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IRTRODOCTORY HOTE

Prelimdnery information was sent from Anniston to Hr. E. A.
0'Neal, Xr., in London, Jume 1986.

e, D. 8§, Havercroft and the writer paid a brief visit to
Apniston in September 1947 to collect information needed for
mlmt%;toz and design work in London, and they produced the
report tes omn the Process for the Manufacture of Diphenyl

& Santowex st Anniston”, September 1947,

A set of Anniston drawings, out of over 350 drawings on file,
was sent to Londoa shortly afterwards, the selection being
such as would give full constructional details relating to
Armniston's preferred designs.

Since then thare hss been a great deal of correspondense ba-
tween ¥.C.L. and Anniston; Hr. H. L. Barden visited Anniston
in August 1950 to review the process from the angle of pro-
ducstion work rather than design work, (see the relevent chapter
of his "Report on & Visit to U.S.A.%, August 1950), and the
present writer visited Ammiston November 6-10, 1950, mainly to
deel with certain questions raised by the M.C.L. mechanical
engineers.

This present report is intended to condense ths information,
callected as above, into & form convenient for use within
Konsanto Chemicals Limited, particularly im production work.
It 43 hoped that it will be of use in the final stages of the
construotion of the Wewport plant, and that it will form the
basgie of an opereting manual for use at Howport, to bse supple-
mented and kept wp to date ax new informtion ocomes forwerd.

DSW 462056
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EARLYER REPORTS

In & letter to M=, D. S. Havercroft, Sept.11/%7, Mr. M. Buis
%i,tited the folloring six reports which were already in London
(.7 B

Goerman Chemioal Industry Report Series

German Production of Diphenyl, Terphsnyls ‘
and Chlorinated Derivatives, by Wayne E. Alexander,
3#.C.C., St.Iouis, Oct.4.1 o

Extract from German Report, 0,I.0.S, XXIX~-1% Pp.56-5T.
Dipheryl, -

Pesign Data th Diphanyl Unit, D.A. , with
Sttﬂ:’ aof Di,’pbowl Costs, E.H.Buford, vF¢39.

Pinal Report on Plant Tests on No.6 Diphenyl
Unit - Part 1. Job No.l71-41 Pile ¥o.1l38,

17th Sept.1941. R.A.Bwing.
Design Data for Iipbemyl 8till, D.A.Roper, Sept.l1939.

Report ¥0,192% Pinal Repart on Separation of Diphenyl
ém.gh Boiler into fractions or known mixtures Part ITI -
T Developing Plant Processes for Production of Santowaxes

RuOchP. & w‘ Job 30-1.71-61, File NOQQIB-BQ

Prepared bty A.M.Ellenburg.
meut Design for Santowax R Plant, May 20/%3%,

Job 1-=352-Report #31 by G.R.Shoockley, accompanied
report.

Tn September 1947, D. 8. Havercroft & E. Mezther wrote & repart
®"Notes on the Process for the Manufacture of Diphenyl & 3ante-
wax at Anniston,”

On 3ept.25/%7 copy #11 of Anniston repart:
1640, Pinal %m on Study of the Diphenyl Process
ar p of ths Proceas., Job 171-%1,
Pile 138, F.E.Bubbard, Amiston, Oct.15/41,.

was handed to Mr, Bavercaroft for ILondon, alsoc & sopy of
Addendur to 1712, Fimal Report on Study of Diphenyl

Frocess, Part I1I, Continuous Let-down Procedure, Job
171-41, File 138. A, M. Ellenburg, Anniston, Jan.3L/%5.

DSV 4€2057
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Earlier Reports, eontd

On 0ct,.13/37, microfilm copies of the following two reports
wers sent to Mr. W. M. Cooper, london:

1642, F4inal Report on Diphenyl Operations, J.B,Hocse,

Dotober 19%1,
1712, Final Report on Study of Diphenyl Process, Part
I&m‘% ; p % Hiles, Armniston, Oct,19/%2.
On Mar,11/%8, & copy of report 19371 Chlorinated
- Quatsrphenyls” was sent . to Ruabon.

¥r. Bllenburg, Jenuary 20/%8, reviwed the
following reports:

21% *Benrzol lLosses in-Waste Hydrogen from Diphenyl
Plant®, J.L,Howertonm, Sept.22/33.

ka5 *Recommendations for the Operation of ths Crude
Diphenyl 8t111%, J.N.Carothers, Jume 23/33.

948 *Tnvestigation of Benzol losses --- at ths
Diphenyl Plant®, Morton Barris, Aug.21/35.

Mr. Ellenburg, Apr.28/%8, cited the following reports on ths
German tube process:

(1) I.G.Fu%egind:a%;tazy marku;eg Germm',ﬂk
. 25 : Trnoc, Lowdern 9
B L687(1546)

& Richards.

Fay
A oopy of Amiston 2211 "Interim Report on Alloy Test-
ing", 171-%29, ¥.V¥. p . , discuasing the corrosion -
erosion of the lead poti/% the vapour blast, was sent to London
(3. Bavereroft), July .

A elorofi{im copy of the ¢ Division report "Diphenyl
. from Benzene”, 117-881, 0ct.5/35, on the effects of urities
in , was sent to Mr. Thrift of M.C.L., May 9/49, The
egg dezeriptiom in this ort is said to havs n based
iy on that of the report ign Data for 4th Diphenyl
mit', by D'A'W’ :

DSW 462058
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OUILINE OF PROCESS AS WORKED AT ANNISTON, 1950

Banxene vapour is passed continuously through molten lead at
a high tesperature, causing soms 164 to 20% of the bentens to
be converted, in & single pess through 3 lead baths in series,
into & mixture of diphenyl, terphenyl, etc, with the evolu~
tion of hydrogen, The resulting mixture of hydrogen with

the reaction products and the unschanged benzene is passed wp
& fractiomating columy which has & condenser and reflux split
bax, so that the sensible heat of ths varcurs is uvsed to give
& rough separation o the organic componente of the mixturs.

Ths frectionation system yields a forward flow of l1iquid ben-
zens, and an uwnderflow of & mixture of benzene, diphenyl,
terphenyl, etoc., while the hydrogen passes forward, saturated
with benzene. This hydrogen stream is cooled and cospressed
for ths recovery of more benzense. The colusm underflow is
fractionally distilled tatchwise at atmaspheric pressure to
¥yield diastilistes of bengens and of saleabls diphenyl, and of
course, intermediate fractions which are recycled to the still,

Ths still bottoms, containing the higher boiling components
of the mixture, are called crude Santowax, ——

Some of the crude Santowax is distilled "mtraight-over”, under
vacuum, to yield Santowax R, and soms is put to permanent
starege because the supply exceeds the demand,

Crude Santowax has &also been distilled under vacwum, with
fractionation, giving ortho terphenyl of about G4% purity,
Centrifuging of the distilliate, or better, fractional distilla-~

tion, gives a better product.

The m-p fraction from distillation, bas been allowsd to ory-
stallire in pans, slurried with water at about 859C, centri-
fugated and washsd in the centrifuge with hot water. The
centrifuge cake is then about 95% pars terphenyl. The oil

\(from ths centrifuge liquors, separated and dried, i called
"Santowax H",

See Anniston report #192%, Jan.8/35,

Ses page 50 below for & note om ths flaking of Santowaxes.
All the recovered benzene is recycled amd there is & precti-
cally continuous mmls-up of fresh material, This is believed
to ensure the presence of & certain catalyst which is presemt

in the raw benrene, but eliminated by the processing. (See
under “Comments om Frocess”, page 111 below).

DSW 462080

WATER_PCB-SD0000046222



s

HOTE ON CHOICE OF PROCESS

See the Anniston Report 1640, Oot.15/3%1 /I;.E.Hubbard, also
Mr. A, M., Ellenbug's letter of April 28/%9, efting B,I.0.8.

etc. reparts on ths "tube"” process.

The ressarch departments at Ruabon and Amniston agree in be-
lieving the tubs process may be superior to ths lead pot
process. Sowms pilot plant work bas bees dons in thiles direo-

tion at Ammiston.

See g:g: 16 below for the choles of ths msthod of resover-
ing ene from the offgas,

DSW 462061
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OUTLETS FOR PRODUCTS

At Amniston soms of the diphenyl is flaked for sale, but by
far the greater part is used esither at Anniston or at lMonsanto,
T1linois, for the manufactwre of Aroclors. Monsanto Chemiegls
Ilimitsd 4o not expest to sell diphenmyl., A little also is
used st Monsanto, I1l.,, for ths mnufacture of o. & p. amino

diphm'll'
N\

A mixture of crude Santowex and diphsnyl may be chlorinated
to give the Arocclor 2565 used as & roofing compound.,

Santowax R is used as the starting material for Aroclors 5442
& 5860, also for the hydrogenated product HB-%0, which is
used as an “extender” in plasticizers, for example in Vinyl
film, Ths Santowax R has soms little application in high tem-
pereture greases for valves,

Konsanto Limited bave given somes consideration to the possi-

bility of usefully disposing of still residuss, Dr. Scott,
29 ; considered that the residuss would not be

JBouAry

suitsble for making firelighters, DIx, Bardy, March 4/%8,
paessed om Mr, Ellenburg's review of the possibility of chlor-
inating the residuss to about 60-65¢ chlorine content to make
a cadle Joint-box composition. MKr. Ellemburg thinks that
chlorination at 250 0. to 35-40% would be about the best
procedurs, but warns us that the residues are not of constant

. composition.

It was thought 8t one time that K.0.L. markets would eall for
& higher retio of high boilers to diphenyl than is normally
obtained in ths Anniston procsss, and some thought was given

to the poseibility of shipping soms of the Anniston excess
stock of high boilers to Britain, and csleculations of ths

British import duty were made. Kr. J. V. Head's note of
March 2/%8, however, indiecates it 1s now improbable that such
shipments will be necessary. Referenice 13 mde to a8 momoran-
dum by Dr. ¥We D. Scott of Ruabon, dated June 20/%7, onm the
long term development of outlets for dipbhenyl.

In ths distillstion of cruds Santowax to give Santowax R,
about 15%¢ of the weight of the crude is left as a residus,
and some of this is sold as "Hontar 9",

Soms of ths hydrogen after cooling and compression, as out-
1insd above, is used for the hydrogenation of Santowax R to
give HB-%0, Any excess of hydrogen is vented to atmosphere
after being compressed and coolsd, At one time Anniston put
the excess hydrogen into the fusel grs for the fuwrnaces, but
the conssquant obhanges in ths air requirement of the burnesrs
were troublesoms.

DSW 462062
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SCALE OF WOREKTHG

About 950,0004 diphenyl per month, and 80,000 Santowax R per
th, were produced at Anniston during the first nine months

Bon
of 1947,

In September 1949, nine units wers in cperation, each rated
at about 3000# diphenyl per day.

In ¥ovember 1950, thers wore twelve wmits, numbered 2-13,
in existence, the original No.l baving bsen taken out.

Xeuport needs were estimmted hy Hr. Cooper, O0st.1/%7, to be
1,000,000 1b diphenyl & 230,000 1b Santowsx per year,

The annms] sales of the ortho terphonyl have averaged only

around §000 1b, and those of "Santowax X" around 10,000 1b.
There bas been very little sale for the para isomer,

DSW 462063
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PATERT POSTTION

8es Amniston Research Department, Report Ro. 1630, page 6.
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PROPERPIES OF MATERIALS CONCERNED

1.

Baneens

HWte ™

N.Pt, 563°c

B.Pt. 8090

Specific CGrevity 0,883 to 0.886 15,5/15.5%%

Sypecifie Ee‘lﬁ o
i 1) .%ﬁ
towsd i
a8y (1.0.7.)
| 0.468
Yepour OCp O.ggé
S
Forsulae for Sp.Ht. at constant pressgure:-

Cp = 0.258 ¢« (0.000875 x °C) Perry lst Rdn,
= 0,266 + (0,0006732 £ ©C) Ind.Bng.Ch.,July 1935.

Iatent Heat, B.t.U./1b:
fusion 12;-5
evaporaetion o

Flagh Point oFc S

elosed Cleveland iz
Explogive ILimits in air: '
Lower £ ‘ 1.%
Wper ¥ 8
DSW 462065

Auto-fgnition temperature 1076°F,

Vapour Pressures:
Constants in V,Pr. Formula Logyo pr. m.®., Hg = 5‘2%?-?%. +B

Range 9C A B
‘58 to "30 &2-90!' 9‘
-30 t0 * S &y 222 9.2%
0 to 42 34,172 7.96
£2 o 100 33.295 T.658%6
o B - et e Bt st TRadE T A a/f3Q.
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Propertioﬁ of Materials Concerned, contd

e

Benzene (contd)

Thermal Conduotivity, (liquid & gas) See sheet 3, Design
Deta for Units 4 & 5, D. A. Roper,

for curves,

Diphenyl

3ee¢ "Desseripticn of Process used in rngt 246", Sept.27/%6,
1yles, Sofrranko & Becker, pages 49

Sss 2ls0o "Design Date for %th Diphenyl Uait] Aug.9/39.
Specifie Gravity: 0.992 @ 75°C/4%C.

The Swann Chemicel Co. bulletin of 1930 gave thermal data
on diphenyl.

Viscosity of Diphenyl (from Amniston files)

°r Centipoises
%53 i.¥3‘9
1ho 1:308
190 1.11%
200 1.03%
220 0,901
50 0-75%

g
0.

b 3:%

Specific Heat (from Anniston files)

B.t.U./1b
0.416

88383548 Ig
.;‘;“‘;%

1000
DsSW 462066
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Properties of Materials Concerned, oontd

L e

: 2, piphemyl (comtd)

-+ :*  Another record gives the fouwing valuss for liquid

.. dipheuyl:

e} 8p,Heat cals,/gprem
160 ‘ 0 360

150

2 ik
300 32%158

300 0.610

&50 0,625

- 0,860
vapour & mSpey
Q.
% (DCA-Q ?51@ Date for
Tnits 5
Density of Liquid Diphenyl (from Armiston f1lee)

% ./ee

Y] 0.,9885

100 0,

150 Qe

200 0,

250 0.8#70

§50 0.6180

Heat of Vaporizationt )
65;* 81“1/‘ @ 258,500.‘
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Proparties of Katerials Ooncernsd, contd

X

3. Santowax R

contains sbout 1% dip

%% ortho terpheayl

mota terphsayl
21§ pere terphenyl
- 22% trior henylene,quaterrhenyls eto.

(Anniston Final Report 1942 .
Tpper hold point =143°0. Changed ~1459C
Lower hold point 5 . -3@1;.23/#7;— 1%.5320

%he density of the Santovax may be assumed to be the same
in both the crude and distilled form. Viscosily also is

the sane,
Specifie Gra.vity of Crude Santowarx:
1%0°¢ 1,026
175 1.000
215 0,98
300 0.96% (eat. from curve of other points).

Viscosity of Santowsx R
155% M bolt Tniversal Seconds
% %.5 38{ ® ”I.

Molten Bantowaxr flows about 1ike water at 25°C.
(A.M.Ellenburg's letter Jan.6/49).

Specific Heats (estimated)

8o0lid o.%
Liquid 0.5

latent Heats (estimmted)

Pusiom 63 B.t.¥./1b
Veporisation 180 B.t.U./1b

Boiling Range: 360-4509C.
Flash Point: Ol. opesa cwp  1919C.

Flams Point: OCl. opem owp 2389,
Anotbar &scomt gives Flash Point 1909C3 Flame point 220°C.

DSW 452088
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Properties of Materials Concornsd, contd

3. Bantowax R (coatd)

hlu& cssuhod in the design of the Santowax still at
Ammistone

Hset of Vaporization

0,5.
140 B.t.U./1b

Viscosity at 25000 5 centipoises @
Viscosity at 3509¢ 2 centipcines @
e (Mr. Ellenburg said these veluss wers too high).
k. ZFerphenyls
%m Pomt. Bo‘Ptv @ 30 hose- 1

Crude ortho (Bantowmx 0

Crude meta (Santowax K : gg:gg"og ; i xture 2:::5)22

Crude pare (Santowsx P 2&-213”0
E - p eutectic 890
Ternary eutectic . about T49C.

See alzo Konsanto Technical Bulletin #P-103, Jan.t/¥7
issus, for ths properties of the separsted crude isomgrs

sold,

DSW 452069
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HEAT BATANCE

gho heat balance 1s discussed the Anniston Design Inta,
th thit, by D. A. Roper, Aug.9/39, page 6.

Phe heat of reaction of benzene to diphenyl is given as
59.29 1b% per 1b et T40°C.

m:.u.m.mg, V, 31, p.1#k, (1938), gives 61 1b°C per 1b.

This is caleulated to be lsss than 2% of the heat needed in
e 3I-pot unit. ‘

10
1620
oW
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8AFETY CORSIDERATIOKS

(Prom Amiston report 1642 of October 1941, section "Health
& Fire Hazards,", and from discussions at Anniston in 1947

" and 1950).

It is obviously advisable for the operetors to minimise theix %7
contast with benzene vapours and with the vapour from ths

hot lesad, but there is no history of trouble from e¢ithsr of

these in the Diphenyl plant, We are warnsd that lead vapours

my be evolved during the bumning out of lead traps and carbon
traps.

¥hen lower grade benzene was used for making diphenyl in 1930-31,
the operators in the Aroclor department suffered from skin
erwtions (acne), thought possibly to be dus to chlorine deri-
vatives from styrense in the diphenyl, The disappearance of

the trouble coincided with ths change to bstter benzens. For

& tims the Aroclor operators bad to bathe on leaving work and

& change of work clothing was provided, but this prastice was
discontinusd.

See notes on pages 20 & 82 below relating to the general venti-
lation of the building.

Pire

The conversion units contain hydrogen and organic vapours at
high pressures and temperatures so any failure of gaskets or
of the wmits themselves may lead to the escape of a cloud of
inflameable vapour, near to ths pot furnaces. Ths amount of
organic material present in the conversion unit at any one
momont 18, howsver, quite small, and the flow of benzene to
the units can be shut off from outside ths building.

In the early days at Armiston, fires were not infrequent, but
there hes been none of consequence in recent years. Eupbasis
is laid on good workienship in the construction and maintenance

Otfthsmita.

There were twelve conversion units at Ammiston in Hovember
1950, with their colwms and otbher suxiliary equipment, two of
the unita being in ome room, four in anothsr, and six in a
third room. The three rooms are seaparated fire walls with
communicating doors, soms of thoem autamti closing, but
hsld open by cbains bhaving a fusible link. There are two

DSW 4R/2071
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Safety Considerations, contd

Fire, contd

diphenyl stills, each in itz own room, these two rooms having
connecting doors into one another, but not into the conversion
rooms, The still rooms contain the receivers f'or the finished
diphenyl, the heads and tails frections, and the still bottoms,
but the benzene receiver 48 in & pit, behind & fire wall out-
8ide the building. The crude diphenyl from the convertor
columns flows to two receivers which are outdoars, elongside

the benzens receiver,

Yhe »ain store tanks for fresh benzens are in a fenced area,
woll away from any manufacturing buildings, and the benzens
feed tank and pumps are in & smller fenced ares, somswhat

nearer to ths diphenyl plant.

Benzene vessels are systomaticelly grounded (earthed). See
the note om page B3 below on the objJection to internal steam

coils in the benrene tanks.

The departmsnt is well supplied with extinguishers, both COo
and C0ly types, and there is a permmnently piped Foamite
conntection to the mmin benzene veseslg. Thers is & drum of
CCly on a stillage on the ground floor of the conversion room
for recharging extinguishers, and all the appliances sre asub-

Joct to routine inspection. _ -

Cloths soaled in CCly are used toc stop off pipe openings etc.
during repair work and the wnits may be filled with COp Quring

welding repairs, ‘

- Ths convertor rooms are not treated as having a dangerous
atmosphere. It is not at all uwmusual to have escaping vapours
burning round the cover of the convertor pot (especislly now
some of the convertors are being rum at over 20 psig). If
vapour leaks from the pot flange, it mmy not ignite, especially
if the seal betwesen pot and furnace is good, but it iz better
to ignite the vapour rather than to mve diphenyl subliming
about thes building,and lodging on roof members, ete, Welding
is done in the building, and of course, soms of the vapour
pPipes are red hot, Kaked flames are used to deal with blockesd
Pipes in the coaversion system, .

The diphenyl still rooms do, of courss, contain large amounts
of combustible mterisl because of the batch mature of the
aperation., The heating coll furnaces for the two stills are
eide by vide in a room of their owm, cut off from all other

ToQms ,

Those of ths still receivers which are indocrs have vent pipes,
carrisd out through ths roaf of the building, and the outdoor

NSW 4820772
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Safety Considerations, contd

Fire, contd

bencene recsiver has itas vent pipe carried well uwp into the
air, EFach still body has a bursting dise in & pipe leading
uwp through the roof, (ses pase96 below). .

Amniston are a l1ittle restriotod in doing welding rapu:a to
their Santowax distillation mtu because of its proximity
to the HB-%0 plant,whioch uses hydrogen under high pressure.

The receivers for the hydrogeam at each stage of cospression
bave Al-Pb bureting discs, in pipes mtmg above ths roof of

the eompressor rooé.,

Care is needed, of aourss, in restarting the gas-fired furnsces.
There is & powerful dreunght up ths furnasces and ths pilot Jets
may easily be blown out,

¥r. Fllenburg, Auvg.18/48, stated that Class I, Grouy D motors
are specified for pumping diphenyl and Santowax, Hs also
stated that the bottoms from the dipheryl stills, if discharged
at aroumd J000C, may take fire. At one time it was the prac-
tice to purge the stills with COp» before recharging, but

this is not now thought neces a.nda,lltbatiadonan

to allow the stills to cool to a out 20090 or lower bafare re-
charging. When the crude diphenyl, hot from the store tanks,
is pusped into the hot still, thsre myboa.grontrushor
vapour through the condensing mtu.

Since the introductiom of the restriction orifices after the
convertor pots, these pots have been ruming at about 20 psig,
so that there is & greater risk of blowing out the gasket om
the convertor cover, Soms of the oonnrtoru bhave been fitted
with & loose sheet iron ring fence about 6" deep, rowd the
cover joint, to deflect any possible burst of flams.

