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CHLORINATED BIPHENYL AND RELATED COMPOUNDS /-/

Bipheny! (diphenyl), terphienyls, higher po'lyphenyls, or mixtures of thept!/ com-
pounds ean be chlorinated to give products which have outstanding chemical and
thermal stabilities.  Tndividual isomers, which range from liquids to high-melting
crystalline solids, are of littie commercial importance whercas the mixed chlorinated
components have considerable commercial significance. -

' Registered tradearks for some commercial brands of chlorinated biphenyls in
the United States are the following: Aroclor (Monsanto Company), Chlorextol
(Allis-Chalmers Manufacturing Company), Dykanol (Corncll-Dubilier Division,
T'ederal Pacific Eleetric Company), Inertecen (Westinghouse Electriec Corporation),
Noflamol (Wagner Electric Corporation), Pyranol (General Electric Company),
and Therminol (Monsanto Company). Some other registered trademarks or trade
; names for commercial chlorinated biphenyls found througlhout the world are the
g following: Clophen (I. G. Farbenindustrie A.G., Gerimany), Fenclor (Cafiaro, Italy), -
Kannechlor (Itanegafuchi Chemical Co., Japan), Pyralen¢ (Prodelec, France), and
Sovol {(Russia). /!

Commercial manufacture of the Aroclor brand of chlorinated biphenyls was
starled in 1929. These products vary from mobile oily liquids to white . crystalline
solids and hard noncrystalline resins. Because of the many forms and properties,
they have found applications in many diverse ficlds—in electrical insulation, fire-
resistant heut-transfer and hydroulic fluids, lubricants for use at high temperatures
and pressures, sealant and cxpansion media, and as constituents in elastomers, ad-
herives, paints, lacquers, varnishes, pigmenta,‘and waxes.

Physical and Chemical Properties

‘The physical propertios of individual chlorobiphenyl isomers vary widoly as
may be seen in Table 1. Mixed isomers as produced in a commercial product have
physical properties which are quite different fromn those of the individual isomers.
This is particularly true for-the solidification point.

Chlorinated biphenyls, in general, are considered to be inert materials. How-
cver, they will react with certain reagents when treated under rather rigorous condi-
tions. For example, chlorabiphenyls will reget with sodium hydroxide at elevated
temperatures to yicld phenolic materials (28).

Mixtures of chlorinated biphenyls, such as those found in commercial productas,
will not react with acids, alkalies, or water under normal to moderately rigorous
conditiona (20). They are insoluble in water, glycerol, and the glycols. The oils and
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290 CHLOROCARBONS AND CHHLOROIIYDROCARBONS

resing are readily soluble in niost of the common organie solvents, but most of the
hard crvstalline members are less soluble than the liquids or softer resing.  The
chlorinated biphenyl mixtures are nondrying even when exposed to air in thin filins.
They arc permancutly thermoplastic and except for the lower chlorinated members
are nonflammable. The resins will adhere strongly to smooth surfaces such as gloss,
metal, varnished or lacquered surfaces. Most of the common metals and alloys

/
Table 1. Phygical Propertics of Chlorobiphenyls
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7 Melting Bailing pwint, Bibliography
Compound / point, °C *C (mm Hg) references

