hcat loss to the calorimeter.
1. Bpecific heat detexrminations at atmospheric pressure.
A. Fpoxide 206
199 grams, 25.5°C to 84.4°C, 6.4 keal.; loss to calorimeter - 2.2 kcal

C = 62,2
P {1’5’»’5)’(8'5).'5'-'.’?5757 = 0.3 cal./g-deg C.

B. 1499 Pyranol
199 grams, 25.3°C to 89.1°C, 4.9 kcel.

c ._}:‘.9.2.2) MONS 034824
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RESULTS (cont'd.)

1 2. Fercent active or iitratable cpoxide in Unox 206.

The average of scveral determinations made over a period of many wecks
is 95.3% by weight. No altempt was made to isolate or to identify the
non-titratable consiituent or consiituents.

3. Adsorption Isotherm.

The basic data characterizing the reaction of activated fuller's carth
ond P11 solutions are tabulated in Teble I and shown graphically in
Figurr ), Fach datum point was obtaincd vith an equilibrated sinrry
of roughly 10 grums of fuller's earth and 200 grams of PII solution.

The straicht line plot indicates Lhe data conform to the Langmuir
equation that describes the adsorption of a monolayer on a crystalline
solid. The calculated constants for the langmuir equation, obtained
by measuring the slope end intercept of ihe straight line, arc as
follovn:

o)
n = 7.0 x210

b « 200
The Jangeir cquation $r expressed sn linenr form as:

¢ 1 1

[€70) B R

¢ = the cquilibrium concentration of the adsorbed especies

X » mnas of adsorbed specice taken up by the adsorbent

m . mos of the adsorbent

a,b r constants characteristic of a particular adsorption system
(b is proportional to the pumber of gram moles of adsorbed
spccics for syuare centimeter of adsorbent).

4. Saturation of fuller's earth with Epoxide 206.
As Miss Increase of fuller's cartih.

38.1 grams of activated fuller's earth were slurricd with 200 ml. of
¥poxide 206 in an ice bath. The solution was stirred continuously
for about 20 minutes and then allowed to stand undisturbed about one
hour. The solids were then collected by suction filtration, and
presscd between shecis of dry filter paper to remove excess liguids.
The product finally obtained was apparently dry, and had a mass of
T5.3 grams. After standing overnight at room temperature in an
evacuuted vacuum desiceator, the mass of the saturated earth was

e v e gpproximately G5 greams. The mass increase of the fuller's earth
following saturaticn by Lpoxidc 206 egquals:

5.3 - 3.1
l&.%%_ = 97.6%
or, after vacuum drying,

’ 65 -8 . 1
k]

MONS 034825




IHSULTS (cont'd.)

Subsequent vacuum drying (an additional 2k hours) did not further reduce
the maes of the saluraled carth. Repeated determinations of the mass
incrcase of fuller's earth upon saturation with Epoxide 206 gave rcsults
of 101.6% and 102.6%; thus ylelding an average mass incrcace of 100.6%.

- B. loms of Titratable Epoxide Following Saturation of fuller's carth.

(a) 2198 grams of 206 were slurried at room temperature with 50.2 gramp
of fuller's carth. After equilibration, the filtered supernatant
Jiquid wan found by Wnr titration 92.1% active epoxide.- The active
cpoxide lost was accordingly: (95.3%5-92.1%){(140)-5.3 gravs o \’f:.3_z
100 r 12.6% of mass of fuller's carth. .2

(b) 201 grams of 206 were similarly slurried with 61.0 grams of
fuller's carth. The cpoxide lost was:

95.3%-90.6%(201) = 9.5 grams
or .%) 100 = 15.5% of mass of fuller's earth.
n .0
(c) 199.9 grams of 206 werc similarly slurricd with 41.0 grams of
fuller's carth, Tho cpoxide lost was:
(95.3%-914.8%)(199.9) = 1.0 grams

or (1.0) 100 = 2.4% of mass of fuller's earth.
41.0

1499 Fyranol - Epoxide 206 Santurated fuller's earth.

The possiblc desorption of active 206 from fuller's carth by 1499 Pyranol
wvas examined by slurrying 10 grems of the saturated earth with 100 ml

of Jh99. After standing overnight, portions of the liquid were titrated
by the standard HRr mcthod. Results are tabulated below:

Blank Titration 1499 Pyranol - 0.00% Epoxide

Fuller's carth 1499 % Epoxide in Equilibrated 1499
10 g 200 ml 0.75
10 ¢ 100 ml + 500 ppm 0.72
1{20
10 g* . 100 m) 0.42
10 g¥ 100 ml + $00 ppm 0.4y
: 0

#5tored about 48 hours in vacuuwn deslccator.

Culorimetric lcasurements.

The bulk of thc dnta obtained with slurries of Epoxide 206 and fuller's
earth arc sumnarized in Table II and plotted in Figure 2,
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KSUIAS (cont'd.)

Date obtnined for PII colutions mixed with fuller's earth fit in well with
the results for the undiluted 206 and fuller's earth as noted.

The effcct of particle size of the fuller's earih was observed in one
experiment in which o somple of 200/325 mesh curth was uscd instead of the
usunl G0/90 meoh materinl., (Insufficicnt materinl was obtaipable for any
further work.) The heat cvolved was significantly greater than for compar-
able cxperiments with 60/90 mesh fuller's earth, but not propprtional to
the calculated surfaces ratio:

60/90 mesh - average particle diemeter about 200 microns
200/325 mesh - average particle dismeter about 50 microns

assuming spherical particles and constant density, the ratio of surface
arcas for cqual masses of the two materials is (200 50 I
50 ¢ (200

he ratio of heats cvolved was 3.7/2.6 = 1.h,

Several atlempts were made to initiate the runaway polymerization of the .
epoxide; ull failed except two. Preheating the Bpoxide 206 prior to

mixing with fuller's ecarth resulted in no greater heat evolution than
obnerved {or comparable quantities of room temperature mixed reactanis.
Preheating was tried from 50°C to the normal boiling of the cpoxide (227°C)
without effect.

.Heuting of the reuction slurry to temperaturces as high as 227°C likewisc .
had no mcasurable effect on the apparent nature or cxtent of the reaction.

The order of mixing the reactants also had no apparent effect (contrary
to Shedigian‘s experience - cf. 2)., Comparable heat evolution was measurcd
.for slurrice mede by adding liquid to solid and by adding solid to liquid.

Thermal runavay, resulting in the violent boil off of liquid and the pro-

duction of a nearly intractable mass, occurred only twice in the course

of Lhis work. Both instances (one unplanned, the other deliberate) had o

common background: fresh Epoxide 206 was added to a hot slurry of reacted
206 and fuller's carth.

In the planned experiment, 10 grams of activated fuller's carth were slurried
with 200 grums of Epoxide 206 preheated to 125°C. After one hour, the
temperature of the slurry had dropped (in steady fashion) to 87°C. At

this stage it appeared nothing was likely to happen, so heat was applied

Lo raise the temperature to 150°C, then to 200°C, and subsequently to the
boiling point with a holding period at each temperature of several minutes.
AL no time during the cxperiment was evidence obtained that indicated any
rcoction beyond the initial adsorption illustrated in the tabulated data;
that in, as noon as heat was no longer applied from the calorimcter heater,
the temperature of the slurry started to decline.
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nopes (cont'd.)

After approximatcly 20 minutes, following unsuccessful thermal attempts
Lo initfate polymerization of the epoxide, 25 grams of fresh room temper-
ature Bpoxide 206 were added to the slurry ot a temperature of 220°C.
Imicdiately the slurry temperature dropped to 200°C, and then gradually
rose over the next hour to a maximum of 273°C. On subsequent inspection
of the contentu of Lhe calorimeter, only o solid, dark brown maps was ob-
scrved, The polymerized epoxide fused the fuller's earth particlec into
the nenrly iniractuble material mcntioned earlier. (Equipment cleanup
was achicved only by soaking in hot caustic and by mechanically chipping
avay the “"coment.") The reaction terminated short of compleie violence
only becuune the excess liquid reactant boiled off before it could react.

Continued boiling of Epoxide 206 in air alsc fails to result in uncontrolled
polymerization. Treatment of 206 with aquecous potassium hydroxide leads

Lo the formation of yellowish, gelatinous material after many hours, but
nothing more,

The addition of aqueous sulfuric acid (concentrated) to excess Epoxide 206
yieldo within a few minutes red colored, gelatinous material. Shortly
after ihe formation of the gel, a violent exothermic reaction suddenly
occurs leaving only a black (largcly carbon) residuc. The addition of
didute aqueous sulfuric acid to excess Epoxide results in an instantaneous
explosive reaction and the formetion of & resinous materisl.

DISCUSSION

The data of Table I arc at least prima facic evidence that the reaction
between fuller's earth and Pyranol I1 solutions 18 strictly physical - as
one might predict. Saturation occurs at equilibrium concentrations greater
thun aboul 1h% Epoxide 206 end corresponds to 0.23 grems of epoxide per
gram of fuller's earth. From the shape of the curve, it is evident only
the Epoxide 206 is adsorbed from the solutions, and there is no desorption
of active cpoxide by 1499 Pyranol over the concentration range O to T0%
Epoxide 206,

The saturation of fuller's carth by Fpoxide 206 is difficult to evaluate

aniquely as evidenced by the variation in results obtained by different

techniques:  100% to 70% approximate tekcup by mass increase measurement,
2.9 10 15.5% by titration, and 23% from the adsorption isotherm. It

sceme reasonable to assume the uoususlly high value obtained by mass increase
dctermination might be a conscquence of the presence of excess Epoxide 206

" {h the saturated earth despite best attempts to dry. It is also possivle”

that the temperature control (ice bath) used during the mixing of the 206
and fuller's carth for the mass gain delermination may have influenced the
adsorplion sufficiently to account for the observed result.

¥rem the stendpoint of reconciliation of results, the 100% and 70% values
might ¢ disniesed; they have practical wiility, however, from the point

of vicv of the prepuration of saturated earth for menufacturing application.
(Bco udded discussion in addendum.)
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DISCUSSION (cont'd.)

The difference between the isotherm value (23%) and the direct titration

_ valucs for raw Epoxide 206 and fuller's earth is not readily explained.
Anide from the evidence prescnted by the isotherm (that 1499 is not ad-
sorbed from PII solutions), one would predict the effect, if any, of 1499
womld be 1o interferc with and lessen the adsorption of Epoxide 206 by
fuller's carth. Actually, the oppocitec appcars Lo be the case; but the
results mity be confounded by the tempcrature difference during slurrying
as noted curlier. (Sec addendum.)

The resulls of the experiment aimed at clucidating the reaponse of

Fpoxide 06 saturatcd fuller's earth to 1499 Pyranol with and without
added water arc also partly indctcrminant. From the only data currently
available, onc cannot tell whether 1499, with or without added water,
strips little epoxide from the saturated earth or whether possibly siripped
materinl is no longer HBr titratable. It is possible the adsorption of
Fpoxide 206 by fuller's earth is non~reversible, but it may be the present
dotn should be interpreted simply as indicating Epoxide 206 is tenaciously
held by fuller's carth and cannot be stripped by 1499 Pyranol and a small
amownt of water. These some data also shed additional light on the inter-
pretation of the tekcup of Kpoxide 206 during saturation of fuller's earth.

Accuming the previously discussed 70% takeup figure is erroncously high
boetuse of oceluded free Fponide 005, and the correet measure of adsorbed
epoxide is approximately 20% of the mess of fuller's carth saturated, one
caleulates that 10 grams of vacuum dried saturated earth contains about
2 groms of free Epoxide 206, Such free Epoxide 206 should be readily
soluble in 1499 Pyranol, and the concentration of epoxide in the equili-
brated 1499 should be at least 1.4% instead of the measured 0.4%. The
arsunption of & pignificant amount of mechanically held Epoxide 206 in
suturated fuller's carth is accordingly untenable, and one should perhaps
not be hasty in dismiesing the 70% takeup value.

The calorimetric data are essentially straightforward and agree well with
Lhe usunlly noted values for heats of wetting or adsorption up to the 1h¢%
fuller's carth concentration. The differences in observed heat evolutions
und the extrapolated heat of adsorplion above the 14% point are of the
correct order for heats of polymerization (roughly 10 kcel/mole). That

ihe large amount of heatl releascd, especislly in runaway situations, is
attributable to polymerization of the epoxide is only conjectural. The
evidences, coupled with possible reactions, however, suggest there is little
1ikelihood this conjecture is incorrect. The real question is what causes
the runaway condition Lhat is occasionelly encountered?

The basic facts scem to dictate acidic catalization ms necessary for poly-
merdiration of Kpoxide 206. To weave this in with the observation that
runaway occure when fresh Fpoxide is added to a hot slurry of rcacted
fuller's carth and 206 is not immediatcly straightforward. Among other
poscidbilities, suspicion is directed toword the roughly 5% of non-titratable
eonuutu-:nt(ss in as received Unox 206, toward conceivable reaction product(s)
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DISCUSSION (cont'd.)

reoulting from admixture of 206 and fuller's earth, end toward some inter-
action beiween these constituents and products. Reacted. slurrics are in-
decd mildly acidic as determined by aqueous extraction and conventionad .
plil determinntions, 1 acidity is the key, why then is it necessary to add .
freeh Epoxide 206 Lo & slurry already containing a gross excess of 206 ;
before runavoy polywcrlzotion occurs? A poscidle explanation lies in the .
reported lowering of the acid number of lUnox 206 following fuller's earth
treatwent. The reucted slurry may have lost acidic contaminants present
in the original Unox to such an extent thet polymerization is not
posnible; the addition of frech 206 could, however, provide sufficient acid
o erundlish the final necessary condition for runavay polymerization.

Obviously, little is contributed by continucd conjecture concefhing a = .-
limited rtore of facls. Further work is clearly dictated to clucidete the
detuiln of the runnwey rewction. In the interim it appears safe to cone

clude that any practical application of the subject materials should be
cautiounly sicered around the condition of fresh FRpoxide 206 being added

to n hot, reacted slurry of 206 and fuller's carth. Without regard to

the nechanien) details involved (which of coursc can be limiting), the .
preferred method of slurrying fuller's earth and Fpoxide 206 scems Lo be s
10 add the liquid quickly to the solid rather than the solid to the liguid
(vith epologics oguin to Shedigian, 2). Ruopid mixing of the bulk of the
tvo muteriels 4n the cessence ol the techniqun required to avoid localized
effucts Lhot often lead to portial fuming and charring if not full blown
runaway.  The transfer of the liquid rather than the powder tends to
minimize locnlized effects better then the opposite approach -~ at least
on the laborutory scnle here reported. External cooling to limit the
Lomperolvre rise of the slurry is of course immediately supggested as a
necenonry adjunct {o the safe handling of quantity lots of the materials.
The calorimeiric data should permit reliable estimation of the required
cooling capacity for a desired operation. It is & mool polnt, however,
vwhether or not external ceoling cen fully arrest polymerization once
initiated,

Finnlly, some comment on the effective activity of any batch of fuller's
carth is in order. The bulk of the work reporicd here was done during the
period of July through Augusi, eand many small dbatches of fuller's earth

were octivated and stored as earlicr described. On scvcral occasions
results were oblained that clearly indicated the activity of the earth is
particularly scnsitive Lo time and conditions of storage following ‘nitial
nigh temperature activation. Storage in a good vacuwn oven at perhaps

100°C would be the writer's choice *o ensure optimum activity of the earth.
Special care would be required, however, in hendling such materinl to

aveid certasn, probably rupid deterioraticn on exposurc to air (particularly
durfng high humidity periods). As noted, air storage at 150°C vas em-
ployed for the activated fuller's earth used in this study; it is con-
pldered that al) the data here reported may likely have teen significantly
(but uniformly) influcnced by this siorage. That is, greater adsorplion
and incrcased heats of wetting mny well be observed for comparsble reactions
involving activated fuller's earth slored in vacuwn above room temperature,
and exposcd Lo air for a minimum time prior to rcaction.
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CONCLUSIONS

Much yemaing that can be done to further elucidate the nature of the
studicd reactions., The question 1s whether or not the information gained
would be worth the required efforts. For the moment, at least, the
writer is of the opinion that enough time has alrcady been spent and any
further cffort should be dictated by a specific, praclical need involving
a particular feature of the basic reactions.

