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Atoclor® 1248 (chlorinated biphenyl) is an ideal nonflammable liquid
phase heat-transfer medium for temperatures up to 300°C.

This bulletin describes the physical properties of Aroclor 1248 and
illustrates the design and operation of heaters that have been used
successfully by Monsanto plants during the past seven years. The
units described are gas fited and the capacities are in the range of
200,000 to 400,000 B.t.u. per hour.
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Other larger commercial installations using Aroclor 1248 have capac-
ities ranging up to 2,000,000 B.c.u. per hour.

Also small electrically heated stationary and portable units with capac- 4
ities around 40,000 B.c.u. per hour,using Aroclor 1248 as the heat-
transfer medium,sare in service,
Several leading manufacturers of heating equipment are in position to 'y
build or offer Acoclor heating units to meet specific requirements. 3
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The infomnting contalned in @hls indlatin I8, 19 ow best knowlrdge. Uus and sccweie but all recommentations o1
ovggesitone ae made wilhout guaraniee. sincy the conditions w control. The Monsento Chemical
Canpany dtaciaims any Hauiltty Incurved in connnction with the o o s orine,

Fiwthermere, nothing contained horsin shell be comatrurd se
anisiing 1aents covaring say meteriel or ite uea,

recommendstion o wes sny peoduct in conflict with
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An Indirect Aroclor Heater for
Unit Chemieal Operations

MEADE MCARDLE!, L. C. GARRETT, ano P. G. BENIGNUS?®

M. to Chemi

{ Company, Anni Ala.

The characterintics of Aroclor 1248 indicate thut it
Is an ideal lquic phase hest-exchange medium for
temperatures up 10 300° C. This article diecusses ita
properties and | ates the design and operation of
hesters that bave boen uscd successfully by Monesanto
Pants during the past scven ycars,

B8eray Frammaznary. When a tube ruplures i a liquid heat~
transfer eystem under high pressure, a spray or miet forms.
The possible fire hazard under thoso conditions requires considera-
tions not covered by the foregoing discussions rolative to the ma~
terial in the liquid form. Io thoir comprehensive study of
fiammability of the higher bolling liquide and their mists, Sulli-
van, Wolfe, and Zisman (2) determined tha spray Aammability

N CERTAIN f ing of the M

Chomical Compnany, it was nootssary to employ & noncom-
bustilis fioat-Cranefer mediuin at pressures of 80 pounds per
aqunre inch or lows and temperatures up 10 300° C. Tho following
genoral proportion of & heat-exchange medium wore required:
I"'r:\lwn from fire hasards.

\ 0 permit at room temy
tnt sufliciently above 300° C. to assure a Jiquid con~

oiting
dition at all tines.
Rinbility againat hoat, with enough safcty factor to accommo-

dnie acciduntal overhoating.

Controliable vaporisation losscs.

Frovdom from corrosive action againal valves, piping, tank
Jackels, ctc., made of csal iron and stools, Lronse, and stain

stenl.
Feeedom from wxicity hazard,

Aroclor, ohforinated bLiphenyl (rogistored in U. 8. Patent
Offioe), waa acleolod.  The perti physical ch st

limit of ! in d with the perosntage of
oxygon required for combustion. This valie was then oorrelated
with the results of incendinry firing toats of the fuids conducted
at the Nuval Proving Ground, Dahlgren, Va. The oxygen re-
quirement for Aroclor 1248 combustion in the epray flammability
Timit studies was found to be 64%. Fluids requiring over 45 to
50% oxygen in the spray test {ailed to cause a fire in the incendi-
ary toat. These resulls establish the nonflammabie and nonconr-
bustibie qualities of Aroclor 1248,

¥1SCOSITY CONSIDERATIONS

Coup Frow, For most inside inatallations centrifugal pumpa
will handle Aroclor at roduced rates without preheating. Erperi-
cnce confirms this. Outside instaliations have beon started aL
0" C. by heating the pump and foed line until circulation through

Y
relntive (o itx uxo an & heat-transfer modium are given in Table 1.