Pire Fighting Equipment
M¥r, Barden, August 1950, reported es follows:

Amlc co foam extinguishers are provided, Amnis-
évo standard foam extinguishers on each floor
tho oonrertoz- lect:.on and geversl in the 4istilla-
tion uotion. ?-ound floor, available for use
throughout the diphe:w aroclor shed was a large band-
cart foam appliance. Ths bemrens tanks are permanently
piped, totopofoaohtmﬂc:mdintotbalmp, for foam
whish is supplisd from & centrel point®.

DSW 462073
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Safety Considerations, contd :

Pire Fighting Equipment, contd

Each convertor umit has about & 56 1b cylinder of CO, per-
manantly connected to a valve leading into the benrene feed line
vhere it runs below the operating floor before rising to the

top of the vapourizer. These cylinders are supported against
the stanchions on the ground floor. KNo provision ig made for
waraing them, A drum of CCly is kept on & stillage on the
ground floor for easy rocharging of the extinguishars., There
are mmerous safe showers, each with the uswel yellow painted
ring om ths floar low the=m,

Hydrogen

The conversion wunits contain hydrogen, and so do the arude
diphanyl store tanks, becauss they are vented into ths hydro-
goen main. Thes vent pipss from ths orude diphenyl tank to
‘ths hydrogen main are usually very bot. Air must of course be
purged from ths system befare any hydrogen is taken to the
carpressors, and uswally COp is used for this pmrpose (200 cu.ft.
far a convertor wmit), also to replace hydrogen bsfore a unit
is opened for repairs. There is no barm im allowing the COp
to go through to the hydrogen compressors, in fact there is
the edvantage of recovering its bengens content. It is no
longer thought necessary to do oxygen determinations on the

- hydrogen stream. The crude diphenyl receivers are vented into
the hydrogen collecting system, and there is a risk that if
thsy are pumped empty, the hydrogen may escape into the
diphenyl still system,

Welfare ‘ »
As alresady mentioned, only ordimry common sense care is taken
against poisoning by lead or benfene, and no special clothing
is supplied beyond face manks and leather gloves for mem
dealing with molten lead.

Simple "rirescreens” of sheet iron on pipe framss are used to
shield the man and the equipmsnt during the colleetion of the
samples for the ¥ conversion test. See page 75 below.

Hr. Harden rupom-téd, August 1950

*High temperetures are fairly gemeral throughout

the department partioulsrly above the coavertor,

A1l floors are of the vertiecal strip lattice con-
struction to improve ventilation, and large partabls
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Safety Considarations, contd . |

Welfare, contd -
"men-cooling fans are used to blow wp through
these floors whenever & man has to work wstairs.

Hormlly all operations are controlled from the
floor, all possible controls and instruments

ing located there. The writer regards attentions
to this detail as egsential if econscientious main-
tenance of equipment iz to be obtained.”

Repair and maintenance work on the conversion units at Amnis-
ton iz made more difficult by the rediation of heat from ths
surroumding wmits, especially in ths room which eontains six
wnits, The lsad treps, in particular, offer a big radiating

surfece.

The diphenyl building with good ventilators in ths roof, is

very high, and the open-work steel floors permit a utrcmg
ughtoffrenhairtoflovthroughthoroomﬁomtha

gromd floor, which in every ocase is completely open on ths

east side.

When molten lead {8 being balsd about on the operating floor,
ﬁasgromdflmhelwisropodoff. See page 39 Dbelow.

DSW 462075

WATER_PCB-SD0000046237



SAMPLES SENT PROM ANNTSTON 70 MONSAWTO CHEMTCALS LIMITED

The following samples were sent from Anniston, Eov,ij/#'{:

a-ko70
a-4071
G-%072
a-4073
a-%o7h
G-4%075

e

Benzol

Crude diphenyl

Pinished 4ipheuyl

Santowax R’

8t111 bottoms from diphenyl still

St11]1 bottoms from Santowax still
(also 10 1b Montar Xo.9 requested

June 22/48),

but only the first two reached Rusbon, so the last four were
rcgoatod Jamuary 25/%9, to ILondon, (and wers received there
Feb.21/%9). .

The following samples also were sent to M.C,L., on the dates

stated:

June 22/%8 Sentowsx R

Eov./%9

Benzone &8 used &t Amiston.
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CORROSTON 2
/

Benzene and Diphenyl under the working conditions are not
carroeive, but it bas bean found advisable to use stainless
steel for the lead pots a.m_i connecting vapour pipes:.

Amiston Imterim report 2211, dated April 22/%8, describes pot
fellures by “wmshing erosion” of the welds and the pot bot.tg;a,
failure of the welds, external erosiomn by lead, and by other
causes, end also recommends the use of 310 stainless welding
rds, or of 309 rods with subsequeant annealing of the pots &t
2050°F, Copy #1l of ¢ report was sent to Mr, D, 8. Baver-

aroit in London, July « :

B8ee page below for a discussion of the harmful.effects
whieh fore elemsnts in the lead might have on the stainless
:tfcl of ths pots. ‘

In Januvary 1949 1t was reparted the Anniston experience up to
that date showed 309 type stainless miteel to give better mer-

vice than 316 type.

The Texas Oit:; Resoarch Report No.52 "Special Report on Lead
Pot Corrosiom”, R.Fitzgerald, Feb.1l7/50, (ocopy seen at Anmis-
ton, Hov./50), deals with the corrosion of lead pots used

to erack propane at B00OC to ethylems (farmerly for pyrolysis
of ethylbenzens to styrems). It reviews the information avail-
able uwp to April 1947. Thermowells had suffered badly, and

the pot bodies becames pitted around ths level of the lead
suface and boocams eroded wherse thore was turbulence of the
lead. Iaboretory tests showed that lead oxide was highly cor-
rogive to the stainless steel used, .

. Samples of different stainless steels immersed in the lead pots

gave inconolusive results, but Hastelloy and Hzscroms appeared
to have high resistance. Pure nickel, monel, and nickel-
chromium alloys with 80% nickel dissolved in the lead in a few
hours, W.¥W.¥ade, Annistom, Apr.22/3%8, reported poor resistance
with 68 nickel - 18 chromium allay.

Carburetion of the metal was suspected, with the formation of
brittle coating essily remcved by the pounding action af the lead.

A patent search revealed thae t the resistance of high chrome
alloys was known. ‘

The report endsed with & recosmendsation to run 811 the pots at
& low rate to diminish turbulence rether tham to run a few pots
at high rate. It was reocommsended too to put earbon in the pots
at the outset, to reduce leead oxides, but this recommendation

has not been adopted at Amiston.

DSw 462077
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Corrosion, coutd

lead 18 Imown to escape som:times through the cover Joints on %
the pots at Amniston. It my form lead oxide outside the

pot, and this lead oxide ma r attack the outer surface of

"ths pot. There is no point in trying to detect lead in the

stack gases becaune there i1 always soma lead lying about in

the furnaces.
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@GASKETS

Anniston report 164z, 0<>1:.15/2;16 recommends Garlock T2l gas-
kets for temperatures up to 500°C, and Goetz corrugated
steel-esbestos gaskets above 500°C.

For the cover of the second preheater a 5/16" round soft

copper gesket is used with an asbestos gasket inside it. This
double gasket originmated at Texas Cilty. but the esbestos ring
there is outside the copper. For the cover of the convertor

a gasket of 1" braided msbestos rope is used, (see pages 42 & O7
below), but if the distorticn of the flanges could be pre-
vented, the 5/16" copper gasket would be bstter.

Copper and its alloys hive glven poor service in the hydrogen

gystem, apparently boeecause of Hfs' ‘Copper gaskets in ths
compressors heve completely failed, and Babbitt metal has been

proposed.
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FLOW SHEET

'fhe attsched flow sheets of mterials, pagss 26 & 27, are
taken from Anniston Research Department, Report Fo. 1642,

October 15, 1941.

The sems report gives the following datas-

0.1796 U.8.0211 benzene consumsd per 1 1b distilled diphenyl
produced (compare cost reocords given on pages 118~ below,
of the present report). o

The "shut-down®™ times on the conver xion systems avereged 1.63
over & period of 8 months,

See also page 28. : )
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Diﬁhenj/ Process Flow Sheet
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Flow Sheet for handling off Gases “rom Colvmn.
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PROCESS IN DETAIL

Bengzene Handling

Benzene is received et the plant in tank cars and ies unloeoaded

"over the top" by pump to 5 large horizontal storage tanks

(#1) situated some 300' from the diphenyl wilding. Water is

used to prime the puxp, and of course it muszt ba separated
aftervards by dreining from the store tanks,or from the recycle tank,

From the Storage Tanks the benzene 1s purped by (#2) to (#3)
Recycle Feed Tank. Eere recycled mterial is constantly made

up with fresh benzene. This is necessary Iir view of the fact
that a catalyst, apparently presernt in the fresh ‘benzmg is
removed in one pass thrcugh the convertors. (See wnder "Comments
on Process, pagesTl& IZ below). A float within the Recycle
Feed Tank autommtically operetos the pwip, itex #2. There

ere also two fleoats within the tank for high and low level
alarms. There is a history of a little trouble dus to the
sticking of these various floats; 3ee notes on item #3, page 84

balovw. '

Tha recycle feed tank now in use is & horizontal cylindriesl
vessel withbulged erds,and the barizene outlet line to the pumps,
itom 4, i3 taken froa the bottom by a Jacketed line (Jacket,
however, is not used), cemented tlirough th2 containing wall
which surzounds the tank, Thisx fake-off lire risaes a few inches
inside the tank to trap sny water aand so0lid matter, and the tank
b2g & suww, with a drain valve for tapping coff the water, ete.
Regular and frequent operation of tihis valve is a very important
part of the cperaticn of the plant because a shot of water,
pumped through to the vapouriser,may flesh off almost explosivaly,
and might break some Joint in the pressure system. VWater gets
in from its wae, in priming the overhead suction lines from
tenk cars, and may get in from perforation of the tubes

of angy of the condensers,
The following streams of benzene enter the recycle feed tank:

(1) A continuous stream of condensate from the convertor
condensers, item #11, .

(2) An intermittert stream from ths receivers, item #27,
of the hydrogen cooling and corpreszion system. This
strean comes &t &bout houzly intervals, under hand
control of the puwp, item #28.

(3). The benzene distillste from the benzene receiver, item
#21, of the diphenyl still, This distillate comes for-
ward in batches at Anniston, via the pumwp, item #21s,
but Mr. Ellenburg's letter, Jan.20/48, indicuted that
a similar procedure at Neuport might cause too great a
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Process in Detail, contd 3

Benzene Bandling, ocoantd

variation in the ratio of fresh benzens teo
récyeled benzene, because the flow of fresh
benzens would be v&rx{ much amallsr at Newport
than at Amiston, the Qiphenyl still
batehss probably not Eush smalier,

Ee, Ellenburg suggests interpos & buffer tank vetween the
recaiver, item #21, and the recycls feed tank, item #3, so
that the stream of recycled material from #21 can be smoothed

out.

At Amniston, the rator waites until the float alarm on item #£3
is T cn low™ before pumping in benzens from ths diphenyl
dist tion on the hydrogen cowmpression, thon he stops when
the alarm "rings oa high",

There 15 a case on record in whieh the recycle feed tank was
overpuped, and ths excess benrons backed uwp the distiliate
line and into the comvertor reflux split boxes ef the conver-
sion wmits, and esoeped down the colwmmme ifito the orude diphenyl
store tank, This overpuping ws detected by the £all in tem-
perature of the column underflow streams.

There are two (2-stage Gould) ) centrifugal pumps for feed-
ing bemizol at appraximately 1 preasure from ths reaycle feed
tank to the conversion units, and one or both may be in opere-~
tion depending on. the number of wits opereting at ths tims,
There is & Pisher strainer befare the pumps, and there are two
£11ter pots, after ths pumps, in the Control room - only one in
operation at & tims, to allow for cleaning. .

These two filter pots are vertical oylindrical vessels about

6" I.D, by 9" deep with bolted-cu covers, fit of course for
working pressures around 100 psig. They bhave baskets insids to
suppart cotton filtercloth, but in Hovember/50 the cloth bad
rotted and bad not been replaced. It is thought that glaes

6loth might sexve, There are FWordstrom 3-way eocks on the inlet
and ocutlet lines for easy swi of the pots, and there is a
pressure giuge on each line, to cate the filter resistance.
The mmin purpose of filtratiom 18 to protect the flow controllers.
80lid matter forwerd to the vapourizer would be simply
oarried through in vapour siresm, and probably end in ths leed
trep or ths carbon trap of the convertor. It is said that a
1ittle dust (from the pote) comss forward in the recycled ben-
gene, and thsare is pipe scale from the besnrene lines.

DSW 462085

WATER_PCB-SD0000046247



. 1
Process in Detail, coantd ?

Benzene Handling, contd

- The filter pots deliver to a header, serving & row of 13 Fox-
boro reccrding fiow controllers, ons for each wnit, plus one
spare, the piping being go arrenged that the spare controller
can be switched in to replace amy of the others. These con-
trollers are in & special room which.is entered from outdoors
and which has a commumicating door to the main eontrol room,
otharwise it is completely shut off from the rest of the plant.

Apart from the benzene flow controllers this room contains only
ths meters for the fusl gas to the furnaces, pnd & controller
for water to the HUl absorber for ths Arocler plant).

Hr. J. ¢. Clegorn, the departmsnt mmnager, mentioned that Rota-
meters were formsrly used, set in & glass box draining to out-
Goors, to take away any bencene leakage., There was a certain -
sdvantege in baving the visible flow, and he would like sight

boxes (fit for 120 psig) in the present flow lines.

The benzene delivery lines from the controllers are cemsnted
through the wall betwesn this room and the convertor rooms, &t
about ths level of the convertor pot 1ids, a separate line to
each conversion unit. Xach line dips to a stop valve within

" ea8y reach of the ground floor, inzide the convertor room, and
then rises to the top of the vapourizer unit. Immediately after
the stop valve there is an inlet for CO, from a c¢ylinder chained
to one of the stanchions of the building. Ko provieion is .
made for warming the COp aylinders, though ths ground floor,
being eompletely open to the air on one side, is not very warm.

g:u Rormal ﬂow of benzene is 170 USG per conversion unit per
w,
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2
. Procegs in Detail, contd 3

Coniversion

There were 12 conversion units, item #5, at Amiston in ¥ovem-
ber 1950, two of them (umita 4 & 5) being somewhat different
from the rest in that they had a tubular prehsater, then two
1sad pots, whareas ths othsr ten units sach had the preferred
normm] arrangement of three lead pots and no tubular pre-
heater, (See page 85 below for the reasons for choosing the

three pot arrangement).

Bsch of the 10 normal wunits consists of a (#6A) Vapourizer,
(#5A, 5B, & 5C), three lead pots in series, (called respeciively
ist ter, 2nd prehestesr,and convertor), (£7), lead trap,
(#8) fractiopating columm, with (#11) condenser and (#12)
reflux split box. The underflow from the column passes through
item (#9), carbon trep, and then by grevity through steam-
Jacketed lines to the crude diphenyl receivers, item (#10).

The vapourizer consists of & ¢oil (formerly two coils in
parallel) within & stack through which thée exbaust gases from
the pot furnaces are passed countercurrent to the benzens flow,
There is also (#6B), another stack for the purpose of by-passing
the fwrnsce gases, if necessary, away from the vapourizer coil.
The temperature of ths vapour leaving the vapourirer is about
2509C, but sees below, pages 33,34If the vapourizer has two
coils in parallel, an attempt must be made to share the flow
between them by manipulation of the valves at the exits from
the individual coils. See the notes below, under item #6A,
page 91, relating to ths possible loss of benrene wapour by

Perforation af & vapourizer coil.

Each convegsioa pot 48 of stainless etsel about 22-3/21” I.D. by
about 6'-0"deep, and contains molten lead. The.folloiring
figures are given for the depth of lead in each pot:

Depth of lead: Anniston report
1642, 0ct.15/41, H.L.Barden, A 0.
{confIrmed Nov

1st Preheater pot yr.o" 2'-1" dry dip
2nd Prehsatsr pot Ero" 216" dry dip
Convertor pot 316" 21-11" dry dip

Height of Distributor .

inlet above bottom }- 10" out of 5'-11-3/8"
of pot given as internal depth

There is little entrefmment from the first preheater to ths
second, and not mmch from the second prehsater to the convertor,
but considerable entrainmsnt from the convertor pot to the lead
trap, so the deptleof lead are liable to vary a little, If it is
not dssired to opem & pot, the loss of lead may be made up with
molten lead poured in through the neck which carries the thermo

well,
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Process in Detail, co'ntd 3

Conversion, contd

Esch pot cover carries (1) a dip pipe to carry the vapours
. down into the molten lead, (2) & thermo well, and (3), & gas
outlet. Thsre are horirontal baffles or splash plates to
diminiah the entrainment of lead. The first and second pre-~
heaters alsc have & connection to an equalizing line with a
stop vive. These equalizing lines conneect into ths bottoms
of the convertor columms, item #8, and are normally clossd.
They provide a sonvenient location for preessure gauges (on
branches below the stop valves), and could be used to hy-pass &
pot in emargency, and they can be used to diminish the chance
of foreing lead beck wpstream during an interruption of the

benzens £low.

The lead pots hang, by their rims, in & row, each in a gas-
fired, fire~trick lined furmace, the first preheater being
batween the othar two pots,

Annfston report 1642 of 0ct.15/50 gives the following approxi-
mte figures for temperatures in the conversion system:

Vepouriser Benzene in  259C out 340°¢ (137° reported Aug/h7
uguEIe coil Flue ges in TO09C out 150°C
- type) ) , :

1st Preheater Combustion gases  650-700°C -
Lead temperature 570-600°C (380°C,Aug/%7).
Vapour exit 550-580°C

ond Prehsater Lead temperature '6(20- 40°C

' Vapour exit 50-0T709¢C
Convertor Iead temp. controlled at 840 2#50¢,
(but see "Comments on Process”,pages 111~ below)

Vepour exit 710-T720°C.

Colimm Top B0OOC - somstimes higher--up to 97°C

Bottom 135-250°C - normally about 200°C
The furnace casings had a temperature of about 100°C as Judged
by hand, Novembsx 1950,
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Process in Detail, eontd 3%

Coaversion, coantd

Kr. Barden reported the following temperaturss in August 1950:

Uait Xo. 6 T 8 9 10 1 12 13
Yeporiser 150200 320 1BO 150 120 300 50 10
¥o.l Prebesat 80 530 450 X¥95 k80 560 g 0 g#o
¥o.2 Preheet To0 ;gg gso 750 ggg g;g T gg
Convertar 745 7& 790

Top Columm 85 906 83 80 85 90 80
Flus gos Tmlet " £11 cowples U/S : -Sheaths burnt out

¥lus gae Outlst 175 235 322 316 230 190 250 200

Bentene {low 170 U'S!GC Par houl'

Barlisr rocords are girea in a copy of the plant record sheet
pages 51 below.

There 18 & Bultipoint temperature recordsar for each conversion
wmit and & recorder-controller far the conversion pot temperaturs,

A sample strip of the multipoeint chart was sent to Mr.W.M.Cooper.
Oct.31/%7.

The pressure drop ﬂn-ough the do\iblo coll vapowrizer, at 170 osited
beasxe/houry was. 8 - 10 psi,

Pressure of vapour entsring lst prebesater 50-60 puig
Presgure of vapour leaving lst prehsater 38-45 psig
Pressure of vapour leaving 2nd prehester -25 peig
Prossure of vapour leaving coniverior 7 paig

The pressures vary & little as the depth of lead changes by
mmmmtatlmdtrathopot,aaﬁu carbon buildsw in

the gas passage. ver & little because of ths bubb-
li.ngc.ndwmgiuortgu%oudmthopot-.

Carbon builds wp arewnmd the taffles amd in the pot exit lines
during operetion, eausing a slow increase in bsok pressurs.

This increases the retention time of the vapours in the asystem,
and ocauses the converzion reasction ® continue a 1ittle beyond
the point thought best, so ths operator lowers his pot tempersa-
tures & 1little to compemnsate, See Effect of Varisbles, page 11k
below. HReocently, the back pressure on soms of the units has
been ptu-posols inasresssd bty the insertion of orifice plates im
the 14 rrmthooomrerwtotbooolmms,inthnha-oer

.....
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- Process in Detail, contd

Converaion, eontd

attaining the same degree of resction with usefully lower pot
- temperutures, so that the pota would last longer. (The
vapours on these units can be lward roaring into the lead
trap). This is experimental, and experionce is showing that
ths increased pressure on the convertor gasket mmy cause
troubles which outweigh the possible advantages. Mr, Rllen-
burg's letter of Dec.13/49 sfates that two orifice plates of
stainless steel 1/8" thick are used, one with & 1.31" orifice
between lsad trep and vapour pipe and the other with a 1,1%"

orifice, between vapour pipe and colum. This arrangemsnt
giver ths required pressure drop without using too smmll an

orifisce. The pressure gauge on the vaspour pipe thus rseads the
presswre betwesen the two orifices, ° :

Me, Ellen gives the following comparison of conditions with
and without orifice plates! :

fauge Pressures

ILocation of ¥o0.10 wmnit Fo.12 unit with
Pressure gawge 0ld conditions orifice plates
After preheater 23 paig 46 paig
After preheater . 1 - 33

After Convertor - 21

After lst orifice plate = 13

After 2n4 orrifice plate 3 . 3

(colwum)

Converter temperatures in the "pressurized” pot were around

" T85-79000 for 17.5% conversion. Ths lower temperaturées may save
a little fuel gas as well as lengthening the life of the pots,
and in ths early runs, the dsposition of carbon in the gas -
passages appeared to have been greatly diminished.

In Hovesber 1950 pressures to to 20 psig wers observed after
the first ocrifice plate,

The following operating conditions were reported in September 194T7: -

"rhe bemrone pusps deliver at pressures of uwp to 100
psig, and the benzene reaches the first lead pot at
about §50-60 psig (fall in pressure through the con-
trol instrusents), the second pot at about 38-45 psig,
and the third pot at about 15-25 psig, and lesaves the
third pot at & -7 peig, the drop in pressure in
each pot being dus mainly to the hydrostatic head of
aoltsn lead.”
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Process in Dstail, contd 3

Conversion, contd

Batwal gas {8 used to hsat the convertors and stills and
there is a separsate gas metar for each unit. These meters are
ingtalled in the room mentionsd above, page 31, which also
contains ths bentene flow controllers. There iz a stop coak
on the gas wain immedistely inside the room, with a long
handle by which it could bs operated from outdoors. The main
than bas & Tanch to each unit, each branch having its owm
stcp valvs, then a pressure reducer. The line then brsnches
egain, one tranch serving the burners oan ths #1 prehester,
under purely menwal control, and serving ths pilot burners on
el]l the units, and the other branch serving the control valves
for Ho.2 preheatsr and the convertor. (ee pagel0T below).

