AN INDIRECT AROCLOR HEATER for

MONSANTO| UNIT CHEMICAL OPERATIONS
CHEMICALS ~ PLASTICS

N /‘ ® Monsanto Chemical Company St. Louvis (4), Missouri

Monsante Technical Bulletin No. P-130 September, 1949

Aroclor* 1248 [chlorinated biphenyl) is an ideal noaflammable 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.

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,

Severa] leading manufacturers of heating equipment are in position to
build or offer Aroclor heating units to meet specific requirements.

*Reg. U. S. Pet. Offlce

The information contained in this bulletin is, 10 our best knowledge, true and accurate, but_all recommendations or
sugestions are made Without guarantes, since the conditions of ure are beyond our control. The Monsanto Chemical
Company discinima any liability incorred In connection with the use of Mcse data or suggestions.

urthermare, nothing contained herein ehall be construed as e recommendation to use any product in conflit with
enisting patents covering any materist or (ts ues.
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An Indirect Aroclor Heater for
Unit Chemieal Operations

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

M to Ch ical C

pany, d Ala.

The characteristics of Aroclor 1248 indicate that it
is an jideal liquic phasc heat-exchange medium for
temperatures up to 300° C. This article discusses its
properties and illustrates the design and operation of
hesters that have been used successfully by Monsanto
plants during the past seven years.

N CERTAIN manufaciuring processes of the Monsanio
Chemieal Company, it was neeessary to employ a noncom-
bustible heat-transfer medium at pressures of 30 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.

Viscosities to permit pumping at room temperatures.

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

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

Controllable vaporization losses.

Freedom from corrosive action sgainst valves, piping, tank
jackets, ete., made of cast iron and sleels, bronze, and stainless

steel, -
Freedom from toxieity hazard.

Aroclor, chiorinated biphenyl (registered in U. 8. Patent
Office), was selected. The pertinent physical characteristics
relative 10 its use as # heat-transfer medium are given in Table 1.

FREEDOM FROM FIRE HAZARDS

Frasu Point. 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 {3, 4).

Frue: 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.

SroNTANEOUS IGNITION TEMPERATURE. The combustion-
resisting qualities 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
deseribed 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 liot 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
nonflammability of Aroclor 1248 and ite freedom from the
hazard of fire prapagation. 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 fire chamber. A weld ruptured and
Aroclor 1248 poured into the red-hot fire chamber in contact with
the flame.  Densc smoke arose from the heater but there was no
external fire.  After the gas flame was cut off, the snoking
stopped.

3 Prescnt address, Monsanto Chomical Company, Organic Chemicals
Division, 8t. Louis, Mo.

 Present address, Monsanto Chemical Company, Pbosphate Division,
8t. Louis, Mo.

SpraY Frammapiary. When a tube ruptures in a liquid heat-
transfer system under high pressure, a spray or ruist 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-
van, Wolfe, and Zisman (9) determined the spray flammability
limit of terials in d: with the percentage of
oxygen required for combustion. This value was then correlated
with the results of incendiary firing tests of the fluids cobducted
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 (4%. Fluids requiring over 45 to
50% oxygen in the spray test failed to eause a fire in the incendi-
ary test. These results establish the nonflammable and noncom-
bustible qualitics 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 until circulation through

