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M()NSANTO AN INDIRECT AROCLOR HEATER for
CHEMICALS - PLASTICS UNIT CHEMICAL OPERATIONS

N ‘ @l ™ te Tachnical Bullstin Ne. O-130 Oclober, 1988
L Chemitul Compuny, Organic Chemicals Oh ) St Lowle 1, Me.

Aroclor® 1248 (chlorinated biphenyl) is an ideal nonflammable liquid phase beat-
transfer medium for temperatures up to 600° F.

This bulleti i ine reprint which describes the physical properties of
Aroclor 1248 and ill\nmtu the design and operation of heaters that have besn 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 bave 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,

Although the magasine reprint ined first appesred in 1949 the bnic information
is still valid. Since that time has developed a of en-
gineering dats on heat transfer applications of Aroclor 1248. Those Interested in such
information are invited to correspond with the Organic Chemicals Division of Mon-
Santo.

Monsanto does not fi heat- fi quip using Aroclor fluids. It

supplies only the Aroclor 1248 needed. Several Iudlng manufacturers of heating
equipment are in a position to build or offer Aroclor heating units to meet specific

requirements.

*Reg. U.B. Pat. Off.

The misrmation comained in thia bullatin 1a, 16 our Lest Unowledqe. Uus snd vceurare Imi el) cerninmendetians or
euggestions ae mede without guaraniee. since (he <ondstions e heyord ow « he Moneanta ¢ hemie s
Company discisims say lisnilily inewrad tn connection wilh the
¥wtnorme g CoAteIned NEsein SRall he COMAtrUrd $a 8 fevousmendatan (o uae say peoduct in rontin( wak
atating petems Covsnng Any meterial o7 11e re.

MONS 076335

LINA %04 VALVIN
BOTO0WV LIIBIONI NV

SNOLLY¥SIO TVIIWIHD

{

861 ‘w9090
OC1-0 "N Wpag (Sowgpe) Smasueyy




Reprinted from INDUSTRIAL AND ENGINEERING CHEMISTRY, Vol. 41, Page 1341, July 1040
Copyright 1949 by the American Chemical Society and reprinted by permission of the copyright owner

An Indirect Aroclor Heater for
Unit Chemical Operations

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

M. Ch ical C

‘I'he churacterintics of Aroclor 1248 indicate that it
in am idoal Hquid phase heat-exchange medium for
temperstures up to 300° C. This article discusses ite
properties and il rates the design and operation of
heaters that have been used successfully by Monsanto
plants during the past seven years,

N CERTAIN f ing of the M

Chemiesl Company, it was necessary to employ a noncom-
bustible hoat-transfer medium st pressures of 30 pounds per
nquare inch or loss aud temperatures up to 300° C.  The fullowin.

Anni. Ala.

P »

Spaay FLAMMABILITY. When & tube ruptures in a liquid heat-
transfer system under high pressure, a spray or mist forma.
"Lhe possible fire hazard under thess conditions requires considera-
tions aot covered by the foreguing discussions relative to the me-
terial in the liquid form. In their comprehensive study of
fiammability of tbe higher boiling liquids and their mhu. Sulli-
van, Wolfe, and Zisman (9) d i the spray fi
Jimit of iala in d with the age of
oxygen required for combustion. This value was then correlated
with the results of incoendiary firing tests of the fluids conducted
at tho Nava! Proving Ground, Dahlgren, Va. The o:ypn re-

xeneral properties of a heat-exch medium were req

I-n'mhun from hru hnnnlsv

0 P t room

lknlm; nint mlﬂcn-ntlv almve 300" C. to assure a liquid con-

(Iinon st all times.
Hability heat, with enough safcty fuctor to acoommo-

(ntu nocidental overheating.

Controllable vaporization lossce.

Freedun (rom vorrosive action against valves, piping, tauk
jnckuts, etc., made of cast iron and sicels, bronse, and stainicss

ntenl.
Freedom from wicity hazsard.

Arvelor, chlorinated biphenyl (rrg--wmd m U 8. lmcm.
Offier), wna sclected.  The pertinent physi i

I for Aroclor 1248 in the spray f

limit studies was found to be 64%. Fluids requiring over 45 to
50% oxygen in the spray tost [ailed to eause & fire in the incendi-
ary test. These results ish the bie and

Lustible qualities of Aroclor 1248, .

