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The Aroclors (trade-mark) are chemically inert il pared by the chlorin-
ation of dxph-nyl (blphonyl) or torphonyl or more complex polyphcnyh, usuaily with-
out sep of the d products into individual compounds. The form
and appearance vary from mobile oily liquids to fine white crystals and hard non-
crystalline resins.

Because of the many forms and propvmel. these producu have found Appllcumm
in many diverse felds as in electrical insul ble hyd
lubricants for use at high t and p and Alw as constituents of

ihesives, plastics, lacquers, paints, and varnishes.

C inl f of the first bers of the Arocior series was stasrted in
1929, and the other Aroclors were developed soon afterwards.

Physical and Chemical Properties

Sinoe Aroclors are chemically inert except under-drastic conditions, they are of
interest chiefly because of their physical properties (3). All Aroclors are insolubie in
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TABLE L. General Properties of Some Aroclors.

¥ . Distillatl Flash | P Pa i
— ) R e Bl B
Arvohor 1231 | Oulorless mobille oil | 1 (77-1.167 | 275 320 | 141180 | 176 | Cryuwle | — |1
. atl1°C.

Arcclor 1388 | Aimost coloriess 1.262-1.272 | 200-326 | 153-i54 | 238 ~35 5 - 1 620-1 622 17-50 -1
nwbile oil

Arvelor 1242 | Aimost ovlorias 1.378-1.388 | 325-300 | I76-180 | 334 -i9.0 - § 6271 629 80 03 3435
mobile ofl

Arvelor 1248 | Vellow-tintad 1 447-1 457 | 340-376 | 1¥3-198 [ None -7 - 1 630-t.631 185 240 W37
wobile vil

Arusior 1284 | Light yellow vie- 1.538-1.548 | 3U5-300 | None None 10 - 1 630-1 641 1400 3500 M-
ovus oil

Arvelor 1200 | Nolt yellow sticky 1.618-1.62) | 385420 None None 3 — 1647 -1 49 - i2-78
romn

Arvclor 1202 | Light yollow stioky | 1 0461663 | 400-430 | None Nune a7 — 1 6501-1.6817 - 0-103

in

Aroslor 1208 | Upsqus yellow 1.804-1.811 | 436450 | None None nd - - - -
beitUu resin

Arwolor 1370° | White orystalline 1.944-1.900 | 450460 | None None - - - -- -
powder

Aroslor 4468 | Transparent yollow | |.712-1.733 | 230-3%20s | Noae None — 6086 U Gg4-1 07 - w N
brittie resin (st 130°C.)

Aroclor 8443 | Trawsparent yellow | 1.432-1.447 | 215-200, | 247 > 350 £ 4630 — . 300400
sticky resin '

Atvelur 8400 | Yellow transpareat | 1.740-1.740 | 380-335, | None Nane — 100-105.5 | 1.000 ) 003 — —-
rosin

Aroslor 3585 | Brown-bisok 1.724-1.740 - None None - $6-72 - -
upayue resin

* A8, T.M. D30-30. * Cleveland open uur. *ABT.M. DU7-47. < A.9.T.M. 2842T. *Baybolt Universul, A.8.T.M. D88-44. / lloid puint un
sulidifestion, 138-160°C. ¢ Hold point on solidification, 249-300°C.
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818 CHLORINE COMPOUNDS, ORGANIC

water, but the oils and resins are readily soluble in most of the common organic solvents
and drying oils. The hard crystalline mate: ils are in general less soluble than the oils
and resins. The Aroclors are pemuneml + thermoplastic and my bo repestedly
melted and cooled without undergoi ion or per ing. Most
of the common metals aad alloys have excellent resi to the Arociors even at ele-
vated temperatures. However, copper and some of the copper alloys are affected to a
limited extent, and show penezmmn rates between 0.0014 and 0.014 in. per year.
Many plastic ials of are attacked by the Arociors.

The general properties of the more important grades of the Aroclors are shown in
Table I, and Table 11 shows the electrical properties of those Aroclors that have found
application in the electrical Reld.

TABLE 1. Electrical Properties of Seme Arociers.

Property Arcelor | Arsstor Agelor Arostar o Arostor
constant | 4.0 | 4.9 40 4143 3838 4.9

at 100°C. and
1000 oycles®

Rasistivity, ohm- - — | Above Above Above Above
om., et 100°C. 500 X 10°} 300 x 10° 500 X 10° | 500 x 10¢
sad 300 voits d.c.

Dislostrie - - — Above 38 Above 28 -
sreagth,’ kv,

Power factor, % et | — — | Below 0.1 Below 0.1 Below 0.1 Below 0.1
100°C. and 1000
cyoles

«AST.M. DISOTT.  * AS.T.M. DI40~44 using s 0.100-in. gap.

Manufacture

The pure compounds formed by the chlorination of diphenyl, terphenyl, or the
more complex polnhtnyh are ery-ulluu whdn soms of which have very high meiting
pointa (11). However, a ber of luch pounds are esither
liquids or nouncrystalline resins. Chlorination of i d bons to various
levels not only gives several isomers of the same chlorine conmc but also gives

appreciable proportions of the isomers of compounds of higher and lower chlorine con-
tenta (17,28). At any given leval of chlori batch chlorination®gives the
of ding in ition to the average chlorine

content, -hn- unm eonunuoun ehlorimuon m the lowest proportion of such
compounds. As the number of stages is increased, multistage continuous chiorination
mm nppnuuu thoee given by batch chlorination. The proportion of
the i ds of higher and lower chiorine contents than the
average in also mﬂunmd by such factors as temperature, quantity and kind of catalyst
employed, degree and type of agitation, and rate of admission of the chlori

Bateh chiorination has been found most suitable for the manufacture of the Aro-
elors (23,24). The chlorinators are 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. Pumpe provide agitation by
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CHLORINKE COMPOUNDS, ORGANIC 829

circulating the charge. The lower half of the chlorinators is filled with iron turnings,
which have been burned free of oil and moisture. In German practice, the chlorin-
ators are agitated 10,000-liter lead-lined vessels, and ferric chloride is used as the cata-
Iyat instead of iron turnings. Fifteen kilograms of ferric chioride is used for each
charge of 8000 kilograms (13).

Raw Materiale. The raw material used depends on the grade of Aroclor to be
produced; anhydroua chlorine is used as the chlorinating agent in all cases. I[n generai
it can be said that diphenyl alone gives |lquld or soft sucky noncrystalline Aroclors up
to a chlorine content of 60%, low-mel lors b 609, and 689
chlorine content, and partly crystalline or crynulhns Aroclors of much higher melting
pointa at chlorine contents above 85% (23). In the case of products that are solid at
ordinary temperatures, the higher the proportion of terphenyls or more complex poly-
phenyls in the mixture before chlorination, the higher the softening point and the less
the crystallising tendency of the chlorinated product after distillation. For thoee
Aroclors that are solid or partly crystalline at room temperature, the higher the
chlorine content, the higher the soitening point and the greater tho tendency of the
material to crystallise (24). .

