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Benzotrichlovide may be used to prepare henzoie aeid (gn) (8,9).  The promi-
nence of benzotriehoride, however, yexulls from ity extensive use in the field of dyes.
AL one time it was used extensively in the produetion of Makachite Creen hat has
sinee heen replaeed to some extent by beazaddebyde.  However, the dye industry is
sl the larpest consamer. The dyes produced from benzotrichioride appear in Fable
1 (2). .

TABLE N l)ycu Manufactured from Benzotrichloride,
Clawaof .m- - . i T Ot eompomenta

Tnphuv)hm-lhnnn Maoluchite Green 637 A’,.‘\"l)lllll‘l‘l)‘l:l|Ilul|u
Nanthene Roxnmine 745 m-Dimeth rinophenal
Quinoline Quinoline Red 8046 Quinalding, isoquinoline
Anthtaguinone Alizarin Yellow A 1014 'y )p.\llol
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(7) UK. Pat. 721,961 (Mareh 3, 1803), L. Marckwald.
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(10) U.S. Pat. ?"ll 708 (Aug. 20, 1940), 1Y, W. Story and . W. Fuller (to Soeany-Vaenum Oif Co.).
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R. L. Ciank axn C. P. Nrapia

Chlorinated Diphenyls ind Related Compounds.

The Aroclors (lrade-mark) are chemieally inert matervials prepared by (he chiorin-
ation of diphenyl (hiphenyl) or terphienyl or tmore complex poly phenyls, nsually with-
out separation of the chlorinated products into individual compounds. Phe form
and appearance vary from mobile oily fiquids to fine white crystals and bard non-
crystadline resins,

Beeause of the many forms and propertics, these praducts have found applieations
in many diverse fields as in electrical insalation, nonflammable hydianlic mediums,
fubricants for use at high temperatures and pressures, and also as constituenls of
ndhesives, plasties, lncquers, pnints, and varnishes,

Commercind manufaeture of the Grst members of the Aroclor series was started in
1929, und the other Aroclors were developed soon afterwards.

Physical and Chemieal Propertics

Sinee Aroclors arc chemieally inert except under drastic conditions, they are of
interest chiefly bheeause of their physieal properties (3). Al Araclors are insaluble in
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TABLE I. General Properties of Some Aroclors.

) ! Form . Fam Flame ' R ! Viscority, e wee.
Materia! '::1' Spyn . ye:ev:.‘ oint.d "2 : 3,{,‘.‘c -.3';'"-
: ; . 8°C. 234°C.
Aroclor 1221 i Colorless mobile oil  1.177-1.187 | 275-320 C141-150 | 176 —_ " 1.617-1.613 4052 30-31
: . : i ati°C. . ; :
Aroclor 1232 | Almost colorless 1.262-1.272 ; 200~325 | 152-154 228 | -35.3 ' -—_ , 1.620-1.622 =50 . 31-32
i mobile ail ' : . | : | i .
Arocler 1242 | Aimost colorless 1.378-1.388 . 325-350 | 176-1S0 334 —19.0 s ! 1.627-1.620 S0-93 3+33
t mobile oif . : : i : |
Aroclor 1248 , Yeliow-tinted 1.447-1.457 | 340-375 | 193-196 ; None -7 — ' 1.630-1.631 185-210 . 3637
| mobile o : : . ! : o i ! i
Arocior 1234 | Light vellow vis- . 1.533-1.548 ‘ 353-300 | None H Noae 10 ; - : 1.639%-1.6+1 18C9-2500 i 1148
«  cous oil . T : : i H :
Aroclor 1260 | Soft yelluw sticky , 1.618-1.620 , 385420 ! Noce i Nore | 3l — 163189 | — i 7278
L resio i : i : ‘ H i i :
Aroclor 1262 -low sticky | 1.646-1.653 © 400-430 | None ! None ‘ 37 i — © 1.6301-1.6517 i - ) 90-103
n : i : , : ! ;
Aroclor 1268, Opuque yellow 1.804-1.811 . 435550 ; Noge Neme ! -~ I — — — —
{ brittle resin ' ! | ' . i i ! R
Aroclor 1270¢ , White crys:alline 1.044-1.950 , 430460 { Nonz . Nome : — : - . - | - -
. powder : i : i . : i
Aroclor +165 : Transparent yellow [.712-1.723 230-320, i None ; Noge i - . 60-66 ' 1.564-1.667 ! - t90-130
| brittle resin i | ; i ; ! . " (ar 130°C.)
Aroclor 5432 , Trarspurent yellow  1.432-1.447 ' 215-300, ; 247 > 350 46 45-50 — ; — 300-00
I stieky resin N i P , ; i
Aroclor 5460 | Yeliow trunspurent | 1.710-1.745 ; 289-335, = None None ; — | 100-105.5 : 1.660~1.665 —_ —
i resin i 1 : .
Aroclor 2565 | Br i Nope |~ . 6572 - - . —

wh-black 1.724-170, —  None
i opaque resin ; : :

