MONSANTO | AN INDIRECT AROCLOR HEATER for
CREVIGAS  PIASTICS UNIT CHEMICAL OPERATIONS
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Aroclor* 1248 (chlorinated biphenyl) is an ideal“nenflammabl® liquid phase heat-

transfer medium for temperatures up to 600° F.
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This bulletin contains a magazine reprint which describes the physical properties of
Aroclor 1248 and illustrates the design and operation of heaters that have been used
successfully by Monsanto plants for many 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.

——

Larger commercial installations using Aroclor 1248 have capacities ranging up to
2,000,000 B.t.u, per hour. Also small electrically heated stationary and portable units
with capacities around 40,000 B.t.u. per hour are in service.

1y

Although the magazine reprint contained first appeared in 1949, the basic information
is still valid. Since that time Monsanto has developed a considerable amount of en-
gineering data on heat transfer applications of droclor 1248. Those interested in such
information are invited to correspond with the Organic Chemicals Division of Mon-
santo.
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M does not facture heat-transfer equipment using Aroclor fluids., It
supplies only the Aroclor 1248 needed. Several leading manufacturers of heating
equipment are in a position to build or offer Aroclor heating units to meet specific
requirements.
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*Reg. U.8. Pat. Off,
The infommation contalned in thip bullstin 18, 10 0w best krowledge, Lus and accurstc, bul ail recommendatione or
suggestions e made without guarantes, o the conditions of use e beyond ow control, The Monsanto Chemical
Company disclaims any liability incurred In connaction with the ush of thess data o suggestions.
Furthermore. nothing contained herein shail be construed a1 e recommendation to use any product in conflict with
exialing palents covering eny material or dia uss.
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An Indirect Aroclor Heater for
Unit Chemical Operations

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

Mo 10 Chemical C

Anni Ata.

The characteristics of Aroclor 1248 indicate that it
is an ideal liquid phasc heat-exchange medium for
temperatures up to 300° C. This article discusses fts
properties and illustrates the design and operation of
heaters that have boen used successfully by Monsanto
plants during the past seven years.
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Brray Fraumasrery. When a tube ruptures io & liquid heat~
transfer system under high pressure, a spray or mist forms.
The possible fire hazard under these conditions requires 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-

limit of i

N CERTAIN facturing p of the M t
Chemical Company, it was nccessary to employ a noncom-
bustible heat-transfer medium &l pressures of 80 pounds per
square inch or less and temperatures up to 300° C.  The following
general properties of a heat-exchange medium were required:

Freedom from fire hazards.
Viscosilics Lo permit pumping at room temperatures.

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

Btability against heat, with enough safety factor 10 accommo-
date accidental overheating,

Sontrollable vaporization losses.

Freedom from corrosive action against valves, piping, tank

jackets, etc., made of cast iron and steels, bronze, and stainless

steel.
Yreedom from toxicity hazard.

Aroclor, chlorinated biphenyl (registered in U. 8. Patent
Office), was sclecled. The pertinent physical characteristies
relative to its use 88 a heat-transfer medium are given in Table 1.

FREEDOM FROM FIRE 11AZARDS

Frasn Poinr. Limitations of this test for the prediction of the
fire hazard of relatively nonvolatile organie fluids have been
recognized by the American Socicty for Testing Materials com-
mittee (3, 4).

Fire POINT is a more significant measurement, The Under-
writers’ Laboratories (10) state that fire tests more truly reflect
{he (lack of) fire hazard of Aroclor.

Srontaneous Yanrrion TEMPERATURE. The combustion-
resisting qualities of Aroclor 1248 are indicated by its high spon-
tancous ignition temperature of 704° C. (1299° F.) determined by
Sullivan, Woife, and Zisman (), using the convenient apparatus
described by Sortman, Beatty, snd Heron (8).

Under conditions of industrial use the spontanecus 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 accidenta) failure in a heating system demonstrated the
ponflammability 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 ca the Jower
coil 1o soften and sag into the fire chamber. A weld ruptured and
Aroclor 1248 poured into the red-hot fire chamber in contact with
the flame.  Dense smoke arose [rom the heater but there was no
external fire. After the gas flame was cut off, the smoking
stopped.

+ Prosent addvess, Monsante Chomical Company, Organin Chemicals
Division, Bt. Louis, Mo.

