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CHLORINATED BIPHENYL AND RELATED COMPOUNDS

/

Bipheny! (diphenyl), terplienyls, higher polyphenyls, or mixtures of these com-
;};;-..1(_!5 can be chlorinated to give products which have outstanding chernical and
thensal stabilities, Tudividual isomers, ahich rangs from liquids to high-mnelting
crytalline solids, are of lit!le connnercial imporiance whereas the mixed chlormatcd
coizponents have considerable commercial significance. -

Yepistercd trademarks {or some coninercial brands of chlorinated biphenyls in
the United States are the following:  Aroclor (Monsante Company), Chiorextol
(ABis-Chalmers  Manufacturing  Company),  Dykanol (Cornell-Duabilier - Division,
Federal Pacifie Ileetrie Compuny), Inerteen (Westinghouse Ilectric Corporation),
Noidamoi (Wagner Electric Corporation), DPyranol (General Electric Compauy),
ared iherminol (Monsanto Company). Sane other registeved trademarks or trade
naies for commercial chlorinated biphenyls found througliout the world are the
follewing:  Clophen (I G. Farbenindustrie A.G., Germany), Fenclor (Caffaro, Ttaly), -
Kannechlor u\"n(‘"'lfuchx Chcmlcal Co., « apa.n), Pyxamnc (Prodclee, Irance), and
Sovol (Ruk\n)

 Comnercial manufac ture of the Aroclor brand of chlorinated biphenyls was
strated in 1929, These products vary from mobile oily liquids to white crystalline
tonids aud hard npenerystalline resins. . Beecause of the many forms and properties,
ti.oy have found applications in many diverse fields—in electrical insulation, fire-

s tant heai-transier and uyhrmdic fluids, lubricants for use at high’ temperatures

snd peessures, sealant and espension media, and as constituents in claot.omers ad-
'u'uvos, paints, laequers, vaumhrm pigments, and waxcs.

Physical and Chemical Properties

The physical propertics of individual chlorobiphenyl isomers vary widely as
may be seen in Table 1. Mixed isomers as produced in & commercial product have
physical properties which are (uite different- from those of the individual lsomers.
This is particularly true for the solidification point.

Chlorinated Liphenyls, in general, are considered to be mert materials. ITow-
ever, they will react with certain reagents when treated under rather rigorous condi-
tions. Tor example, chlorabiphenyls will react with sodium hydroxide at clevated
temperatures to yicld phenolic materials (28).

Mixtuzes of chlorinated biphenyls, such as those found in commercml pmduct.s
will not react with acids, alkalics, or water under normal to moderately rigorous

---conditions (29). They are 'inaoluble in water, glycerol, and the glycols. The oils and
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290  CHLOROCARBONS AND CHLOROIY DROCARBONS .
resins are readily soluble in most of the common drganic solvents, but most of the !
hard erystalline members are less soluble than the liquids or softer resins,  The
chlorinated biphenyl mixtures are nondrying even when exposed to air in thin filins.
They are permanently thornmpl.bhc and cxcept for the lower chlorinated memhers
“are nonflammable.  The resins will adhere strongly to smooth surfaces such as glass,
metal, varnished or lacquered surfaces. Nost of the common metals and alloys
. /
) S
Table 1. Phygical Propertivs of Chlorobiphenyls
— Melting Boiling puint, Bibliography
] Compound -/ point, °C *C (mm lig) references f
2 ehbrobiphenyl / . 34 267-268; 154 (12) (1-3) ;
3-chlorebiphenyl A - : 284-285 (4,5 :
tchlorobiphenyl / 75.5;76;74  125(14) (2,6,7)
2,2 dichlorabiphenyl 7 : o - 80; 61-62 ) 3,M )
3,4 dichlorobiphenyl 7 : . 23; 29 322-324; 320-326 (9-12) A
4,4%dichlorohiphenyl ¢ - 148 315319 2,9,12)
3,5-dichlorabiphenyl - 3u 166 (10) (13,14) \
2,5 dichlorabiphenyl 171 (15); 152 (30) (14,15) .
3, -dichlorobiphenyl I 46; 49-50 105200 (15) T (16,17) 1
2, dichlarobiphenyl . . : 172 (30) ’ (15)
2,4 -dichlorobiphienyl - . 4 . (15,18)
2,4,5-trichlorebiphenyl - 78-79 - - e el (1) .
2,3,5-trichiorabiphenyl - 41 _ : (13) - 1
2,44 -trichlorabiphenyl : . . §5-56 {9,20) . |
2,5,4 -trichiarobiphenyl ) 67 . . ' (21) .
3,5,4 - trichlorubiphenyl - ’ &S ' (13)
3.4,2'-trichlorabiplienyl . 6566 : - (a2 \
" 3,5,2-trichlorobiphenyl 58 : : , ’ (13)
3,1,3", 4 -tetrachlorobiphenyl - 172 230 (50) . (11,23) - ]
3,4,2',5 - wetracklorobiphenyl 13 . (2D o
< 2,0,2, b'-tetrachiorobipbenyl - L 195 - {235)
52,535 tetrachiorohiphenyl - 162 IR ' (23)
2,4,2 4 -tetrarhlocobiplienyl 83 - (12,24) ]
2,5,2',5'-tatracnlorobiphenyl : 84-35 (25) :
2,4,5,%4",4 ~-pentachlorohiphenyl ‘179 105-220 (10) (14,26) ! .

