BRIAN M. LEDGER GORDON & REES LLP

BLEDGER@GORDONREES.COM
DIRECT DiAL: (619) 230-7729

ATTORNEYS AT LAaw
101 W. BROADWAY, SUITE 2000
SAN DIEGO, CA 92101
PHONE: (619) 696-6700
Fax: (619) 696-7124
WWW.GORDONREES.COM

June 23, 2011

Frank Melbourn

Water Resource Control Engineer

San Diego Regional Water Quality Control Board
9174 Sky Park Court, Suite 100

San Diego, CA 92123

Re:  In the Matter of: Tentative Cleanup and Abatement Order No. R9-2011-0001
Submissions by the City of San Diego

Dear Mr. Melbourn:

Pursuant to the Third Amended Order of Proceedings in this matter, enclosed herein is
the City of San Diego’s rebuttal evidence supplement to the Administrative Record in the above-
referenced proceedings, consisting of copies of the following documents:

L Star & Crescent Boat Company “Minutes of Board of Directors Meeting”, dated
February 9, 1980.

2. Star & Crescent Boat Company “Board of Directors Meeting and Stockholders
Meeting”, dated June 6, 1980.

3. Obituary for Oakley Josiah Hall, Jr., published in San Diego Union-Tribune
August 11, 2005.

4. Santa Ana Regional Quality Water Quality Control Board Resolution No. R8-
2007-0024.

5. Mansanto Chemical Company Salesmens’ Manual Aroclor, dated October 1,
1944.
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6. United States Environmental Protection Agency Report published February 25,
1976 entitled “PCBs in the United States Industrial Use and Environmental Distribution.”

Sincerely,

GO N & REESLLP

Brian M. Ledger
BML/mg

Encls.
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STAR & CRESCENT BOAT COMPANY

Minutes of Board of Directors Meating

Directors present: Stephen P. Carlstrom, Judy E. Hall, Janet E. Miles,
K. N. Beiriger

Directors absent: Raleigh J. Miles

This meeting was held on February 28, 1980, pursuant to notice of meeting
and agenda dated February 7, 1980 at 2:00 P.M. in general office at

570 No. Harbor Drive, San Diego, California. Postponed from February 20
to February 28 by comsent of the Directors.

1. Labor Management. This area presents a problem to us. Originally
wa had a negotiating meeting with IBU Union for January 29, 1980.
This meeting was cencelled by IBU and a new date of February 4, 1980
was established and later cancelled by us aince San Diego Employers
Union was unable to attend. On February 4, 1980 a petition was filed
by Seafarers International Union with the Labor Relations Board for
representation of Star & Crescent employees. Case #21-RC-16267 was
established, and March 7, 1980, 8:45 A.M. to 9:45 AM.,was set for an
election by employees for IBU ve SIU or no representation. A hearing
vas also established for February 20, 1980. On February 15, 1980 the
NLRB notified Star & Crescent that an unfair labor practice had been
filed by IBU, therefore, the hearings were indefinitely postponed until
the labor charge could be settled. The IBU claimed unfair lsbor in that
Star & Crescent Management (they claim) refused to bargain with IBU,
the recognized bargaining representative, and that we were aiding the
Seamand Internationual Union. A hearing date has not been established

2, Computer review, The Board has seen some demonstrationsand reviewed
various proposals.. Our legal counsel and our public accountants have
both recommended that we retain a consultant to determine the besgt aystem.

We have proposals from:
Banchwark Computers (Cado)
Boaic Decisions (Bosie Four)
Mepa Services, Inc. (Mesa Two)
Agency Computers (Qantel)
IBM (5110 & 5120)
Compal Computer Systema (Compal)
MPI Business Systems (Digital Equipment)
Eyler Business Systems (Mitsubishi)
Quantum Systems, Assoc, (QSA)

Further, members of the Board have brought in advertisements referring
to Computer Office Eystems (COS) and Radio Shack (Tandy TRS-80)

Put all of this together with floppy discs vs hard discs, sales pitches,
goftware, etc., and it all comes down to the probability that any single
one of these proposals would probably serve our purpose irrespective of

coupeting sales personnel claims of other products,
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However, in viaw of this complexity, plus tha economic outlook curreantly

faced by the company in San Diego and Star & Crescent, Nevada, it is advisable
that the whole subject of cowputers be postponed until June or July, at

which time a décision will be made on one eystem, and the vendor ao

notified. *

3. Life Insurance, The program recommended by Connecticut General for
incressed coverage for Stockholders~Officers has been deferred until
a more definitive pattern on sumuer buginess is established.

4. Other Busiunesa:

a. In connection with current business practice, a policy om the
caghing of checks is hereby established:
Star & Crescent employees: 1) Star & Crescent pay checks OK
2) Personal checks not to exceed
$100 unlass appraved by
S. P. Carlstrom or Judy Hall
Other checks: Maximum of §25 per check unlegs paying for
tickets at the booth or for charters. Excess
not to exceed $25. Forwmaey employeas, same
as "Other Checka", $25 maximum,

With business as it 18 today, there is too wmuch risk on large check
cashing. There can be exceptions to the rule of course, but only when
prior approval of S, P. Carlstrom or Judy Hall is received.

b. K. N. Beiriger, Treasurer, is relievad of these chsck approvals
because finance reports to him and from an accounting approval
viewpoint he should be eliminated to provide adquate coantrol.

c. Star & Crescent Investmant: Employee pay checks may be cashed,
and personnel employee checks to $200, If wore is requirad
this will be sccomplighed at the bank when the daily deposit
is wmade.

Meeting adjourned at 3:20 P.M.

K. N, Beir
Secretary

Pebruary 29, 1980
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STAR & CRESCENT BOAT COMPANY

Board of Directors Meeting
and

Stockholders Meeting

Minutes of meeting held pursuant to agenda notice to Directors (also Stock-
holders) dated June 6, 1980,

Directors Present: Stephen P. Carlstrom, Judy E. Hall, Janet E. Miles,
Raleigh J. Miles, K. N. Beiriger

Btockholders Present: Stephen P. Carlstrom, 500 shares
Judy E. Hall, 500 ghares
Janet B, Miles, 500 shares
1002 of imsued and outstanding shares present

1, Stockholders reviewed fiscal year 1980 results and pursuant to Stock-
holders Agreemeant and Stock Redemption Agreement of 21 September 1977
established & per share price of $985.79 for currently issued stock,
(Copy signed and attached for Board Minute Book.)

This action officially terminated Stockholders meeting and Board meeting
took place from thence on,

1. The Boaxd reviewed current status of labor/management negotiations with
Seamens International Union and San Diego Employers Association.
Monetary issues have not as yet baen settled.

2. Board reviewed the public accountanta' certified statements for fiscal
year ending March 31, 1980,

3. Reviewing 1979 vs. 1980 for April and May. For the two months:

1979 1980
Incoma §235,228 $275,646
Diract Expense 2 164,684 163,687
Indirect Expense 94,768 191,064
Operating Loss 24,224 79,105

These months are normally loss months, however largest increase in
expenses were!

Bonuses 1,000 71,925
Pacility Maintenance (not boats) 3,763 11,706
Salaries & Wages—indirect 17,764 23,834
Salaries & Wages—-direct 42,882 39,758
Advertising 7,089 11,346
T of Direct to Income 70,01 59.38

T of Indirect to Incoms 40,28 69.31

(excludes other incoma and expense)
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We obviously have to control some of our indirect expense including
automobile, travel, entertainment, telephone, maintenance, etc. The
Board reviewed the expanse reports of officers for the wonths of March,
April end May. These expenses mugt be reduced in future months.

The Board approved officers’ salaries, having received verbal approval
of 0. J. Hall and Star & Cresceut Investment Co. via K. N. Beiriger, a
director of said company. Salaries at March 31, 1980 were:

Stephen P, Carletrom $47,256
July E. Hall 39,816
Janet E, Miles ‘ 21,360
Raleigh J. Miles 28,104
K. N. Beirigar 22,080

The Board reviewed dividends paid in 1980 and approved 1n retrospect
the issuance of same awmounting to $135,982. Looking to fiscal year 1981,
the Board is contemplating approximately $100,000 and has so approved.

As to bonuses to employees and officers, the Board has tentatively
approved for 1981 bonus as follows, subjact to review by the company's
public accountants,

Staphen P. Carlstrom 835,846
Judy ¥, Hall 39,428
Janet E. Miles 56,954

Year bonuses at Christmas tentatively set for same amounts as paid in
1980 figcal year for all employeee and officers. Cost of Living adjust-
ment for 1981 (payable in PFabruary 1981) esetimated to be same as 1980
for non~union and office emplovees.

Ticket prices: Requests are in for 198/ ticket prices so that catalogs
pay be produced by tour companies, airlines, etc. The Board discussad
a fare as follows:

Present Suggested
2 hour adult 5.25 5.50
child 2.65 2.75
1 hour adult 3.50 3-75
child 1.75 1.95

The Board does not like to raise fares, but are faced with unew labor rates,
fuel increases, social security taxes, etc. As a means of getting around
this, the Board discussed a future 1) hour ride in lieu of 1 and 2 hour
trips. This cannot be accomplished until 1982 because of printed schedules,
in the meantime, it wag decided presgent fares will be increased and a
decision made by informal executive committee meeting within the month of
June, 8. P. Carlstrom will chair this coumittee action and results will be
contained in the July Board minutes,
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. There being no further business, the meeting adjourned at 4:20 p.m.

K. N. Beiriger
Secretary

June 19, 1980
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SCHEDULE B

(AGREED VALUE)

Agreed Value of the Company:

. \
- g%/
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» 10-1.4%
MONSANTO CHEMICAL COMPANY

SALESMEN'S MANUAL
AROCLOR -~

DESCRIPFTION AND PROFERTIES

The Arodlors are » series of chlorinated hydrocarbsng based on
biphenyl and terphenyl. They s¥e not pure compounds but are
aixtures of oloux Telated chlorine substitution produsts man-
ufagtured essentially to a get of specifications based on physical
properties reather than chemioal composition.

The approximate chlorine content is indiceted by the last tvo
figures of the Araclor number. The chemical o 1tion closely
;pgroncbu the average for the indicated chl rivatives a»
follovs,but should nat be represented as simple chemical compo-
sitions acaording to the formuls shouns .

Approximate Equivalent Chemical Compound

- 1209+ Honochlorobiphenyl
— 1232 ' Dichlorobiphenyl
e,
strachlorobip
. Pontachlorabi 1
1 Hexachlorobi
1262 Reptazhlorobiphenyl
Nonachlorobipheny

1271 Decachlorobiphenyl
5!;0 Nonachloroterphenyl

‘Reference should be made to technical bulletin P-11% for tables

and graphs of. ical properties. This manual contains oaly that
information vhich is nat designed for gepersl pubdlie distribution

or has been made mOTe recently available than permitted ineorpora-
tion in the printed bulletin. .

The folloving Aroolors not.in oommer:ial production (but svallable)
have been proposed:

Aroclor No. 5448 5458
Pixed (hlorine - uz.” 54,838
i Gaythent) o
sgg’mm Point gg% 85%

I}
£




MOKSANTO CHEMICAL CONPANY

Aroclor Xo. 5448 5454
Viscesity 98.9% (2100P) 395.0¢
Flash Point ) 259°%
Burn Point 500°0
Chlorides None None '
Acidity - mg. XOR/g, 0.008 - 0,008
Evaporation -+ 0.006 0.007
Resistivity - .-
‘n‘ .—- L1
Dielectric Constant 3.65 bar )
*3U0s :
ELRCTRI . PROPERT

C T 10148

Aroclar Aroilor Aroclor Ag::lor

ool

_1260

*Dielestris Constant @ 1‘5353 #F 4.63 8.15-0.35 3.6-3.8 ¥.92 -

o 3
*Restativity @ 2000C, oms/opd 500210 ore
; v

 Min.

sesDislectrio Strength 3
Pover Factor (100°C, 1000 ko) Lo;nuthu
* IRS Method E-3955871
*e Resistivity @ 100° under 500 Volts DC
tee ASTM D-177-11

Refractive Index M

Aroclor 1270 ) 1.691-1.7%
Aroalor 1271 1.691-1.7%

Tetradecachlorometaterphenyl 1.712-1.718
Tetradecachlorcparsterphenyl 1.691-2.7%

Heat of V‘!“l“tlg

Aroalor ggg 3 mm. proum)

Arooclor 760 mm. Préssure

Aroclor 1169 (0.151 atm. @ 350 ;
om-u.osas% <.

Adove
500x

109

1469x109

Less than

0.1%

Kidpoint

1.712
l.712

1.712
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MOESANTO CHEMICAL COMPANY

SOLUBILITY

Solvent

Acetone

Alcohol, Formuls J.A
Amyl Acetate

Amyl Alcohol

Bensene

‘“‘;}, Acstate

N. Butyl Alcohol
Carbditold

Chloroform
D1 ‘Butyl Mhithalate
Ether

Bthyl Acetate

Ethyl Laotate

Ethylens Dichloride

R0% FPormaldehyds .

Furfursl

Righ Test Gasoline

Glyoerin

Kerosene

Linseed 04}

Hethyl Acetate

Minerel Spirits

Paraffin .

Phenol

Pine O}

Pyridine

;:}u;:: 1l Phosphat
ey o8 [

Tung 011

Turpuntine

Xylene

I
s

S « S0ludle

Solvent

Furfural

Furfural ) .
Secondary Amyl Acetate -
Secondary Amyl Alechols

. Carditol .
Heavy White Minersl 011l

.,

§:o
4.0

3.0

e Insoluble
o P ally 3o0ludle

¥0"

5.0

s

- o

- v
ERETIMRR 72 4
M
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Oms. Arcolor 1270
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Approx. Temp. at
vhich soln.complete

500
110-1180C
Hot completely
soluble at bgé_l
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-
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STABILITY y ¢t
Tavard Heat : ‘ .

Aroclor 1288 vas Heated to 650°P in stainless sterl autoclave vith
the resulting changes indicated in the folloving tadulation:

Time of” Temper- Acidit

Heat . ature n.uoa/é-.

Houre ‘ , Aroclor 1248
0021 '

0 ."° : Y
Autoelave : > 3A300. op, .
Autoel 34300, ggg"r 33%
Autoclavo 3 £89. 34300, 6300p. 70800 _

Those results are 1ntonr0€od as indicating very.excellent stabile.
ity for Aroclors under the conditicns of test. S .