* Present saddress, Monssnto Chemical Company, Phosphate Division,
8t. Louis, Mo.

van, Wolfe, and Zisman (9) determined the spray flammability

ialsin di 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 1o
509% 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

Cowp Frow. For most inside installations centrifugsl pumps
wil} handle Aroclor at reduced rates without preheating. Experi-
ence confirms this. Outside instaliations have been started at
0° C. by heating the pump and feed line until eirculation through

TapLe 1. PrysicAL FROPERTIES OF AROCLOR 1248

Practically
Appearance colorless mobile liquid
°C. (°F)
Absolute density, g./ml. 1.44 30 (86)
141 60 (140)
1.37 100 (212}
1.27 200 (392)
137 300 (372
Absolute viscosity, centipoises 12 30  (86)
17.5 60 (140)
4.2 (212)
0.99 200 ISBZ;
0.47 300 (572
Thermal conductivity, B.t.u./hour/sq. foot/  0.0613 30 (ae;
° F./foot 0.0098 60 (140
0.0800 100 (212)
Distillation range, A.8.T.M. D-20, ° C. 340-375
Flagh point, Cleveland open cup, A.S.T.M.
D92 45, ° C. 193-190
Fire point, Cloveland open cup, A8.T.M.
D a4 None
Pour point, A.8.T.M. D.7, ® C. -7
Coefliciont of expansion, ml./ml./® C. (25~
65° C.) 0 000702
Specific volume, ml./g. 0.688 30 (88}
0.709 80 (140}
0.728 100 (212)
0.787 200 {392)
0.860 300 (572)
" B0 (123
Specific heat, oal./g./° C. 0397 100 I
0338 300 (393)
0385 300 (571
Vapor preasure, mro. Hg 0.00¢37 87.8 100;
0.16 w00 (212
2.9 150 802;
18.0 200 (308!
360.0 300 (572)
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Tabue 1. BTaBILITY OF AROCLOR 1248 HEATED FOR 30 HoURs

Temperature, Mg. of HCIl per
LA Gram of Aroclor
280 0.070
3 0.186
310 0.199
320 0.322
380 0.28
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at 340° C. fitted with an internal gas burner so that the
ﬁ“ flame impinged directly on the surface of the Aroclor,

palysis of the gases produced under these conditions included
0.6% carbon monoxide, 0.17% oxygen {(derived from the air},
0.89% hydrogen ehloride, 2.1% combustible gas caleulated as
methane, 0.002% chlorine, and no phosgene.

The same workers studicd the stability of Aroclor when beated
for 4 hours in an iron pipe at 260° C. under an internal pressurs
of 210 pou}ndg per square inch, resulting from the introduction of

Alr.

TasLe 1. SraBrorry oa AROCLOR 313 %@ gonmuovsw Hearep

AT 280° AND
Mg. of HCI per Gram of Aroclor
Hours 280°°C 330° C.
30 0.07¢ 0.248
80 0.116 510
90 0,160 0023
120 0.194 1.141
50 0.261 1.362

TabLy IV. Gas ANaLYsis oF ARoCLOR 1248 HEaTED 4 HoURrs
AT 260° C. anp 210 Pounpe pER SQUARE INCH PRESSURE

Gus %

Casbon dioxide None
Carbon monoxide None
Oxygen (derived from nir) 20.2
Methane 0.2
1Tydrogon chloride None
Chiorine None
Acidity (% by weight HC)

Prior to exposure 0.0075

After exposure 0.0075

the heater had been efiected so that the system could operate
normally,
BOILING POINT

Operating experience has shown that the boiling point of Aro-
clor 1248 (840° 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 stability of the material when heated to elevated tem-
peratures in the presence of iron was noted. A slow siream of
nitrogen was passcd over the Lot Aroclor to sweep the decom-
position producis into a causiic trap. The amount of acidic
material was determined and calculated as hydrochloric acid.
The results given in Table 11 indicate the stability of Aroclor 1248
when individual samples were heated for 30
hours at the given ‘emperatures, The decom-
position is very low at temperatures up to
300° C. A

The stability of Aroclor 1248 in contact with L
iron continuously heated at 280° and 330° C.is
indicated by Table I These test results indj-
cate that Aroclor 1248 in con-
tact with iron can be used
satisflactorily at temperatures
up 10 300° 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 became increas-
ingly apparent at higher tem-
peratures,”

r-a"

Their workers analyzed the
decomposition  products  of
Araclor 1248 heated in the pres-
ence of hot fron st 469° C. and
also beated iu an iron cylinder

END ELEVATION

P S g this treatment and cooling, the ?uel

removed from the system were analyzed. The acidity of the

groclor was determined prior to and after exposure (o these con-
itions.

Theresulis given in Table IV reflect an extremely small amount
of decomposition under conditions similar 1o those selected for the
practical use of Aroclor 1248 as & hea(-transfer medium.

In actual practice using the type of heating unit described below
there has been no evidence of hydrochloric acid efiect 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 contaci 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 steel ige coil. The radiation from the white-hot refractory
tunnel um{t e direcet impingement of the flainc on the pipe caused
the pipe to glow a dark red for u spacc of about 2 inches. This
unit was operated almost 3 months before a circulation stoppage
oceurred. 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 LOSS

The heating systems in which Aroclor 1248 is uscd are sealed
except for the expansion tank, 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 remaina low.

