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Aroclor* 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 fired and the capacities are in the range of
200,000 to 400,000 B.t.u, per hour, ’
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Other larger commetcial installations using Aroclor 1248 have capac-
ities ranging up to 2,000,000 B.t.u. per hour.

Also small electrically heated stationary and portable units with capac-
ities around 40,000 B.t.u. per hour,using Aroclor 1248 as the heat-
transfer medium,are in service. .

Several leading manufacturers of heating equipment are in position to
build or offer Aroclor heating units to meet specific requirements,

*Reg. U. 5. Pat. Office

6Y61 “19queides  OF1-d "ON UNS|INg [931uyde | ojuDSUOK

The witemation contsined in thie bullstin is, 10 our best knowledge, true and sccurete, but il recommendations or
Suggeeiiane are mede williol guarsates, since the (ondilions of use are beyond Ow conlrol. The Monsento Chemicel
Company disclaims any iability 4ncwred dn conne clion with the Use of theas date or Suggestions.
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The characteristics of Aroclor 1248 indicate that it
is an idcal liqui¢ phase heat-exchange medium for

Spray FLamuasiuiTy. When a tube ruptures in & liquid heat~
transfer system under high pressure, a spray or mist forms.

temperatures up to 300° C. This article di its
properties and illustrates the design and operation of
heaters that have heen used successfully by Monsanto
plants during the past seven ycars.

IN CERTAIN facturing p s of the
Chemical Company, it was necessary to employ 8 honcom-
bustible heat-transfer medium at pressures of 30 pounds per
square inch or less and temperatures up t0 300° C. The following
genera) propertics of a heat-cxchange medium were required:

M ¢

Freedom from fire hazards.

Viscositics to permit pumping at room temperatures.

Boiling point sufticiently above 300° C. to assure a liquid con-
dition at all times.

Btubility against heat, with enough safety factor to accommo-
date accidental overheating.

Controllable vaporization losses.

Freedom from corrosive action against valves, piping, tank
jackets, etc., made of cast iron and stecls, bronze, and stainless

tee
Freedom from toxicity hazard.

Aroclor, chlorinated biphienyl (registered in U. 8. Patent
Office), was sclected. The pertinent physical characteristics
relative to its use ns a heat-transfer medium are given in Table 1.

FREEDOM FROM FIRE HAZARDS

Fuasu Porxt, Limitations of this test for the prediction of the
fire hazard of relatively nonvolatile organic fluids have been
recognized by the American Society for Testing Materials com-
mittee (8, 4).

Fire PoINT is a more significant measurement. The Under-
writers' Laboratories (10) state that fire tests more truly reflect
the (lack of) fire hazard of Aroclor.

BronTaNeous Jonition TempERATURE. The combustion-
resisting qualitics of Aroclor 1248 are indicated by its high spon-
tancous ignition temperature of 704 ° C. (1299° F.) determined by
Bullivan, Wolfe, and Zisman (9), using the convenient apparatus
described by Sortman, Beatty, and Heron (8).

Under conditions of industrial use the spontaneous ignition
temperature will be determined by factors including the nature
of the hot surface, the amount of liquid impinging on it, the
volume of enclosed space, and the ventilation.

An accidental failure in 8 heating system demonstrated the
nonflammability of Aroclor 1248 and its freedom from the
bazard of fire propagation. An operator's failurc to start the
circulation of the heat-transfer medium when the gas heater was
on resulted in excessive coil temperatures and caused the lower
coil to roften and sag into the fire chamber. A weld ruptured and
Aroclor 1248 pourcd into the red-hot tire chamber in contact with

the flame.  Dense smoke arose from the beater but there was no
external fire.  After the gas flame was cut off, the smoking
stopped.

V Present address, Monsanto Chemical Company, Organie Chemicals
Division, Bt. Louis, Mo.

* Present sddiess, Monsanto Chemical Company, Phospbate Division,
8t. Louis, Mo.

The possible fire hazard under thesc conditions reguires considera-
tions not covered by the foregoing discussions relative to the ma-
terial in the liquid form. In their comprehensive study of
flammability of the higher boiling liquids and their mists, Sulli-
van, Wolfe, and Zisman (9) delermined the spray flammability
limit of numerous materials in accordance with the perceatage of
oxygen required for combustion. This value was then correlated
with the results of incendiary firing tests of the fluids conducted
at the Naval Proving Ground, Dahlgren, Va. The oxygen re-
quirement for Aroclor 1248 bustion in the spray fl bility
limit studies was found to be 64%. Fluids requiring over 45 to
5055 oxygen in the spray test failed to cause a fire in the incendi-
ary test. These results establish the nonflammable and noncom-
bustible qualities of Aroclor 1248.