Original a;:m-
2

-
. -

Tovard Oxidation : -

When Aroclor 1258 1s-heated for 50 or 60 days st 1500C in the
prosence of oxygen and sopper,-there 1s likely to be scme attack
on the copper. Examinstion of Ardclor 1254 sfter that poriod of.
time vill usually shov the presencs of soludle copper. This also
oceurs vith mineral oil and other insulat.ng llguids.

In genersl, even after severe oxidation conditions no evidence of
chlorine splitting from the pareat hydrocarvon hag been found.

Tovard Acids .

Arsslors 1282 and 1258 were stirred vith an equal volume- of con-
sentrated Sulfuris Acid (98%), 4ilute Sulfuric Acid (10%), Ritrie
Acia g'zon. and dilute Mitric Acid (58), st rocs tempersture (25°C)
for 150-2%0 hours. The Araclor vas then vashed until neutral, de-
hydrated with Sodium Sulfate. -then analysed in comparison with a
control sesple for the various properties vwhich are regularly con-
oidengh:uhou: causing these properties to depart from specifica-
tion .1 8. . . . ‘

Arcclor 1262 vas treated for 160 hours suspended in the same acids
as shove 8t 50 to 5500. The concentrated Nitrio Acid csused an
u;«-nn in color, othervise no significant change in characteris.
tism. . . L

The acid layer from the treatment of Aroclor 1254 vas concentrated
.Sulfuric Acid at room tempersture for 150 hours and was tested for
shlorids contont. The tity of HC1l found vas 80 small that it
vas not possidle by oxd msthods to obtain e quantitative fig-.
ure, Thus it & that preotically no hydrogen chloride is
evolved under 88 oonditions. . 5" -

LI T

» " e . sy ,...- H -
- ‘.
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mm CHENICAL MAI! .

2. dAoute yellow ttroph, of the unr za vhich the uvor
cells shov swe » hypergrenulation, hysline inclu-

eions and vacuolst on 48 & Yesult of oxtmtn eXpo-~
ouro over long periods of time.

These lmccu BAY 8180 result from ure to otlur chlorinated
h drocardons of commerce, such s o8y tetrachloride, dlohlor-
ylens, trichlor ethylene, chlorinated naphthalene lnoua .
'nw best kmovn (at present) measure of th- domo of toxieity of

the Aroolurs is p;-onnud bolon T ..

Peyuissible i¢8 Jeu.m.} of cmoutrnu ln ALy or.
Tested on Ra latien -
' " Chiorine Permissidle
. ) Content t .
. . . . - ! » “..I
Aroclor 1268 ) - 68 10.0
Aroslor AN . gg 0.5 =
Aroclor 0.5
Arcolor 125% 5% 0.5
Trichlornsphthalens plus trace 'rntuchlor- .
naphthalene z. 10.0
Tetra and Pentachlornephthalenes 50. l.0e¢
Penta and Nexachlornaphthalenes ’ 62.6 0.5 ¢
Tetra and Pentachlornaphthalenes plus . . .
Refined Chlorinated Dip .mg-l - N3 0.5 ¢
)% Penta and Hexachl enes / R
Aroelor “65 ‘ .0 . 0.8 ¢
Chlorinated Diphenyl Oxidc 0 : 0.
Chlorinated Dipheny) Oxi 7.0 . 0.
xeu;:lw Diphenyl Oxide I . 3 h'iohlor- -,_50.55 : o 5
aomuorupmm.ao and Crude Chlorinated _' . _ o's
spooxuuiuwmuc Baphthalene - - .7 s056 .. 0.5
STested also by feeding, " . . .. . . ., . - . e )
Summery of Gross ma_xg‘ gx_gt_x_-honu ". ,f' :,'."'"-"""""’.'.; et . T

of the various nurui- fod rets in hm douo, Mchlermphmum
plus treces of Tetpashlornaphthalens wae quite innocuous. Tetre

and Pentachlornaphthalens showed definits it dn-ngo Pentas and
"Hexashlornaph enes osused a similor grndo injury. The addi-
tion of chlorinated a1 1°t0o Penta and moluomphemlomo
inoreased the toxieity. orinated Diphenyl alone prodused liver
lesions Mt {n the dossge used was less otrnun than wbon' mixed :
vith himy euormud uplmuhnu. Ia o m d:d tln qo-poma.d" c

- e r emaiemmse v onw."“b" u-qt—t-o'-v Rl A -
: T PR ta etattles .ui’.s'w i
EEERY VNN ..:a&" -\u.z *Jpea!
[
.
- - Lo . .-o-ﬂ.%. y
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SN
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- : © ot 10-228
MONSANTO CHEMICAL COMPANY . -
] ) Trpical Yalues
1038 Aroclor 2565 5.7. T7. 5°0) (Code 3140-0114 #6.5
B Pivartin 2008 ) o

Minersl 011 (Extre Neavy mn - Bonnebora's) 2 :

Barytes - Hepham's #2 50.00
J131 Arsclor ¥465 (Code 3140-01A% ) © 16,
x-il harm x‘mngm ) .Y .5?
658 Pasraffin 50.8%¢ : N.25

Barytes - Mepham's #2 . . 65.00

' lor ¥65 (Code 3140-0144 o
135 m:,":_'f’ém 12 ’oem%’: Ve Rty

Mineral 011 (Extra Heavy Wnite - Bumoborn't) 5.8%5
-Barytes - mphu s f2 55.

#R  Arseclor M6S Lodc 31&0-01“) 73
508 Minersl 011 (Extre nun Vhite - aomborn'u) 3
Barytes . Mephan's § ‘ T so

89

00
oL
0
0
#"M" Arocclor M .
Minersl o:gs(ntu Heavy Wnite - Sonneborm's) 10.;‘.
a.
8

#"M" Aroclor M65 58
Hineral 011 (!xtn auvy white - Scmmbox-n'o) 6
Silice (Sclmltl, Champlain & Bidbo)

3

Por the 9repu-n10a of thermo-plastic adhesives Purdus University

found that the harder.Arcclors ars better than anything else dis-
covered to date. primarily decause of thelir high coapanuucr
with other resins and the mno-uubnitt.

R nxcrnwn,
Dielectrics and Zleotrical Insulators

The Arocclors have excellent dielectris properties, that is, low
dlelectrio aonstant and resistivity and lov pover factor, Aroe-
clor 1242 has the highest dislectric constant of the whols series
vhich ve are mamufacturing commerolally, vhut higher chlorine
Arcolors have Mdnr r«uuvtw. e %

The Aroclors have found uon‘mu as & d:ol«tuo in oondensers
and a» & dielectrie and cooling medium in tranaformers; and a -
mamber of miscellansocus similar uses vhon tho eharaateriatics
$bove named are of importance. .

L3

L -

Saturstion may be defined as that opontioo w men 1 Jua-
gases ars caused to penetrats nuunlx porous materials.
penstrating medium is knm u f.hq saturant. and u nmuu: in

ons - . ..o-.qr owrv o

VI t dees' iSRS
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NORSARTO CHEMICAL COMPANY

the 1iquid state. Saturation may be assisted or sccelersted by
mgans of. increased temperature and pressurs or by the use of &
yecuum. . .

Various classes of products are saturated for the purpose of giv.
ing them & vide variety of properties. Same of the properties
attained o:I satiration are: vater and flame resistance; resigtance
to chemicalsy abresion; molsture; light and veather changes; in-
creased strength; and increased veight. < e DeoE

Among .the articles that are treated to obtain some one or all of
the above mentioned properties are inaluded the varicus fidres and
fabrics: aninal; vegetable and mineral; voods, both hard and soft;
coramios veare and oement; and certain kinds of electrical appars-
tus, suoh as carbon resistors. - : ’

10-1.8%

8. - ¥

The saturoats’, or, as they are sometimes called, the impre ts
are ususlly made up of vexes, oils, resins, or vater solutiods of

cortain inorganic salts.

..

Appiications

At present the satureting applications that are of chief interest
are ineulated vire, low voltage cable commonly called netvork :
cable, and carbvon resistor fields. These proposed uses are des-
eribed more fully under the separate headings vhich follow. :

Netvork Cable . : . -

Attenpts are being made to develop & use for Ardelor as: a saturant
for seo netvork or lpw voltage cadle, . Cadle of this kind s
used in olectricsl netvork distridbution systems. aononu{, it -
consista of the copper condustor or conductors, the peper insula-
tion, and the lead sheath, The paper is saturated vith an oll,
usually a feod grade of oil sush as the Genersl EKlectrio Company's
Transil Oil. This form of constructicn is objectionable because
under the conditions’ imposed by 8 short circuit, combustidle geses
are gensrated vhich flow through the conduits to the manholes, at
* vwhich point may form explosive mixtures vith the sir and, in
turn, cause explosions in the manholes, Both the paper and the ol
are sources of oombustibdle es. , It is therefore desirable to
replace them <. the psper vith an inert form of insulation, 2f
posssible, and the 0i) vith a nom-inflammadle ssturant such as Aro-
clor. Thus far, Aroclor 1254 oppears ‘to meet the requirements of
this use. . Ceh e 0P RERSZL N L et Ut .

e T e et AL T A -
The more important oable manufaoturers m‘tho oountry already
at vork on ths developmant of & flame resistant cabdble and slso one
in vhich the explosicn hazard will be.lessened or aliminated.
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MONSANTO CHEMICAL COMPANY 1o-1-44

SALESMEN'S MANUAL

AROCLOR

DESGRIPTION AND PROPERTIXS

The Arcclors are 8 series o>f chlarinated hydrooarbsns based on
biphenyl and terphenyl. They ere not pure uagm but are
aixturse of oloul{ Telated chlorine substitution produsts man-
ufactured essentially to a set of specifications besed ca physical
properties rether than chemissl composition.

The approximate chlorine csntent is indiceated by the last tve
figures of the Arsclor number. The chemical composition closely
spproaches the average for the indicated chloro-derivatives as
follovs,tut should not be represented as simple chemical compo-
sitlons acecording to the formuls shown: .

Approximate Equivalent Chemical Compound

- 1229+ Monochlorobiphenyl

- 1222 Dichlorobiphenyl
12 g Trichlorobl nyl
124 Tetrachlorobiphenyl
1 . Poutuhlorob:&cnll
1 Hexachlorobipheny
1262 Heptazhlorobiphenyl
1268 Nonachlorobipheny
1271 Decachlorobiphenyl
2] Nonachloroterphenyl

-

‘Reference should be made to technical bulletin P-11%5 for tables

and graphs of physical properties. This manual contains only that
information vhich is not Gesigned for genersl pudlic dietridutian
or has been made more recently available than permitted incorpors-
tion in the printed dulletin. .

The folloving Aroslors not.in commersial production (but svallable)
have besn proposed:

Aroclor No. 5408 sS4

wx“ u°{£a>’ '2'3‘ g:'g”
240 1 .

our Point . 60% gade
Softening Point 63° 889
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Arsolor Xo. 5448 5454
Viscosity 98.9% (21007) 395.0° -
Flash Point . 250°% -
Burn Point 200° -
Chlorides None " None'
Ae‘dtt, - .‘o xoa/‘c . 0.008 * O-O“
Evaporation - 0.008 _ 0.007
Rniuuvuy - .
gg:x‘-'gtuc Copstant §.65 l.l?,j

*3Us :

ELECTRICAL. PROFERTIES

Aroclor Are:lor Aroclor Ara:lor
(WY T dv 1208 1268 1260 SN2 -

*Oleletria Constant @ 1'5830 #9 4.63 h.15-4.35 3,6-3.8 ¥.92:
0 3 ,
“*Restativity @ 200, omes /;,?3 500x10 ﬁﬁ:&? 5&;;9 1469%109
) 4

sesDlelectrio Strength 36 KV Min.
Pover Factor (100°C, 1000 ko) Less than Less than
. 0.1% 0.1%
¢ IRS Method E-3955871
¢ Resistivity @ 100° under 500 Volts DC :
*ee ASTH D-177-11 . , - .
Refrective Index M Midpoint
Aroclor 1270 ) 1.691-1.7% 1.712
Aroslor 1271 1.691-1.7% 1.7112
Tetradecachlorametaterphenyl 1 .gi’-l .718 -
Tetradecachlorcparsterphenyl 1.691-1.7% 1.712
Heat of Vaporisstion ' B.1.U,/1b.
Aroclor 1260 (3 mm. pressure) = - . )
Aroolor 1 760 mm p mnungc '6(2.&
hroclor 1169 {0. 151 ata, @ 350 ) 9.2
0.079 ata. @ 325°¢ © . - 70.6
2= .;’__' .’: v ' MONS 092044
Y L - m R :
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) SOLUBILITY
Solvent Aroslor 1268
Cold Hot
Acetone { I
Alcchol, Formuls J-A . X
Amyl Acetate S 8
Amnyl Alechol .P3 . 8
Bensene 8 8
But;‘l‘ Acstate -] 3
N. Butyl Alsochol b 4 rs
cuggo% . “ b ¢ 8
8 @ - e
SR r A M hlmlt — g}
Chloroform . s s
Di ‘Butyl Phthalate s -]
Ether - | 3
Bthyl Acetate - B ¢
Ethyl lactate 1 s
Ethylene Dichloride ] 3
308 Pormaldehyde I b ¢
Furfurel Ps rs
High Test Gasoline
Glycerin X 1
Kerosene rs S
Linsesd 011 1 s
Hethyl Acetate rs - s
Minerel 3pirite g - g e
Pareffin
Phenol ] -]
Pypidin s 3
ne
Toluene s s
gti“ca;yl Phosphate g g
Turpuntine Ifl' & e
Xylene >al IO e
I ¢ Insoludle
PS » Partially Soludle
3 « 30ludle )
Solvent . Omes. Aroclor 1270 Approx. Temp. at
per 100 oe.80lvent vhich soln,oomplete
Furfursl :.o 123-11009
Furfursl ’ . .0 120-12500
Secondary Amyl Acetate - 8.0 110-115¢0¢
Sscondary Amyl Alcochols 3,0 Not ccmpletsly
. . . soluble at bdoil
Cardbitol . )0 . Above 1
Heavy White Mineral 011 4.0 - © 110-11%
: _.‘a-.f.;.".;.;--, - MONS 092045
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ATABILITY
Tovarg Heat

Arcelor 1288 vas hoated to 650°F in stainless stecl autoalave vith
the resulting changes indicated in the folloving tadulation:

Time of” Temper- Aoidit
Reat . ature u.hﬁﬂ/’ .
Hours : ", Aroelor g&B
Original Sanple 0 . .0021 '
mEAT OB mMYny
oglave IS . .
Autoolavo #3 . 33ec. : X

Those results are £ntonn€od as indicating very.excellent stadbile
ity for Aroclors under the conditions of test, A .