, 3,4,5,3",4°,5"hexachlorobiphenyl : - 108 (23)
7 2,4,6,2',4°,6"-hexachlorahiphenyl - 111.5-112 (12,27) _ “
’ 2,3,4,5,2' 4,5 -heptachlorobiphenyl : 240~280 (20) ° (19) '._."

2,3,56,2°,3,5 6%octuchlorobiphenyl . 161 . (23) s
2,3,4,5,6,2%,3',4",5' 6'~decachlorobiphenyl 310 (23) / ,
. .’[" h 1
have excellent resistance to the chlorinated biphenyls even at clevated temperatures.
However, copper and some copper alloys are affected to a limited extent and show pene-
tration rates between 0.0004 and 0.014 in./yr. Many plastic materials of construction
arc attacked by chlorinated biphenyls, In addition to high resistance to thermal
degradation, they alsv have many interesting clectrical properties.
" The general propertics of the more important members of the Aroclor brand of
chlorinated biphenyl products are shown in Table 2 and the electrical propcrt,xea are
" shown in Table 3. R
A . S .
i
: I
N
/.'.' DSW 330407
. / :
. / . / .

STLCOPCB4077051



/

; AM

Yol. 5

CHLOROCARBONS AND CIILOROHYDROCARBON

N

= .ounoyd 2
M _....Q ISV,

_o .::x? SUITINGD [ZE] JORQIY ‘D1 “4uajued dunopd Aumivesddr ayedpur endip omg 357,
aanjeaaduy Suijtoq o dn uc?g 217 uu siREdIpul duou (dnd uado pur[aAa),

«dnd uxio puveadl)

.cc:..\.c_%::w uo juiod ploH ¢

mm-o INISY ‘es2atuy 1joqles , S INISY o
([PYIpUL) 63-A INISY »

