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CIILORINATED BIPHENYL AND RELATED COMPOUNDS

Biphenyl (diphenyl), terphenyls, higher polyphenyls, or nixtures of these coni-
pounds can be chlovinated to give products which Luve outstanding chemical arl
thermal stabilities,  Individual isomers, which range from liguids to highanelting
crystalline solids, aro of little commercind importance whereas the mixed chlovinuted
coimponents have idecable conmercial significance.

Registorod trademarks for some commercial brands of chlovinated biphenyls in
the United States are the following: Avoclor (Monsanto Company), Chlorextol
(Allis-Chaliners  Manufacturing Company), Dykanol (Corncll-Dubilier Division,
Yederal Pacific Electric Company), Inerteen (Westinghouse Electric Corporation),
Noflamol (Wagner Electric Corporation), Pyranol (General Eleetric Company),
and Therminol (Monsanto Company). Some other registered trademarks or trade
names for commercial chlorinated biphenyls found throughout the world are the
following: Clophen (I. G. Forbenindustrie A.G., Germany), Fenclor (Caffaro, Italy),
Kannechlor (Kanegafuchi Chemical Co., Japan), Pyralene (Prodelec, France), and
Sovol (Russia).

Commercial manufacture of the Aroclor brand of chlorinated biphenyls was
started in 1929. These products vary from mobile oily liquids to white crystalline
solids and hard noncrystalline resing. Because of the many forms and properties,
they have found applications in many diverse fields—in electrical insulation, fire-
resistant heat-tvansfer and hydraulic fluids, lubricants for use at high temperatures
and pressures, sealant and expansion media, and a8 constitucnts in elastomers, ad-
hesives, paints, lacquers, varnishes, pigments, and waxes.

Physical and Chemical Properties

The physical properties of individual chiorobipheny] isomers vary widely as
may be seon in Table 1. Mixed isomers as produced in a commercial product have
physical properties which ars quite different from those of the individual isomers.
This is particularly true for the solidification point.

Chlorinated biphenyls, in general, are considered to be inect materials. How-
ever, they will react with certain reagents when treated under rather rigorous condi-
tions. Tor example, chlorobiphenyls will react with sodium hydroxide at clevated
temperatures to yield phenolic materials (28).

Mixtures of chlorinated biphenyls, such as those found in commercial products,
will not react with acids, alkalics, or water under normal to moderately rigorous
conditions (20). They are inscluble in water, glycerol, and the glycols. The oils and
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resing are readily solulde in most of the common organi
hard stalling members are jess soluble than the liguids or soiter vesios,  Phe
chlorinated biphenyl mistures we nondrying even when exposed to wiv i thin £,
They ave pevnnmently thermoplastic and except for the Jower ehlorinated membnes
are ponflanmpable.  The resing will adbere strongly to smooth surfaces such s gk
metal, varished or Jacquered swfaces.  Most of the common metals and

solvents, hut most of

Tadle 1. Physieal Propertiow of Chlovahipheny

Melting Bl poia, ibiiogsighy
Cotmpound point, °C °C (mm g,

Lelilorobipheny]
hlorobiphenyl

4-chlorabiphenyl 5 ( H)
N
-dichlorobipl v S22-324, 326 [SREH
l A-dichlorobiphenyl 315-310 [EXINEN
B, 5-dichlorobipheny) 166 (10) [REXEN
dichtorobiphenyl 171 {13); 182 (305 EREN
diehlorohipheny 46; 49 50 195 200(15) (W67
dichlorolipheny) 172 (30) [SRY)
2,4" dichlorobiphenyl 41 {15,151
triehlorobiphenyl 78-79 (1)
triahhu‘nluplwnyl 41 T
i 5550 (9,20)
67 - (2t)
88 (S8
hloaobip! 05-66 (22
trichlorobiphenyl 58 (13)
3,4,3" A'-tetrachlorobiphenyl 172 230 (50) (1,28
3,4,2",5"-wetrachiorobipheny) 103 2ty
Y 'l',(i’-Lctmuhlor(vhlpIn:nyl 198
,5'-tetrachlorobipheny! 162
2,4, /l ~tatrachlorobiphenyd 83
2,5,2,5 -tetrachlorobiphenyl 84-86
2,4,5,3",4"-pentachlorobipheny! 179 105-220 (10) (19,263
3,4,5,3°,4",5"-hexachlorobipheny) 198 )
2,4,8,2%,4",6'-hoxachlorobiphenyl 111.5-112 (1227
2,3,4,5,2",4",5"-hepluchlorobiphenyl 240-280 (20) ()
2,3,5,6,2°,3",5',8"-octachlorobiphenyl 161 (28)
2,3,4,5,6,2',3",4",5',6’-deenchlorobiphenyl 310 (28}