Lchlorobiphenyl / 34 267-2G8; 154 (12) (1-3)
3-chlarobiphenyl 89 284285 (4,5)
4-chlorvbiphenyl 75.5;76,74 125 (14) (2,6,7)
2,2*-dichlorobiphenyl / 59; 61-02 (8,9)
3,3-dichlorobiphenyl 23; 29 322-324; 320-326 (0-12)
4,4 '-dichlorobiphenyl 148 3153190 (2,9,12)
3,5~dichlorobiphenyl 36 160 (10) (13,14)
2, -dichlorobipheny! 171 (15); 182 (30) (14,15)
3,4-dicidorobiphenyl 40; 450 185-200 (15) (16,17)
2,3-dichlorobiphenyl 172 (30) (13)
2,4"-dichlorohiphenyl 44 (15,18)
2,4,5-trichlorobiphenyl 78-79 W
2,3,5-trichiorobiphenyl . 41 (13)
2,4,4'-trichlorobipheny} 55-56 (9,20}
2,5,4'-trichlorobiphenyl 67 (21)
3,5,4'-trichlorobiphenyl 88 (13)
3,4,2"-trichlorobiphenyli 6566 (22)
3,5,2'-trichlorobiphenyl 58 (13)
3,4,3',4'-tetruachlorobiphenyl 172 230 (50) (11,23)
3,4,2',5'-tetrachlorobiphenyl 103 (21)
2,6,2",6'-tetrachlorobiphenyl 198 (23)
2,5,3',5-tetrachlorobhiphenyl 162 (23)
2,4,2’ 4'-tetrachlorohiphenyl 83 (12,24)
2,5,2°,5'-tetrachlorobiphenyl 84-85 (25)
2,4,5,'4",4’-pentachlorobiphenyl 179 195220 (10) {14,20)
3,4,5,3".4',5'-hexachlorobiphenyl 108 (23)
2,4,6,2',4',6'-hexachlorobiphenyl 111.5-112 (12,27)
2,1,4,5,2',4',5'-heplachlorobiphenyl 240-2840) (20) (1)
2,3,5,6,2°,3',5°,6"~octachlorobiphenyl 161 (2%)
2,3,4,5,6,2",3",4",5',6~decnchlorobipheny! 310 (23)

have cxcellent resistance to the chlorinated biphenyls even at clevated temperatures.
However, copper and soine copper alloys are affected to a limited extent and show peno-
tration rates between 0.0014 and 0.014 in./yr. Many plastic materials of eonstruction
are attacked by chlorinated biphenyls. In addition to high resistance to thermal
degradation, they also 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 properties are
shown ia Table 3. N
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292 CHILOROCARBONS AND CHI I;()ROHYI)ROCARBONS

Table 3. Electrical Propertion of Some Aroclors

Vohuue

- (R e ————— e e PUSDEE

§ helectiie conntnnt

at 1K) eyclen= revintivity,® . _ _ Power fuctor,®
—_— — temoab BRI, Dielectric 0, 1K)
Aroclor 25°C I*C 500 V, de strength, kY cycles, %
1242 8.7 1.0
1242 5.8 4.0 above 500 X 100 , >36 <0.1
1248 5.0 4.6 " above 500 X 10¢ S >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
1268 2.5
5442 3.0 4.9 above 500 X 10°¢
5454 2.7 4.2
5400 2.5 3.7
4405 2.7 3.3
« ABTM 1-150-47T. /
¢ ASTM D-257-46.
¢ ASTM D-149-44. /
Manufacture !

A nuniber of the pure ecompounds formed by the chlorination of hiphenyl, ter-
phenyl, or more complex polyphenyls are crystalline solids, some of which have very
high melting pointa (30). However, iixtures containing a numbser of such compounda
may be either liquids or noncrystalliue resing.  Chlorination of aromatic hydro-
.carbons to various levels not only gives several isomers of the same chlorine content
but also gives appreciable portions of the isoniers of conmpounds of higher and lower
chlorine contents (31,32). At any level of chlorinc content, batch chlorination gives
the highest proportion of compounds corresponding in composition to the average
chlorine content, whercas single-stage continuous chlorination gives the lowest pro-
portion of such compounds. As the numnber of stages is increased, multistage con-
tinuous chlorinatiou gives compositions approaching those obtained by bateh chlo-
rination. The proportion of the various isomers and of compounds of higher and lower
chlorine contents than the average i8 also influenced by factors such as temperature,
quantity and kind of catalyst employed, degree and type of agitation, and rate of
admission of the chiurine. .

A procedure for carrying out a singlo-stage fluid-bed chlorination is deseribed in
the patent literature for polychlorination of biphenyl (33). Continuous liquid chlo-
rination in a multiple-stage unit can also be used. Batch chlorination has been found
to be particularly well suited for the manufacture of the various produets (132,34).