VISCOSITY CONSIDERATIONS

Cowp Frow. For most inside instaliations centrifugal pumps
will handle Arocloe at reduced rates without prebeating. Experi-
ence confirms this. Outside installations have been started at
0° C. by heating the pump and feed line until cireulation through

relntiva 1o its use ne a hent-tranefer llwdmm are given in Tablo 1.

FREEDOM FROM FIRE HAZARDS

FrLasn Poinr.  Limitations of this test for the prediction of the
fire hazard of relntively nonvolatile orgapie fluids have been
recognised by the American Society for Testing Materials com-
wlttes (3, 4).

Fing Poinr is a mouro significant measurement. The Under-
writers” Laboratories (10) state that fire tests more truly reflect
the (Inck of ) fire hasard of Aroclor.

Srowtanzous Jomimon Teuremature. The combustion-
revisting qualitios of Aroclor 1248 are indicated by its high spon-
taneous ignition temperaturs of 704° C. (1209° F.) determined by
Sullivan, Wolfe, and Zisman (9), using the convenient appuratus
deneribed by Soruman, Beatty, and Ilernn (8).

Under conditions of industrial use the spontaneous ignition
lemperaturo will ba detormined by factors inclnding the nnture
of the liot aurlnce, the amount of liquid impinging on it, the
valume of enclosed spuce, und the ventilation.

An accidental failuro in & heating system demonstrated the

uuuﬂummhlh(y of Aroclor lﬂ(ﬂ and its freedom from the
sard of fire propagation. An operator’s fnilure to start the

circulation of the hest-Lranslcr ium when the gus heater was
on resulted in uxno-ive coil tomperatures and ca the lower
«oil to softon and ssg into the firo chamber. A weld ruptured and
Aroalor 1248 pourd into the red-hot fire chamber in contact with
the lame. Denee smoke arose from the heater but there was no
external fire.  After the gas flame was cut off, the amoking
atoppod

1 I'tessnt sddress, Monsanto Chemioal Company, Orgsaia Chemicals
Division, 81, Louis, Mo.

* Present oddress, Monsnto Chemical Company, Phoephate Division,
H4. Louls, Me.

Tanus [ Puysicar Prorermes or Arocros 1248

Prastically
solortese mobile tiquid

Appearance

*Co(°F)
Absolute density, g./mi. R 0 (o)
T4 00 (140)
EA 8
117 00 (372
Absolute viscomty, centipoises nz 30 ()
17.8 40 (140)
42 100 (1)
0.99 00 (399,
047 B (3
Therinal condustivity, B.t.u./hour/sq. foot/  0.0813 30 (98
* F./foot 0’008 40 (ME
0. 0800 100 (212
Distillation range. A.5.T.M. D.20, * C. 340-378
and open cup, AS.T.M.
193-198
Fice poimt, Clevelaad open cup, A.S.T.M.
D 92-48 Nooe
Pour point, ABTM. D7, ° C. -7
Coefficient of expansion, ml./ml./* C. (25—
8° C.) 0 000703
Specifie volume, ml./g. 0 638 30
0.708 0
0.728 108
0.787 200
0.8¢0 00
Apecifio haat, cal./g./* C. '-: ‘=
0330 e
..388 R J
Vaper prossure, mr. Hg 0.00037 31.8
W3
1.0 00
300.9 0
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Gitted with an internal gss buencr so that the
gas flame impinged dircetly on the surface of the Aroelor.
Analysis of the gases produced under these conditions included
0.6% carbon monoxide, 0.17% axvgen (derived from the air),
0.899% hydrogen ehloride, 2.17% combustibl: gns calculated ae
methane, 0.002% chlorine, nid 1o phosgene

Y me workers atudicd the stability of Aroclor when heated
for 4 hours in an iron pipe it 260° U aneder rrnul proseure
of 210 pounds per s«lun ¢ inrh, resulting from introduction of

ol

1342
at 340° C.
Tases [1. Srastary or Anocror 1248 Heateo ror 30 Hours
T N

280 0 070

300 0188

310 0. 198 Th

320 o 222

3% 0.248
Tamug 11

SranniTy or ArocLor 1248 CoNTINUOUSLY [ZATED
AT 280° AND 330° C.