Furlher titration data and a onc shot infrared absorption analysis hope-
fully con be added in addendum to aid in answering the questicn posecd
regarding the reaction between Epoxide 206 - saturated fuller's earth and
1499 Pyranol. Aside from this eleventh hour burst, the study is probably
besl considered closed.
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AODERDUM

The following data were obtnined after the writing of the mnin text was
complctcd.

fintnention of Fuller's Forth by Vpoxide 206

50,0 grems of fuller'e earlh were slurried with 200.5 gramo of iposlde 706
$n on icc bath. After standing overnight, the pereent active :poxide in
the supernatant liquid (as dctcrmined by HBr titration) was oply 0. lcss
than 'n the ordginnl Unox 206 - corresponding to lcss than 2% tnkeup by
the fulinr's carth, (It is highly doubtful the observed 0.4% differcnce
in olgnificant. Accordingly there is no real evidence of eny preferential
takeup of active epoxide in this experiment - or in the carlier noted
experiment in which a calculoted 2.4 takcup was recorded.)

In another preparation of Epoxide 206 - saturated fuller's earth, tn cxcess
of 206 wno clurricd with an unknown mass of fuller's earth. After overnight
stonding, the percent active epoxide in the supermatant liquid was found

by titrotion 5% less than in the starting Fpoxide 206.

The fowr separate titration dcterminations of loss of active cpoxide
following satwration of fuller's earth will be noted to constitute two
pairs: (1) obout 14 loss and (2) about O% to 25 loss. It will further
be oboerved that the 0p to &p loss puir were slurries thut experienced
relatively small temperature rises (one because of ice bath cooling, the
other bt-cnuac the proportions of fuller's earth and Fpoxide 206 yiclded
1ittle more than the heat of wetting), wherces the ¢ average loss pair

originated from slurrics that reached tempera‘urcs at least 100°C (because
the percentage fuller's earth in cach slurry was well above the level at
which polymerization of the epoxide is initiated - Figure 2).

One con conclude from these observations that fuller's earth does not
selectively adsorb active cpoxide from Unox 206, end that the titration
lono measured for slurriec that have been relatively hot is due not to
preferential adsorption of active cpoxide but to loss of active epoxide
through partial polymerizetion.

The finnl experiment involved the mixing of 10 grams of Epoxide 206 -
suturated fuller's earth with 100 grams of 1499 Pyranol. After overnight
slanding, aliquots of liquid were taken for IBr titration and for infrared
ubsorption anolysis. The resulis are tabulated below:

¢ Fpoxide by titration: 1.26%; 1. ?7 (w/w)
% Epoxide by IR: 1.29‘,‘,, 1.30%
% Aliphatics by IR: 1.33%; 1.315"

The difference between active cpoxide end percent eliphatics is most likcly
not significant, and eccordingly svgsests there is no stripping of inactive
.epoxide from the fuller's corth by 1499 Pyranol. The relatively high valucs
(i73%) undoubtedly were a result of the usc of saturated carth that had been

ouction filtered and pressed dbut not vacuum dried; that is, excess free
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A (cont'a.)

epoxide wun obviously present in the carth when slurricd with the Pyranol.
i1f one in fuct aseumes the 1.3 grams of titratable epoxide represent
wmeehnanically held 206, the calculated amount of Epoxide 206 lost on
slurrying with fuller's carth ie 7h$% of the mass of the earth (mass increase

.of carth after slurrying = 100%; thercfore )0 grams of saturatcd earth

conbuing b grams of emith plus 5 groms of contnined Fpoxide 206 - but
1.3 grame o!‘ the 5 grams of 206 are solublc, and titratudble in 1499
Pyrunol; 3.7 graus of 200 are therefore hcld by the fuller's carth). The
agreement between vhis 7it) and the mass inercese value for vacuum dricd
saturated earth is at lcost an interesting coincidence!

The finu} conclusions bascd on all the rcported results is that fwdler's
enrth nou-telectively corbs and tenaciously reteins about (0% ite own
wedphd of Unox 206, The non-sclective sorption leads to no change in
composition of Lthe 2006, and accordingly the apparent discrepancy between
mags increune and tivration determinations of 200 uptake by fuller's earth
is explained. The titration chenge noted in some cases is the result of
locs of uctive cpoxide through polymerization.

The sorption of Epciidde 206 from 1499 Pyrunol. solutions is sclective as
evidenced by the adsorption isotherm data (Table I - Figure 1). Why the
rorption 16 sclective from solutions and non-selective from undiluted

Unox 206 §n not obvioun. It seems obviour, hovever, that one cennot expcct
to purify Unox 206 simply by cquilibration with fuller's carth.
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vhose asrnistance is gratefully acknowledged.
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TABLE 1
ADSORPTION 1SOTHERM
¢(e/100 g) . x/m (ts/g) . 5% (e/a)
0.0 0.0 -
0.4 Q.17 2.4
0.5 0.10 5.0
0.5 0.09 5.6
2.3 0.1h 16.4
4.0 0.18 22.2
h.3 0.9 ‘22,6
5.7 0.22 25.9 )
6.5 0.19 34,2 )
8.0 0.21 4),.8
9.2 0.17 5i.0
10.4 0.25 4.6
13.1 0.23 57.0
13.3 0.23 57.9
13.3 0.25 53.2
13.6 0.23 59.2
15,1 0.22 68.7
B - X (0.32)2 (70.6)7
22.7 0.24 94.8 R
6.0 (0.43)7 : (207. )2
WG.h 0.23 202.
69.8 0,21 332,
TABLE 11
CAJORIMETRIC MEASUREMENTS
(Epoxide 206 + fuller's earth)

% Fuller's earth kcal Evolved Time to Reach Temperature Max,
h,6o 1.32 1800 secs.
1,86 1.24 900
5415 1.76 9900
6.90% 1.4k h20
T.03% 1.50 13100

10.3 3.6 2640
12.8% 3.60 2580
13.5 5.38 >2800
| 13.8 .05 1100
) 17.0 5.67 660
20.2 9.4 540
22,0 11.72 L2o
23.3 10.85 koo
2h.6 10.85 360
27.6 150 n -
9.2 3.74
*PI1 sodulions, about 71% by weight Epoxide 206 (% f.e. relative to
Eroxide 206, not to P1I).

¥ Colevlated from € data (. ovscrved tempsnnture muxiicam of reaction.

A200/325 mech fuller's earth, )
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GENE

CHLORINATED DIPHUNYL LIQUID

:AL‘

SPLCII '( ATION

INSULATION

Supersed

AIS"I

Ongiissr

G-¥ Motorial A13R) tdentilfes chlcrinated dipronyl 1iquid insulation, as follows:

A13B)

A13EIC - Minus 1< C pour point

-J2¢C

poir point

AISBIE - 25 C pour point

PHOPRRTIFD:

Apecific vravily at 65/15.5 C -e--
Hefractive |*Jex at 2s ¢
ToLu) A vy ME KOR/i, max
FMree chloridas, ppm, max

aifeten  weeceen
water, ppn, max
vincoa!ity, Sayboult Univ

At 27,6 C

4l lﬂlr(l
Your patnt, deg
Flarapains, deg
Flre paint, deg

consiant at 10 C
L en ¢, emeen x 309, win
on, ppn, max
zlabidtty ~ Aften
Y, e dlurinua folld
und the sample shall

welnht
Total acld Bo., m ROR/Se,
Feae eh)orisd

masx

ctable amwnt,
e et

Hr opeltn

H¥

meined or powe

irg
111 be Coee fro
conform to the lollowing

asm
l 495.1.5C5
LE3T0-1.6390
.010
oA (%)
Yore

44-43

56(-378
371-382
312394
12

Xore

40

5
4.15-¢.75
€0

&0

cors

all

sion a3 deter

reguireuents:

tnficlous impurities sueh

Aoy thla spocifteztton,
cpproval 37 the purchater,

n3me
1.380-1.3.2 (1)
1,6240-).6260
030
05
None
35

170-200
None

40

35
4.70-4.50
500

1.0

ene grom of auminum foil s reated [
wisunlly or

Ained

no ek

MONS

1.55 s ()
1.6455-1.£897D
014

NDA (5)

35

e 3i7 houry
y leur tn

014
NoA (3)
150
Clear

a5 netslllc or

Lurdes

034838



ASTM p26-56 (1)
2 167-87 (8)

rouv' e

Flonh & ASTM D92-57
COIPP  semmesevecries - ASTM D2O1-56
corronler slebility - G-E £4026

Nr‘c-n*'e eirenrih - Ok seczs
eetric conntont -
I(etm. vIly cecemcemmenens

Pechlorinntion sesemcscecen

G-E E4CiB

(7) rxeept that pereent distilled ic deterwined on & welght basis with the ro]loalnb rodifica-
tione i proncdures
Correel results for emergent thermomcier riem ardh b
ornly uee & heoted condenrer con ting of a co * grast tube 5/6 inch ID oy 3/4
freh OD by &b 1/4 Inchen dorg, eut off st 45¢ snl on lower end. Wrap for 18
inehies with &8 turnt spaced 3/8 inch on center witn €lat Nichreme wire .CO5 x 1/8
inck.  Pring out endée of wire through holes i ooter jJackel. Outer plesr Jaehet
45 ) 3/5 inches OD and S8 redlded to center tube wt upper end. Lower end i drawn
dews to 34 eauzly againsl center tube but e rot ceiled to 1, The condenzer
heat $s controlled by £ Vartae to an internal tiperature of 125 & 10 € which ¢s
£lantes when the heat to the flack §z fturmed en.  Adfust the distillatton rite to
H0-70 drops per minute and codlect tle cletiliate dn a tared flask set on o tean
tolanee.
sning only b single bath eontinually cooied to pour polnt.

rometric prensure. For AISRIE

wat:  (R)3W) end A13RIC only)
er 4ra)) forward te the lntoratory of the j
from eorh ranufocturing bate) of thls s
.y or oitherr designated Ty the Gen
irm!rd ut "Advance fampic, Lot No. e G-E S
of tetn adenser aerple by the Gomers) etris Comrany dons net contiltute epproval of the
nt. Genernd Flectric Comproy spproval vwill be bared upon the materia) es reecived st it
dertinalion and wil) te besed not ondy or conforadly Lo the propertice xpeeified rerein hut on
eonfortdly to nll pesformance charactertaties deemed essentin) ty the purchaser,

2t the peint of Cdelivery a two quart
ceheduded for chipient Lo Lre Geners)
THiR sacple thall be dere

CEAITEICATE O TEOTE

et venier t prromptly ta the Jeroratory of the purchiner &t the point or.del:vrw a

ecertifienie of teat in duplicute 30 that 1 wild be recedved on o before recedpt of shipuent,
Tae cery cate 0f tesl shnd) Inelude the oldoxdng Snformation.
Gpeatfic gravity Water eantont
Diclectrss strength (ALY Ell & A1ZRIC oniy)
'Y Zee\ fe contte ke AI3LIC enly)

Drehlorination {(AXZE1 & 413312 ondy)

antion, gurchise cwdc- mr.:‘.v(':‘, LERK GLD nusber,

& In tink eerx or drumn,

* ln the z
3veh e
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GENERAL () ELECTRIC _ASORCE-S3
CAPACITOR DEPARTMENT ety o
SPECIFICATION
FOR
PYRANOL II Tedruary 11, 1963

Supersedces ASOPCB-S2

=% Mnterial sdontifics epxide modified chlorineted diphenyl 11quid Snsulstion es follovs:

A30P00A - Pyrenol 31 - Epuxide 0.35%
ASOTCEB - Pyrawol 11 - Epoxide 0.25%
AS0IC8C - Pyrenol 1X - Epoxsde }.00%

TrovLTIS:
ASOPCBA msl AS0rcSe
Bpeedfic Orovity 1. ER % 1. § ).§§I - 1.3
Refraction Index 1.6240 - 1.6260 1.éov0 - 1 6:(.0 1.62h0 - 1.6260
Youn) Actd Mo, ,ng mllu (wox) .05 .05 .05
Weter Oontent, PIW, Mo 20 20 20
None None Rone
Tierwal Btebilily Chloridoa {2 hra. st Pk0 C) PPN, max - .Y NDA NDA
Aetive Kporide Content « $ by veight secmeee 0.25:.0% 1.0,V
Dlodeetriv atremgth, 95C, xv. " semeraraea 35 35
Diedeetrie Constent et 100 C %.70 - .90 5,70 - b.90
Mesjoiivity ot 100 C, otm-em X 108, min cocrcarenunennnan ——aee 100 3500 3100
Mr Point dcg. €, max 1% =14 -lb
deg. € 270 ~ 200 170 - 200 170 - 200
"In oint None: Mone None
Anpmue Oontent, max § ~Actual Aotive Epoxide Content § plus 078 .05% 1258
m’.“!

Moteried = Bial) be a blend of chlorineted diphenyl (A13BIC) end epoxsde (DPSDTIA)

Smpurities o Mnterie) shall be clear and free from sll injurjous impuritics such s metsllic or non-motallic
particles or other conteminetion.

ROPEREE MITHOLO:

BEMPIIG mevorercoromtarmat i e ses e s braeias L msmmar smmeecnerase sesreemee ASTH D90E-56
Speeific Orevity ASTH D9O1-%6
Rofrective ndex ASTH DOOY.56
Aesd mumber ASTH DgTh-S55 (1)
Sa) ASTM BT84
Free Chdorides wove- 0-B BiChIC
Veter 0-B EACAS .
Tour posnt =e-- - ASTM 097-57 (2)
Fiosh ond fire point ASTH Dy2-57
Plelectrie strength o ABTN DB77-M9
Pielectrie constont AST™ Dy24-4g
Resiotivity Q-E hDR
Aotive Epoxide content 0-E The50
Alfpimtic content O-E ESOFC25

s Kxeept unc 0.0) N mquenus KON

®) Kxevpt using only » single balh continuelly cooled to pour point

MONS 034840




GENERAL %
. SPECIFICATION .
VINYLCYCLOHEXENE DIOXICE

ELECTH 3 DEDV1 -8

e o

. .

Super.cdes SL0TL-32

DO NOT SEND OUTSIDE GENERAL ELECTR!IC COMPANY

0-E Material DSD71 tdaontifles vinyleyelshoxene dioxide, as ollows:

DSDIIA - General purpose

PHOPERTIKS)

Specific gravity, 20/20 € 1.08-1.10
Viseonlity ut 25 C, centivtoke, max .- i
Totn) epoxtds {as oxirane oxygen), %, by weizot, min 21.7
Actd numbor, %, MUX e--emsecmcmecvesaiaaiaaceas on ‘08
Indine number, max -- - s.¢

- 100

color (plattnum - »obult),

Suspendnd patter Sub3stantlally free

MANUPACTUIL L

Material - Shall be a vinyleyclohuxent dloxide.

Impurities - Miterial shall be clear and free from €11 Anjurivus lmparities as metallic or none
metallie particlea or other contamlnitlon.

Approval - After & material has been approved uncer this specification, no change in minufy:luring
or refining methods shall be made without prist approval of the purchazer.

REREREE METHOD3: ) ; —

MONS 034841

SampLing mecc-eecens
Spreific gravity «
Vincoslity ~eeocveo
Color e-v-vecevacan.
Acid number:
Introduce 60 gm of the sample weighed to the netrest 0.1 gm into a 250-ul Erlenmcyar flask
aontaining 50 ml of methanol which has beea previously neutraiized to 3 faint pirk end paint
using 1.0 percent phendlphthaleln indicator in methanol. Swirl to wffvet aalution.
Add a few additional drops of the indicator and titrate with standard 0.1 N aleohvlic potasatun
hydroxide to the firat pink end point pormanent for at least 15 neeonds
Caleulation: .

