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¢ ] AN INDIRECT AROCLOR HEATER for
MONSANTO UNIT CHEMICAL OPERATIONS

CHEMICALS Monsanto Technical Bulletin No. P-130 September, 1949

M Monsanto Chemical Company St. Louis (4), Missouri

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 commercial 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. 8, Pat. Office
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The informetion contained in this bulletin is, %o our bast knowledgs, true end accurate, but o1l re- v
commendations or suggestions are made without rantes, since the conditions of use are beyond our
control. The Monsanto Chemical Company discleims any lisbility incurred In connection with the vse

of these dats or suggestions. 0142449
Furthermore, nothing contalned herein shall be construed as e recommendation to use any product in
conflict with existing petents covering any material or its ves.
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An Indirect Aroclor Heater for
Unit Chemical Operations

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

Monsanto Chemical Company, Anniston, Ala.

The characteristics of Aroclor 1248 indicate that it
in an ideal liquid phase heat-exchange medium for
temperaturcs up to 300° C. This article discusses its
propertics and illustrates the design and operation of
heaters that have been used successfully by Monsanto
plants during the past seven years,

N CERTAIN manufacturing processes of the Monsanto
Chemical Company, it was necessary to employ a norncoms-
bustible heat-transfer medium at pressures of 30 pounds per
square inch or Jess and temperatures up to 300° C.  The following
general properties of a heat-exchange medium were required:

Freedom from fire hazards.

Viscosities to permit pumping at room temperatures.

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

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

Controllable vaporization losses.

Freedom from corrosive action against valves, piping, tank
jnck]u(a, cte., made of cast iron and sleels, bronze, and stainless
steel.

Freedom from toxielty hazard.

Aroclor, chlorinated bipheny] (registered in U. 8. Patent
Oftice), was sclected. The pertinent physical characteristics
relative 10 its use as a heat-transfer medium are given in Table 1.

FREEDOM FROM FIRE HAZARDS

Frasu Poiny.  Limitations of this test for the predietion of the
fire haznrd of relatively nonvolatile organic fluids have been
recognized by tho American Society for Testing Materials com-
mitteo (8, 4).

Fire Point js a more significant measurement. The Under-
writers’' Laboratories (70) state that fire tests more truly reflect
the (lack of) fire hazard of Aroclor,

Sronranrous IowimioN Tumperature. The combustion-
resisting qualitics of Aroclor 1248 are indicated by its high spon-
tancous ignition temperature of 704° C. (1299° F.) determined by
Sullivan, Wolfe, and Zisman (9), using the convenient apparatus
deseribed by Sortman, Beatty, and Heron (8).

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

An accidental failure in a heating system demonstrated the
nonflammability of Aroclor 1248 and its freedom from the
hazard of fire propagation. An operator’s failure 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 soften and sag into the firc chamber. A weld ruptured and
Aroclor 1248 poured into the red-hot fire chamber in contact with
the flame,  Dengc smoke arose from-the heater but there was no
external fire. After the gas flame was cut off, the smoking
stopped.

' Prescnt addross, Monsanto Chomicsl Company, Organic Chemicals
Division, Bt. Louis, Mo.

1 Presont address, Monsanto Chemical Company, Phosphate Division,
$t. Louis, Mo,

SpraY FraMmaBiLiTy. When a tube ruptures in a liquid heat-
transfer system under high pressure, & spray or mist formns.
The possible fire hazard under thess conditions requires considera-
tions not covered by the foregoing discussions relutive to the mn-
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) determined the spray flammability
limit of numerous materials in accordance with the percentage 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 combustion in the spray flammability
limit studies was found to be 64%. Fluids requiring over 45 to
50% 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

Coup Frow, For most inside installations centrifugal pumnps
will handle Aroclor at reduced rates without preheating. Fxperi-
ence confirms this. Outside installations have been started at
0° C. by heating the pump and feed line until circulation through

Tapre I.  PHySICAL PROPERTIES OF AROCLOR 1248

Practically

Appearance colotless mobile liquid
°*C F)