(00%8/52) uisa1 aIuq
£1-09 duou suou L1 ‘anbudo 'yoryq  coug 0PIy
/ (31w ) (De85/LE) Wisa131Nq ‘4aq .
o €09°1-099°1  §'¢P1-S6 suou auou cge-08% 0.9°1 “WE-03-80][3L 2w (9FS 10]201Y
™~ (811 ww §) (D.9¢/5T) uisar £yne .
LOr-008 S~ - Z5-9F o 0se< 114 00¢-€13 Olp'r  ‘udavdsuray lmopal  Trig J0peIy
“(D.081) / (9p1 ww §) (D.82/¢2) WS 3[NNQ
0c1-06 209" 1-¥09°1 0009 auou auoq 0ce-082 0.9°1 .>5=un juadsuvay  egtf Jopory
. S~ (D.92/¢2) Japaod _
+00E-652 // ouoy duou 09H0Sk 096°1-116°1 YRS NS 0221 dopoy
. (Do02/tT) Jopaod
(OL1-06T ~ .. duou suou 0ce-CEF TS T-108'T  ARM-}O 03 s ST 20p01Y
S ; S {D.5721/06) uisay Jvap
.. 00108 11689°1-10C9°1 ’ §e-<¢ auou . duca CTI-C6E £8u 1-a2e 1 ‘Ayonys ‘mopal qydy - gogt Joposy
T , .. ‘ (D.5°21/06) uisa1 ‘Ayans
S1-7L GO’ 1-240° T _ 1e suou  duod 02re88  09¢°1-¢eS° 1 ‘yos ‘wojpd iyl 00Tl 2opmy
_ . St (D.8721/¢9) Ito ,
SI-1% . 00¢T-00ST 119°1-6£9°T . 01 duuu Juoy 06¢-€0¢ C0e 1-CGE'T Fnndsia ‘mepalandy - gegt Jopoly
. . (0.5°21/59) 110 djjows
2608 Orc—<81 1€9°1-089°1 l- suew  aGI-£01 cle-0re Ciy 1-¢ob 1 ‘priuy uoaR-noqpl - St doposy .
o S : . (0.87€1/¢5) 110 2jiqowt
o £ 256-28 60" 1-229°1 61— suou  OS1-921 90g-03¢ 6e 1-18e'1 ‘559]40[03 js0W|Y . THZT d0POIY
o (0.5°01/¢2) 1:0 dj1qow
2 14 15-3¥F @O 10891 ¢reg— S€e pet-get cae-ou% 053 1-028° T ‘FEAlIOIOD JSOLIR  TLST JOPOIY
Oo~ ) A'Uo.. .-.: n....v .
1£-0¢ 1F-8¢ $1971-419°1 WwHMELD ol CsI=1§T pce-¢ie SOUT-ON1T T 0 aqowt 'ssopojod L1731 sopaay
90655 a8 L cu e o o o {100) O, £ati3 20[u2 put Wiog" [T vy
= ,1utod pund Juted  fquod o Sury nadg
o...n\ ha.mm:...nm\w &xmc..CDW .:.C& v..__nm, ;nﬁhm uen :_Q “«

£l

20 oG 30 woijdedosg puon R SRR A A

Dsw 330408

STLCOPCB4077052



292 CHLOROCARBONS AND CHLOROIIYDROCARBONS
Tuble 3. Blectriead Propection of Some Aroclors
Ihelectrie constant n:l:::";‘l':) . . . Power {netor.®
. welens - "y uwer {netor,
: M08 eyeden g at 107G - Dieleetric W00°C, 1000
Avovine ' 23°C 1010°C M0V, e strengthe kV eyeles, %
i 5.7 1.6 o I
1242 a8 4.9 ~ mhove 500X 100 / >335 . <0.1
1248 5.0 4.6 * above 500 X 10* ,’ >35 <0.1
1254 5.0 4.3 above 500 X 10* / >35 <0.1
1260 4.3 3.7 above 500 X 10* / >35 <0.1
1208 2.5 o /.
5442 3.0 4.9 above 500 X 10°
5454 2.7 4.2 o ;
00 2.5 3.7
4465 2.7 3.3 ) .
a ASTM D-150477T. ’ , : /
P ASTAM D-25746. : /
« ASTM D-140-44. ,' , /
' /
Manufacture S

A nunhier of -the pure compounds formed by the chlorination .of biphenyl, ter-
puenyl, or nare conplex polyphenyls are erystalline solids, some of which have véry
high melting points (30).  Jowever, mixtures containing a number of such compounds’
may be either liquids or nonerystalline resing.  Chlorination of avematic hydro-
carbons to various levels not ouly gives several isomers of the same chlovine content
hut also gives appreciable portions of the isomers of eompounds of higher and lower
chilorine contents (31,32). At any level of chlorine content, batch chlorination gives
the highest proportion of compounds corresponding in composition to the average
cilorine content, whercas single-stage continuous chlorination gives the lowest pro-
portion of such compounds.  As the number of stages is increased, nuiltistage con-
tinous ehlovination gives enmpositions approaching those obtained by bateh chlo-
rinustion.  The propovtion of the various isomers and of compounds of higher and lower
ciilorine contents than the average is also influeneed by factors such as temperature,
-quantity and kind of catalyst, employed, dwlee and type of agitation, and rate of
admission of the chlorine.

A procedure for carrying out a single-stage ﬂuxd bed chlmmntmn is described in
the patent literature for polychlorination of biphenyl (33).
‘rination in a multiple-siage unit can also be used.  Batch chlorination has been found
to be particularly well suited for the manufacture of the various products (32,34).