FREEDOM FROM FIRE HAZARDS

Frash Poinr, Limitations of this test for the prediction of the
fire harard of relatively monvolatile organic fluids have becn
recvgnisod by the Amorican Society for Testing Materinle com-
mittee (8, 4).

Finr: PoINT is ® moro significant measurement. The Under-
writurs' Laboratorion (10) state that firo tests moro truly refiect
the (lnck of) firo harard of Aroclor.

Srontannous lowtrion Tmmrematume.  The combustion-
revisting qualition of Aroclor 1248 are indicated by its high spon-
tancoun ignition tamperature of 704° C. (1209° F.) determined by
Sullivan, Wolle, and Zisman (9), using the convenicnt ajparatus
dimeribed by Sortnan, Beatty, and Heron.(8).

Under conditions of induwirial use the spontaneous ignition
Aemperaturo will bo d d by factora including the nature
of tho hot surface, the amount d¥ liquid impinging on it, the
volume of enelonod space, and the ventilation,

An accidontal failure in & hoating ?I‘Gll\ demonstrated the
nonflammalility of Araclor 1248 and ita freedom from the
hassrd of fire propagation. An tor's failure 1o start the
ciroulation of d:n hoat-Lranafer ium when the gas heater was
on resulted In oxowmsive coil temperatures and oaused Uhe lower
coll to aofton and sag into the fire chamber. A weld ruptured and
Aroslor 1248 pourcd into tho red-hot fire chamber in contact with
the fiame.  Donme smoke arose fromn the heator but there was no
external fire.  After the gas fAame was cul off, the smoking
stopped.

¥ Present address, Monmnto Chemical Company, Organie Chemioale
Division, Bt Louls, Mo.

¥ Yrement 9ddrese, Monaanto Chemical Company, Plospbats Division,
81, Joule, Me.

Tanuz ). Tuysicar Prorerries or Anocror 1248
Practioaily
Appearanea solorless mobile liquid
LAY
Abaolute density, g./ml. 1.4¢6 0 (88
141 80 (140)
1.37 100 {213
. 300 [393)
137 200 (472
Abmolute visoosity, sentipoises n 30 (8¢
17.8 80 I‘o;
2 100 {nz)
0.9¢ 200 (392)
047 oIt
Thermal conduetivity, B.t.u./bour/sg. foat/ 0.0613 0 { ]
* F./loot 0.0008 80 }l‘«l
00800 100 (112)
Dissillation range, A.8.T.M. D-20, * C. 340-375
Fi int, Clevelnnd . ABT.M.
B odligy s grYEnne oren 193190
mx') rﬂvj:;. Clovolasd open eup, A.B.T.M. Nowe
Pour potet, AB.T.M. D7, ° C. -7

CoeMrioni of expansion, ml./ml /* C. (35~
83° C)

Bpesific volume, ml./g.

Bpecifio beat, cal./g./* C.

Vepor prossure, mm. Hg
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‘Tanya II.  Bramiury or Anocroa 1248 Huarep rom 30 Houns
3 Mg. of RC1
Temprg e Gran of Arosior
2 N
% R4
H 837
30 0.246

Tamuz 111 Brasiniey or Anocuon 1248 Continvousiy Hearzo
AT 280° AND 330° C.

Mg. of HCt per Gram of Aroslor

Hours
30 0.079
8 gus
120 0194
1% 0.261

Tasua IV. Gas Anarveis or AnvoLon 1248 Hearep ¢ Houns
ar 200° C. anp 210 Pounps ren Squanz Inon Prmssumez

Gae %
Carbon dloxida None
arbon mosoxide Nose
y:- {derived (rom air) 08
Mol 0.2
‘Hydeogen shicride Nows
(" ne Nome
Nz &* .'-vy “'I:h' Hen 0.0078
o ¥
After exporure 0.0078

the heater had been effected so that the system could operate
normally.