Absolute density, g./ml. 1.44 30 (86)
. 1.41 60 (140)
1.37 100 (212)
1.27 200 (302)
147 300 (572)
Absolute viscosity, centipoises 12 30 (x«sg
17.5 80 (140
4.2 100 5212)
0.99 200 sszg
0247 300 (572
Thermal conductivity, B.t.u./hour/sq. foot/ 0.0013 30 (80
° F./foot 0.0098 60 éuo
0.0800 100 (212,
Distillation range, A.8.T.M. D20, ° C. 340-375
Flash point, Cleveland ojen cup. A8T.M.
D 92-45, ° C. 193-106
Fire point, Cleveland open cup, A.8.T.M.
D 92-45 Nono
Pour point, A.8,T.M. D-7, ° C. -7
Caefficient of expansion, ml./ml./® C. (25~
65° C.) 0.000702
Specific velume, ml./g. 0.806 30
0.709 60 (14
0.728 100 (212)
0.787 200 (302)
0.860 300 (572)
Bpecific heat, cal./g./® C. 0.29 30 (86)
0.335 60 (140)
0.405 100 5 12)
0.44 120 (248)
Vapor pressure, mm. Hg 0.00037 37.8 5100)
0.18 100 (212)
2. 150 5302;
18.0 200 (302
360.0 300 (572)
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TOWOLDMONO0022869



R

1342

Tasie 11, STaBNATY OF AROCLOR 1248 IIEATED FOR 30 HouRrs

Mg. of HCI per

Temporaturo,
C. Gratn of Aroclor

280 0.079
300 0.186
210 019!
320 0,222
330 0.248

TaBLEITT.  STABILITY OF AROCLOR 1248 CONTINUOUSLY HEATED

AT 280° AND 330° C.

Me. of CI per Gram of Aroclor
Hours 2800 C.T T s30Tl

30 0.07¢ 0.248

60 0. 116 L5100

[0 0164 0.923
120 0194 1.141
150 0.261 1,362

Tanik 1V, Gas ANaLvsis oF ArocLok 1248 Heatep 4 Hours
AT 260° C. AND 210 PouNps PER SQUARE IncH PRESSURE

Gae %

Carbon dioxide None
Carbon monoxide . None
Oxygen (derived from air) 20.2
Methane 0.
Hydrogon chioride None
Chloring None
Acidity (% by weight HCD

Prior 1o exposure 00075

After exposure 0.0075

the heater had been eficcled so that the 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 to establish a maximum practical operating tempera-
ture, the atability 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 hot Aroclor {0 sweep the decom-
position products info a caustic trap. The amount of acidie
material was determinod and caleulated as bydrochloric acid.
The results given in Table IT indicate the stability of Aroclor 1248
when individual samples were heated for 30
howrs at the given temperatures. The decom-
position is very low ai temperatures up to
300° C.

The stability of Aroclor 1248 in contact with
iron continuously heated at 280° and 330° C. is
indieated by Table III.  These test results indi-
cate thit Aroclor 1248 in con-
tact with iron can be used
gatisfnclorily at temperatures
up to 300° C. .

Tho National Board of Fire
Underwriters (10) reported that
“‘decomposition of the product
{Aroclor 1248] was not appreci~
able st temperatures below
400° C., but becamo increas-
ingly apparent at higher tem-
peratures.”’
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at 340°_C. fit/ with an internal gus burner so that the

as flame impinged dircetly on the surface of the Aroclor,
%mal sis of the gases produced under these conditions included
0.6% carbon monoxide, 0.17% oxygen (derived from the air),
0.999% hydrogen ehloride, 2.19; combustible gas ealculated a3
methane, 0.002% chloring, and no phosgene,

The same workers studied the stability of Aroclor when heated
for 4 hours in an iron pipe at 260° C. under an internal pressure
of 210 pounds per square inch, resulting from the introduction of
compressed air.  Following this treatment and cooling, the gases
removed from the gystem were analyzed.  The acidity of the
Aroclor was determined prior to and after exposure to these con-
ditions.