_l_.'__):x 6'00 - gcldity, % by welgnt as acetic acld

A = m) of N Nortal XOH requlred

Total eposida:
CAULION: This procedure involvos the use of perchlortc acld. o
aware of tts potential hazards.
Hydroger. bromide solution, 0.5 N In acstic actd:
By means of a graduate cacrcfully add 67 ml of cp bromine 0 two liturs of glacial aevtie actd.
Add reagent grado phenol 1n 10-gn increments untll the solut!. ) becoumea light atruw In coler.
(lpyrolmauelj 100 gm) and add 10 zm 1n excuss. Mix the acltulon aftor each additlon of
tho phenol and allow the (laal aolution to stand overalghy belors using.
0.2 N sodlum acctate in acetlc acld:
Dissolve 16 an of anhydrous sodlum scetate tn zufflclont glactal acetle acld %o make cne
11tor of solution. Standardize this solutlon azalnat standard 0.2 N perchloric acld using
1.0 purcant crystal violet tndtcator \n ace uc actd,
Proceduse:
Prepare a suffictent number of clean dry 250-ml todins flasks to perfora all sample fnu blare
doterminations in duplicate.
Carsfully plpat 25 mi of the hydrog:in tromide solution 1nto cach of thu flaska, ustng the
saume plpec for sach transfer.
Regerve two of the rlauks for the blank de nation.
Into vach of the other flasks introduse 2.3 to 0.4 gn of the sanple welghed to the rearsel
0.1 &35 by means of A sultadies wel;aing plyes swicrl to afCect Solutlon.
Stopper the flmaka using 6 ml of glactal acetts asld as the liquid seal and ailow the sanalew
to stand with the blAanks At room temperaturs for 15 minataa.

use this reagent unleasn

{Senci:

x:rp-cM)

ceme— .

——



GENERAL LY ELICTRIC D s

Albon Pags &

VIUKIDE

e

VINVIONCiane

J REFERFE NEPHODS:  {Continuen)
Total epoxide: {Continued)
Procedure: {Continued)
Carefully remove the stopper from esch flask and wash down the atopper and inside walls of tre
flasks with 25 ml Oof glaclal acetic aclid.
To each Clasy add 5 or € drops of crystal violes indicator and titrate with standard C.2 ¥
sodium acctate in azetlc acid to the firat dlilsh-grecn end point.
Calculation:

1.6 total epoxide, ¥ by weight, as oxirane oxyzen

A =« ml of N normal scdlum acctate rcquired for the sample
B « average ml of N nornal sodium pcetate required for the dlanx

Todtne rumber:
WiJs oolution:

Dissolve 13 gm of resudlimed lodine In 1000 ml of glaclal scetic azid. Gentle hea may te
neceasnry to effect solutian, Allow to cool and romove anproximately 200 ml of the salu-lor,
Paas dry chlorine #0a tn%o the rena r of the todline solution until the o 'al toin
12 not quite doudlad, Perform the titratlon as dir ad belaw, A characterls
change takes place in the Wi)s aoluticn when the &t amount 9f ehlorine ha
Thin may bo uned as an ald {n Judsing the vnd polnt. Add & all excess of chlor
bring Wk to the deslred titratlcn by addition of scre of ¢t ortginal foiine s
Into vapective S0J.m) Erlermeyer £lanks plpzt 2S5 ml ¢ the 3dnlution belore a
ehiorire and 2% mi of the solutlon after ndiltlon of c¢chlorine. Add 20 ml of 15 »
porassium todide solutlon in dist!liled water and 100 ml of distilled water to cach flas-.
Titrate the contents of cach flask with standard 0.1 N thlosulfute uncil the yeliow coi
almost disappears. Add two el of 1.0 percent atarcn indl2ator solutlion and contirued it
rating until the blue color disappears.

RESTAN
amd '

Lhe

Frocecurs:
HKeat a))l sampies wrnleh are 3vlld o svalsscild oo T oan Infrare! heae g
J . or in a hot water bath untll complately homdg,

Prepare & sufflcient number of clean dry S00-wnl glass-stoppered "-‘rler.. 2yer flaiks to ;»

«ll dlank and sample detarminntions in duplicate.
. To aach flask 3add 20 ml of rengant zgrade carbon tetrachlorlde by means of a graduate,

Roserve two of the flasks for the blank deternination.

Into each of the other flasks introduce 1¢ to 16 zn of the sample wulghod to the nearzat €01
o» and swWirl to eftect complete solutlon, : .

Into each flask pipet 25 ml of tha Wijs solution using preasure rather than suctlon to riit
the pipet and again swirl to effect aelution.

Allow tho flaszs to ttand in the dark for 3O minutes at room hemparaturs,

To ench flask add 20 ml of the 15 purcent potnasium lodlde solution, and 180 ml of dlistilia:
water,

Titrate tmnedlately with standarsl 0.1 N sodium thiosulfate until the yellow coloi 2!
appears, . Add two ml of the atarch irdleator solution and zontinue titrating to

' poarance of the blue color. If the sample “ftratfon {4 less than 50 percant of Zhw
repont the detesminatlion using & smolloer siie sample.
Calculation:
- .
[LICHILR % ~ total unsa‘uration as lodine runber

&n Dampli
A »ml of N normal NagS;0;rrquired fof the sample
B » average ml of N nomual NapS,0;required for the bdlank

* Suspenied matter:

~N

-+ Inver:t a bottle of the sample and examine by trunsmitted 1ight.

@

& swwie areroveis

o The eupplier shall (orward to the laberutory of 'he purchase: at the poinc of dellvery a one pint
B sample takan from each manufacturing bateh of '0is manerial acheduled for shipant to the

Gunural FElectric Company or othars Zeatzna*vd ny the cmwmx Elaztric Cm pun/. This sampla
M) 2 shall de daalgnat2d as "Advance Semple, Lot Koo » 0-E Materiai

' Q Approval of thia advarce vample by the Censral \,o.-.o.\:ly daes rot conatitute aporoval of
‘ x nt., Geawrnl Electrelc Company appo.v 1 b2 naved upon the

ty to the propurties apretflled ?
g essentlai by the purshasar.

1ts destination ang will de tanad na% only on .
ity to ali perfo » charzdterist

o pade 3)
- . et AN e =
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GEKERAL _ ELECTRIC DsD71-T3
SELLIHGATION Page S

VINYLOYS:. DIOXIDE

CERTIFICATE OF TEST:
The vehdor shall submit promptly to the ladoratory of the purchaser al the point of delivery a

eertificate of teat in dupilcate so that it wil) be recelved on or before receipt of shipnent,
The certificate of test shall include the foilovwirg infonnatton:

Specific Gravity 20/20 €

Actd pumber, %, max

Color, max

Epoxtde conten:, atn, ¥

Iodsne nurber, max

Viscosity at 25 C, centlatoic, max
. Suspendod matter

Thiv oertificaty shall also contatn the G-Y designation, purchase order number, tink ¢ar numder,
1et nurtber, and date rhipped, so that the certif{cave may be fduntified with ths sal t.

o
no

Materiai ohal) be satiped in tank cers or diums, an specificd on the purchas

Al) contuluors shall coufora Lo JCC ragulat! and shall be of a tlype havi
effeet on the malerial. Extrome cave shall be exerciscd dy the supnplier in tho rales
wee of ewunn carricr contalners or contatn providal the sugpller. Such contal
by eArcfully inapectad by tho supplier to as > that th are free of injuriou. fore

Adeqante precautions £1all be taker. by the supjiler to assute retentlon of the propuitied ara
ehnractoriatica of toy materinl, as speciflec hereln, upon arrlval of the shipment at point of
delivery.

Each coalniner sMull be 10gthly marked with the purchase orier nuaber, the manylostule
the O0-F deripnailon and the lot ounber. !

MONS 034843
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ELECTRIC

, GENERAL &

CAPACITOR DEFARTMENT ' bl
SPECIFICATION o
5 ) D50PC12-51
FULLER'S EARTH

Brds ol Covriraitrars Mam

. . My 50, 1564

0-F Miturinl DIOCI2 identiffes Fuller’s Farth as foilowvs:

DSOPCL2A - 80/300 wesh
DYOTCI2N - 60/950 wash

ROPENTINS
) reizn
Woleture, %, .0
Ignition toss, %, 18.0
e Screnn Analysis, $ . . - . .
Mtained on U.8. No. 50 mash scroen, 11 - 5.0
Metatned on U.8. No. 0O mesh screen, AU eeemevsernecemmaear e ameme e 3.0 .0
Petaincd on U.8. Mo. 80 mosh screen, 1 20.0 .
U.8. Mo. 100 meah screen, MU ecermemennnerensasansormstcanans tmTreesnaen - 2.0
Metained on V.8, No. I25 mesh ecreen, 4 £0.0 -
WAPACTVRE
mtoriel shall be Paller’s Darth of the attapulgue clay type, free from dirt snd other contamination.
BEFEAER METHODS
Y — .
" tont » ASTN ), Aathod A
loes ASTH
Screen analyste (1) ASTH DIS2, Mathod A
(1) %0 g» ssmple. eshed. )
GERTLYICATS OF TuST ' .
N § Won requested, the manufacturer shall submit proaptly to the purchaser st the point of Jdelivery s certifizste
L of tast in tripiicets showing thet the msterial conforms to this specification. his certificate shall

o sddrsased to the section, unit and person specified on the purchase order, and shall eontain the ¢-3
desigration and the purchase order number eo that the certificats can be identified vith the shipaent.

PACTORY TRIAL APPROVAL |
Approval of sateriel to this specification vill de besed on factory trisl. Omee approved, mo change shall
%o wade in the composition or properties of the spproved material vithout the prior knowviadge &nd conseat
of the purchaser. .
AND NG ‘.
Mmterial shall be shipped in S-ply paper bags to meet ICC and cerriers’ regulatioms. s,

Bach bag shall be legidly sarked vith the purchase order musber, the sanufscturer’s ceme, the Iot or dat:}
mmbur, the weight, and the 0-£ designation.

D MONS 034844
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GENERAL (26 ELECTRIC - . I GAS 4367
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CAPACITOR DEPARTHENT wern. wo, ., PIC-RCE3 ¢
.ETOCess ., Invtiuction ot .. 2. or kI
subsrey  TIST ON MINERAL OIL, PYRANOL . WRITTEN Ry Qd”}'

AND CASTOR OIL 195D BY

THIE ISTRUCTEON 18 voib Arver .. 172

—
CAP BS0 REV 12/81
o, 8

c.  After Trests ' . '

Budson Falls - The trest operator will secure in bottles supplied by the
Freat Control laboratory one pint samples of Pyranol from each after treat
liner and label as to treat tank, liner treat number, and P.I. of the

treat process. These samples will be held until the subject trest or liner
unit samples have been fully tested and passed.

ert Pavard - The Laboratory technician will secure one pint sample daily from
th the automatic treat and the vapor treat for testing that day.

Hudson Falls Fort Edward
Thermal chewical chloride-, ppB, WaX: - 5 75

(Note ¢#3)

f1. For mny tank vith a resistivity below this control limit, the following
‘plrtin mst be notified before release.

1 - Product Engineering
2 -~ Quality Control

§2. Run at Fort Edwerd only. Higher values indicative of treat difficulties.
Material will be rejected if higher than .45.

#3. In the event that a thermal chemical chloride result is over specifica-
tion an additional sample will be run and the final ansver will be an
average of the samples tested.

"=~@, _AL3B2A = 1436 Pyranol
8. Mixer Methdd n Falle Fort Pdward
(Clmxk once c. week  (Check each wixer)
: or wore frequently
request)
Refractive index @ 25°C - AST™ 153201- 1,6185-1,6215  1.6185-1.6215
B-chlor, %, ' . : : 9 = 12 W9 = 1.1
b.  Refined storege - check each tank for:
Teat Method Hudson Falls Fort Edward

Mesistivity, ohm-cs, min, o oL 37 . 600x10° 600x10%

1000¢ : .
Water content, pym, wax. G.B. BiChS 20 20
Refractive index @ 25°C ASTM DOO2-56  1.6185-1.6215  1,6185-1.6215
B-chlor, % : 9 - 12 .9 =11
Aliphetics, %, wax. (by Central  CLTM 14 .02 W02

La
Dowthern (#2) NDA

GENERAL QD) ELECTRIC T, o ot ’“‘f"is'sa.::t:

MONS 034849



cg‘okciu OR DEPARYRENT INSTR, WO,

PRtbAEA S, Instruction eace L)L
sup et 3 TEST @Y MIKERAL OIL, PYRANOL . wairren ay ., P Y-
— M CASTCR COIL 18SUED BY |

TRIS INSTRUCTION 1S VOID AFTER . 1'16.'6"

Process P3C-PC23 covers all in-process tests made by the Quality Control Meterials
Frocess Laboratory Unit on AL3A2 (5314 mineral oil), A13BIC (1499) end AL3B2A (1436)
Pyranols and ASOPCT castor oil, used in Building f, Hudson Falls Plant and in the
Fort Kdward Flant.

v

OGENERAL

Bauples are taken and tests run by the Q.C. M&P factory control Laboratory representative
unless othervise indicated.

Test methods are referenced in the material specificetion except these listed below:

Refincd treating materials must be tested and passed as 1nd1cated before they may be
used for impregnating capacitors.

Out of control tanks, trends, or deviations shall be brought to the attention of the
Treat Unit Munager and the responsible Quality Control personnel at once.

58 1V
PROCEDURE 9,"0%/ Lopitet? v
' wned DT pompan T v
1. ALIWC - 1499 Pyranol son oo m,ﬁ..uc U
o tnlor™! GonoT oneshov
a. Refined storage - check each tank for: PR o of ::“\\mﬂulv’
anore® ™ Control Limit
Test Method fiudson Falls Ft. Edward
Resistivity, ohmecm, min. @ 100°C CLT™ 37 4000x109(#1) 2’000x109(#1)
Water content, ppm, max. G.E. EUCH5 15 20
Refractive index € 25°C ASTM DS01-56 . 1.6240-1.6260  1.6240-1.6260
Fluorcoeence none none -
B-chlor NDA NDA
Thermal chemical chlorides, ppm, CLTM 20 «T5 - 15

wax. (Note #3) _

b. Return storage - check each day that material is teken from at Hudson
Falls and four times weekly at Fort Edward for:

Test Method Hudson Falls _Fort Edward
Water content, ppm, wax, G.E. EuCu5 60 60
— - Refractive index @ 25°C ASTM D-901-56  1.62k0-X:6260  .1.6240-1.6260
B-chlor . NDA NDA
Fluorescence . none none
Aliphatics, %, max.(by Centrnl Lab) CLTM 1b none none
Dowthern, wax. A5 (f2)
. Thermal chemical chlorides, ppm, CLTM 20 75 75

wax. (Note §3)

MONS 034850
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e . CIFACITOR BIPARVUENT

cIestruetlon PeE ...
[INEE A FYRAI0L SRITTEN EY ...
o oL 185050 py
Wtk qusvireytos 08 vow arwe .. 1elGe6h
oo After Treat (i)
METHOD HUDSON _FALLS FORT ETWARD
Refroctive index @ afioc ASTM DJOL-56 1.3155—1.3215 1.8105-1.6215

. Fanufacturing musi obtain sample from each liner for test at Hudson Falls.
Munufecturing must obtain sample from each available liner otherwise raw
storage is checked.

3. _AL3AZ - 53Lh Mineral 0§l

@, Refincd storsge (f5) - check each tank for:

Resintivity, ohm-cm, min. € cLTM 37 s0x10%2 50x1012

100°¢ 0.E, EhWD2
Water content, ppin, wax. G.E. BuCh5 20 20
Refractive index @ 24°C ASTM D9O1-56  1.4890-1,4922  1.4890-1,4922
96 hour aring at 100°C .
Resistivity, ohm-cm, min. CLT™ 37 7x1012 7x1012
Acidity, mg.KOH/gm, weax. - CLTM 36 JOL4 N1

ASTM D974

Color, ASTM, max. ASTM D901 1.5 1.5

5. Hudson Fulls - Tanks containing all new material are tested for resistivity,
wnter content and RI before release; 96 hour aging is run, but the tank not
held for the result. If the tenk contains reprocessed materiel, it {s held
for all tests.