* A.ST.M. D20-30. *Cleveland open cup. ¢ AST. M. D747, 4 A S.T.M. 28+42T. < Saybott Universa!, A.S T M. DSS-44. 7 Hold puinten
solidification, 135-160°C. ¢ tlold point ou so’idiScation, 240-300°C.
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828 CHLORINE COMPOUNDS, ORGANIC

waler, but the oils and cesins are readily soluble inomost of the conumot onginic solvents
and drying oilscThe haed erystadline materis are in generd less soluble than the ol
wnd vesins. The Avocloes ave permanently teemoplastie conl may be repeatedly
melted and cooled without undergoing condensation or perincenent. hardening. Moo,
of the conunon inetals and alloys have exeellent eesistaner 1o the Avoclors even b ele-
vated temperatures.  However, copper and some of the copper alloys are affeeted 1o
limited extent, and show penetration rates between 0.0014 and 0.0M in. per y
Many plastic materinls of construction are atlaeked by the Avoclors,

I'he gereral properties of the more important, grades of the Aroclors ave shown in
Table 1, and Talite 11 shows the clectrical properties of those Aroclors that have found
application in the eleetrical field.

TARLE 1L B

cteical Properties of Some Aroclors.

Property Mg My ity M Rt

llu-lnrlnc constant, | 4.6 4.9 46 " 41-43 3638 49
8t 100°C, and
1000 eycles®

Resittivily, olun- — | Above Above Above Above
om,, al. 100°C, 500 X% 10" 600 X 10* 500 X 10° 400 x 107
rnd 500 voltsl.c. E

Dicleetric - - - Above 35 Abave 35 .-
strength,® kv.

fower fnctor, 9% nt - - Below 0.1 Below 0.1 Below 0.1 Below 0.3
100°C. and 1000
yolm

¢ Al ST \l I)l.;Ow-ﬂl' PAST. M ])l 19~ M using n 0.100-in. gap.

Manufacture

The pure compounds formed by the ehlorination of diphenyl, terphenyl, or the
more complex pnl)phcn)k are erystalline solids, some of which have very bigh melting
peints (11).  Jowe ring o number of such compounds are cither
liquids or nonerystalline res awdion of aromatic hydrocirhons o vaviuus
levels not only gives several isomers of the same chlorine content bul also gives
appreciable proportions of the isomers of compounds of higher and lower ehlorine eon-
tents (17,23). Al any given level of cldorine content, bateh clidorination gives the
highest proportion of compovnds corresponding in ((unp()\il,inl\ 1o the average chlmine
content, while single-stage continuous ¢ hlorination gives the fowest proportion of stueh
compounds.  As the number of stagexis inereased, multistage contimious chiorination
gives compositions approaching those given by batel chlovination.  The proportion of
the various isomers and of compounds of higher and lower chlorine contents than the
average is also influcneed by such factors as tempernture, quantity and kind of catalyst
employed, degree and type of agitation, and rate of admission of the ehlovine,

Bateh ehlorination has been found most suitable for the manulacture of the Aro-
clors (23,24).  The ehlorinators ave eylindrical steel towers 3 (4, in dinmeter and 18 ft.
high, which are cquipped with chlorine distributors at the bottom and with coils for
heating and cooling the material undergaing reaction.  Pumps provide agitation hy
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eiventating (he charpe. Che fower hall of e ehlorimtors is Glled with ivon taroing: |
which lerve hevw hurmed feee of oil and masture, In Gertonn peaetice, the cldorin.
atows e apitated 10,000-ler fead-lined vessels, and ferne ehlovide is used ns the eata-
Iyst inafead of iron Ginings, _1"il‘||~vn kiloprrams of fereie ehloride ix used for each
eliatpe of 6000 kilogeams (13).

Raw Materials.  The raw material used depends on the grade of Avoelor to e
procueed; anhydrous chlovine is used as the chlorinating ngent in all eases. Tngeneral
it can be said hat diphenyl aone gives liguid or soft sticky nonerystalline Aroclors up
to n chlorine content of 60%, low-melling resinons Aroslors betwaen 60% and 65%
ehlorine content, and partly erystalline or erystalline Aroclors of mueh higher melting
puints at chlorine contents abave 65% (23). In the ease of products that are solid al
ovdinary temperatures, the higher the proportien of terphenyls or more comples poly-
phenyls in the mixture before ehlorination, the higher the softening point and the less
the erystallizing tendency of the chlorinated product after distillation.  For those
Aroclors that are solid or parlly crystalline ab room temperature, the higher the
chlorine content, the higher the softening point and the greater the tendency of the
material (o erystallize (24).