The chlorinators may he cylindrical stecl towers, 3 ft in dinncter and 18 ft high,
which are cquipped with chlorine distributors at the bottom und with coils for heating
and cooling the material vndergoing reaction. Pumps provide agitation by circulating
the liquid charge. The lower half of the chlorinutors is filled with iron turningy,
which have been burned free of oil and moisture. In German practice, the chlorina-
tors are agitated 10,000-liter lead-lined vessels, and ferric chloride is used as the
catalyst instead of iron turnings. Fifteon kg of ferric chloride is used for each charge
of 6000 kg (35) of biphenyl. / :

/
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Vol. 5 CHLOROCARBONS AND CHLOROHYDROCARBONS 293

Raw Matcrials. The raw naterial used depends on the type of chlorinated
material to be praduced; anhydrous chlorine s used as the ehilorinating agent in all
easex. b genernd, it ean be said that biphenyl alone gives liqud or soft, sticky nou-
crystalline produets up 1o a ehlorine content of (9, low-melting resinous products
hetween 60 und 659, chiorine content, and partly crystalline or erystalliie products

of much higher melting points at chlorine contents abave (5% (32). In tho cas: of

products that arc solid at ordinary temperatures, the higher the proportion of ter-
phenyls or more complex polypheuyls in the mixture hefore chlorination, the higher
the softening point and the less the erystallizing tendency of the chlorinated product
after distillation. For those products that arc solid or partly crystalline at room
temperature, the higher the chlorine content, the higher the softening poing, and the
greater the tendeney of the material to crystallize (34).

Preparation of Crude Chlorinated Biphenyl. For the manufacture of any given
grade of chlorinated biphenyl, the chlorinator is charged with the proper raw material
or mixture of raw materials to give the desived product in an amount sufficient to
cover the catalyst bed and to permit cireulation. Then the flow of vaporized ehlovine
is started and the charge is cireulated with the pump. Throughout the chlorination,
the temperature is kept well above the melting point of the mixture, but below 150°C,
to avoid excessive sublimation aud plugging of the line discharging the hydrogen
chloride produced by the chiorination. Samples arc withdrawn for examination from
time to time until the desired chlorine content has Leen reached. At the lower chlorine
contents, specific gravity measurcinents are taken using a hydrometer to determine
the composition. After the produet has become too viscous or has reached too high

a melting point for convenient determination of the specific gravity at tofiperatures.

below 100°C, the degree of chlorination is determnined by measuring the hold point
a8 tho material erystallizes, or by the ball-and-ring softening-point test (36). The
time required for chlorination is 12 to 36 hr, dopending upon the chlorine content of
the product. The anhydrous hydrogen chloride, which is evolved during tho chlorina-
tions, is absorbed in water in cquipiment 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 ferric chloride (32,34,35). The methods of purification
are somewhat different for the different types of cnd products. The high-melting
solid products are difficult to distill. Distillation under reduced pressurc is particularly
difficult a8 it is desirable to keep the boiling point above the solidification point.
Generally, these products are distilled in gas-fired retorts at atmospheric pressure.
The distillate is flaked on chilled rolls, From practical considerations of quality and
better overall processing efficiency, the liquid and resinous products are distilled ut
lower temperatures in more econventional equipment under reduced pressurs. The
crude liquid and resinous products are held at an clevated temperature and blown
with dry air for scveral hours, after which a few tenths of 19}, of lime or sodium hydrox-
ide is stirred with the material to react with any remaining hydrogen chloride or forric
chloride. This is followed by batch distillation under reduced pressure. Complete
distillation and mixing of the distillate is neceua.ry in order to obtain uniform material
of the desired composition.

If increasced eloctrical resistivity is desired, the material is stirred at an elevated
temperature with a few tenths of 1% of welldried fuller's earth and then filtered
through paper (35,37). /

;
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294 CHLOROCARBONS AND CHLOROHYDROCARBONS

Containers and Shipping

The liquid chlotmated biphenyls are packed and shipped in galvanized-steol
drunis or in tank cars constructed of nonrusting metals such as aluminum or tin-
coated mietal.  The resinous products are packed and shipped in open-top galvanised-
+steel drunis, and the high-melting solid products are packed and shipped in bags.
The railroad shipping classification is Resin Synthctic NOIBN. '