Preparation of Crude Arocl For the f] e of any given grade of

Aroclor, the chlorinator is charged with the proper raw material or mixture of raw

materials to give the desired product, and in an sufficient to cover the catalyst
bed and to permit circulstion. Then the flow of vaporised chlorine is started and the
charge is circulated with the pump. Throughout the chlorination, the is

kept well above the melting point of the mixture, but below 150°C., to avoid excessive
sublimation snd plumng of the line discharging the hydrogen ehluride produced by
the chlorination. Samples are withdrawn for ination from time to time until the
desired chlorine content has been reached. At the lower chlorine contents, specific-
gravity determinations are used to determine the composition. Alter the pmdm has
become too viscous or has h "toohmhn Iting point lor

tion of the specific gravity with a hyd ter at below IM'C the de-
gree of chlorination is determined by measuring the hotd point in temperature as the
material crystallises, or by the ball-and-ring softening-point test (8). The time re-
quired for chlorination is 12-36 hr., depending upon the chlorine content of the prod-
uet. The anhydrous hydrogen chioride, which is evolved during the chiorinations, is

bsorbed in water in equi of ional design.
Distiliation of Crade Products. Although the crude products find some applica-
tions, for most purposes further puri i Y to the color and the

traces of bydrogen chloride and ferric chlondo (13 23,24). The methods of purifieation
are somewhat different for the different types of Aroclors. The high-meiting solid
producta are distilled in retorts at atmospheric pressure and the distiilate is flaked on
chilled rolls. The liquid and resinous Aroclors are heid at an elevated temperature
and blown with dried air for several hours. Then a few tenths of one per cent of lime
or sodium hydroxide is stirred with the material to react with any remaining hydro-
gen chloride or ferric chloride. Thia ia followed by batch distillation. Complete dis-
tillation and mixing of the distillate is necessary in order to obtain uniform material of
the desired composition.

If increased electrical resiativity is desired, the material is stirred at an elevated
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8% CHLORINE COMPOUNDS, ORGANIC

tempersture with a few tenths of & per cent of well-dried fuller’s earth and then filtered
through paper (13,26).

Containers and Shipping

The liquid Aroclors are packed and shipped in gaivanised steel drums or in tank
cars constructed of nonrusting metals such as aluminum or tin-coated metal. The
resinous Aroclors are packed and shipped in open-top galvanised steel drums. The
high-melting solid Aroclors are packed and shipped in wooden barrels. The railroad
shipping classification is Resin Synthetic N.O.I.B.N.

Health and Safety Factors
The conventional sdegmrdn mu-t be taken to protert personnei from the pmlnn-
ous effects of chlori i | work on spimals s indicated that p d

exposurs to Aroclor vapor avolved at high temperature or repeated oral mgnmn of
Arocior will lead to systemic toxic effects. Repeated bodily contaet with liquid
Aroclors may lead to an form skin erupti In the facture or use of Aro-
clors, untoward effects on personnel are prevented by dralt ventilation to coutrol the
vapors evolved at high temperatures, together with the use of suitable garments to
prevent extensive and d bodily with the liquid products (3).

Uses

Electrical Applications. All of the uses of the Aroclors depend on their chemical
stability and their physical properties, which may be varied to suit the specific applica-
tion. One very important use is as dielectric mediums in such applications as oils for

f and as impreg for capaci and d (10,11,13,15,18,21,28).
Aroclors, used either alone or in blends with other materials such as trichlorobensene,
meet the need for a nonflammable diejectric liquid with a hi-.': resistivity, a high dielec-
tric strength, and a relatively high dielectric tant in 1 ‘on to a very low power
factor. The fact that the dielectric constant is higher thau that of hydrocarbon oila
and is more nearly equal to that of the solid insulation materials, :uol: as paper, resulta
in s reduction of eloetrml ltnml By substituting Aroclors, or of Arocl
with trichlovob , for bon oils, it has been possible to redesi
with npuzndunumm u-forth--mcupucnymd voltue At thanmmutbt
fire hasards have been elimi:

Other imp lectrical applications for Aroclors are ss imp! formtton
of asb fiber imsulstion (23), &8 ! of asphalt-b A

pounds, and e plasticisers in wi i d p-niuuhrlythoumwn-
ing neoprene, mbbor or combinations of polyvmyl chloride, ethyl cellulose, snd poly~
v'iny! butyral (30—33) Also, Aroclors are employed as sealing mediumas for electrical

lators and as imp: for earbon radio resistors to reduce the influence of
moisture.

Plastics, Lacquers, Paints, and Varnishes. The Aroclors are compatible with
most of the common plastic materials and resins and are soluble in paint and varnish
oils (3). In combination with asphalt, ethy! cellulose, chiorinated rubber, Pliolite 8-5,
or other plastio materials, they are used extensively in protective coatings for wood,
metal, and concrete (3,5,6,20,28). In combination with tricresyl phosphate or dioctyl
phthalate they are coplasticisers for polyvinyl chloride compositions (4).
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CHLORINE COMPOUNDS, ORGANIC 831

In paints and varnishes the hard resinous Aroclors are used to impart increased
hardness to the films, and the softer resins are used to give flexibility. The role of the
Aroclor is similar to that of the oil, except for the fact that it does not oxidise and lose
its flexibility on aging. In nitrocellulose lacquers, Aroclors are employed either alone
or in combination with other plasticisers and resins to impart increased weather re-

it luster, adhesion, and d d burning rate (3,9,14,18). The hard, white.
crystalline Aroclors of high melting point are useful as pigments with the various
plastics (29).

Adhesives. The resinous Aroclors are used in synthetic adhesive compositions in
combinat'on with such base materiala as polyvinyl acetate, ethyl cellulose, chlorinated
rubber, polyvinyl butyral, isoprene-styrene copolymer, and polyisobutytene.

Lubricants. Aroclors 1248 and 1254 find application as lubricants under extreme

conditions such as highly oxidisi diti high p s,
or submerged |oc-zions. The use of Aroclor as the internal lubricant for hlgh-pre!ure
air the losion hazards in this operation (1,2). The mate-

rials are uaed aiso as noncombustible Jubricants for regulating the steam valves on
high-pressure turbines, and in rolling ~luminum sheets. Mixtures with other oils to
form heavier-than-water lubricants are used in submerged locations, such as bridge
rollers. - Lubricants for extreme pressures are made by adding up to 15% of Arocior to
petroleum hydrocarbon oils.