Fort Bdward - Tanks are tested for resistivity, water content and RI before
release; 96 hour aging 18 yun, but the tank 1s not held for the result.

k. pyorcy - Castor 0il

a, Bince this material will not be refined at Hudson Falle, all approved material
will be used directly from the shipping @rums. For this reason only after
treal samples are required.

b, After Treat (ié) - check each liner for:
Acid number, mc.KOH/gm, max. AOCS Ca5ali0 not available not applicable
Resistivity, obme-cm, € 100°C, G.EB., EkD2
win.
Water content, ppm, wmax. G.E. EuCh5

#6. Hudson Falls - The treat operator will secure one gallon sample from cach
after treal liner and mark it with the treat number end the date. The sample
will then be given to the Treat Laboratory operator for transmitital to the
Central Q.C. M&P Laboratory, for testing and grading. The after treat castor
ofl will be pumped back into the original shipping drume ard tegged with the
treat number and the date, MONS 034851
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CAPACITOR DEPARTMENT PROCESS P26D-PCh

REFINING A13Bl1C (1499) PYRANOL AT FORT EDWARD PLANT Page 1 of } B
November 21, 19607,

Procean P26D-PC4 covers the procedure for refining A13BIC (1499) Pyranol at the
Fort Rdward plant, L

REFERENCES: . o
P3c-1C23 Refined Pyranol lab’checks
P26D-3'Cl Refining of Pyranols 1436, 1476 and 1499

GENERAL:
This Proccas Instruction covers only refining A13B1C (1499) Pyranol at the
Fort Bdward plant.
Refer to P26D-PCl for refining othor Pyranols at Fort Edward, and all Pyranols
* at lludson Falls. '
" Odly A13BIC (1499) Pyranol will be refined in this refining, system.
Material €rom the filter blow out lines may be reused. Matecrial from other
sources such as drippings from sealing benches and pumps must be scrapped.

EQUIIMENT:
Mixing tonk with agitator
Raw storage tank
Refincd storage tanks (3-10,000 gal. & 2- 2 000 gal.)
sparkler filter, Model 33-D-17

Sparkler filter, Model VR-12-6 ' The information containzd horein In propricicsy 10
tho Interest of the Genural Cleciric Compeny. Ne
MATERIAL: diacl to horized p 14 bo rade.

A13B1C (1499) Pyranol
Fullor o Rarth, 60/90 mesh dired 4 hours at 400°C or undried.

FPROCRDURI
Gharging the Sparkler Presscs

Prior to chamlns. ‘tha pre: presses must be cleancd according to f{mstructioms.

Fill the mix tank approximately 2/3 full and start agitation

Add 150 pounds of 60/90 mesh Fullex's Earth. Use undried earth if thc primary
objectivo 18 to remove chlorides. Use dried earth if the primary objective
is to remove water.

Agitate for approximatcly 1/2 hour, or until all the earth is well suspended.

Circulate the mixture through the Sparkler filter to be charged until all of
the earth is zomoved £rom the mix tank.

When the charging in complete, transfer t.he clear Pyranol to a raw or uscd -
storage tank.

Refining A13B1C (1499) Pyranol

'ﬂnroughout “the storage, refining and aging cycles, Al3BIC (1499) will be held
at a minimum of 50°C.

When f11ling, recirculating or aging & refined storage tank, a vacuum of 25"
of mercury or higher will be maintafned.

Refined storage tanks will be filled from a raw or used storage tank. During
this £i1ling cycle, the Pyranol must pass first through the large Sparkler
press (Modcl 33-D-17), and then through the small Sparkler press (licdel
VR-12-6) .

To refinc a tank of Pyranol, it must be continuously circulated through a
sparkler press (model 33-D-17) for 12 hours.

At the cnd of this tima, the Frocesa Control Laboratory will take a scwmple for
teating.

1L the Irocess Control Laboratory has approved the sample, the Pyranol may be
used to tmpregnate capacitors after {t hus completed a 6 hour vacuum aging eycle.

A log shect indicating date, time filled, time the aging cycle will be complete and
Procens Control Laboratory approval will be obtained for cach_tank,

S e 4 s e
car 690
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’ ' CAPACITOR DEPARTMENT PROCESS PIR-IC2

. . TReTY - ~ . Page 1 of 2
I.\CCP.ITANCL TESTING OF PYRANOLS Al13B1 (ll.‘76) & A13RIC (1499) August 20, 1¢

Procesa PIB-PC2 covers the procedure for asceptance testing of tank car shipments
of Pyranols Al3B1 (1476) and A13BIC (1499) before handling.

OTHUR PROCESSES REFERENCED: ©. F CLs v

P26D-PCl - Refining of Pyranols Tho information cau
P2A-PC6 ~ Nandling tank car shipments of Pyranol ., jntcsiat e tis 6

disclosure > vrauths enishoull e mada,

GENERAL Y’

. Receiving: A sample for the acceptance tests will be taken from each tncoming
tank car by a properly instructed technician of the M & PT Unit BEFORE UNLOADING,

When the tank car is received, it is spotted in the proper unloading arcas at
Hudson Falls and Fort Edward, equipped with steam, pumping and storage facflities.

As stated in Proccss P2A-PC6, Pyranols must be heated to proper temperatures
for unloading. L .

Handling: For sampling purposes, it is only necessary to heat Pyranols sufficiently
for the M & PT representative to obtain a sample for test purposcs.

Testa must be performed and Pyranols approved by the M & PT Unit BEFORE THE MATFRIAL
18 UNLOADED.

Procedure: The M & PT Unit ordinarily performs the tests lfsted in GE Specification
A13Bl for GE Materials A13Bl and Al3BIC except the tests for viscosity, fire point and
sulfate. These exceptions are performed only when requested by either the Product
Engincer Manager or the Laboratory Manager.

The follewing tests are ordinarily performed on all incoming tank cars of Al3BlC
Pyranol (1499): . :

Condition Water
. Refractive Index Dielectric Constant
¢ Acid Number Resistivity

Free Chlorides Dechlorination

Corrosion Stability *Infrared
Acid No. :
Free Chlorides
Color
Condition

*This test {s performed but not listed {n the materia) specification.

The following tests are ordinarily performed on incoming tank cars of A13B1C Pyranol
according to the multi-level continuous sampling plan H106:

Specific Gravity Pour Point MONS 034853
Color Flash Point
Diatillation Range Dielectric Strength

The tests conducted on incoming Al3Bl. (1476) tank cars are the same performed on
A13BIC (1499) excepting flash point. Also, a 50% distillation determinatfon {s made.

In the event that eithar material (A13Bl or Al3BIC) fails to meet the spccification
limits of the required tests, a second sample must be taken from the tank car end all
tests which the first sample failed must be repeated. In addition, the advance sample
taken by the vendor when the tank car is loaded must be evaluated,

In the event that the only acceptance tost fallure is the resistivity test, the
materfal may still "e accepted providing that the resistivity {s morc than 50 of
specification limit. Expericnce has shown that low resistivity Pyranols can be raised
to our process Mmit of resistivity by our Fuller's Earth filtering process (P26D-FC1).

1-¢ : GLENERAL

ear 38
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PAR-PC2 - CAPACITOR DEPARTMENT PROCLSS

Page 2 of 2 ACCEPTANCE TESTEING OF PYRANOLS - A13Bl (1476) & AL3LIC (1499)
Auvgurt 20, 1959

In the event the material fails to meet the specificatfons, the results must be
reported dmncdiately by the M & PT Unit to the responsible Product Engincering D
.Manager and the Laboratory Manager, or their respective Supervisors whom they have
desipuated responsible.

Product Engineering Managers will secure advice from the Laboratory Manager or
his designated elternate, and will advise the Supervisor of the M & PT Unit to
reject or accept the tank car in question, This Engineering decision will be recorded
on the test report issucd by the M & PT Unit. In addition, the M & PT Unit will issue
an IR showing that the material fatls to meet the required specification., The Engineering
disposition will be recorded on the IR,

In the cvent that a tank caxr meets all requirements, but in the opinion of thae
Supervisor of the ¥ & PT Unit exhibits unusual characteristics in any respect, the lot ”)
west be held up and referred to the responsible Enginecring Mannger for disposition by .
the procedure describod {n this process for cases of failure to mect specification
requi rements,

Tank cars which mect all specification requirecments and which exhibit no unusual
charncteristics, will be rcleased by the M & PT Supervisor. The results of these tests
will be published quarterly advising the responsible Product Engincering Manager,
Purchasing Agent, Manager of Quality Control and other interested persons by means
of a copy of the report. 1In the event that anything is found unusual or the material
fails to meet any of the specifications, the pertinent informatfion will be published
in an individual tcst report issucd by the M & PT Unit.

MONS 034854
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. REFINING OF PYRANOL IX AT FORT EDWARD PLANT tosuzo oy , EsSe Dupham -
VI INSIRUCTION 15 VOID AFIER December b, 1967 N

----- ohe ln!uunaﬁv‘r\ :onlﬁ;h;:d“htuln is pespeictory o
. the interest of thn Genural Electtic Conpany. N .
Proccso P25D-PCS, in an outline of the procedurchifimorefintipeSOPCON ity ade. |
which hut been ctabilircd with D50P132-SY material.

* REFERINCES: »
P3C-¥C23 Refincd lyraﬁol Lab Checks .
p3c-Icho In-Process Testing Pyranol II
F25A~-PCL Operation of Pyranol Resistivity Bridges
P2A-1'C10 Handling of Epoxide

QENERALt

This Process Instruction deceribes the refining of stabilized 1499 Pyranol
(Pyrunol II). Only Pyranol II will be refined in this systcem.

EQUIPMENT:

Mixing tank end agitator

Rav and refincd storage tnnks
Sparkler Filter, Model 33D-16
Sparkler Filter, Model VR-12-3
Fpoxide Hitorage Tunk

Transfeor Punp

Proportioning Pump

MATERIAL: :
AL3RIC (1499)
D50P132-81 Unox 206 Epoxide (sce Material Approval)
Puller's Earth, 60/90 mesh dried I hours at LOOCC.
PROCEDURE:

Charging the Sparkler Presses '

Prior to charging, the prcases must be cleaned of the spent fuller'searth from
previoun runs. The mix tank is filled with 70 - 80°C Pyranol, and the agitator s
started. A maximun charge of 75 pounds of 60/90 mcsh fuller's earth is added to the
mix tank. The slurry is agitated for one-half hour and then circulated through the
large Bparkler filter. Pyranol is transferred through the filter to the return
storage tank,

: MONS 034855

Saturating the Fuller's Earth with Fpoxide

. After the press has been charged with frech fuller's earth, it must be saturated
with epoxide before it ean be used for refining. This is done by circulating Fyranol
JI through the carth, '

The epoxfdc anl aliphatic content of the Fyranol IT must be knocwn before attempting

L caturate nev fuller's carth,

Deeember 3, Luodw
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REFINING OF PYRANOL II AT FORT EDWARD PLANT

wsiw, wo, PROD-PCS
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BY

.. B+Se. Duohop

THIS INSTRUICT1ON 1S voio Arven December by 2967,

gaturating the Fuller's Earth with Epoxide (continued)

Fpoxide in the amount of 10 - 124 by weight of the fuller's earth must be
added to saturate the corth. For a 75 pound batch of carth, the quantity is 7.5
to 9.0 pounds, Addition is accomplishcd by using the system sct up for this purpose,

Circulate the return tank of knovwn epoxjde and aliphatic content through the new )

fuller's carth and sumple every hour until three (3)

no change in alophatic and epoxide content.

Operating the System

dve measur

nts indicate

A1) rcturns for any given day must be back in return storage before testing.

The rcturn storage tank is constantly circulated through the eirculation puup while

“ rélurns are dbeing made.

After all returns are in the storage tank, take a sample and test for cpoxide

concentration. Add necessary make-up 1499 Pyranol from rav storage.
cpoxide specificd by Process Control. Circulate new blend for a minimum of two hours.

Add amount of

Sample and test for epoxide and aliphatic concentrations specified in P3C-pcho,
When teats are okay, transfer
.Pyrano) II through filter press and cone to refined storage tank.
Continue circulation through
filter qnd cono until Pyranol IX is approved by Process Control by writicn auwtogrum.

Continue circulation vhile tests are boing madc.
forring, sample will be taken {rom refined tank.

Place refincd tank on aging for a mintmum of 4 hours before use,

BAFLTY:

Special care should be taken when handling Unox 206 stabilizer. Potential

harards from this material are described in Process Instruction P2A-FCO,

Material Approval

The Epoxide uscd in the preparation of Pyranol II must be certified in

writing by the Laboratory prior to usc.

GENENAL ) ELECTRIS
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PROCESS ., tnstructicn %/41/9/4(’ v:::"";. )

supJecy IN-PROCESS TEST BY MATERIALS TESTIHG AND' ANALYSIS whiTTEN oY .....G. A, Snith 95&.&
UNIT ON PYRANOL II ~ NUDSON FALLS & FORT ¥DWARD Issueo oy .. E. S, mwhm:;.}'ﬁ”
THIS INSTRUCTION IS VOO AFTER ...... June. 1,..1969.

Process F3C-PCho covers all in-procens. tects mnde by the Materfals Testing & Aunlysis
Unit on AUOUCOA ond ASOICBR  wsed in the Fort Fdward Plant and Hudeon Falls Flant,

Samples are taken and tests run by the Materials Testing & Annlysis Unit represen-
tative unless otherwise indicated.

Test ncthods are referenced in the material specification.

Refined treating materials must be tested and passed as indicated before they may be
uscd for impregnnting capacitors. .

Out of control tanks, trends, or deviations will be published in the monthly proccas
control report.

T, TRefined Storage - check each tank for:

. -ews- ASOPCBA ASOPC8D
CONTROL LIMIT  CONTROL LIMIT
TEST FORT EDAARD HUDSO: FALLS
Aliphatic Content, Infra-red Analysis, %, Max., See lots 1 See liote )
Hesistivity, ohm-cm, Min. 1100 x 109 2000 x 109
Epoxide Content, % 0,35 + 0.05 0.35 + .05
Fluorescence NDA NDA
. Power Factor, $, 100°C, 100 cycles (Max) - 0.75

2. Return Stornge - check each day material 1s added to or taken from tanks for:

Fluorescence NDA~ NDA
Epoxide Content, % 0.35 + 0.05 0.35 + 0.05
Aliphatic Content, Infra~red Analysis See Note 2 Sec lote 2

3A.  After Treat - Round & Rectangular Tanks: The Iaboratory will supply cleen
pint sample bottles to Manufacturing for after treat secples. Manufecturing
will secure one pint samples of Pyranol from each after treat and label as
to treat tanks, run number and type of treat, and tuwrn them over to the
laboratory. After treat samples of Pyranol II will be tested on a reduced
sampling plan or as required by problems encountered for the following:

Aliphetic Content, Infre-red Annlysis See Note 2 See Note 2
Epoxide Content, Min. 0.25 0.25
Fluorescence . NDA 2008

3B, After Treat-Automatic Treat: The laboratory will supply clean pint sa~ple
bottles to Manufacturing for after treat smmples. Manmudacturing will cecure
one pint nmnples of Pyranol fram return stornge tank nt completton off ench ron
of the automnatic treat and label as to treat, run nunber, and type of ireas
and turn them over to the laboratory. After trent cemples of ASOFCSA will beo
tested ar cescribed in A, MONS 0348527

CAP 838 REV 12/80 OATE COF (SSUE June 1, 193>
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. PROCESS  fnstruct|on rGe .. 2 or 2
sunsre7IN-PROCRSS TEST BY MATHRIALS THSTING AND ANALYSIS wayryew gy ....G- A, Sutkn
UNIT ON PYRANOL II - IUD3ON FALLS & FORT EDWARD 1ssueo oy .., By 8. Dunhan

THIS INSTRUCTION 1S voiD After . June 1, 1969
PROCFIURES _(gggg.i,mv;_cl l

HOTE 3:  The aliphatic content shnl) dbe held to less than 07 above the active
cpoxide concentrate for both Fort Edward and Hudson Falls.

NOTE 2: The aliphatic content of the after treat sample shall not exceed that
of the pre-treat (Refined Storage) sample.