VISCOSITY CONSIDERATIONS

Corp Frow. For most inside installations centrifugal pumps
will handle Aroclor at reduced rates without preheating. Experi-
ence confirms this. Outside installations have been started at
0° C. by heating the pump and feed line uutil circulation through

TaBLE 1. PuysiCAL PROPERTIES OF AROCLOR 1248
Practically
Appearance colorless mobils Liquid
cc. e
Absolute density, g./ml. 1.4¢ 30 (80)
1.41 80 (140)
137 100 (212)
1.27 200 (302)
137 300 ({572)
Absolute viscosity, centipoites 12 30 (80)
17.5 60 140)
42 100 (212)
0.99 200 (392
0.47 300 B2
Thermal conductivity, B.t.u./bour/sq. foot/  0.0613 30 (89
® F./foot 0.0098 60 (140)
0.0800 100 (212)
Distillation range, A.8.T.M, D.20, * C. 340-375
Flash point, Cleveland open cup, AB.T.M.
Bod s ¢! 103-196
Fire point, Cleveiand open cup, A.B.T.M.
D 92-45 Nobe
Pour point, AB.T.M. D-7, * C. -7
Coeflicient of expansion, ml./ml./* C. (26
85° C.) © 000702
Specific volume, ml./g. 0.0% 30 (86)
0.7 60 (140)
o7 100 %m;

Bpecific heat, oal./g./* C.

Vapor pressure, mm, Hg
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at 310° C. fitted with an intcrnal gas burner so that the
iu flame impinged direetly on the surface of the Aroclor.

nalysis of the gases produced under these conditions included
0.6% carbon monoxide, 0.37¢4 oxygen (derived from the air).
0.99% h»drozvn ohloride, 2.1, combustible gas calculated as
methane, 0.0025, chlorin®, and no phosgene.

The same workers studicd the stability of Aroclor when heated
for 4 hours in an iron pipe at 260° C. under an internal prossure
of 210 pounds per s?unrc inch, resulting from the introduetion of

1342
Tasre 11, STapiaty or ArocLor 1248 HeATED ror 30 Hours
Tnmwnluu. M( of HCI per
C. Gram of Aroclor
280 9.079
0.188

310 0.199

320 0.222

330 0.248
Tarz ]l

STARBILITY OF AROCLOR 1248 CONTINDOUSLY HEATED
AT 280° anp 330° C.

Mg. of HICI per Gram of Aroclor
280° C 330

Hours * C.
30 0.019 0.248
0.116 0.510

90 0.169 0.923
120 0.194 1.141
150 0.261 1.362

Taprr IV, Gas ANaLYSIS OF ArocLor 1248 HEATED 4 Hours
aT 260° C. anp 210 Pounps pER SQUARE INCH PRESSURE

Gas %
Carbon dwude None
Carbon mon, None
Oy en (denvtd rom air) 20.2
Metha 0.2
Hydrogen chloride None
f{'é'"'“(y by weight HCD) Noe
idity y weig!
“Prior to expoaure 0.0075
After exposure 0.0075

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

Operating experience has shown that the boiling point of Aro-
clor 1248 (340° C. at 760 mm.) is enough above the 300° C.
operating limit to prevent trouble from this cause. At the maxi-
mum operating temperature the vapor pressure is less than 0.5
atmosphere,

HEAT STABILITY

In order 1o establish & maximum practical operating tempera-
ture, the stability of the material when heated to elevated tem-
peratures in the presence of iron was noted. A slow stream of
nitrogen was passed over the Lot Aroclor to sweep the decom-
position products into a caustic trap. The amount of acidic
material was determined and calculated as hydrochloric acid.
The results given in Table IT indicate the stability of Aroclor 1248
when individual samples were heated for 30
hours at the given *smperatures. The decom-
position is very low at temperatures up to

o

300° C. I

The stability of Aroclor 1248 in contact with L
iron continuously heated at 280° and 330° C. is
indicated by Tuble III. These teet results indi-
cate that Aroclor 1248 in con-
tact with iron can be used
satisfactorily at temperatures
up t0 300° C.

The National Board of Fire
Underwriters (10) reported that
*“decomposition of the product
{Aroclor 1248 ) was not appreci-
able at temperatures below
400° C., but beeame increas-
ingly apparent at higher tem-
peratures.”

d air. lowing this treatment and cooling, the gases

removed from the system were analyzed.  The acidity of the

a\roclnr was determined prior to and after exposure to these con-
itions

The msulls givenin Tuble IV reficct an extremely small amount
of d position under itions similar Lo those selected for the
practical use of Aroclor 1248 as a heat-transfer medium.