havo oxcellont resistanco to the chlorinated biphenyls even at clevated temperatures.
However, copper and some copper alloys are affeeted 10 o limited extent and show pone-
Lention rabes between 00014 and 0,014 in./yr.  Many plastic ma s of constmichion
are attacked by chlorinated biphenyls.  In addition to high resistunee o 1herioal
degradation, they also have many interesting cleetrical propertics.

‘The general properties of the more important members of the Aroclor biaud uf
chlorinated biphenyl products are shown in Tuble 2 and the clectrical propertics we
shown in Table 3.
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Table 2. General Proporties of Some Aroclors

Distillation Flush Fi Pour Softening
range,” puint,*  point,® point,* pomt,”
Materinl Form and eolor *C (corr) °C °C °C °C ny 1
Aroclor 1221°  culorless, mobile vil 275-320 141150 176 erystuls at 1.617:1 GIs KOERTY 4034
1°c

Avocdor 1282 almost colorless, 200-325 152-154 238 ~35.9 1.620-1.622 4451 FTIRS]
mobile vil 25.13.5°C)

Aroclur 1242 almust colorless, as1-1.302 325-366 176-180  none -10 1.627-1 629 82-92
mobile oil (23 15.5°C)

Aroclor 1248 yellow-green tinted, 1.405-1 418 340-375 193-106  nono -7 1.630-1.63t 185.210 a6 o
mohile oil (65:15.5°C)

Aroclor 1254 Jight yellow, viscous 365-390 none none 10 1.639 -1 G4t 1500 2500 nos
oil ’

Aroclor 1260 light yellow, soft, 385420 nono none 31 1.647-1 819 720N
etichy, resin

Aroclor 1202 light yelhaw, sticky, 305-420 none none 35-38 1.6501-1.6517 M T
clenr resin

Aroclor 1208 white to off-white 435-450 none none 150170
powder

Aroclor 1270 white eryetailing 450-460 none nong 249300
powder

Araclor 44050 transparent, yellow, 230--320 none none 6066 1.604 1667 HE 0
brittle resin (4 mm Hg) (130°C)

Atuclor 3442 yellow, trauspurent, 215-300 247 >350 10 40-52 4 St e

y resin (4 mm IIg)

Araclor 5400 clenr, yellow-to-am- 280-335 none nony 95-103.5 1.6t 665
ber, brittle resin (5 mm Hg)

Aruclor 2565 hluck, opague, nane none 60-72

brittle resin

*ASTM D20 imudified).  ® Cleveland open enp. © Cloveland open eup; none indicates no fire puint up to boiling temperture,  * ANFY
CASTM 1528/ Saylalt Universal, \STAL D38, ¢ Last tavo digits indieate approxinate ehlorine conteut, v, Aroch e 1221 contans ahont 21« blerine,
* Hokd point on sulishitication.
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Table 3. Llectriend Properties of Some Arnclors

Dicleetric constant ) Volume .
b 1000 ¢y resistivily, .
Sem b 100°C, Diclectric
Atuclor 25°C S0V, de strengih, kV
5.7
5.8 abmve SO0 X 10¥ >45 BN}
ot above S0 X 10° >L0 <L
5.0 4.3 abuve 00 X 0% >uh <01
4.3 3.7 above 500 X 10° >3 <0
2.5
3.0 4.9 above 30 X 10°
2.7 4.2
-
2.5 3.7
2.7 1.3
* ASTM Ded 30471, B
©ASTM D-257-46.
* ASTM D140-44,
Manufacture

A number of the pure compounds formed by tho chlorination of biphenyl, ter-
phenyl, or more complex polyphenyls are crystalline solids, some of which have very
high niclting points (30). ITowever, mixtures containing a number of such conpounils
may bo cither liquids or noncrystalline resins.  Chlorination of avomatic hydro-
carbons to various levels not only gives scveral isomers of the same chlorine content
but also gives apprecinble portions of the isomers of compounds of higher and lower
chlorine contents (31,32). At any lovel of chlorine content, bateh chlovination gives
tho highest proportion of compounds corresponding in position to the average
chlorine content, whercas single-stage continuous chlorination gives the lowest pro-
portion of such compounds. As the number of stages is increased, multistage con-
tinuous'chlorination gives compositions approaching those obtained by bateh chlo-
rination. The proportion of the various isomers and of compounds of higher und lower
chloring contents than the average is olso influsnced by factors such as taperutare,
quantity and kind of culalyst cinployed, degree and typo of agitution, wid rale ot
admission of the chiorine.