Mg. of 11C1 per Geam of Aroclor

TR T d

Hours C.
10 0.070 0 248
"o 0 16 0 510
e 0 169 0.923
120 0 10e 1141
150 v 281 1.302

Tasee [V. Gae ANALYSIS oF AnocLon 1248 Ileatep 4 Hours
ar 260° C. axp 210 Pounps reEr SQUaRE INCH Prusscre
Gae %

Carhion diovide None
‘arbon monoxide Noae
Uxygen (derived from air) 202
othans 0.2
Hydrogen ehioride None
(ﬁlm. Noas
Acidity (% by weight 1HC1} .
Prior to ~Eposurs ouT
Alter expoaure 0.7

the lieater had been effected so that the system couid operate
normally.
BOILING POINT

Operating experience has shown that the boiling point of Are-
clor 1248 (340° C. at 780 mm.) is envugh abuve the 300° C.
operating limit to prevent trouble from this causc. At the maxi-
mum opersting temporature the vapor pressure ix fess Ui 0.5
atmosphere,

WEAT STABILITY

In order to establish a maximum practical operating tempesa-
turo, the stability of the materin) when heated to elevated tem-
poeratures in the prescnce of jron wna noted. A slow stream of
nitrogen was passed over the hot Araclor w0 sweop tho decom-
pewition products inwo » cnustic trap.  The amount of acidic
materinl was determined amel enleuiated ns hydrochloric ncid.
“The results given in Table 1 indieate the stahility of Aroclor 1243
when individual samples were heated for 30
hours ab the given ‘~mpertures.  The decom-
poeition is very low at temperatures up o .

‘The atability of Aroclor-1248 in contact with L
iron continuoualy heatod at 280° and 330° C. is
indicated by Table ITL.  These test reaults indi-
cnte that Aroclor 1218 in ocon-
tact with iron can be used
satlinfactorily at temperalures
up Lo 300° C.

The National Bonrd of Fire
Underwriters (10) reported that
*'Jecompanition of the product
{Aroclor 1248 ] waa not appreci-
able at temperatares  below
H0° C., hut becamo increws-
ingly appnrent at ligher tem-
peratures.’”

L

=
s
&+

=
&

p 1 air. Following tlns teatiment e cnoling, the f‘-
removed from the system were mmlyzed. The sendity of the
Aroclor wag determined prior to and after exposure 1o 1hess con-
ditions.

The rexults given in Table IV refleet an extremely smnll smount
of decompowition under conditions similar to those selected for the
practical use of Aroclor 1218 ax n hewt-transfer medium.

In actual practice using the Lype of heating unit deseribed betow
there has been no evidence of hydroehlorie acid effeey niul no care
bon depngits have been noted in the hewter, pipes, or vntves. The
heaters have been operated successfully with eombustion gasew at
approximately 600° C. in contnet' with the enils,

At one time, a spicail coil Lype of heater way built and throwy
(aulty design a burner tunnel was located 1.5 inches from the 2-
inch swel pipe enil.  The radiation from the white-hat re{enctory
tunnel nmftl:v direct impingement of the fAlatne on the pipe eaused
the pipe to glow a dark red for & space of about 2 inches.  This
unit was operated almost 3 inonths before a cireulation stoppage
oceurred. When the line was opened lunym of carbon were found
to have come loose and moved forward to lindige in the glebe
valven. The limpa measured about | X 2.5 cn. mind one fare wae
formed to fit the pipe curvature. No hydeochiorie acid offeet wae
noted and the system was put back into opreation after the
burner lueation was changed.

CONTROLLABLE, YAPORLZATION LO%

The heating systems io which Aroclor 1248 is usd are sealed
except for the expansion tank, which lins a loowe cover or & vent
pipe. Decause this tank is separated from the stream by » sub-
stantial length of pipe, the winperature in the tank remsins low.

In the light of the relatively low vapor presare values for
Aroclor 1248(7), and us it is unlikely thal the expansion tank will
ever reach even the l-inm. siate (130° C.), there shinuld not be &
mensurable loss of Aroclor (rom the yystem.  \ctunl experience
hears out this conteution.

Orirr Losses.  Although Aroclor darkens on use, its charage
it Wie same amd replacement has ot been fouad
cgsary after 7 years of continuous use.  Aerulentnl leaks or
wpilly coustitute D only oliserved loses,

L.,

o

PLAN AND PART SECTION B8

ey
! 1.