Iu the Jight of the relatively Jow vapor pressure values for
Argclor 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 &
measurable loss of Aroclor from the system. Actual experience
bears out this contention,

OrreR Losses. Although Aroclor darkens on use, its charae-
teristics remain the same and replacement has not been found
necossary after 7 years of continuous use. Accidental leaks or
spills constitute the only observed losses.

SECTION "A-A"
Figurc 1. Heater
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TabLe V. RESISTANCE OF STRUCTURAL MATERIALS TO AROCLOR
1248

At AL t t
Metals 25°C. 125°C. Metals 25° C, 125° C.
Alumisum R R Zin R R
oppe R D M\Id RR R
Desium HR R thghor bronre R D
NI ol RR R D D
Biiver R R Stainlesn steel RR RR
R R Yellow brass R Re
RR. Excellent rmmnce, less then 1.0 X 107% cin. per day penstration or
0.00014 jnoh per
K. Good feaistance, penetration between 1.0 X 10~ and 10 X 10~% cm.
per dly o bstwn-n [X nd 0. oou inoh per year.

1 rosin umne DEnet tion between 10 X cm. por day
?( 0" cm. per day or between 0.0014 and 0. 011 lnch per year.
3 h) owing Mk-r indicating reristance, ulsminea material may
ULetter than indiented if totally immersed, ae we; ll t loss is believed to eome
(rom oxidation of part of test strip exposed to air

FREEDOM FROM CORROSIVE ACTION

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

Similar studies made at 325° C. (8) 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 yeurs of practical opernting experience with Aroclor 1248
a8 & 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 s very stable, unreactive liquid. If the material
ie spilled on the skin, there are no noticeable ill effects; however,
it is well to wash the skin with soap and water after contact.

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-
mediately unless treatment of the burn demands it; in this case
sonp and water or repented washings with a vegetable oil (linseed
oil) should be used.

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

Iu commercinl heat-transfer installations, the presumption is
that the Aroclor is in a closed system frec from leaks. Accord-
ingly, there should be 10 opportunity for workers to come in con-
tact with vapors from the hot heat-transfer medium.

o)
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DESIGN AND CONSTRUCTION

Heaming Svstem. The heating system required to utilize
Aroclor 1248 88 the exchange medium includes a heater (Figure 1),
cooler, pump, and expansion tank (Figure 2), and control and
safety circuits ( Figure 3).

s v

SAFETY CIRCUIT

Figure 3. Control and Safety Circuit

Hearter DesigN. The general requirements of the heater are
compsactness, ease of construction and service, and avoidance of
direct flame impingement on the tubes.

Direct flame xmmeement is prevented by directing the gas
flame Lhrou%h an enclosed channel with half-thickness fire brick
g;oucctmg he tubes above until the high temperature of the

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

Two sizes of units are used: One has a maximum capacity of
200,000 B.t.u. per hour, as ahvv\n in Figure 1. The larger has a
range of 200,000 to 40000013

e small size consists of 90 fuet of I-inch standard weight steel
plpe made into three coils of six pipes each and connected in
series,  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 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° C. of the outlet
Aroclor temperature. It is observed that the bottom two coils ab-
sorb the major part of the heat.  The smal] unit indicates 50 to
607 cﬂ”clu)ucx for ca I;}mcmes up to 200,000 B.t.u. per hour whena
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 cocfficients (U') for the furnace are in
the range of 7 to 10 B.t.u. per hour per square foot per degree
Fuhrenheit. Over-all heat-exchange coefficients for Aroclor 1248
to water in a double pipe heat-vxchanger mede from 1. 25-mcl

ipe with & Z2-inch pipe jacket are in the 120 to 180 ran,

hese figures  are  caleulated  from  test results on U w
installation.

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

MEATER 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 i8 necessary to

PILOT LIGHT cool n batch before removing it or

when an exothermic reaction starts to
get out of control,
Pumr. 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 unite
designed for bot liquid service,

0408477
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TasLe V1. Piring Deran
(Dimensions in inches)
P; 1/4 through 1/, Schedule 80, A.S.T.M. A3 or 4100
ki l/:hruuuh 6" Schedule 40, A.S. A108
/s through 174 rewsd
hroug' Flanged
Bend in chop and
ficld where pos-
sible, ~ Must be
cleenced to remove

scale
Forged steel screwed. Crane 300d

Construction

Ells, toes, and /¢ through 3/s

reducers series
1 through @ Welded fittings. Crane 500c
Flanges 1 through 6 Seris 30 (1o maieh Valves)
Bolts Machine bolts
it b
nuts o1
sérvice below 5007
7 AT ove ke alloy
steel,  Crane tri-
plex A.8.T. M, A6
Unions /¢ through /e Crano 252h forged ee
Dope Crane 426 high ton.
orutare  thresd
Fompoun
Caskew Sou lron rmdx fiat or
Raat-off vadves /¢ througls /4 Granc BI06W, nerewed, gate
{ iegugh 2 Gran: 3015W. fnge, gate