The liquid Aroclors are employed as for trans-
mission of pressure or volume variations. One such npplmnon in in die-casting
operations with aluminum or sinc alloys, where the Aroclors replace hydrocarbon oils.
The advantages are absence of fire hasards when lines break, and the fact that con-
densed water does not settle in the storage tanks and cause corrosion of the equipment.
Another use is as the expansi dium in ther Aroclors 1242, 1248, and
12354 have been found to give llent service as circulating liguid hnl-tmm!:r
medsums for temperatures up to 323°C. Good circulation and well-desig
systems are necessary to prevent local overheating (3).

Carnauba wax may be extended by blending it with Aroclors in combination with
coresin and parafin (7,19). Setisfactory wazse and polishes are prepared without the
use of carnauba wax by biending ouneury (licuri) wax with Aroclors, ceresin, md
parafin.  Aroclors are ingredi of many fire-ress. Fir
paints unnlly contain utlmouy oxide or barium sulfate in nddlt.mn to the Aroclor
In makj prool fiberboard, emulsified Aroclors are added to the fiber stock (27).
Modifying waxes are added to the Aroclor in the preparation of textil ing ma-
wnlll.

Miscelli Applicats In addition to the uses listed above, Aroclors are in-
gredients of some le.hnl compounds for use with wood or canvas to give protection
against maisture, mildew, or attacks of organisms. Some calking compounds and
powdered metal pastes contain Aroclors. Some soil-poison and wood-preserving com-
positions contain Aroclors as.an active ingredient.

' ble Aydrauli 25
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DIPHENYL AND TERPHENYLS

Of the series of phenyl derivatives of bensene, the most important are the lowest mem-
bers of the series. Phenylbensene (I) is usually called diphenyl but is better called
biphenyl in accordance with the I U.C. rule for using the preﬁx “bl" to denote lhe
doubling of & radical or d (see N lature). The 3 diphenylb

m-, and o- (I1, III, and IV), are called terphenyls or triphenyls. Quaterphenyls n.nd
higher polyphenyls are also known.

@ @

Stereoisomerism has been observed with certain denvmvu of diphenyi (3,2',6,8'-
and even some 2,2’-derivatives) and is buted to ion of the bond
between the 3 phenyl groupe as a result of the presence of substituents in the ortho
positions (1).

Diphenyt

Dlphonyl (biphenyl (I.U.C., C.4.), phenylbensene), C,H,CiH,, formula weight
154.20, is a white or slightly yellow crystalline solid, which gives plates or monociinic
prismatic crystals when crystallised from a soivent. It was first mpomdm l&!by
Fittig, who prepared it by the action of metallic sodium on b

prepared it in 1887 by essentially the same process that is used commercially today.
In 1878, Bichner found diphenyl in high-boiling fractions from coal-tar distillation.
It is used chiefly as a heat-transfer medium and as the raw material for chlorinated
diphenyls.

Physical and Chomical Properties. M.p. 69.2°C. (4), f.p. (commercial product)
83.5-89.4°C., b.p. 385.2 = 0.3°C., d* 1.041,d}’ 0.991, crit. temp. 528°C., crit. pressure
31,400 mm. Hg, crit. density 0.343 gram/cu.cm. (5), flash point 106°C., Gre point
124°C.

Dlplunyl is one of tho most thermally stable of known organic compounds.
Ch 1 bl nd can be chlorinated, nitrated, sulfonated, and
hydmwmd Diphenyl tob pounds may usually
be made by the same or slight mod:ﬁ tions of p d used for b

Manufecture. Dipheny] had little commercial value before 1925-1930, when the
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148 DIPHENYL AND TERPHENYLS

first large-scale manufacture was successful. All commercial diphenyl is produced
entirely by the thermal dehydrogen:tmn of bensene. Diphenyl can also be obtained

by the reduction of b i hioride, CoHuN,Cl (see Vol. 8, p. 43), and an a
main product or by-product in the well-known Grignard reactions (¢.v.) using phenyl
magnesium halides.

For the i duction, b vapor at 1-2 atm. pressure is heated to

700-850°C., the time ol expo-un to the higher temperatures being of the order of one
second. Under these conditions from 10 to 156%, of the bensene is converted in one
pass through the reactor to diphenyl, higher homologs, tars, and carbon. The yieids
depend upon ion. At 109, ion the yield of diphenyl is approximately
0.85 Ib. and that of the terphenyls and quaterphenyls is 0.07 Ib. per pound of bensene
consumed. At 15% coaversion the yleld of dipheny! is 0.80 ib. and that of terphenyl,
etc., in 0.131b. The mechanical loss of bensene is 0.02-0.04 Ib. per pound of benazene
consumed.
The product from the reactor is condensed, the bensene distilled-off and recycled -

to the reactor, and the dipheny! purified by vacuum distillation. Bensene in the non-
condensable gas (monly hydrogen) vented from tho prhmry condcnnrl is recovered

either by p g and cooling or by using acti The re-
cycled bensene is very pure, as the nitrogen, sulfur, and aliphatic compounds are de-
d at the temp of the reactor. The process as outlined above is simple

and gives good yields from a cheap raw material. However, the tendency of bensene
to decompose at temperatures above 650°C. to give carbon and heavy tar deposits on
the heat-exchange surfaces of the reactor has p d a serious probl Prac-
tically all of the patenta covering the manufacture of diphenyl have been proposed
a8 solutions of this problem.

Hmubntmpplndwthlructerulunﬂyu lectric heat at temp above
850°C. through aly rf Fuelﬁndl‘ummhnonotbunuuimry
because the usual high-temp alloys employed in them contain iron and nickel,
which are active lysts for p ing the f tion of carbon from bensene. Fur-

thermore, alloys that are relatively inert for bensene pyrolysis are unsatisfactory for
direct-fired furnaces because they do not resist scaling from furnace gases.