BOILING POINT

Operating experience has shown that the boiling point of Aro-

elor 1248 (340° C. at 760 mm.) is enough above the 300° C.
opersting limit to prevent trouble from this cause. At the maxi-
mum operating temperature the vapor pressure is less than 0.5
atmosphere.

HEAT STABILITY

blish & ioal %

In order to P
ture, the stability of the material when heated to slevatod tem-
peratures in the presence of iron wae noted. A slow stream of
nitrogen was pamsed over the bot Aroolor to sweep the decom-
position products into & caustic trap. The amount of acidic

rin) was d d and caloulsted s hydrochlorie acid.
The results given in Table I1 indicate the stahility of Aroclor 1348
when individual samples were heatnd for 30
hours at the given ‘smperatures. The decom-
position s very low at temperaturss up (o
800° C.

The stability of Aroclor 1248 in contaet with L
{ron continuously heated at 280° and 330° C. is
indicated by Table III. These teet results indi-

cata that Arcelor 1348 in con-
taot with iron can be used
=1
@ .&
®

satisfactorily at temperatures

A

up to 800° C.

The National Board of Fire
Underwriters (10) reporied that
“‘decomposition of the product
{Aroclor 1248} was not sppreci-
able st temperatures below
400* C., but became increms-
ingly apparent at higher tem-
peratures.’

I

Their workers analysed the
decomposition products of
Aroolor 1248 heated in the pres-
enoe of bot iron at 469° C. and
also beated in an fron oylinder

£ND ELEWRTION
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at 340° C. fitled with an inlornal gas burner so that the
xu flame impinged directly on the surface of the A, 3

nalysis of the gases ‘rroduud under these conditione included
0.8% carbon monoxide, 0.17% oxygen (derived from the »ie), -
0.00% hydm?n chloxiéc, 2.1% comibustible gas cnlculated ap
methane, 0.003% chlorine, and no pliosgenc.

The same workers studicd the stability of Aroclor when beatad
for 4 hours in an iron pipo at * C, undur an interonl prosseee
of 210 pounds per square inch, resulting from the intriduetion of
compressod air. Following this treatincut and cooling, the
removed from tho aystem were analysid. The acidity o, the
dA}rloclnr waz determined prior to and alter exposure to thess con-

itions,

The reaul(a givon in Table IV reflect an extretnely small assouat.
of decomposition under conditions similar to thowe seicoted for the
practical use of Aroclor 1248 an & hent-transfer medium.

In actual practice using the type of heating unit described below
there has been no evidence of hydrochiorie acid effect and no ear
bon deposits have boen noted in the heater, pipes, or valves. The
heaters have been op d with combustion gases at
approximately 800° C. in contact with the coils.

At ono Lime, & spirai coil u!pe of hcator was buiit and thr
fauity dw1n & burner tunnel was located 1.5 inches from the
inch stesl Jr Lﬁ: coil. The radiation from the white-hot refen:
tunnel no direct impin, nt of the lame on the pipe
the pipe to glow a dark red for & spacs of sbout 2 inchre. Thie
unit was operated almost 3 months befors a circulation wor.
oosurred. When the line was opened lumpe of carbon were foead
to have come loocse and moved forward to lodge in the giebe
valvos, The lumpes measured about 1 X 2.5 em. and one face wae
formed to fit the pipe curvaturo. No hydroehloric acid effect wae
ooted and the system was put back inlo operation after the
burnor location was changed.

CONTROLLABLE VAPORIZATION LOSSES

The heating systems in which Aroclor 1248 is used are swaled
except for the expansion tank, which has a loose cover or & vent
pipe. Because this tank is separated from the stream by s swb-
stantial length of pipe, the temperature in the Lank remnaine low.

In the light of the relatively Jow vapor pressure valuss foe
Aroclor 1248 (7), and ss it is unlikely that the expansion tank wilf
ever reach even the 1-mm. state (130° C.}, there siould not be &
measurable loss of Aroclor from the system. Actusl experience
bears out this contention.