-

Tovard Oxidation ’ ~

When Aroclor 125% 1s-heated for 50 or 60 days st 1509C in the
prosence of oxygen and copper, there i» 1&05 to be some sttack
on the copper. Examinstion of Araclor 1254 after that poriod of.
time vill usually shov the presence of soluble copper. This also
oceurs vith mineral o4l and other insulat.ng llquids.

In genersl, even sfter severe oxidation conditions no evidence of
chlorine splitting from the pareat hydrooarbvon hag been found,

Tovard Acids .

Ardclors 1242 and 1254 were stirred vith an equal volume- of con-
centrated Sulfuris Acid (96%), dilute Sulfuric Acid (108), Nitric
Acid (70%), and dailute Nitric Acid (58), st room teapersture (250C)
for 150-250 hours. The Araclor vas then vashed unti] neutral, ds-
hydrated vith 3cdium Sulfate. -then analysed in oomparison vith »
control sample for the various properties vhich are regularly con-
-ider;gh:nhout ocausing these properties to depart from specifica.
tion . 8. ] . . ’

Aroclor 1262 vas treated for 160 hours suspended in the same céid.
as adove at 50 to 5500, 7The concentrsted FNitrie Acid caused an
1?“«-0 in ocolor, othervise no significant change in charecteris-
t - 1S . . M .

T™he acid lasyer from the treatment of Arcolor 1254 vas consentrated
.Sulfuric Acid at room tempersture for 150 hours and ves tested for
chloride contont. Tbhe guantity of HC)l found vas so small that it
vas not possidble by ordinary msthods to obtain @ gquantitative fig.
urv. Thus it appears that practically no hydrogen chloride is
evolved under thess conditicns. . -

- .
- W o v oen
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2. Acute yellow nm!u ot the unr u vhich the uvor
cells show mnmuf ypergrenulation, hyaline inoclu.
eians and vacuolation a8 & result of oxtomin eXpo.-
sure over long periocds of time,

These syuptoms may 4180 result from ure to other shlorinated
hydrocarbons of ccummeroe, puch 88t CAr tetrschloride, dichlor-
ethylene, trichlor ethylene, chlorinated mphthnlom luonx .
The best knovn (8t present) measure of tbo domo ouony of
the Arosclurs ie munt.ed bclcn .

Peruissibls Limits Jeu.m.) of cmeo tuu lu ur of
Ork_NOOmS : ourns o Ustria ene [

Testod on Rats nhalation

o : .7 Chiorine Permissidle
. Limtt

Content
. . 5.10\!..._

Arcclor 1268 - 10.0
Aroclor B4 . 0.5
Aroolor 0.5
Argolor 125% 54 0.5
Trichlornaphthalene plus trace 'totuchloa'- .

naphthalene Ny, 10.0 ®
Tetra and Pentachlornaphthalenes ) 56. l.00
Penta and Hexachlornsphthalenes 62. 0,5 ¢
Tetra and Pentachlornaphthalenes plus . . .

Refined Chlorinated Dipbe - 3.5 0.5e

)% Penta and lhueuompb enes / L

JAroalor MNGS ‘ gz.o 0.5 ¢
Chlorinated Diphenyld 0!16. : .0 O.g
Chlorinated Dipheny)l 0x4 . 57.0 0.
Hexachlor Diphenyl Oxide .l - 4 ‘rrichlov- o . RS

naphthalene .- " 50-55 0.5
sozaehlompbtm:uc and Crude cluortut.cd .. 0.8
Spoeicxnguwmuo llpbthllono TS 50e56 _ 0.5
STosted also by feeding. = . . . i R .

2. -\‘-t..,, '- --'-'.': "

Sumery of Oroes Feeding Expeiiments . ¥~

of the various uuudo fed rats in um doon, fuchlcmphtmxono )

plus traces of Tetrashlornaphthalene vee quite innocucus. Tetre
and Pentaochlornaphthalene showed definits liver damage, Pents and

"Hexachlornaph enes caused a similar grade of injury. The addi-

tion of cuormm aiphenyl to Pente and Nexachlornaphthalenss
inoreased the toxieity. glcuum Diphenyl alane produced liver

lesions but in the dossge uded vas less cﬂ'uun than vbok' mixed .

vith highly eb.louuud | naphthalenes. . Ia no onsey du the Jcompounds o
. .... — . na. - :":-‘"““H" Q—nv -q; bure® -y :u - . .
.sd;$»r§‘.u7-‘

. - PR3 Ls atATLle b

R O R R 400 ez h%
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WORSANTO CHENICAL COMPANY
(o) Protactive lkin creans or protoqun elothing should be .

‘provided by the mansgement at the disoretion.of ths ton.
AN, nuree, udxul. or pllne supsrintendent. R

{r) All departments handling chlorinated synthetic vaxes
should be thorougbly sleaned scoording to s grommsoc

. 1061-%

- schedule. ® ahould inolude the removsl of sll de-
posits ol' v nm-m. from the machines, floors and
surroundi oots. Workers doing ths oiuxum should

be provided vwith protective clothing and supplied air or
6 vapor masks vhere txluuoc ventilation u inede-
quate or not pouiblo. SR

The foremen of all doputuntl vburo this nnrul ‘s¢ hlndlod
should be apprised of the toxic nature of the material and in-
structed in safe hnnduu rooedures. These men should pake it
their duty to cheok up on the wotkers in their dupu-tunts and
instruct them in safe prectios.

Pre-employment and periodio physical examinations should bde udo
of all exposed vorkers. These should include the taking of a full
6linical history, vith special emphasis on gestro-intestinal dis-
turbances and dermatitis. In addition, the skin should be care-
fully examined pericdicslly and the more reliadle liver funotion
tests performed. UJastro-intestincl camplaints developing in a
vorker at any time should de & signal for an imxediate medical
cheok-up. A history of -liver disesse. Jaundice, or antisyphilitic
treatment should sutomatioally exolude a vorker fram jobs involv-
ing & possible toxic exposure. Pregnant vomen should not be em-
21?3 vhare there is a poniblo oxpoourv to the unthouo ochlor-
nated vaxss,

- - R ...~~

Engineer sontrol or lant operaticns cannot be onr-nphuuod
but specific recamendations are not 11cable to all ocases. It
vould be vise for & plant using this olass of materials to check
their control mecasures vith the state md\utrul hygiene agency,

the insurenos oarrier and some co-potont oonoultant boron occu. l
pational dituu osours., . Ce e - . .

v .
o

. . ) APPLXOATIO”O’IWRS R
N M_@_ : .~,,.'.," e .

Adhesives of good olootrtcu ohanetornuon con bo pnpaxwd oone.
tuning Aroclors. Ths fol lovm( are typioal ozuplou .

. ""'"'”‘. T oyplos) Values.
7103 Arcclor 465 (co« nlo-om) . ":-""_ PRI | .os '
(X¥) Pareffin 50. ?oo R RN ps“ I
' Minersl 011 xxch huvy mzo) S iyt
au'!f-u - l.Ph:' e ...,-...”. - ’.mz,u. 50 0

- Wt e g e
Pt -_-’.Q?o..‘
P

- T aa-hw
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: Trpical Values

mga Amlor 2565 So LT, 5%) (Code 3140-0114) A6.508
B ’l’.: n 1.1
. Minersl 011 (Bxtre Heavy mn - Bonneborn's) 2.3
Barytes - Mepham's #2 50,00

7131 Arsclor W65 (Code 3180-014%) ' " 16.108
2.1l BEster Oum - BKBO #1202XXXX Pale £ Y
658 Paraffrin 50.8% - R ]
Barytes - Nepham's f2 : .~ . 65.00

135 Aroclor V65 (Code 3140-01AM - 20.

135 Esteor Oum -531(:30 #1202XXXX Pa ) le 18.;0‘
Minersl 011 (xxtn Heavy Wnite - scnncbom'-) 5.8

. .Barytes - u-pm s #2 5%.00
#R  Arsclor M65 (codo )1!0-01") 8. 0%
508 MNinersl 011 (Extre Heavy White - Scmmborn'o) 5.0
Barytes - Mepham's #2 ’ . %0.0

#"M"  Arcclor MES ' 89.5%

Minersl 011 (l:tn Heavy Wnite - Sonneborn‘'s) 10.5 _

#™" Aroclor 65 : 58.2%°
Mineral 011 (Extra Heavy White - Scxmcborn'o) 6.8
Silica (8chults, Champlain & Bidbo) 35.0

Por the propcnuon of thermo-plastic adhesives Purdue University
found that the hardor.Arcclors ars better than anything else dis-
covered to date. prmrillr cause of their high coupatlbuity
vith other resins and the thono-otcbiuty.

B xx.tm'l'mcmf
Dlelectrics and Xleotrical Inaulators

The Aroclors have excellent dielectric properties, thant is, low
dlelectric oconstant and no:-tintz and lov pover factor., Aro-
clor 1242 has the highest dislectric constant of the whole series
vhich ve are manufacturing ccmmercially, vhno highsr chlorine
Arcolors have higbor uu-thny. Y

The Amlon have found usefulness 6s & duloetuo in condensers
and as & dielectrio and cooling medium in trenaformers; and & -
number of miscellanecus similar uses vhon t.ho eharacteristics
above named are of hporunoo.

MR ;o':.‘n.'i. 13 e ' ;."

AROCLORS A3 SATUNANTS

.

L

Saturation may be defined as that oporouua by vuoh 13quide or
gases are caused to penetrate relatively porous materi The
penetrating medium 1- hnm ss the | utumt uw‘u ;omnn: in

- e
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NORSARTO CHEMICAL COMPANY

the 1iquid state. Saturstion may be assisted or sccelerated dy
muans of inoressed temperature and pressure or by the use of a
yaguum, : .

Varicus classes of products are saturated for the purpose of giv-
ing them & vide variety of properties. Scame of the properties
attained satiration are: vater and flame resistance; resistance
to chemicals) Abruionl noisture; light snd veather changes; in-
creased strength; and incrensed veight, N ;

Among . the srticles that are treated to obtain scwe one or all of
the above mentioned properties are included the various fidres and
fabrios: animal; vegetable and mineral: voods, both hard and soft;
ceramios vare cement; and certain kinds of electrical appars-
tus, such as corbon resistors. ) ) .

10-1-A%

#
[P .

The saturonts’, or, as they are sometinmes oslled, the impre ts
are usually made up of vaxos, olls, resins, or vater soluticrs oi'
cortain inorganic sslts, . :

Appliocations

At present the satureting applications that are of chief interest
are insulated vire, low voltage ocable commonly coalled netvork :
cable, and carbon resistor fields, These Proposed uses are des-
erived more fully under the ssparate headings which follov, :

Netvork Cable . . . : . .

Attempts are being made to develop & use for Ardclor as.a saturant
for secondary netvork or lpv voltage cabdble. . Cable of this kind is
used in olectrical network distridution systems, cunonuz, it -
consists of the copper eonduotor or conductors, the paper insula-
tion, and the lead sheath. The paper is saturated vith an oil,
usually a good grade of oil such as the Gonersl EKleotric Company's
Transil 01l. This form of construction is objectionable becausc
under the conditions imposed by & short oircuit, combustible geoees
are generated vhioh flov through the conduits to the manholes, at
* vhich point they may form explosive mixtures vith the sir and, in
turn, causs explosions in the manholes, Both the paper and the o1l
are sources of sombustidle o8, It 18 therefore dssiradle to
replace them - the peper vith an inert form of insulstion, 1if
possidle, and the o1} vith a non-inflazmable saturant such as Aro-
:ﬁop. Thus far, Aroolor 1254 appears ‘to meet the requirements of
’.. “'.. . . fonn. . Loty Tt

The more important cable manufacturers 1n the .countx-y ire slresdy
at vork on the development of & flams redistant cadle and aleo one
in vhich the explosicn hazard vill be lessened or sliminated. -

R
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Carbon Resigtors

Carbon resistors ore wmall moldsd rods of & mixture of csrbon black
and sand vith & resinous binder. They are porous and their slec.
trical rosistance is seriously affected by the entrance of moisture.

To prevont molsture getting into the units they are usually {mpreg-
nated vith ‘some.patorial to £111 up the voids and to ooat the sur-
face of the resistor. A wax is generally used for this purpose and
perves very vell as far os molsture-proofing is oconcerned. How-
sver, after completinn, the resistor sust be lacquered for identi.
fication. Lacquer does not adhere vell to the vaxed surfaces. .

Aroclor M¥65 Moisture-proofing Compounds give moisture proofness
Hunidity test) equal to that of vax and, 1n addition, give a sur-
sce to vhich lacquer vill sdhere. .o

AKIRSL - SO .
The Arooclor Compound is non-crystalline. and therefrors does not have
a dsfinite melting point and does not becowe utmclz fluid at the
melting point of most vaxes that are used in this aspplication, but
it gradually softens under incressed temperature.

In extensive tests to £ind the most effective medium for impregna-
ting radio resistors to stabilise the electrical resistivity undor
oxaggerated and extreme hunidity tests, Aroclor 5860 gave by far
the best results vhen conpored vith Santovax and various pstroleun
vaxes and compounds. .

This excellent Aroclor success vas accaaplished by grinding off or
sanding the surface of the cardon resistor prior to impregnsting,
thus exposing the inner pores of the resistor, gemuung oxcellent
" penetration. Penetration has alvays beén & prodles in the impreg-
nation of resistors vith resinous materisls such as Arcolor,

Cable Insulstion -

Eleotrical condustors and cadles insulated vwith asbestos are fre-
quently lacking in vaterproofness. - Impregnation vith vax camposi-
tions gives an insulating medium resistant to atmospheric mofsture
and acastines even to immersion in vater for.a short time, dut
hitherto no sasposition hav the required characteristioce of
hest resistance and flameproofness has given sufficient vater re-
sistance to withsthnd immersion for prolonged periods. .