The flus gases from the #2 preheater and froam the convertor go
dowmwards to cross flues leading to the bottom of the setting
of #1 preheater, so that that wmit gets & good deal of its
heat from the flus gases, The #1 preheater setting has gas
burnsrs of its owm to swply any additional hsat needed and
for use in starting w from cold. '

The texperatures of the lead in the two preheater pots are
sontrolled by hand operation of the gas valves, but thsere is

& high temperature alarm which would ocut off the gas om #2 if
the tempereture should run away, s8y, by lesksge of benzens
vepour into the furnace. 8ee also under instruomentation, pege

lW beloar,
Typical operation recards are given on page 5L below.
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Process in Detail, eontd

Hote on Starting a Conversion Unit

Mr. BE. L. Barden, August 1950, reported as follows:

"fhe start-wp was witnsssed of a diphenyl wnit from cold, after
oleaning and minor repairs. The following instructions apply
S an ‘oo Wit using paturel gas. Other fusls msy
pecessitats slisht modifications,

*Put on one burner of each wnit. Throttls back wntil warm
enough to keep alight. The use of the pilot light will essist
in keeping the burners alight, Flus gas is to go up ths by-
pess stack to avoid burning-up the vaporiser coil. All vents
on the convertor should be open in the early stages of warming
wp. As ths setting warms u the othsar burners are lit one by
ans, till all zre &l and burning steadily. Burners are ad-
Justed (by hand o= au tically by controller) to obtain the
desired temperatures. Only the convertor temperature appears
critical. VWhen temperetures are approximately correct, start
COp through vaporiser, the preheat vessels and convertor to
the columm and out by the colummn vent. Divert flue gas from
by-pass to vapouriser to warm up the latter; and close vents on
ths preheaters. Pressure on the preheaters should then bulld
“p and enable leaks to be discovered. Dsvelopment of 6.20 psig
on ¥o.l and 6, 10 psig on No.2 takes about + - & bottle of COp
and it 4s sssumsd that ths pressure build-up is-a sufficient
guarantee that the air has been adequately purged. There should
of course be no pressure to speak of in the convertor if the
columm is properly vemted. Then, provided tesperatwres (inclu-
ding vaporiser) are about right, cut off (05 cut in benzol feed
et a low rate (60 USG per hour), As soon a8 the lsad

- trap beginas to smole, indicating that benzol feed bas reachsd

it, close the colwmm vent, put wmbtexr on the condenser and
open velves to roflux split box, benzol run-bsack and biphsnyl
line to ocrude tank, The latter line must bs hot before start-
ing wntil sufficient feed of crude diphenyl is available to
prevent the line from meaking w.

Rtautiously increase the benreno feed hy approximately 10 TG

per hour every balf-hour or so. The governing factors in effect-
irg this increase are maintemance of preheat temperature (which
tends to fall as the benzens feed increases) and the avoidance

of high oconvertor tezperatures,

“The preheater must on no account be allowed to cool to anything
approsching the melt point of the Jead. Haximum tempereture
of the couvertor be 830-840°C (B00°C if operating under
pressure). The bencens feéed should also be checked frequently
wmtil confidence 1is established because any mechanicel or
eleotrical failure here will causs & suck back of lead imto
the vaporises ¢oil."
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Process in Detail, contd 3

Nots on Stopping & Conversiom Unit

. It 18 of course important to prevent ingress of air to the
-units and to take eare that the lead is not forced backwards
through the system by allowing the pressure to fall at the
inlet end of the system. When the gas burners have been cut
off, the benrene feed is stopped,  and COp is forced into the
benzene inlet line to ths 'n.pourizor until liquid ceasses to
ccndense in the converter conmdenser. A full bottle Sa’botrt
56 1b) of €02 18 used. During this period the wuncondensed gas
stream, consisting of hydrogen and some CQOs, will have been
going forward to ths hydrogen compression system, to prevent
the loss of its oontent of benzens, and the CO,-hydrogen mix-
ture may be ventsd to waste after compression a.nd eooling,
¥hen the distillation comseg, ths system 18 c¢losed off from
the hydrogen collecting hsader, and from the crude diphsnyl
tank, and the run-back lime to the benzene recycle feed tank,
and vented through the pipe which passes from the top of the
reflux plit box to & point above the roof.

The conversion wnit may then be opened up for inspection and
repair, '
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Process in Detall, eontd

KHote omn Emptying a Lead Pot .

When a pot bas to be emptied, the usuwl shut-down routine is
epplied, the system allowsd to cool a 1little, the pipe Joints

end cover Joint broken, the space on the growmd floor below

roped off for safety, then the cover, with ita dip-pipe and .

thermo well hoisted out by means of & stirrup bolted to the

central flangs., Tbhe lead inm tlw pPot is, of course, still mol-

ten, and & little drips off the dip-pipe. The cover is l1aid

on the floor in &8 convenient place. The surface of ths lead

in ths pot is usuwally covered with flcating solid debris, and

this 18 dredged out by means of the long-handled perforated

ladle (see sketch #1) and knocked out in the well of the box

frame on the fwrnacs cover. It ig convenlent to remove the

lead trap, to make room to work, and in most cases the trap

will contain lead which bas to be malted out as described later, page 92

and will contain solid carbon, iron oxide, atec.

The lsad molds are mde of chbarmel iron, sbout 2" deep overall
and W to 36" lomg, 6% wide, with sloping ends welded in.

Ten of these molds are then placed, five on each side, near ths
of the pot; and two coloursd men take turng to dip out thse
ten leed by means of the unperforated ladles, (mee sketch 2)
it carefully into each mold in twrn wmtil all are

This is rather hot work, especially in Summsr, and the
{f lead are rather heavy, but ths job is not too bad.
tor uses the edge of ths pot ag & fulecrum to 1ift the
steps baclkwards a little, drapgging the Bdle wpwards
oan get &8 sufficient purchase on the handle te 1ift
over to the row of molds, He wears a face maslk,
gloves, but no othsr protective clothing. The
spit a 1little if there is moisture in ths molds, and
passers-by have to take care not to step into ths molds.
The ladle handle is occasionally wiped with a wet rag to cool it.

When ten molds are full, the two men take a hreather for about
15 minutes until the lead has frozen over (tested by poking
with & rod), then ths molds are dragged a few yards away, and
inverted to dump the ingots. Double bandled tongas are used.
The molds are then refilled in exactly the sams way, and so on
until the pot is practically empty, about 60 ingots in all.,

The pot is then hoisted out of the setting by means of a sling
chain, bolted to the companion flangae, care being takem that
the bolts holding the halves of the flange are still effective,
and ths pot is run along wntil it comss over the hinged part of
ths floor, so that it can bo lowersd to the ground floor. Core
is .t-;.k:aa to clese the hinged part immedistely the operation is
ended.,

BERFEEVERENS
ﬁaggsfgz‘-'s
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Process in Detail, eontd

Hote on Peptying a Lead Pot, contd

- Sometimes & pot is moved with the lead still in it, for
example, if the distributor assemdly will not bresk loose
becauss of earbom incrustation, or if & sound pot is to be
moved from one setting to another, but such cases are quite
rere, The lead would bs allowed to solidify before ths pot
wes moved, Ths usual procedure is to bale out the lead as

described above.

The lsad ingots uswally lsave the molds quite easily, and
they are stacked nsar the wnit until the new pot I8 in place,
then they are packed, on end, in the pot, and melted dowm,
and any lead nesded for mmke-up is added.

The  ecover with ths dip pipe and thermo woll can, of course,
be lowered into position only while ths lsad is molten.

DSW 462097

WATER_PCB-SD0000046259



Process im Dstail, contd -

Fote on the Maintenance of the Lead Pots
(See also the notes on item #5, pages ° below).

121
The practics sheets, pages 12¢ &ﬂ)elov give soms figures for the
frequency of repairs. ’ 4

The first prehsater with its welded-on sover, low vepowr welo-
cities and relatively low tempersturs can run far years without
attention. The second preheater, and more particularly, the
convertor, suffer from deposition of carbon in ths vapour
passages of ths cover, damage to the dip pipe, thermowell,

and baffles by high temperature and by the mschanical and possibly
corrogive effect of the lead, failure of the pot wall, usually
by corrosicn-ercsion from inside, at or below the level of the
lead, crecking of the weld between the pot and 1ts rim (this
weld carries the weight of the pot and contents and there is
oontinued gentle bumping of the lead and vibration of the pot),
- failure of the cover gasket or warping of the cover flanges,
and from entraimssnt of lsad in the vapour stream. If lead
comsg in comtact with the outszids of ths pot, from a gasket
leak or from a perforation of the pot wall, it mmy cduse marked
erosion, apparently from the solvent effect of lead oxide on
ths stainless steel, but this is not & major cause of failure.

If there is & partisal blockage in the vapour outlet, it may
show up a8 & darker patch on the glowing pipe. Ths pipe leav-
ing the convertor needs cleaning aboul each 3 weeks and that
from ths second preheatsr about once every 8 weeks., Carbon
mmy also build wp inside the cover, roumd the vapowr &xit; or

in the orifices of the baffle platse aroumd the distributor.
x;;?( The baffle plates alowly sag, appareatly purely from high
temperature. A counvertor pot usually rumns 5 to 9 weeks before

\ needing overhaul.,

Mmbmwbobmtmtof&pmeb'yhutmgdthanoxy-

acetylene torch, then turning off the acetylene, but care must
be taken not to overhsat the metal when the carbon burns in

the oxygen stream, and the welder should tske cars not to breathe
too much of the vapour.

There bas been soms discussion of possible overhsating of the
pot walls above the level of the lead, but sppareantly the splash-
ing of the lead on to the walls does a little eocoling, amd of
course ths furnace draught 1s dowinmrds in the cases of the

second prehsater and the ococuvertor.

¥, Barden, August 1950, suggested to Anniston that a stream of
C0n, passed through the hot convertor, might remove ths carboa
deposit by converting it to carbon monoxide. Anniston bave
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Process in Dstail, contd

Hote on the Maintenance of the Iead Pots, contd

- mde a few trisls of this, by passing two oylinders full of
00, through a unit once a week, and though the unit finally
ehoked with carbon, it was believed that the choking had

been delayed hy ths use of COn. ,

Although the pressure inside the convertor is relatively. low,
the Jjoint of ths convertor cover gives a great deal of trouble,
because the tesperature is near the yield point of the matel,
The edges of the sover gradunlly bend downwards and the edges
of the companion (backing) flange under the pot 1id bend
upwwards until they meet, and the gasket no longer holds., The
gaskets on the convertors are made uw from round braided asbes-
tos rope 1% in diamester. See page 87 below.

Ieakage of lead from a defective pot will probably be detected
first as a 4drip of l1lsad from the firnace casing., (NHote that it
may drip from the wrong casing by penstration through cracks

in the furnacs setting, and care should be taken to examine .
the undersides of all three pots before deciding which sctually
is leaking). The prassure gauges on the pots may help to indi-
cate which pot 48 losing its lead. Leakage of vapour infté ths
furnaces mway show up as black smoke in the stack, or &8s an
inerease in furnace temperature. See a8lso the stack test dis-

cussed undar item #GA, page 91 below.
If e pot is sound in some parts and defective in others, it mmy

be mads good by welding, for example, & new bottom mey be welded
in. A pot which hasg seen servisce in the #3 position zay be

shifted to ths lighter duty of #1 position and so on.

S8es notes under "Corrosion®, page 22 above, for en aceount of the
sorrogion of the pots.
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Process in Detail, contd 3

. The mixture of vapours and hydrogen leaving the convertor pot
passes through the centrifugal lead trap, item #7, where most
of the entrained lead separates, and into the baottom of the

fractionating columm, item #8.

The underflow of the colum leaves via 5#9) a oarbom trap,

through steam jJacketed lines to one of (#10) two sump tanks,

ﬁse iaukx are vented to ths “off-gas” line from the top of
colums,

At the top of the columm there is a (#11) Condenser and (#12)
reflux split bax, with an equalising vapour line between the

The reflux split box is adjusted to give & besnrene forward flow
containing at ths most & few parts percent of diphsnyl, and to
give an underflow of crude diphanyl containing as low & ben-
Zene content as can be attained. Ths Anniston report 1642,
Oct.15/41, states that ths arude diphemyl flow contains about

% to of benzens. Diphenyl still records seen in November
1950 indicated that about 17%¢ of the erude diphanyl was recover-~
od as benzens fraction. See page 53 below.

e, A. H, Ellenhurg, Kov.12/47, wrots:

® The reflux flow is used to control the temperaturs of
the underflow from the column at about 2000C. Fha
reflux ratio varies according to the temperaturs of
the condensed benzens. ~------(which) varies according
to ths length of time the condenser has been in service.
Az the f11m builds up on the water side of ths condensear,
the eooling efficiency drops off, and more of the hot
reflux must De used to obtain the same amownt of cooling.

These ratios vary from 70/30 to 90/1l0--====%,

The wvapouwr line from the eonvertar to ths bottom of the
columi hes a branch for sampl the vapourz for the purpose
of emking the conversion test, (see below under “"Conversion
Test™, page T5,)and another tranch carrying & pressure gauge,
The conversion test is performed onocs & day on each unit,
uswally in the moraing shift,
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Procese imn Detail, contd

Freatment of Off-gas

The off-gas from the convertor columms, consists of hydrogen,
saturated with benrene, and it goes via (#25), a finned
cooler with water Jacket, to (£26) & surge tank, from which
it goes to either of two compressors (#29).

The compressors work in two stages, 60 paig and 300 paig.,
and the compressed gas from the first ;Std?e goes downwards

through & vertical interstage cooler (#30) to a low preasure
tank (#31) where ocondensed benrens is depesited, thef ths hydro-
genn goos on to the second stage of corxpression, After the
second stage the gas goes downvards through the socond cooler
(£32) into the high pressure tank (#33) where it deposits more
benzens.,

The surge tank (£26) has & 55" water seal to a hooded vent pipe
through ths rcoof of ths compressor room, and thare is an auto-
matie control instrument which maintains the pressure in the
surge tank betweem 11 and 16 og. per s8q.in. above atmospheric,
by reacting on the unloading valves of ths compreasors.

The benzene which collects in the surge tank gravitates to the
benzene receivers (#27) and that which collected in the pressure
was formsrly discharged by float traps, also into (£27), but
the trap seatings failed by corrosion, see page 103 below, and
the transferrence is now dome at about hourly intervals Ly
moans of hand-opersted valves, The pressurs vessels have gauge
glasses, and the discharge lines have sight glasses. Corrosion
of copper and alloys in the hydrogen compression system is
rather miried and is attributed to thes effeet of E-,8. 3See page

101 below. ’

Oxygen dotmimtim were mmde on the hydrogen at first, but
are no longer thought necessary, After any shut-down, the
is vented to atmosphere and the syatem purged with

m cu.ft, of mac‘

At Plant "B" there is & hot wire combustible gas recorder per-
manently installed in the streax going from the chlorine
¢cells to compressors far the emation plant, wired up to
stop the compressors if more than & trace of oxygen is present

in the hydrogen stresam, ‘
Y. Ellemburg, June 30/%8, wrote:

¥ eeee-Ag you know, our Worthington compressor bas two

stages and operates at 150 psig and 300 psig at the dis-

charge of ths low and high stage respectively. These

presgures are not aritical and the cholce of pressures

Mu{mmauedtmqlmﬂmuwnu
amount of gas to be handled—-—",

See under item #29 below {psge 101) for his further remerks,
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Procsess in Detail, contd 2

Diphexryl Distillation
Crude diphenyl i3 pumped through steam traced lines from the

' sump tanks to either of two horizontal 4iphenyl bateh stills

(#13). RBach st11l is fitted with (#13B), an external gas-
heated coll, on the side of a fire wall remots from ths
8t111, through which the ¢harge is girculated by maang of

(#1&5, a submarged centrifugal pump. The "spread” or tem- -
perature difference botwesn inlet and cutlet of the coil is
automatically controlled through the gas supply to the burners,
and is automtically recorded. The controller is set for a
spread of 20°C, but when seen in November 1950 it waz rmning
at about 169 to 18° spread, i,e. ths heat input of the burmsrs
was falling short of the control limit, Ses under "Instrumen-
tation”, page 108 below, for details of the control instruments.

A typieel still charge (Sept/k7) was 3400 USG crude diphenyl
plus 450 USG recyled “heads & tails™ fraction, and the still

gycle took about 18 hours.
The vapours s to (#13) & 20 plate columm with (#15) conden-
(#E)

ser, and reflux box working &t atwmospheric presgsure. Cuts
are taken based on F.P. determination, (but see Mr. Barden's

cooments balow).

Ths reflux is changed &Guring the distillation emd the follow-
ing is typical of operation (i_n Septexber/4T): -

Reflux /  Product

At Start 100 o
Benzens Praction (uwp to

80°C &t top of column) 25 L]
Heads Fraction 50 50
Diphenyl Frastion 30 gg
Tails Fraction 20

Hr. Harden, August 1950, howsver, reported:

"fhe total reflux period seems to be practically. confined
to the gtill charging operation. Ths still and colwsn
are uswally still hot from the preceding batch and the
incoming oharge starts distilling f{mmediately. Total
reflux operation at this stage repidly cools the columm,
It can bhappen that this initisl disti{llation is too
rapid for the aplit box to desl with it, Im such a.

ogga it is usuval to relisve ths box by sending & portion
to the heads and tails receiver for return to ths still.
It is essential to aveid sending any of this initial dis-
tillate to the benzeiwrecovery system since it is liable
to be contaminated with diphenyl and so lesd to axcess
produsticn of high boilers. The charge used at tha time
of the visit was 3800 TSG@ of sxude diphenyl and heeds end
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Procesg in Detail, conmtd
Diphenyl Distillation, contd

"taily froa previous run (about ¥,200 USG total).

"Some excess pressure is ept todsvelop at start of

distilistiomn, pmmbly r plugging of condenser by
oondensate. If this is observed, & vent is available
for temporary relief. This mnm build-up was not
apparent to the writer but the cperator ehia-.ad that
luoouldtellh:theﬂowinthasplitbox

"Ciroulation through the ooil 1s started before light-
ing burners. As the system is usuwmlly hot, the burners
oanboputfullonquitoguick]: The burners are
controlled by the “spread” between inlet and outlet
tesperetures. This 1s normally set to 2000, but is re-
duced to 10-15°C when distilling heads to minixise
earry over of good diphenmyl.

'Cttt‘iomJJ changc—anr from heads to good diphenyl
should be based on (68.4%c). In practice it is
usual to ehange-over &rbitmrﬂ: after one hour's dis-
tillation because the time spent in testing samples
®sang unnscessary diversion of product to hssds for
redistillation. The arbitrary time factor obviously
depends on distillation rets and may not apply on
another installation,

'suuaﬂ; the tails fraoction 1s cut out as soon as tem-
tue specimsn chart) indicates need, as dslay

in £.p. d'tenimtiom cesul®s in contuimtion of good

diphenyl. Furthermore, it has been found that f£.pt.

can be 0,K., but boiling range out of specification if

the outti.ng out of tails is delayed.

enserel rules:-
Use top of coliem tempereture to cut into heads.
Use time end coil inlet teu?mhm to out into diphenyl.
ure

Use coil inlet tesperat 3%5-355) to ocut into tails,
Use top of columm temperature to off tafls, "
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Process in Detail, contd

Diphenyl Distillation, contd
Bagh stil]l has three other redeivers:

(£18) Heads and Tails,which are purped back into the still,
by means of & submerged pump, for the next bateh.,

(#£19) Diphenyl Receliver. From here the finished product may

be pumped hy means of a submsrged pump to storege tanks,
to the Arvclor plant, to tank c¢ars, or to & smll flaksr.

(#20) Bottoms Receiver., Crude Santowsx isngumod here at the .
end of tns distillation,using ths submerged pusmp of the
etill, This material my be pumped to the Santowsx
8till or drewn off into &rums for permsnent storage.
Excess material mamy be pumped into a pond,

The distillate flows through (£17) & smll open box
from which it may be sanpled and diverted to either
the diphenyl or the "Heads end Teils” receiver. Ths
benzens fore rumnnings by-pass this box,

Bagh of thess three receivers is fitted with a steam coll and
submsrged pump,
A typieal operating record is given on page52 below, and a

summary of records on page 53 , This record includes figures
for ths reflux ratios used.

A sample chart from the Multipoint td@emt & recorder was -
sent to Mr. W. H. Cooper, im London, Oct.3 T

Anniston recycle the cooling water in their condenser,at atmos-
pheric pressure, ocooling it in & separete heat sxchanger.

This is to prevent soaling of ths condenser by impurities from
the pond water. They rely simly on hand control of the cooling
weter ¢to the heat exchanger to give sufficient condensation
without ‘cdusing freezing of dip 1 in the condenser., The
tesperature of the recycled water not ordinaxly be above
the freezing point of diphemyl, but it is allowed to rise to
84-859C dwring ths collactiom of ths "tails™ fraction. Instru-
monted control of the cooling water was sbandoned in favor of
hand control., ' :

The bernzens distiliate is examined bafore being pumped to ths
reoycle feed tank, to malew sure it does not contain wmore than
2-3% at most of diphenyl. $The operators Jjudge by & greenish
colour which appears if thsreis much diphsnyl, and by evapora-
tl.n% a few drope between the fingers, but @& freexing point

test would be the safer criteriom. The diphsnyl may have
==hed over at ths ctart of the distillation, as described
page 4? ahove, or Ay have éoms over through inefficient
ticm {insufficient reflux). :
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Process in Dstail, eontd
Diphenyl Distillation, comkd

The build wp, in the heads fraction, of materials other than
benzene and diphenyl is very slow (only about 0,005% on the
diphsnyl ascording to Anmiston report 1642}, but as the frac-
tion is reocycled to ons batch sfter anothsr, s e and
other conteminants do slowly accwmulate in it, (see under
"Flow Sheet", page 28 above, for typical values; ses also
page 116 below), and the out between benzene and diphenyl
lzeconea less v Occa.aioga.ll,_r therefore a heads fraction
cut ™ from about 90°0 to 200°C.amounting to about 10 gallons,
is side-tracked, allowed to cool to deposit diphbenyl, which
is dreined off and returned to the systenm, ﬁdthalicmid con=-
taminants discardsd, Mr, Ellenburg, Jan.l%/X9, in answer
to & suggestion from london, agreed that the heeds fraotiomn
might be ascurulated until there was enough to charge & still,
instead of being recysled each tims, but he advised against
that course on the grounds that a larger store tank would be
needed, and that the Amniston method I8 generaly more counveni-

ent.