* Preparation of Crude Aroclors.  Yor the manufacture of any given grade of
Avoclor, the chiorinator is charged with the proper raw material or mixture of raw
ts to give the desired product, and inan amount zufficient to cover the catalyst
bed amt to permit eirenlation. Then the flow of vaporized ehlovine is started and the
charge is cireulated with the pump.  Throtghout the chlorination, the lemperature is
kept welt above the melting point of the misture, bul helow 150°C., to avoid excessive
sublimation and plugging of the line dischasging the hydrogen chioride produced by
the chlorination.  Samples are withdrawn for examination from time to time until the
dexived ehlovine content has been reached. At the Tower chlorine contents, specifie-
gravity determinations are used to determine the composition.  After the product has
beecome Loo viseous or has reached too high a melting point for convenient determina-
tion of the specific gravity with a hydrometer at temperatures below 100°C., the de-
gree of chlorination is determined by measuring the hold point in temperature as the
material erysiallizes, or by the ball-and-ring soflening-point test (8).  The time re-
quired for chlorination is 12- 36 hr., depending upon the chlorine content of the prod-
ucl.  The anhydrous hydrogen ehloride, which is evolved duving the ciorinations, is
ahsorbed in water in cquipment of conventional design,

Distillation of Crude Products.  Although the erude products find some applica-
tions, for nost, purposes further purifieation is necessary to remove the color and the
traces of hydrogen ehloride and ferrie chloride (13,23,24). The methods of purification
are somewhat different for the different types of Aroclors.  The high-melting solid
products nre distilled in retorts at atmospheric pressure and the distillate is flaked on
chilled rolts. “Fhe liquid and resinous Aroclors are held at an elevated temperature
and blown with dried air for several hours, Then o few tenths of one per cent of lime
irred with the material to reaet with any remaining hydro-

or sadinm hydeoxide is
gen chlovide v fervie ehlovide, This is followed by bateh distillation,  Complete dis-
tillation and mising of the distitlate is necessary in order to obtain uniform material of
the desired composition.

11 increased electrieal resistivity is desired, the material is stirred at an clevated
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830 CIHLORINE COMPOUNDS, ORGCANIC

femperature withe s few tenths of a per cent of well-dried fuller's carth and then Glieeed
through paper (3,26).

Contaivers and Shipping

The Hguid Aroelors ave packed and shipped in galvanized steel drams or in Gk
eavs constyueted of nonrusting metals sueh as aluminum or tin-vonted metal, The
resinons Aroclors are packed and shipped in open-top gnlvanized steel drums. The
high-melting solid Avoclors are packed and shipped in wooden barrels. The railvand
shipping classification is Resin Synthetie N.O.LB.N,

Health and Salcty Faclory

The conventional safeguards must be taken to profeet pevsonnel from the poisons
ous ceffects of ehlorine.  Bxperimeuntal work on animals as indieated that prolonged
exposure to Avoclor vapor evolved at ligh temperature or repeated oral ingestion of
Arovlor will lead lo systemie toxie effects. Repeated bodily conlact with Niguid

© Aroclors may lead to an acne-form shin eruption.  In the manufacture or use of Aro-
clors, untoward effeets on personnel are prevented by draft ventilation Lo eontrol the
vapors evolved ab high temperatures, together with the use of suitable gavinents to
prevent extensive and vepeated hodily contaet with the liquid produets (3).

Uscs

Electrical Applications. Al of the uses of the Avoclors depend on their chemieal
stubility and their physical properties, which may be varied to suit. the specifie applica-
tion.  One very important use is as dicleetric medinms in such applications as nils for
teansformers and ax impregnants for capacitors and condensers (10,11,12,15,18,21,25).
Arvoclors, ustd either alone or in blends with other materials siely ag trichlorobenzene,
meet the need for a nonflammable dielectrie liquid with a kigh resistivity, a high dielee-
tric strength, and a relatively high dicleelrie constant in relation to a very low power
factor.  The fact that the dielectric constant is higher than that of hydrocarbon oils
and is more nearly equal to that of the so id insulation materials, such as paper, results
in a vreduction of electrieal strains. By substituting Aroclors, or mixtures of Aroclors
with trichtorobenzene, for hiydrocarhon oils, it has heen possible to redesign equipment
with a great reduetion in size for the saome capacity and voltage. At the sane time the
fire hazards have been eliminated.