A carbon-tube furnace designed so the vapors pass both inside and outside of the
tubes while the tubes act as resistors is used by Williams (23,31). The bensene
vapors enter the carbon-tube section at 850°C. after being preheated by the reactor-
product vapors in a conventional metal tubular heat exchanger. In the carbon-tube
reactor (tubes 1 in. 0.D., 0.78 in. 1.D.) apparent overall hnt-tnnlln coefficients of
lwntu/(uft)(h!)("l')ln btained, at & mass velocity th ‘thctub-ol7
1b./(sq.ft.)(sec.). In this resctor the p of the b vapor
within 10°C. the temperature of the carbon tubes. Alternating current at 40-60 volts
is used to heat the carbon tubes. Williams (30) has been able to improve the operation
of this unit by adding to the bensene stream 0.1% sulfur as a volatile suifur compound
such as bydrogen sulfide, carbon disulfide, or sulfur dioxide. The addition of sulfur re-
duces the dcpvnlm of carbon in both the carbon-tube fi and in the preh
Carothers’ reactor is similar except that solid metallic resistors (Nichrome) m used w
supply heat above 850°C. (19). He emphasises the importance of high vapor velocity
at the heating elements and gives 1.24 seconds as the maximum time in the reaction
sone. Thel.G. Fnbcnmdwno dnphenyl plu:t. at Leverkusen used coppar-tube resc-
tors heated by external electri to produce 37,000 Ib. diphenyl per
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month (6). Lowdermilk and Turncock (9) and a BIOS Report (3) state that two
batch units were installed, one producing 22,000 ib. per month and the other 80,000 Ib.
per month, A third, to produce 150,000 lb. per month, was under construction. The
reactor was a copper-alloy tube containing 3% manganese electrically heated by its
own resistance. Operating at 790-810°C., these reactor coils had a life of eighteen
months. All-copper coils lasted only a few days in this type of reactor.

These units were batch units in which & kettle was loaded with benzene and the
vapors were circulated through the system by boiling the bensens in the kettle. The
vapors were circulated for eight hours, then the batch was transferred to a still. Thio-
phene-free bensene was used in this copper equipment.

A number of attempts have been made to reduce catalytic activity of ferrous

riaces 30 that ional fuel-fired f can be used. Among the suggestions
thet have been made ars coating the walls with antimony pentasulfide, sinc sulfide,
iron sulfide, or cobalt sulfide (15,20); nitriding the iron surface by treatment with
is (34); and forming a carbide surface on the iron tube (38). In any of the
using solid surf to supply heat to the reactor it is essential that surface
temptntunl be kept as low as poesible, by using low-heat flux through the surfaces
and maintaining high gas-6lm heat-transfer coeficients at the surface. While the re-
actor is at cracking terperature, steady flow conditions must be maintained at all
times.

The use of solid heat-exch rf in contact with b vapors has been

ided altogether by bubbli hho vapors through an inert liquid bath maintained at
750-830°C. Lead has been suuuud s & suitable hath mbanll (12,16,23,24).
Thunhndbuh were probably the first The

and tion of & laboratory apparatus with a lead-bath reactor has been
described (7). On' and one-half to thm volumes of liquid bensene per hour per
volume of lead was used, and by op g at higher p! , 125 p.s.i., incressed con-
version, capacity, and yields could be obuined. The use of an inert inorganic salt bath,
particularly s mixture of sodium and calcium chlorides, has also been suggested (31).
Heating b vapors th h surfaces can be ded by mixing b vapors at
680°C. with sufficient steam wpﬂhnhd t0.950-1150°C. to produce a mixture at
750~880°C. (26) in a jon and mixing chamber coated with a layer of magnetic iron
oxide. This process differs from all the others in that the bensene losses to terphenyl,
etc., are very low, and also mMphnol-pmducadunby ~product.

Wb'nconputdwothrmll-hown;.‘ d or ki i the
b s relati itive to catalysts. No catalyst reported
to date lowers the reaction hnp-ruun. and the data available do not permit an
evaluation of the effect of a catalyst on the ultimate recycle yield of diphenyl from
bensene. The high yield (up to 85%) of the uncatalysed thermal reaction does not
leave a wide margin for improvement. However, increased conversion at the usual
reaction temperatures has been demonstrated. Up to 200% increased conversion
{from 10 to aw.) p-r pess has bon claimed by adding to the bensene vapors 0.1-1%
of a volatil ining at least one oxygen atom (36), Suggested
materials are l&oohoh cthm or ketones. Surface catalysts recommended are mag-
nesium, aluminum, or coppor ube:ta (2!), firs clay (18), and lustrous carbon on
which either i oxide aingly or in combination has
been deposited (13,14,17,32). T A pmmea catalyst has been used with a mixture of
bensene and stesm at 700°C. and 60 p.s.i.g. (20).
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Bensens can be convened to dmbenyl in an electric glow discharge at Iow temper-
atures (38). Diphenyl is also duced as & by duct from the of
phenol by the direct air oxldmon of bensene umed out in a special reactor designed to
reduce to a minimum surface catalytic effects (41).

In 1949, the price of diphenyl was 15¢ per pound with bensene at 22¢ per gallon.
1f & very large demand develops, it seema quite possible that large plants using some of
the recently developed equipment and techniques, such as moving-bed pebble heat ex-
changers or the direct oxidation of bensene to phenol and dipbenyl, might permit lower
prices.

Uses. Diphenyl-i d paper wrappers for citrus fruits are used to reduce
storage and hudlin; lo- (10,11,39). Diphenyl is used oltlm' alone or mixed with
phenyl ether (diphenyl oxide), (CeHs)sO, a8 a low-p , high heat-
transfer medium (see Heat (ranafer).

Derivatives. Of the derivatives of diphenyl the chlorinated diphenyls are probably
the most important commercially (see Vol. 3, pp. 826-32). The 2- and 4-mononiiro
and -monoamino derivatives are prepared from diphenyl in the same manner as nitro-
bensene (g.v.) and aniline (¢.v.), respectively, are made from bensene (8,32,27): 2-
nitrodiphenyl, m.p. 37.3°C,, f.p. 36.9°C., bw 201.0-201.3°C., sp.gr. 1.44; 4-nitrodi-
phenyl, m.p. 113.7°C., fp. 113.8°C., be 223.7-224.1°C.; 2-aminodiphenyl, m.p.
49.3°C, {p. 48.7°C,, b. 182°C.; 4-mmodxphenyl m.p. 54,1'0 {.p. 52.6°C., by
211.0-211.2°C. Tlu 4, 4’-dh|mno derivative, NH,C.H,CJHNH,, called bensidine,
is an important dye int diste (see Bensidine and related diamsnodiphenyls, Vol. 2,
P. 43). - Hydrozydiphenyl (p-phenyiphencl) (m.p. 164-163°C., b.p. 306-208'C.)
may be made by the l phenol p ugh sulfonati nnd caustic
fusion (40), by substituting diphenyl for b The p-phenyipbenol idebyd
condensation product is used as s lacquer resin, Thnllanddnddlﬂdddmv-
atives of dipbenyt are useful as wetting agents (35,37). For Aydrogenated derivatives
vos p. 151.

Terpheayls

The three isomeric terphenyls (diphenylb phenyldiphenyl 1
Santowaxes), CeHyCeH/CoH,, formuls weight 330.29, oeenr in the {nrm of white
crystalline solids when pure. The commercial grades are light yellow.