The results given in Table IV refiect an extremely small amount
of decompogition under conditions similar Lo those seleeted for the
practical use of Aroclor 1248 as a heat-transfer medinm,

In actual practice using the type of heating unit described below
there has been no evidence of hydrochloric acid effeet 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 & burner tunnel was located 1.5 inches from the 2-
inch swellri e coil. The radiation from the white-hot. refractory
tunnel an tEe direct impingement of the flame on the pipe caused
the pipe to glow a dark rc§ for a space of about 2 inches. This
unit was operated almost 3 months before a cireulation stoppago
oceurred. 'When the line was opened lumps of carbon were found
to have come loose and moved forward to lodge in the globe
valves. The lumps measured about 1 X 2.5 cm. and one face was
formed to fit the pipe curvature. No hydrochloric neid offeet was
noted and the system was put back into operation after the
burncr location was changed.

CONTROLLABLE VAPORIZATION LOSSES

The heating systems in which Aroclor 1248 is used are sealed
exeept for the expansion tgnk, which has a loose cover or a vent
pipe. Because this tank is separated from the stream by a sub-
stantial length of pipe, the temperature in the tank remuing 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.
bears out this contention.

OrHER Losses. Although Aroclor darkens on usc, its charae-
teristies remain the same and replacement has not beea found
neeessary after 7 years of continuous use. Accidental leaks or
spills constitute the only observed losses.

Actunl experience

PLAN AND PART SECTION B-8'

Their workers analyzed the
decomposition products  of
Aroclor 1248 heated in the pres-
ence of hot Iron at 469° C, and
also heated in an fron cylinder

END ELEVATION
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SECTION "A-A"

Figure 1. Heater
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TaABLE V. REstsranNct oF STRUCTURAL MATERIALS TO AROCLOR
1248

At At At At
Motaln 20 ¢ 1250 CL Motals 25°C.  125°C.

Aluminuin R R Zine R R’
Copper ) 1 ALild steel RR R
Magnesium RR I Fhosphor bronze & D
Niokel 1R I Red brass 5
Bllvor It R Stainless stecl RR RR
Tin N R Yellow brass R Re

RR.  Excellont resintance, leas than 1.0 X 104 cin, per day penctration or
0.00014 inoh por yoar,

R. Good rewintance, penefration between 1.0 X 10-4and 10 X 10~ om,
per day or between 0.00014 and 0.0014 inch per year.

D, “Doubtful resistanee, penctration botween 10°X 107 cmn. per day
and 100 X 10% em, per day or between 00014 and 0.014 inch per year.

. Following leiter indicating resiatanco, significs material may be
better than indieated if totally immersed, as weight loss is believed to come
Irom oxidation of part of test strip exposed to air.

FREEDOM FROM CORROSIVE ACTION

The resistanee of various metals (7) at 26° and 125° C. is given
inTable V.

Similar studies made at 326° C. (6) indicate that the penctra-
tion, in inches per year, for mild steel is 0.0028; for yellow brass,
0.00047; for copper, 0.00145.

Many yenrs of practical operating experience with Aroclor 1248
#8 & heat-transfer medium have shown that the material is prac-
tically noncorrosive to valves, piping, tank jackets, ete., made
of cast iron and steels, bronze, and stainless steel,

FREEDOM FROM TOXICITY HAZARD

Aroclor 1248 is a very stable, unreactive liquid, If the material
is spilled on the skin, there are no noticeable ill effects; however,
it ia well to wash the skin with soap and water after contaet.

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

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

In commercinl heat-lransfer installations, the presumption is
that the Aroclor is in a closed system free from leaks. Accord-
ingly, there should be no apportunity for workers to come in con-
tact with vapors from the hot heat-transfer medium.

EXPANSION
TANK

STEAM OR
R

AD\OCI—O&ER
FROM HEAT]
T -

¥
Xwﬂ:n INLET

QUTLET V
JACKETED PIPE COOLER %
—_
O
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DESIGN AND C

RUCTION

Hearing Svstes.  The heatling system required to utilize
Aroclor 1248 as the exehange medium includes a heater (Figure 1),
cooler, pump, and expansion tank (Figure 2), and control and
safety circuits (Figure 3).