An improved method of impregnating ssbestos is described in U. S,

. Patent 2,162,953, assigned to Rockbestos Produots Corporation
vhich depends on the use of & phenolic resin in conjunction with .
a chlorinsted diphenyl. It has alre ‘besn proposed to use each
of these subatances separately for & similar purpose, dut alone
the first lacks flameproofuess and the second .resistance to vater.

8
.
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The phenclic resin used for this purpose should be thanopxnug,
solid and rather brittle at ordinary temperatures, vith s flow
point of 105°C. Bakelite XR 8430 is suggested as & suitable type.
The best chlorinated diphenyl for this process is stated to de one
having e viscosity of sec. Saybolt at 100°C, and, of ocourse, it
must mix readily vith the phenollc resin. One containing sbout

6? pu; 22;:1: chlorine is said to be satisfactory, for example, Aro-
glop . . - '

Tho tvo ingredients are mixed in equal parts dy voiiht at 160°C,
preforably vith the sddition of 5 per cent by veight of a plasti-
ofzer such as Tricresyl Phosphate. The resulting mixture is stabdle
and cap be stored. .

In monufacturing ths cadle the individual conductors are insulated,
tvisted and covered with the layers of impregnated asbestos and
varnished caabric (or the 1ike) in the manner vell understood in
the art, A layer of lcosely felted dry asdestos of suitable thick-
ness is then applied around the thus assemdbled cable, and a drgh
asbestos braid 1s applied over the felted layer of asbestos. ¢
so-covered cable is then passed through ths impregnating compound
(mixture of resinous phenolio condensation product and chlorinated
diphenyl) vhils maintaining the compound at & tempersture of about
155°C. The time required to impregnate the layer of felted ssbes-

( tos and asbestos breid vill depend on the thickness of the layer.
As. the cable eserges from the heated bath of impregnating sompount, .
1t is passed through suitable snudbing devices to remove the excers
compound from {ts outer surface.

In order to prevent migration of the outer surfooe oompdund vhonm
the finishod vire or cadle is subjeoted to high temperatures in
service, it has been found advantagsocus in scae instances to sp-
ply to the impregnatsd layer of asbestos a second coat of the
mmuun; compound to vhich has been added about 15 to 20% of
ar .mica or other finely Adivided inért solid material., The
impregnating campound on the ocuter surface of the impregnated
asbestos then contains dispersed finely.divided particles of the
insrt solid material vhich sot to thioken the compound and render
1t less susceptidle to flov. The admixture of mica or the 1like
is not required or deeiradle in the occmpound used to impregnate
ths asbestos layesr, since the asbestos fibres themselves satisfec-
torily perform the function of retalning the compound vithin tha
mass by capillary catqtct‘.xon. : ’ A

- R .

The insulated condustor or cable of the inventlon possesses all
the necessary charaateristics of heat resistance, flameproofness,
pliability, dielectric strength and resistance to vater, The
outer insulating layer of osbestos impregnsted with a mizture of
resinous phenolio condensation product and ¢hlorinated diphenyl
( 1s substantially veterproof, sven vhen subnerged in water for ex-
tended periods of time or subdjected to hydroetatic pressure as
high os 25 pounds per square inch. In gepersl, fﬂg‘m of asbestoe
AR Sl ."a‘-a;?.:qn_#:( T
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( as an electrical insulating materisl has heretofore been limited
te locetions vhere huh temperatures or the hasard of inflamsadle
material made the use of ordinary rom’ of insulstion {such as
rupber, varnished cubuo, paper, etc.) undssireble or prohibitive.
twni therefore, be evident that the invention videly utmd-
f.ho uumlnou of asdestos insulated vires and oadbles. .- .

Condcnun : . . . .

A rapidly groving use or Aroclor 1is in t.ho munetm ot the smell
oondensers enployed in fluorescent ugmm rutum for orriou,
business houses and rucorin. i

AROOLOR IMULSION rom

16 pounds of Aroclor - uquid
pounds of VWater .

1 ounces of 8Btearic Acid

3 ounces of 'rruthmoluzno

The Aroelor 1s hsated to a vorkable viscosity abave 82°C (180°F)
and the Steoric Acid is added and complately stirred in. The
veter is heatsd to 97°C (207°?) and the Tristhanolamine added and -
thoroughly stirred in. ter doth of these operations have deen
carricd out, the Aroclor-Stearic Acid coabination is poured into
the vater mixture vhile the lstter is vell agitated end then the
vhole mixture ip processed through a colloid mill. Good results
mAY syen be obtained without the use of & colloid mill, provided
the mixture is sgitatsd vith & Righ-speed onulu.tying stirper.

_ FLAMEPROOFERS

The Aroclors are not inflamiable and vhen aixed in lutﬂcuntly
large proportion vith many other mstorials have rendered the Som-
pletes ocoumpound non-inflammable. For instance, & mixture of about
equal parts of Aroelor 2565 and asphalt gives & resulting compourd
that vill not permit ths spresd of flame. Vood may de impregnated
ourrioiontly vith one of the higher shlorine Aroclors, such as

4365, that 1t vild pase the moet rigid tessts nov uppl‘ed to vood
vhich has been treated for flamuproofnass, such os tho tests used
by the Forest Froducts laborstory and by tho Buudiu Dopu'tunt
or the City of Nevw !m. . ..

We have nomrt tmmd ¢ market ror Aroelor Ln tlu field of flame-
proofing v because in most cases vhers the vood is treated for

A

N flameproofness it is used indoors vhere it 1s not exposed to
leaching by rain, so that one of the phosphate salts 1s generslly -
used. Hovevsr, there may bo lpocul uses vhere these materials
are not aonpubh and vhon prise of Arcclor 1- jsuunod. .

L. Lt L n_o..---\ :_- L LR N
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There 18 throughout the country & tremendous market for compounded
vaxvs for sll manner of uses. It £s very liksly that t{n soms. of
the applications of these materials it would de desirable to have
them non-inflammable. It {3 also 1likely that ths insorporation of
Aroclor vith scme other resinous or vaxy materials vould give othsr
dosirsble properties. These spplications ¢ould probably be vorked
out in conjunction vith companies who are nov in the businoss of ,
compounding and selling such materisls. There are scme of thsse
conpanies in each of our sales territories, .

Arcolors 4465 and 5360 are the most likely ones in this appucntl'_on.

Tests are under ngoto determine the sultability of the substitu-’
tion of Aroclor 1260 for chlorinated paraffin in the treatment of
paulins and tentage for use by the Army. This is for the purpose
of producing non-inflazmability, improving moisture resistance,
and mildev proofing. ;

The Aroclors n'-g x'-ciamny stable and their superiority in this
respeot to chlorinated pareffin cultourig eaployed for this pur-
o;: is demonstrated in the folloving results reported by our

a r‘tar’.

‘Light Stability Tests

In order t> be certain that the tests vere cocuparable in svery
respect, they vere conducted dy personnel of the A, French Textilie
School, Oeorgis 8chool of Technology, Atlants, Oeorgis,

The sanples used in these tests had been prepared at Anniston prior
to this visit, Thsy oconsisted of sections of kierboilesd aotton
sheeting inpug:tod vith compositions as shovn in the tabulation
beslov. Approximately 10§ of ohlorinated hydrocarbdon vas applied

to each of the impregnated samples. The orinated paraffin used
had the folloving oharscteristicss -

lcl ' A *}01
'g;.og. @ 25/25°C 1.133
Viscosity @ 2100p 13 svs
' Pour Point or .

As vill be noted, seversl pigments, namely, Pe203, 5b203, and
»Cawg. vere nloo'oppuod to the m'mo. R...’:?&non:.’cm used
.in tbe folloving proportions: .

Fe203 - 10 parts Fe203 to B parts ‘chlorine 1n the chlor-
20 1nn€2; h,q;SEEr»oa. . _

8203 - 10 parts Bb203 to & parts ‘chlopine,

CaCO3 - 7§ parts Cac03 to 10 parts chioitine.

.8
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conditions. Also, under the conditions of those tests, all of the
pigments tried decroased to scae extent tho tendering effect of
the ultre-violet light. This is probadbly not adnorasl, since the
pigments should have reflocted & portion of the light reys.

It has boen reported that sertain pigments deorcase the heat sta-
bility of chlorinated paraffin, thus sccelerating tendering of
troated cotton goodl upon exposure in hot olimates., -Hsat stabil-
ity tests on all of the impregnation mixtures tried as outlined
above are nov deing run in the ladboratory et Annistom.

Compared vith plain oloth unexposed (100§) the hydrocarbon treat-
ments alone effected the folloving improvement in tensile strengths:,

Chlorinated Paroffin . 7.5%

Aroclor 12 . . 1.3

Aroclof 12 10.8;
* Aroclor 5842 1.

This inoresse in tensile strength through upregnnuoh is compon.
sated for in the folloving calculation. .

When the "Bxposed Tensile Strength” is oxw"ouod as per cent of
*Unexposed Tensile Strength® the folloving relationship is evident:

Per cent Resistance to
Deterioration on Exposure
t

) - T __to Ultre-violet Ligh
Untreated Cloth . 51.9
Chlorinated Paraffin 26.10
. » & Fe203 : 29.15 . -
. " & Sb203 ~ 31.80° -
. » & CaC03 31.52 -
Aroclor 1254 ke, 05
» . & PFo203 45,10
. » & 30203 ' hz.sz
n - & CaCod 5 319
Aroclor 1260 . ”'5‘3
. & Pe203 gé.
» . & 3020 . 00
no. . & CaCo . 52.10
Aroglor 54382 . . . .70
ke a 70203 L. 2308
" . & 3b203 . 3,53 °
" . & CaC0l_ 65.53

The advantage of the Aroclors 'in a'é-‘:;;cﬂ..om ﬂ.tﬁ Chici'imecé Par-

affin ss & non-inflammable, vaterprodl x.:g:mt for cotton fadb.-

ric as measursd by resistance to loss of tensile strength om - .
. e " . f e ie s, ¢y
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exposure to ultre-violet light n'oxprund in ths folloving re-
18;011:1:1]:, vasis equivalent Chlorinated Parsf{fin treatment as
1 ! y

Per cent Improvenent in
Resistance to Detorloration
over Couparable Treataent

vith Chlorinated Paraffin -

Aroclor 1254 : , . "56.7

& Fe20 ) N
» * & 3b20 2.1
. ? & Cal03- - 40.1
‘ Average . 8.8
Aroclor 1260 . 54.3 »
» * & Pe203 . 7;'; :
SR 4 A &3
a . .
) Aversge €8.9
Aroslor 5442 98.2
" " & Fe203 . 78.6
Doy
Average n 96.7

Reat Stability Tests

These tests vers made by absorbing snd titrating the HC1l evolved
from 20 grame of chlorinated hydrocarbon vhen held st 175°C and
blovn vith air at the mte of 0.01 ocubic foot per minute for four
hours. This is the method outlined on pages 375-378 of the Aug-
ust 30, 1943, issue of the American Dyestull Reporter, Vol., 32,
No. 18. Jsmes R. Redmond, Textile Technologist, Jeffersonville,
Q.M. Depot, vas the suthor of ths article. s

Data for the tests that lavc been completed vere as follovs:

Chlorinated Hydrocarbon , . € ECl Evolved in
.__Composition ) D w hrs., at 175%

20 gms., Ohlorinated Parerfin B X

20 gms.’ . .. £ 2.0 gus. Pe20) 20,00

20 gmes, ot *  £10.5 gue. 8203 0.29

20 gus. . * O F 6.3gms, ca003 - 0.29

20 pma, Aroclor 1254 ’ - 0.00

20 gms. - * » £ 2 gus. Pe203 - - 8,01

20 pma. » . . £ 2w, 8%20) :. - .0.00

20 m- " _. B B , 2 ’.o 3}

¥
Gacop i . .:r 0.02
o s e e
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Chlorinsted Hydrocarbon £ RC1 Bvolves in
Calposition 4 hre. at 1
20 . Aroelor 1260 - 0.002
RETTTT genpm - - 0E
20 gms.  ° " /2 gas, CaCo 0.01
20 . Aroslor 5832 ) . '0.00
20 2.' . / 2 gme. Pe203 0.00
20 gms. » . £ 2 gus. SH203 . 0.02
20 gas. " " £ 2 gme. CaCoO} 0.02

These data clearly demonstrate the nrkodly superior heat stabilicy
of the Aroclors as ocmpared to chlorinated paraffin. Particulsrly

significant 1s r.hn accelerating aotion of Pe203 on the decompoaition
rate of chlorinated paraffin. No such accelerating action vas noted

with the Aroclors.

¥hile in wost of the teste with the Aroolm our utuuom indi.
cated the evolution of RC1 r .u:g up to 0.02%, the titrations vere
80 small as to pouib“z be wit the rengs of experimentsl error.
At any rate, vo are te sure thn 0.02% AOL1 evolution represents
the maximuas RCl loss u.nd'r the oondluom of the tests.

Chlorinated Hydrocarbon . ’ € RC1 Evolved in
Mixture 5 hre. at 175°%

20 gms, Chlorinated Paraffin and

2 gms. Zino Borete #3167 15.6

20 gma. Aroclor 1254 an : .

2 goa, Zinc Borate #3167 0.01

12 gas. Aroolor 5442 and )

8 gms. Tricresyl Phosphate ) ’ 0.02

12 gme. Aroclor 5842 and

8 gms. Trioresyl Photphn.t.o and .

2 pas, Je20). . 0.00

12 gms. Aroclor 5342 ang .

8 gma. Tricresy rhoophuo and

12 gas. Araolor 5842 and .

8 gus. Tricresyl’ rhooptuto md :

2 p'c. c‘oo’ . v LS 0-00 *
12 gms. Aroclor 5842 and " . '

8 guns. Tricresyl Fhosphate and . i

2 gme, Z1in0 Bonto #3167 . : - 0.0

Again it vill be noted that the Aroolou m far nm -stable than
Chlorinsted Peurria Lg the presence of Zine Bonto. . ]
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HEAT TRANSFER MEDIUM

Aroclor has boen used for s number of ysars at Anniston as & et
transfer medium. It is nov employed as such in the HB-X0 plant.

Company {075050) used Aroclor os & heat transfer modium in maine
taining a molten load dbath in vhich they soaked 13 inch armour
plorsing projectiles. They operated one unit using Aroclor and
another using Dovtherm. Both of these units vere used for several
years. They then diecontinued the use of Arcalor after diecover-
ing corrosion in the Aroclor system, vhich 444 not eccur in the
Dovthers system. ‘ . .