A procedure for earrying out a single-stage fluid-hed chlorination is deseribed
the patent literature for polychlorination of biphenyl (33). Continuous liquid chilo-
rination in a multiple-stage unit can also boused. Bateh chlorination has heen fouid
to he particularly well suited for the manufacture of the various products (32,:44).

‘Tho chlorinators may be eylindrical steel towers, 3 £t in dinmeter and 18 £t g,
which are cquipped with chlorine distributors at the bottom und with coils {or heating,
and cooling the materinl undergoing reaction.  Pumps provide agitation by cireuluting
the liquid charge. The lower half of the chlorinators is filled with iron turnings,
which have been burncd free of oil und moisture. {n German practice, the chlorini-
tors are agitated 10,000-liter lead-lined vessels, and forrio chlovide is used as the
catalyst instead of iron turnings. TFifteen kg of ferric chloride is used for ench charge
of 6000 kg (35) of biphenyl.
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Raw Malterials.  The raw material used depends on the type of chlorinated
material to be produced; auhydrons chiorine is used as the chlorinating agent in all
cnses. 1o general, it ean be suid thut biphenyl alone gives liud or soft, sticky noq-
evystadfine products up to a ehlovine content, of H0%, low-tuelting vesinous products
hetween 60 and 65% chlorine content, and purtly erystalline or erystalline produets
of much higher melting points at chlorine contents above 639 (32). T the case of
products that are solid at ordinary temperatures, the higher the proportion of wee-
phenyls or moro complex polyphenyls in the mixtitre hefore chlorination, the higher
the softening poing and the Jess the erystallizing tendeney of the chlorinated product
adter distillation.  Tfor those products that are solill or partly crystalling at room

. temperature, the higher the chlovine coutent, the higher the softening point, awd the

greater the tendency of the naterial to crystallize (34).

Preparation of Crude Chlorinated Biphenyl. Fov the nanufactire of any piven
wrade of chlorinated biphenyl, the chlorinator is charged with the proper vaw imaterial
or mixture of vaw materials to give the desived product in an wnount sullicient to
cover the catalyst bed and to pernidt circulation.  “Then the How of vapovized chlovine
is started and the charge is circulated with the pump. Throughout the chlorination,
the temperature is kept well abovo the melting point of the mixture, but below 150°C,
(o avoid excessive sublimation and plugging of the linc discharging the hydrogen
ehloride produced by the eblovination. Samples aro withdrawn for examination from
time to time until the desired chlorine content has been reached. At the lower chlorine
contents, specific gravity measureinents are taken using a hydrometer to determine
the composition. After tho produet has become too viscous or has reached too high
a melling point for convenient determination of the specific gravity at tomperaturos
Liclow 100°C, the degree of chlorination is determined by measuring the hold point
as tho material crystallizes, or by the bull-and-ring softening-point test (36). The
timo required for chlorination is 12 to 36 hr, depending upon the chlorine content of
the product. The anhydrous hydrogen chloride, which is cvolved during the chiorina-
tions, is absorbed in water in cquipment of conventional design.

Distillation of Crude Products. Although the crude products find some applica-

tions, for most purposes further purification is necessary to remove the color, and the
traces of hydrogen chloride and ferrie chloride (32,34,35). 'The methods of purifieation
are somewhat different for the different types of end products. The high-melting
solid products are difficult to distill. Distillation under reduced pressure is particularly
diflicult as it is desirable to keep the boiling point above the solidification point.
Jenerally, these products are distilled in gas-fired retorts at atmospheric pressure.
T'ho distillate is flaked on chilled rolls. Trom practical considerations of quality and
better overall processing efficiency, the liquid and resinous products are distilled av
lower temperatures in more conventional cquipment under reduced pressure.  The
cruda liquid and resinous products ave held at an clevated temperature and blown
with dry air for several hours, after which a few tenths of 19, of lime or sodium hydrox-
ide is stirred with the matcrial to react with any remaining hydrogen chloride or ferrie
chloride. This is followed by bateh distillation under reduced pressure. Complete
distillation and mixing of the distillate is necessary in order to obtain uniform material
of the desired composition.