Orucn Losszs.  Although Aroclor darkens on use, its charse-
teristics remain the same and replacement hss not boen fousd
necossary after 7 years of continuous use. Accidenial lenks or
spilla constitute the only observed losses.
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Tamze V. Rusarance or Srﬂ‘q‘rumm MATERIALS TO AROCLOR

t At At At
Motale 0 C. 1 C. Metale % C. 123° C.

uminer R R Zins R R
& - R D plld wloel :R R
jasstun: nn R 'Iuchﬂ bronee D
bokel AR [ Red brase b [

tver R “ Btainless stoel RR RR

() n Yellow brase. R Re

RR. t-rllnl resintanee, los thets 1.0 X 104 om. per duy penotrationor

o?'b‘” ::-'l:‘n’w netration between 1.0 X 109 and 10 X 10-¢ em.
day or betwern o.dJ:u and 0.00H4 inol '

g 14 and 0.014 inch per yvar

3 e
o Nolloving witer indicatlay reristanoe. Hprite materal may be
prtior shan mxu 1 1otally Ivneresd, 3o wotght 1w 4 believed 15 come
frem tion of part of teat strip exposrd 10 air.

s,
3 ptne:nu :::l 10 X 10-% em. per day

FREEDOM FROM CORROSIVE ACTION

The rosistance of various metals (7) at 25° and 125° C. is given
inTable V,

Bimilar studies made at 325° C. (6) indionte that the penetra-
tion, in inchoe per year, for mild steel ia 0.0028; for yellow brass,
0.00047; for copper, 0.00145,

Many years of practical operating experience with Aroclor 1248
a2 & hoat-trannfer medium have shown that the niaterial is prac-
Ueally noncorrosive to valves, piping, tank jackets, ete., made
of oast iron and stecle, bronze, and stainless seel.

FREEDOM FROM TOXICITY HAZARD

Aroolor 1248 le a very stablo, unreactive liquid. 1f the material
Ie apilied on the skin, there are no noliceable ill effecta; however,
it ln well 10 wash the skin with soap and watee afler contact.

A skin burn resulting from aceidental contact with hot Aroclor
sbould be treated in the normal procedure used for hot oil burne.
Arosior adbering (o the burnod area need not be removed im-
medintely unloss troatment of the burn demands it; in this case
soap and water or rej d ings with a vegetable vil (linseed
oil) should bo usod.

Tue vapors cmitted by Arocior 1248 heated 1o elevated tom-
peratures are injurious 1o tho liver on prolonged exposure and
sbould ot be Lronthied. Drinker (5) indieated that 0.5 mg, of
Aroclor 1248 por cubic meter of air is the maximum safe aimouvut
pormimible in workrooms.

In commercial heat-transfer installations, the presumption is
that tho Arvelor is in a closed m (ree from leaks, Accord-
ingly, there should b no opportunity for workers to come in con-
taot with vapors from the hot heat-transfer medium,

EXPANSON
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DESIGN AND CONSTRUCTION

Heamino Svstem. The healing system required W ulilize
Aroclor 1248 as the exchange medium includes a heater (Figure 1),
oooler, pump, and expansion tank (Figure 2), and control and
safety cireuits (Figure 8). .

! |
2 i—,
3
“
—ne
nsy
——ye
SAFETY CIRCUT

Figure 3. Control and Safety Circult

Heater Dision.  The general requirements of the heater are
p , ease of jon and service, and avoidance of
direct fiame impingement on the tubes.

Direct flame impingement is prevented by direeting the gas
flame through an enclosed channci with h-lﬁ(lnie -'ﬁu br’ek
;ﬁzmtcelm( the tubes above until the high tem, ure of the

ame i» reducod by heat cquducted through an bricke nad
radiated to the two hottom coils. The sisc of the heater o redused
to & minimum by using only 4.5 inches of insulating fire briek ia
the hottest arcas and 2 inches of Eagle No. 66 insulation oo ths
eooler spols,