In actual practice using the type of heating unit described below
there has been no evidence of hydrochloric acid effect and no car-
bon deposits have been noted in the heater, pipes, or valves. The
heaters have been operated successfully with combustion gases at
approximately 600° C. in contact with the coils.

At one time, a spiral coil type of heater was built and through
faulty design a burner tunnel was located 1.5 inches from the 2-
inch shceldp {)c coil. The radiation from the white-hot refractory
tunnel and the direct impingement of the flame on the pipe caused
the pipe to glow & dark mg for a space of about 2 inches. This
unit was operated almost 3 months before a circulation stoppage
occurred. When the line was opened lumps of carbon were found
to have come loose and moved forward to lodge in the glebe
valves. The lumps measured about 1 X 2.5 cm. and one face was
formed to fit the pipe curvature. No hydrochloric acid effect was
noted and the system was put back into operation after the
burner location was changed,

CONTROLLABLE VAPORIZATION LOSSES

The heating systems in which Aroclor 1248 is uscd are sealed
except for the expansion tank, which has a loose cover or a veat
pipe. Because this tank is separated from the stream by a sub-
stantial length of pipe, the temperature in the tank remaing low.

In the light of the relatively low vapor pressure values for
Aroclor 1248 (7), and as it is unlikely that the expansion tank will
ever reach even the 1-mm. state (130° C.), there should not be a
measurable loss of Aroclor from the system. Actual experience
bears out this contention.

OrreR Losses. Although Aroclor darkens on use, its charse-

teristics remain the same and replacement has not been found
necessary after 7 years of continuous use,
spills constitute the only observed losses.

Accidental Jeaks or

d

Their workers analyzed the
decomposition  products  of
Aroclor 1248 heated in the pres-
ence of hot iron at 459° C. and
also heated in an iron cylinder

END ELEVATION

SECTION "A-A"

Figurc 1. fleater
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Tasux V. RESISTANCE OF STRUCTURAL MATERIALS TO AROCLOR
1248

At At At At
Mol v, asc. Metals  25°C.  123°C.
Aluminum R R Zine R R
obper it D Ml steel RR R
Mayossiun KR K Ploiorbome R D
Niotel RR R Red brams D D
Bilver R R Etainless steel RR RR
Tis R R Vellow brass R Re

bl"(xl)k EI;Q"QA\ resistance, less than 1.0 X 10 “¢cm. per day penetration or
0.00014 inch per y
N :n'u’untr. penetration between 1.0 X 10-¢and 10 X 109 cm.
per day or between 0.00014 and 0.0014 inch per year.
. oubtful resistance, penetrstion between 10 X 10°¢ em. per day

and 100 X 104 em. per day or between 0.0014 and 0.014 insh per year.

‘e. Following letter indicating resistance, significs matenal msy be
batter than indicated if totally imvmersed, as weight loss is believed to come
from oxjdation of part of teat strip exposed to wir.

FREEDOM FROM CORROSIVE ACTION

The resistance of various metals (7) at 25°and 125° C. is given
in Table V.

Similar studies made at 325° C. (6) indicate that the penetra-
tion, in inches per year, for mild steel is 0.0028; for yellow brass,
0.00047; for copper, 0.00145.

Many years of practical operating experience with Aroclor 1248
a8 a heat-transfer medium have shown that the material is prac-
tically noncorrosive to valves, piping, tank jackets, etc., made
of cast iron and stecls, bronze, and stainless steel.

FREEDOM FROM TOXICITY HAZARD

Aroclor 1248 is a very stable, unreactive liquid. If the material
is apilled on the &kin, there are no noticeable ill effects; however,
it is well to wash the skin with sosp and water after contact.

A skin burn resulting from accidental contaet with hot Aroclor
should be treated in the normal procedure used for hot oil burns.
Aroclor adhering to the burned area need not be removed im-
mediately unless treatment of the burn demands it; in this case
soap and water or repeated washings with a vegetable vil (linseed
oil) should Le used.

The vapors emitted by Aroclor 1248 heated to elevated tem-
peratures are injurious to the liver on prolonged exposure and
should not be breathed. Drinker (5) indicated that 0.5 mg. of
Aroclor 1248 per cubic meter of air is the maximum safe amount
permissible in workrooms.

In comuercial heat-transfer installations, the presumption is
thut the Aroclor is in a closed system free from lenks. Accord-
ingly, there should be no opportunity for workers to come in con-
tact with vapors from the hot heat-transfer medium.