Although m- and p-terphenyl were prepared by synthesis and were also separated
from tars and from the residues from diphenyl preparation by earlier workers, there
was o extensive study of their properties until 1937, when Bachmann and Clarke pre-
pared pure samples of the three i and d ined their meiting and boiling
points (43). A few years later the materials became availabie as by-products from the
manufacture of diphenyl on & commercial scale. The principal uses of the terpbenyl
a8 such are based on their stability and high boiling points.

Physiesl and Chomical Propecties. Tnblnlnv-thaphynnlpmpctmoftho
pure terpbenyis (48,50,51). Table I gives the physical p ies of the i
grades. Thae solubility of the commercial grades in various lolvqnt; is given in Table
111 and the compatibility with various waxes and resins in Table IV (48,49). All of
the isomers exhibit unusual stability toward heat. They are also stable in the pree-
ence of boiling 10%, sodium hydroxide or boiling 10%, sulfuric acid.
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The urphmyh d 5 the usual organic reactions of ic hydrocarbons and
can be chiorinated Al d, and hydrogenated. Extensive studies on the
preparation and reactions of o-terpheny! have been made and a number of derivatives

TABLE L. Physical Prepertios of Pure Terphenyis.

KA S it Solubllisy
o-Terphenyi 57 333 Prisma Somewbat soluble in cold methanol; nndily
soluble in bensens, acetone, and
m-Terphenyl 87 388  Needles Slightly MM le in bot lbhnld soluble in b-p
pTorphenyl 213 376  Monoelinio Sllght.ly solubis in boiling bensens or bo:ltu
priams ether; almost y in boiling sloobol
TABLE IL. Physieal Prop of Ce Grade Terphony
- Mized In-:u
Property 0) 2K P L)
Melting rsage, “C. 50-85 75-88 200-213 00148
Distillation rangs, *°C. 330-41 368-378 381-388 304418
(A.8.T.M. D20-30)
Vapor pressurs, mm. Hg
At 100°C. 0.3 - — —
At 180°C. 3.7 1.3 0.3 1.3
At 200°C. 25.0 9.8 5.5 9.8
At 350°C. 110.0 48.0 35.0 48.0
At 300°C. 300.0 180.0 130.0 180.0
At 350°C. 990.0 500.0 300.0 300.0
At 380°C. 1600.0 870.0 680.0 870.0
Density ot 38°C. 1.14 1.164 1.2 1.133
Flash peint, °C. m 207 27 191
Flame point, °C. 198 » 28 s
Dislestrie comstant at 100°C. 2.54 2.03 - 3.58
and 1000 cycles
Rasletivity at 100°C., ohm-cm. X 100 2000 X 10° 30 X 10°* 140,000 X 10*
+ Cootains some -
$ Contains some o p-tarphenyls.
¢ At 280°C.
TABLE [IL. Selubility of C dal-Grade T in Vacriouws
Grame of terpheay] por 100 mi. of seivens
Selvent »-Torphoayt
AS3I°C. AV S0°C. AV38°C, AL T0°C. AV25°C.  AVTS°C.
3A aloohal L] ] 1 7 0.01 0.2
Beassas 08 540 30 380 0.9 5.9
Stoddard selvent — - 3 Y] 0.2 1.1
Trichlorobsnsene 318 520 0 8 08 6.0
Turpeatine 250 840 4.5 868 0.2 ()
prepared (42). When concentrated solutions in by were refluxed for a short time

with & very little aluminum chloride, up to 94% of the o-terpheny! was converted to
m-terphenyl. Longer times of reaction and the use of higher aluminum chioride con-
ited in the ion of as much as 84% to p-terpbenyl.
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More attention has been given to the study of p-terphenyl than to the other
isomers and it has been prepared by ten methods (46,55). Nitro, amino, halo,
hydroxy, methyl, and hydrogenated derivatives havé been prepared and théir proper-
ties determined.

TABLELY. T of C Grad Ci in Misture with Varieus Wazes

Was or resin [ % %
<3
75
2

»-Terphenst, %

10
5
10
10
10

11181118

Ll bheidd

The terphenyls may be cyclohexylated by tion with cycloh lohexyl
chloride, or cyclohexanol in the presence of aluminum chloride or other dkyhmn
catalyste (34). When mixed isomaers are used, the product is a waxy solid which is
useful as & plasticiser. It distills at 285-310°C. at 5 mm. pressure and congeals st
about 110°C.

A solution of sodium in liquid ammonia rescts with p-terphenyi to give dihydro-
terphenyl, m.p. 70°C. (47). Many hydrogenated derivatives of p-terphenyl have besn
prepared by resction with hydrogen under pressure in the presence of nickel or some
other hydrogenation catalyst (45,58). When vapors of terphenyls are mixed with
hydrogea and heated to 650-830°C., bensene and diphenyl are formed (56). Best
results are obtained by using four or five moles of hydrogen per mole of terphenyi.

Masafactars. The high-boiling by-products from the manufacture of diphuyl

give the caly commercial source of raw rials for the p ion of terph
At the present time this source is adequate, mdx!thofuﬁmdmndlorurphuyh
should increass, it can be met by raising the temp at which diphenyl is p

with the resultant formation of a higher proportion of terphenyls.

thhmdtbdlphnyl,mw;by—pmdmm;pm-
49.0% m-terphenyl, 23.0% p-terphenyl, and 20.0% tri-
phyho(',l&b-phnn ), quaterphenyls, etc. I!mmdterphnyluom
are desired, the high-boiling material is melted and charged to a still d of
steel. Dhuﬂuhllnnhdmtnulownﬂuxmwwulﬂ-phhcolm During
the distillation the pressure is 100 mm. Hg at the top of the column and approximately
138 mm. Hg in the boiler. The distillate is cond d, and the ¥ liquid is
sither faked on chilled rolls or solidified and crushed. This procedure gives substan-

tially let | of the triphenylene, quaterphenyls, and other residues.
1f separation of the is desired, the operation is much more difficult since o-
and m-terphenyl are dificult to separate by fractional distillation because of
the small mmlonolo-wmhwyl present, and m-terphenyl and p-terphenyl cannot
be by I fon in a col of any practical height. The distillation is
oarried out by using a reflux ratio of 10:1 or higher to give an o-terphenyl-rich fraction
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containing less than 0%, of o-terphenyl together with m-terphenyl. This is followed
by an intermediate fraction and then by a fraction containing only m-terphenyl and p-
terphenyl. The o-terphenyl fraction is enriched by redistillation to give a product
containing in excess of 90% o-terphenyl. The intermediate fraction and the residue
from the redistillation of the o-terphenyl fraction are recycled. The final separation of
m-terphenyl and p-terphenyl is effected by cenv.nfuzml at & temperature slightly above
the melting point of m-terphenyl. Similarly, fuging at a temp e slightly
above the melting point of o-terphenyi resuits in {urther separation of m-terphenyl
from the o-terphenyl.