Any Impurities boiling Jjust above dipheryl will go into the
tails fraction, but this fraction is sirply recyecled so that

the impurities finally go out in ths srude Santowax.

Er, Fllenburg advizes against handling or shipping diphenyl
in drums because of the difficulty of re-melting. Anniston
fleke any henyl mnot handled in tank cars or by pipe line.
London, Feb/49, 4id not expect to sell any diphenyl. The
diphenyl still bottoms (Crude Santowax) are kept molten in
steam-heatsed tanks 4f they are to be processed further. The
excess production of bottoms at Amiston is put into old drues,
and more of it has been pumped away into an excavation, If
the stored material is needed again, it is put Into & melting
?ot and then moved by pumping. At one time when smaller
direct fired) etills were used, Amniston purged the diphenyl
sti11]l system with COp between batches, but discontinued this
‘as being wmecessary with the presemt stills, The still is
8imply allowred to cool a 1ittle after be discharged, then

a little care taken in pumping in the new (bot) charge of
crude 4iphenyl. B8till bottoms, dis at about 400°C
have been knowm to take fire, The circulation through the

heating coil is not started uwntil the sti{ll has settled down
after the charging.
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Process in Detail, ceatd ?

‘Distiliation of Santowax

This 13 carried out under about 50 x=m of Hg absolute pressure .
at the receiver, using a DsVine Vacwuum Pump (#%0)., &hs pre-
Bent equipment was originally set ©p for the separetion of
erude Santowax into Santowax 0, K and P, which are erude
artho, msta, and pars i{somers of terphenyl, For Santowax R
only stm.tght over distillation is required, with a single
receiver (#39) inatead of the seriss of receivers installed

in the present plant. .

The still charge is received at about 150°C in one of two
Charging Tanks (#£35A and #35B). These are interconnected at

& low level snd really constitute one vessel., They contain
heating coils and one has a auhmerfed pup (#34D), by which
liquor is circulated through (#3%C) an extsrnal preheatar

6oll on the wids of a firswall remote from the tanks and
still, The coil is hested by gas burners and is s

in & steel flus with firebrick lining. The material is pre-
heated to 230°C, The same pump is used to trensfer the hot
1iquor to the (#35) still which has a similar heating arrange-
ment, The still capacity is 6-TO00# of cruds, The still has
e 10" vapour outlet (and losion disc) to (#36), 12 plate
columm. This column has ?g-n, a condenser consisting of e
-zingle Jacketed tube in the form of & zig-zag. (See pages 10k & 105
below). This condenser was used in place of the original shell
and tube condsnser because the latter often becams blocked
with frozen material. There is & reflux split box $#38),

but reflux is used only im the (rough) separation of erude
Santowax into the o, m & p isomers.

The Santowax R distillate is run from the receiver (#3?&3 '
to the buffer vessel (#39B) and pumped fram there, by (#394)
to the Aroclor plant, the Santowax R flaker, or to the BB-#O/
Plant, &8s required, The still bottoms are sold as Montar 9,

any excess production being dwmped,
Ir., Bardy reported, Oct.lT/3T:

A total forward flow is maintained on tha split flow

box throughout the Bantowax R Qistillation. This is nece-
geary in order to get over some of the higher bolling
constituents which boil above the terphenyls. These
materials mmst be present to bring the heold point of the
Santowax within our specifications,.

"Ouwr ariginal Santowax still had no reflux at all and the
new still (19%3) is swposed to dupliocate the product of

ths old still¥.

DSW 462106
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Process in Detail, confd >

Distillation of Sant)bw:g cantd

" Distilled Santowax is & reddish hrown 1iquid cryutallising to

@ yellow solid at room texperatures.

The distillation is controlled ty "Hold point” determinations
-= there are m such points and the spesification for the pro-

&Mv W‘eﬂ i
Upper hold point 137-1439C (changed Sept.23/37 to 137-1450C)
Lower hold point ¥5-60% (ohtmgod Sept.aa/!r{ to ¥5-63°¢)

A szEple strip of texperature recorder chart for various po
on the Santowax still system was sent to Hr. Cooper, Oct.3 #7.

On Jsnvary 6/%9, Mr. A, M. Ellenburg wrote:

~ "At one time, distilled Santowax was allowed to solidify
~  in druma, and shipped, but it was noticed that the pro-
- duoct tended to megregate es it solidified. As a result,
ths outer layer of the drums sontainsd the high melt-
ing portion of ths Santowex R, and the center of the
drea was mde wp of the lower mslting fractions.

*In order to obtain a wniform product, so that & whole
drum wonld mot bave to bs molted to get out 10 pounds,

the idea of flaking the Ssntowax was propogsed. A chill
wheel is used to cool the materinl, and a blade scrapes
the mmterial off ths rolls, from which it falls into

bags or lined barrels, (Hote, however, that Santowax has
two "hold" points in its crystalliration curve,see page 13
abon, and gives rirst a plastic mass at about 130°C,

them a wxy solid at ?bout 500, a faot which affects the

flaking process. E. M,

® 'he luapy material results bscauss the Santowax is not

chilied sufficiently before placing in ths bags, and e

fusion of the flakes results., However, the partial

, 48 enough to give & wmiform 80lid produst. The

" crude Santowax could be handled a similar way if necossary,
beoause its characteristics are similar to those of 8anto-
wax R, Abigtaakroratomgeotthomltmcmdou. of
course, the easiest solution to a storege problem®,

Amiston, Jan.1%/%9, pointed out that the Santowax flaking
couldbedonaouthcumdru-utbetﬁphemlmu.ng

%:z slso the note under Specifications & Test Mathods, page 67
o,
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Diphenyl Dietillist{on Record

Dietilliation No. 7h - Date Started 5 - / wh 7

_ Operator Start J%L gnirt I
77 2 /7
Sti1l No. : Operator Finish - -. surt /

Startes Charging Still at _ //: 25 2.,

CHARGE :
BAT Tenk; inched befare Z 2_1nchea after .2/~ gallons ab.arc&@__{?é
Ko. 1 8.T. inches hofore__,—?i_inchoe after O  gallons chnrso{j_':'_‘_é__fﬁ__“

Ko. 2 S.TT lAacdwmas-befcre _Ainchee ®fter __~ g2’Jona charged

No. 3 S.T. inchea before 7 inchee after _L_{___ gulnons charcot

No. 4 S.T. inches before  inches after gaiong cha~zsd
Benzol. St11l " __ . inches after gallons charemi e _‘
Total Callons Chargod _ £ 0 H O
Circulating at /X "4 u; PFire onat _ /2 S e ——
L& PR S TTINGS:
1. om J/ /et Tia, 5. o __ 2, w . Zo
2 M 4 et /2 Zyon, 61 On at .
5. 0n_J5C et _2. % num, 7. On at R
b, on_30 st _g:F g 8. tn at _
BENZOL: Ban ___ /5 “or __ T4 el
HEADS: Startet over at 3.’ :’}/ﬁ/ p.Finlebod at W Zam
Ran li/ "o /73 :}f lba.
TAILE: gtarted over .ﬁ_éz’ & 5. Finlahed at /P 2 P
Ran i cw L 1ba.
DIFEZRYL:  Total in Dist{lliation I-:/ " of/;_‘iﬂ 1ve.
HICH BOILER: GCrose Weight __1lbs. Fo. of Drume
.::: Welght /7 " lve. DSW 462109
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Process in Detadil, contd >3

Susmyry of Recards of Diphenyl Still Working

(Teken November 1950 from the plant sheets as on the preceding page)

R S S
U.8.0allea off U.8.G., (8 1b/Utsa)
3485 37 202k 964 18,785 k%00
3394 598 1928 ns7 17,459 5400
3394 667 2121 1157 15,470 400
3485 506 2217 1446 17,680 5000
3869 690 2121 1157 17,238 600
3394 690 2217 1253 17,017 4600
3485 874 2121 1350 16,133 --
3485 _ 598 202% 1253 16,796 -
3576 391 2314 1157 15,249 -
3485 598 231% 1060 19,448 %800
3485 598 oh10 1350 18,785 2200
DSW 462110
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SPRCIFICATIONS AND TEST METHOIS 2

Paw Materials

Bsnzene

In September 1947 Amiston were in & favourable position in
respect of the quality of ths benzene received. By & special
arrangesent with the suppliers in Birmingham, Alsbams, they
received material ususlly running 5.3900 Cr.Pt., (on the sample
"as 18%), end &t least wp to "Nitration Grade” cm &1l other
points execspt possibly sulphur content. The arrangement was

s0 good that Anmniston ware ables to rely almost entirely on
Birmingham control of the quality of the dsliveries. The only
specification was that implied in ths description of the mte-
rial as *Industrisl Grade Benzene", and the deliveries were

- 80 much above specification that the specification was inopera-
tive. Beocause of this position Anniston do not psrform routine
testas on benzgens deliveries mmde to the diphenyl plant. There
are only v fow tost reports on file, but the following which

wers avail e ware beliecved to be ropresentative of the mate-
rial usually recelived:
Tank # GATX 3 1 @GATX 21357 ? GATX 1940
Date Oct.ZG T . Ang{k'{ June i.g
Pr.Pt.°¢C. . 88546 Se .
8p.Gr.@ 60°F. 0.88%45 0.8845 0.8825 0.
Dist. Lagge - - 0:90C 1. Cx(com-.)
drop 9.7 9.7 9.5 9.
5% 0.2 go.z go.z go.l
S% 80'2 8‘00 8’04# 800%
% 80- 8005 80'4 BOC
ary 80.4 80.5 80.4 80.4
COIQW w&tet' white WeWo - . WeWo
¥ash test #1 #1 - #1
Total sulphur ¥ Q.05 0.05 - -
Aoidity mg WaOH/g - -- - 0,000%
%0 D.PLHE - - e P 700
Paraffins - — - nil

The freezing point mesthod used was that of J.I.E.Ch.Vol.l0,
p.1010, (ses page 56 balow).

For the other tests, the latest A.5.T.M, methods were used.

In order to check the Armiston method of determination of the
freezring point of benzens, against the Ruabon mathod, and to

mke sure that the Armiston materisl really had such & high

test, by British test mothods, & smample from rail tank GATX 21357,
Xov , mgsent to Rumabon. It was found to have & crystallizing

point of 65,4 C by the standard Rusbon method.

DSW 462111
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Specifiocations & Test Methods, contd =

Samples, reprosenting mterial available in Britain, bave
been exsmingd at Anniston:

Sample NB27 Sample 60768
Faken Jan.24/%8 Taken July 27/48
¥r.Pt.°%C 5,16 5.,
8p .Gr .B60°F 0.886 o.gga
Dist. range 1.2 (earr.)
1st drop gg.@’c g.h
5% 02 «2
= o 3
dry .6 80.2
Colour Wi, W
Wash test ~ #9 #4
Acidity =g NsOH/ 0.0016 0.00%
O p.p.m. ) %58 621
ins ) nil

Amistonfs comments on the British sample NB279 were that it
was not up to the quality of the Ammiston supply, 4t bed a
high acid waash ocolour,indicating incomplete acid treutment,
and the presence of unsaturated or hydroxy compounds, but
that it should give good diphenyl if the fractionsl distilie-
tion of the diphenyl wara good enough. The sample left an
odour of tar at the end of the distillation. ‘

Amnistonits comments on British sample 60768 wers that itz acid wash
test was Just at the limit of the Anniston specificatiom

(for "Industrisl Benzens ") again indicating incooplets acid
treatment of the material. Eaterisl to this sample would pro-
dusce good diphenyl, though & little extra attention to the
diphenyl distillatiom might be needed.

The effects of ispurities in tho bencens were discussed in
Amniston reports 1640, p.19, & 1642, pages 1 & 2. For a time
.no very high standard wes set, but in recent years, trouble
with the stability of Arocolors used for electrieal work bas
renswed the interest in this subject. See pegesllli- bhelow.

In & “shart form report”, No.2152, dsted November 17/4T,
Hr, A, ¥, Ellenburg of Ammiston reviewsed ths quality require-

msnts for benzene for malding Biphenyl and Chlorbenzenss, He
found the available evidenee to bs inconclusive, and recommended

meintaining & 1imit of 5,0°C minimum for Diphenyl and 5.2°C
for Chlorbenzenes.

Dr. E, E. Hardy, Dec.23/37, sdvised caution in accepting &
lower standard, for benrene, which contained paraffims, would

N]W AR2112
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8pecifications & Test Methods, comtd

Yield styrens and apparently vinyl biphenyls. Here again ths
chlorine doa-imtives were blamed for skin trouble im the
Aroclor plant, gointed out that though the chlorinated
produsts may be stabilired by being held at high temperatures,
it is not certain thnt this process will go far enough.

On April 28/%9, Mr, Ellenburg mentionsd ths bensficial effect
which high ratures in ooke ovens ars known to bave on the
purity of the (freefom from paraffins).

S8es also the discussion of Lffects of Wariation in Benzene
leit:, pege 111 below.

Fegt Hethods for Bsnzense

¥r.Pt.

As mentioned a&bove, Amiston une the mothod of Ind.Eng.Chem,l0.,
p.1010 (20 cc sample in the "as 18" condition, put in a test
tubs in an ice btath, and when the so0lid benzens begins to
separate, the temperaturs will remsin constant for & tims,

This temperature is taken ag ths 80lidifying point.

Acourete ¢ 0.05%.

Othar Tests

Anniston use A.3,T.M, methods, but on Feb,15/%9, Arniston re-
ported that the British (N.B.C.) form of the scid wash test
was giwpler, especially respect of the preparation of the
standards, Omn &pplying the H.B.C. test to their own bencens,
they found 1t to give & colowr matched by only 0.1 g dichco-
mte per liter of water as against the N.B.C., standard of
1.0 g Ths sams benzens gave colour #1 on the A,3.T.K. acid

wmsgh test.

DSW 462113
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Specifications & Test Mothods, contd

Lead for the Potas

Ho specifications exist on lead used in the d.ighemyl lead
convertor units other than that "chemical lsed" is to be
purchased., Apparently the effect which impwrities in the
lead my bave on the stainless steesl, is more feared than

any effect on ths coaversion process itself,
Hr. W, ¥. Kads of Amniston have the folloring informmtioa:

"A typical amalysis of chemical lsed as supplied by tha
St.Joseph Lead Cowpany, 250 Fark Ave., New York, New York,

wast - o
b4 990927
Cu: 00%08

Asz:

Sb: 0,0001

3ns

PFe: 00,0001

Zns 00,0001

gg.: 0.0003
3

o 0.0048

Ag:  0.0066

Bi: nil

PRElements that should be particularly avoided, as observed
in practice at Amiston, and as recommended by msnufacturers
of stainless steels, are, in order of importance: tin,

zinc, bismuth, antimony, and cadmium, Tin, £inc, and
bismuth should not exceed 0,000 mmx,, antimony and

cadmium, 0,0005% max.

"Cavtion should be taken in plant operation to avoid
contamination by any of the above e¢lements."

Spectrographic analysis bas been found useful for the
purity of the leed far the convertors. We are warned to look
out for ixpurities which may be picked up in any reused lead.

HCT, bave found a source of aupply of lesd gpparently up to the
Amniston standard except that the bismusth content is 0,001%

and the lead percentage only 99.9955.

Amiston commented that they did not think 0,001% of bismuth
would cause sny serious trouble.

DSW 462114
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Specificagiggg and Taot Hqggpdc, contfd

Fin ished Ij_xﬁduc ts

Diphenyl , coda 3380-500-T&-
—"?Toc§ﬁic&l) authoriged July 1?325,
(Ssmpled from ths reil tank in oupercedes Kar. 2/38.
the case of tank car salss)

Produgtion Dept. Ko. 09

Appesrance yellow to pale amher solid,
Calour equal to 2.0% aqueous FaCl3 Gax,
Pr.Pt. 68.7° min. '

Dist. range 2.59C. msx. including 255°C.

Freezing Point of Diphenyl

Standardised Anschute thermonmetor £0-100°C., mounted
vor‘ticallz' nsar shalt of & eu21l olectric stirrer. Bulb
ebout 1/4" above stirrsr blads, 2nd 3/87 from the- -shart.
Hagnifier clamped to themcneter.

Helt end mir the ezmr:le., Pour sbout 120 o.c. inta
250,00 Griffin bsaksr making sure thermomster is not above
102°C. Sst beersr under stirrer so blade is #-1" above
ths boaker, and the theramometer irrmmerced to 409C. meri

or maore.

Run stirrer at molerate rate throuch test. VWhen cry-
stalliz.stgon begins, the tempoerature will rise quickly
about 0.4%., then become (onstant for 2-5 min. bofore
slovwly falling. Highest reading teken avolding parallax.

Dist. Renge of Diphanyl

Plant "B" method siightly modified by R.Sudhoff,
Har.8/37.

200 oc Pyrex (Corning 1500) dietilling flaesk. Feck grapped
with wet asbestos paper aliowed to dry on. 200-275  range
precisicn Taylor typs thermo. engraved stem 0.2°9 division.
1° o & m.*1. Both bulb and expansion buld to be below the
side tube, 6" euxiliary thermo. 0-150°, ettached with
bull 2/3 way down tho exergent stem. Cover both thermos

psw 462119
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Specificetions end Teat Faitheds, oont'd

Finished Products, cont'd

with 3/8" gless tube. Correct for emsrgeant stem, and
beromstric¢ end thermeostris e::-or,

Condenser aas for rrott bsnzol distillatiom, i.e.,

28" x 4" glass tube @ T5” an_la in copper trough. W :sr
at 75-55°C. Auxiliary burner to prevent freezing at

exit. *. shield 5" I.D. x 6" high.

Fisak on 6" x 67 pisgcs of 1/k™ transite board with
1-1/%' hole. Toup of suxiliary bulb of thermoweter levei
with bottom of side outlst. Cork stopper flask to con-

denser.

Hsich 100 g. soxplie Into flesgk., EHeat with Helker
burner till ebullitlion starie, Fhen venour ring rsechsn
into ths neck, but nok to the side erm, cool & little.
Repeat 3 times to get thermunster end {lsek neck heated.

Distil 2 dropa/mecond into bscker on & balance.

Read: ' .
1st drop ¥ 3% 5% 59% 9uE  95% 9% 9T% ey

recd guxiliary therwmoister af ®.

Racord weight In recaiver 1 méinute aftler removal of flems.

Dry. point: obaerve when last drop ie veés bottom -- needs
two observers.

(760 - Barom. reading } x 0.036 = T
flst drop - average of awniliaty rseaal
tio. of degrees &bove the dethh = Tp.
Add 77 and T» to observed rezdings.

%gs) % 0,000153 x

osW 462416
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Specifications and Toatl Kethods, ont'd

Finished Products, cont'd

Diphenyl Colour

Helt 120 g diphenyl in low form Oriffin 150 co
beaker. Compare € sbout 80°C. with fe-ric chloride
samplies in bottles of same Alameter as basker.

Standards 25g. FeCl:6H,0 0.625 g. C0Cln-6RH,0
in 200 cc H,0 + 15 cc HOD (S5G. 1.18), make up to 280 cc.

Kake Staendards

3 © 10 cc stock per 200 cc
1§- 20
1 20
2 Eo
60
; &

Standard Kos. are %?eC13'6320.

Sarple G-4072 of Finished Diphenyl was ssnt from Anniston
to Rwabon, Oct.1l3/%7.

WATER_PCB-SD0000046279



Specifications & Test Msthods, contd 61

Mr. Barden, August 1950, collected the following test reaults
at Amniston:

| “ponical Analyses:

Diphenyl Lot 246  2kT
Date 317 25 20/7  18/7 8/1 12/5 (1950)
Colowr 1.0 1.0 1,0 1.5
F¢Yt¢ 6868 68. 6809 0 69 08q9 §8681»
‘Dist. Range 0. 0. . ¢ . R
1 drop 254.8 25Zc 254'8 2565.0 25*%7 254-
1% 25k .9 25#.& o254 ,8 255.0 25%.9 2542
3 o54.9 o5%,9 25%,9 255.1 255.0 25k.9
5. o5%,9 255,0 254.9 ©55.1 255.0 255.0
10 55,0 255.,0 255.0 255.1 255.1 255.0
50 55,1 255.2 255.1 255.3 255.2 255.2
90 255.1 255.2 255.2. 255, 255.2 255.2
95 255.2 255.2 255.2 255. 255, 255«2
96 255,2 255.3 255.2 255.5 255 255,
97 255.2 255.3 255,3 255.6 255.% 255.5
dry 255 ¢ 255, 255.,3 255.6 255.5 255.7
Dets 25/4% a7/2  (1950)
Qolour 1.5 1.0 .
F'Pto ‘ 68.8 68.8 ’
Dist. Range 1.2 2.2
1 drep o5k ,8 2sk.9
1 255.0 55,0
i 255.,0 255.0

255,0 255.1
10 255.1 255.2
50 255.2 255.4
90 255 .4 255.6
gg 255.6 255.8

255,.6 256.0
97 255.8 256.4

 Test results collected in 19%7 are given on the next two
pages, 62 & 63,

DSW 462118
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64
Specificationa & Test Methods, contd

SANTOWAX R

The proparties of Santowax R &8s given in "Monsanto Chewicals
- and Plasticas" - 27th Edition - are typical anslyses.

Tentative Sales Specificetion

Color 305 - 405 KPA

Ek:lidirioatioh Hold Texperatures:

Upper 137 - 1%3%

Lower 45 - 69°C
Distillation Range: At leest 80% between 350 - %00°C

uncorr.) This property is not
etarmined on every lot.

See also under "Properties of Hateriesls"™, page 13 above.

DSW 462121
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Specifications and Tert Methods {cowtvid)

Analysié of Santowar, R

\ ZESGRITTION

Santowax R 18 a yellow so0llid hydrocarbon mixture of
micro-crystalline structure. The main constituents
are ortho-terphenyl, mets-terphenyl with smaller quan-
titles of diphenyl and tri-orthophenylene present.