Their workers analyzed the
decomposition  products  of
Aroctor 1248 heatad (n the pres-
ence of hot Iron at 460° C. and
almo heated in an iron eylinder

END ELEVATION

SECTION "A-A"
Heater

Figure 1.
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aly 1949
Tasua V. Resisrance or BTRUcTURAL MATERIALS TO AROCLOB
1248
At b
Meotale 2 128* C. Metale 28° C. 128* C,
R R

Ylumimues H Y T sent 1R I
o oeauns i K *hoe Ivor vronts R 1]
Niskel " od D
Sliver it H!-mk- steel RR RR
Tis 1 i Yellow brase R Re

u';mtrlllln between 1 0 X 107 and 10 X 10~ cm,
por day or b- int o

D. Deonbtiul ndu punlnnu 10 X 10—+ em. uv day

Aweea 0.0014 ar muonlun T year,
.n ooxm—'m mrdnyorum ana 0.014 toch per o
loss in betieveu to come

Detinr tha indirmtest i toenlly imimerved. ne weig
l:ml nul-"llou of vars of .l-nt i exposed to

FREEDOM FROM CORROSIVE ACTION

The resistance of various metals (7) at 25° nnd 125° C. is given
inTablke V.

SNimilar studies macle at 325° C. (8) indicate that the penetra-
tiun, in inchoe per yenr, for mild steel is 0.0028; for yellow brass,
0.00047; for coppor, 0.00145.

Many years of practicnl operating experience with Arocl.or 1213
a8 & heat-transfur medium have shown that the 1 is prac-
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DESIGN AND CONSTRUCTION

Hearivg Svsrzu.  The heating system required to utilize
Aroclor 1248 as the exchange medium includes » heater { Figure 1),
cooler, pump, and expansion tsnk (Figure 2), and control aad
safety circuits (Figure 3).

"

SAFETY CIRCUIT

Flgure 3. Control and Sufety Circuit

Heatea Desion.  The general requirements of the heater are

tieally nunoorrowive to valves, piping, tank jackets, ete., made
of cant iron aisd stecly, bronze, and stuinless steel.

FREEDOM ¥ROM TOXICITY HAZARD

Avochor 1218 in & very stable, unrenetive liquid. 1€ the muterial

ne, ease of ion and service, and avoidance of
direct flame impingenient on the tubes.

Direct flame i
flame throu,
meeun'

IIM !l

d by
an mcﬁmd ehuuntl with h-ll~|h|eknn-1ln bx.
o tubel above until the high tempcrature of the
v capducted through these bricks asd
u\e two l:ounm coils, The sise of the humh ndnnd

il effeets; A
it is well to wiwh L <kin with svap and water alter enntact.

A skin hurn rowulting from necidental contaes with hot Aroclor
shoulil be troated in the normal procedure used for hot oil burna.
Arocior miliering to the burnod aren need not be removed im-

in spilled on Lhe skin, there are no h

diately tnloms t of the burn d ds it; in this case
20ap and waler of repeated washingy with u vegetable oil (linswed
o0i)) should be uscd.

The vapore emitted by Aroclor 1218 heated W clevated tem-
peratures are injurivis 1o the liver on prolonged exposure amd
should not be brenthed.  Drinker (3) indicated that 0.5 mig, of
Arvclor $248 por cubie mieter of air is the maximum safe amount
pormismible in workeomme,

In eommercinl heat-transier instaliations, the presumption is
that the Arvelor is in a closed 2ysiem froe from lenks.  Acenrd-
ingly, theve khould I no oppertinity for workers to come in con-
et with vapors (rom the hot hend-transfer medium,