A campany developed some equipment for butlnf pyrites in vhich
they intended using Aroclor as the hwat tronsfler medium. Since
the squipment vas never sold commerciaslly, none of these units
involving Aroclor are nov in operation

Many people considering Arsclor as s heat transfer medium gave 1t
up either because it would not stand the tempersture they required,
or on account of fumes ooaini frcm the Aroclor, or decsuse it cost
more than oil normally usod for this purpose.

Favorable fuatures to the use of Aroclor for this purpose are:
1. Liquid at rocs temperature,
2. Does 'not. oxidize.

3. Has nearly tvice the apecifio heat of petroleun .
0ils generally used for this purpose.

"%, Non-inflammadle.
HYDRAULIC PLUID

Campany (576,%50) oponunf a high pressure steam-electric gener-
ating plant use Aroclor 1288 as an gﬂmuo medium in their gov-
ernor system. do not 'use i ag b ludpricant. The Aroclor is
used instead of o01l, merely because of its non-inflammability.
¥hen oil 1s ueed in the governor system, it is customary to use the
same 011 reservolr, both for the lubricating and governor systenms.
When Aroclor is used in the governor system end petroleum oil in
the ludbricating system, it is necessary to segregate the two sys-
:.m and use separote pumps for the lubricating snd governor sys-
[} . X8 . - - .

Westinghouse have been the princilpal promoters of the use of Aro-
olor in the governcr system as & result of having the oll'in &
overnor system catoh fire in one of the Jeteoy Contral Light and
ovsr Company’s stations vhile Vestinghouse engineers ‘vers vorking
vith the unit. . O S W -
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EMAMELS

Company {108360) has ocbtained some meonotmg results vith vaked-

on onamels containing Aroclor 1258, :gloid esin and Tricresyl
Thosphote, pigmented vith Titanium Dioxide and Zino Oxide. Tho

- enamel- is baked on at 135°0 (275°P). They bave found that Tri-
oresyl Mhoaphate aids the Aroclor on baking, giving e hard surface.

This same compeny has found that mixes of Arcclor and Vistanex
(No. 6 B-80 and B-100) or Arosclor And Vixtas (Xo. 1 and No, 2)
givo interesting progruu‘ .somevhat like shellao. "They state
that these products have good adhesion. -,

LAGQUERS

Ve have a very good genersl line-up on the use of Aroelor in las-
quers in the bocklet P-1125 vhich ve have pudlished for distridu-
tion. This booklet gives the limits of suampatidility of Aroclors
1258 and 1262 {n Nitroasllulose lacqusrs. 8ince this booklet has
vaon published, a numder of companies have started using Aroclor
1282 in special flexible lacguers, such as are used on high ten-
sion cobles, ete. The sompatidility limits of Aroclor 1282 are
higher than those of the higher chlorine Aroclors so that it is
possible to incorporate enough of the Aroclor to give it extreme
flexibility. You have the formula for Aroclor Lacquer No, 3%
vhich gives tho detalls of the use of this Aroclor in cable lac-
quer.

The vork done in ocur laboratory us Aroclor in lacquers indi-
cates that ve get somevhat less chalking vith the Aroclor lacquers
than with those made up by .other formulas. We get prescticsl free-
dom from checking and cracking and, vs belleve, better color re-
tention in the vhite and light colored lacquers. 7These are impor-
tant considerations in lacquer manufacture, and Aroclor should de
given muoh more consideration from nov on for genersl use such as
an sutomobile lacquer, etc., than it has received in the past
boc;uu of the rising prices of other resins which are genersily
used. .

¥s have & number ot.c.mt‘t;nou vho use Aroclors 1282, 1254 and 1262 .

in the.manufaoture of lasquer. ' .

lacquer Formulation Q;‘g
Non-Vslatile Conetituents

1. ‘ resin N ) .
2. Nitrocellulose (celluloss nitrats)
3. A plastisiser or softener .

.
Lo~
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Yolatile Constituents
-1+ The alcchol sonatituent

2. The ester constituent -

3. The hydroocarbdbon constituent
Finished lacquer T,

X per cent of the non-volatile " : .
(100 - X) per cent of the volatile ; ..

The percentsge X, of the non-volatile or tihotomng o;;mzztugnta
nay very betvcen 20% and 30§ of the veight of the finished lacquer’

"' Non-Volatile Constituents . .

Ae has been shovn bY the table, the nonevolatile ccoponents of a
lacquer consist of & resin, cellulose nitrate and s plasticiser or
softener. PFor the rosin, some one of those of synthetic origin

nay be employed, or & natural resin such as Gum &u Bay be used.
Qum Demssar i{s & generally used resin in heg:r formulation, and it
can be taken as the number one component. number tvo componect
is the cellulose nitrate itself. It is &lso known as Nitrocellu-
lose, oxylin and "PX." To the industry in general it {s “cotton.”
It can purchased in two kinds, the AS and greades., The latter
grade is the one that is ohiefly used by lacquer manufaocturers.

The initials indicate & difference in the method of manufacture,
AS meaning that the cotton 1s alcchol-soluble, and RS meaning that

it is regularly solubdle.

Both grades are usually dought vet vith denatured alcohol. The
viscosity of the eotton {s another determining fector vith regerd
to ites use. The cotton that.is commonly employed b; the industry
has & viscosity of one-half second and 18 knova as "half-sccond
cotton.” - For the third component dibutyl phthalate, trioresyl
phosphats or castor oil may be used. o ’

At this point an explanation of the terms "plastiociser™ and “sof-
tener™ becomss necessary. The aversge lacquer technologiat uses
these terms synonymously, and for this resson they have come to
mean almost one and the samse th::g in this industry. Striectly
speaking, & true plasticiser should be & solvent for the "eotton"
and the resin. In eddition, {t should have & lov vaporization
loes and should confer such properties as flexibllity, pliability,
and durability on thes lacquer film. Both dibutyl phihalate and .
tricresyl phosphate meet these requirements, Castor oil, on the
other hand, does Hhot, in that it s only e tial solvent for
“cottan." It does, hovever, give to the.film the sties sl-
ready mentioned, in short, it exerts & softening effect - hence
the name "softensr.” The difference, then, bLetveen a plasticiser
and & "softener® is thet the forwer is a true solvent for the
. ¢ . e .;.-q;—;.w--;»- .
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noen-volatile constituents of a laequer, while the latter is & non-
solvent, or, at best, only & partial solvent., Castor oil is» typi.
cal of this latter class and {s widely used as @ lacqusr "softensr.”

Volatile Constitusnts

The volatile constitusnts forms vhat is Imown as s bdalanced solvent
nixture, the o8¢ of wvhich f{a to be used as & solvent or thinner
for the non-volatile constituents. Ths components of -this mixture
must dbe in such & proportion to each other so as to insure a uni-
form evaporation rate vhen the lacsu‘r film dries, and &lso to make
sure that no precipitation of the “cotton"™ vill cccur at the tinme

of thinning.
Th; number one, or the alcohol, component is pninlly coépond of
othyl slechol - 95% and dutyl slcchol. The eater ¢ nt is made

up in genersl of ethyl scstate and Dutyl scetate, while the hydro-
carbon component usually consists of some ocmpound such as toluod
or, for speclal lscquers such as cable dopes, bdenzol.

Finished lacquer

The finished lacquer is prepared by taking & given weight of the
nonevolatile constituents and dissolving them in & given veight ct
the volstile constituents.

c tition

The question of competition vill have to be vieved from tvo angles:
rirst vith rbim to the Arvolors ss resins, and second vith regrri
to them as softeners. 8ince the Aroclors have more the properties
of softeners than of resins, the softeners are nearly compoetitive

vith the Aroclors than are the resins, A

Competing Roeins - Synthetio

Nane Mumber - °  Manufscturser

Amberol 8o - - The Resinous Products & Chemicals Cc.
, - Fhiledelphis, Pennsylvania :

Bakelite - XA-302 . ©  Bakelite Corporation

Fev York, Nev York - -

Beckactte . (1110 Beck, Xollsr & Company, Inc.
inn . Dotrc'nt_. Michigan - ', .
Olyptal 31207~ General Electris Company
. . *  Schenectady, ¥evw York = . -
: i ¥ - T
Levisol 2;‘ cweers Johmt D. Levie, Ine. -7
3 Providence, Rhvde’ Iolsod .
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Competing Resins - Synthetic

Nemeo Numbe r Manufacturer
Paraplox® is- The Resinous Products & Chemicsls Oo.
RQ-2) rhtladeliphis, Pennsylvania
Retyl i Amsrican e“ ananid & cmun con
1 Nevw York; v York

Rezyl Balsaas - American cguu.ud & Chemical Corp.

'y Nev !ork. o tork *P
Teglacse - American Cyanamid & Chemical Corp.

} New York, Nev York
*Paraplex can prodbadly be conuid‘or,od 8 softener as yoll as @ resin.
Competing Resins - Sem{-Synthetic

Name Number Manufasturer .
Estor Gun None (One of There are many manufecturers

the most )

Co ot .

Natural Resins
Oun DammsAr {Batuil') Inported - obtalned through brokers
: Singapore) . :
Competing Plasticizers or Softeners -

Nexe ) Grade Trado Name Manufacturer
Didutyl Phtholates - - Monsanto Chemical Co.

St. Louis, Missours

Trieresyl Miosphate® - ' - Monsanto Chemical Co.
: 3t., Louls, Missouri

Xronftex Kavalco Products, Inc.
. Nitro, Vest Virginia

Lindol - Celluloid Corporation
Revark, Nev Jervey
Avalyn - - ° (A rosin product .. ‘Bercules Povder Company
C Treccmmended for .. '¥Wilmington, Delavare
lacquer formulation) -
.. RUR _”'.,, . ot ,Q, £ MONS 0920665
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Competing Flasticiters or Softeners

Yame Orede Trade Name Manmufacturer
ADM-100 (A modified linseed Archer-Daniels Midland Ca
011 for lacguer Milwaukee, Wisconsin
formulation
Castor 011 (Bakeris)® MNusber & Blovn The Baker Castor 011 Co.
Funber. 1 Blovn Jersey City Nev Jersey
Nunber 1 Blown -
AA Unblovn

Spencer.Kellogg 011l (A modified castor aponcor-xonou & Sons
oil for lacquer DBuffsly, Nev York
roﬂulauon?

‘"rhere are Other manufscturers of these produsts - this 1list is
by no meahs complete.

In 1isting these products, only thasc that are in more or less gen-
eral use have been included. There are scame notable exceptions,
hovover, in the cases of such materials as Adbalyn, AIM.-100 011,
and 3pencer-Kellogs 011.

The materials listed Ln these tobles must not be thought of en-
tirely as ccapeting products because they rz be more important
a8 alds oy suxiliaries in co-dovolomonc vork vith the Arodlors.
In fact, 1t is Delieved preferadle to n;n-d them more in this
"1ight than as competitors.

Advantages

In thinking of any ulvanusn the Arcclors may have, the statementa
made in the final pearagraph unddr "Coazpetition® must de borne in
mind, It 1s preferadble to confine oneself to s discussion of the
outstanding properties. of the Aroclors, for it is believed that

1t 1s onlx the development of some specific property that
progress is goin‘ to bo made.

The propcrtin of tho Aroclou that nhould bes emphasized are: -

1. Low vnporuuucn 10“ :
2. Pale color . .
3. Adhesion

§. Choemical Btability

&, . to light
b, to vater, aclds and nmzu
€. to heat UL
4.. to oxtidstiom .
e. to chu.tell sction 1n pmul oo
. AL ”ons oqzbob
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g. Non-inflssmability
. HNonegorrosiveness
7. Solubility in commonly used lacquer solvents

A resume of the properties that Aroclors impsrt to lacquers and
the types of lacquers for vhich they are recommended may be given
briefly as follovs: : . .

In a Damnar-type lacquer the plasticiser-softener combination,

such as the usual didutyl phthalate-cdstor oil comdbination, may
be advantogeously replaced by an Aroclor salone. The rvoulﬁing

lacquer is less lubioct to checking and cracking on outside ex-
posure and retains its gloss. -

Aroolor 1262 may also be substituted entirely for the resin in
coertain types of lacquer. The clear lacquer, so produced, is
praotlcaliy.colorIOll and provides an excellent bass for wvhite:
enamels. Such enamels, hovever, do not vithstand weathering as
vell as those containing Dammar in addition to the Aroclor.

The advantageous properties of the Aroclors in imparting added
veather rosistance to properlz formulated lacquers may de traced
to their resistance to the action of sunlight, to their perman-
ency in the film, and to their extreme chomioal stadility, 'The
Aroclors do hot oxidisze, “dry," or harden. The Aroclors sre une-
affected by 81llute aaids "‘and even by hot caustic solutions. They
are not sudbject to polymerizstion, rancidity or other change, as
far as 1s knowvn. -

When added to & nitrocellulose sclution, the Arocclors reduce the
viscosity slightly. This change in viscosity takes plece at once
and no further changs due to the presence of the Arosclor occurs
on seversal months' aging in oclosed containers.

By virtue of their high refractive index, they impart apparent
dopth to the lacquer film, Aroclor 1262 has adhesive properties
and the lacquers containing it have good adhesion, Lacquers con-
taining the Aroclors 4ry normally and give a hard, non-tacky,
duredle film of excellent gloss.

. R 1P
Certain lsoquer teclinologists have found that a lacquer contalif%g
Aroclor oan be polished vith a minimum of rudbing and, furthermore,
that the Aroclor secems to impart ¢ harder finish to a lacquer film
than oils, tricresyl phosphate, or 4idutyl phthalate, It has also
been reported that properly formulated lacquers containing Arosclor
shov no tendency to "spew" or "sveat out? vhen duffed. . .

. , .

In addition to the properties of genersl interest, other proper-
ties of tho Aroclors nrc of f-luc in formulati itoquor’ to fit
special requirements. Aroclors 12584, 4465, and 1262 do not
support ocmbustion, and vhen present in pitrocellulose fllms they
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retard the rete of durning. The Aroclors retard the rate of trang-.
for of moisture and of gases through & nitrosellulose film, and by
virtue of this fact have already found extensive use in protectivp
lacquers for application over those types of electrical insulating
materials, such as rudber, that detsriorate repidly in contast .
with oxygen, ozone, moisture Or other vapors.

Procedure .