Health and Safety Factors

Prolonged exposure to chlorinated biphenyl vapor evolved at high temperature
can lead to systemic toxie cffeets.  Inbalation tests on animals indicate that the
maximum safe coneentration of vapor is in the range of 0.5 to 1.0 mg of the lower
chlorinated biphenyl nmixtures per cubic meter of air. The threshold limits (maxi-
mum allowable concentration for an cight-hour working day) set by the Ameri
Conference of Governinental Industrisl Hygienists are 1.0 mg of the lower chlorin-
ated biphenyl compounds (42% chlorine) per cubic meter of air and 0.5 mg of the
more highly chlorinated biphenyl compounds (54% chlorine) per eubic metor of, air.
When chlorinated biphenyl compounds are used at clevated temperatures, enginecring

controls must be applicd, cither by the use of closed systeis or by effective local °

mechanical exhaust ventilation together with general workroom cxhaust. 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 of the skin.
Also, continuous or repcated skin contact with chlorinated biphenyls’ should be
avoided because of the possible occurrence of a condition called “chlc7’cnc" (38).

Uses . /

Electrical Applications. All of the uscs of the chlorinated biphenyls depend on
their chemical stability and their physical properties, which may be varied to suit the
apecific application. Qi very important use is as diclectric mediums in such applica-
tiona ay fluids for transforiers and as impregnants for eapacitors and condensers (29,
30,39 -44).  Chlorinated biphenyls, used cither alone or in blends with other na-
terials such as trichlorobenzene, nicet the need for a fire-resistant dicleetric fluid with
a high rosistivity, a high dieleetric strength, a relatively high dielceiric constant, and
a very low power factor. By replacing hydrocarbon oil with chlorinated biphenyls
or mixtures of chlorinated biphenyls with trichlorobenzene, it has been possible to
redesign cquipment with a great reduction in size for the same capacity and voltage.
At the same time, the fire hazards have been eliminated. See also Diclectrics and
piezaclectrics; Insulation, electrical. ‘

The maximum dielectric constant of commercial chlorinated biphenyl mixturcs
at 1000 cycles and 25°C is approxinmtely 6.0. In recent ycars, considerable attention
has been given to upgrading this property (4548). Combinations of fractional
distillation, chlorination, and isomcrization cau be used to obtain dielectric constants
of 7.0 or slightly above. Direct synthesis of specific trichlorobiphenyl isomers can
be utilized to obtain dielectric constants in the order of 10 (48). Improved analytical
techniques, primarly capillary gas chromatography (50), have been of great aid in
studying the complex chlorobiphenyl )nixturea.

/
/
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Vol. 5 CHLOROCARBONS AND CHLOROHYDROCA RBONS 295

Other important clectrical applications for the chlorinated biphenyis are as
Cunpregnants {or cotton or asbestos-fiber insulation (31), ax constituents of asphalt-
base wire-impregnating compounds, and ag plasticizers i wire-coating compoutuls,
particularly those containing neoprene, rubber, or combinations of polyvinyl chloride,
cthyleclluloze, and polyvinyl butyral (52-33). Also, chlorinated biphenyls are em-
ployed as scaling mediums for clectrical insulators and as impregnants for carbon

resistors to reduce the influence of woisture, /
Plastics, Lacquers, Paints, and Varnishes.  Chlorinated biphenyls are compatible ' /

with most of the common plastic materials and resins, and are soluble in paint and

varnish oils (24). In combination with asphalt, cthyleellulose, chlorinated rubber, /

Plialite (styrene-butadicue copolymer), or other plastic materials, they are usoed ex-

tensively in protective coatings for wood, metal, and concrete (38,56,57). In com-
bination with dioctyl phthalate, they are coplasticizers for polyvinyl chloride compo-
sitions (29,38).  Sce also Coatings, industrial; Paint.

In paints and varnishes the hard resinous cehlovinated biphenyls are used to
impart increased hardness to the (ilms, and the softer resins are used to give flexi-
bility. The roleof these materiuls is similar to that of the oil, except that they do not
oxidize and lose flexibility on ageing. In nitrocellulose lacquers, chlorinated bi-
phenyls are employed either alone or in combination with other plasticizers and resins
to impart incrcased weather resistance, luster, adhesion, and decrcased burning rate
(57-60). The hard, white, crystalline chlorinated biphenyls of high melting point
are uscful as pigments with various plastics (61).