If additional quantities of either m-terphenyl or p-terphenyl are needed, and other
terphenyls are availabie, the desired material may be prepared by an isomerisation
procese (57). Any terphenyl or mixture of terphenyis is heated with 1-3% of alu-
minum chloride for about one hour to form an othbnum mmure contunmg 65-70%
m-urph.nyl and 30-389%, p-terphenyl. If m-terphenyl ia desired, the
is cooled quickly, by mixing with ice, and the alumi hloride is | by treat-
ment with hydrochlorio acid and filtration. Then the m-terphenyl and p-terphenyl
are separated. If p-terphenyl is desired, the reaction product is cooled to 90-185°C.

and heid at this temp while p-terphenyl crystallises. Yields of over 909 of
p-terphenyl may be obtained in this 3
Freesing-point or melti int d inations are the chief criteria of purity for -

the pure isomers. Fractional d-hllunon is necessary for analysis of the mixed isomers.
The terphenyis are sold as crushed or flaked yeilowish-colored solids. They are
shipped in wooden besrels or fiber drums snd are available in carload lots. The ship-
ping classification is Coal-Tar Reein. In 1949, the approximate price for the mixed
isomeric terphenyls was 17¢ per pound in ton lots.
Uses. The terphenyls are useful as heat-st _md“ ¢ for agents (53,
53). The vapor pressure does not exceed h i
above 380°C. lnmclnd mwﬂltyofbh'wmhmhmndmthemmdnlu
high- icants, They are of value also as constituents of waxes and
polhhunduplummformn bodiedpnnu
The d and hy ted derivatives of the terphemyl
Iuvo found extensive application. For chlonwd derivatives, see Vol. 3, p. 826; fw
hydrogenated derivatives, see below.

Hydrogenated Dertvatives of Diphenyl and Terphenyls

Diphenyl or terpbenyl may be hydromm m fom a number of derivatives of
which three are of (phenylcyclob
CeHuCoHs, formula weight 160. ” i» formed by hyd.ropnmon of one ring of the dx-
phenyl molecule, and dicyclorexyl (dicyclohexyi), (CeHu)y, formula weight 166.30, is
formed by complete hydrogenation of diphenyi. A partially hydrogenated mixture of
isomerio terphenyls (“HB-40") is the third product of commercial importance.

All of the materials are high-boiling liquids, with freesing points well below normal
atmospheric temperatures. The principal uses are as solventa and plasticisers in the

plastics, conting, and adbesive fieids.
Physical and Chemieal Pnpul-. The propemu of pure bicyclohexyl, cycio-
hexylt and & b d ds derived from p-terphenyl

are given in Table V (45,47 59 80) Thn properties ol commercial grades of bicyclo-
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TABLE V. Prep of Hydn d Derty of Dipl and p-Terpheayl
Compeusd M.p.. °C. B, *C. Deasity fnri it
Bioyolobexyl........ 239.5-40 0 3338% 1.4800%
Cyolohexylbensene 7-8 233-234v 0.947" 1.5274%
Dihydro-p-tarphenyl. . . 7 —_ 1.0 —_
Tetrahydro-p-terpheny! 146-148 — —- —_
Hexahydro-p-terpbenyl. ] ~— - -
QOctabydro-p-terphenyl. 110 - - —
Desahydro-p-terpheay!. 97-48 235-2301 —_ —
p-Dicyslohexylbensens. . . . 101 —_ - -
Dodecshydro-p-terphenyl . 86 —_ —_ -
Sterecisomer*®...............  Liquid 14400 - -
Hexandeoshydro-p-terphanyl..... 111-113 190, — -
Octadecahydro-p-terphenyl. . . , . 55-57 - — -
Sterecisomer®. .. .. .......... 162 - — —

on heal t.hwbo diulﬁdo d aluminuim ch
\M:lhl A mno'tlbo n and aluminuin chloride.

TABLE V1. Properties of Commercial-Grade Produsts.
Cyelabamyi-

Bisysiohezyl HB-40
Clear oily liquid Clear olly liquid Clear oily liquid
— Faint and plessant
1.47%0 LBNI 1.5878 = 0.0078
0.884 0.938 1.004 = 0.003
3.0 4.8 -
—-_— _— Few orymtals form
at0to —8°C.
n8-M0 3%0-241 340-308
101 ” 17¢ 8
10¢ 104 106 =8
4.3 3.2 144 =«
. . —_ — D m)
Pour point, °C. (A.8.T.M. D97-29) . - - -l
Cosfl. of expansicn, ml./ml./*C....... ... - - 0.000741
-— - 1.8
— — 2.4
- —_ 0
00°C., ohm~ett. . . 48 X 10 11.4 X 10 1 X 10%
rmt-uum'c Aﬂlmm% - - 0.13

hexyl, oyoclohexylbensene, and HB-40 are shown in Table VI (83). The hydrogenated
derivatives of diphenyl and terphenyl are not soluble in water, but are soluble in, or
mincible with, many organic soivents and oils.

HB-40 is mincible st 25°C. with many solvents and oils including methyl abietate
(Abalyn), , b carbon tetrachloride, castor oil, ethyl ether, ethyl acetate,
linseed oil, mineral oil, solvent htha, and ti It‘ lves in ethyl alcobol
to the extent of only 0% by volume. Table VII shows the solubility of s number of
natursl and synthetic waxes and resins in HB-40 and Table VIII shows the compati-
bility with several plastic materials.
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TABLE VII. Selubility of Wazen snd Resins in HB-48.

ltlnillw. Bolyblity,
Solute . WS Solute s Hi%®
Acrawaz C 100 <3.0 Naphthalene 35 30.0
Beeswax 48 2.0 Nonasthylene giycol 28 >50.0
Candelilla 40 5.0 hexaricinoleate
Carnauba 50 3.0 Santowax O 25 >30.0
Montaa 50 5.0 Santowax M . ] >10.0
Santowax P 1} 8.0
TABLE VIIL. Compatibility of HB-40 with Plastic Materials.
Parte of HA-40
T ETE
Plastie mabterial .m Plastie material [
Butvar, low PYOH (polyvinyl Formvar, type E (polyvinyl. . ...
butyral) ..o 50 formal)............... .. 0
Callulose nitrate, 20-30 eec., Polymaethy! mthcryhu. )
HEN....oooiienns Polystyrene. .. . .. 100°
Chlorizsted rubber.. Vinylite VYNW ................ 0

Edlyl oslluloss (Dow Stand-

. !'er-unhky product; may be even more compatible.