Thene testn are conducted Lo determine the effect that trect has had on the

AS0PCBA (Fyranol JI), and to cstablish the quality level for after treat sviterial
being returned to storuge.
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CAPACIYOR DEPARTIENT [CATE no PaA-1010.,
. .Process.. lastruction PAOE ..
SUBJECY ;  SBAFFTY RULES FOR IiMiDLI!j(; AliD USE OF PYRANOL XX wnsvven ny G. l\. Saitu /Q/0 g\' N \
STABLILIZFR (PPOXIDE 205) . 138550 oY L 5,5, . Dunhan & LoD R,
YIS INSTRUCTION IS VOID AFTER Y63,

Ocneral

Union Carbide Corporation Eulleiins
F-h06C6 Hov. 1959 and F-h0132D June 1960 and PoR-PC3

Bnfety & Yan-1C3:

Fpoxido recins arc primary skin irritants. !’xolon(,cd end repeated contact oy cauce
delayed and scrious injury to the skin. In comiiercial prectice, precautions whic it

only intermittent skin contacis with these meteriels are effective in preventing
occurrence of dematitis among normal workers »r o prolracted period of tine. fi
under these circumstances, & small muber of mypersensitive workers have been ohoary
to develop a sufficient degrec of sensitivity, to be affected adversely by these pn
Unfortunately, such individuals cannot be fdentifled in any group of workers un!
current dermatitis is displayed. Recause of this combination of circumstances, it ir

neecessnry for all workers to use protective measurcs to prevent all contact of the ekin
with the cpoxidese .

If thece materials come into contact with the -‘Mn, they should be washod off frmedi.
ately with sonp and water or removed with a waterless skin cleancr. Clothing which is
s8oiled or wet with these materiels must be removed and not worn again until it has dbesn
thoroughly washed.

Avoid inhnlation of vapors or mists even though the hazard by inhalation is sligns,
The eyes arc moderately harmed by the undiluted fluid. Eye protection is recquired when
handling the chemical, In case of eye contact, the eye should be givea a 15 nirute
emergency washing in the dispensary, end a physician should ece those cases in wilch
aisconfort persists.

Pernons who are worklnc directly with cpoxidc., must wasgh nnmls Lefore cativg,
drinking or cmnklnc,‘ .

Fating, drinking or smoking in working arcn where cpoudcf arc uscd or preparcd,
is not pemitted.

As ohippm\, Unox 206 45 complctely stable at room temporabure for perimds excending

one year. Contact with acids, alkalies, water or water vapor may couse nusinl o

cation. Other stiong catalytic agents nucn as Lewis acids or otiwer acld or vasiec o

nay cause rapid polymerization and the rapid evolution of heat., Therefore, Epoxide 9‘;

should not bc stored in any area wherce it may contact any of the ebove materinls. Any

i ptrum 1y weod drwne or cans of this material should be purged with dry 2 Tors
storage.

e

Ateepinges sonb I ation poeth b peovided T 20 mead bigg sret Lo mintnice o 0
X A Pyraood 11, contalaing 2 vory amndd peccenbhiog: of ctabily oo,
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. DRAPT SPECIFICATION ESO PC-22 MY
DIRECT TITRATION METHOD FOR TIUE DEiTERMINATION
OF EPOXIDE SCAVELGER IN 1h99 PYRANOL

Apparatus

Karl Fischer type burcttc cquipped with drying ‘ubes filled with Drierite or other
suitoble dessicont. ' Titration must be performet in o closcd aystsm to avoid loes
of HEr. A rubber cap similar to Fischer f14-127-5 or a vented, one-hole rubdber
stopper can be used to attoch the durette tip to the titration flask.

225 ml crlenmeyer [li.:ko
Magnetic stirrer
Teflon-coated magnet bar

Reagents?
Glacinl acctic actd, reagent grade
Chlorobenzene, Eastran or Flscher .
Crystal violet indicator golution, 0.1% {n glacial scetic acid
Hydrogen Bromide, anhydrous, Mathecon Cenpany

Prepare 0.1 N HBr {n glacial acetic acid by budbbling ifBr olovly through glacial
acetic acid for a weight gain-of 8.1 g of HBr/liter of glacial acetic actd.
8odiun Carbenate, anhydrous reangent grade. Dry at 120°C for at lcast three
bours beforc using - store in dessicator.

Stadaacivativag

Standardize NBr solution against 0.) g of sodiunm carbonate dissolved in 10 nl of
glacial acctic acid. Use five drops of indicator solution and titrate to & bluish
green end point vhile stirring rapidly with magnetic stirrer. Titretion should be
perforued in a closed systea.

Normality = lielgat of Ha, 0O,
0,053 x nl of HBr
Procedurc:
Weigh approximately 35 gma of Pyranol into 125 ml flask. Add five drops of crystal
violet indicator solution, 10 ml Chlorobenzene, and stirring bar. Titrate with
apid stirring in a closed syotem to blue green end point.

Calculation: .

s 200 (L of Br). (Hormality) (Eculv.-Wt. of Epoxdde)
Veigt % of active epfni.de * “[1000) (Wt of = Sunpl%é

Equivalent wt, of Epoxide 206 = 70
Equivalent wt. of .Epoxide 269 » 82

IBr solution require frequent atandardization - doily for wost nccurate results.
Excluston of ligcht ray retard loss of. strength. Drying tubes filled with indicating
Direr{te or other suitable absorhent should be wed on reservoir sad burette to
exclude atoospherie mointure.

This rethod 1o aloo applicable for the Aterminaticn of cpoxide parity of incoatng
Epoxlde 206. Usc approximately 0.1 gV of cpoxtde welghed accurately to the
fourth decical place - discolve in 19 ml of Chlorvhenzence and follow method as out-
lined. *

MONS 034861
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CAPACITOR DEPARTIZENT

e : 46X TEST METHOD
47,40, 45,290, 200,29K, 398,394, 3%, 50 FOR
PAud ' ALIPHATIC ‘CONTENT IN PYRANOL II (ASOPCS) B
e th . {

3. §C0TE:
This procedure determincs the quantity, in § dy vaight, of "Aliphotics” in Pyrenol I1. The “Aliphatics” are
the exprosafon of the Infrored Absorption in the 3-b mieron (2925 en"1) region of the spactrs and are related

10 the CHo_y stratching frequency.

3. ATTAMTVS:
™he folloving mothada end procedures heve been cotebliahed with the Perkin-Elmer Yodel 21 infrored
Sprctrophotometor vhich has decn modificd by the eddition of Optical Scele Exponoion.

1. T™he Infrared Sprctrophotomoter requires Optical Scole Expanston.
2. Somple cclle to wotch the optice. The culle are to be a motched peir of 0.100 m epacing.

3. Eyringes and necessery equipnent to losd end clean soid cells.

111, CALIRRATION:
Quentitative Infrared Spectro Analyeis requires thet precise standerds be estebliohed to cover the rangs of
anslysis, .

For the renge of this anelysde stenderds of 0.1, 0.2, 0.3, 0.k and 0.5% by welght of es received Epoxids 206
4n 1499 Pyrsnol should de prepered. The veights of Epoxide 206 and 2499 Pyranol are to de determined to the
pesrest 0.1 ng for the celculation of percentages. .

1V, TIST BAMPLES:
The sunples should be taken, handled and stored in compliance vith stendsrd practices for purity yrue‘rnt!on.

v. pcksums:

(Bpeatfio for the modified Moded 21 Perkin-Elmer Infrared Spectrophotometer).

ALl analysis ehell de of the differontisl type, that fe, vorsuo e stendard lot of 1499 Pyranol.

A. Instrurant Conditions

1. Reanten Paroe o 3.0 - .0 ntevany
2. Bource Intensity - Meximum « 3>0.) anps.
. Optiesl Seele Expension - 5X
+ 811t Controls

»lhuto
_WFikter - out
. e)fiesolution - 10.00
9. Maplifier Controls
Test eignale - off
0810 - 4,5 « 3.0 momtnel

[J
®,

a)8psed « 15 ninutes
blAutestie Drum Control
e)Autometic Buppreceion - 0

B. foaple Col)
Extrems core must be taken to insure that the ssmple and reference cells de free from pll contsaination.
The cleaning of the reference eell, 189 Pyrencl, can be accomplished dy o thorough woshing vith petroteun
other but the esaple cell, Pyranol II, must firat be rinsed vith 10 ml of denzene then woshed vith the
petrolews ether.
V1. JUTERIMETATION OF SPYCTMA:

By drnving @ basn 1ine acrose the top of the abiorption spactrs the dopth of the sbsorption curve is masured
perpendfcular from the naxtous ebsorption point to thu base line. [Exprosstng this tn percent transaittance @
direct compsrienn can D2 mede to the cnlidrated stondards.

MONS 034862
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GENERAL (g ELECTRIC C4can-s2
TEST Ml:'l'llOP
UNSTABLE CHLORINE COMPOUNDS IN ASKARELS

Superscdes EAC4A-31

. G-E Test Kethod ELC48 governs the determination of the presence of unstadle ehlorlnc compounds
in chlurinated biphenyls (askarels). .

PRINCIILY, OF METHOD:

This method §8 baced upon the hydrolysis of unatable chlorine eompounds in askarcls by mcthanolie
sodiwa hydroxlde. The resulting chloride fon is determined potentiometrlcally by titration with
silver nitrate solutson in an essentially nonaqueous medium. The measured chloride fon, reported
as parts per million in the askarcl sample, 13 indicative of the rclative stablility of the askarc)
in a dielectrig system.

APPARATUS:

Beaker - 200 ml tall form (Berzellus type)

Magnetic stirrer - Fisher Sclentific Co, Catalog No. 14-511-1, or equivalent with ring stand basc
and bullt-in rheostat. Sct rheostat at full specd and operate through a variac to adjust its
sperd Lo prevent hesting of the atirrer during the stirring operation.

Magnelic stirring bar, Teflon - One piece molded construction, cylindrical in shape, one inch lon;,
Fisher Scientific Co, Catalog No. 9-311+9 or equivalent.

Migraburet - Gradueted in 0.0} ml divisions. Suitable burct may be obtained from Sclentilic Glase
Apparustus Co, Catalog No. JM-570.

81lver cleetrode - Beckmen silver billet clectrode, Catalog No. 33261, preferred.

0)ass clectrode - Standard glass clectrode such as Beckman electrode, Catalog No. 40498,

pil meter suitable for use with glass electrode - Model 83 Beckman pH meter preferred because instru.
ment has exponded scale and provides greatest sensitivity to incremental emf changes. Someuhat
Jess sensitive meter such as Beckman "Zeromatic" or Lecds Northrup 1ine operated pli meter may bo
used.,

water bath - Use an fndividual glass water bath 150 mm in diameter, 75 mm high and containing £00
Ml of water heated to 40 C ¢ 1 C. Corning Oless Co, Catalog No. 31401 or cquivalent.

Pipet, 25 ml.

LUy L Pipey, gredusted Lo deliver 0.5 m).

Wash bdbottles for pure acetone, mcthanol, and water.

REAGKNTS?
Nethenol (chloride frec) -~ Reflux S liters of methanol with 0.5 gram analytical reugent grade silver
b nitrate for 1/2 hour. Distil) the methanol from the silver nitrate, discarding the firat 100 m)

to flush the apparatus. Distill 903 of the charge from the flask and discard the contents remain-
§ng In the flask. Chloride fon concentration should be less than 0.01 ml of 0.00SN silver nitrate
per 100 ml of methanol.

Sodium hydroxide reagent, 0.1 N, methanolic - Dissolve 4.0 grams of snalytical reagent grade sodium
hydroxide in one liter of chloride free mcthanol. .

Sulfuric acid, 50-50 by volume - Dilute analytical rcagent grade concentrated sulfuric acid with
ohloride-frec (delonfized or distilled) water. PFPrecaution - Always pour acid into the water with
conetant stirring to prevent any dangerous build up of heat.

Standard silver nitrate solution, 0.005N and 0.0025N - Prepare by diluting ampoule of concentrated
sqQuecous silver nitrate available from Anachemica Chemical Ltd, Champlain, Mew York. O.005N silver
nitrate may 2lso be prepared by dissolving 0.8495 gram of analytical reagent grade silver nitrate
orystuls in one liter of chloride-free water. Standardize against a pure chloride standard. A
sodium chloride crystzl such as used in infrared spectromcter cells 1s a good source of pure
sodium ohloride. Cheek silver nitrate solutions at least monthly to assure a consistent reagent.

Aectone {chloride frec) - Distill from silver nitrate as described for methanol. Also check by
potentiometrlce titration to assure optimum purity. Normally a chloride content of less than 0.01
ml of 0.0025N silver nitrate per 100 ml 1s derived by this method.

Benzene - Use an anolytical rcagent grade which is aormelly chlorlde free. Check by potentiometric
titration.

PRECAUTIONS:
Excraisc usual analytical precautions to prevent cro3s contamination from other sources of hzlogen
in the laboratory. Al) glassware, apparatus, and the arca in which this test 18 run should be

snolyticelly clean.

MONS 034863
(Continued on page 2)
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owse GEMERAL T ELECTRIC

Page 2 TEST METHOD
UNSTABLE CHLORINE COMPOUIMS I ASKARELS

YTOCEDUNE: —
Weigh 25 grams of askarel into a tarcd 200 ml beaker t5 the neareat 0.01 gram on a sultable talanee.
Add the magnetlc stirring bar to the beaker containing the sample without the bar tauching the hangs,

Note: \hen testing the more visoous askarels, add 5 m} of benzene immedlately after the stircing
bar. Heat the somple until dissdlved, €951 to room temperature.and then proceed as pre-
scribed. Add the benzene to the reagent blank alss.

Add 25 ml of O.IN mcthondlic sodium hydroxide by meuns of a 25 ml pipet and cover the beaker «ith
a watch glass.

Place the sample in the 40 ¢t 1 C water bath to a depth of 1 1/4 inches on a magnetic stirrer ard
clamp sccurely to a firm support. Stir the sample at as (ast a speed as posaible, ithout pro-
nounced splashing, (or one hour. (Alternatively, heat the sample to 40 C in a water bath, rcnove
the sample and stir as above on a magnetic atirrer.

After the one hour stir, remove the sample beaker (rom the bath and 2dd 0.5 ml of dilute sulfurie
acid by means of a sultable pipet or buret. Add 125 ml of chloride-free acetone from a graduuted
eylinder,

Titrate the sample with 0.00SH silver nitrate solution using the silver-glass electrode system.
Normal eamples of askarel require extremely small amounts of ailver nitrate. Therefore, run the
titration using 0.01 m) additions and allow sufficient time for equilibrium to be establizhed be-
fore recording the emf change. If a change ol less than 1 mv per 0.01 ml addition is observed
for three or four 0.01 ml increments, use larger additisws of silver nitrate such as 0.0%5 ml unttl
such a change i3 observed. Then reduce the additions to 0.01 ml again t5 complete the titration,
The endpoint normally is defined by two 50 mv changes. A normal titration would yield the o110+~
inx typioal data:

u dmv(1) ML L dMV/atiL

268 ° ~06 ) )

. 380 ] .07 01 8

— 352 8 .08 0 - .8
341 1 -09 o1 11

» 2 10 01 20

211 50 S .01 50

221 S0 a2 .01 50

201 20 a3 .01 20

185 16 4 .01 16

(1) Using the Beckman OS pH meter the change is measured in
0.2 mv units and hence the meter changes observed would
be five times this value (f.e. 25 units for 5 mv).

To caloulate the change per 0.01 ml observed divide the mv change by the volume of stlver nitrite.
By plotting dmv/dnl vs ml, determine the endpoint to the nearest 0.001 mi. (This gives a sensi-
tivity of ¢ 0.007 ppm. To define the endpoint to : 0.01 ml, no plotting is necessary and a sensli.
tivity of £ 0.07 ppm 13 assumed.)

Run a reagent blank exactly as above omitting the askarel sample.

CALCULATIONS ¢
Subtract the reagent blank from the total volume of silver nitrate and for the sample, then:
Net vol AgNO3 x normality of AgHO, 35.46 x 1000
Reactive chlorine (ppm) = £ wugh: el

PRECISTON: .
A rapid titration can be made to the nearest 0.1 ml using the normal potential at the equivalence
point or use can be ‘made of sn sutomatic titrator for routine control procedures. The sensitivity
in either case should be within 2 0.2 ppm of the value obtained by more refined techniques.

RRPORT)
Report shall include the CG-E designation of the material tested, the manufacturer's name, the pur-

shese order number and the parts per milllon of reactive chlorine dechlorinated.

MONS 034864
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9 ELECTRIC E4C44-S4
TEST METHOD
. CONTAMINAT ION OF CAPACITOR LI1CQUIDS

GENERAL ()

Supersedes S4C44 -_:‘._3_

0-E Test Mcthod E4C44 governs the determination of the contaminating effect of va-ious
materials on capacitor diclectric liquids.