Adhesives (qv). ‘The resinous products are used in synthetic adhesive comns
positions in combination with such basc materials as polyvinyl acctate, ethylcellulose,
chlorinated rubber, polyvinyl butyral, isoprene—styrene copolymer, and polyiso-
butylene. Chlorinated biphenyls are used in the preparation of coatings of pressure-
rupturable capsulea for adhesive tape (62). i

Lubricants (qv). Chlorinated biphenyls find application as lubncant.s under f
extreme conditions such as highly oxidizing conditions, high temperatures,” extreme ' :
pressures, or submerged locations. Mixtures with other oils to form heavier-than-
water lubricants are used in submerged locations, such as bridge rollers. Lubricants
for extreme pressurcd are made by adding up to 15% of the chlonmwd biphenyls to
petroleumn hydrocarbon oils.

Heat-Transfer Media (qv). Chlorinated biphenyls hiave heen used for some time
in indirect heating applications (63). Riecently, products of this type sold by Mon-
santo Company under the registered trademark Therminol have been introduced,
which are specifically directed to usc as heat-transfer media (64). These fluids are
particularly well suited for ctficient and safe opcration in applications involving -
flanunable materials where uniform temperatures arc required and for high-tempera-
ture (bulk temperatures of 600°F) indirect heating. Specifically deasigned units for
such applications are required to. prevent local overheating. ' )

Miscellaneous Applications. Carnauba wax may be extended by blending with
chiorinated biphenyl in combination with eceresin and paraffin (29,65). Satisfactory
waxes and polishes arc prepared without the use of carnauba wax by blending ouricury
(licuri) wax with chlorinated biplienyl, ceresin, and paraflin.  Chlorinated biphenyls i
are ingredients of many fire-resistant compositions. IFire-rctarding paints usually '
contain antimony oxide or barium sulfate in addition to the chlorinated biphenyl.
In making fireproof fiberboard, emulsified chlo;'n&.ed biphenyl is added to the fiber

A 2
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296 CHLOROCARBONS AND CHLOROHYDROCARBONS

stock (66).  Maodifying waxes are added to ehilorinated ‘biphenyl in the propuration
of teatile-coating malerials,

In addition to the uses hsted above, elifovinated biphenyls nro ingredients of some
sealing compounds for use with wood or canvax to give protection against moisture,
mildew, or attacks of orgunisms.  They are also used in fornulating calking ooin-
pounds, powdercd mctal pastes, some soil-poison und wood-preserving compositions,
paper transparentizers, and printing inks. Carbonless reproducing paper is made by
an encapsulation procedure which usce chlorinated biphenyl as part of the formula-
tion (67) (sce Encapsulation).

Bibliography

“Chilorinuted Diplenyls' under “Chlorine Compounds, Oruum ' in KCT 1st od., Vul. 3, pp. 826-833,
by C. F. Boulh, Mons.mto Chemieal Company.