Upon vieiting a lacquer comdpany, svery effort.should be made to .
ses the chemist in charge of formulation or production. In largs
companies the director of research should alvays be seen. As a :
goneral rule, & great deal vill not be accomplished until these U

respective individuals are seen. . .

A complete discussion of ths properties of thn‘Arocloro should S;
given, emphasis being placed upon the possible formulation of &
nev lacquer vith some one of these properties as the background.

¥hen discussing the use of Aroclors in lacquers, the salesman
should remember that the Aroclors are not solvents for nitrocel-
Julose and that for this reason an excessive amount of Aroclor
must never be used in the formulstion ol & lacquer., The limiting
rarcentages that can be used for succeseful results have been
carefully vorked out by a lorge nunber of experiments. The fevw
sinple rules that must be folloved in ronmulntln§ laoquers vith
ths Aposlors are embodied in & booklet entitled "The Propertios

of Two Aroclors of Special Interest to Manufaoturers of Lacquers.”
Coplies of this bocklet may be had on application to ocur sales
offices. It is recommended that the saleszan offer copies of this
booklet and the bulletin "Plasticizers & Resins - Organic Divisioa”
to interssted lacquer manufscturers. .

Attompts should be made to determine vhat particular lacquers s
maauracturer specislizes in and vhat problems he 1s studying st
tha time of the c¢all, . e

Araclors have fair or good compatibility vith nitrocellulose, Form-
var, Butvar, vinyl copolymers, gotlvinyl acetate, polz-otgrono,
chlorinated rudbher and ethyl cellulose. In gensral, the liquid or
sexi~-8011d Aroclors act like true resins. One principsl value i»
their themical inertness. VWhere great flexidility is to be od-
tained, 1t may bDe necessary to employ suxiliary plasticizers.

Sows of the exceptions are in chlorinated rubber and in ethyl
cvellulose vhere flexibility or hardness may de varied simply by
selecting an Aroolor of the proper physicel characteristics.

The liquid Aroclors such as 1282, 1248 or 1258 vwild greatly in-
credse flsxibility but vill cause softness...The semi-solids such
as 1260 or 5442 vill impart some flexidbility without the marked
scftening effect. The brittle, resinous Aroclors such as 34635 or
5460 produce very hard compositions vith sxcellent adhesion and
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veathering qualities. If & single Aroclor does not impart the de-
aired combinetion of properties, usually scome mixture of Aroclors
v1ll do 80, It vould seem that i{n polystyrene molding composl,
tions, the resinous Aroslors oculd be used as & flux or flov pro-
moter at molding temperaturss vithsut causing softness &nd floy at
normal temperatures. 8Scme mixture of Ariclars or a ccmbination
of an Aroolor vith another plasticiser either solid or liquid .
might be required for this purpose. . . ¥

Of course, 1t i{s vell knovn that for alkali resistant coatings, .
ombinations of Aroolors (1254-1260 and 5860) with chlorinated -
rubber have been used for s orslg time. At-the present time, the
use of equal parts of Aroglor 5360 and ethyl cellulose is being
pushed by Company (331650) s & veather resistant costing. Sim-
ilar coatings of low viscosity polystyrene and Arocclors would
probably be of value. T .

AXMY -NAVY AERONAUTICAL SPECIPICATION
" LACQUER - CAMOUFLAGE

. ANe-L-21
8 october 1943 - Page 13

. TABLE IV .
Control Formula - Clear Vehicle
[ (] 1 —volumm

Tbe. per  gal.per

Ingredients Percant 100 gal. 100 gal.
Parsplex RO-2 __{1008) 11.1 90 -
Amberlac B-9) (80% in xrlyho) 5.6 - I -
hroslor 5460 (1008) %.3 35 -
Fitzl Cellulose{3 to M sec)(1008) .3 25 -
conulou-lifuuiég; I,‘-,".’g{,:i) 9.4 75 - -
. .~ aleohol) : :
Pteyl Adgohod . T - T v 3® .. -7 -0
Ethjl Acetate ot N5 - s
 ButylAleohel  * - . ' 128 e 15
Eutyl Acstate - - 22.% e S 28
Arguatié’ Petroleum ¥aphths o T T T e
1, Orede B ‘22,87 T st 2s
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It e ullo of velue in other reeins vhere a highly alkali re-
sistant plasticizer is required. Papers by Bovran, Paint . .
Technology (reference for December 1936, dsted January 1937)
indicate nany possibdle applications for the Aroclors. Salss
to lacquer trade at present uu confined to tpcciclt-y nanulac-.
turers,

The coapatidility of Aroclor AM65 in 1/! second nuro«nnlou
is indiceted as; . . .

1. DPetween 24.2% and 26 5{ by impoouom for dlush in
thin sged films..

2. Betveen 13,75 and 16.6% br inspection for 1«0 of
-glou in thin aged films .

The pronnco of a mutual solvent such as didutyl phthalate ralses
the compatibility.

'l'ho rmulluou of & flexidle lacquer duigmd for oven drying
is given as tonovu

- 15-20 Sec. R.3, Nitrocelluloss 32%.
Non-Volatile 25€ Tricresyl Phosphate ]

Aroclor 1242 . 28%
© Volatile 75 Bensol ) _ 6o
Alcchol : 224
Ethyl Acetate : 16%

This formula is 1ntundod for uppnution folloved by ovon dryxng.
Alr Arying at atmospheric teapersture causes blushing. .
uc:uon of the volatile portion is suggested vhen air dryin.g 1-
used. ' . '

Aleohol’ 6.4%
Ethyl Acetate 6.4¢
Volatile - Butanol 6.4%%
. Butyl Aoouto . 30.8%
: - T°1u°1 3 50 K “ .

Experiments on tlock imulatxoa end .‘ncq‘url for eircraft indl-
oated Tricresy)l Phosphate as & cholce over Aroclors in lth{
Cellulose lacquers, especially since there is no tendency to
settls ocut vhen Tricrasyl Phosphate is uua. uoclor is more
effective in flame retarding, hovever. , _—

Stop-Off Lacquers . .

Rather detalled information J.o giun in t.hc Ilonnnto (drgtn!o
Products Divislon) Plastisizers and Resins Booklet on the prep.
aration of Nitrocellulose lacquers oonulalnq Aroolon. A
. . oe ANV
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suggested-formulation is as follovs;

1/2 sscond Nitrocellulose, Dry 100
Aroclor 1260 . 80-70
Tricresyl Phos te ) - 3N-T0
Santiciser B-156 may De sudbstituted for

Tricresyl Phosphate

If the Nitroceilulose itself does not have sufficient resistance,
a composition of Arcolor vwith & chlorinated rubber, Bthyl Cellu-
lose or & Vinyl Resin again using Aroclor 1s suggested, and if
the flexidility 1s not sufflcient, it can De improved dy the ad- ’
dition of & small amount of one of ths 1liquid Arcoclors such as
1282 or 1254, although sgain Trioresyl Phosphate or Santicizer

. B-16 qould be used.

In coatings, es s genersl rule, the hard resinous Aroclors will
produce very hord and very rniotant coapositions, bvut thess vill
be brittle. The liquid Arcclors vill tsnd to produce flexidility
btut may be lacking somevhat in adhesion., It is for thet reason -
that vs have suggested Aroclor 1260, vhich 1s sbout half-vay
between and vill produce & combination of tloxtbllztl snd adhe-
sion. It vill be obvious that hardnese can thsn de increased by
the addition of & harder Aroclor such as 5460 or the flexidbility.
can be increased dy thé use of & 1iquid Aroclor. The Aroclors
themselves are unaffected by acid and alksll. A

Stop-Off Waxes . .
'The ‘characteristiocs of ® stop-off vax should be as follovs:

a. Tightly adhsrent to metal surfaces.

Y. Should not be_removed at & batlr temperatureo of 160°P,

¢. 3Should not de affected by the acids Or aslkalies of
slectrolytic bathe., |

4. ahoulddpuvcnt electrolytic activity on the surface
GOVCN . -

e. Should bde capables of removal by solvent vapor phase -
Gleansing baths, by melting in doiling vater, or
‘ordinary cleaning solutions. .

Suggested compoeitions are s» follows: °° o
) L : S e Softening

C : ‘ . Point
" Metlitde {Monsanto Merrimac) Rl = T e
Aroclor 5482 RS 608 118%.
Nethide (Monsanto'Merrimac) 208 .
Aroslor 8465 . ‘ . Bog.- 108%.

An sttempt vas made to use these caspositiche in solution form
by dissolving them in turpentine, This vas zot partioularly
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RONSANTO CHEMICAL COMPARY
succossful since at room temperature the dcgro" of o'ozubxuty
vas less than 128. It might be possibls to use a 25% concen-

tration of vax in turpentine st 50-75%C, paint the meta}
surface Vith the ot solution, - - = 108 the me 4

-7, e _PAINTR .

Paints containing Aroclor have shovn remarksble durebility:far
better than any other peints sgainet which they vere testsl.

One serious dravback, hovever, is that paints sontaining Aroclor
4o not brush se readily as the normal house psints. Psint menu.
facturers interested in quick drying paints should de encourcged
to try Aroclor.. Under war conditions there is great interest in
the manufaocture of fire-proof palnting for the interior of ships.

Aroslors should be & definite contribution to their formulation.

Aroclor 5460 is euocessfully used .in camouflage fntnt vhers 1t
imparts flsmeproofness. o N

VARNISHES

There hos been only & limited amount of vork done in our labora-
tory on the sudbject of Aroclor in varnishes and fras that vork i:
has been concluded that ths most 1ikely field for Aroclor in
varnishes 1» in conjunction vith some other reein such as Ester
Gum or Dammar, or one of the other commonly used gums, sincec the

. use of Arqolor slone has, in cur experiencs at least, given a

tackiness to the film.

" Aroclor 1262 mixed with Zast Indis Oum and éut with naphtha fur-

nishes a varnish base. :

The Aroclors may bde used in alkali-proof varnishes by incorpore
ating them as & cold cut or as a chill back -- and for the pur-
pose ve recosmend Aroclor 1262, The Aroclor may be ssid to
function either as & vesin or 88 an oil. In other vords, by the
addition of the Arvolor, s short oil varnish takes on many of
the physical chalecteristics of & long o1l varnlsh. Our vork

_ 8long this line has cated that the best procedure is to cook

{in ‘usual manner;} using 68 ® resin bas¢ 3 pure phenolic resin

tut uweing only half usual smount of chima-wood oil, When the

varnish attsine proper dody, the Arcoolor may be added directly

as & ohill dack and the varnieh then thinned ip the usual manner,
& .. . o . . - .

Since Aroglor 1262 is &' semi-sol1d resin, it is best heated until
1iquid before introducing as tde chul‘ back. Toe

An optionsl method 1¢ to dissolve it in the thimner snd add in
the usual thinning operatfon. -'This vas worked out & & possible
means of extending the gsupplled:of china-wvood oil. In other )
vords, it acts as a5 of) substitute more than ap & resin sub-.
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In rigurd to the alksll resistance, ve have found that provided
the other materials have, of themselves, conslideradle alkell
resistance, then the Arocloar wlll add to that resistance. It is
not pouiblo, hovever, to use a resin such as 1imed rosin or ester

Eum having poor alkall reslistance and lupnrt hi -nuu re x -
tance by the addition of the Aroeclor. . e ,

Arozlor 1262 can be used to uplaco up to 50% ur the ohxu-vood
oll in varnishes.

1. If ester gunm, mln or ot.hor chup reuu 1s wseg,
the urnuh ¥1ll be suitable only tor interior vork.

2. If e good 1008 phenolic resin s used, the varnish
vill be satisfactory for exterior purp:ul.

Varnishes containing Aroclor 1262 sre not superisr fn quality to
s:milar varnishes made vith tung oll slone, vith the possidle ex-
ception of & very slight improvement in alkall resistance, :1«:1-
billty end adhesion in some tcmuhuom.

_Varnlshes containing Aroclor 1262 notnn at lover temperatures
than do varnishes employing d5nly tung oil, and 83 are mors sub-
Jest to "printing" and marring vhen verm,

The adventage of increased flexidility of Arcclor varnishes 1is
lost at low tupornurn duo to eubrittlienent of the Aroclor.

Bezause malou veigh more per gallon than ohine-vood oil, they
increase the cost of varnishes (vhich are sold by the gsllon)
even if put at.the same price per pound 8% the dil. .

LUBRICANTS

An out:nnd:.ng service is performed dy Aroolor 125! 88 & lubricant

for high pressure air sompressors opereting at ¥400 pounds -per

square inch pressurs. Besides avolding flammabdility, it is

claimed that the lubricant is supsrior to oil, no corrosion ds-
osits result, and there is no excessive vear on the equipment
Ccupany 15850). .

2 u uu Aroclor in a opoeul draving coapdund.
! (o s

..

-

Cmpmy tum s0lor 1238 in one of thoir pumps operete.
ing at 2500 pounds pnnun vith r.bo fallwum x-nultu .

Compressibility change s O, 3% o:-pmd to 0.56 for petroleum ou.
The vear rety of ths pump vas mcasured dy observing the slip of

the pump &t intervals during ths endurance run. Inspection of the
pump shoved the vear to have occurred on the piston boln wvalls in
the cylinder and on the hardened surface of the pintle, the sur-
face of the pintle felt vavy - not smooth.’” A veap ysts ‘of por
1000 hours ves ra\md to exist, The viscosity uopo of: noclor 1248

vas p°°ro . . [ 4 S e mdee "'#""" - .“-. «a- 1-4.»- .
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The conclusion of these tests is reported as follovs: Aroclop
1248 15 not & very satisfsctory fluid for general use in oil gear
_pumps at 2500 pounds per square inch., It is expensive as the

pump requires special paint on the Sutside and inside; the oper.
ati range is narrov and the vesr rate on the pump tests vas 22%
per 1000 hours at 100°F and 25 pounds pressure.

Qur experimental work in using Aroclor as a lubricant in stean’
turbines vas not successful, due principally to the fact that

the Arcclor is of such high density that it pilcks up. any bHit of
grit that may be in the system and floats it up in the beering.

Petroleum 01l having so much lover density allovs most of these
particles to settle in the bsttam of the ressrvoir,

United States Patent §2,245,649, assigned to Cellulold Corvoration,
describes a steam turbine lubricant consisting of 50.parts of .
shlorinated diphenyl and 50 parts of triaryl phosphate,

. E. P, Lubricants

Much sttontiéh is being given by lubriﬁatzng men to the matter of
increasing the film strength or load carrying capacity of lubri-
cunt',lpe:tlculurly 80 as to be able to use smsller gears for o
given ‘loa : - .