WATE

I EXPANSION
TANR
QUTLET V

JACRETED #we COOLER

STEAM OR

oS0
L8

AROCLOR
T0 WEATER
———

to & minimum by using oaly 4.5 inches of insulati fire brick in
the hottoat arcas and 3 inclics of Eagle No. 68 insulation on the
cooler spots.
Two sises of units arc used: One has & naximum uucnv of
200,000 B.t.u. per hour, as shown in Figure 1. The larger has &
mof 200,000 to 400,000 B.t.u.
siall size consista of 00 fuct of I-inch atandard weight stosl
pmo mldu into umv coils of six pipes each and connected in
3. The lsrger size consiste of 114 fost of 1.3-inch standard
w ght steel rlpe arranged in the same fashion. Results of tests
un lhc sinail-size heater covering umpenmm from 130° to
. show tempernture rises to 10° to 20° C, in the Aroelot
uhlle rlrcull(m' at a rate of 13 to 20 lonn per minute. The
outlet gas temperaiure i consistently within 75 C. of the wth-
Aroelor temperature. {1 is obaveved that the bottom two coils ab-
sorb the major part of the heat.  The small unit indieates 50 to
807 efficicneics for capacitics up 1o B.t.u. per hour when o
nnturat gas of 1000 B.t.u. per cubic Tuot is hurned. A Surface
Combustion  Compauy h  pressure inspirator and  tunnel
burner set is use intion,

Over-sll h(-at-(“tc hange cients (L) for the furnaee are in
of 7 to 10 B.t.u. per hour per aquare font per degree
Over-all hent-cxehange coetlicients for Aroctor 12

a double pipe hent-cxehanger mads from 1.26-
pipe with a 2-inch pipr jacker ar i the 120 0 180 rang
These figures are  calealated  from  test results om  this
instatlation.

CooLER, A very useful adjunet to
the system is s double pipe cooler on
the omtlet of the heater shown in

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

LOT LIGHT cool a batch before removing it or

when an oxothermic reaction starts to
get out of control.
Pumr. The pump for circulating

HEATER PIPING

Figure 2. Covler, Pump, snd Expansion Tank

the Aroclor 1248 may be aay one of &
number of standard centrifugal unite
designed for Lot liquid servies,

MONS 076338
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Tamsus VI. Diriva DEtan
(Dimensions in inehes)

b Sebedule 80, A.9.T.M. A5 or A108
Vi i« 34 "h:ﬂ:m AB.TM ASS ar Al08
o s /4 th ¥ Seore:
Comtrantion /s oo " Han

Bend im shop and
Oold  where noe-
mble.  Must be
cleancd to remove

acale
Forged steel surewsd. Crane 300d

Flla, tess, snd pr
jusers
rod \rldnd dutines.  Crane 3006

Flanges e 30 (to match v-lv-..
Hulte 3.A.
e 252h forged
“wione Ve thoroumh /4 : tee
For ¢ ¢ rlm- 125 high -
perature thrend
torm
Carketa Softirom rin Mt or
Khutooff valves /4 throngh 1/, Crane JHOOW, se rowert, e
l il AW, Hange,

1 throngl
2'/s th

Control valves
) through 2
24/y through 6

Cherk valves 44 through ¢4

1 thronglh 2
2 through 6
¥nlut V.
Redled valers 317 throueh 3 ¢ .m-»lulnmc PR S
Vulve siem Gostre 01 ur

Durametallie D

l 100 PCPR Marsh O-100
/u\ inth gowe  slohun \ulln
bar  stoek  valv
rlen 20 Rufies 1y

vacking
Gnge and glass 7, enee

Niraiswers

The Dayton Dowd Ty C pump is ao exampke of the type
required. 1t should e mado of cast atech and_have & water-
eudod stuifing box und water-couled bearings. The stuffing box
whoukd have room (or &L Jesst six nnn of |w:ku| and A lantern
ring. Durametallie No. | k No. 234 may I used
for packing the pump. |nll\.r in dosirable, as it will
handiu the , more viscous |E\nd on starting the svstom better
than will & closed impelier.  Encugh homepower for the momt
viscous conditions is requi

DPiriva Syarem anD Lxransion Tasx. The detail of the piping
wystem for Avoclor 1248 used up to temperatures of 300° C.
{672* F.) and 100 pruuxds per myusre inch pressurs is given in
Tulile V1. The valves and spocinities xiven indicate the type re-
quired. A} piping iarger than 0.75 inch is flanged or welded; ex-
perience has shown that bot Aroclor ponctrates lemved joints of
the larger sison. Steo) nenl cast stue) are uned th