The following Test Melhods are referenced in this method:

G-E B4C41C - Chloride Content of Solutions
ASTH D974 - Neutrelization value by Color-Indicator Titration
0-E E4D2 - Resistivity of Electrical Insulating Liquids

PRINCIPLE OF METHOD:

A sample of definite purface area or size is aged in the liquid for 96 hours at 100 ¢ and the re-
sistivity or specific conductance determined as a measure of the contaminating effact of the
sample on. the liquid. Othor tests such as acidity anc free chlorides may &180 be ~un a3 warran-
ted. The material under test 1s visually examined for pliysical change,

PRECAUTIONS:
Containers must be tightly covered to prevent cross contamination, Utmost care must be taken.to
prevent acoldental contamination of the liguid, the samplc under test or the equipnent,

APPARATUS
Circulating air oven capable of maintaining a temperature of 100 ¢ 2 C
800 ml Leakers '
Aluminum foll

REAGENTSY
Capncitor dielectric liquid specificd for the test,
SANPLING: i

Samples shel) be selected depending upon the material to be tested and unless otherwise specificd
shall be the following size:

Material Sample size
8o0l1ds ‘1,0°sq inch of total
surface arza
Material soluble in the test 0.5% by weight
liquid
Powdered or granular material 1.0% by weight

insoluble in the test liquid
In handling the specimens take great care that hands do not touch the area to be tested.

PROCEDUR®

Dry sample at 150 & 2 C for a minimum of 16 hours,

Wrap an 800 m) beaker with aluminum foll. Add SO0 ml of the specified dielectric 1iquid and place
the sample into the boaker.' (Note: The 1iquid must not have a water content exceeding 20 ppa
and should have good electrical characteristics.)

Cover the top of the beaker with aluminum foll and age the sample for 9G hours at 100 ¢ 2 C. Age
a dlank consisting of a similar beaker of the same liquid but without a sample.

At the end of the aging period, examine the test liquid and the sample for any changes in physiecal
econdition and measure the resiativity in accordance with G-E Test Method EiD2., 1f required,
then determine the acidity of the liquid in accordance with ASTH DS74 and the chloride content
in accordance with 0-5 E4C41C.

CAICULATIONS:
Calculate percent change in resistivity as follows:

100 (Resistivity of blank - Resistivity of Iiguid & sample)
Rosistivity of bdblank

Calculate the speciflic conduclance due to contamination as follows:
Oy = Om - Qo
Where Gg = Conductance due to contamination,
Oy = Measured conductance (reciprocal of resistance) of liquid which contalned zample, &
Gp = Measured conductance (reciprocal of resistance) of dlank
Spocifie eonductance due to contamination » 4y x K
Where K « ¢cll conatant

REPORT: !
The report shall include the G-E designation of the material tested, the manufactirz:'s nane or
tradenome, the purchnse order number, the percont change in resistivity or the specifie condunt-
ance and 1f determined, the acidity and chloride content of the liquid.

Percent change =

8ps0 (1) Pebruary &, 196G MONS 034865
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GENERAL &3 ELEcTRIC E4p2-s2

TEST METHOD
. RESISTIVITY OF ELECTRICAL INSULATING LIQUIDS

Superiedss £452-81

O-E Tent Method £4D2 governs the proccdure for measuring the resistivity of electrical insu-
1ating 1liqulida.

PRINCIPLE OF METHOD:
The volume resistance of the ifquid lo determined betveen tud concentric cylindrical rlectroles
and the resistivity calculated,

PllCllﬂ'lOl'Sk
Bei

' 8 pra d electrodes must be thoroughly cleaned to Sssure correst readiags. D> not
uee lbrlllvo cleaners,

APPARATUS:
Megohm meter capable of measuring at least 100,000 megohma, such as Electronic Instrunents Ltd

20,000,000 megohm meter or Genersl Radio 544B.

Clpleltmec bridge copadle of measuring capacitics in the order of S0-100 uuf.
Electrode agscnbly 83 shown in figure 1, &8 follows:

Concentric cylindrical electrodes made of pnlishod nickel-plated drass, 3 l/t inches high an3
¥ith three feet 1/4 inch high equally spaced around the cylincer. The inner elecirode shall
have an OD of approximately 2.810 inch and the outer electrode shall have an ID of spproxi-
sately 3.013 inch so that therc vill be a gap of 0.10 inch betvean threm,

s Byrox glaso plate 3 1/2 {nch tn dtanetsr vith two concentric grooves 1/32 inch deep to positicn
the cylindrical electrodes.

000 ml Oriffin type beaker.

o ;mmzss STEEL m\n

N/ A\ [
NN
BEAKER
s
/
4
’ INNER ELECTRODE
. OUTER ELECTRODE
* 4
i 9 GLASS PLATE
. = .
Pigure 1
AEAOENTS: . .
Acetone solvent {O-E Materisl DSB23B) MONS 034866

Altonox, trisodium phosphate, or other suitable detergent.

DETERMINATION OF CELL CONSTANT:
Clean beaker, glass plete snd electrodes se specified under Procedure.
Place the glass plate and elactrodes 1n the besker, positioning the electrodes carefully tn the
plate grooves 3o thet there 13 & gap of 0.10 inch betveen them.
Muosure the Alr copselly of the 2all uslayg the cantar glactewta ns the high tarmtnal,
Calenlate Lhe ralt cnnntant, an Follovay

Cell constant (K) = LA "m .L!-.L."‘_L.

The c!ll constant should de dotermined at lesst once & vqu(. and oftener for mora preciss neasure-
—tente.  Topleal valuss for air capreity oee 67 to 72 wil,
wso

{Canttnued on sura 2)



-5 GENERAL i ELECTRIC

pb?
TEST METTIOD

RESISTIVITY OF ELECTRICAL INSULATIND LICUIDS

,h;; 2

OCEDURE s
Clean the beaker, gleass plate and electrodes in a trichloruethylene vapor degreaser 8nd then vash

wvith acetone solvent. ¥Wash vith a solution of Aleonox {nppraximately 2%) or other suttadble
detergent in vater untll vater vill wei the entire surface uniformly. Wash thoruvughly with
@1st1lled vater and dry 8t 105-125 C. Care should be taken to cleap the top and bottun edges of
the clectrodes ap vell as the larger surfaces.

¥Wrsp the oidns end bottom Of the deaker in aluminum Cotl to shi#ld 1t from 1ight. Place the glass
piste snd clectrocen in the beaker and rinoe tvice vith frech porttonz of the liquld to bde
tested 8t 100 C. Positton the electroden in the grooves of the glass plate 80 that there s &
gap of 0.10 inch between then.

P111 the beaker vith the ssmple and maintain at s tempcrature of 100 t 0.5 C in a constan® tempera-
ture bath or have the sample slightly sbove 100 C and make reaistivity measurement when the

mple ecoln to 100 C. .

Measure the resistance of the sample at SO0 volts d-c after one minute electrification using the

nter e¢lectrode a9 the high terminal.

If the resistivity of the 1iquid 1a sabove specifications, the cell may be stored {n the liquid
until the next measurement vithout cleaning. .

CALCULATION:
... Resistivity in okm-cm = reaistance in ohms x cell conatant (k).
¢ -
ASPORT: -~ .
The report should include the 0-E desighation of the material tested, the manufacturer’s name, the
purchase order number, the resistiviiy and the temperature at which it ves measured.

MONS 034867
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Date Issued: Oct, ), 19%9
- Revised: !
Tentative G.E. Free Chloride Test Method

(1). ror normal Pyranol 1005 of Pyranol is dissolved in 100 m) of Acatone. The
Pyranol is veighed accurately to .OL g1 in & 250 ml beaker.

The acetone used here is ACS suda ncetonc. It normally contains adout 0.01
ypn or less chloride. If the solvent blonk 4s high, 1% may be purifie by
refluxing with AghO3 and d1stilling off the acetone. Otter solvests of
eofvdlar purity moy be used, 1if sample solubility neeeuslutn (.. Dioxane,
Dimethylformamide, Olacial Acetie Acid etc.).

(2) 2 ml of 1% HNO3 is added to the acetone-Pyranol nlxtux-e ard it {s stirrel §
minutes to insure roper nixing. . .

'L‘hc nitric acld used is mAe fros concentrated nitric acid, &iluted to glve a
solution of 1% strength with chloride free water (distilled or detonizel),

(3) The resulting mirture (from 2) s titrated with 0.0025N AgX: 03 using & siiver
' glass electrode sysiem and a Model "G" or "GS" Beckman ph meler.

The glass clectrode used is a Pockman glass electrode Cat. fuck9S. The stiver
electrode ts a Bockman nflver billet clectrode Cat. £39261. Norzal sesples of
Pyrancl require small amounts of the M:NO3 reagent. For this reason 0.0225%

* Agl is uscd vith a 1 ml automatlic buret graduated to 0.0L ml. (Such & buret
may be obtained from Scientific Class Apparatus Co., Inc.) Additions of 0.0
rl of the Agh03 reogent are made allowing 1 minute between edditions for pro-
per nixing before moking the emf readings. If a change of less than ) v s
observed for an addition, larger amdditions are made - for insteonce 0.05 =)
until & change of 1 mv/per .01 ml of solution is cbserved. When a charsc of -
this site is observed, the increment 1s immsdiately decreased to 0.01 n) of

03 egain. The endpoint for this determination will ordinarily give a change
of 49-50 nv/ 0L m) eddition. This change 1s calculated continuously during
the titration from the volume of AgNO3 added and emf changes observed.

"To calculate the change per 0.0l ml observed, the millivolt chaange cbgerved is
divided by the volume of Agl(03 added. For instarce, 1f & charge of 10 uv {3
observed for 0.02 ml addition, the change of exf/.01 ml would be 5 nv/.01 m)
and the next increment should be sdjusted dovnvard to 0.0l ml to avoid nissing
the endpoint. The information would be recorded as follows:

M dw ML PEA - dwin
1000 - - 0.00 ‘- - [
= 9% 20 02 02 ]
geo c 20 . .Oe 01 0
90 30 » 01 30
B2 50 .05 oL 50
™m0 ‘50 »06 B § 50
760 30 o0 ) § 30
700 .0 0! .01 10
745 ] 09 L0 Y

By plotsirg 44 /0ml v3 ml the endpoint esi 5 found U8 the rofirast 0.03% i
e30ily. " A litile experlence with this w:athod of chloride deternination 01
kniown zoluilons will prove valuuble omd in & ghort time preelclien of Q0L =
wil) Ba voutina.
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ethyleno vopor dcgreacer and then waoh with acctone solveat. Wash with a solu-
tion of Alcoaox (approximatoly %) or other suitoble detergent in water unst
water will wet the entire surface uniformly. Rinse thoroughly with dfstilled
wvater end dry ot 105-125°C.

Node ). ¢ Caro should bo taken to thoroughly cleen all surfaces
which vill coume {n contact with the foil or Pyrancl.

Note 2 : The c).ecerodqu should be conditioncd as speeificd in ELD2.

- 8tack sufficient loyers of foll to make a weight of approximately 50 gresms
plus an outer wrop. Holding this pod with forceps, discard the Sop aad dotten
lesyors and tic a cord sround tho stack to mrke o bundle. Weigh this tuzdle,
cutting off piocos until a 50 £ 0.1 gram wveight is obtained,

Note 3: Extreme care should bo taken to protect the sample fyoa eay
source of comtemination, including hendling.

Dry the specinmen at 150 2 2°C for a minfmun period of 16 hours.

Wrap a beaker with alumioum foil to shield 4t from light. Add 500 ml. of
AL3BLC and heat to 100 % 2°C.

Yote 4 ' : Experience has shown that room temperature Pyranol will reach
100°C in approximately an hour when placed in an ovea.

Note 3 The Pyranol used must have a minimum resistiviiy of 10C0 x 109
. ohm-cm ond & water content not exceeding 20 PP before heating.

Place the booker containing the hot Pyranol in the ovea containing the drted
sexple. Grasping the sapple by the string, hold 1t over the Pyramol and cub the
string so that only the foll sample feolls into the hot Pyranol. Diceord the string.

' Roplace the aluninum foll cover and age the semple for G5 hours at 100 = 2°C.
" Age & blank cousisting of a similar beaker of the same Pyranol without a sazpie.

At the ond of the aging period, pour the Pyranol into & beoker conieining tke
conditional electrodo assewbly. Mecasure the resistivity in aceordance wita EkdD2.

Laxt, determino the acidity of tho Pyranol in accordance with ASTA L97h ond the
chloride content in accordance with ASTH D878,

CALCULATICNS s ’

Calculate tho specific conductance as follows:
G“ -»On - Oo . .
vhere On = measured’ conductance (reeiprocal resistance) of inawleting
Pyranol. which centatoed the saple.
G, = measured conductence (raciprocal rasistasece) of coniroL saz-.e.
y . ® conductaace due to contauination.
then G x K = specific conductance duo to conteninatioa.
K = cell constant.

Tho report crall imcluds the complete fdentiffeation of the materizd testal,
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type of cell used, the speeifle eonductance, the acidity and chlorido eontent
of the insulating Pyranol after test.

KR

R.A. Larriek
9/28/59
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- . Revised:

Thaie teot method governs thu determination of tho eoutn:-.tuuuon or S Materle)
A1381C (1499) Pyranol by eapacitor paper,

PRLICIPLE OF I'PTHOD:

A scple s aged in Pyranol for 96 hours at 100°C end the chn':ge in rests.
tur!cy deternined a8 £ meesure of the conteminating effect of the peper somnle en
the Pyrenol. -
APPARATUS: ) . o . -
Circuleting air oven cupnble or mlntain!ng temperature of 150 md 1C0 & 2°C
€00 =1. Beckers .
Megohm meter cepeble of meuurins at least 100,000 t:cgohm, such es, Electroale
Instruaent, Ltd. 20,000,000 megohm meter.
Analyticel belence
Foreeps
. Belssors
Animinuz foll
Fléctrode asserbly conainting of concentric cylindricel electroles role of
polished nickel-plated brana, 3-1/2 inches high and with three feet 1/% fnch
high equally spuced axouud tue cylinder. Tie inner electrods ohiall kave ex
0.D. of approximately 2,81 inch ond the outer elecirode shall have ra I.D, of
approximately 3.015 irch so that there will be a gap of 0.10 inch detwsan 4tes,
. Pyrex gleso plete 3-1/2 inch in dleater with two concentric grooves 1/32 inch
dcep to poaition the cylindrical electrodes.
ine

REAOERTS: ot

1499 Pyranol, CE Material A13B1C .

Acctone solvent, GE Material D5B32B

Alconox, tri sodium phoophn‘ce or other suitable d.etersent
Distilled water ) ) B -

PRZCAUTIONS:

Beakers, glase plate, eieétrodes, forceps, and scissors must be thoroughly clerzed
to sagure corract readings. Conteiners must be tightly covercd to prevent cross con-
tamination. Utmost care must be taken to preveat accidental conteminetica of ihe Py-
ranel, the paper saxple or the equipment..

T2ST BPECTMEN: '

Tho test specimen shall consist of etacked layers of paper approximste’= 7 0 3
inches ia width woichizg 25 grens. In handling the specimens, grext care 5‘*:&& h-
takea tha® hords do not touch the paper to be tesv.ed.
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PROCEDURE:

Crean the beeler, glace plate, electrodes, forceps end celcsors in o trie
chlorcthy].cne vopor decreacer and then wash with acctone colvent. W¥agh with a
olution of Alconox (opproximately 25%) or other suitadle detergent fn vabter uniil
v:'.ar will wet the entire gurface uniformly. Rinse thoroughly with diotilled water
and dry ot 105-123°C.’

Nota 1t Cere should be taken to thoroughly clean all purfaccas which will
cone in contact with the peper or Pyranol.

otz 2: The clectrodes should be conditioned as specifted in E4D2,

’ Steck suff'eicnt sheots to moke a weight of epproximntely 25 graza plus an outer
wrap. Fold this ped with forceps, diccard the top and bottoa sheets and tie & ecord
eround the stack to make a dbundle. Weigh this bundle, cutting off pleceswtil a 25
t 0.1 graa wolght is obtained.