Manufacture. Bicyclobexyl and cyclohexylb have been prepared by a
aumber of methods. In 1907, Ipatieff reported that reaction of diphenyl with hydro-
wnamdllﬂ-lﬂﬂnnﬂnmﬂmdmzﬂrc in the pressnce of
nickel 3 "inﬁn’ tion of bi yl. Sabatier and Murat
forn.dbotll" lobexyl and hexylb hy the ion of diphenyl with
hydmhthnmolnlehl

hydrogenation of mixed terphenyl isomers gives a waxy solid, but in-
mﬂmhydmnbnmybnumodwtnum{omnhq\ndpmdm(M)ol
high boiling point, low vapor p properties (58). In the
mﬂmiondtlmﬁqmd muodmmenourphnyhmmolhdmd
charged to a stirred steel tank. The spent nickel catalyst from a previous bateh in
added and the mixture is stirred under s hydrogen atmosphers and at about 200°C.
for about two hours. Stirring is stopped, and after the catalywt settles it is drained
from the bottom of the tank. Unl-thfonpmcputnnmﬁopmtimmﬁmt
catalyst is employed, the quantity of fresh catalyst needed is id

'mmmtdmm“wmumumdcmzummylmw
the nickel catalyst in suspension is pumped into a stirred steel autoclave equipped with
cooling ooils, and is treated with carefully purified hydrogen at 200-250°C. and 300-000
pai. The reastion is exothermic and the heat reieased is removed by water that is
circulated through the cooling coils. The time required for hydrogenation varies be-
tween 3 and 8 houtw, depending on the purity of the materials.

Sampies are withdrawn from the sutoclave from time to time and their density is
determined. When the density has fallen to 1.004 = 0.003 at 25/15.6°C., the reaction
uouundu‘dmplﬁ-,udtholmimmmtlnmwchveumuduntnlth-pn-m
fails to 26~50 p.s.i. Then the of the lave are emptied into &
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tank, and the spent catalyst which settles is separated for use in the pretrestment of &
subsequent batch. The t liquid is ferred to a clay ¢ tank,
whers it is agitated for 30 minutes at 100°C., with 0.3% of dried fuller's earth. Then
it in filtered, using paper as the filter medium, to give the finished product.

1f bicyclohexyl or cyclohexylb is the desired product, diphenyl instesd of
mixed isomeric terphenyls is used as the starting material in processes similar to the
process for HB-40.

The products are packeéd and shipped in gnlvnmud lteel drum. or m m.l tank
cars. The railroad shipping classification for dicyclohexyl and phenyicy
is Chemical N.O.L.B.N., and for HB-40, Pyroxylin Plasticiser. ~—

Health and Slllty Facters. As in other proec-u amploy\ng hydmgnn und!r
pressure, it is i that the be desi with
The explosion disks must vent the hydrog ide the building in the event of rup-
ture. All equipment must be nw.pt with inert gas before hydrogen is admitted.
Alno, the spent catalyst is a potential hasard, sinoe on exposure to sir, it may develop
heat by rapid oxidation and set fire t0 any combustible materials with which it is in
contact. HB-40 itself offers no particular hasards since it has  high flash point and
tests have indicated thiat it is practically

Uses. In the plasti ﬁold the hy d genated diphenyl and terphenyl derivatives,
particularly HBAD, are of interest for use with polystyrene, vinyl resins, ethyl cellu-
loss, and asphalt compounds. HB-40 is of especial value as & constituens of poly-
styreno-emulsion adhesives and as a softener for rubber-type compounds. It is used
a8 » high-temperature lubricant for chain drives on bakery ovens, because of ita lubrie-
ity, its nontoxia qualities, and ite lack of odor. As s heat-transfer medium, it is used
in melting-point baths where temperatures exceeding 3»°C are not desired (61). It
is alvo useful as an i dium for th atati

Bibliegraphy

DIPHENYL

(1) Adams, R, sad Yuan, H. C., CAem. Reve., 13, 261 (1933).

(2) Bailstein, 4th od., Vol. V, p. 578; 1et Suppl., Vol. V, p. 271.

(3) Brit. Intelligenes Objectives Suboemmities Rept., 883 (1948).

(4) Chipman, J., and Pultier, 8. B., Ind. Bng. Chem., 31, 1108 (1929).

(8) Cork, J. M., Row. Sei. Instrumends, 1, 563-88 (1930).

(C)MPJ,—‘IH'K!""' ik Ch L G. Farbenind: A.-G., EBber

fold and Leverisan,” Ofies Toch. Services Rept., rl-ﬂ(nm)

(1)!{—.A_' Work, L. T., Allasandroai, H. V., Clifford, G. E., and Wilkens, G. A., Ind.
Bng. Chom., Anal. Bd., 3, 200-01 (1081).

(8) Jemkine, R. L., MeCullough, C. R., and Booth, C. F., Ind. Eng. Chem., 22, 31 (1680).

(9) Loudermilk, T. R., sad Turnooek, L. C., “Diphenyi Produet, 1. G. Farbenindustrie A.-G., Levers-
Towsen,” Offies Teoh, Swrvices Repl. PB-4487 (1946).

(10) Masintosh, ¥. C., Aneipet, 70, 534 (1944).

(11) Rameny, Q. B., Smith, M. A., and Heiberg, B. C., Boian. Gas., 108, 74-83 (1044).

(19) Beit. Paa. 313,908 (June 3, 1928), T. J. Scots (to Federal Phosphorus Co.; reassigned to Moa-
santo Chemisal Co.).

(13) Bris. Pad. 356,189 (May 2, 1930), O. Drossback and E. Rosll (to I. G. Farbenind.).

(14) Brit, Put. 300,613 (Dee. 17, 1930), I. Q. Farbeuind.

(18) Fv. Pat. 718,017 (Apeil 9, 1981), Federal Phospl Co.; reassigasd o Chemioal
Co.

MONS 004055



DIPHENYL AND TERPHENYLS 158

(18) Ger. Pni. 531,008 (Feb. 1, 1929), T. J. Seott (to Federal Phosphorus Co.; resssigned 0 Moa-
santo Chemical Co.).

{IT) Ger. Pas. 588,079 (Dee. 17, 1929), O. Drowbach and E. Rosll (10 I. G. Farbenind).

(18) Russ. Pat. 51,420 (July 31, 1937), K. A. Andrianov and F. A. Kvitner; C.A. 33, 6382,

(19) U.3. Pats. Re. 20,367; -308 (May 18, 1987), J. N. Carothers (to Monsanto Chemioal Co.}.
Reissuss of 1,578,317 and 1,907,498,

(20) U.8. Pst. 1,323,983 (Nov. 25, 1919), C. R. Downa sad J. M. Weise,

{31) U.S. Pat. 1,891,514 (Dec. 20, 1932), T. E. Warret and C. B. Durgin (to Swann Ressarch; re-
assigned to Monsanto Chemieal Co.).