The chlorinators may be cylindrical steel towers, 3 ft in diameter and 18 ft high,
which are equipped with chlorine distributors at the bottom and with coils for heating

and cooling the material undergoing reaction.  PPuinps provide agitation by circulating

the liquid charge. The lower half of the chlorinutors is filled with iron turnings,
vwhich have heen burned fiee of oil and moisture. In German practice, the chlorina-

513 nro'ngiuucd 10,000-liter lead-lined vessels, and ferric chloride is used as the
catolyst instead of iron turningd. Fifteen kg of ferric chloride is used for each chargo
of GOGO kg (35) of biphenyl.

Continuous liquid chlo-
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\'ol.. 5 CHLOROCARBONS AND CHLOROHYDROCARBONS 1293 |

Raw. Matcrials.  The raw material used depends on the type of chlorinated
material to be praduced; anhydrous ehlorine ix used as the’ehlorinating ageat in all
ences. In general, it ean be said that biphenyl alone gives liquid or soft, sticky nou-
crystalline produets up to & chlorine content of (0%, low-melting resinous products

hetween 60 and 65% chlorine content, and partly erystalline or erystalline products -
of much higher melting points at chlorine contents above 639, (32).  In the casc of ©

products that are solid at ordinary temperatures, the higher the proportion of ter-
phenyls or more complex polyphienyls in the mixture hefore chlorination, the higher

the soitening point and the less the erystallizing tendeney of the chlorivated product
aiter distillation.  Tor those products that are solid or partly crystalline at room

temperature, the higher the chlorine content, the higher the soitening point, and the. -

greater the tendency of the material to erystallize (34).

Preparation of Crude Chlorinated Blphenyl For the manufacture of any given -

erade of chlorinated biphenyl, the chlorinator is charged with the proper raw material
cr misture of raw materials {o give the desired produet in an amount sufficient to/
cover the eatalyst bed and to peruidt eirenlation. Then the flow of vaporized chlorine
is started anid the charge is civenlated with the pump. Throughout the chlorination,
the tempeorature is kept well above the mcltmg point of the mixture, but below 1 )O"C
to avoid excessive sublimation and piugging of the line dise h:ugm-r the hy dmg,cn
ebloride produced by the ehlovination.  Samples are withdrawn for examination from
time to time until the desired ehlorine content has been reached. At the lower chlorine
contents, spreific gravity measurements are taken using a hydrometer to determine
the enmposition, After the product has hecome too viscous or has reached too high
a melting point for convenient determination of the speeific gravity at temperatures
below 100°C, the degree of chlorvination is determined by measuring the hold point
as the material cryztallizes, or by the ball-and-ring softening-point test (36). The
time required for chlorination is 12 to 36 hr, depending upon the chlorine content of
the product.  The anhydrous hydrogen chloride, which is evolved during the chlorina-
tioas, is absorbed in water in equipment of conventioral design.

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

tions, for most pneposes further purification is necessary to remove the color, and the
traees of hydrogen ehloride and ferric chloride (32,34,35). The methods of purification
are sumewhat dificrent for the different fypes of end products. The high-meliing
solid producis are difficult to distiil.  Distillation under redueed pressure is particularly
difiicult as it is desirable to keep the boiling point above the solidificetion point.
Generally, these products are distilled in gas-fired retoris at atmospheric pressuve.
The distillate is flaked on chilled rolls. From practical considerations of quality and
better overall processing efficiency, the liquid and resinous products are distilled at
lower temperatures in more conventional equipment under reduced pressure. The
ernde liquid and resinous products are held at an elevated temperature and blown
with dry air for several hours, after which a-few tenths of 197 of lime or sodium hydrox-
ide iy stirred with the material to react with any remaining hydrogen cliloride or ferric
chloride. This is followcd by batch distillation under reduced pressure.  Complete
distillation and mixing of the distillate is necessary in order to obtam umform material
of the desired composition.

If inereased cleetrical resistivity is desired, the material is stirred ut an elevated

temperature with a fow tenths of 1%; o{ well-dned fullcra earth and then filtered -

through paper (35,37).
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204  CHLOROCARBONS AND CHLOROIIYDROCARBONS

Containers and Shipping

The liquid chlorinated bhiphenyls ave packed and shipped in galvanized-steel -

drums or in tank cars constructed of nonrusting metals such as aluminum or tin-
coated mictal.  The resinous products are packed and shipped in open-top galvanized-

steel drums, and the high-melting solid products arc packed and shipped in bags. .