Other important eleetrical applicitions for Avoclurs ave as impregnants for eotton
or ashestos-fiber inswlation (22), as constituents of asphall-hase wire-impregnating
compaunds, and as plasticizers in wirr-coaling compounds, particulatly those contain-
ing neoprene, rubber, or combinations of polyvinyt chlovide, ethyl cellulose, and poly-
vinyl butyral (30 33).  Also, Aroclors are employed as sealing medivms for electrieal
insulators and ns impregoants for carbon radio resistors to reduce the nfluence of
moistaee,

Plasties, Lacquers, Painds, and Varnishes, Fhe Avoclurs are compatible with

most of the common plastic materids and restns and ace solable i paint and varmish
oils (3).  Tu combivation with asphalt, ethyl cellddose, chlarinated rubber, Pliolite 8-5,
or other plustic materials, they are used extensively in protective coatings for wood,
metal, and conerete (3,5,6,20,28).  In combination with tricresy! phoaphate or dioetyl
phthalate they are coplasticizers for polyvinyl chloride compositions (4).
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o paint= aned varnishes the hard resinous Arvoclors are used Lo impart, inereased
< to the i, mod e softer resins ave used to give Qexilility. "The vole of the
similar (o that of the oil, excepl. for the fact that it does not oxidize wiel lose
its fexibility on aging. In piroccllulose laequers, Aroclors empluyed cither alone
or in combination with other plasticizers and resing o impart jncreased weather e
sstanee, uster, pethesion, nnd deereased harning ele (3,9,14,16). “The hard, white,
dline Avoelars of high melting point. are useful as pipments with the various
es (20), ;

Adhesives. The vesinous Avaclors e used i synthetie adbiesive compositions g
cotbitetion with such base wgteritls as polyvinylneetate, ethiyl cellulose, ehlorinad ed
rubhier, polyvinyd butyral, isoprene styrene copolymer, and polyisobid ylene.

Labricants.  Arovlors 1248 and 1254 find application as lubricants under extreme
conditions such as highly oxidizing conditions, high temperatures, extreme pressures,
or submerged loeations.  The use of Arvoclor as the internal lubricant for high-pressure
nir compressors eliminates the explosion hazards in this operation (1,2).  The mate-
rials are used also as noncombustible Tubricants for regulaling the steam valves on
high-pressure turbines, and in rolling aluminum sheels,  Mixtures with other oils to
form heavier-than-water lubricants are used in submerged locations, such as bridge
rollers.  Laubricants for extreme pressures are wade by adding up to 156% of Aroclor to
petroleum hydrocarbon oils.

The liquid Arociors ave employed us nonflammable hydrawdic mediums for trans-
mission of pressure or volume variations.  One such application is in dic-easting
operations with aluminum or zine alloys, where the Aroclors replace hydrocarbon oils.
The adviatages are absence of fire hasards when lines bresk, and the fact that con-
densed water does nol settle in the storage tanks and cause corrosion of Lthe equipment.
Another use is ns the expansion mediut in thermostats.  Avoclors 1242, 1248, and
1254 have been found to give excellent service as civeulating liquid heat-transfer
mediroms for temperatures up to 325°C,  Good circulution and well-designed heating
systems are neeessary to prevent loeal overheating (3).

Carnauba wax may be extended by blending it with Aroclors in combination with
coresin and paraflin (7,19).  Sutisfactory waxes and polishes are prepared without the
use of carnauna wax by blending ouvicury (licuri) wax with Aroclors, eeresin, and
puraflin.  Aroclors are ingredienls of many fire-resistant compositions,  Five-retarding
puints usually contain antimony oxide or barium sulfate in addition to the Aroclor.
In making fircproof fiberboard, emulsified Aroclors are added to the fiber stock (27).
Maodilying waxes are added to the Aroclor in the preparation of textile-coating ma-
terials,

Miscellancous Applicalions.  In addition to the uscs listed above, Aroclors are in-
gredients of some senling compounds for use with wood or canvas to give protection
agningt moisture, mildew, or attacks of orpanisms. Some calking compounds and
powdered metal pastes contain Aroclors.  Some soil-poison and wood-preserving com-
positions contain Aroclars as an active ingredient.

Bibliography for Chlorinated Diphenyls
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C. ¥. Boorue

Chloeinated Naphthalenes,

The chlorinated naphthalencs are of interest from hoth the technical and the
pucely eeientific points of view. Thry are of considerable importance commercially
and find many uses in the chetienl, petroleum, electrical, and related fields.  On
treatment with chlorine, nophthalene (1) forms two (ypes of derivatives. T the ab-
sence of a ehlorination ealalyst, addition takes place aeross the double bonds, forming
sueh devivatives as naphthalene diehloride (11) and naphthalene teteaehlovide (11).
I the prescnce of catalysts sueh as ferrie ehloride or fndine, substitution oecurs, giving
rise to monochlorouaphthalenes, mainly 1-chloronaphthalene (JV), as the first step.
On further clilovination at higher temperaturcs, thers is next foymed a mixture of di-
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