TaBLE ].  PHYSICAL PROPERTIES OF AKOCLOR 1248

Practically
Appearance colorless mobile liquid
oo e

Ty
Absolute density, g./m). 1.44 30 (80)
1.41 60 (140}
i 100 (212
127 200 (302
117 300 (572
Absclute viscosity, centipoiscs 12 30 (88
17.5 60 (140)
42 100 (212)
0.69 200 (362)
0.47 300 (572
Thermal conductivity. B.t.u./hour/aq. foat/ 0.0613 30 (86
° F./foat 0.0698 60 (140
00800 100 (212}
Distillation range, A.S.T.M. 1320, ° C. 340-375
Flagh point, Cleveland open cup, A8.T.M,
D02-45,° C, 103-196
Fire point, Cleveland open eup, A.5.T.M.
D 92-45 Nobo
Pour point, A.8.T.M. D-7, © C. -7
Coefficiont of expansion, ml./mt./° C. (25~
65° C.) 0 000702
Specific volume, mt./g 0.506 30 (86)
0.70% 60 {140)
U728 100 ‘211)
0.787 00 (392)
0.860 300 (572)
3 0.383 80 1133
Specific heat, cal./g./° C. by 0o 2
0.3268 200 (393
0.35% 300 ®72)
Vapor pressure, mm. Hg 0.00037 37.8 {100)
018 100 {212)
2.9 150 (302}
18.0 200 (392)
360.0 300 (672)
-1 4 0558215
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Tasie II.  Stariury or ARocLoR 1248 HEaTED FOR 80 HoURs
Temperature, Mg. of HCI per
C. Gram of Aroclor
280 0.079
300 0186
310 0.198
320 0.222
330 0.248
Tank I11. STABILITY 0F AROCLOR 1248 CONTINUOUSLY HEATED
AT 280° anp 330° C.
Mg. of HOI per Gram of Aroclor
Hours 0% ¢ ° T
30 0.076 0.248
80 06 0.530
90 0. 164 0023
120 0194 1.141
150 0.261 1.362
Tasre IV. Gas ANALYSIS OF ArocLor 1248 HEatep 4 Hotrs

AT 200° C. AND 210 POUNDS PER SQUARE INCH PRESSURE
Gar %

Carbon dioxide None
Carbon monoxide None
Oxygen (derived from air) 20.2
Hydrogen ehlorid N
rozrn chlornde one
Chlorin None
Ae:dny (% by mgm HED
Prior Lo expon 00075
After axpmurc 0.007a

the heater had been effected 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
atmospliere

HEAT STABILITY

v arder to establish a maximum practical operating tempera-
ture, the stability of the material when heated 10 elevated tem-
peratures in the presence of iron was noted. A slow, stream of
nitrogen was passed over the hot Aroclor to sweep the decom-
position products into & caustic trap.  The amount of acidic
muterial wus determined and calenlated as hydroehlorie acid.
The results given in Table M indicate the stability of Aroclor 1248
when individual samples were heated for 30
Jours at the given ‘emperatures.  The decom-
position is very Jow at temperatures up to
300° C. A

The stability of Arcelor 1248 in contact with
iron continuously hented al 280° and 330° C. i
indicated by Tuble JI1. These test resulis indi-
eaty that Aroclor 1248 in con-
can he  used

~

tact with iron
sutisfactorily at (emperatures
up to 30°C.

The National Board of Fire
Underwriters (10) reported that
“decomposition of the product
[Aruclor 1248 ] was not appreci-
able at  temperatures  below
400° C., but beewme increns-
ingly apparent at higher tem-
peratures,”

Their workers analyzed the o
decomposition  products  of i

"
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M 340° C. fitted \\i(h an internal gas burner so that the
as flame impinged dircetly on the surface of the Aroclor
Analysls of the gases d under thesc 1i
0.6% carbon monoxide, 0.17%. oxygen (derived from the air)
099% hvdmgen ohloride, 2. ]‘.« mmhusnblu gus ealeulated s
0.002% chlorine, and ue
The same workers studicd thv sml.ulm' of Aroclor when heated
for 4 hours in an iron pip¢ at 260° C. under an internal prossure
of 210 pounds per square inch, resulting from the introduction of
compressed air. lowing this treatment and cooling. the gases
removed from the system were analyzed.  The acidity of the
é\roclnr was determined prior to and after exposure to these con-
itions.

The results given in Tubie IV reflect an extremely smalt amount
of decomposition under conditions similsr to those selected for the
practical use of Aroclor 1248 as u heat-transfer medium,

In actual practice using the type of heating unit described below
there Las been no evidence of hydrochloric acid effect and no ear-
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 onc time, & spiral coil type of heater was built and through
faulty design & burner tunnel was located 1.5 inches from the 2
inch steel pipe coil. The radiation from the white-hot refrav tory
tunnel and the direct impingement of the fiame on the pipe caused
the pipe to glow & dark red for a space of about 2 inches.  This
unit was operated almost 3 imonths before a cireulation stoppage
occurred. When the line was opened lumps of carbon were found
to have come loose and muved 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 acid cffret waa
noted and the system was put back into operation after the
burncr location was changed

CONTROLLABLE VAPORIZATION LOSSES

The heating systems in which Arvclor 1248 is used are seaied
except for the expansion tank, which has a loosc cover or s vent
pipe. Beeause this tank is separated from the stream by & sub-.
stantia) length of pipe, the temperature in the tank remnaing low.