The molten product ies chilled cn a flaking rcll and
- bagged or put in paper lined barrels for shipment.

LABORATORY TESTS:

1. Color: 3.5 - 4.5 NPs

Test Method: A portion of the sample 48 melted
slowly over a low heat. Care should be taken not
to overheat the sample. Some darkening due to
decompousition is possible if the sample 1s heated
above 2500C for any length of time.. The molten
gsample ia poured intov 2 c¢lean 15 mm test tube
and the color is ccmpared to the standard disc
comparator of the Nutlonal Petlroleum Association.
' Changed 8ept.25/%
Hold Points: Urrer hold point 137-1430C tos 7—;ﬁé°
Lower hold point 459-6C0C 1?;5-—53

4]

Method: A 250 cc begker 1s filled about three ;
fourths f1lled with the flsked sample and placed on
the hot plate to melt. After the molten sample

has attained a temperature of 175°-2000C, the
stirrer and thermometer zre placed in the beaker.
The material 1s allowed to cool while stirring
until crystals appear in the liquid. Then the
thermometer 18 watch closely to see 1f the
temperature holds as the sample crystallizes. This
temperature where the thermometer reads constant
for a few minutes is known as the upper hclé point.

The stirrer 1s removed and the sample is now al-
lowed to cool to about 80°C. The sample is then
stirred by hand with the thermometer. The chilled
material on the sides of the beaker must be inti-
mately mixed with the molten sample in the middle
at all times. The temperature at which the ther-
mometer stops after 1f goes down and rises to 10
to 30 48 called the lower hold point.

DSW 462122
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Specifizations and Test Fathods (cont'd)

R R

Analysis of Santowax R - Page 2

hhid

Stanczrd therr

rrcretors pre used in this test. Ke
ccrrection 1s mzde

for stam exposure.

Distillation Rance: AL least B0 per cent between
350-400°C (une:rr.)

Method: ASTH D-20 (modified)

The apparatus is designated in the ASTM method and
consists of a flask, condenser tube, shield, receiver,

and thermometer.

After sssembly of the apparatus 1: complete, the
gample is melted and stirrzd to insure propcr blend-

ing.

One hundred grazms of the sample 1s weighed into the
flask, the flask 13 put in place and heat 1s applied
Bo that the first drip comes over in from 5 to 15
minutes. The distillation ghall be conducted at

the —ate of 50-70 drops per minute and the distillate

collected Iin a weighed receiver.

The temperatures recorded shall be at the first drop
and at each 10 degree interval between 350-4000C,
the per cent distilled over shall also be noted.

This distillation range specificaticn 1is sub ject
to change &8s more history on this test of the prod-

uct 1s obtained.

Sediment Test: There shell be no insoluble impur-
ities in & molten sample of the product.

Hethod of Sampling: It will be very difficult to

obtain a good sample for this Cest and, therefore,
the best meazns of having a cl=an product is to el-
iminate the sources of impurities and keep a check

on thege sources.

For the above test, a 2 or 4 pound sample could be
melted at hourly intervnls to see if impurities

were present.

DSW 4621 23
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Specifications an¢ Test Tlethods (cont'd)

Analysis of Santowax R - Fage 3

For 8 fool-precf rwthnod, 2 macuaniecal mcens would be
needed at the flaking rclls to remove the metal scraps
witich are the main contaminont at present. If the
rolla were capable of ccoling the product to 30°C, =o
that a cold, brittle product could be obtained, the
metal could probably bLe removed by a vibrating screen
of 4 mesh slze. A magret might als¢ be cuapable of

- repoving the matal scraps. At present the flaker 1is
being resurfaced and & ncw blade 1is being instzlled

to prevent the -.lings {rom coming cff thz rolls.

DSW 462124
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Specificationa snd Test Hsthods, contid

Doetermination of Sulphur in Ssntowax

Tentetive Hoethod:

k0 g. sample, 20 g. ¥ickel formate, 150 cc H.B. %0
(hydrogenated Santowax) in 1000 cé boiling flask.

Beat & rate of 30-40°C per mSnuts to 285°C. ¥atsr

of cryst. of formste comes out up to 200°. ¥ormate
begins to decomposs eround 24092, and rapidly € 270-275°.

Heat to 285° and cool to 20-80°C.
Add 100 cc 1:1 HECl and scme boiling chips.

Reflux t111 ¥i has diseolved, (fosms), with Heyer
or similar apparatus attached to condenser, 50 cc
amzoniacal CdClpy (1% of CdClp 2%#H,0) in the bulbs.

¥ash Cd3 to bseker or flask.
Make acid to ; henolphtbelein with cozncentirated HC1l, and

dilute to about 250 cc.
Add 10 cc K/10 Iodine and 5 cc concentrsted HC1l added.

Leave 10 minutes.

Titrate iodine with X/10 thio using sterch.
Celculate to ¥ sulphur in fantowax.

Do blanik.

Determination of Chlorine in Santowsx

0 g. Santowax and 1 g. sodiua in dry K1 crucible,
0-100 cc capeacity. i

Cover.
Heat over low flame, untll Santcwax hes gone, thsn to

dull red.
Remove cover and allow oxcess Bz to burn urder hood.

Cool, wash wsll with H>Q.

Kake up to 250 cc.
Determine Cl grevimstrically in 100 cc aliquot.

Do blank by droppinz W3 into water.

DSW 462125
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Specifications and Toest Rethods, ¢ « @ '~

Santowsx R Goty G=1301 Ro Specification.

Lot Upper Hold Lowarr Held (Coloun

Data Eo. Pt. °C. Ft. “c. KPA
Sep.I’S/‘W k7 1k4.2 60.0 'q3‘8
48 144,2 61.0 3.8
Sep .22/87 50 1k2.0 69.0 . 3.6
51 k2.8 60.0 3.5
52 1%2.0 56.0 35
53 142.0 53.5 3.5

Sexple G-%073 of Santowex R was sent from Annisten to
Ruaben, Oot.l3/37.
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Specifications and Test Methode (cont’d)

Finlished Products (cont'd)

Santowax, (crude individual Zsomers)

Only small amounts of the individusl isomers have
been made. Test methods used at Anniston are given

below.

Analysis of Santowsx O

DESCRIPTION:

This materizl consists of zrystals coated with a eutectic
0il. The cclor is pale yellow due mainly to the adher-
ing o0il. The product 1s about 97-98 per cent ortho ter-
phenyl with traces of diphenyl and meta terphenyl which

form the olil.

This product is distilled, mixed in the catch tank and
1un into drums to crystallize before shipment.

LABORATORY TESTS:
1. Color: 1.5 NPA

Method: The szmple 18 mcitad with precautions not
to overheat and poured into test tube. The color
is compared to the standard disc ccmparator of Nat-
{fonal Petroleum Assocliation.

2. Hold Point: 530C -~ 550C.

Hethod: A portion of the sample 18 melted to fill

a 250 cc beaker one-half full. A stirrer and s
thermometer (standardized) are inserted in the beaker
and the material 18 allowed to cool while stirring
slowly. VWhen the temperature gets down tc¢ 550C, add
seed crystals slowly until sample begins to crystal-
lize. Record highest tempcrature reached after ther-

mometer starts to rise.

3. Distillation Range: 10°C maximum range. This range
should include 335°C (corr)

Method: ASTK D-20 (Kodified)

Same procedure as for Santowzx R.

DSW 402127
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Specifications and Test Hethods (cont'd)

Finished Products (cont'd)

Analysis of Santowax 0 - Page 2

The temperatures recorded should be at the first drop
and at each 10 per cent of distillate up to 90. Then
the temperature should be taken agaln at S6 per cent

of distillate.

Necessary stem temperatures sheuld be taken to cotrect
for the emergent stem. <Correctlion should also be
made for the atmospheric prezsure,

The distillation range teat 18 subject to revision
vhen more hisfory on this test of the product has been

obtained.

¥, Sediment Test: Ko inecluble impurities present
in the molten sample.

Kaethcd of Sempling: The naterial shall be £il-
tered through 100 mesh screen as it 18 lcaded
into drums. A sermple of the molten product shall
be inspected for solids. The drums also shaell be
inspected for clesnliness.

OSW 462128
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Specifications and Test Methods (eontd) 7

Finished Products, sontd

\

" Apalysis of Santowax "K"

This mterial is a yellow solid of crystalline structure.
The purity is approximately 95 per cent mseta terphenyl

with para terphenyl making up the remainder, The pre-
sent mathod of separation yeilds & meta-para eutectiec st
3.3 per esnt pars vh.icp gocounts for most of ths pera

contaminants.

At present this product ia crushed to lumps one inch or
smller, and shipped in paper bags or paper-lined barrels,

i.e.bora.toz_'z Testa!

?-0 Color: 1.5 - 305 HPA

Hethod: fThe sample {8 mslted with care not to dis-
color by heat and pouwred into & 15-mm test tube.
%he color of the molten sample is compared to ths
standard RPA disc comparator.

2. Pirst crystals: 90°C.

Method: A 250 cc beaker is f1l1led about two-thirds

full of ths molten sample and placed under & gtirrer

and a standard thermometer. The material is allowed

to cool with atirring until the temperatire reachss
about 90°C., Seed crystals of the sample are added

8lowly as the cooling continues, The temperature ‘
at which now crystals come out of the solution is
reocorded as the "first crystals" point.

3. Hold Point: 83°-85°

Mothod: Stirring is oontinued in the above sample

while the tempereturs goes down and then rises 1-3°C
%o the hold point. The highest temperature at whiech
the tempereture rerpn‘i.na constant for & while is re-

caorded, S

DSW 462129
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Specifications andé Test Methods (ccnt'a)

i Vo e + £ T R ke

Finished Products {cont’'d)

Anzlysis of Sentowax "M"- Page 2

L. Secdiment Teat: No insoluble impurities are present
in a molten sample cof the product.

Method of Sampling: A ssmple of the c¢rushed mater-
ial as it 18 prepared for shipment shall be nelted
for this test. The product can be.filtered before
1t 18 remolded after removing the water. Then it
can be crushed to 1/2" size for shipment.

Under the present open. air method of handling
this material, the dirt 1is especially hard to keep

out.

osW 462130
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Specifications and Test Hethode (cont'd)

Pinished Products (cont'd)

Analyeis of Santowax P

DESCRIPTION:

This maeterial i1s a white 8c0lid which orystallizes in
thiek plates. The purity is 95-38 per cent with small
amounte of meta terphenyl snd tri-orthophenylene as the

contaminants.

LABORATORY TESTS:

1.

Color: 2.0 RP&

Method: The sample 18 melted and paoured into a 15-mm
test tube. Of the standard disc comparator the color
is Judged witix RPL stendards.

Crystallizaticn Pcint: 209-213°C

Method: The cooling in this test 18 startzd in a
mineral oil bzth hezted to 2300C. The sample 18
melted and poured into a large test tube. The teszt
tube i& placed in the minesral oll bath and cooling
begins. The test tube contents a=e stirred as seed
crystals of the ssmple are added. When new crystals
appear in the solution the thermometer which is in
the test fube i1s reed. This temperature i3 the cry-
strlllization point of the para terphenyl. )

Sediment Test: Ko ingsoluble impurities are found in
molten gample of the product.

Method of Sampling: A thief sample of each barrel of
material shipped shall be examined for impurities.

This material 18 aleo hard to keep clean under the
present means of handling. .

DSW 462131
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Control Tests

Conversion Stage : € Conversion

There is a connection from the pipe between the lead trap

and the bottom of the colum om ths convertor, leading to

a small, waler-cooled condenser., Samples of the vapour my

be 4rawn off at any time, condensed, and & careful measure-
eeat of the density of the condensats made, 88 & msasure of

the & coaversion. The Arniston operator makes this test

once & day on esch wnit, uwsuvally in ths morming shift. Xach
unit bhas & sampling condenser, as shown on the attached -llcotah&
DPermmnently connected, and thers is & steel sheet “fire screen
to protect the operator and ths equipmsnt from the redidtion
from the conversion unit (especislly the lead trap).

The operator starts the water flow through the condenser and
opens the sampl valve enough to give a distillation rate

of about 500 as Jjudged by eye. Ko purging with COp

is done, Some of ths condensers have a8 screw cap fitting with
ths condensate and vent tube passing through, others simply
‘have & two~holed rubber bung. In either oase, ths sample
bottle must make a8 good wvapour-tight connection. The use of
spring ¢lipe to hold the bottle against the stopper has been
suggested. The sanple bottles are of glawms, square, 33" x 34"
x 7" on the straight side, with sarew necks, and the operator
carries 12 of théem, one for each unit (clearly numbered) in

& wooden raock, puts one on each unit, leaves them for about -
an how, then turns off ths vapour and water, removes the bottles,
puts on their sorew caps or blank corks, and carries ths twelve
of them to his test bench where ho bas & twelve-holed water
bath, at about room temperature, and leaves them until their

temperature is somewhere between 3%° and 16°C.

A portion of each sample in turn is poured into a glass hydro-
mster jar and its temperature and density observed. Tha
hydromster is gredwvated 0,880 to 0.950 Sp.Gr. in 0,0005 divi-
sions and should heve been oalﬂratodb The tesperature should
be determined with an acowracsy of 0.2YC, and even at that the
test is not highly acourete, but it is good enough for routine

econtrol.

The € conversion, corresponding to the density and temperature,
is read from the attached nomogreph. The samples do not crystal-
lize, but oare must, of course, be taken not to allow serious
loss of benzens by evuigru.bim during ths sampling and testing.
The samples are quite t when first collected, and there is a
distinct smsll of benreme (and HoS) from the vent of the test
_condense® while the sample is being taken. There ig, of course,
8 alow stream of hydrogen escaping tirough the bottle,

~ecar anaanAa
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Control Tests ocontd

¢ Conversion, contd

. This ¥ conversion test 18 not done until a unit has settled
down to steady rumning conditions. If the % conversion of any
wmit is distinotly different from 18%, the temperaturs of ths
conversion pot will be altered, 2 to 3°C at & time, to bring
the sonversion bask to normsl,

Anslysis of Crude Diphenyl
Molt 100-150 g. in a 250 dist. flask with 10" colum, Distil
into weighed receiver to 275°C.

heny weight distillates x 100
£ d1p 1= woelght sample

Tegt for Benzens Ieaks into the Stack Geses

8se page 91 below.

Distillation Btage

“Bold"” points and earystallizing points are used in the control

of the distillation of diphanyl and of Santowax, though in

both cases Annistom rum the stills largely hy "desd reckoning”,
plus column top temperatures in the case of diphenyl, because

of the time required to take the samples and make the test,

(8ee page 4 above), The test bench in the department is,
hosrever, equipped with the mochanically stirred arystalliring
point apparatus described wxder "Specifications & Test Methods" -

on page 58 abovs,

See sample G-4071 of Cruds Diphenyl, sample G-R0T¥ of Still
Bottoms from the diphenyl still, and mmple G-B075 of Still
bottoms from the Santowax still, sent from Ammiston to Ruabon,
Oot.13/%T. Samples G-B0T4 & G-H0T5 were lost, and repeat
samples were sent Jan,25/49 to Iondon.

Banzene recyocled from ths dfstillation stage should not ocontain
more than a few parts per cent of diphenyl., The operator can
Judge by the colour of the bengene and by allowing & few drops
to evaporate on his fingers, but a freesing point test would
give & bsitsr criterion, . ;
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LIST OF DRAWINGS

There are over 350 drawings on file at Anniston, but copies only

. London at

Those marked "A" in colurm 3 ware sent hy Mr.

different times,ds listed below.

of those thought to bs of interest to ML have been sent to

agel of Ammiston,

to Hr.W.M.Cooper in London,by airmmil, 0ct.l0/%7, a second copy

going by sea mAil to Hr. M. Buils In London, 0Oct.13

/3T,

Lraxing Date sent |Sent
Ho. Description to ¥,C.0. | to | Remerks
Conversion Unit
AA-5581 Cast refractory tops for linings
9C-5584-3 | cast steel door on shell of fur-
pace
9C-7817 Lead pot,flange,& thermowell July 21/50] owM
9C~-T845-5 | Stacks on Vapourirer A
9C-T847-8 | Pot #1, details,with later A
revisions ‘
9C-7937~% | Baffle for distributar A&
. July 21/50| owM
AA-T955 Cast steel flange for distrib.
pipe A
9C-8131-% | Details of columm A
9¢-81%3~3 | Traps for column A
9C-8147-3 | Stainless piping for convertors A serves for
references
to 81i%7-1 .
& B8147-2
90-8151 | Brick lining, #6 wnit A
9c-8153-3 | Details of mounting of burners A
9c-8159-1 | Manhole into stacks A
9¢-8166-% | Pot cover July 21/50 OWM
9C-8165-2 | Pot cover,Baffle locations,
u_pita 11, 12, & 13 A

Mmrae -
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IList of drawings, coantd
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CSW 462137
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Draving te sent [Sent
¥o., Desceription to MCL Remarks
"pom'araion Unit, econtd
9¢c-8194% Tayout of piping, diphanyl traps A& see letter
to sump tanks ¥ov.13/50 EN-DWT
Fov.13/50
for amend-
_ menta
9¢=-8205 layout; benzene feed tanks &
puRps Nov.13/50 do
9¢-8208-2 | Iayout; feed piping & meters Nov.13/50 do
9C-9015 layout wnits 11, 12, & 13 A
6C-=9019-1 | Prehsatser pot A
90-9019-2 | Distributor July 21/5{
9C-9022 Convertor shell, units 11,12,& 13 A
9C-902% Yapourizer coil detsils A
SC-~0025 Vapourizer shell A
9¢-9026 Yapouricer asgembly Apr.1/%8 Revised to
Nov.l4 /47
90-9054 | Gas piping to burners,& bill
' of mterials A
9C-9055 Vertieal eondenser & split flow
box A
QAA-9058 | Rxpansion flange in steam Jacketed
piping Aug.10/50
9C-9069 layout of benzens runback Kov.13/50 see comment
EM-DHT
Rov.13/50
9¢-9070 Ho piping to coolers Nov.13/5¢
9C-9075 Benzene line, coolers to feed tanlks Hov.13/531




Iist of drawings, ocontd

79

Ko. Description gitfwt..ent tot [Remarks
No.2 Dipheryl Still
9¢=7870 F;zﬂctiomting coluxm A
9C-7871 | Layout Diphenyl still #1 A
9C-7872 Condenser A
- 9C=-T873 St111 A

9C-~-T875 Diagrammatic flow sheet. New

il sl e | s

Sept .
9C-T8T7 Hiboiler tank A
9C-T886 Swivel split flow box A
90-7888 | Diphenyl still condenser details| July 29/%8 | DSH
9C-8152 | 1500 gallon catch tank A
9¢-8192 6000 gallon catch tank A
9C-8193-1| Layout of crude catch tanks A
9¢-8210 Layout #2 still A
9C-8211 #2 8t111 heater shell &
9¢c-8212 #2 8t111 heater assembly A
9¢-8213 #2 St111 ocatch tanks A
9c-821% | #2 St111 heads and tails tank A
9¢-8215 #£2 8ti111: piping from suxp tank A

to sti1l

9C-8223 Rotaweir A
9C-822% | Rotaweir details
9Cc-8254 Layout of piping, plan & eleva-

tion, Diphenyl sti1l

DSW 462133
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1ist of drawings, comtd
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lrawing Date sent [Sen
¥o. Dsscription to KCL to | Remarks
'Hydrogen Compression
9C=T360 Arrangements for burning discussed in
(obsolets), not sent to s AME's letter
June 30/%8
9¢-7366 Hy compr; wiring & control May 24/48{mSH | #
90-8040 Hy condenser piping
9¢c-8165 wiring & piping diagranm Beo note on
DC-T7366¢
5c-8188 Iayout & piping A& Bed wwboed
: Hov.13/50 Nov.13/50 EM t
DWP for amsnd-
90-8279 | lLayout H, piping from wnits A monts
XYB-14836 | Griscom Russel Company
Condenser (FPinned) ' A
% See AME's letter June 30/%48 for corrections to this drawing,
also E.G.Thoenas, May 21/%8, explaining that it relates to -
one compressor, whils 90—81é5 refers to 2 and 9C-9095 to 3.
9C-9095 Hot sent to MCL
Santowax Distlllation
[ = = e e o o
9¢-8551-1| High boiler distillation Jms 1946 | BAON
9¢-8551-2| Klevation A
9¢-8552 | Highboiler distillation June 1946 | RAOK
9c-8552-2] Pictorial Elevation A
Genaral
9¢-7850 Dia tic Flow 8hsets. Inclu-[June 13/%4
9C-7851 in "‘Daa}gn Deta, 4" Diphenyl
Unit, "Aug.9/39
9C-81%0 | #6 Unit. March 25/41 June 13/%4 mor

DSW 462139
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List of drawings, contd

Date sent)den

Drawlng
.HBo. Description to MCL to Remarks
General, contd '
9¢-8190-1 | General layout, wnits 7,8,9,10 ¥ov.13/50 See letter I
to IHT Hov.l:
1950 for amen
mants
oc-8466 Flow Sheet - Convertors A
9¢=-8550-2 | Plan ' A
90 =9060 Instrumentation A&
Diphanyl (electrical), Shows ¥ov.13/50 | DwT
Benzoene feed system

DSW 462140
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GENEKRAL HOTES ON BQUIPMENT LIST

Reference should be made to Ammiston drawings snd design data
for further details of the different pleces of equipment. Ths

"following list is intended -only to give a general description

. of the equipmont,and s& few comments picked uwp during vawious
visits to Ammiston. ' ' ‘

The equipment 1ist is valid cnly for units other than % and #£5.

The design was developed at Anniston and zoms modifications

were introduced when units #% and #5 were planned. These changss
weare found to be undesireble and the design of subsequent wmits,
inecluding #11, 12 and 13,(the laet installed)followed the ori-
ginal pattern. See page 32 above and page 85 below.

A1l benzens lines ere steam traced and lines oarrying dipheryl
or hi-boilers are steam jacketed, the Jackets being liberally
provided with expansion Joints. (See Anmnieton drawing Q44-9058).
It is important to cerry the stesm jackets »ight wp to the

The diphenyl conversion and distillation units were indoors,
ths store tanks and the Santowax distillation wnit outdoors,
with some shelter for the heating furnaces, vecuum pump and

instrument panels,
See the notes on "Gaskets"™ page 2% above.