The railroad shipping classification is Ilesin Synthetic NOIBN.

Health and Safety Faclors
' L.

Proloupred exposure to chlorinated biphenyl vapor evolved at high temperature
can lead to systemie toxic cffects.  Inhalation tests on animals indicate that the
quaximum safe coneentration of vapor is in the range of 0.5 to 1.0 g of the lower
chlorinated biphenyl mixtures per eubic meter of air.  The threshold limits (nasi-

mum allowable concentration for an cight-hour working day) set by the Americay’

Conference of Governmental Industrial Hygienists are 1.0 mg of the lower chloriri-

ated biphenyl campounds (4129, chlorine) per cubic incter of air and 0.5 mg of the -

more highly chlorinated biphenyl compounds (54%, chlorine) per cubic meter of, air.
When chlorinated biphenyl compounds are used at elevated temperatures, engineering
controls must be applied, cither by the use of closed systems or by cffective local
miechanical exhaust ventilation together with general workroom exhaust. Although
the chlorinated biphenyls are not normally skin irritants, their solvent action can
remove natural protective oils and fats, and lead to drying and cracking nf the skin,
‘Also, continuous or repeated skin contact with chlorinated blphenyls should be
avoided because of the possible occurrence of a condition called “chloracne’ (38).

Uses . /

Electrical Applications. "All of the uses of the chlorinated biphenyls depend on
 their chemical stability and their physical pmpome», which may be variced to suit the
specific application. One very important use is as diclectric mediwms in such applica-
tions as fluids for transformers and as impregnants for capacitors and condensers (29,
20,39-44). Chlorinated biphenyls, used cither alone or in ‘blends with other ma-
terials such aa trichlorobenzene, micet the need for a fire-resistant diclectric fluid with
4 high resistivity, a high dielectric strength, a relatively high dielectric constant, and
a very low power factor. By replacing hydrocarbon oil with chlorinated biphenyls
or mixtures of chlorinuted biphenyls with trichlorobenzene, it has been possible to
redesign cquipmeant with a great reduction in size for the same capacity and voltage.
At the same time, the fire hazards have heen eliminated. See also Diclectrics and
piezoclectrics; Insulation, clectrical. 7

‘The maximum dlelnctnc constant of commereial ch)ormntcd biphenyl mixtures
at 1000 cycles and 25°C is approximately 6.0. In recent years, considerable attention

has been given to upgrading this property (45-48). Combinations of fractional .

distillation, chlorination, and isomerization can be uscd-to obtain dielectric constants
of 7.0 or slightly above. Direct synthcsis of specific trichlorobiphenyl isomers can
ke utilized to obtain dielcctric constants in the order of 10 (49). Improved analytical

techniques, primarily enpillary gas chromatography (50), have been of great aid in
studymg the complex chlorobxphenyl ixtures.
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Yol. 5 - ‘CHLOROCARBONS AND CHLOROIYDROCARBONS 205

Other important clectrieal applications for the ehlovinated biphenyls are as
impregnants for cotton or ashestos-liber ms=ulation (O1), as constituents of asphalt-
base wire-impregnating compounds, and as plasticizers in wirecouting compounds,

particularly those containing ucoprene, rubber, or cambinations of polyvinyl chlovide,

cthylecllulose, and polyvinyl butyral (52-55). Also, chlorinated biphenyls are em-

* ployed as sealing mediums for electrical insulators nnd as impregnants for earbon

resistors to reduce the influence of moisture.

Plastics, Lacquers, Paints, and Varnishes. Chlovinated blphuxyls are compatible
with most of the conmunon plastic materials and resins, and are soluble in paint and
varnish oils (20). In combination with asphalt, ethylecllulose, chlorinated ruliber,
Pliotite (styrence-butadienc ou;-)ol) wer), or other plastic materials, they are used ox-
tensively in protective coatings for wood, melal, and conerete (38,56,57). In com-

hination with dioetyl phtlialate, they are Lv)pl.r.stlun 13 for polyvinyl ehloride compo-

sitions (29,38).  See aizo Coatings, industrial; Paint.