Two sizes of units are uncd: One lins & maximum capacity of

ﬁ,o@i%w{oh:u as n}l‘n:wu in Figure 1. The larger has s

u
K ] of 80 fect of 1-inch standard weight steel
pipe made into three coils of six pipes each and connected in
svrics.  The larger size consiata of 144 feet of 1.5-inch standard
weight steel pipe arranged in the same fashion. Results of tests
on the small-size heater covering temperatures (rom 130° (o
300° C. shewe temperature riwes to 30° to 20° C. in the Aruelor
whilo circulating at a rate of 15 to 20 gnllons per minute. The
qutlet gas temperature ia cunsistenily within 75¢ C. of thy outhst
Aroclor temperature. 1t is obacrved that the bottom two coils ab-
sorb the major part of the heat. The small unit indicates 50 to
807 efficicucics for capacitics up to 200,000 B.t.u. per hour when s
naturnl gas of 1000 B.t.u. per cubie fool is burned. A Rurface
mbustion Company high pressam inspirator and tusnel
burncr setisused in thir inatallati
Over-ail heat-exchange cocflicients (L) for the furnnee are in
the range of 7 to 10 B.t.u. per hour per square foul per drgroe
Fahrenheit.  OQver-all heat-exchange confh for Aroclor 1248
10 water in & doubic pipe h wer made from 1 28.inch
g!r with & 2-inch pipe jacket are in the 120 to 180 range.
ene figares  are ealeulated  from test results on  this
installation.

a

Coorer. A very useful adjusct to
the system is a double pipe cooler on
the outlet of the heater shows in

HEATER Figure 2. By turning water inlo the
jncket, the Aroclor can be cocled and
the temperature of the system lowered.
This is helpful when it is necessary to

LOT LIOHT cool a bateh before removing it or

when an exothermie reaction starte \o
get out of control.
Pumr. The pump for circulatiog

HEATER PIPING

Figuce 2. Couler, Pump, and Expanslon Tank

the Aroclor 1248 mny be any one of o
number of standard centrifugal unita
desigued for bot liquid service.
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P /o throwgh ¢, Sobodule 0, AST M. A22
" Vinrooahe Bl 0 AR TM AR %8
Construstios ‘/a lhm‘h K !nn
Bt shop o
Seld  where

sivie, " ust"be
cleaned to remove
soale
Forged stesl sorewsd. Crane 300d
ries

Fll, toes, and /s through /s e
Welded Sutings. Crane

reducens

bal : ‘R’“': H 30 (¢ teh e
= through 6 to inateh vaives)
o Mnblm bolle A.8.A.
B-18.2 with hex-
agonsl nuts for
rvmv below 300°
F. Above use alls
-uol‘ .C"'.u
Unions ¥/« through /4 Cnno 858h ’nlnd slae
Dope Cnm 426 high tam.
u. aread
povnd
Carkote th lm\ w Bat or
hut-off valves '/4 through 3/, Cr-n W, sorewed, gate
® . ;(}L- u llhl. Grane :;lew ":- AN
- T nge. 0y
Control valves '/‘ throuj ‘ ] Crame 3640 XR, sor
1 'r E‘-rnm 3050 XR, fia .-.rj
/s theou, h [] .rate 151 XR. fange, globe
Cheok valves /s mro\al s Crane 3074 X, uu-“
1 |I-rm.g Crano 381 .
Crane 159 X, lnva‘mﬂ
Hyiety valves Coneolidated 1670 BW, serewed
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et a1
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The Dsyton Dowd Type C pwnp u an example of the type
required. It should be made of tecl and have a water-
covled stuffing box and uwr-oaolud bad The stuffing box
should have room for at Josst six rings of mkln lnd s lumm
ring. Durametallic No. D-110 or Garlock No. y bo used

n impelier i dnlnbh, s it will

handlo tho cool, more uid on starting the wn blmr
than will a alosed im) honaponz or the
visoous conditiona is uwlnd

"1pio Sysrem AND Exransion Tanx. The detai) of the piping
sy~tom for Aroclor 1248 used up to temperatures of 300° C.
(573° F.) and 100 pounde per squars inch pressure is given in
Tabls VI, The valves and specialtis given indioats the type re.
quired. AWl piping larger than .75 inch is flanged or welded; ex-
perience has shown that hot Aroclor penetrates serewed jointa of
the larger sizsss. Stecl and oast steel are used throughout.