—a
sV
—ove

SAFETY CIRCUIT

Figure 3. Conirol and Safety Circuit

Ilearer DesiaN. The general requirements of the heater ure
compactness, ease of construction and service, and avoidance of
direet flame impingement on the tubes.

Direct flame impingement is prevented by directing the gas
flame through an enclosed channel with half-thickness fire brick
growc@mg the tubes above until the high temperature of the

ame is reduced by heat conducted through these bricks and
radiated to the two bottom coils. The size of the heater is reduced
10 & minimum by using only 4.5 inchea of insulating fire brick in
the hottest areas and 2 inches of Eagle No. 66 insulation on the
cooler spots.

Two sizes of units arc used: One has & maximum capacity of
200,000 13.t.u. per hour, as shown in Figure 1. The larger has a
range of 200,000 to 400,000 B.t.u.

The small size consists of 90 feet of 1-inch standard weight steel
pipe made into three coils of six pipes each and connceted in
series. The larger size consists of 144 fect of 1.5-inch standard
weight steel pipe arranged in the same fashion, Results of tests
on_the small-size heater covering temperatures from 150° to
300° C. show temperature rises to 10° to 20° C. in the Aroclor
while circulating at a rate of 15 to 20 gallons per minute, The
outlet gas temperature is consistently within 75° ¢, of the outlet
Aroclor temperature, 1t is observed that the bottom two coils ab-
sorh the major part of the heat. The small unit indicates 50 10
(0% efficiencies for cn[;acities up t0 200,000 B.t.u. per hour when s
natural gas of 1000 B.t.u. per cubic foot is burned. A Surface
Combustion Company high pressure inspirator and  tunnel
burner set is used in this installation,

Over-all heat-exchange coeflicients (¢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-exchange coefficients for Aroclor 1248
to water in & double pipe heat-uxchanger made from 1.25-inch
iipe with a 2-inch pipe jacket are in the 120 to 180 range.
These figures are caleulated from test results on  this
installation.

Coorer. A very uscful adjunct to
the system is a double pipe cooler on

@_ the outlet of the heater shown in

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
cool a bateh befare removing it or
when an exothermic reaction starts to
get out of control.

Pume. The pump for circulating

HEATER

PILOT LIGHT

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.

0142452
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TapLe VI, PieiNg Deram.
(Dimensions in inches)
Pipe Y4 through /4 Schedule 80, A.8.T.M. A53 o
1 through 6 Schedule 40, AS.T'M. A53

1/« through /¢ Scrowe:
1 through 6 ¥

or A106
Conatruction

Bend in shop snd
eld where pos-
sible. Must  be
cleaned to remove
scalo
Vorged steel sorewed.  Crano 3004

Elle, teos, and /¢ through ¥/

reducors
1 through 6 Welded fittings. Cranc 3002
Flanges 3 through ¢ Serigs 30 (1o mateh, valves)
Bolta Maching bolts A.8.A.
B- with hox.

agonal nuts for
-x-rvlcc below 500°
F. Above useatloy

Unians 374 through #/4 Crane 2521 forged stec

Dapre Crane 425 high tem-
perature  thread
compoun

Gaskets Soft iron ring flat or

corruga
Crane 3(,onw screwed, gate
Cranc 3615W, flange, gate
Crane 33XR, flange, gate

A Crane 3640 screwed, globe
Crane 3656 XR, flange, globe
Crane 151 XR, flange, glote

Rhut-off valves /4 through 3/¢

Control valves /4 througl

Check valves
X, flanged

Crane 150 X, flanged

Consolidated 1670 BW, screwed

1" through 2
2 through 6
Bafety vulvey
Rel 11/2 through 3

of valv Conuolidated 1612 W, flange
Vulve stem Goctze 340D or
packing Durametailic  D-
Gage and glass  1/4 gage T\' e 100 PCPR Marmslk 0-100
./sq. inch gage siphon with
Crand 33501 5580 miooy

Jerguson hen(‘u R20 Reflex w;m
. - fiquid lovel g
Strainers V-t 821 Yarway \hun(lul
1 through 3 822 Yarway flanged

The Dayton Dowd Type C pump is an example of the type
required. It should be made of cast steel and have a water-
cooled stufling box and water-cooled bearings. ‘The stuflitg box
should have room for at least 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, ag it will
handle the cool, more viscous quxd on starting the system better
than will a closed impeller.  Knough horsepower for the most
viscous conditions is required.