Tasue VII. Sarerr anp Conrron Eommm

1. High promure slarm  Mereoid 1A-31, open sireuis on pressure.
Actusi sostings depend oa ll‘In ual layout

2. Mercoid DA-31-3, anem cirouit on low pressure
Actusl settings depend on individusl layout
. Fenwa) 18003. Contacts opas on temperature
excessive ng  increase
henm uhnmmun
4 T I.m .w-h-,l- (detects  Mereoied Figare 40. S.P. awitch. Open at low

akage from sys-

tem}

5. Flswe fniture avstem  ¢ambuson Control Coen. Fireye FFS.  Flame
(ents off  gun of (aduse control far manusl ignition gne buener
pilos flame  gors s

out)
A Gas velve fents o General Control Corp. K-10-2.  Closes with

0 cave preerding current off
dovices net)
TNeet lght (uinriny lark VA1 60 W, or Henjumin T013.V
2

7
B ilorn uunmln
o

112
1104 1.NXO, 1-NC watortight (1]

o ehny 140008 N0, ENC watertight ()
Htap horn button 1LHA-4

o Thermometor well (1 10" (. mureurs bulb thermometer
cvisunl check of
i perform-

10, meter  well 0 360 murcary bulb thermameter
{vim sheck uf
heater  perform.

uneo)
11 Thermometer well 0 360° C. neroury bulh thermemeter
tvimenl cheek of
ooler  puerform.

General Controd  K-10-2.  Controls  Arocter
temperature ta mert demands of system

ance!
12 Solenod vabve

I or nuwmnlm wmperatare control wlunolvl vdve, lwm 12, is
din a by-pass ar witha

valve. The nevdle valve in adjusted to give almoet ¢
to meet the requirementsy and the actual control is on by
the rolenoid valve, which apans and clusrs ae lirocted by & mn-
nrnunln ~control instrument connected 1o the equipmnt being
hente

One unit was sct. np with temperature control using & Lerds &

Northrop Model 8 all-electric control with droop correetor. Very
close control over u wide range of heat demand resulted, when &
throttlirg range adjustment of 4 was used un this control device.

heat

Sarery Cincurr.  Figuro 3 shows a safety circuit which suto-
matically protects the system by closing off the gas supply in the
event of fauily operating conditions. Provision is made for
shutting off the warning horn while the system is being put back
into aperation after a safety shutdown.

A detailed list of the safety and control equipment is given m

Table VII. The named indi the type i
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lovel of the installation. The sise of this Lank is normally about
25% of the enpacity ofthe Aroclor system. Connections with
vaives, made on cither sivde of the pump, enable the operator to
conneot a flaxible howe and to pump in ar out. as requirerd,

Fur operation in locations where the Aroclor temperature may
drop o where the nttondant viscosities may make pumping im-
practical in the rysiem an designed, it may be desirable to stenm-
jnoket the Arvelor circulating lines 10 facilitate rapid start-up.
Suitable wfety provisions, such as safvty pop-off valves, must be
inwtalled in the stenm jucket system 10 provent pressure ruptures
which would develop if any condensate remained in a closed sys
temn during high temperature operation.

Iu order W establish operating conditions and to cheek the
uperation of o heator iusell, it is often desirable to measure the
tempuraturos of the Aroclor in and out of the heater and cooler.
Itema 9, 10, and 11 (Figure 2) pmwde for this. Thuy may be lllll
thermorsoters or mercury bulb th of any y
available type recommended for the service.

Privren v U, A,

hnical data about Aroclor 1248 and for amistance in preparing
the manuscript.
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contact the nearest Mensente offies,

MONSANTO CHEMICAL COMPANY

ST. LOUIS

AKRON © ATLANTA ® BOSTON ® CHICAGO ©* CINCINNATI
CLEVELAND ® DETROIT ® HOUSTON ® LOS ANGELES ® MINNEAPOLIS
NEW YORK ® SAN FRANCISCO ® SEATTLE ©* WILMINGTON

MONSANTO CHEMICALS LTD. MONSANTO CHEMICALS (AUSTRALIA) LTD.
London Matbourne

MONSANTO {CANADA) LTD.
Montreai , Toronto o VYencouver

Representatives in the Principal Cities of the World

MONS

76340

VOIIONY L WNGE NV

SNOLLYUE4O TYIWIHD
LINN US04 ¥LLVIN

861 ‘o0
O81-0 ‘ON WIEAG (Roppe| Sputuey