There are & géclt many such lubrizating ccspounds nov on the
market. As & class they are called "Extreme Pressure” or X, P,
Lubricants, - Do , .

It 1s vell sccepted in the ludricating industry that by the addi-
tions of certain elements as Chlorine, Sulphur and others in the
proper form to & lubpicating oil, & certaln chemical comdbination
tokes place with the iron or steel metal bearing surfaces. Those
surface oompositions tend to prevent seisure of the rubbing sur-
fases under sxtreme loads snd under vhich loads, if the sole
lubricant vas a pure minersl o0il, seiszure or scoring vould resylt
at once through film failure, . )

In attempting to discuss Aroclor as an extreme pressure base, it
1s very 4irficult to evaluate.its comparative load-carrying - .
cepacities vith other extrsme pressurs bases, such as lead socap,
active sulphur, saponifiadle oils, sulphur chloride, etc., vithout
actual results from exhaustive tests not only of the various
E. P, testing machines, but also from actual service under normal
operating conditions, . It is recognized by the lubricating indus-
try that results obtsined on testing mashines, such as Almen
machine, Timken mechine and others, mean very littls unless the
results are correlated and proved by service gonditions. It 1s
true that {n the past Arvclor has boen tested zs an R, P. dase
on the Timken md at Timken Roller Pearing and on the General
. . . S em erer e e e e P TP J . ea.n R
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Motors machine at Qenersl Motors BResearch, and in each case the
Aroclor addition has shovr a marked increase in load carrying

capacity, . ° :

Several oomponies are purchasing Arcoclor today for use in E. P,
Lubricents, but indications are that they scmetine add other
elsments along vith the Aroclor to achieve camercial results at
& lover price. 3Since ve have never run service tests on the Aro-
slor curselves and the fev ccapanies g:rchnlng Aroclor are
naturelly very. reluctant to divulge their experfence along vith
vhat other chemiocals, if any, they are using in conjunstion vith
the Aroclor, the best that cen b8 done is to offer comments by
several of the conpanies vho have tested the Aroclor and possidly
gho s genersl interpretation’or suggestions as to vhere it might
ind more gensral present day spplication. .

Top qundo‘x" Lubricant .

Recently the prectice of putting a Jubricant in motor gasoline
has decame guite general. This i{s, of course, to lubricate the
top section of the cylinder. . .

We have tv> customers vbc; purehiu Aroclor regularly for use in
the top oylinder lubricent, vhich they amake and sell.

We do not knov the function of the Aroclor in this use other then
that .these customers tell us that it grovgnu the deposit of
carbon on ths valves. We understand that they use a relatively
snall percentage of Aroclor in ths lubricant.

One of these customers uses- Aroclor 1248 and the other uses
Aroclor 1158, :

We have-done very little vork vith the Aroclor ss & top cylinder

. lubricant but vould suggest that Aroclor 1248 de used in swall

percentages., This Araclor vill be found sompletely soluble in
lov viscosity oil and should not cause any apprecisble difference
in its cold test. 7This is often asdded to the gasoline to achieve
top-cylinder lubrioation. . . I : .

Company ( )} obtained excellent results using Aroclor 1

on 8 dbesp test, operating in straight Arocclor at. 255.
(12%-129°C) for tvo vesks. MNush less carbonigation and decom-
position than vith the ususl spindle oil under the same conditions.

T Y PLASTICS .. . L.

hd [ . — 3

c tibility of Aroolors vith Cellulcse Acetate

Ixperimental Work. The campatidility limite of Arcelor 1262 vere
a.!gg‘.'irn—a—rer._ v Tive grades of celluloee Scstats. JFor these .
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Conelusions

The compatidility limits of verious Arcclors in a specific cellu-
lose scetats and of one Aroclor in variocus cellulose scetates are
. comparstively lov. The type of solvent employed affeats the ob-
served limits, Lhe sclvent whioh gives the more favorable results
being the mixture of ethylene dlohloride and alochecl. The come
patidility limits of the Aroclore in oellulose acetate are, in
genersl, more 4ifficult to determine and less readily cheoked
than the limits in nitrocellulose. - The actual observed limit
apparently depends upon the rate of drying, the thiokness of the
depoeited film, the l}unidiey of the alr, and the solvont employed.

In the teste of compatibility made by Eaétasan Kodak Company, the
1imits vere found to be 5% to 108 (Rittenhouss). Their lov re-
sults vere probvably due to their method of datecting incompati-
biutz. in vhich delicate optical methods vere employed to detect
hate in the film. .

The vork on the effest of Aroclors upon the rate of burning of
cellulose acetate films, as given in the tadle, leads to the
fclloving oonolusione: - .

1. Cellulose Acetate alone burns slovly, -

2. The reate of burm.:':g, vhere burning takes place at all,
is accelerated bY each of the substances tried,

3. While the Aroclors inoreass the.raté of durning, they at
the samo time give & flickering unocertsain flame vhich
. tends to go out, that is, they tend to quench the flame,

¥, 7Triphenyl Phosphate is an effective flameproofer, it be-
ing impossidle to ignite the film containing 25% of it.

5. If flexidility and lack of tendency of the film to vrinkle
or curl on 4drying is taken &s a oriterion of plasticizing
pover, -the Arooclors are more effective plasticizers than
either dibutyl phthalate or Tricrosyl Phosphate.

6. The thiok rilm containing 258 Avoolor 1254 (slightl
below the caxpotibility limit for thin films) vas dlushed,
This 1s in acoord vith the sarlier obeervations of the
offect of rfilm thickness on the compatidbility limit,

Company (756593) has found that ‘mixtures” of Gecachlorodiphenyl
.and styrene are non-inflamsadle and have a heat distortion point
20°F higher than polystyrene. to., . .

United Btates Potent: No, 2,227,637, sssigned to Laverkusen-1.0., .
Werk, describes a composition of matter comprising ‘s résin-like
chlorinated diphenyl of en aversge chlorine sontent of sbout 62%
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and about 7.58 of polyvinyl carbasole.
RURRER e

Company (297%00) bave found that Aroclor 1262 3s the best plas-
ticiur or rubbor hydrochloride. ‘It is ¢ tidvle up to f
rubber hydrochloride, slthough the usual vg:gm

108 of Arocloy 1262 262 tased on tbo weight of the ohlor tad rubbcr.
Belov 508 Aroslor no dxrrioulty is enocuntered vwith brittleness,
Araclor tends to incresse the gloss 'of rubber hydrochloride films,
e.g., MNioforu, Pliofilm, Pliolite. PFive por ocent wb'bor hydro-
chloride added to Arooclor reduces the uok. . )

On tho othor hand, Company (331350) rcccuundl the use of Aroslor
1254 vith chlorinated rubder, o.g., Parlon. p

A rubber camposition of reduced nmbiuty conpris lx""""" r—se.

Rubber ; 100 pu-tl
Calorinated mbbor . . 5 perts
Aroclors ' parts
Sulfur . 2.8 parte
Zino Oxide . 5 parts
Vuloanising Aocelerator 1 part
Ammonium Borate 0 parts

Thi® composition shovs & flame resistance and & notabdle sbsence
of a-uun; -round ths bturning materisl.

Aroclor 1268 is "used in the manufacture of conuln rubdber of low
rlcmabuity for the aircraft i{ndustry., - ,

conpc.ny (28%183) has found that 158 of Aroclor 1232 added to
Vistinex (polzbutonu) nakss & de-icing costing for sirplane pro-
pellers that looks minnc. By the addition of plasticizer
C-24 or pluucuor ac. lov te-pomtun chmor.oruuco can be

obtumd. L A X

-

It is indicated thnt melor 1232 uy nct a8 loxvent tor one of

the materiasls vluch 1: px-oducinc uck in Buyna 8 )
.. LAY PR 3.

The ehnmtorhuo- of 'rnn R Neop nnp csitions are uid to

be improved b{ the sdditzon of Aroelor xgr noruunc vater

resistance. (Ccmpen 9%7) ... - .

The use of Aroclop 5160 is undox- uwnusauon as nn extender for
Hycar ON, '

There are several ditrtﬂnt uppnccuom ror Aroolor 1n mbbcx-
as :onovu ’ Ve Bwe o TR -

O -;.. * :"’v"- a-cri v‘ Jrl '(3\,’ Pl TN
. e

L N Lo (T LI S P --8--.-..,-:.2—~.— e
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10-1-4%
nomu'ro cm:w. COMPANY
Aroslor 1260 is proposed as & flameprocofing, waterproofing, mil-
“3 % ont in the production of 7.Q.D.'s epecification 242
ins tent for army use. Exsot formulstion and approval
or the Quartermaster Corps has not yest been uorkad aut.

* : : ’VOOD'
Aroclor as an Introfier for Sulmr in Wood ;!g .@_g_uon

It has besn found desiradle ror nc-o puno:u ‘to- impregnate vood
and other fidrous materisls vith sulfur, HRowever, sulfur does
not go into these matorials vithout difficulty. use of 108 .
of Aroolor W65 mixed vith the wlrur uu as an utroﬂ.or, caus -

ing thcrough pesnetration.
The {mpregnation’is performed ss follovs; -

A mixture of 90% sulfur and 10% Aroclor I#Gs 1s melted and mixed [ A
and plaoced in an autoclave or pressure tank vith the vood or othor
material to be impregnated and held at & temperature of 125°C ¢

150°C and & pressure of 100 pounds per square inch. The time
necessory depends upon the kind of vood or other material bvein

treated. Tbo initial freésing point of this mixture is 107.5

The viscosity at 125°c 1s reported as 27 Seconds Saybolt Universnl, ,’

" A typical L-prosnutzoa of & yellow pine 2" x 8* plank gave an

increase in veight of 127% and sbout 100% in tomno strength,

The valuable quuun contributed by this treatment are sdded
strength, rigidity, resistance to molsture, to scids and to
;guntounc. The electrical insulating propertiss sre increased.

¢ vood 18 made practically free from the effect of wveather and
roslete attack by ineects. The trutod vood u practically free
from shrinkege and svelling. .

. Possible uses of vood treated in thu vay are:

Trensaission line crossarms.’
- Tanke to resiet u!.a-, c.tc. .

‘Xqu;-ant in vluch lwn or lpnntor is .
objoououbh. - m ing

"u-ben mmy to bc attacked by termites, etc.

Porbou many other applications vhere th- qullltlol
ducr:.bod ve are dulrtblu | .

The re emont 1s um the 'lood 80 treated nhoum stand bcm :
usad 15 or 20 times in concrete furwms, that it must resain nootb,
and not lbov annulapy rm or grein structure on the omnt‘ .

sete w0, ""f‘"‘ .t '--.bh-’..... . -
Ay
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) o 10-1-4%
NONSANTO CHENICAL CONPARY '

SUGGESTED PORMULAT POR MOISTUREPROCPING
CONPOUNDS .

’ cdl.pw.nd x_. : gg g mlm- 5!60
Compound B - 9§ g Argelor nss
+ ¢ 0 S . Aroal
ound D Aroclor ¥
Cowp 9% 8; e ;l’moglsn

-t
L.

When & relatively low nortuun; yo&nt ntu-ul 18 de-
sired, ve suggest those cc-pounds using Aroelor 3%

- Vhen & higher softening point nqu.lrcd ve luant
the coapounds using Arovelor ’
( Compounds C and D are black materials and are useful
vhere color is of no importance. .
Ve do not prepere these cmpounds, | T
. *
*t s s
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I{ - [ M u
’ R o el
- e A N T e MONS 0926083
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Your rzquast for toxicu:y da.
for renly,

hag beern refaerrad to nc

The following conctitutes the datd we havs for Aroclor 1221,

Auisia $anid L, - TEE - Niznd -~ Undidufiad - 3900 nx/kz. Classed oo
levu’c&,, Tnd Gy

Leuto Tunimm) Icthil Pouo -~ Robhiit - fomales - Clipped Intact u:.in
> < 3100 M/ 1t5.  Cluscod as sligntly toxte,

20 203 Doml - Rabhit - 12,5% pulution in corn oil - mily apnlizati=n
L/ KE/URY ~ Acuerate gdverse effects 13 body welgnt, with \.e..k.x....,
lucsitudo. anid loss o1 cppetite.

250 me/kg/duy - This was ostablished as tha Moan LDsn by skin ubsorpe
tion. There val only slight adverse effect on body “veight.

150 we/kg/k - There ucre no untonard cffccts in any of theca unizele.,

Hexatologlo studins and Urino analys s from tho treated anlvuln
comparod well with thoce of the treated oontiol group.

- There vere no pignificant prove or misroccopie pathole~ie ticawv:
altarations noted nmna ths gurvivins tect animale whlca wore -
saorificod,

h 4 tx;unc this 18 the infoimmtion that you sosk.

Sincorely yours,

willian H. ikwnt, Fo.D.
. - Tazieolozizt
bec; W.S. Clark Kestiealdl lerartment

HONS 09264,



DRAFT LETTER

ARQCLOR 1342

tor fluid is replacing
X¢itors.

Aroclor 1342, Monsanto's modified capag
Aroclor 1242 in the manufacture of cap

identical to
modifisd to reduce
ents. The reason
dudies suggest that

This new chlorinated biphenyl product if
Aroclor 1242, functionally, but has be
the content of highly chlorinated co
for this change is that environmental
the more highly chlorinated components,
containing five and six chlorine atonms ]

environment.