Kote 3: Extreme coare chould be taken to proteet the sample from any gource
of contanination including handling. R

Dry the speciren at 150 £ 2°C for a ninimua period of 16 hours.

Yirap 8 beaker with aluninun foil to shield it from 1ight. Add 500 &l. of ,usaxc
Pynno). and heat o 200 £ 2°c,

Nota k1  Experience hao nhovn that roonm temperature Pyrenol will reach 1CJ°C
in approximately an hour when placed in an oven.

Fote 5: The Pyranol used must have a mininun resistivity of 1000 x 107 otz-ea
oend water content not excecding 20 PPM before heating. —

Placa the beaker contalning the hot Pyranol in the oven containing the ariel
sazple. Grasping the saxple by the string, hold 1% over the Pyranol ead cus the siring
oo tka$ only .-t paper sample falls into the hot Pyranol. Discerd ihe sirin:.

Replace tio aluainum foil cover and age the sample for 95 hours et 100 & 2°C. Age
a dlank consisting of & similar beaker of the same Pyranol without & sample.

At tho cnd of the eging period, place the resistivity electroﬂcc in the bdeaker ead
neasure the rcalstivity in accordance with zlmz.

CALCULATIONS:

Calculate thc percent change in resistivity as followus:

=100 (Reaistivity of Blank-Resisiivitv of Fywrizol - £-
of Blank Reslotivizy

Porcur.t Change »
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The report r.hull'lncludo the éonpl-ﬁo Ldonu!‘ientﬁn of the- ty
exd tha ctango in resletivity. ho-eaterial teoted

. R.A. Larriecx
10/25/59
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CLT¥-20
Issued: £-26-81
Revision: #1

THERMAT-CHEMICAL STARILLTY TEST FOR IM-PROCESS COMTRCL

Tais mothod coscribos a procedure for measuriryg ths Thsimal Siabilily of
Pyranols, by exposing tho Pyranol to heat in a scaled ampowle. Tne resulting
chloride is dotermined potentiomeirically and ite magnitude is a moasurs of the

. Thormel Siability of the Pyranol.

IX. APPARATUS AND SQUIPIENT

As 32 % 200 ma Pyrvex test tubo
B. Olaasworiora torch, glassos and various cquipment
0. Ovon operational to 250°C or ovo> and conirollablo to + 2°C
D. Bilanco acourate to 0.0l gram, Torsion Balanco Style 1L9 adeguito.
B, 50 ml, glass syringe, 6" 14 gauge stainless stool noodlo and siopcock.
F. Support for ampoules while in ovon.
0. Booker 200 ml. tall form, (Borzolius)
© M. Magnotic siirrer and stirring bara (1¥ Toflon coverod)
X. Microburotto graduated in 0,01 ml. divisiona
J. Silvor olcctrodo (billct typc). Beckmin #1261 adequate
K. 0Ola3a olecctrodo., Bockman #4919VL shielded adequate.
L. - pH Meter suitablo for use with glass eloctrode, - ¥odol CS.Bocicnar
: proforred because instrument has expanded secale for greatast sensitiviiy
to incremental EMF changes, Somewhal less sensitive meter, such a3,
Bacianan "Zoromatic® or Lecds lorthrup line opsrated pH mster may bo usad,
M. Vater bath - Uso an individual glass water bath 150 ma in diemoter 75 rm
. gigh (crystalizing dish) and containing 600 mi of water heated to LO°C %
°C. .
N. Pipette 25 ml. Fisher {8-741 adequate.
0. Burette or pipette, graduated to deliver 0.5 ml.
P. Wash bottles for purs Acetone, Mothanol, and water (Polyetheleno)

Rsagente

4. Hsthanol (chloride free) may be deionized through an ion exchange 2olus:
or may be distilled from Agi0, orystals. Chlorido ion concentratica
should be less than 0,01 ml of 0.005 N Agh0y per 100 ml. of Fetianol.

B. Sodiun Hydroxide, 0.1 N prepared by dissolving 4.0 grams of anaiytical

. reagent grodo NaOH pellots in ono liter of chloride Irea Mothanol.

C. Sulfuric Acid, 50-50 by volume - Diluts analytlcal reagent grade coz-

- centrated Sulfuric dcid with chloride frea (distilled or defonized)
- water. e

CAUTION: ‘Always pour acid into the water with constast
. stirring to provent any cangarous biild-up of head.
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D.

E.

-2~

Standard Silver Nitrate solution., 0.005i. Prspare by diluting
ampoulo of concentrated aqucous silver nitrato. Standardize against
a puro chlorldo standard. (0.1N Silver Nitrate ampoulos may bo pur-
chased from Anachomia, lMontroal, Canada.)

Acoetono, chlorido froo. Chlorido ion concentration should bo 0,01
ml of 0,005 N Silver Nitrato or less.

Acetono may bo distilled from Silver Nitrate crystals if necessary.
8olvents (Acotone & Mothanol) should bo checked for initial free C1™
concentration to dotormino whothor refining is necessary,

RGFIRENCES

Spoc. EYC48-S1 ~ Unstable Chlorine Compounds in Askarel;s..

PRACSDUR3
A. Anpoule preparation

1.

]

3

Thoroughly clean the 32 x 200 mn tost tube with soap or detergent sri water.
Rinse thoroughly with doionizod or disiilled water to make suro all ‘races

of cleaning agont aro rezoved. :

Place tho cloaned ton‘t. tube in an oven for ai least: threo (3) hours at
about 100°C. :

After oven drying the test tubes are allowed to cool to comforiable handlirn,
tenperature, 25-30°C. . ’ :

By standard glass blowing procedures a glass rod is attached to the l{p of
the test tube and a neck formod at approximatoly 1l.4 e¢m from ithe base. The

neck should not reduco the diameter by more than half, Sec diagran balow.

5

B.
b

The test tubes may be prepared in advance , covered with aluminum foll and
stored. : i

392 20014 C sheneo Tar Zoor
Potrx Jesr Zast : R
e . .. [ . N
. : “7'?;7_ -1
APEN X rswns
N vod

Into a tarred-necked tesi tube woigh 50 grams % 0.1 gram of Pyranol using a |

50 =1. syrirgo with an 8" - 14 gauge needlo for delivery. Care zust be
taken not to web tho necik of the tost tube, because scaling teaperatures

will cause decomposition of the Prranol.

Tao lower portion of the awpouls is covered with a wet papor towsl o protess
vho Pyrarol from ihe hoat of secaling.

Seal the nock of the ampoule off with the torch by drawing, Clask for
leakage. : ' .
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16

17.
1.

19.

-3~

Do not oxtend the heatlng period beyond two (2) iinutes, and Q9 ey
lpply the flame into the open test tube. -Extrems temperaiuros i v"
- in‘enso light can cause Pyranol breakdom, ard high chloride resul

The hcmntically sealcd ampoule is placed 1n an oven operallinz ef

210°C & 2°C for two (2) hours.

%hon the two (2) hours have expired the ampoule is removed from tha

oven and allowved to come to room tompcrahum. .

After the ampoule has reached room temperature the neck is scored with
a filo and then the neck 1s st.ruck sharply with & spatula to braek off

tho ond.

Fmpty the Pyranol into a clean 200 ml. Berzelius beaker,

Rinse the inside of the ampoule with 10 ml. of chloride free acctons,

and empty this into tho beaker.

With a 25 m)l. pipotte and autornatic pipetter transfer 25 ml. of retharolic

0.1N sodiuwn hydroxide to tho boaker.

Add an additional 25 ml. of chloride free acctone

Place a clean Teflon covered stirring bar into the beaker, Do rot let
the hands touch the siirring bar, Use forceps or other transfer agsn.

The beaker is now Aplaced in a /0% £ 1°C water bath.

Sufficient wator

should be in the bath to cover the sample-occupled portion of the batn,

i.0., about 4 cm. in & 7 x 15 em. crystalizing dish.

The bath and umplo are placed on & magnetic stirrer.

Stir the sample for five (5) minutes an fast as possible without causing

pronounced splashing.

After five (5) minutes of stirring add 0.5 ml. of (50-50 by vol.) dilute

sulfuric acid.

With a ;radu’ato add an additiomal 65 ml. of chloride free acetono.

Titrate for chlorides potentiometrically using the silver-glass electrode
pair as per General Electric Test Method E4CLE-S) "Unstable Chlorine

Corpounds in Askarels".

Dotormine tho rongont blank by porforming the tiiratfon steps sbove,
ml, of acutone and 25 ml. of moths
0.1 NaCil to a 200 ml. Borzelius boaker, stir in & LOC dath for §
acidify with 0.5 ml. of (50-50) dilute sulfuric acid, 2

omitting tha Pyranol. d.e., Add 3§

of Acotona, and Tisrate for C17.

Determire Lh2 P‘/:aml blanit by weighing 50 rrans of tho o:-i
into a 200 ml. Barzallius boaker, adding 35 sl. of chlor!

Plus 25 nl. of r;.ho-‘al‘e 0.} sodiun hyd"cv_.de and —u-n.x“ 3
of C1~ t.ho chemiea® consr .y

G OGS Gt

d an addltiondl
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20.

21.

22.

8

2h,

25,

e

If the Pyranol blank falls within a 2 atgma () doviation frem the
averaga (%) value uso the average as tho Pyranol blank.

If the value falls outside the 2 sigra (¢°) limits use the actual valus
as the Pyrenol bdlank.

Caleulations

Gross PPM Chlorides = not ml. AgNOy x normality of AgNO3 x 35480
Veight of Sarmple in grams

Pyrano) Blank PP a¢not ml. AgNOj X normality of AgNOj x 35460,
( 3 3 Vo
( Weight of Sample ingrans ) ~ 3

Rocord the net_therzmal chloride valuo and tho Pyranol blank in ppm CL”
Not thermal C1” = Gross Thermal — Chomical C1™ = (Pyramol blank + Reagent 3lani)

If the net Thermal Chloride-value doviatos from the 2 sigma (6~) lirit e
secord- dotermination should be made, If the second valus falls outsids k3
control limits (2¢) tho Pyranol will not be reloased yiihout tho suzeriliscrs
approval. . T

Now (2°) two sigma and (X) average values for tho net Thermal Chlorides
and Pyranol blank {chemical CI™ contributien) will be caleculeted e
thirty days or overy fifty-two (52) samples, whichever !s most frequen!

The new control 1imiis and any obvious trends in results obieined wil) de
drought to the attontion of the unit supervisor. -

J, F, Trac
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CLTH-37
Date Issued: 40.37-4/
Revised:

VOLUME RESISTIVITY OF DIELECTRIC LIQUIDS

g_;lncin‘l.e:

The volume resistivity of a diclectric liquid is an expression of its
obmic resistance times o constant vhich is representative of the volume
occupied.

ObJect:

The D.C, resistivity is a rough gouge, easily measured, of material purity.
In order to obtain & continuity dbetween readings like conditions nmust be met
with each consecutive set of readings, i.e., tempersture, cell coadition,
exposure to light, etc., must be similar in cach instance. The values ob-
teined are determined on the basis of an arbitrary set of conditicns previously
agreed upon. Altering any of thece conditions lesscns the continuiiy be-
tween readings.

Referance:

G.E. E|0D2-$2
"Phys{cs" ' E. Heusman snd E. P. Slack
D. Van Nosirand Co., Ine. Nw York, New York (1948)

Equtpesnt:

(1) 6. E. cylindrical reoiouvuy eclls, Catalog # 1,559,563, nickel
plated drass.

(2) Laboratory thermometer operable to O = 100'0 or 0 - 200°C ¢ 1°C
lml mtug ASTM Spec, EL. |

(3) "Pyrex” glass spacer plate for above resistivity cells.
(4) 600 mL "Pyrex" beaker. )
{5) Eeating mintle vith auto transformer for voltage anu'st:e:t or

;.ot ?late, 7ne heating mantle ‘is preferable and showld closely confora to
800 mL size. - . . : ’

(6) Resistance moter:
g _Electronic Instruments, Ltd. 20 million zegoh=eter.
Coneral Radio SLLB.

Procedure: .
Before testing may begin the reststivity cells, giass spacer, Yexker ard
harnesnater skould be thoroughly cleaned. The follswiag procedure should be
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Page Two

used in order to obtain & continuity of rcsults betweca labs. Tf other
cleaning methods are used, there may not be a coatinuity of readings betweea
labs or with past results.

1. Al parts such as thc beaker, spacer, cells, ete., should be vapor
degreased prior to wasning.

2. The glass 'spacer, beaker and thermometer may be washed manually with
"Alconox” or may be washed by soaking in Oakite bottle wash solution.

3. They should be rinsed with top water and distilled water.

4. Each item should be checked for wettability with distilled water.
Conmplete wetting should take place with no soil or slick spots remaining.

5. The resistivity cells should be washed by hend with "Alconox” or
other non-abrasive cleaner. A soft cloth or paper toweling may te used to
facilitate eleaning. Do not scratch or mar the bright nickel surface. Bally
oxidized or scratched cells with plating worn thin should de replaced. Eand
washing is the only accepted way to clcan these cells. Do not put in bottie
soak or other sirong caustic,

6. After washing,the various parts are put fnto 100°C oven to dry for
one to two hours. Tney should not be left in the ovea overnight as this
will fora an oxide und reguire rowashing.

T. After washing, the cells are assembled in the beaker und the air
capacitance detcrmined as per CLTM-35.

8. The cell constant (K) is obtained by multiplying the capacitance
in uuf x 11.3.

K = C (uuf) 11.3

9. Prior to obtaining readings oh somples the cells should be conditioned
in the material they are destined to be used in. Normally three or four
rinsings and electrifications at 100°C will dbring the cells to a stealy siate.
If the resistivity meter is calibratcd and steady state readings cannol de
obtained, the cclls may have to be recleaned. A set of cells should be re-
served for one dielectric liquid and are not interchangeable betwecn dielectiric
liquids. : *

10. Prior to placing liquid to be tested into the hot cells (100°C),
the liquid should be heated to 100°C in an oven or heating mantle. This will
bring cells and dielectric to the samc temperature range and eliminate
fluctuations in resfstivity brought aboul by temperature eyeling.

1l. Fill the ccl)l with the heated liguid to be mcasured.

12, 3rI.: to temperature specified - usually 100°C £ 1°C.
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Page Three.

13. Attach leads (&) shielded lead to inner electrode (b) guord wire
to external guard, i.c., foil or insulated mectal beaker (c) third lead "o
outer electrode.

14, Make sure resistivity meter 1o calidbrated or zeroed prior to use.

15. Charge :a.m-;le for 30" (a) on Electronic Instrument depress "A"
button (b) on C.R. bridge switch sclector knob to charge.

16. Bring meter into the circuit SA on Electronic Instrunent depress
*B" buiton while leaving "A" depresscd (b) on G.R. bridge svitch to operate.

17. After a total of one minute electrification obtain reading eand
calculate resistivity. . — N

P (reaistivity) » 11.3 x Cx R
P

o KR where
X = cell constant
’ = resistance in megohmn
11.3 = conversion factor from electrosta.tie units.

18. Report resulte as follows: 9
Calculated realstivity usually reportcd at x 10” ohm cm for Py~
TONOlG; X 10 olia cm for oils.
b. Record temperature at which ncagurcrent was taken. lfost di-
elecirics are measured at 100°C.
¢. Record voltage.
4. Identify material uader test, f.e,, 1499, AL3BIC or AR #.

19. Cells may be stored in the dlelectric liquid until the next use,
They should be covered and shiclded from exposure to ultra-violet light.

Devintion of Cen Constants:

In arriving at a constant for reueuvxty celle the following should be
taken into consideration:

Cylindrical Cells:

The reaistance between two coaxiel cylinders of length 1. end radfi
T and Ty is:

277 1 7’ / o resistivity
: 1 « natural log
a7 1" a arca
R = recistance (ohms)
K = cell coustont
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)
2, orKe 2.303 log, EN

271

ox the resistivity + my be written as the product of & cell
coastant K and the resistunce.R. . .

21) T,

- I 2
3.7/ KR vhero K n s Tog,, 7,  co.

The capacitance between these same two cylinders is:
1

4.15 10@10 T,
T

—

b

‘h. C=

e uuf

If ve divide C eg ¥ by K eq 2, we obtain

8307 ~
Ke 2,303 Cor 3.67Ce11.3xC

K = cell constent o
C = call eapacilanco ia wuf.