Crane ﬂd)\R ﬂange, gat

Crane 3040 XR, ncrewed alobe

Crane 31 5« XR, Range, &

1 X1R. flange, globe
screwed

B e 6
Control valver Y/ tlirough */¢
through 2
B throngh 6
i/ througl, /4
1 through
2 through 6

Cheek valves

156 X, Bansed
Enfety valves O Consolidated 3670 By, serewed
of valves 132 throngh 3 Conxolidated 1612 W, flanced
Valve stem Goetre 340D or
packing Durametallic  D-

!l

w I(Y(! PCPR  Marsh 0100
./8q. inch gage siphon w
Crane ?""H har atock valv l
)llvruﬁaim Series R20 Rtefiex tyne

Guge and glass V4 e

gage
Btrainers Vet 811 Yarwny throaded

/131 X
¥ throush 3 822 Yarwa

The Dayton Dowd Type C pump is an example of the type
reguired. 11 should be made of cast steel and have a water-
cooled stuffing box and water-cooled bearings. The stuffing box
should have room for at least six rings of packing and a lantern
ring. Durametallic No. 1-110 or Garlock No. 234 may be used
for packing the pump. An n{wn impeller is desirable, s it will
handle the cool, more viscous liguid on starting the system better
than will a closed impeller. I' nough horsepower for the most
viscous conditions is required.

Pirina SysTiem anp Lxranston Tank. The detsil of the piping
system for Aroclor 1248 used up o temperatures of 300° C.
(572° F.) and 100 pounds per squarc inch pressure is given in
Table VI. The valves and specialties given indicate the type re-
guired. Al piping larger than 0.75 inch is flanged or welded; ex-
perience has shown that hot Aroclor penetrates screwed joints of
the larger sizes. Stee) and cast steel are used throughout.

The system requires an expansion tank located at the highest
Jevel of the installation. The size of this tank is normally about
25% of the capacity of the Aroclor system. Connections with
valves, made on either side of the pump, enable the operator to
connect a flexible hose and Lo pump in or vut as required.

For operation in locatjons where the Aroelor temperature may
drop to where the attendant viscosities may make pumping im-
practien) in the system as designed, it may be desirable to steam-
jacket the Aroclor 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 reinained in a closed sys-
tem during high temperature operation.

In order to establish operating conditions and to check the
operation of the heater itsell, 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
ﬂlermomewm or mereury bulb ther of any com

available type recommcnded for the service.

PriNteD in U 8, A,

2.

4.

o

TagrLe VI

High pressure alarm Mereoid DA-81, open sircuit on high pressure,
(v.;euch stoppage i
of pips

Low pressure alarm  Mercoid DA-31-3, open eireuit on low pressure.
(deuu. <toppage

Glon )vnm relnv
Stop horn button
Thermometer  wel:  0-300° ( mercury hulb thermometer
(visual check of
leater  perform-
nee)
Thermometer well 0 360° (" merenry bulb thermometer
(visual check of

Deater

ance)
Solenoid valve

SareTy AND CoNTROL EQUIPMENT

Actual settings depend on individual Jayout

Actual nettings depend on individual lsyout

Thiermontat (detects Fenwsl 18002. Contacts open on temperature
excessive heating increare
hem:e obstruction

f .
rlou mnmh (detects Mercoid Figure 40. 8.P. switeh. Open at low
nk f level

age from sys-

Tls(tmﬁ‘:nilure svstem  Combustion Control Corp. Fireye FF6. Flame
cuts o

if ailure control for manual ignition ges burner

pilot flame goes  systen
out)
Gas valve {cuts off General Control Corp. K-10-2.
in case preceding
devices act)
Red Yight (alarm) K
Hom (sound! alarm) L(lv\ ards 312

Closes with
current o

llark VA-1 60 W, or Benjamin 7013-V

C watertight (1)
C, watertight (1)

Type C.1104 1.
rc(, 1104 ln\O 1

perform-

Thermometer well 0-360° C. mercury bulb thermomcter
(visual cheek  of
eooler  perform-

General Control K-10-2. Controls  Aroclor
temperature 1o mect demands of system

I‘ur a\immslm umpn-mture control n salenmd valve n,em 12, i8

inaby-| twith d needle

vatve.

The nee Ic valve is adjusted w give almost enough heat

1o meel the requirements and the actual control is carried on by
the solencid valve, which opens and closes as directed by & tem-
crature-control instrument connected to the equipment being

heated.

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

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.

Pravision is made for

shutting off the warning horn while the system is being put back
into operation after a safety shutdown.

A detailed Jist of the safety and control equipment is given in
Table VII. The

named indi the type
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