EXPANSION
TANK

STEAM OR

WATER
OUTLET V

JACHETED PPE COOLER
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DESIGN AND CONSTRUCTION

Heatina Svstest.  The heating system required to utilize
Aroclor 1248 as the exchange medium includes a heater (Figure 1),
cooler, pump, and expansion tank (Figure 2), and control and
safety circuits (Figure 3).

SAFETY CIRCUIT

Figure 3. Control and Safety Circuit

Heater Desioy.  The general requirements of the heater are
compactness, ease of construction and service, and avoidance of
direct flame impingement on the tubes.

Direct flame impinr:cmcnc is prevented by directing the gas
flame through an enclosed channel with half-thickness fire brick
growcglng the tubes above until the high temperature of the

ame is reduced by heat canducted through these bricks and
radisted to the two hottom coils. The size of the heater is reduced
to a minimum by using only 4.5 inches of insulating fire brick in
the hottest arens and 2 inches of Eagle No. 66 insulation on the
cooler spots.

Two sizes of units arc used: One has a maximum capacity of
200,000 B.t.u. per hour, as shown in Figure 1. The larger hus a
range of 200,000 to 400,000 B.t.u.

The small size consists of 90 feet of 1-inch standard weight ateel
pipe made into three coils of six pipes cach and connccted in
serics.  The larger size consists of 144 feet of 1.5-inch standard
weight steel pipe arranged in the same fashion. Results of tests
on the smali-size heater covering temperatures from 130° to
300° C. shuw temperature rises to 10° to 20° C. in the Aroclor
while eirculating at a rate of 15 to 20 gallons per minute. The
outlet gas temperature is consistently within 75° C. of the outlet
Aroclor temperature. It is observed that the bottom two coils ab.
sorb the major part of the heat.  The small unit indicates 50 to
607¢ efficiencies for capacities up to 200,000 B.t.u. per hour when a
patural gas of 1000 B.t.u. per cubic foot is burned. A Surface
Combustion Company high pressure inspirator and tuunel
burner set is used in this installation.

Over-all heat-exchange coefficients ({7) for the furnace are in
the range of 7 to 10 B.t.u. per hour per square foot per degree
Fahrenheit. Over-all heat-cxchauge coeflicicuts for Aroclor 1248
to water in a double pipe heat-uxehanger made from 1.25-inch

ipe with & 2-inch pipe jacket are m the 120 to 180 range.
hese figures arc ealeulated from test results on  this
installation.

CooLER. A very useful adjunet to
the system is a double pipe cooler on
tho outlet of the heater shown in

FAOM N%ﬁl
)+

AROCLOR
TO MEATER

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

PRLOT LIGHT cool a batch before removing it or

when an exothermic reaction starte to
get out of control,
Pump.  The pump for circulating

HEATER PIPING

Figure 2. Cooler, Pump, and Expansion Tank

the Aroclor 1248 may be any one of a
number of standard centrifugal units
designed for hot liquid service.

0222180
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Tasre VI. Preino Deran,
(Dimensions in inches)

i /¢ through ¥ Schedule 80, A.5.T.M. A53 or A108
Fipe 1 through 6 Schedule 40, A.8.T.M. A53 or A106
Conatruction /s through /s Screwed

¥ throug’ 6 Hanged
Bend in ehop and
ficld where pos-
e. lust be

Slewned to remove

cule

Ells,_toos, and Vs through /4 Forped steel screwed. Crane 300d
reducens

series
1 through 6 Welded fittings.  Crane 300¢
Flanges 1 through © Series 30 (to match valves)

Bolts Machine bolts A.S.A.
B-18.2 with hex-
agonal nuta for
service below 500°
F. Above use alloy
steel.  Crape tn-
M. A9G

Unions ¥/« through ¥/¢ 5: rged stee

Dope Cranc 425 high tem-
perature - threa
€compoun:

Gaskets Soft iron ring flat or
corrugated
Bhut-off valves /s through ¥/¢ Crane 3006\, acrewed, gate

1 through 2 ' 315
2Y/x through 6
Controt valves /i through 3/¢

1 throvgh 2 XR, 8

24y lluoufh 6 Crane 151 XK, fiange, globe
Cheek valvea V/4 through V/4 Crane 3674 X, screwed

1 through 2 Craue 3686 X, flanged

2 through 6 Crape 150

X, fanged
Consolidated 1670 BW
Consoiidated 1612 W, fan
Goetze 340D or

Durametallie  D-

110
Type 100 PCPR Marah 0-100
Il../sq. inch gage siphon with
Crane 22211 bar stock valve.
Jerguron Scries 120 Reflex type

Enfcty valves

Relief valves

Valve stem
packing

12 rewed
11/ through 3 ged

Gage and glass /4 page

Strainers Va-3/e
1 through 3

The Dayton Dowd Type C pump is an example of the type
required. It should be made of cast stecl and have a water-
cooled stufling box and water-cooled bearings. The stuffing box
should bave room for at Icast six rings of packing and a lantern
ring. Durametallic No. D-110 or Garlock No. 234 may be used
for packing the pump. An open impeller is desirable, as it will
handle the cool, more viscous liquid on starting the system better
than will a closed impeller.  Enough horsepower for the most
viscous conditions is required.