Piring Systim AND 18x rANsSION TANK. The detail of the piping
system for Aroclor 1248 used up to temperatures of 300° C,
(672° F.) and 100 pounds per square inch pressure is given in
Table V1, The valves and specialties given indicate the type re-
quired. Al piping larger than 0.75 inch is flanged or welded; ex-
perience has shown that hot Aroclor penetrates serewed joints of
the larger sizes.  Steel and cast sieel are used throughout.

The system requires an expansion tank located at the highest
level of the installation. The size of this tank is normally about
25% of the eapacity of the Aroclor system. Connections with
valves, made on cither side of the pump, enable the operator to
conncct 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 viscosities may make pumping im-
practical in the system as designed, it may be desirable to steam-
jacket the Avoclor circulating lines to facilitate rapid start-up.
Suitable safety provisions, such as safety pop-off valves, must be
installed in the steam jacket system to prevent pressure ruptures
which would develop if any condensate remained in a closed sys-
tem during high temperature operation.

In order to establish operating conditions and to check the
operation of the heater itaclf, it is often desirable to measure the
temperatures of the Aroclor in and out of the heater and cooler,
Ttems 9, 10, and 11 (Figure 2) provide for this. They may be dial
thermometors or mercury bulb thermometers of any commercially
available type recommended for the serviee.

or A106

TaBLe VII. SarETY AND CONTHOL LQUIPMENT

1. lh?h prossure alarm  Mercoid 1DA-31, open circuit on high pressure,
dutects stoppage ctual settings depend on individual tayont
of p
2. Low pressure alarm  Mercoid DA-31-3, open cirenit on low pressure.
(deteets stappage Actual settings depend on individual layout
of pump)
Thermostat (detects Fenwal 18002,
oxcearivo heating  increas
henee obstruetion

Contacts open on tempreature

of flow
4. Floatswitch (detects  Mercoid Figure 40, 8.P. switch.

Open ut low
eakage from sys-
)
5. Flyme fuilyro syatem  Combustion Control Corp. Firoye FIG.  Flams
(cu gas if  failure control for manual ignition gny buruer

Dot fame"hom  tvatons
out)

6. Gae valve (euts off General Control Corp. K-10-2. Clowes with
in ease precoding  curren

devices act)

Red light (slarm)

lorn (sounds alarm)

Alurin rela;

Stop horn relay

Stop horn button

9. Thermometer  well
(visnal eheck of
heater  perform-
ance)

10, Thermometer well 0 360° C. mereuey bulb thermomvtor
(visual check of
heater  perform-

Killark VA l 60 W, or Benjamin 7013-V
Ldvmul

0 C- n(u -NO, 1-NC watertight (1)
Type C1104 1-XO, 11 NC, watertight (1)
{-11A-4 (£)

0 360° C. mereury bully thermometer

o

ance;
11 Thermometer well 0 360° C. mercury hutb thermometer
(visunl cheek of
cooler  perform-

General Control K-10-2.  Controls Araclor
tempernture to meot demands of syatem

e
12, Solenoid valve

For automatic temperature control a solenoid valve, itera 12, is
indicated in aby-pass arrangement with a manually operated needle
valve. The needle valve is adjusted to give almost enough heat
to meet the requirements and the actual control is carried on by
the solenoid vz%ve, which opens and closes as directed by & tem-
perature-control instrument connected to the cquipment. being
heated.

One unit was set up with temperature control using a Leedy &
Northrop Model § all-clectrie control with droop corrector. Very
close control over a wide range of heat demand resulted, when a
throttling range adjustment of 4 was used on this control deviee.

Sarery Circurr. Figure 3 shows a safety circuit 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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