1. F. Bell, J. Chem. Soc. 131, 2773 (1928). i
2. Demwsclien, Ann. Chem. Lichigs 189, 138, 142 (1877),
3. 8. H. Zahoer and 8. A. Fasoeh, J. Ind. Chem. Soc. 21, 27 (1944).
4. M. Goml)crz und W, E. Buchmann, J. Am. ('hcm Sac. 46, 2343 (1V24).
o, 1bid., 49, 250 (1927).
6. G. h(hultz, Ann. Chem. Lichigs 174, 209 (1874),
7. I5. Bamberger, er. Deut. Chem. Ges. 29, 465 (1806).
8. J. J. Dabbie, J. J. Fox, and A. J. H. Gauge, J. Chem. Soc. 99, 1619 {1011).
9. L. Mascarelli, D. Gatti, E. Jona, and V. Leoncini, Gazs. Chim. Lul. 59, 888-870 (i
10. H. H. Helgson, J. Chem. Soc. 149, 745 (1046).
11. J. C. Coin, J. Chem. Soc. 85, 7 (1904).
12. F. Ulmanrn, Ann. Chem. Lichigs 832, 54-56 (1004).
13. L. E. Hinkel and . H. Hey, J. Chem. Soc. 131, 2750-2788 (1U28).
14. H. A, Scarborough and W. A. Waters, J. Chem. Soc. 130, 93-04 (1027).
15, T. Cruuw, ftec. Trav. Chim. 50, 753 (1031).
" 16. W. Blakely and H. A. Scarborough, J. Chem. Soc. 130, 3007 (1927).
17. W, Zerweck and C. Schiitz, Chemn. Absir. 36, 50582 (1042).
18, C. Finzi and V. Beliavita, Gazz. Chim. Ial. 64, 335 (10:34),
19, Y. S, Zal'kind and M. V. Belikova, J. Gen. Chem. USSK (Engl. Trunsl/) 8, 1018 (1U3Y).
20. H. Raudnits with H. Bihm, Ber. Deut. Chem. Ges. 60, 743 (1927). ’
21. V. Bellavity, Gazz. Chim. Ilal. 65, 632 (1935). /
22. L. Mascarclli, 1. Gatti, nand B. Longo, Gazz. Chim. Iial. 63, 654 (1933).
272, F. L. W. Van Roosmulen, Ree. Trayv. Chim. 53, 350 (1034).
24. Fr. Fichter and M. Adler, Holv. Chim. Acia 9, 287 (1926).  /
5. H. Meyer and A. Hofinann, Monalsh. Chem. 38, 145 (1917). /
26. H. Schmidt and (5. Schults, Ann. Chem. Licbigs 207, 340 (l/!tHl)
27. L. W. Pickett, I. ;. Whalter, and H. France, J. Am. Chem. §oc 58, 2200 (1030).
28%. Brit. Put. 779,221 (July 17, 1957) (to Progil).
29. The Araclor Compournds, booklet, Monsunto Co., 8t. Louis, Mo.
30. F. M. Clark, T'rana. Electrochem. Soc. 65, 50-71 (1034). -
31. R. B. MacMullin, (hem. Eng. Progr. 44 (3), 183-188 ({148).

32. U.S. I’nta. 1,802,397 and 1,802,308 (Don 27, 1932), R. L. Jenkins (to Swaun {esoarch; re- ¢

assigned to Monsanto Cheiniesl Co.).

33. U.S. Pat. 3,020,295 (April 10, 1962), Robort l'horme'. and Ludovie Parvi (to Bociité d’ Klectro-
chimie D'Electrometallurgic ot dea Aciéries Electriques d'Ugine).

4. US. Put. 1,802,400 (Iee. 27, 1032), R. L. Jenlunl and J. A. Bikarski (to Swa:in Research;
ressigned W0 Monaunto Chemicd Co )-

35. J. W. J. Fuy und J. H. Richanls, “Iinpregnusnts Used in Gennnn Paper Capacitors.” Oja Toch.
Serv. PI3 Itept. 76869 (1047); BIOS ( Briliah I'nlolligence Objectives Subcommillee) Final llepl. 843.

36. ““Nonmotallic Muteriale'’ ASTM Sid. K88-487T", Purt [1]-A (1940).

37. U.B. Pat. 1,994,302 (March 12, 1935), F. M. Clark (to Genoral Electric Cu.).

.o
T A Y P

Y v

v

rway -p e ey e

STLCOPCB4078799



/

/
Vol. 5 CHLOROCARBONS AND CHLOROILY DROCARBONS /297

S, Araclor Plaaticizera, Tech, Bull. No. PL-306, Monmnlo Co., St Louis, Mo., Doc. 1t /

39. L. H. Burmhan and 8. T, Maunder, Gen. EKloe. lew. 42, 206219 ( 11839).

40. F. M. Clark, I'nd. Eng. Chemr. 29, GUN-T02 (1937). .

41. W. Jacksom, Proc. Hoy. Soc. (London) Ser, A 188, 158-166 (1945).

42. A. . White and S. O. Morgan, J. Fraxklin Inat. 216, G:35-044 (1933). /

43. U8, Pat. 1,836,180 (Der. 15, 19311), C. R. McCullough and R. L. Jenkins (to Swunn Roscarch;
reassigned to Monsanto Chemienl Co). L/

44. UR. Pate. 1,931,373 and 1,931,455 (Oct. 17, 1933), F. M. Clark (to General Eloctrie Co.).

45. U8, Pat. 3,038,107 (June 5, 1962), H. 1. Weingarten (to Monsanto Chenudl Co.).

46. (.8. Pat. 3,068,297 (Dor. 11, 1962), H. I. Weingarten (to Monsanto Che Co.).