Aroclor 1342 will comply with new recomfjendations by CIGRE that
capacitor askarels should not contain mgre than 3.5% pentachlox
and more highly chlorinated biphenyls. ; 0 snsure that Aroclor

Since the Aroclor 1342 retains the funciional characteristics ¢

Aroclor 1242 it is unlikely that any chinges will be necessary

of Aroclor 1342 is expected to commence

It is not our intention to charge a pregfium for Aroclor 1342,

C/co

HONS 092685
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ABSTRACT )

This document presenté the current state of knowledge about the production,
usage, and distribution of polychlorinated biphenyls (PCBs) in the United States.
The information presented is derived fram detailed studies on the production and
first tier user industries, the past and present generation and disposition of PCB-
containing wastes + envirormental transport and cumlative loads, potential alterna-
tives to PCBs usage, inadvertent losses to and potential formation in the environ-
ment, and current regulatory authorities for PCBs control. These results indicated
that, although PCBs content of industrial wastes can be reduced through various
approaches (treatment, substitution, etc.), there exists a potentially severe future
hazard in the form of large amounts of PCBs currently contained in land disposal
sites, PFurther definition of this and other aspects of the PCBs problem, and
determination of ways to minimize the hazard, are recammended.
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TABLE 1.1
PCB & PCT MANUFACTURE AND PCB SALES
MONSANTO INDUSTRIAL CHEMICALS OOMPANY

1957 thru 1964
{Thousands of Pounds)

1957 1958 1959 1960 1961 1962 1963 1964

U.S. PRODUCTION OF PCBs (1) {1) 1) 37919 36515 38353 44734 50833
DOMESTIC SALES (F PCBs 32299 26061 31310 35214 37538 38043 38132 44869
U.S. EXPORT SALES OF PCBs 2) (2) (2) (2) (2) (2) 3647 4096
U.S. PRODUCTION OF PCTs - - 2996 3850 2322 4468 4920 5288
DOMESTIC SALES OF PCBs BY CATEGORY

Heat Transfer - - - - - 157 582 929
Hydraulics/Lubricants 1612 1549 2685 2523 4110 391S 3945 4374
Misc. Industrial 704 755 1569 1559 2114 1681 1528 1692
Transformer 12955 5719 5984 7521 6281 7984 7290 7997
Capacitor 17028 14099 16499 16967 15935 15382 15606 19540
Plasticizer Applications ’ 1) . 3939 4573 6244 9098 8924 9181 10337
Petroleum Additives - - - - - - - -
DOMESTIC SALES .BY PCB GREDE;

Aroclor 1221 23 16 254 103 94 140 361 596
Aroclor 12327 ' 196 113 240 155 241 224 13 13
Aroclor 1242 18222 - 10444 13598 18196 19827 20654 18510 23571
Aroclor 1248 1779 . 2559 3384 2827 4023 3463 an13 8238
Aroclor 1254 4461 6691 6754 6088 6294 6325 5911 6280
Aroclor 1260 7587 5982 6619 7330 6540 6595 7626 8535
Mroclor 1262 31 . 84 359 326 361 432 414 146

Aroclor 1268 - 72 102 189 158 210 284 190
Aroclor 1016 - - - - -~

(1) Production figures and Plasticizer Applications figures unavailable during year indicated.
(2) U.S. Fxport Sales figures unavailable during year indicated.
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TABIE 1.1-2

PCB & PCT MANUFACTURE AND PCB SALES
MONSANTO INDUSTRIAL CHEMICALS COMPANY

1965 thru 1974
i (Thousands of Pourds)

5 : 1965 1966 1967 1968 . 1969 1970 1971 1972 1973 1974
U.S. PRODUCTION OF PCBS 60480 65849 75309 82854 76389  B5054 34994 38600 42178 40466
DOMESTIC SALES OF PCBs 51796 59078 62466 65116 67194 73061 34301 26408 37742 34406
U.S. EXPORT SALES OF P(Bs 4234 6852 8l2a 11231 10624 13651 - 6388 8346 5395
U.S. PRODUCTION OF PCTs 6470 8190 9450 8870 11600 17768 20212 8134 - -
DOMESTIC SALES OF PCBS BY CATEGORY
Heat Transfer 1237 1766 2262 2529 3050 3958 3060 752
Hydraulics/Lubricants 4616 4258 4643 5765 8039 7403 1552 0
Misc. Industrial 1841 1779 1426 1283 1079 1627 1155 0
Transformer 8657 8910 11071 11585 12105 13828 11134
Capacitor 23749 28884 29703 29550 25022 26708 141411 25656 37742 34406
Plasticizer

Apolications 11696 13481 13361 14404 16460 19537 3259 0
Petroleum .
" Additives - - - - 1439 - - 0
DOMESTIC SALES BY PCB GRADE
Aroclor 1221 369 528 442 136 507 1476 2215 171 s 57
Aroclor 1232 7 16 25 90 273 260 171 0 0 0
Aroclor 1242 31533 39557 43055 44853 45491 48588 21981 728 6200 6207
Arn~Tor 1248 S anis 4104 4894 5650 4073 213 807 0 0
Aroclor 1254 7731 7035 6696 8891 9822 12421 4661 3495 7976 6185
Aroclor 1260 5831 5875 6417 5252 4439 4890 1725 305 0 0
Aroclor 1262 558 768 B840 P/ 11¢ 1023 1 u v u
Aroclor 1268 196 284 287 280 300 . 330 0 0 0 0
Aroclor 1016 0 0 0 0 0 0 3334 © 20902 23531 21955



TABLE 1.1-3

. PCB MANUFACTURE AND SALES
First Quarter - 1975

{Thousands of Pounds)

Aroclor 1254 J

U.5. PRODUCTION 8532
DOMESTIC SALES 7986
U.S. EXPORT SALES 1538
DOMESTIC SALES

Transfomer and Capat:itor 7986
DOMESTIC SALES BY PCB GRALE
Aroclor 1221 10
Aroclor 1242 2201
Aroclor 1254 2115
Aroclor 1016 3660
PREDOMINANT UTILIZATION OF AFOCLORS
Aroclor 1221 ] Capacitors
Aroclor 1016 |
Aroclor 1242 ) Trans foxrmers

=205~

2
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TABLE 1.1-4
END-USES OF PCTs AND PCBs BY TYPE

End-Use 1016 1221 1232 1242 1248 1254 1260 1262 - 1268
Existing Sales

Capacitors XX X 0 X

through 1971
Transfonmers X XX X
‘ through 1971

Sales Phased-Out

Heat transfer X

Hydraulics/

lwbricants

. hydraulic fluids X X X X X

. vacuum panps . X X

. gas-transmission

turbines h:¢ X

Plasticizers

. rubbers " X X XX X X X

. synthetic resins . X X X X X

. carbonless paper XX -

Miscellaneous Industrial

‘

adhesives X X .
wax extenders

dedusting agents

inks

B

LI S SR R

cutting oils
. pesticide extenders
- sealants & caulking camounds

PO XX

Notes: (1)X denotes use of a given Aroclor in a specific end-use, while XX denctes princi
"(2)FCTs cenote series 95,44 5 24 Aroclors - ! motes principal use

Source: Monsanto Industrial Chemical Co.

R+
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Iable 1
PRCDUCTION
' COUNTRY/PAYS | 1973 1974 1975 1976 1977 1978 1979 1980
FRANCE 9 674 9 541 7 182 7 190%*
ERM!
R EMAGNE 6 949 8 374 7 328 6 610
ITALY ' 3
ITALIE 2 519 NfR 1 568 1 933
SPAIN
SERAGNE N.R 2 386% N.R N.R.
“UNITED KINGDOM | , ' '
ROYAUME-UNT | 4 067 4 818 3 274 3 013
U.S.A. 19 131.9 | 18 393.64 | 14 207.2 | 13 42
ETATS-UNIS . . . 3 423

(#) Includes 2 250 fons of Pyraiéne T-X which is

40 % trichloro-benzine.

(*#*) Includes T 60 which is 100% triphenyl

0,4

7

(40% de trichloro-benzine).

(*) Y compris 2 250 tonnes de Pyraléne T-I

(**) Y compris T 60 qui est 100% triphenyle
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TABLE 2

1976 PRODUCTION BREARDOWN 7 PRODUCTION VENTILEE-1976

Type

«

France( )

Di

Tri

Tetra

Penta

Hexa + &

T 60
GERMANY
ALLEMAGNE

Clophen:

Stab.

40
B4 §70% PCB content;
241 (55% PCB content
Elaol VI

ITALY

ITALIE
Fenchlor 42
Fenchlor 64

sparn(2)
ESPAGNE
DP-3 (100% Trichloro-biphénile)
Pyraléne 3000 (100% Trichloro-biphénile)
DP-4 €100% Tetrachloro-biphénile?
DP-5 (100% Pentachloro-biphénile

B30

Pyraldne 5000 (100% Pentachloro-biphénile)

DP-6,5 (100% Chlorobiohénile)

Pyraléne T=1 §60% Chlorobiphénile) .
‘ 40% Trichloro benzéne)

UNTTED KINGDOM(3)
ROYAUME=UNT _

“Aroclor 1342

Aroclor 1254
Aroclor 1260

UNITED STATES
ETATS-UNIS

1221
1016
1242
1254

Aroclor
Aroclor
Aroclor
Aroclor

Mean WT ¢ chlorine 1976 Amount
c/o moyen en ch(poids) Quantités1976
(in metric tons)
32 - 362
41 to 42.5 4 166
48 to 48.5 64
54 to 54.5 102
60 to 62 2 496
60 546
42,5 1443
42,5 247
48,5 472
58.0 1 483
59.0 2 451
42.0 514
39.0 295
60.0 1 638
N.R. ‘'N.R.
42 2 420
54 309
60 284
21.0 0
2;.3 9 629
1 965
54 1 829

(1) Pigures include recuperated PCBs

(2) 1974 figures (no figures submitted
for '75). Production has remained
fairly constant since 1969,

(3) The United Kingdom produced no

Aroclor 1248 in 1975, Aroclor 1342

contains 3,55 maximum of the more

persistent Benta and higher homologe.

(2) Chiffres

(3)

(1) Y compris PCB récuperés

our 1974 (pas d'{nformstidns
pour 1975?. La production est demeursde
constante depuis 1969,

Le Royaume-Uni n'a pas produit d'Arcclsr
1248 en 1975, LtAroclor 1342 contient
3,5% maximum des homologues versistants
a partir du Penta.
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FIGURE 1. Domestic sales of Monsanto’s Polychlor-

inated Biphenyls in the U.S. (by use). (Courtesy of
Monsanto Company.)

cated mixture of chlorobiphenyls with different
numbers of chlorine atoms per moleculé and their
isomers.! 8:2% This - fact is responsible for the
physical state of PCB preparations; most individual
chlorobiphenyls are solids at room temperature
whereas commercial mivhivae ara mahila aile (‘.’43

Aroclor 1221, 1232, 1242, and 1248); viscous

liquids (e.g., Aroclor 1254) or sticky resins (e.g.,
Aroclor 1260 and 1262) due to the mutual
aepression of melting points of their components.

With the exception of Aroclor 1221 and 1268,
PCPB’s do not crystallize but show & “pour point”
below which the material changes into a resinous
state. Some chemical and physical properties of
Aroclor products are summarized in Table 4.2°
Electrical properties of some Aroclors are given in
Table 5.'8

The most important physical properties of
PCPB’s from an environmental point of view, are
solubility and vapor pressure. Solubilities of
various Aroclors in a number of solvents are shown
in Table 6. )

The solubility of PCB’s in water is low and

35,000

T‘l‘[lrv‘(l'l(f‘v

30,000

25,000

20,000 |-

15,000

U.S. DOMESTIC SALES (METRIC TONS)

10,000

5,000
L. 1z2t -
1z
o § 4 [P T Lyl e
1957 1961 1965 1969 "7|'
YEAR EST,

FIGURE 2. Domestic sales of Monsanto’s Polychlor-
inated Biphenyls in the U.S. (specific Aroclors). (Courtesy
of Monsante Company.)

decreases with increasing chlorine content. Values
given by Monsanto®® are 200 ppb for 1242, 100
ppb for 1248, 40 ppb for 1254 and about 25 ppb
for 1260. Freed' * found a solubility of 43 ppb for
Aroclor 1248 at 26°. These results are biased in
each case by selective solution of components of
lower chlorine content. Evidence for this comes
from solubilization experiments of Zitko®®+*® and
Freed.!? Table 7 shows the relative peak height of
saturated aqueous solutions of Aroclor 1254. The
first few peaks which generally correspond to PCB
components of lower chlorine content are signifi-
cantly higher than in standard Aroclor 1254.

This variation of solubility between individual
PCB components is also evideat from studies on
the water  solubility of individual chloro-
biphenyls! ¢+*4 (Table 8).

Studies on the solubility of PCB in water are
complicated by the fact that these compounds are
strongly adsorbed onto various surfaces. PCB was
shown to adsorb relatively rapidly onto wood-
bum,'? plastic,*® glass,'“** and container
and/or silt.!© .
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General Electric

The original G.E. askarel was a type B (ASTM-D2283) trade name Pyranol
A13B3B with a camposition of 45% Hexachlorobiphenyl (Aroclor 1260 - Monsanto
trade name for 60% chloro/biphenyl) and 55% tri tetra chlorcbenzene (a
mixture of isamers and hamologs of tetra and tri chlorbenzenes manufactured
by Hooker Chemicals of Niagara Falls, New York). In 1965, G.E. began to
switch away fram the Aroclor 1260 because of mechanical problems resulting
from evaporation TICB and leaving a very thick "molasses type" residue and
started using Aroclor 1254 (54% chloro/biphenyl). This continued until
1974-75 era. Also, in 1971, Monsanto stopped providing Aroclor 1260 (60%
chlorinated biphenyl) as a control measure to contain PCB's.

Westinghouse

Westinghouse originally used a type A (ASTM-D2282) askarel trade name
Inerteen PPO which contained 60% hexachlorcbiphenyl and 40% trichlorobenzene
hanologs and isamers, This differed fram the G.E. mix in the absence of
tetra chlorobenzene. Early in 1965, Westinghouse changed its formulation to
a type D (ASTM-D2283) askarel consisting of 70% pentachlorcbiophenyl (54%
chlorinated biphenyl designated as Aroclor 1254-Monsanto trade mark) and 30%
trichlorobenzenes. The mix was trade marked as Westinghouse Inerteen
54201KA. Westinghouse remained on this mix in railroad transformers until
the phase out of manufacture in 1977,

RATLROAD TRANSFORMER FLUID REQUIREMENTS

The railroad transformers required a fluid with fire resistance,
electrical performance, physical characteristics, and envirormental
acceptability. The requirements did not change although the priorities
shifted. More specifically, those requirements were as follows:

1. Fire resistance - should not support cambustion - arc formed gases
should be nomr-flammable.

2. Electrical performance - high impulse strength, good dielectric
strength, and a dielectric constant - close to paper to even
stress forces.

3, Physical characteristics - must be a good heat transfer material,
must be fluid at temperature extremes, resistant to oxidation and
moisture and a high aramatic content for gas absorption. :

4. Bnironmental - must be non accumulative in the environment,
biocdegradable and non carcinogenic.

5. Non-toxic or exhibit a low level of toxicity.