If increased clectrical resistivity is desired, the material is stirred at an clevated
temperature with a fow tenths of 1% of well-dried fuller’s carth and then filtered
through paper (35,37).
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Containers and Shipping

The liquid chlorvinated hiphenyls are packed and shipped in galvanize
drums or in tank cars constructed of nonrusting metals such as alundnum or tin-
conted metal. The resinous products wre packed and shipped in open-top galvanized-
steel drums, and the high-nelting solid products are packed and shipped in hags.
Tho milroud shipping classification s Resin Synthetic NOIBN,

Health and Safety Factors

Prolonged exposure to chlorinated biphenyl vapor evolved at high tenperature
can lead to systemic toxic eoffccts. Inhalation tests on animals indicate that the
maxium safe concentration of vapor is in the range of 0.5 to L0 mg of the lower
chlovinated biphenyl mixtures per cubic meter of air.  The threshold limits (nmuxi-
mum allowable concentration for an cight-hour working day) set by the Amcrican
Conference of Governmental Industrial Hygicnists are 1.0 mg of thoe lower chlorin-
ated biphenyl compounds (42%, chlorine) per cubic meter of air and 0.5 mg of the
mare highly chlorinated biphenyt compounds (54%, chlorine) per cubic metor of air.
When chlorinated biphenyl compouunds are used at elevated temperatuves, engineering
controls must be applied, cither by the use of closed systems or by cffective local
mechanical exhaust ventilation together with general workroom cxhaust.  Although
the chlorinated biphenyls arve not normally skin irritants, their solvent action esn
retnove natural protective oils and {ats, and lead to drying and cracking of the skin.
Also, continuous or repeated skin contact with chlorinated biphonyls should be
avoided Decause of the possible occurrence of a condition called “chloracnc” (38).

Uses

Sectrical Applications. Al of the uses of the chlovinated Liphenyls depenu ou
their chemical stability and their physical properties, which may be varied to suit the
specifio upplication.  One very important uso is as dielectric mediums in such applicu-
tions a8 fluids for transformers and as impregnants for capacitors and condensers (29,
30,39-44). Chlorinated biphenyls, used either alone or in blends with other ma-
tovials such as trichlorobenzene, mect the need for & fire-resistant dielectric fluid with
a high resistivity, a high dielecuric strength, a relatively high dieloctrie constant, and
w vory fow power factor. By veplncing hydroenrbon oil with chlorinated biphenyls
or mixtures of chlorinated biphenyls with trighlorobenzeno, it has been possille 1o
redesign equipment with a great reduction in size for the samo capacity and voltaye.
At the same time, the fire hazards have been eliminated. See also Dielectrics and
piexoclectrics; Insulation, electrical.

The maximum diclectric constant of commereial chlorinated biphenyl mixtures
at 1000 cycles and 25°C is approxitaately 6.0. In rocent years, considerable attention
has been given to upgrading this property (4548). Combinations of fraction:l
Jistillation, ehlovination, and isomerization can ho used to obtain diclectrie constauts
of 7.0 or slightly above. Direct synthesis of specific trichlorobiphenyl isomers can
be utilized to obtain diclectric tants in the order of 10 (49). Improved analytical
techniques, primarily capillary gas chromatography (50), have been of great aid in
studying the complex chlorobiphenyl mixtures.
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Other important cieetrical applications for the chlorinated Liphenyls are as
impregnants for cotton ur ashestos-fiber insulation (51), ws constituents of asphali-
base wire-ilmpregnating compounds, and as plasticizers in wire
particularly those containing ncopre) ubbier, or combinations of polyviny! ciloride,
cihylecllulose, and polyvinyl butyral Also, chlovinated biphenyls are oin-
ployed as senling mediums for cleetrical insulators and as iapregnants foe carbon
resistors Lo reduce the influence of mvisture.