The convareion and still buildings are high, with effective
roaf ventilators, and are open completely on the East side;, wp
to the level aof the working floor. (Pot rim level). See also
pages 16- above. The floors all are of vertical asteel greting
and Amiston are very emphatic about ths alvantages of this.

Flanges on ths conversion system piping ere of the standard
asmonia pattern wp to 3" pipe size, and are special cast steel
tongus and grooved flanges of Monsanto design ,above 3". Crane
clamp gate valves up to 300°C, no valves above 300°C except
cast stesl gate valvea on the diphenyl still.

Materials of comstruction for various items are detailed in
Amniston Research Department, Report Ho. 1642,

See also pages 22 & X1 above and 86 & 88 below for notes on
the choice and performmncs of different stainless steels.

DSW 462141
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Equipment TList, contd 3

#1 PBenzens Btorage Tanks
Five borizontal steel tanks. See a&lso pages 17 & 29 c.bovo“

#2 Puww for suplying #3

Controlled by float in #3 which cuts off the pump when the
(5000 US@) tank, item 3, contains about 4,500 gallons, &and
re-starts it at about %000 gallons.

#3 Recycle Feed Tank

See also page 29 above. Dra 9¢-8205, but sse amend-
monts in letter EM - DWI, Fov.13/50.

FThe tank in use in Noveamber 1950 was & horirontal cylindricel
steel vessel with bulged ends, about 7'-6" diameter by

13'-0" straight aide. Capacity about 5000 U3G. Set in-
s8ide & sonsrste retaining wall outdoors at scwms distance
from ths flow control room. Pipes to and from ths opereting
building rem overhead under & steel shset shisld with &

steam tracing line.

Fresh benzens in from #1 via #2 under float control; re-
covered benzens in continucusly by grevity from the reflux
split boxes, 1tem #12, of the conversion units, eand semi-
continuously by pump from the benzene receivers, item #27,
of the hydrogen compression room. Benzene in (after exami-
nation), batchwiss by purp from the lenzene receiver, item
#21, of the diphenyl still., This batchwisse return is dis-
lixed, for Hewport conditions becauss it would cause wide
variations in the ratio of fresh to recovered benzene, and
it bas been proposed to interpose & buffer vessel so as to

smooth out the flovw,

Benzene out, by & bottom outlet with an "upstand" in the
tank to retain water and solid matter, to the feed pump,
item #%. The use of a bottom outlet helps to prevent air
locking of the pumps. The lins to these puwmps 1s Jacketed
for steam,but it had no steam connections in Hoveamber 1950.
It 18 cemented through the retaining wall., Drain, from

a sump at the lowest point of the tank for removal of water.
This drein requires attention several timss a day and
should be conveniently looated so that the operator can see
when ths water has 8l1 run out, and the bsnzene is coming.
There is no special provision for sampling, though a

sample might be drawn through the drain valve, or taken
ﬁgoofthohr&nnhoaonthalinofrmtb&f@pm\,
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Eguipmant List, contd
#3 Recycle Feed Tank, coutd

Vented to the hydrogen system by mesns of a 13" insulated

~ 1line, (the tank contemts are usually warm at Annistonm,
pgxtly from the stream of recycled benzene.) There iz &
14" branch on the top of the tank,with a gate valve
through whieh the tank might bs gauged. This is very
rarely done.

Float controller stopping the pump, item #2, when the

tank contains 4500 UG, and restarting it whem the level
hag fallen to %000 USG. Floats for high end low level
alarm. (There i no formal drawing of this arrangemsnt).
Thase various floats are now made of glass, stainless floats
baving failed, end stainless guilde rods are recczmonded
because sticking of the float may cause bad trouble. Ths
domes over the float controllers are insulated and steam
traced,; but the tank itself is not insulated.

It 1s, of course, electrically earthed ("grounded"®),

Armniston experiencs Iis unfavowuwrable to the use of internal
steam coils in benzene tanks bscause of ths risk of water
getting into the benzens if the coil fails, and of ben-
zene loss via the coil. XEven if the coil is taken out
over the top of the vessel, loss is possible by siphoning.

#£4 Feed Pumps to the Conversion Unite

Anniston repart 1642 of Oct.15/%1 describas the feed pumps
as Wesco Ho.507 (one then for each wnit) with hand-opereted
-pass to set the delivery rate. Stainleas shafts with

1 Resist®™ impellors and liners, 1800 RPHM.

In November 1950, one Gould centr 1l puwmp with ean in-
stallsd spere (and room for one more) was serving the
whole 12 units through & row of flow controllers, ons for
each wmnit. It was of the 2-stage centrifugal type, 3400
RPM, (but this high speed is disliked by the oparators).
Gland packing of fiber-reinforced rubber rings, with ths
gland nut simply tightehied carefully with the band. €
Delivery about 170 USG/hr/umit at 100 psig.

A steady feed rate is inportant because flustuatioms in the
rate cause varistions in the pot temperatures. (The flow
of fusl gas to the prehsater pots is set by hand, and con-
sequently 18 not autametically readjusted to meset such
variations. Ths convertor pot temperature is automtically
controlled, via the fuel gas supply rate, but maturally
the control lags, because of the sensible heat of the lead,
the pot, and its metting).

€ Shese rings are pade for the stems of water valwvess, but
E.thhavo bean found to sarve batiar than other packings
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Equipmant List, comtd

#i Feed Pumps to tha Conversion Unita, contd

There is a Fisher strainer on the line from the feed tank,
item #4, and the puwps deliver to twin filter veasels in
the flow control room. See under "Process in Detail®

above, page 30,

Ccmversicm_ Units

%ﬁ.nf_a_. See list under "Diphenyl Process Drawing List®
8 e "Conversion Unit", page 7T, especially:

9¢-5 - 9¢-8151
9C- Zf#.é 9C-8166-2 2223331
9C-7937 -4 9C-9019-1 AA-TI55
9C-814T-3 9C-9022

In Hovember 1950, Anniston haed 12 units, of which two were
of the two-pot typs with special tubular heat exchangers,
to transfer heat from the converted vapours to the in-
coming bvenzensvapour, and the remainder were of the 3-pot
type. There were numerous minor differences from one unit
to another, representing different stages in ths design
history of the prooess, The 3-pot wnits are preferred,
and will be described in this report, because ths design
of the Fewport plant is to bs based onn ths 3I-pot system.

A 3-pot wmit consiasts of three egsentially similar stain-
less steel vessels, about 6'-0" deep by 1'-10-3/4" I.D.
seq drawings listed above), each set in 1ts own gas-fired

ce, The benfene vapour pasges through ths three in
series, called respectively 1st preheater, 2nd preheater,
and convertor. The lst preheater is in ths middle of the
row of three pots, with the 2nd preheater on one side of
it and the convertor on the other side of it. The furnaces
are of firebrick, with steel casing.

Rach setting bas eight gas burners, horizontally directed

tislly into it, four at one level and four at another,
evenly spaced round the circumference, and there is a presa-
sure gauge (about 22 p.s.i.g.) on each burner, between the
control valve and the jJet. The flue gases from pots 2 & 3
go downwards to cross flues leading to the bottom of the

- setting of pot #1, them up inside that casing, and out to

a flue leading to the bottom of the setting of the vapouri-
zer, 1tem #Sa,

There is & stesl door, with stabbing hole, at the bottom
of each setting, for running out lead in cese of leskage
from & pot, and there are acoess doors in the fluss where
neaeded. T .
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#5 Conversion Units, contd

By msans of dampers, the flus gases Ay be hy-passed

awsy from the vapourizer Wy passing them into a vent stack.
The temperatures of the three pots are discussed undar
*Process in Detail" on pages 33 and 51 above, and it will
be seen that the #1 pot is at & much lower tempersture
than ths othsr two. Actually the waste heat from pots 2
and 3 is almost enough for #l, but ths burners in the #£1
setting bave a little work to do, and of course, would

be noeded if the pot had to be re-started from cold.

Bsnzene from the recycle feed tank, item #£3, is foroed

bty the pumps, item 74, against the back pressure of the
whole occnversion system, to the top of the vapourizer,
item #64. It iz vapourizred in passing down ths coils, and
the vapour bubbles through the lead in the thres pots in
series, then passes, via the lead trap, itam #7, to tha
bottom of the fractionating columm, item #8. Each lead
pot has & dip pipe reaching nearly to ths bottom of the
pot, and the wper part of the pot has eirculsr baffles

to diminish ths entrainment of the lead,

A grest deal of experimentation has been devoted to such
blexts as the daesign of the dip pim and of distribubors,

sec below), for use at its lower end, the design of

the bafrles, the ochwice of stainless steels for the differ-

ent parts of the equipmont, and the cholce of gaskets for

the pot covers. Somsthing of this can be seen from ths

"Nots on the Maintenance of tho Lead Pots", on pages &1- above.
o attempt is mmde here to review the whole

history, but only to describe ths arrangement now used,

with present-day idees for improvement. Various old

patterns of pots ete are still glving good service at

Amniston.

The pots, and the fittings inside them, expoeed to the hot

&é’ff'aéb“ not the covers), are of stainless ateel, See pages

below for the ehoice of ths type of stainless
steel, 8&l80 page 22 above.

Armniston use steel covers for the pots. The #1 pots

have flat covers, of steel plate welded on to the rim of
the stainless pot. Socms of these plate covers have heavy
redisl fins weldsd on for stiffness. The #2 pots have
heavy cast steel domed covers, bolted on, with hesavy cast
stesl (divided) backing flanges under the pot rims. The
backing flmnge has four lugs, fitting into sockets on the
furnace roof and supporting ths pot so that the rim is
sevaral inchses above the top plate of the furnace scasing.
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#5 Conversion Units, contd

The gasket in this case iz 5/16" rownd zoft ammesaled
copper, with & square section asbostos gasket inside 1it.

§rd pot is similar in construction, but has a gasket
traidsd asbsstos rope. Mr. Harden took a sample

ocr this in August 1950, This thicker gasket is used be-~
cause the edges of the flanges pull together in serviss
at tho high tempsrature, and they can remain in serviee
longer with a thick gasket. To mke ths gasket,a piece
of ths asbestos rope is ocut, long enough to lis Just
inside the bolt ecircls, plus a few fiches over-lap. The
ends are overlapped, and ths groove betwsen the overlapped
perts is stuffed with strands of aslestos rope, and the
overlap bound with a few thin wires., Liquid glue is
used to hselp in meking ths overlap and in holding the
ring in place bstween the flanges during assembly. In
use¢ the joint ring becomes completely flattened and hard,

The use of restriction orifices after #3 pot, as discussed
on page 34 above, has thrown mmch greater pressure on the
Joint of the pot amd the asbestos rope gaskets are givi_ng
much more trouble, Vertical shset iron fences, about 6"
deep, in two halves bolted together, are being loosely
fitted around the cover Joints of soms of the conversion
pots to deflect any posrible burst of {lams dus to & fril-

ure of & gasket.

Londonit's proposal to use thicker covers and backing flanges,
and to make them of stainless steel baving a higher tem-
perature yield point than the plain steesl ones, is liked

at Ammiston, because it offers & chance of using copper
gaskets on the conversion pots as well &s on ths preheaters.
London's proposal to use slotted bolt holes is disliked as

tending to favour the bending of the flanges.

London elso suggested supporting the pot rim on a contimi-
ous ring instead of on the four lugs, but this arrangement
would appear to make the cover bolts more difficult of
access, to rob them of the cooling effect whish exists under
the Amiston arrangement, and to make the raising of the
pot & little more 4ifficult,

At Anmiston ths companion flange under the pot rim is in
two balves, bolted together, as mentioned above, forming

& ecirele, with four lugs at right angles to one anothar.
Pairs of short pleces of angle iron are wolded inside the
boax frame which composes the furnace roof, these pairs
forming guidss for the lugs on the companion flange. Steel
packing pleces are placed first on the bottom of these
guides to give the necsssary slevation of the pot, them .

~esar ACN4 AR
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#5 Couversion Units, contd

the pot lowexred in and secured by steel wodges driven in

. alongaids the lugs. The pots should not be rigidly con-
nected to the furnace casing because the continuous vibra-
tion of the pots would be communicated to ths brickwark
of thse furnace, and tend to muke 1t crumble., A4t Ammiston
thay it fairly closely into the round holes in the furnacse
roofs, but in soms ceses stesl shset sectors are used to
btridge the gap. 1In any cese, the joint is mmde good,
aithsr with slay, o more recently with a te contain-
ing asbestos fibsr (4nsulating compound . his helps
to keep the pot rims a little coolex.

¥he bolts in the pot cover Joint and in the adjoining pipe
flanges, are of ordinary steel,at Amniston, and are nevexr
re-used, partly to save time and becsuse they become
stretehed, but mainly because working conditions can be
very wmocomfortable bocausse of the rediation of heat from
other wnits. Kewport, using stainless bolts, and having
only ons wnit should be able to re~use ths bolts, It 4s
suggested to use nuts of dissimilar metal, to diminish
galling. Im ocutting out the boelts on the pot cover, ths
Anniston welder uses an oxy-acetylene tarch, and cuts
through the base of the nut, flush with the upper surface
of ths cover, and the stub of ths bolt is then knocked out
dowvmwards, the pot cover being high enough over the furnace
roof to lsave room for this and for the insertion of the
new bolts, On the pipe Joints, the bolts are cut between
the flanges. The cover bolts bave square heads, but hexagon
nuts, and they go thro the flanges, tail upwards.

Small squares of steel (old nuts will serve), are welded
mder ths companion flange, between the bolt holes;to pre-
vent rotation of the bolt. The nuts are run on with an
air-4riven spammer, for speed, and tightened wp after ths
pots are hot, with a 4! long retchet spamner. Anniston
advise strongly against attempting to use a tongus and
groove joint on ths pot covers bocause of the risk of dim-

tortion.

The .attachment of the stainless pot rim (by welding) to the
pot itself appears to be & lins of weakneas because the
lead in ths pot is very heavy and is gently bumping end
vibreting whenever the vapour is passing. C(racks at this
point are not unkmowm. Anniston bhave increased the
thiclmess of the rim of the pot; formerly 5/B", now 17,

British mekera of stainless steel agree that 309 stainless
steel tends to be brittle at the pot termperature, but that
330 does not. MHOL are experimenting with pots falbricated,
by wslding, from centrifugally cast sections of 330 stain-
less, welded either with 309 oar with specisl electrodes. .
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#5 Comversion Units, contd

Ses the letter from Michigan Steel Casting Co. to Annis-
, May 31/50). Amiston discussed this design, Aug.l/39.

Hoat treatment, after fabrication, is reoomandod for
both 309 and 330 steinless.

Insonel, Eureka, mickel, and alloys rich in nicksl are
said to give poar service.

Amniston reported, Aug.l & 5/19, that cast thermo wells
of 309 had proved to be brittles., Centrifugally cast 41ip
pipes of 309 were better tham rolled, or mold cast, but
were brittle or becams brittle in service. Centrifugslly

cast dip pipes“bave recently (1950% givem excellent ser- {@of 310

vice. It iz moted that in this ms

hod of casting the dross stain-

tends to form on the inside of ths pipe, but no harm less
appears to bave resulted. Thermo wolls of cast 330 have steel;

recently given very good service.

Carbon tends t6 buildp in any crevicses in the interior
of the pots, and to exert & bursting pressurs. (ast covers
should be free from pinholes, blowholes and slag inclusions.
Annfston warn against welding cover strips on the outside
of welds on the pots. Outlet btranchss on the covers
- ghould not extend down into the pot, and the Joint should
be welded insidé, to £111 up any crevices. 3harp edges
of metal also tend to attract deposits of ocarbon.

Ay distributor &t the bottoa of the dip pipe must be such
as will not increase impingemsnt of the gas on the pot
wall, because of erosion., Amiston are using & simple
open-ended pipe with & remoewable liner for the last few
1nohea at bottom and four 5/8% holes drilled redislly

through the well about 4" from the bottom.

At a mesting at Amiston, ¥ar.16/89, a proposal was made
to try a deflector whieh would discharge the vapours tan-
. gentially in & horizontal direction. ¥his it was thought
would give the lsad & swirling motion, diminish vibretion
of ths pots, increase tha contact fime of thse vapours,
diminish the sfize of the gas bubbles, and diminish the
entrainment of lead. Farrow orifices rmst be avoided in
theduignofa.nydeflectorbeoameotthebnﬂdmgup of

oarbon. ,
This deflector had not been tried at Amniston, but London
asked that the pots to be supplied for Hewport should have

& deflector. Standard dip pipes were, however, shipped
in Hovember/50 to avoid dslay. .
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#5 Conversion Units, contd

Texas City, Aug,10/%9, sent ML a drawing of the distributor
they bhad developed for pots for propane cracking,

There i8 no heat insulsation used anywhere in the conversion
system, except that the vapowr pipe {from second preheater
to thes eonvertor i3 insulated o= some of ths unita., It

i3 desirable to avoid loas of hesat anywhere along the
line of flow, up to ths top of ths convertor pot, and

at one ti=s ths pot 1ids were insujated. It was found,
however, that greater distortion of the pot covers and
boltes resulted.

Fhe insulation of the wvapour pipe from the secomd preheatsr
to the conversion pot is mot an easy task. Tn soms cases,
agbestos fiber, nside a sectional (lobster back) casing

is used, and in other cases a special Johns Mansville
powdared produect in & dust-proof steel ocasing. This
insulation and casing adds to the weight of the pipe, and
may cause sagging, and all these long pipes, from 2nd to
3x»d pot, whether insulated or not, have swpport stirrups,
which, howsver, appesr to bs out of use.

In addition to ths vapour inlet and outlet and the thsrmo
well, each pot cover has a fourth opening. On the conver-
tor pots this is blanked, but on the lst and 2nd preheaters
thig opening is used to eonnsct the balancing line. These

. comnections rem in 1" pipe verticslly for about 7'-0",and
then jJoim imto & horirontal header running to the bottom
of the column, item §8, There is & pipe cowpling on this
line about 2'-0" above the pot cover, then & brench for a
Prezsure gauvge, then a stop valve, which iz normslly closed,
These gauges show ths pressure in the space abave the lead
in pots 1 and 2, and the lines ®ay bs used to by-pass a
pot in emergency, and to prevent lead f{rom being forced
backwards imto the vapourirer, Thsre is a pressure gauge
on & branch in the vapour line from the sonvertar pot to
the column, 4180 & brench for the sampling condenser des-
eribed under “Control Tests" on page 75 above,

There 18 & bsavy I-beam about 18" deep, with 6" flanges,
and with a ebain block . . permnently installed, ruming
2

along it ons for each row of 3 pots, with & hinged section
of the floor to permit lowering a pot or a lead trap to the
ground flooxr. ¥Yhen a pot is put ot of action opportwmity

is taken to élea.r debtris from ths bottom of ths furnpace.
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#6A Vepourisers

Drawings. 9C-T845-5 9C-9024
9¢-8159-1 9C-9025

One per conversion unit. Fach consistas of a single coil
or of two 60ils in parallel, in a brick lined stesl
stack through which ths flus gases pase. Benmnepasses
dowvmwvards through ths coils countercurrent to the flus

ga868 .

The vapourizers first installed &t Anniston bad two

coils in parellel, one inside thse other with & common
inlet heedexr, and a control valve on sach exit, leading
to & Y pipe into the first prehsater. This arrangement
was found inconvenient, and has (except in the case of
one wnit) been abandoned in favour of a single coil.
There was some doubt about ths proper sharing of the flow
between the two coils, and consideradla trouble with car-
bon blockage. Anniston report 1642, Ooct.15/%1, states
that corrosion of ths vapourizer e6cils may occur by ¢on-
densation of moisture from ths flus gas, near ths point
of entry of the cool benzeme.

A smll leakage from a vepourizer coil into the flus mmy
easily pass wmnoticed, because the benrene will probably
not ignite in the stream of flus gas, and the leakmmy
cause serious losses before it is discovered, As a
safegusrd against hoavy losses & sample of ths flus gas
ig aspireted every day from & point in the flus, imsssd{-
etely above the vapourizasr coil on esch unit, and is
passed through a mixture,,equal parts of sulphuric and
nitric acid. PFor this purpose & &" steel pipe is per-
mnently installed in the vapourizer flue and all these
pipes are carried down to & test bench on the ground
floor. The sulphuric-nitric mixture is put into smmll
rubber stoppered bubbling bottles, which, for safety,
are sheathed in simple steam-pipe sockets, The bench
bag & simple water aspiretor, and it is the night opere-
tor's duty to test all units. Hes simply aspirates the
gas through the acid for about 10 minutes, then swslls

the acid bottls.

Blockags of the vapourizer coil is rare (except by lead
foroced back from the first preheater). ZTraces of Lwmpuri-
ties left by evaporation of the benzene are simply
carried forward in the vapour stream,

The flus ges must, of course, be by-passed round ths va-
pourizer when the benzens flow is stopped. A eo0il should
give over & year's servics before needing repair,

DSW 462151

WATER_PCB-SD0000046313



- ‘ 2
Equipment 1L.ist, contd ?

$#68 By-Pass Flue
mm' 90‘7845'5~

One per conversion unit, fitted with a dasper, To allow
\lﬂun gases to hy-pass ths vapouriser as necessary.

#7 1ssd Trep

One per comversion unit. This is a centrifugal type
separator for removing any entreined lead., It is &
closed, welded vessel which must be taken out at inter-
vals to allow any lead to be melted out,

On soms of the Amniston wnits, the lead trep 18 & rela-
tively small steel vesael, so placed that lead can drain
back from it to the convertor. In the newer units, the
trep is larger and stands on a stesl plate on ths opera-
ting floor, which is nearly at the level o the flanges

of the lesad pots. Thsese traps take the form of flat-
bottowed ocyolones 3'-6F s 2'-0" diameter, with a
central pipe 6" diamster, for the gas exit , and the
uswal tangential inlet for gas, high uwp the side. It

bas beem fowund best not to carry the central pipe more than
ebout 1%" dowm inside the trap, otherwise its bottom end
bocomss choked too soon by lead and by solid debris (irom
oxide, carbon, and shots of entrapped lead). In a trap,
seen Nov/50, the layer of entreined lead was 14" desp,
and there waeg considerable s0lid deltris &8 well., After
the lead bad beer melted out this vessel was cut open to
permit the shortening of the Limer tube, and opportunity
has taken to dig out ths solid debris.

Note on Bmptying the Lead Trap

The unit is shut down and allowed to cool a 1ittle, and
some dipbenyl etc. mmy run back into the lead trep sapd

nyt&lcofiromenthatgmpiaoveged.‘ .