In the light of the r y low vapor pressure values for
Arocloy 1248 (7), und ux it is unlikely that the expunsion tunk will
ever reach even the l-mm. stute (130° C.), there shoald not be 8
measurable loss of Aroclor from the system. Actuul experience
hears out this contentjon.

Orapk Losses.  Although Aroclor darkens on use, its charue-

‘eristies Temain the same and replacement has ot beeu found
necessary after 7 years of continuous use.
spills constitute the only observed losses,

Accidental lenks ot

Aroclor 1248 heated in the pres-
ence of bol Iron at 469° C. and END ELEVATION
also heated in an jron cylinder

SCCTION “A-&

Figurc 1. llenter
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Tapik V, STANCE OF STRUCTURAL MATERIALS TO AROCLOR
248

At At At At
Metals R 12 G Metals 25 C. 125° C.
Alumluum R i Zine I 1}
(o It D Mild steed KR It
N5 } kK n
3 HK R Red bry n 1]
Biiver " n \m)nl(w ~(‘t| R RR
Tio 3 R Yedaw brass I Re

HR.  Excelient resistancr, less than 1.0 X 10 ~¥em. per day penetration or

0.00014 nuh per ve

Y caintange. penetration between 10 X 1[1 *and 10 X
day or bet\won 000014 &nd 0.0014 inch jur yes

D. ‘Douhtful resistance, penetration between l 0 cin. per day
and IUO )< 1= 'llH per day of between 0.0014 pnd C.014 mcb per year.
Ietter indicating resitance, :ignifies material may be
ver | ented if totally amersed, us “uvm loss is believed to cone
rom ondlhnh ui Pt of tect sarip exposed 1o air

X 10 =% cm.

FIREEDOM FROM CORROSIVE ACTION

(7))l 23 und 125° Clis

e

The resistanee of yvarjous me
inTale ¥

Similny studies Liade at 3 i
tion, indpehes per vear, for mild steed is 00028 for
0.00047; Tor copper, 600145

Many years of practical operating experience with Aroclor 1215
a8 & heat-transfor medium have =hown that the material is prac-
tically nonentrosive to valves, piping, tank juckets, ete., made
of eaat iran and steel:,

ndicate that the peneii-
low bress,

bronze, and stainless xieel,

FREEDOM FROM TOXICITY HAZARD

Aroclor 1248 is o very stuble, unreactive liqu 1{ the mat
is apilied on the sKin, Were are no noticeabie il effects; however,
1t ie well 10 wash the skin with soap aid water after contaet,

A skin burn resulting from aecidental contaet with hot Aroclor
should be treated in the norma procedure used 1or hot oil buris
Aroclor andhering to the hurned wren need not be removed ime
medintely unless treatment of the burn demands it

in this case
posp and water or repesced washings with a vegetable il (liseea
oil) ghioald Do

The vapors «
peratures dre i)
shottid ot be breathied,
Aroclor J24S pey
pestudss e o ork e
o Bt frnstor dustalla
T i s edmed systenn free from Tehs,

ted by Arodor 1208 beated to edevated tane
jous o the hver on prolonged exposure and
Drinker (5 ndieated that 0.5 g, of
avimum safe o

eaiebe sneter of ade s the

Tn conemer i presuraption i
thint the Ave Accond-
wgly, there shouhl e pe opporiunity for workes o come in con-
et with vapors trom the hot Leat-transfor meiium,

~

4
STEAM QR -
WATER
outeLy \r—»
AROCLOR
FROM HEATER JHCRETED PIPE COOLER
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DENIGN AND CONSTRUCTION

Heamina Syspean The heating system reguired to utilize
Araclor 1248 as the exchange medium includes & heater {Figure 1),
cooler, pump, and expansion tank (Figure 2), and control and
sufety eireuits (Figure 3).

sy

SAFETY CIRCUIT

Figure 3. Control and Safety Circuit

Huarnr Dist

The general requirements of the heater are
copiciness, esse of construetion and service, and avoidance of
direct flume impingesnent on the wabes