Piring SysTEM aAxD Exransion Taxk. The detail of the piping
eystem for Aroclor 1248 used up to temperatures of 300° C.
(572° F.) and 100 pounds per square inch pressure is given in
Table VI. The valves and specialtics given indicate the type re-
quired. Al piping larger than 0.75 inch is flanged or welded; ex-
perience has shown that hot Aroclor penctrates serewed joints of
(he larger sizes. Stecl and cast steel are used throughout.

The system requires an expansion 1ank Jocated at the highest
level of the installation. The size of this tank is normally about
25% of the capacity of the Aroclor system. Connections with
valves, made on cither side of the pump, enable the operator to
connect a flexible hose and to pump in or out as required.

For operation in locations where the Aroclor temperature may
drop to where the attendant may make p ing im-
practical in the system as designed, it may be desirable to steam-
jacket the Aroclor circulating lines to facilitate rapid start-up.
Suitable safcty provisions, such as safety pop-off valves, must be
installed in the stenm jacket system to prevent pressure ruptures
which would develop if any condenzate remained in a closed sys-
tem during high temperature operation,

In order to establish operating conditions and to check the
operation of the heater itsetf, it is often desirable to mensure the
temperatures of the Aroelor in and out of the heater and cooler,
Jtema B, 10, and 11 (Figure 2) provide for this, They may be dial
thermometers or mereury bulb ther of any ially
available type recommended for the service,

Tasre VII. SareTy aNp CoxtRoL EquirMeENT

1. High presaure alarm  Mercoid DA-31, open cireuit on high pressure.
(«'ie(gcl’a stoppage Actual scttings depend oa individual layous
of pipe

2. Low pressure alarm  Mercoid DA-31-3, opan circuit on low pressure.
(detects stoppage  Actus! settings depend oo individual layout

of pump’
3. Thermiostat (detects Fenwal 18002, Contacte opon on temperature

excessive heating increase
hence obstruetion
of fow)

4. Floatawi

iteh (detects Mlncoid Figure 40. 8.P. switch. Open at low
evel

leakage from aya-

tem Combustion Control Corp. Fireye FF6. Flame
failure control for manual ignition gas byroer
systems

tem)
8. Flame fnilurc s
(euts off il
pilot flame goes

out)

6. Gas valve (cnts off General Control Corp. K-10-2. Clotes with
in case preceding  current off

devices act)

Red light (slarm)

Horn (sounds alarm)

Alarm relay

Stop horn relay

Stop horn button

9. Thermometer well
(visual check of
heater

ANCE]

10. Thermometer well 0-350° C. mercury bulb thermometer
(visual check of
beater  perforin-

o

12
1104 1-NO, 1-NC watertight (1)
1104 1-NO, 1-NC, watertight (1)

(£)
° C. mereury bulb thermometer

perform.

ance)

11. Thermometer well 0-360° C. mercury bulb thermometer
(visual cheek of
cooler  perform-
ance)

12. Solenoid valve Genera! Control K-10-2.  Controls Aroclor

temperature to meet demands of system

For automatic temperature control a solenoid valve, item 12, is

i din nby-jmss arr twitha manually operated needle
valve. The needle valve is adjusted to give almost enough heat
to micet the requirements and the actual control is carried on by
the solenoid valve, which opens and clusces as directed by & tem-

-mlam-cnntrol instrument connected to the equipment being

cated.

One unit was set up with temperature control using a Leeds &
Northrop Model 8 all-electric control with droop corrector. Very
closc control over a wide range of heat demand resulted, when &
throttling range adjustment of 4 was used on this control device.

Sarery Cireuvir. Figure 3 shows a safety cireuit which auto-
matically protects the system by closing off the gas supply in the
event of faulty operating conditions. Provision is made for
shutting off the warning horn while the system is being put back
into operation after a safety shutdown.

A detailed list of the safety and control equipment is given in
Table VII. The equipment named indicates the type required.
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