Baoch eyclone bas a 1ifting hook welded on, opposite thses
ﬁ: ety this is for thes yard crane; inside the shsd
pot 18 1lifted by a stirruyp bolted to the central

outlet flange. TI® cyclone is lowersd to the ground
floor, picked up by the yard crane, and taken to e mslt-
ing table in ths screp yard, and put on the table with
ths vapour inlet dowmwards, (vessel om its side), and
flamss of naturel gas played on ths pot until lead

DSW 462152
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#7 Lead Trap, contd

runs out on to the table and down into a lesd melting
pot, from which it can be rum off at convenience into
molds like those used to empty the pots. The melting
pot has & brick setting, and a proper gas burner, but the
ayoclons i1s heated simply by open flames, confined soms-~
what by means of sheets of eorrugated iron. The natural
gas bhas & high calorific valus, so the melting is quick,

The molds are the same as those used for exptying the lead
pots, see page 39 above.

Note on Repairing lLead Trap & Column

These units are exposed to the blast of hot vapours
opposite the gas inlets (especislly the lead trap since

ths introduotion of xifice plates in ths vapour pipes

from the coavertor), and they wear thin., ¥The unit being
shut down, and purged with COs,, external patches can be
weldad on. A usaful trick first is to weld a pipe

nipple on the center of the patch and to leave it open as

a vent umtil thes patch is welded to the vessel, then to

put in & screw plug. Such repairs are dones with ths vessels

in their working positions, but 'rillod with COp.

The trep bas to stand up to fairly heavy handling when
being cleaned, apart from the high temperature during ser-
vice, and it should be of bhsavy plating. S8Stsinless is not
necessary, and thin stainless would be unsuitable,

#8 Praoctionating Columms on Conversion Units

Drewing 9C-8131-%.

One to each conversion wnit. Vapour in at the bottom from
lead trap #7. Benzene reflux in at the top from reflux

box #12.

Vepour out at ths top to eondenser #11l. Underflow out
at bottom via carbon trap #9 to sump tanks #10. Thermo-
mater well at point of entry of reflux line to column,
end one in thse exit from the ecarbon trep. .

The column hes 12 plates, but the caps have besn removed
from the lowest 2 plates because thay becams choked with
entrained lead, sete. Ths lead would bs above its mslting
point as it entered the colum. The need for 80 many
plates, for a comparatively rough se tion of benzene
froa diphenyl, hasg beon qQuestioned, t plant sexperience
indicates soms difffculty in maintaining & reasonmably

DSW 462154
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#8 Practionat.ing Colums on Conversion Units, comtd

low content of diphenyl in the distillate and of benzene
in the under flow of ths colwm.,

Prosusmbly the plate efficieney is low because of the
dilution by gen and possibly there is fouling of ths
plates by car ocarried forward in the vapor stresn,

The plates have the usual drain holes to prsvent block-
age by freezing, Design 4sta were unavailsble, May 14/%8.

The arude diphsnyl tanks are heat insulated, and any
steam Jacketed lines outdoors. The coluwms
bave no heat insulatiom.

Packed columms were used on the earlier ;:aits, but they
besams plugged with 80144 matter carried forward from

\lthﬂ po‘bl.

#9 cCarbon Trep
Drawing 9C-8143-3.

Undorflow in from column, Side outlet at top to sump
tank #10, with thermo well in the pipe bend. The outlet
pPipe goes down nearly to ths ground lsvel before rising
agrin to the susp tanks, so forming a seal bend betwsen
the trep and the sump tank. This ssal bend and all the
piping are steam Jacketsd, imner tube 2% diamater.

These trape are removed from the unit for clsaning when-
SreY necessary, about every third month. An opportumity
my ooowr when ths unit is shut down for soms other purpose.

The temperature of the colwmn trap is below ths melting

point of lead so that ths lead that settles here is usually in
finely divided so0lid particles. EHowever, dus to the nature

of the infultfhle, highly carbonmaceous organfic meterisls

that settle also, the lead 1s intermingled and agglomeratei/
iato a 8014d mass. Thus 1t 18 necessary to burn and mselt

out the trep to recover the lead. Ths proportion of carbon

to lead 15 greater in the "carbon® trep than in the "lead®

trap,

Anniston report 1642 of Oct.15/%1 states that this carbon
\trap needs cleaning every 3-6 months, and that, although

it has a bottom outlet plug, it hes to be taken out and
cleaned by burning. As seen at Anniston in Hovenbsr 1950,
these pots were simple vertical stesl cylinders ebout 3r-0"
desp by about 1'-6% dimmster with about a 9" flanged neck

DSW 462155
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#9 Carbom Trep, ocontd

to connect to ths bottom of the colum. The cover aiuo
had an inspection plug and two M'ting eyes to facilitate
handling for maintenance, ‘

F10 Susp Tanks for Crude Diphenyl

Horizontal, steel, insulated tanks., Underflow in, by
gravity, from column #3 via carbon trap #9, Out by sub-
Borged pusp FI10A to Diphenyl 8t111 #£13. A1l liquor lines
thoroughly steam jacketed. Vent to off-gas system.
Steam coil commections., Vares liquid depth indicatar.
Vent with explosgion disec.

Kr. Ellenburg, May 15/38, stated that these tanks are

operated at about 1259 to prevent crystallization.
When seen in Kovember 1950 the vent pipes were quite
bot to the touch.

#10A Submerged Pump

For transferring crude diphenyl from susp tank to diphenyl
gtille. One to eash sump tank. Explosion protf motor.:

#£11 Condepsers on Conversion Units

Drawing 9C-9055.

One to sach conversion wnit. Tube and shell type, water
through the tubes. Vapour in from columm #8 and conden-
sate out to Reflux Split Box #12, thro a strainer with
by-pass. Balancing line from top of Reflux Box #12 to
condanser, with connection to hydrogen off-gas system,
There is also an emorgency vent to the atmosphere.

Rmiston advige egainat the use of copper tubes, because
of ths sulphur impurities in the benzene. Thsy advise
miing this condenser of ample capacity.

f#12 Reflux Split Box.

Drawing 9C-9055.

Standard Rotaweir, with sight glasses and levelling screws.,
Ons to each conversion wnit. Forward flow returns via
sight gleas o recycle feed tank #3. 8ight glass in reflux
1fne, Both lines have deep seal bends, and there must be
sufficieat head between the reflux box and the return inlet

WATER_PCB-SD0000046318
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#13 Diphenyl Still
Deawing 9C-8254,

Two are installed. Horirontal, insulated, stesel- tank,
Submarged pump with water eooled bearings, and outlet
to external gas-heated e0il with branch to eruds 8anto-

wax receiver #20.

Inlet from #£10 sump tank and "Heads and Tails™ receiver
#18. on one dishsd end is return line from bottom of
colum #£1%. Returm line from hea.tmg coil. Vapour
otrtlet to bottom of ocolum £14,

%% vent pipe, from a branch on the vapour pipe to the
colwmn, carried wp tlxrough ths roof. This vent pips

bags a bursting disc between two flanges located about
61-0" above the vapour pipe. In one case, ths 6°

length of pipe 1s Jacketed (Jacket eq)ty), and in ths
other cese it is bare. Immediately below the flange
there is & thermo well, with a thermo cowple giving &
continuous record on the Multipoint temperdaturse recorder
in the instrument room. It is found that the discs
slovly become perforated, probably by sulphur compounds,
but even & smmll perforeation is detected by the tempera-
ture rise. ¥he pipe above ths flange 18 supported on
rods with a turn-buckle fitting by which the pipe can
be lifted for easier replacement of the diss,

The bursting dises are B.3.&8B. dikes, tpe A1-Pb (lead '
on the conoave swurface) "Vimyl service . Bursting
pressure 39 (m another csse, ¥3) p.s.i.g., carried be-

twoen two B.S.&B, type {langes.

#13B Heating Coil
Drawings 9C-8211, 9¢-8212,

Ons for each still. Supported in a steel casing with
firebrick lining. Gas fired., ILiquid circulated by
pusp #F13A from and to still #13. Flow is countercurrent

to flue grses.

Balf the casing hingea away on & steel track for access to

the coil, The circulating lines are steam Jjacketed. Kots,

however, that if water is trapped in the Jackets and the

?:t diphj:tgyl tt':i.rculated. a very high pressure would develop .
ets .
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Equipment Iist, contd

FL

#15

#16

#17

Column .
Drawing 90-7870.

Ons for each stilli, 20 plate column. Ixrein holes in
plates. Vepour inlet at bottom from still f£3. Re-
flux return from split box #16. Underflow from bottom
back to still #13. Vapour out to condenser §#15 via

gooss neck.

Anniston formarly used a packed columm, with a direct-
fired still, but the results were not so good as with
ths present bubble cap colum. On May 12/49 Ammiston
expressed the opinion that the 20-plate columm, proposed
by London Central Engineering Dept. would be adequate.
Special care is needed if the reflux line to the still

i8 not to freesxe,

Condenser
Drewing 9C-9872.

One per still. Horizontal tubs and shsell. Vepowur in
from top of colum #1§. Condensate out to split box F16.
Cooled by water through tubes, circulated in a clossd
mte:e#by pump #23 through heat exchinger#£2 with make-up

Reflux Split Box
Drewings 9C-8223 and 90-822k.

Standard Rotaweir, with sight glasses, and levelling screws.
One for each still. Condensate in from condenser #15.
Reflux out to top of column via sight glass. Forward

flow to bencene receiver #21 or through box FIT to re-
ceivers #18 and #19. Vent pipe, steam Jacketed for
occasional melting out, (should have flame arrestor).

Fhe reflux box should have steam tracing for use while

the 4iphenyl freoction is running.

Swivel Boxes for Switching Diphanyl 8t11]1 Distillates

Drawing 90-7886

One for each still, Condensate in from Reflux Split Box
F£16, and out, by manual adjustmant, to either "Heads and
Teils f receiver #18, ar Diphenyl receiver #19.

DSW 462159
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Equipment List, cont'd

#18 "Heeds and Tails® Receiver.

Drewing 9C-812% .

One for each still. Vertical tenk with submerged
pump,and msnhole. “Héeds" or "fails" frection of
distillste in frai8wivel 3plit Flow Box #1T7. Steam
c0il inlet =2nd outlet. GSubmsrged pump delivery line
back to still. Vent line wiih lower portion steam
Jacketed and carrying bursthyg dise.. Inspection hole
with loose hinged cover. Bottom outlet.

#18A Submerged Pump

One per Heads z2nd Teils receiver. For transferring
Heads and Tails fraction to 8tille £13.

#19 Diphenyl Recolver

VYertical tank fitted with submserged pump #19A.
Diphenyl fraction in from Swivel 3plit Flow Box #17.
Pinished product out via pusp delivery line to Aro-
clor Plant, Store tank or Flaker.

Yent with lower portion stesam jacketed and with
bursidsgg disoc. Hai-hole and cover. Handhole with
loose hinged cover. 8team coll inlet &nd outlet.

#£194 Submsrzed Pump

One for each Diphsnyl receiver £19. For transfsrr-
ing diphenyl to Aroclor Plsnt, Store Tank or to
Flaker, Explosion proof motor.

#20 Crude Santowsx Receiver

Drawing $C-7877.

Vertical tank with subrerged pump #20A. Inlet from
submerged pump 134 of still. Crude 3antowsx from
outlet of subiterged puwzp #£20 to #34B of Santowsx Dis-
tillation Unit.

Handhole and lcose hinged cover. HBanhole and cover,
Steam co0il inlet and cutlet.

S8team jacketed vent and bursteg disc.

Crude 3antowax to drums through bottom outlet.
Second stepam Jacketed vent with hand valve.

DSW 462161
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#204 Submerged Pump

One for each crude Santowax receiver. For transferring
crude Santowax to #34B Santowax still charging tank.

#1 Buffer Storage Tank

for recovered benrens. Vertical tank with manhole and
vent. Recovered benrems in from reflux split box #£16
and out to pump #21A. Inlet and outlet for steam coil.

Gauge glass.

F21A Pup
Receiving recovered benzens from buffer storage tank,
#21, and delivering to recycle feed tank #£. ERExplosion
proof motor. .

#22 Beat Exahanger

One for sach still. Receives hot circulating water from
condenser #15 and delivers cooled water to pump #23.

Cooling water through tubes.

The eirculating water is maintained at 30-40°C during

the benzena forerwm, and sbout 800C during thes diphenyl
- fraction, (by band control on the fresh cooling water

tirough the tubes in each case). (Compére pages 47.

#23 Pusp

One for each still. Recslives circulating water from heat
exchanger #22 and delivers to condensars #15. Explosion-

prqot motor. o

#2% Malke-up Water Tank

One for each still., Receives make-up pond water as

" pecessary to replenish water lost by evaporation on cir-
culsat through condenser #15. Bottom outlet to circu-
htm « Overflow. Constant lsvel devise for con-
tro receipt of mlm-up water. Condensed water
would, of courge, be better for this mke-up.
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#25 Cooler for Hydrogen .
Drawings 9C-8040, Griscom Russel Co. NYB-1%836,

Eachd the fowr parallel units of the original cooler
bas been swrrounded by a water Jacket to increase the

cooling surface, : ‘

Recelives hydrogen, for cooling, from & main serving all
the convertor units., There is & vent with hand controlled
valve commected to the hydrogen inlet via & bemzens trap.
The latter is a smsll pot containing baffles and drain -
ing to the surge tank £26,

#26 Surge Tank for Bydrogen
Draving 90-8188

Receives cooled hydrogen and condensed bsnrene frox
cooler #25 and benzene frox the vent to the hydrogen
cooler., mgan delivered to inlet of compressor #29.
Condensed ene flows by vity through bottom outlet
to either of the two tanks . Fitted with 55" water

8 to provide pressure release if necessary. Water

seal lms a vent with flame arrestor. Line to instrument
controlling pressure within 1imits of 11-16 oz. Pressure
geuge. Balancing line to benzene receivers 7.

When the pressure drops to 11 oz., the compressor low
atage becomss inoperative and only the high stage operates,
¥hen the pressure reaches 16 oz both stages operate until
ths pressure falls again to 11 oz. (per sq.in.)

# through the roof,
#2T Benrene Receivers

Drawing 9C-8188.

One for each ¢ompressor. Recelves condensed benzene from
surge tank §20, from low pressure tank #31, and high
pressure tank #33 through sight glasses., Benceme out

via bottom outlet to pump #28. Balancing lins to surge
tank #£26. Level gauges

#£28 Pump

One for each cosmpressor. Receiving condensed benzene
from benzene receiver #27 and delivering to recycle feed

tank ﬁa ’
' ) DSW 462163
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#29 Two Stege Hydrogen Compressors

Drewings 9C-8188,
9C-T7366, wiring and controls, revised version

sent to Mr. Buis, J=n.18/50,

Two &re installed. Tho first stage compresses the hydro-
gﬂn to 60, and the second to 3 pressure. Provision
or introdusing COs; for purging pwrposes, The compressors
themsalv=a are water cooled and there is a small verti-
cal tubmlar condenser after each stage, draining to the
corresponding pressure tanks, items #31 & £33.

Ir. stated, November 17/%8, that ths compresscrs
have: 3 stainless shafts and valve discs, Ni-resist
eylindsr liners and wvalve cages, Qoetx gaskets, stainless
steel or aluminum type, and that copper and its alloys are

wndss irable.

Ko copper or bress gaskets should be used, and generally
copper and its alloys are evoided. Mr. Clegorm, Nov/50,
msntioned gaskests of Babbitt metal for ths compressaors

Apniston were asked if wn-lubricated eylinders with car-
bon rings would not be better, but they replied that
finely divided ocarbon, which might come over in ths hydro-
gon stream, would abrede the carbon rings. Drawing 9C-T366
showing the wiring and control tem for a single compres-
sor, was sent to London, My 24%

The cosmpressors are fed rather libsrelly with lubricating
oil to cope with the possible condensation of benzene

in the cylinders, but Anniston have not noticed any trouble
from lubricating oil getting into the process strean.

Mr, A. M. Ellenburg, Juns 30/%8, gave & goneral discus-
gion of ths operation and control of the compressors,
incidenta giving 150 and 300 p.s.1.g. as ths two
pressurss, stated that these valies were not oritiesl
and that the cholece turned on considerdations of cylinder
size and quantity of gas to be bandled,

Progressive wmloading would be satisfactory as an alterna-
tive to the "trigger, om & off" wnloading control used

at Anniston. By Nov./50 ths solenoid unloading controls
had been replaced by pneumatically operated comtrols,
partly for reasong of safety. FKlectrical switches would
in any case be outside the compressor room. The room is
1Nluwrinated by flood lamps placed & few yards outgide

the windows.

naw 462164
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#30 Interstage Oooler

One for each compressor, Bimply eonsists of & vertioal,
water ~jacketed pipe betwsen outlet from first stage of
compregsor and inlet to low pressure tank #31, Gas

end vapor in at ths top from the ocompressor. Condensats
and gag out at the bottom to thes low pressure tank,

lit-‘.. #310

#31 Iow Pres=ure Tank

Dreawing 90"81&1

One for sach compressor., Receives hydrogen at 60#, via
interstage cooler #30 from first stage of compressor,
and delivers to second stage of compressor. Condensed
benzene blown to benzene receiver #27. Bottom drain

coc)c,_ Presgure gauge.

¥he tank has a pop valve to opem &t 100 p.s.i.g. and

a bursting B.3.&B, aluminfum, with lead fascing
oaths pressure s open at 150 p.8.i.g. DBoth
these have hooded vents well above the roef of the comx-
pressor roo&. The vents should be well away from ths
roof louvres of tha eonversicn rooms, and the still
furnace room., A connection, originally installed be-
tween item F31 and the gas inlet to the compressor, was

raEaved.,

#32 Cooler

8imilar to #30,and cools the gas passing from outlet of
mm:;s;ta.ge of the compressor to the high pressure
tank N

#33 High Pressure Tank

Drawing 9¢-8188.

Ons for each compressar. Receives hydrogen at 300f vis

cooler #33 from second stage of compressor and delivers
to HB-40 department., RExcess vented to stwosphere. Con-

densed benzene blown to condensed benzene receiver £27.
Bottom 4rein eock. Pressure gauge. A oconnection, arigi-
nelly installed between item ?;3 and item #31, with a

reducing valve, was removed.

There is @ upring-—opmtod release valve to atmosphere,
opening at 300 1b gauge pressurs, also & pop valve to open
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#33

High Pressure Tank, contd
at 380 1b and a ruyture disc to open at 580 1b.

Anniston installed float type traps to discharge conden-
sed bengene from the pressure tanks, items #31 & 33, but
discarded them because of leakage past the valves. It
is believed that traps made, for instansce of 316 stain-
less steel, with bardened seatings, might serve. At
present, ths benzene is Jdischargsd by means of hand-
operated valves, as described on page 44 abovs.

#3%B Charging Tank for Santowax Still

#3%A

Vertical tank with submerged pwp #34D. #34B receives
carude Santowsx from orude Santowax receiver #20 vie the
submerged pump #20A. Return line from preheater #3%C.
Delivery of submerged pump is to prehesater or, for ths
preheated material, to the still ¢#35. There is an inter-
connection, low do¥wn on the side of the tanks, between
#3844 and #34B, also & 4" econnsction, about 8" from the
top for use in ocase ths bottom commnection should be
frozgen at the start of ths heating process. Inlet and
outlet of hsating coil. Manhole with hinged 1id.

Charging Tank

8imilsr to #3I4B, but only oconnesctions are the inter-
connecting line between the two. Vessel 34A. simply

adds to the ocapacity provided by 34B, and it has no
pe® of its own. » :

#34C Prehoater

A gas fired coil within & brick-lined steel casing.

On 8ide of firewall remote from the still. Entry of
ocrude Santowsx from the pump #34D is at the top of the
soll, and ths flow is countercurrent to the flues gases,

Therse are four gas burners.

#34D Submerged Pump for circulation

For circulation of crude Santowax tirough the Prehesater
#34¢, Explosion proof motor,

DSW 4621686
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#35 Santowax BE111

Irewings 9C-8550
9¢-8551 General Iayouts,
9¢-8552 :

Eorizxontal tank with submerged pwp to external gas
heated coil #354. Prehsa obarge in from submerged
puEp #34D of charge tank $3IUB. Return lins from= ths
st111 heater #35A. Underflow in from colum #36.

Delivery line from s od pumep F3ISB to the still
heater, #354, or, for st bottoms, to the HB-{0 de-

partment or to the pond. Vapour line to column #36,
with bursting dise, Inlet and outlet for steam ocoil.

The temperdature spread in and out of the Santowax etill
coil is normmlly 15-18°C on & Santowax R distillation.
The pump has & capacity of 100 gpm and a 2" extra hsavy
pipe iz used for the ooil.

-

#3544 8t111 Heater

Similar to Preheater #34C, but is longer and lms eight
gs8 burnere., Q@Qas supply controlled to give correct
tempereturs spread betweem inlet and outlet of the coil,

#35B Submerped Pumsp

For circoulating still charge through heater eoils and
diseharging bottoms to ‘pond!. Explosion proof motor.

#35 Oolumm

12-plate colwm, 3 x 1/B" drain holes in each plste to
prevent bloeckege Uy freecing, It is thought 1 x ¢

. hole would be & better safeguard., Inlet for vapour at
bottom from still #35., Inlet from reflux split box #38.
Underflow from bottom back to still #35, Vapour out to

condenser F3T.
A much eimpler colum will serve if only Santowax R is
to be mde . ’ ) )

m Ms_ DSW 462167

dingle pipe im fora of xig-zag and jacketed for water
or steam, Recelves vepouwr from top of colwm 36 and
delivsrs condansate 4o reflux split box #38, It is

t to ensure that wetsr c2mmot be trepped in the
Joolet and ralsed to & very high terperatmre by the
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#37 Condenser, contd

Aetwally; only & dribble of water is used, {n paralliel
flow with the vepour, and the water astream is so adjusted
that the reflux split box temperaturs is sround 2 s
(point #10 on the Multipoint recorder) for Santowax R.
An earlier condenser, of shell and tube design, using
Aroclor &z & cooling =edium, was discarded in favour of
this simpler econdenser, because of maintemance troubles.