The determinaticn of cell conatant for Parallel Plate capacitors:

EA
Co e X
W7 g . C o Capacitance esw. .
. E = Permitivity = )
A = Arvea

8 = Thickncos of dielectric’or
* . space betucen plates
To convert C in esu to m.f., the dlvisor is multiplied by 9 x 10°. Then,
in order to convert the pgoduct to a familiar form commonly used uuf, the
vhole {s mmultiplied by 10,

W )
C = BA x L or C=FA X 10 = FA x1
Ws::gxx65 Y78 x9 s .3.87
T OEA 11.3 = EA ' .
367w 7 = .

Cx1l.3 = —Es ‘- = K (cell constent)

ol¥

-
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Hemo AL

LEIRARED ERAMIRATION
' of

Jonaratan:
Spectroncter, Ferkin-Tluer, Model 2L or otor doudle-boea insincead, preforadly
vith Ordinate Gealo Zupension

Follouving leCl cells:
1 eatched pelr of scaled cells (0.1mm)
1 0.025 ma sealed
1 @ezowntoble cell (capillery f£iln)

Charto, A1) ecale (5 cifu) end feysors cord (lcz/u)

Teot Speclacns
Tho teat opeciuen chall consist of an aliguot (usunlly 1 gt.) renresentative
of tho matericl,

Procedwsat
2dJuot opoctronster to tho followlny cosnditlionos

Recolution - 927
Responoe = 3 poce fuld seale
Gatn . 5-2/2(noalneld
Speed = 1 mnf=tcron (u)
Suppressica « 8
Sourco current « 0.3 ap.

Flaco undiluted saaplen in secled 0.1 &, 0,025 rm end ceplllary film cells.
Unlng; full scale chart ond 0.1 ta cell record 2 = 15 mlcrea reglm. Use 0.C:5
o aad ceplllery £1lus°to rosolve totally absorbing tands observeds A NaCl crystnl
of puitnble thickaesa is used es refercace for tlece zunb.
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Cn the snaer clinrt rocord e difierentlal gpectrua vith 0.1 =a catehed celle,
using tho oppropricie, stondard in tho referoace besms Repeat tlo dAlfferentinl
anelyods ob 1 ex/mteron on & Reyrord eard. )

Fyeaine the differentisl gpecinom end note eny cuted departurcs fren previous
aifferentinl enclysic. An olipbetic band ot 3.%-3.5 ricrons and diprenyl donds
ot 13.5 £ad 1.5 rterons 6iiovdd Yo chacat fur al) Pyroaol caswlas. In adlblorn,
1439 Pyranol e W75 Pyransl ean bo dedected o 9.95 ~10 olerous, ond 175 Pyronol
n 1159 Pyranol by o dand et T.h5 ~ 7.52 mlerona.

Roroxt:
Tho ropo-t chall inclale the campleto fdentification of the materlal tesicd,
the {afrored chert mridber ol avy ebuorielities anlfor chrnges evideat i the material.
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Meao O
Treated Poll Test for Cunlity of Dielecttlc Paper

Purgoncs
The yurpoca of this procedure 1s to ovisin data on wound and treeted units pricr
to acoepting poper os on sndlesti{on of paver quality. 1his tochmique can el30

Yo uged in evnlunting now mochines and procceses, nnd wew 47520 nnd groles cf jviper.
Tre %eobo uoimnlly poarforsed on tho wnits are &y ebsorpilen, treated power froter

ot tro torperatures and I C. Aleleetrle ntrength.

Procedure:

Thirtecn units ero wound eccording to the narked thicizecs end Toole I below.
Tho inforrnticn below i oubmitted with the vound unitg,.

Bxmple nm:.her
Vendor
Lot meiver
Speeitications
Thicnecas
Foil Venldor
Foil lo% nusdor
Turne
" Fouol
‘Wiading date
Winding operator
Windlng machine
R0LL nmver
The vindor essicro sorple mmbcrn consecutively with en ™" prefix, £1118 !n tte
eard and 23liwrs tre wound T , raged paper aad rezord eaxda 33 tha csacuhlar,

110 nooc:bler asceitles’ tho rolls to covera (1155:156LAT251) ard eana (1CITICNL).
Threa of catk £mup la the box wIth the ex:eas ey, afler moriing ste M nsler
o2 tho cover ave rctelazds The tes resalnin; units ere seoced, tocied, ‘end renl Lo
treat.
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Aftor the treat tho ten units go to Q.C»  Five ore hand laboled, togs resoved, end
pleced dn a 125°C oven .- overnight., The next morning the power facior and
cnpacity aro read ot 300 volis-per-nil. The uniia ere cooled overnizht and read

egain tho next dmy ot £5°C.

Whon the dnta is ovailodle certein calculations arc made. The pover fectors for the
tuo teiperatures end tho breatdowa resulis ore cvereged. From tho 20527 two quantitics
w1l be sudbtrocted. The first, eslled a polar. cocpouent, fs deteralned frea the tyre
of pulp and densily according,to tho followings

KIB pulp (ASOPCIM) Po 230 % dessity

A graph of this ore equation 30 nedo ovalloble o that calculations aro nob recessary.
The socond quantity colled the fenlc component £o o function of the obsorpticn reading
eg follouans

X » 0G4 x Moorption
Tho 125°PF 18 obtoined by oudbtraciing a foll loss which 18 & funciicn of foil leasth
end copacitanco (tho winder records foil length froa an uswound unit) eccording to

tha folloving:
t = 25°C D = LC/hkUS 'L = lengih in foct
*65 D = L¢/3759 C = Capacity in uf
© 200 D = L5310 : P a$ D foll losa
15 D = L2/3151
125 D = Le/3052
Fron thio 4104 the cb two coup to erc deducted opd the residund is tonied

"excosn povor factor™. The coleulation of the polar conmoneat 1s 8djusted o that
tke oxcess 40 very clogse to zoro for & noxzal lot. The natural verintion In power
factor and ednorption somebines causo tho colculeted ccesn to be negntives A
tand tolly 16 meintalned of tho cverszed ond caleulated vesulis of each lot.

The peper Lob zointains chario by dennity of four of the reoults: 125° PF, ¢35 PP
exz05a povor foctor cnd breatdewn. Perioddeally dlstributions ave dveca wn sad
955 (20) 111143 aro detormined Cor control 1l-iis.
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Calidbresion:

™o oven wced 10 test Jor poucr fecter phould Lave o revexdorsccatroller, Four

wits exd read, A stenderd of soso type fe mecded for tha edsorptlon eystca that
vill deteet inaccuracies vien tho pyotenm lo operated, rathor then scparate cheocis

on each of the compozento. For power fector lead locsca, thlrtcen (13) imite wor
golectnd with epprozizately tha sane power foctor levels btut vith o full roage of
copacideace. If the differcnce tetucen tko ectuzl powar fostor recding aud a stanl:xd
value corrolntes with cnpneitence, o lead Loon 40 Snddeated.
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_Paper
Taps " « 9311913 -

TATIE X

FACTORY TRTAL WI'DING INSTRUCTIONS

¥androl ~ 375"
Foll . f ; <M x A, 5"
4,

Turna'_- =~ As fonwu

1.75% x thic«neu 48 roquired

Ihickngas. Foll Turng* Jap Turnets il Tl
«20M" 450 268 1n3.
25 3% 250 98,
30 k12N 220 6.5
35 308 198 77.3

b0 278 78 ' 70.0
45 25, 263 63.8
30 234 150 ‘8.8
55 216 138 4.3
N 202 130 50.7
56 88 pE3Y 46,8
5 267 107 . §2.0
«80 158 0L “35.8
.88 us 9 36.5
100 230, & '

W = Can Wldth = 1.177
- tgw Foll thickress » 291
tys Papor thickness = va-iable
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LABORATORY GAXUAL “Pago 1 of -
TERTATIVE SPE_Q!HCA_I_‘_I_O_:\' ‘.!t’.TU()E November 25, 1059

e e P

_ETOXIDE_206
vx‘n'l.C\CLm'x-.mss DIOX1DE

b 9‘PEPIFI" GRAVITY .
W) Letcrmine at 20°C by reans of a hydrometor calidratea v
rive the apparcnt specifie gravity at 20/20°C and c'\p\blq
. of baing rund to the nerarest 0,.0005 unit. '
b) Maintain the constant temperature bath at 20 + 0, os'c.
c) Retcronce $-B2-4

2-, VISECSITY //
@) Determine the kinematic vlsqosi y at\yYhe epecifiod tempor-
* ature by moans of a calihratod \-:ul-\ry-typo vueomotcr
. Waving the requirved centistBro.ghagoe. e
b) Une cither an Ubbelohde or \%{Jt\-‘lld ~-Fensko vllco-mtcr

e) Repurt the viscuority in gontokes,
‘3: TOTAL CPOXIDE - &

CAUTION: This procedur nvolvus the use of perchloric acii. .

" . © Do not use thi cont unlcss aware of its'potential
hazards.
a) Livdrogen broutd'-fsolnt n, 0. 5 N in acetic acid By moans
of a qrnd.mto‘h.n"ol‘ull; FY 87 ml- of ¢.p. Dromtne to two

liters of glacia eolic ncid. Add rengont grade phenol
in 19-gn lnc:*r‘m uatil the solution buconecs light B
‘strav in polor™(approximately 100 zm) and add 10 gm in
oxcasn,  Mhy "t solution after each addition-of the .
pheant A nd adklow the final molutien to stand ovornigh
m Lor uplnu. .
b) 0.0 N Sacaureetate in acetic acid  Digsolvo 16 gn ot
) nnl\-HFoJdeIum acotate 1n suiiicient glacial acetie,
n4 4 to make one liter of ‘solution. Standardize thls
iolu an againat standard 0.2 K percaloric acid using
rr“ cent ervatal viclet fadicator in acetic acid,
e) °-"~c\.-‘l\.- s¢  Prepare a sufficlent amcber of cloan dry
' ARS Y] todlno flasks to perforn all urmplo and blnnk
determinations in duplicate.
*d) Carefully ptpet 23 ml of the hydrogen bromide solutlon
into each of the flasks. using the wame pipot for each
< transfer.
e) Remgrve two, of the: (lasks ‘for tho blaik determination.
.2) lato vach o,r the other flasks inroduce. 0.3 tn.0.4 gn
of tho sample, ve!.‘hcd to the nearesy 0.1 mg by noans.
6L a- suitable weighing pipot and syirl to effoct
.l ‘uo&utfsn..

Vet '-— e -'“'

-

U(
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Tin-80G206-1 v2 of A4 LABORATORY BASUAL

g) Stopper the fiasks. using 5 ml of glacial acetic acid as
the liquld feal,and allow the sarples to xtand with tbo

- blanks at voon terwcxature for 15 ainutes.

h) Carefully remoave the stopper from cach flask and’ was" down
the stopper and ianside wnlls of the flasks with 25 nl of
* glacial acetic acid,

i) To ench flauk add 5 or 8 drops of crystal violet 1ndirntor
-and titv.'n with standard 0.2 N sodium acetate in acotic’

+ " acid to the first bluish-green cnd point.

J) C1lc“11t£on

‘(B -~ AN x1.8
En Bamplo

= total epoxide, % by weight. as oxirane
oxygon
A = ml 0of N norral sodium acctate required for the sample

B = average »l of N normal sodium acetate required for the
blank . :

4 ACXDXTY

a) Introduce 50 gm of the sample woighed to the nearest 0.1 go
into & 250-mi Erlenmeyer Ilnsk contalaing 5C -1 of methanol
which has bren previoisly neutralized to a faint pink end
point using 1.0 per -cont pheaolphthalein lndicrtor ln

. methancl, 8wirl to offeet solution. '

b) Add a few >dditional drops of the indicator and tstrlto wtth
standard 0.) N alcoholic potassium hydroxide to the first

pink end point permanent for at least 15 seconds.

e) Cnlc“latio1

‘AN x 6.0

FRsmupic T Meidity, % by weight as acotic scid

A~ ml el N normal XoUl required

O’l‘.\l- UNSATURATION

n) ltja so):idon  Dissgolve 13 gm of rosublimed fodine in
ulTsT Slacinl acetic acid. Centle keat moy ba

nccnusnry Lt effoct nolutiva. Allow to ceel aud rexove
appPoxinataly 200 ml wf the solution. Parg dry chlovine

. ghas izt the remainder of the lodine solutioa until, the
original titration is not quite doubled. rFerform tho .
titration a3 direetnd bolow. . A characteristic color
change tsk~a ploce in tho Wijs solution when tho desired
amount. oY ¢hlorine has beon added. 7This mny be ltsed as.
an atd tn tudyine the And potnt. Add a umull excenn of
ehlorine and brtnr back to the desired titrativa by ;
addition- of dumwe of the origlanl Iedine solution, Into
respeciive 5N0-at Erlennwycr flasks pindt 25 ml of tho
solution before addition of ‘ihe chlorisc ard 25'ml of

MONS 034890



LABDAMCRY_UANEAL P3 af 4. T18-500208-1

whe soluting after addttion of chlortne, Add 20 1l o?

i% por cont potassiun fodide palution fu t”'lll)l(»d whtor

and 100 ml of distilled wator to each flesk, " Titrate

> ¢ontents; of cach flask with atandard O, 1 It thio-

,Aulfate until the yellow color alwmost disappoars, Add
-ao ul of 1,0 por ceatl sitarch indicator golution aud
continue titrating uatil the blue coior disanpears.

b) Srocedure  Heat all samples which are solid or scai~
"¥eTUT or contatn turbidity under an infrarod heat lanmp
er in a hot water bath urtil completeiy ho:o genoous, nnd
mix well.

) Prapare a suff.clont nunber of clcan dry 500-n1 class-

st ow‘ered Erlonmeyer flasks to pu:/prm al) b]nnk and

13

' garpyie 4eterninatioes 4n duplicace :
d) To v41h flask add 20 ml of rosgzent Un corhon totra-
. chioride by weans of a graduate X /HF .

‘k:lann deternination.

©) Resarve two of the flagks for- the

{) into aach of the other [lasks dutriduce 14 to 16 ga of
. the rample weighed to the nh\lﬁhu~ .01 gn nﬂd swirl tc
£l

aSt coaplete solution.
sach flask plpot 25 r1 of “he ﬂ'Js solution ua.nv
'&.4ure rathor than nn;\toa te !111 the pipet and
in s¥iri to offoct ¢oluldon.
h) Aliew the flasks to sjand 1n %ho dn.k for 30 ninutes ‘at
.. roen temparaturo.
1) To eazh flask ndd 20 m\ ¢¢ the 15 por ccnt potassiun
iodide solution, And 1Y ml of distillod water.
3Y Titrate immodiatsdy with standard 0.1 N sodiun thier
: until the yelldw cdlor almost disappears. Add two
tha starch imtiicator® solutioan and continue titrating to
the nlq1prn~r*ﬂbv of the blue color. If the sample
tivration {80 IUTLYthan 50 por cent of the blank repeat,
, . *he dete mlnf‘{pn using 3 smillar si=e swnplo.
x) "r‘:cu-a;\on

(B =28 )Y £.es

- totnl unsaturation 2s iodlnc nunber

14 N norm-l bngSqu Tequired fa <he lanple
nvqugﬁ ml of N normal Na,S,04 r11n£rcd for the bdlenk

6’ SoLox
a) Trwsfer 100 ml of the sample to one of ‘two matched tall-
’ ’ form Nesgler-tubes.

L) Fiil the sccond tubo- to.the mark with tho ﬁ‘n&lnun-cobnlt
: atandard that appoars-to match the color of tho samplo.

K} Compnre tho eo\or: ‘'0f the samplo nnd the standard by
-viewing vortically down through 'hu tubes agalnst a
v1{to background.
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¢) Determine tho emnct color of the sanplo by successive renlac:
rent of '*n standard 4n the sccond tube uatil an exact ratci

o) ru:e.-nm«:f . 5-3i-1

SUSPREDED MATIIIY
n)«'lrl\:c;t a kcttle o3 mo ramplo ‘and examine b} traasmittoa
ght.

DEVELOPNENT DEPARTWENT
. %, TECHNICAL CZNTIR
uou'h Charleston, West virginia
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