47. H. L. Weingarten, J. Org. Chem. 26, 43474350 (1961).

48, Jbid., 27, 2024-20r20 (1062). ’

49. U.S. Pac. 2,977,516 (March 28, 1961), H. I. Weingarten (to Monsanto, Chomical Co. ).

50. 1. 1. Weingarten, W. D. Ross, J. M. Schlater, and G. Wheeler, Jr., Ahal Chim. Acla 28, 3V1-

304 (1062),

U.S. Pat. 1,830,147 (June 14, 1932), J. H. Young (to H. 11, Ruborumn Co.). =

11.8. P’at. 2,120,157 (Sept. 6, 1038), E. W. Troclunder and W. C. den (o Pyroxylin Products).

U.S. Pat. 2,130,264 (Sept. 13, 1048), ¥. M. Clurk and J. H. Kootig (4o Cionoral Electric Co.).

US&. Pat. 2,141,910 (Dee. 27, 1938), W. C. Hayman (Lt Cionerul Klectric Co.).

U8, Pat. 2,148,281 (May 10, 1039), J. G. Ford and C. F. Hnll (to Wostinghouso Kloctric and

Manufneturing Co )

Aroclor lteains and Plasticizers for Chlorinalod Itubbcr, To«h Bull. PL-311, Monsanteo Co.,

Kt. Louis, Mo., April 1062,

57. Aroclor Fire Relarding Plunticizers and Modifiers for I"puy Resina, T'ech. Bull. C8-14, Monsanto
Ca., St. Jouia, Mo, Naov, 1.

8. H. W. Bawron, Paint Technol. 2, 26-27 (1937).

50. H. A. Gardner and G. G. Sword, Nul. Paint, Vurnish lacyuer Assoc. Sci, Se& Cire. Ns. 66,
100-103 (1038).

60. R. L. Jenkins and R. N. Foster, /nd. Eng. Chemn. 23, Hbl 1365 (1931).

61. U.8. Pat. 2,077,700 (April 20, 1037), L% Klein (to E. I. du Pont de Nemnours & Co., Ine.).

62. U.S. Pai. 2,988,481 (June 13, 1061}, H. J. Eichel (to Nutivnal Cush Register Co.).

03. W.J. Davis and P. G. Benigr.us, CAem. Eng. Prog. §9, 3042 (1963).

04. Thcrminol FR Fluid Heal Systems, Looklet, Monsanto Co., St. Louis, Mo.

65. G. W. Wond, M/g. Chemiat 19 (3), 90-104 (1948).

60. U.S. Pat. 2,030,853 (Feb. 11, 1936), R/ G. Quinn (to Interuational Paper Co.).

67. U.8. Pat. 2,548,306 (April 1051) 17( Green and . W. Bundberg (to National Cush IRegister

o
-

Fi?a

o>
(34

S

Co.).

H. L. Hussarn
Monsanto Comipany

CHLORINATED NAPHTHALENES

Jaurent, in 1833, obscerved that waxlike materials resulted [rom reaction of
chlorine with naphthalene in the presence of certain catalysts. These chlorination
products were further studied by IFischer in 1878. It was wmore than twonty yocars
later, however, that Aylsworth discerned their technologicul potentinlities (1).