Plastics, Lacquers, Paints, and Yarnishes. Chlorinated biphenyls ure compatible
with must of the common plastic matevials and vesing, and are soluble in paint and
varnish oils (29).  Ta combination with asphalt, cthyleellulose, chlorinated rubber,
Pliolite (styrene-hutadiene copolymer), or other plastic maerials, they are used ox-
tensively in proteetive conlings for wood, metud, and conerete (38,36,57).  Tn cone
bination wiith dicetyl phithalate, they are coplast
sitions (29.38). See also Coatings, industeial; Paint.,

In paints and varnishes the hard resinous chiorinated \nph(‘nyls are used w
ipaat inereased hardness to the films, and the softer resing are used to give flexi-
hility. 'The role of these materials is similar to that of the oil, exeept that they do not
oxidize and lose flexibility on ageing. In nitrocellulose lacquers, chlorimated bi-
phenyls ave cmployed cither alone or in combination with other plasticizers and resins
to impart increased weather vesistance, luster, adhesion, and decreased burning rate
(57-60). ‘The hard, white, crystalline chlorinated biphenyls of high melting point
are useful as pigments with various plastics (61).

Adhesives (qv). The resinous products are used in synthetie adhesive com-

oating cotpounds,

15 for polyvinyt ehlovide compn-

" positions in combination with such Lase materials as polyvinyl acctate, ethyleellulose,

clilorinated rubber, polyvinyl butyral, isoprene-styrene copolymer, and polyiso-
butylene. Chlorinated biphenyls are used in the preparation of contings of pressurc-
rupturable capsules for adhesive tapo (62).

Lubricants (qv). Chlovinated biphenyls find application as lubricants unacr
extrome conditions such as highly oxidizing conditions, high temperatures, oxtreme
pressures, or submerged locations.  Mixturcs with other oils to form heaviee-than-
water Jubricants are used in submerged locations, such as bridge rollers.  Lubricants
for extreme pressures aro made by adding up to 15% of the chiorinated biphenyls to
petroleum hydrocarbon oils.

Heat-Transfer Media (qv). Chlorinated biphenyls have been used for some time
in indirect heating applications (63). Recently, products of this type sold hy Mon-
santo Company under the registered trademark Therminol have been introduecd,
which are specifically directed to use as heat-transfer media (64). These fluids are
purticularly well suited for cllicicnt and safe operation in applications involving
flammable imaterials where uniform temperatures are required and for high-tempera-
ture (bulk temperstures of 600°L) indirect heating. Specifically designed units for
such applications are required to prevent local overheating.

Miscellancous Applications. Carnauba wax may be extended by bleuding with
chlorinated biphenyl in eombinalion with ceresin and paraffin (20,65). Satisfactory
waxes and polishes are prepared without the use of carnsuba wax by blending ouricury
(licuri) wax with chlorinated biphenyl, cercsin, and paraffin.  Chlorinated hiphenyls
are ingredients of many fire-resiscant compositions.  Fire-retarding paints usually
contain antimony oxide or barium sulfate in addition to the chlorinated biphenyl.
In making fireproof fiberboard, lsified chlorinated biphenyl is added to the fiber
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stock (66). Modifying waxes ave added to chilovinated biphenyl in the preparation
of textilo-conting materials.

In addition to the uses listed above, chlorinated biphenyls are ingredients of some
seating compotiuds for use with wood or cauvas to give protestion against moisture,
wildew, or atfacks of opguisis, They are also used i fovmulatiog vabiing vome-
pounds, powdered metal pastes, some soil-poison and wood-preserving compusiiions,
paper transparondizers, and printing inks,  Carbonless veproducing paper is made by
an envapsulation protedure which uses chlovinated bipheny! as part oi the formula-
tion (67) (sco Encapsulation).
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CHLORINATED NAPHTHALENES

Luuvent, in 1833, observed thut waxlike materials resulted from reaction of
chlorine with naphthalene in the presence of cortain catalysts. Thesoa ehlorination
products were further studied by Iischer in 1878. It was morc than twenty years
Inter, however, that Aylsworth discorned their technological potentialities (1).

Chemically and physically, the chlorine derivatives of naphthalene presented
investigators with a much more piex problem than the chlorob Tollowing
Erlenmeyer’s astablishment of the fused-ring structure of naphthalene in 1866, many
years clapsed before many of the theoretically possible chlorination derivatives of the
compound were isolated nund identified ; even today the positions of the substituent
chlorino atoms in all isolated tetvachloro- and pentachloronuphthalenes have not been
alloented with eertainty (seo ‘Fable 1), Physically, the dilliculty of isolating woncrs
from the mixtures produced by chlorination of nuphthaleno is such that indiroct
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