(23) US. Pat. l.ﬂl,ﬂl (Dee. 20, un), E. H. Huntress, C. IL McCullough, and C. F. Booth (o
Swaos R

Chemical

(33) U.8. Pat. 1,904,208 (Jan. 17, l'!),c B. DurdnndlLJuhﬂ(wamR—nh re-
sasigned to Monaaato Chemical Co.),

(24) US. Pat. lm.ﬂl (Jan. 17, 1983), T. J. Soott (to Swaan H igned to M
Chemical Co.

(u)vaPnlul.m(mu.lm)wnw-um(wnovchnuca>.

(28) U.S. Pat. 1,006,008 (Dse. 12, 1988), J. H. Railly (to Dow Chemical Co.).

(27) U.S. Pat. 1,064,408 (April 10, 1934), C. ¥. Booth (% Swsnn R, ; igned W M
Chemicai Co.).

(28) U.8. Pat. 1,967,908 (May 8, 1904), E. Tachunkur snd W. Kleia (to [. G. Farbeaind.).

{29) US. mlml“(}dyll,l").w N. Pritchard and J. E. Mooss (to Swann Ressarch; re-
to Moasasto Chemieal Co.).

(30) U.8. Pat. 1,975,000 (Oct. 23, 1904), W. H. Williame (to0 Dow Chemical Co.).

(31) U.S. Pat. 1,961,015 (Nov. 20, 1984), W. H, Williams (to Dow Chemical Co.).

(22) U.S. Pata 1,008,798; -790 (April 9, 1988), O. Drowsbach aad E. Rosil (to 1. G. Farbesind.).

33) U.S. Pas, 2,083,087 (Dee. 10, 1088), R. V. Kleiaschmidt (to Arthur D. Little).

(3¢) U.S. Pat, 2,000,300 (Nev. 16, 1087), W. C. Stoemer (%o Dow Chemical Co.).

(88) U8. Pas. 2,135,978 (Nov. 8, 1688), G. L. Magoun (to Moassato Chemioal Ca.).

(99) U.S Pat. 3,143,000 (Jon. 10, 1999), C. Conover and A. E. Huff (to Monmanto Chemical Co.).

(O7) US. Pat. 2,100,808 (May 7, 1040), R. W. Mitchell (to Magaus Chemiesl Co.).

{38) U.8. Pas, 3,208,817 (July 16, 1940), C. P. Prutton (o Dow Chemioal Co.).. -

(39) U.S. Pus. 3,205,808 (Des. 9, 1941), A. Parkss.

(40) U.S. Pat. 3,200,981 (Jan. 30, 1048), R. L. Jemking (to Monsanto Chemical Co.).

(41) U.B. Pas. 2,202,878 (Jan. 15, 1948), F. Porter (to Solvey Prooess Co.).

TERPHENYLS

(43) Allen, C. F. H., and Pingert, ¥. P., J. Am. Chom. Sev., 84, 1365-71, 263043 (1943).

(48) Bachmana, W. E., and Clarke, H.T., 7. Am. Chem. Sex., 48, 2000-98 (1927).

(44) Bellstela, 4th od., Vol. V, p. 008; 1at Suppl, Vol. V, p. 348; 2nd Suppl., Vol. V, p. 611.

(48) Braun, J. V., Irmissh, G., snd Nalles, J., Bor., 08, 1471-88 (1589). i

(48) Franes, H., Reilbeon, 1. M., snd Koy, D. H., /. Chom. Sov., 1998, 1364-75; 1339, [353-87.

(47) Buekel, W., and Datow, J., J. pralt. Chem., 158, 208-301 (1041).

(48) Hydresarbon Sentowense (Techmical Bull. P-108), Mousanto Chemical Co., 3t. Louis, Mo, 1047.

(49) Mined Toomerie Terphewyle (Techmioal Buil. P-108), Chemical Co., . Lowis, Mo, -
1047.

(30) Plokett, L. W., Pres. Rop Ses. (London), A343, 333-40 (1033).

(51) Rewe, O. H., snd Hartal, K., 5. phgwid. Chom., B31, 202-96 (1933).

(08) Seymowr, H., Chem. 4¢e (Londsm), 45, 4344 (1940).

(88) U8 Pet. 2,000,708 (Mareh 10, 1988), J. J. Grwbe and 8. M. Stoemser (to Dow Chamsiaal Co.).

(54) U.S. Pat. 2,200,994 (Mareh 4, 1941), F. B. Seith and H. W. Moil (to Dow Chemieal Co.).

(65) U.S. Pat. 3,304,208 (Nov. 10, 1943), H. France, 1. M. Heilbron, and D. H. Hey (to Imperia)
Chomsiond Indumtvies).

(38) U.8. Pat. 2,964,208 (March 14, 1944), P. T. Miles (to Moasaato Chemieal Co.).

(87) U.S. Pas. 2,208,908 (Nov. 31, 1944), R. D. Swisher (to Monsaato Chemical Co.).

(88) T.8. Pat. 2,364,719 (Dee. 13, 1944), R: L. Jenkins (to Monsanto Chemioal Co.).

MONS 004056



156

HYDROGENATED DERIVATIVES
(39) Beilatein, 4th ed., 2ud suppl., Vol. V, pp. 71, 308.
(80) Lassea, R. G., Thorpe, R. E., and Armfield, F. A., Ind. Bng. Chem., 34, 18303 (1943).
(81) Maglio, M. M., Chemist- Analyst, 35, 94 (1948).
(63) HB-40 (Technical Buil. P-104), Monsnto Chemiesl Co., 8t. Louis, Mo., 1948.
Norano Porrrnsxraer (Diphenyt)
C. F. Booty (Terphenyls; Hydrogenated Derivatives)

MONS 004057



KIRK - OTHMER

ENCYCLOPEDIA
of Chemiecal Technology

VOLUME 1
A s ANTHRIMIDES

VOLUME 3
ANTHRONE

‘= CARBON-ARC
VOLUME 3
CARBON (eont’
oo
YOLUME 4
CINEOLE

to DEXTROSE

VOLUME §
Dl-to

Presenting a comprehendsi: y of in-
duastrial knowledge on materials, methods,
processes, and equipment for the chemist
and the chemical engineer. Move then 1,000
authoritative articles in alphabeticel ar-
roangement

from ABRASIVES to ZIRCONIUM
by experts from the American chemical
industry and from research institutions.

Complete in 12 volumes
Each volume approximately 96# pages
illustrated

/s X 10 Richly i

Subecription Price: $30.00 per volume

Price after completion of Eacyclopedia:
$35.00 per solume

Send erdare or requost for detailed informetion o

INTERSCIENCE PUBLISHERS, INC.
318 Fourth Avenue, New York 3, N. Y.

MONS 004058