Direct flame impingement is prevented by diresting the gas
flamie through an enclosed channel Mnh halt~thickness fire brick
proteeting the tubes sbove wuntil the high temperature of the
fame is reduced by heat copducted through these bricks and
radiated to the twa hottom eoiis. Tl «m-umu heater is reduced
to g mininmm by us b lating fire brick in
the hottest arens and 2 incles of Mlv- N insulition on the
conlir spots

[ wenseds One has & maximnm eapacity of
200,000 Bt per hour, as shows in Figure 1. The larger has s
yange of 200,000 v 100000 Ty
seansizts ot 0 foet of 1-inch staudard weight steel
v three eoils of «ix pipes each and eonneeted in
s Jures size consists of 14 feet of {5-ineh standard
teed pipe arranged du the sane fashion. Results of tests
on the tdlsize hestrr covering temperatares from 150° 10
B0 CLshow temnemture rises to 105 1o 207 CLin the ’\rullur
winhe eireuksting ata rate of 15 (0 20 kallons per minut
outlot e empersture is eonsistent]y within 747 0 of the «-ul] '
prraty & ohserved ( st tiie battom two eails al.
dor et o atie heat. The smadl i Cindiestes 50 10
cirs Tor capaciies up 1o Zl)tl U’l(\ Bt per bour \\h«n a
el s of 1000 B por cabie font is burued. A Sarfues
tiee Comnpany high presspe inspirator el tunnel
dan thasi Bation,

Over-ail hea ! sefbaionts 007 b e furnnec are iy
e e of 7 oan \n Botas por bont per sqiare foot per Gegres
Fahreri, Over-ahl heat-ovenmg - oot aeuts for Aroclor 1248
1o WAt g dasgble pipe Fertaovehang adee from 1.25-inch
pipe with a2 neh i Juehe Uare e tae 1200 (o0 IS0 range,
These ficares are ewdentar resutyon o thos
insindlatio:

pipe ey
sorbes. )
weight

CooLER. A very useful adjunct to
vstem is w doubile pipe cooler ou
the outlet of the Leater shown in

tise

HEATER l'xg\nu 2. By varning water into the
Jehet o the Aroelor ean be cooled and

Ve engerniare of e system Jowered

Thi~ i~ hdpral when icis necessary w

PILOT LIGHT cool a hateh before removing it or

when an exothermic resction stare to
get out of conirol
Pump. The pump for circuluting

HEATER PIPING

Figure 2. Couler, Pump, and Expansion Tank

the Aroclur 1248 may be any one of &
number of standard centrifugal units
designied fur ot liguid service.

0558217
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TasLe V1. PrriNg DeTan,
(Dimensions in inckes)

Pipe V4 through 1/4 Schedule 80, A.8.T.M. A53 or A106
1 through 6 Schedule 40, A.B.T.M. A53 or A106
Couatruction /¢ through /4 Serowe
1 throug' 6 Hanged
Bend in shop and
field where  pos-

sible. © Must' be
eleaned to remove

stale
Ells, tees, and V4 through 1/ Yorged ateel serewed, Crane 8004
scries

reducere series
1 through 6 Welded fittings.  Crane 300c
Flanger 1 through 6 Series 30 (to mateh valves)
Balte Maching boits A.8. A,
k. with hex-
agonnl nuts for
service below 500°
T.M. A4G
Vnionk 14 through ¥ 2h forged stee
e 25 digh tem-
perstare - tbread
Garkets Sof1 iron nn(g fiat or

agn
3006W, serewed. gate
W, Hange, gute

X R, flange. gate

40 XR, screwed, globr
36 XK. fange, globe
51 XR. flange, globe

Shut-off valves e through ¥4

Cantrol vulves

Cheel valves

il
IGTO BW, serewed

Suluty vl ol i\
‘ Contoadated 1612 W flangeed

Relied vulver

1 threngl 8
Vobvy rten Gacta 3400 or
packing ]I)m.n..r(aluﬂ D-

Coge nnd Qs Ve g Type 100, PCPR Marsh, 0-100
W /s, ined guec " siphon with

Crane 22210 Dbar stock valve,

Jergvon Scres R20 Jteflex type

I i level gag
A APWAY Lhrend

Ftruiners ) doed

1 thfough & Yeraay fiung

The Dayten Dowd Type C pump is an example of the type
required. 1t should be made of east steel and have a water-
cooled stufting bos und water-cooled bearings.  The stufling box
should have room for at least six rings of packing and a lantern
ring. Durametallic No. 1D-130 or Garloek No. 234 may be used
for paeking the pumnp.  An open impeller is desirable, as it will
handle the cool, mare viscous liquid o1 starting the system better
than will & closed impeller,  Enough horsepower for the most
viseous eonditions i required