In paints and varnishes the hard resinous chlorvinated biphenyls are used to
impurt inerciased bardness to the filins, and the softer resins are used to give flexi-
bility. The voleof these materials s similar to that of the oil, except that they do not
oxidize and loze flexibility on "-'cu.,, In uitrocellulose lacquers, chlorinated bi-
phenyis are employed cither alone or in coibination with othier plasticizers and resins
to impart inereased weather resistance, luster, adhesion, and decreased buraing rate
(57-40). ‘The hard, white, crystailine chlorinated biphenyls of high melting point
arc useful o+ piginents with various plasties (61).

Adhesives {qv). Thz resinous products are used in synthetic adhesive com<
positions in combination with such base materials as polyvinyl acetate, ethyleellulose,
chlorinatad vubber, polvviuyl butyral, isoprenc-styrene copolymer, and polyiso-
butylere. Chlorinated biphenyls arc used in the preparation of coatings of pressure-
rupturible capsules for adhesive tape (02). .

Luhricants (qv). Chulorinated biphenyls find application as lubricants under
extreme conditions such as highly oxidizing conditions, high temperatures, extreine
pressires, or submerged locations.  Mixtures with other oils to formy heavier-than-
water ubricants are used in submerged locations, such as bridge rollers. s Lubricants
for extrame pressures arc made by adding up te 15% of the chlorinated biphenyls to
petroleum hydrocarbon oils. :

Heat-Transfer Media (qv). Chlorinated biphenyls have been used for some time
in indirect Leating applications (63). lccently, products of this type sold by Mon-

Csanto Conipany under the registered trademark Therminol have been introdueed,
pany

which are specifically divected to use us heat-transfer media (64). These fluids are

particulariy well suited for efficient -and safe operation in applications involving -

flanuuable materials where uniforin temperatures ave required and for high-tempera-
ture (bulk temperatures of G00°F) indirect heating. Spu,xﬁcally dcslgned units for

“such applications are recuired to prevent local overheating’

Misccllancous Appliciions. Carnauba wax may be extended by hlcndmg with
chlorinated biphenyl in combination with ceresin and paraffin (29,65). Satisfactory

waxes and polishes are prepared without the use of carnauba wax by blending ouricury ~

(licuri) wux with chlorinated biphenyl, ceresin, and paraifin.  Chlorinated biphenyls
nre ingredients of nany fire-resistant compositions Fire-retarding paints usually
conta'n aatimony oxide or barium eulfate in addition to the chlorinated biphenyl.
In makmg fireprooi ﬁbcrbonrd emulsified chlorinated biphenyl is added to the fiber
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206 CHLOROCARBONS AND CHLOROIYDROCARBONS

stock (66),  Modifying waxes are added to ellovinated ‘biplicuyl in the preparation
of textile-coating materials,

In addition ta the wses listed above, ehlorinated biphenyls are ingredicats of some
sealing compounds for use with wood or canvas (0 give protection against moisture,
nildew, or attacks of organisins.  They ave also used in formulating calking com-
pounds, powdered metal pastes, some soil-poison and woud-preserving compositions,
paper transparentizers, and printing inks. Carbonless vepreducing paper is niade by
_an encapsulation procedure which uses chior nmtcd biphenyl as part of the formula-

tion (67) (sce Encapsulation).
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CHLORINATED NAPIITHALENES

Laurent, in 1833, obzerved that waxlike materials vesulted from reaction of
chlovine with naphthalene in the presence of certain catalysts. These chiorination
products were fucther studied by Fischer in 1878, {t was more than twenty years
Jater, however, that Ayvtsworth discerned their teehmological potentialities (1).

Chemiceally and physically, the chilorine derivatives of naphthalene presented
investigators with & much more eomplex problem than the chlornbenzenes.  Following
Lrleneyer’s estublishinient of the fused-ring stracture of nuphthalene in 1866, many
years elupsed before nany of the theoretically possibic chloriiation derivatives of the
compound were isolated and identified; even today the positions of the substituent
chlorine atows in all isolated tetrachloro- and pentachloronaphthalenes have not been
-ullocated with certainty (see T'able 1), Physically, the ditliculty of isolating isomers
froni the mixtures produced by chlorination of naphthalene is such that indirect
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