The system requires an axpansion tank located at the highest
lovel of Lhe installation, The sise of this tank is normally ahout
36% of the capadity of the Aroclor system. Conneotions with
valves, made on either side of the puinp, enable the operator to
connoct s fexible hose and to pump in or out as required.

For aperation in looations where the Aroclor temperature may
drop to where the d ities may make ing im-
praoctical ip the systom as designed, it may be desirabie o steam-
jnoket the Aroclor dirculating lines Lo facilitate rapid start-up.
Builable safety provisions, such as salsty pop-off valves, must be
installed in the steam jacket system to prevent prossure rupturea
which would develop if any condensate remained in & closed sye-
1em during bigh temperature operation.

In ordor to eatablish operating conditions and to chock tho
opurlﬂon of the heater iaclf, it is often desirable to messure the
temporatures of the Aroclor in and out of the hester and ccoler.
Lh.l'nlﬁ‘ 10, lnd 11 (Figure 2Lprov|do for this. Thoy may be: dhl
any

Tasue VII. 8arzry anp Conmnor Equirmmwr

. High prossure alarm  Marcoid DA-31, e ol B ik
dv,l‘-:'.l; atoppage Astunl ..m..-"z.-..i"'.'.' l.n.‘m us'l Iln':‘

% Low pressure alarm Mlvmd DA-31-3, open cirouit en Jew pressurs.
Aotual settiogs depend o individusl layeus

3. Thermontat (dotects Fenw 2.
prdort ln"-'l.:'m Contasts opes un tempersture

itoh (detacts M, g
k“ " ln(m- ot msom Figure 40. 8.P. awiteh. Open at low

tem:
8. Flame falluroaystem Combustion Control Corp. Pii FF8. Fame
(mu‘o :.lm.u‘ “:l lnl control for manusl iguition gae burser
Oonvu] Coptrol Corp. K-103. Closes with

8. Ou valve (outa off
ease nr:)eodhn' eurres

o
7. Red lllht Killark VA-1 80 W, n3-v
8. Horn (soune arm)  Edwarde 312 or Bentamin 7014
arm relay Tyre CAI08 1NO, 1.NC watertight (1)
Stop horn reley

1104 1.
Slophormeiey  Type c(w M 1-NO, 1-NC. watertight (1)
. Thertometer well 0-3u0* . meroury bulb thermometer
(vinunl eheek  of
heater perform-

10. 'l"l(:rct.o.l‘vnler .u(.i; 0 300" €. mrecnry Lutb thermometsr
ester  perform.

.’I”

11. Thormometer _well 0-380° C. meroury bulb tharm
(visual cheek " of 4 srrmometer
soolor pertorme
)

12. Solencld vaive Goneral Control K-102, Coatrols Arothor

temperature to meet demands of syatem

For automatie u:mpentum control & solenoid valve, item 13, is
indicatod in a by- rrangoment with s manually
valvo. The ncedle vdn in adjusted to give dm e heat
to mect uirements and the actual control e e on by
the solenoid valve, which opens and cloacs .'..ho.m'd by & tam.

boing
';“O':d it t ith te 1 L d.l h
c unit was sot up wil mpor.lun control using & Lee
Northrop Modei 8 all-electric control o mvlctov
closs control over a wide range of hut dmnlnd resulted, 'hnn s
throttling range adjustment of 4 was used on this controt "davice.

Sarery Cincurr. Figure 3 shows a safety circuit which auto-
matically protects the system by closing off the gae supply in the
avent of faulty operating sonditions. Provision ls made for
shutting off the warning horn while the system is being put back
into operation after a safety shutd

A detailed list of the safety and oootrol equipment i given m
Table VII. The equi named indi the type i
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