PreinG Sys1iM AND Lixpanstox Tank. The detsi of the piping
kysten for Araelor 1248 used up 10 temperatures of 300° C.
{572 F.) and 100 puunds per square inch pressure is given in
Tuble V1, The valves and specialties given indieate the type re-
quired. Al piping larger than .75 ineh is flanged or welded; ex-
perience has shown that hot Aroclor penetrates serewed joints of
the Jarger sizes, Stecl and east stee] are used thiroughout.

The system requires an expimsion tank Jucated at the highest
level of the installation, The size of this tank is normally about
2555 of the eapaeny of the Aroclor svstem.  Conneetions with
vulves, nuade on either side of the pump, enable the operator 10
conneet & flexible hose and o pump in or out as required

For operation in Jaestions where the Aroelor temperature may
drop to where the attendant viseosities mey make pumping in-
~ bie desitable to steam-
juehet the Aroclor civeulating lines to fucilitate rapid start-up.
Suituble sufery provisions, such ax safety pop-off valves, must be
installed in the steam jacket sy<tem to prevent pressure ruptures
which would develop if any condensate remained in a cosed sys-
tens during high temperature operation.

practieal m the svetem as designed, it

In order to establish operating conditions and 1o check the
operation of the heater jteclf, it is often desirable 10 measure the
temperntures of the Aroelor in and out of the heater and cooler.
ltems 8, 10, and 1) (Figere 2) provide for this.  They may be dial
thermometers or mereury bulb thermometers of any commercially
available type recommended for the service.

TasLe VII. Sarery aNp ConTRoL EQUipMENT

High pressurc alarm  Mereoid DA-81, open circuit on high pressure.
?euct? ctoppage  Actual settings depend on individos) Tayout
of pire
2. Low pressure alarm  Mercoid DA-81-3, open cirouit on low pressure.
(detects <toppage Actual settings depend on individua! layout

of pump.
3. Thermostat (detocts Fenwal 18002. Contacts open on temperature
excessive heating increase
henee obstruction

il

4. t switeh (detects  Mereoid Figure 40. S.P. awitch. Open at low
leakage from sys-  lovel
tem!

5. Tlgue failure system  Combustion Control Corp. Fireye FF6. Flame
(euts off gas if  failure control for manual ignition gas burner
pilot flame goes  eystems
out)

6. Gas valve (cuts off General Control Corp. K-10-2. Closes with
in case preceding current off
devices act)

; Red light (alarm) Klllark]\'aA-; 40 W, or Benjamin 7013-V

3 s 31

Horn (saunds alarm)  Edward

Alarm relsy Type C-1104 1-NO, 1-NC watertight (1)
Stop horn relay ’\‘)]r- €-1104 1-NO, €, waterught (1)
Stop horn button 1.7

¢ Thermometer well 0-3.0° (. mereury bulb thermometer
(visual check of

heater  perform-

ance}
10. Thermometer well 0 30
eck  of

heater  perform-

. merenry buth thermometer

ance)

11, Thermometer well 0-360° C. mercury bulb thermometer
(visunl check of
cooler  perform-

ance;
12, Selenoil vaive General Conwrol  K-10-2.  Con

u Arocior
temperature to meet demands of aystem

For automatic temperature control a solenoid valve, item 12, is
indicated in aby-pass arrangement with a manuatly operated needle
valve. The needle valve is adjusted to give almost enough heat
to meet the requirements and the actual contro) is carried on by
the solenoid valve, which opens and closes as directed by a tem-
;wmu}r control instrument connected to the equipment being
hented.

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

Sarery Circulr. Figure 3 shows a safety cireuit which auto-
matically proteets 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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