Chemiically and physically, the chlorine derivatives of naphthalono proscnted

investigators with & much more complex problein than the chlorobenzencs. Following
Erlesuneyer’s establishiment of the fused-ring structure of naphthalone in 1866, many
years clapsed before muny of the theorcticully possible chlorination derivatives of the
compound were isolated and identifiod ; oven today the positions of tho substituent
chlorine atoins in ull isolated tumchlom— and lx,nuwhlommxphthulcnm'havo not boon
allocatod - with cortainty (sco Table 1). P’hysically, the dl(hculty of isolating iwomors
from t/h’e mixtures produced by chloriuation of naphthalene is such that indiroot
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routes st usually be employed for their preparation.  Oanly l-chloronaphthalene
(a-chloronaplithalenc) and octachloronaphthalene can be readily isolated from the
products of chlorinating naphthalene divectly to the appropriate chlovine content./
Apart from l-chloronaphthalene, the industrial chlorinated naphthalenes are liguid
or solid mixtures of polychluronaphthalenes, defined by their chlorine contents,
approximate mclting poiits, and, frequently, also by their color.

Table 1. Known Higher Chlorinatesd Naphthalenes /
Iwnner Mp, °C Iip, *C d} w!,
1, 24dichloronaphithudene iy 1. 3147488 { kisme
1, dichloronaphithalene 6.5 : 20l I.'
(775 mum Iy)
1 A=dichloronaphthadene 67.5 ! M7 1. 207w L GIINe
Lia=dichlorouaphthalene .5 /
1 G<liehloromaphchalene 48,5 : // -
1, 7«lichloronaphthalene G35 285.0 1.2611s 1. KRy ¢
1,R-dichloronaphthalene SN.5 1.2024%.¢/ 1.G236" k
2, 3-dichloronaphthudenc LI 25 , .
2,G6-dichloronaphthnlene 120 ]
2, 7«lichloronaphthalene 114 '
Isonier Mp, *C Ivomier . Alp, *C
1,2, 3-trichloronaphihindene NI £,2,9, 4-tetrachloronaphthalene [F1A L]
1,2, 4-trichloronaphthalene 2 10,8 etrehloreaphthadene I
1,2,5-trichloronaphithalene ™ ) 2,0,0,5-tetrachloronaphithalene 154 t
1,2,6-trichloronaphthalene B Y 1,42, z-tetrachloronaphthulene 1i30 -
1,2, 7-trichloronaphthinlene NX 1,5, z-totrachloronaphithalene 141 .
1,2,8%trichlaronaphthalene ’ ~4 ’ 1,5,0,s-letrchloronaphthadene N0 l
L3, a-trichlormaphthalene HE 2,0, 1, r-Letenchiloronaphthalene 160 }
l,-",l':-!ric-hlurmuu11»\11:1](:"’(5 RO H 1,12, r-telrachloronaphthalene 1tH N
1,4, 7-trichloronaphthalene 13 £,2,2,2-tebrnchloronaphithalene 176 {
I,-'i,.?'-l.rirhlunumpht.h:dum- h"'r’ 12,3, 4, 5-pentachloronaphihalene 185
"4"'"er"l'l"""""'hu'"l""c 14 1,5,2,z,£-pentachloronsphthalene 177
14, G-trichloronaphthalene (14 ‘ .
LG, 7-Lrichlormmaphithalene .5 1,2,3,4,5,6.8-hieptichlosanaphithalene 4
2,4,6-trichloronaphthalene 0.5 1,2,3,4,5,6,7, S-octachloronaphthalene 142
When naphthalene is chlovinated in the absence of chlorination cutalysts, the ¢!
chlorine combines wdditively at the double bonds to form hydrochloronaphthalencs. l
Thesre have no industrial applications. {
Although Aylsworth, shortly after 1900, pateuted the use of chiorinated nuph-
thalenes for impregnatingg wood, paper, textiles, and other materials (2), it was during
World War I that the chlorinated naphthalene “waxes” becanie of importaiice as
protective coating materials, particularly in Germany, where they were then manu-
fuctured by Chemische Fabrik Griesheim-Elektron ail known as “Pernn’” waxes.
Well-known series of chlorinated naphthalenes are manufactured by Bayer in
Gennany (Nibren waxes), Koppers Company, Tnce., in the United States (1nlowaxes),
and [miperial Chemical Todustries Lul., in the Unibed Kingdow (Seckay waxes). "
It has long been kuown that the chlorinated naphthalenes ean have a dermatitie 8!
action and that inhalation of the funwe they evolve in the molten stute can causo 'k
serious, and sometinics fatal, damage to the liver. Although proporly organisod pro-
>
p '
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