There are no drawings, but Mr. Rllenburg, Aug.23/%8, wrote
the following deseription:

"rhe inner tube is a standard 2" black iron Pipe,
Jucketed throughout its 45' of length by & 3% black
iron pipe. ---- by extonding & well-insuvlated 6"
riser 8' above the top of the columm, we were able
to get %5' of condenser to comnect to the criginal
location of the split box as follows: Four 10! .
lengths of pipe were doubled back on each other to
give & hair-pin shape condenser (a descending
gig-vag. B, M. ), with a pitch of about 1" per foot.
Vertical sections about 9% in length were used

to commesct ths long sections. A final vertiosl
section of 24! lotozg‘connects the split flow box with
ths zig-zag part the condenser. The inmer pipe
is jacketed conmtinuously to prevent any cold apots
en the imner tube, ---«- performance wmder the ---
heaviest load 2000 1b total condensate/hr---—=--.
weeee For ths ortho and meta terphenyl fractions,
where much lower condensate tempereatures are per-
missible ——- ths water rate oan be inaressed,~---
It would be worth while to provide a blanked off
connection for ling the condensate even if a
coaplete '(aa.qpling; arrangemsnt §s not installed.”

£38 Refiux Split Box

ftandard type, tut no reflux is used in the purification of
erude Sentowax to Santowex R.

#39 Bantowmx R Reocselver

A vertical tank operating undsr & presswre of 50 mm of
maroury absolute. Recelives Santowax R from condenser
#37 via #38. Inlet and outlet for steam coil. Connec-
tion to vacuum pusp #40., Botiom outlet to the buffer

vessel, item #39B. Valve for breaking vacuum,

s3W 462168
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#39A Subvmarged Pump in item #30B

Delivers to the Arcclor plant, the Santowax R flaker,
or the HB-%0 plant as required,

£398 Santowax Distillate Receiver

Yerrtical eylindrical vessel 5' £ §', Ddstillate in from
the receiver, item $#39, 2=4 out by submerged puzp, item
#394. (orks under atmospheric pressure. Has steam coll.)

#40 Vaicum Puw

Hanufectured by De Vine. Botween item #39 and the vacuum
pump, Anniston bave & sublimte trap and & vacuum tank
in the line to allow settling of particles. No filter

is exployed because traces of terphenyl reashing the
puEp are eithaer dissolved in the oil ar discharged to

atmosphere, ani do no harm.
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Tne tramentation
. 866 Ixawing 9C-9060.

A, Convergion Units
Eagh convertor wnit has:

(a) A L.&¥, "Micromax'! rocording-controlling instrument
for the tesperature of the couvertor pot, which
operates by controlling ths gas supply to the pot.
This same instrumsnt, still responding to the thermo-
couwple on the eonvertor, also controls the gas supply
to prehsater. If sutomiio control should lead
to towmrds a drop.in temperature of the #£2 prehester,
then this is coarrected by turning down turners on
the oconvertor.

(b) A Foxboro "On-0ff" type potentiometer temperature
econtroller for the £2 preheater to prevent the tem-
perature of this pot from getting too high, All
pilot lines sre taken from the gas line to the #1
Preheater, which only has maenual ecantrol of the supply.

The Faxboro controller is a safety deviee which will
work if the convertor control does not operate. TFhe
convertor control should cut ths gas off on both
Ho. 2 pot and the ocomvertor pot if the temperature
gets too high in the eonverter, but if the contxrol
fuils the Foxboro cuts off the gas in ¥o.2 pot.
There is no definite limit ogct.hu coantrol, but it
operates at epproximatdy 760

(6) A L.&X, "Micromex' 12-point recording instrument rom'
teoperatures at ths following points:

Yepour from outer vapouriser coil to prehsater,
Vapouwr from imner vapouriser coil to preheater.

from vapouriser.
#1 preheater lead,

gag to vapouriser - DSW 462170
gas :

The points rcrtm_t:ﬂandﬁsmﬁ not besn detailed
bare-thwmtwo-potunitaofudirrerentcm
less satisfactory dssig=m.
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Equipment Iist, comtd

A. (Converstén Uhits, eontd

(d4) A Faxboro flow sontroller for the benzens supply to
each wit, activated by an orifice in the feed
line, Foxboro Pneumatic Pressure Transmitters
bave beea installed, In jyovember 1950 these were
installed, with one spare, in & separate room which
contained also the meters for the fuel gas, and
which had a communicating door to the control room
vhere moat of the other instruments wers located.

These indicate the flow and also transmit ths ori-
fice pressurss to the control instrumsnt. There are
also loocated, within ths Control Room, hand valves
and prc3ia:m~e gauges for each benzol line. Ses also

page

. Bs Off-gas Treatment

(a) A tempereture indicating instrument responding to
thermooouples at the following points on the Hydro-

gen conler
51} Bydrogen in ?2 points).

2) Rydrogen out (4 points).
3) Cooling water out (4 points).

(b) A controller resp to pressure changes at the
hydrogen surge tank and controlling solenoid
(more recsntly pneumatic) opereted valves on the com-
pregaors 80 &8 to maintain this pressure within the

limits of 10-16 o%. per sqg.in,

Rubber fittings must mot be used.where’ thar Bill be
exposed to the process gas,because of the swelling

which would be cesused by ths benzene in ths ges,.

t

C.: Diphemyl 8¢tills
Bach still bas:

(a) A L.& X, "Mleromax! controller similar to that used
on the convertor pot, but controlling, via the gas
supply, the spread of temperature betwsen inlet and

outlet to the heating ¢oil,

(b) A L.& ¥, "Micromaxr'! multipoint recording instrument

for tesmperatures of

Bti11 Body,
Coil Inlet, this will be about the same as point #1.

Outlet cireulating line.
MR n:é :glﬁm ‘ DSW 462171
#6 Sonlonser Water.

If the oircwlating pump should atop, the gas supply to
WATER_PCB-SD0000046333
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1
Equipment List, contd 0

. Bantowax 8till

(2) A L.&X. '"Micromax' Controller similar to that used
on the convertor pot, but controlling, via the gas
supply the 'spreadf! of temperature between inlet
and outlet to the heating eoil,

A L4 ¥, "Mloromax'! miltipoint recording instrument
for t@mﬁmt of’:

S5till body,

Heater inlet,

Hsater outlet,

Vapour lesving column,

)

Fop inside of columm,
Sight glass at receiver,
Bottom ingide of 6olumm,
Condensate in flor box,
Prsheater inlet, -
Prehsater outlst.

Specimesn charts from most of these instruments were sent to
Mr.¥.KX.Cooper, London, in October 1947,

Ammigton suggest uing:\glss: wool trap, about 1 pint siee,

to protect instrument lines from bloc.lcage by diphenyl etec., and
uni:ti glycerin traps to protect instrmments operating on benzene
8 11

DSW 462172
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COST_OP_ BQUIPMENT

Amigton estimte for ths instsllation of 3 di.phenyl units

(F11, 12, & 13), Jwme 26/37, was given on g&g of the re-
_port by Eamcrort & Mather, September 1947, and is not
mmm,mmmmmmdmtr es for other

parts of the plant whieh were given on page of that
Teport .

DSW 462173
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COMMERTS O THE PROCESS

Je6 "Barlier Reports® listed on page 2 above, and “Note om
(hoice of Process™ on page 6 adbove.

Effeot of Varietion im Benzeme Quality

Ses also notes on benzene wnder "Specificatfons & Test Kethods,
page 5% adove.

kaniston repart 1642, Ost,15/31, states that, st that time, ben-
Zens with a distillation renge of 79.% to 81°C was used, but

that the freeszing point had to be 5.0°9C minimm. Traces of
toluene caused the formmtion of styrons etc. which accumuilated

in the "heads”™ fraotion of the diphenyl distillstim. The amount

of thir was only about 0.0554 of the .diphenyl made, Aliphatic
impurities were limited in smount by the 5°C specification.

The material conteined 0.06 to 0.08% total sulphur, but this

was not thought to cause any operating diffieculty, and sulphur
wag found to delay the formmtion of carbon on the metal sur-
faces of the pots, Experimental work indicated that water in

the bemzrene favoured thse formtion of carbon. (Rxoessive amounts,
if puped into the vapourizer; may cduse a& violent development

of steam, endangering the Jeints of the equipment,)

The report refers to work by F.F.Hubbard & R.A.Rwing, Sept.l7/k1,
showing that fresh benzene gives 1.5 to 1.8% more conversion
per pase than does recycled benzene, and other reports mention

even greater differences., See for examples pages 112 & 113 below.
This effect might be explained in one of ths following ways:

(1) The fresh benrene msy contain soms material which pro-
motes the resctios. '

(2) Ths recycled bensene may contain soms material which
nhibits the redotion. -

(3) The recycled benzene may contain soms material which
degtroys an inhibitor which is present in the fresh

®

Explanation (3) seems to be ruled out by the cbservetion that
in routine working, with about B0Z recycled bonzense,
and about 20 fresh, the conversion goes quite well. As between

(1) & (2) 1t is argued that some grades of fresh benczens show
even higher conversion rates and it bhas been shown by experiment

that the addition of ocertain chamiosls does aetually speed wp
the  conversion.

DSW 462174
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Commtents on the Process, contd

Effeots of "Promotors® in Benzens He
g mga%m% gi xé,go 3 above gives the follow-
Promotor Added : & Conversion at 8000C
X by welight {Diphenyl In product)
None (recycled benzene) | 10
Kone (fresh benzene) 1%.5
Acetic Acid 23.0
Ethyl Alechol 2%.0
Ethyl Ether | 24,5
n. Butyl Alcohol 26.0
sec, Butyl Alcohol 26.5
180, Butyl Alcohol ’ 27.5
Acetone 30.8 |
Bffect of sueA of Dose € Comversion @ 750°C
2,0% im Propyl Alechol 17.6 |
1.0 *~ " " 17.0
0.5 * F " 17.1
0.2 * * " 16.0
0.15 * " ) 12.7
0.1 " " " 10.8
0.0 * ¥ " 6.3
DSW 462175
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Comuents on the Process, eontd
Effest of "Promotors” in Benreme, contd

Promotors bave mot been used at Anniston in manufacturing
work. Conover's report recommends that 1f the use of promo-
tors in routine mamufecturs is planned, a trial batsh ought
first to be carried right through to Aroclors, to sake sure
the product does not contain any detrimentsal by-products.,

If ths plant is charged with fresh benzene ths conversion
figure Tor the standard conditions will De about 28, but
this figure will fall as the wchanged bencene is reeyeled,
and at the end of the day may be a8 low as 10%, The incoming
benzens, though of very high purity, appears to eontain
enough of an wmidentified promoter to have a mmrked effect
on the rate of comversion.

The falling off in the conversion rate would naturally be
vary inconvenisnt in routine manufacturs, so ths feed of
fresh benzrene is mmde practically continuously. into ths re-
aycled bencene tank, so that there is always about 20% of
fresh benzene in the feed to the vapourizers. Ths reports
g:xt quoted discuss the conversion reaction in muwh greater

mﬁritiea 111:91; to occur in the fresh bsnzene ars toiume,
fins, oycloparaffins, and similar products, boiling around
C. Pyrolysie of benrene which is contaminated with thase

w11l give diphenyl which is likely to be sontamnsted with a
variety of products, and unless these contaminants are ramoved
baefore the diphenyl 18 chlorimated to give Aroclors, the Aro-
clors mde from the diphenyl are liabls to be contaminated
with ehlor compounds in which the chlorine is more labile than
in trus Aroclors., Consequently the contaminated Aroclor mmy be
yjocted on the very stringent tests ixposed by somes slectrical

users.of Aroglors. . .

The Diphenyl made by is to be used to make Aroclors, and
Mr. T. G, Creans, Oct.17/47, estimnted that about half the Aro-
6lor produstion would be as 1254 for electrical uses, so the
quastion of stability of the Aroclors is of ixportancs to ML,
Apparently, however, ths trouble has been limited to “Pyrencls®,
mixtures of Arcolors with trichlorbenzens, and it is the tri-
¢hlorbenzens which has beem mainly at fault. Mr. Ellenburg
suggested that more intensive fractionation of the dipbsnyl
might compensate for ths use of inferior bemnzens.

Ix. Bardy, Dec.23/R7, stated that benrens contaminated with
paraffing, would yiseld styrens and appareatly vinyl biphenyls,
and that thess produsts, on chlorination, would yield materials

DSW 462176
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11k
Comments on the Process, contd

Effect of "Promotors™ in Benreme, ocontd
1iable to ecsuse skin troubles, The éhlori.na.‘ced products

might be stabilized by being held at high temperatures, but
it wvas not certain that the stabilizstion would go far enough.

Tolusne on pyrolysis is said to give some styrene, and it was
bslieved at one time at Anniston that chlorine derivatives af
styrens were oausing skin troubles among the workers in the

iroclor plant. See page 16 &bove .

In & letter dated April 21/39, Mr. Ellenburg listed alkylated
benzenes and alkylated biphenyls as possible hy-products from
the used izpure benrene, and he stated that styrenae and stilbene
have been identified in the “heads® fraction of the diphenyl

stilil.

Benzens homologues on pyrolyeis give alzso dibenzyl or deriva-
tives (M.Szwarc, “"Hature®, Sept.20/%7).

Effect of Variation in Time-Temperature of Exposure

The process :Lg normally run with ths lead in the 3rd pot at
not above 840°C and with & benzene fléw rate of 170 U.S.Gal/hr.,
these conditionsgiving about 18% coanversion of the benzens

into 4ipbenyl, terphenyls ete. The retention tims correspon-
ding to ths given flow rate, maturally depends on the pressures
at which the pots are operated. As the process is carried on
Gay after day, the vapour passages become mors and more restric-
ted by the deposition of carbon in them, and this raises the
presswee in the pots, and therefore the retention time increages.
Also, arifice plate restrictions are being tried in the exits
from the 3rd pots., When the pressures increase, from either
cause, ths prectice im to reduce the temperatures enough to
mintdin the same conversion figure of about 184. ITnereasing
Pressures also give less entrainmont of lead bocause of the
lower linesr velocity of the wvapours,and the lower tempera-
tures should reduce ths corrosion of the pots, but Amiston
axperience is showing that these advantages may be dearly .
bought, et the cost of increased mmintenance of the pot covets,

Mu’ et‘cl
Sse also under “Process in Detail®, page 3% above.

nsw 462177
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Commants on the Process, contd
Effect of Variatioa in Pime-Temperature of Exposurs, contd

Amiston report 1642 of 0ot.15/%1 gives the following state-
mont of the effect of variation in pot temperetures:

Tewp, of load Temp of lsad in Temp of lead € Conversion

in 18t pre- 2nd preheater in eonvertor to oarude
heater . ' diphsenyl
580 725 8%0 18
700 725 gto 20
580 720 - 8s0 18.0 to 19.0
580 g‘g 825 17,7 to 17.9
580 825 21,1 to 21.9
#owmit 580 800 800 17.9 to 19.3

Carban formation becomes excessive above 840°C.,

The effect of veristion in pressure in the lead potez was studied
by Conover & Huff of Plant "A%, see report Oct.5/35. At

8009C under certain conditioms they obtained 6,2¢ sonversion

&t 5 palg, and 14,82 at 38 paig.

It 48 stated that ratio of texrphenyls to benzene {n the reac-
tion produst is about ths same as the ratio of diphanyl to
benzens, At 18% conversion, the ratio of diphenyl to ter-
phenyls, etc., (high boilers) is ebout %.5 to 1, and ths amount
of carbon formation is not too serious, but 1f the ¥ conversion
is pushsd beyond 18%, the retioc of highbollers to -diphenyl in-
creasesyalso the ratio of carbon to diphenyl, so appesars
to be about the econowmic balance for American conditions, even
though Ammiston cannot sell or use the whole output of high

boilers.

See "Design Data for ¥th Unit, " Aug.3/39, for a curve of costs
v. § conversion. A

Raising the pot temperature gives an inersase in output of di-
Phenyl with relatively little increase in the consusmption of
fusl gas and at times small variations in conversion rate have
been peds at Ammiston to get a greater output of dipharyl, at
the cost of a highsr proportion of wmatage asz highboilers.

Anniston report 1642 cites & report by Durgin, Heald & Perry,
May 15/31, {indicating that if highboilers are recycled in the
benzene, the amount of HB in the erude diphenyl is not increased,
but that it bas a highsr boiling range. Anniston experience

uwp to Hovember/50 indicates that recycling of diphsenyl in the
bencens incresses the amount of carbon formmtion.

DSW 462174
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Commonts on the Process, contd _ 116

The benzens distillate from the diphenyl etill is examined be-
fore being recyoclsd to the conversion stage. It usually contains
vexry little diphenyl, but if it contained more than about 3%

it would be fed back gradumlly, or in an extreme case, returned
to the heads & tails tank for redistillation. It was stated

in September 1947 that conversion was reaching 13% in ths

ssocond prehsater and 182 in the convertar.

The extent to whish the reaction proceeds in each of the 3
pote, paturally depends on the conditions of temperature and
pressure in each pot. Anniston report 16%2 gives the follow-
ing figures for vepour leaving the second prehsater:

2nd preheater lead temperature % conversion
6%0°C 1.0

. 720-T259% X,0 to 5.0
T75°0 10,0

Distiliation of tha Cruds Diphenyl

By-produsts, which boil between benzens and diphsnyl, build up,
oaly very rlowly, in the continuocus recyeling of the “heads®
fraoction, and it 1is not difficult to run the fractionation so as
to give diphenyl of the necessary quality. Mr.Ellenburg, May 12,
1949, stated that about 0.1% to 0.2% of the diphenyl yield was
side-treacked in the form of the oil from the “heads" fraction.
Anniston report 1642 gives 0,055% on the diphenyl as the amount
of styrens, eto. formsd.

Variation in the diphenyl distillation conditions might also
gC soma wvay to off'set the effects of Ilmpurities in the benrene
used, see pages 55 & 113 above,

Benzene recovery from the Rydrogen

Amiston reported moderately good results from socrubbing the
hydrogen with minerel oil. An activated alumina absorber was in-
stalled at Amiston, to take up benzens from the hydrogen, but it
gave poor results and was disoardsd in favour of ths preseit
compression system, It is thought that ths alumina was not -
perly re-activated. Ses Anmiston reports 21%,3ept.22/33, & 948,

Aug.21/35,

8ince there is & use for the compressed hydrogen, thes compres-~
s8ion system appears to be the best for Anniston conditions.

Originally the hydrogen at Anniston was piped to & gas main and
burned, with natural gas, under the wmits, but difficulties in
keeping the corregt &ir-gas rdatio im the burnsrs soom caused

‘a continuation &f this use of hydrogeii,

DSW 452179
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COST DATA

Iabour Requirement

At Anniston in Fovewber 1950, onte operstor per shif ¢t could
look after up to 5 conversion units and one diphenyl still,
In addition, there was one chief operator per shift, (but

his responsibilities included Arcclor & HB-40,) and there was
a general day foreman, (Curry), covering & number of depart-
wents, inelwiing Aroclors. '

¥r, Rllenburg wrote Aug.18/%8,about the Wreekdown of the
various service charges among the different products: '

Diphenyl Diphenyl

Crude Distilled
Steam, 1bs 0,10 0,91
CiW mtel", cuoﬁ‘ 00037 bbbt
Recoversd water, ou,ft. 0.49 k.%o
Gas, ocu.ft. 13.5 2.2
Electricity KWH 0.050 0.008

The wnits are given per pound of produst -- for Juns/i8,
and he cozmsents that there are seasomal v&z'j.ations in such

figures,

Repair Work

‘¥he practice sheets, pages 120 & 121 below, give a record of
the frequsnay of various repair jobs.

Dsw 462159
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Kr. Ellenburg, Januvary 20/%8, gave the following break-
down of the fuel gas consumptiong

su.ft./ib,
Aroolor Distiliation 0,66
Biphenyl - Crude Units 16.7 |
Biphenyl - Distillation ' 2.2
Santowax R Distiilation 1.5

Calorific valus of the gas about 1040 B,th,U./cu.ft.
at 60°F and atmospheric pressure.
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This report is mainly a covpllation of information
érewn from Anniston reports eand from discussions
and correspondsnce with many members of the Annis-
ton staffr, whose willing and able help is grate-
fully remexbered,

The reporte made by Messrs Hzvercroft & Mather,
September 1947, bave been incorpoareted, also
that of Mr. H. L. Barden, August 1350, snd ob-
gorvations msde by the author dwring visits to
Amniston.
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Index
page 1

(Underlined figures denote the mors irportant entry
_under any ons subject)

mmm L] [ 4 e e e e ° <@ L ] 4q e a a e L 122
Alwrina absorber on bydrogan (abandoned). . . . . . . 116
Aroclor, electrical standard required . . . . . . . 55,113
BEB‘ZEHE, catalyst in, see "Benzemns, effeot of
. catalyst”
danger from overpumping into feed tapk . . . « go
fron\tatm‘in....-.....--@,S
discharge from pressurs vessels . o « o %4,103
fomtofoatd tm.......-.529~,111-
effect of impurities in . . . . » o .3,15,55,000<
effect of promotars M « o v o o ¢ ¢ ¢ ¢ ¢ & 1D
eff&ctdaulphlmin.n-.-....--c.m
effect of water in, see "Benzeue, water
foed ntavooa 0100400029-83
see also under "Inntrumenta
reed nte. [J L3 L ] L4 L 2 ° o L] [} & » < ] o ° 31

<

Teed rate during starting wp . »
fﬂtm. 9 < L e ° @ @ @ € @ E ] @

hendling.....oo-q-.. °
leskege into rlucs », mathod of destection
describedes « ¢« o o « ‘0191
mentioned. . « o o o 32,36,76
losses in the hydrogen stream, Anniston
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-repart mentioned . . « ¢« ¢ 3
Physical properties of ¢« ¢ ¢ o ¢ o o o ¢ « '10,11
pw.vo'ovtdccolntcto'-¢¢83,
quality, effect of on Aroclar workers, . . 16,114

qmlity of, suggestion to do better frac-
tionation of diphenyl to com-
pensate for poorer benzens . 55,113,116
rocaiver from diphernyl still . ¢« ¢ « v ¢ ¢ o o 99
recovery from off gas, Bee under

recycled, reacts m slowly, ses
®Benzene, effesct of ocatalyst"”
recycled from diphenyl st¢ill, examined , . .#T,gg
lefﬂﬂt&nk...o....-..cooeg,

recyoldng « o o o o o o e o o & ¢ o
rocyclingshouldbefairlytmiform......Bo

risk of flooding convertor with. .
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Bengene, spesifications and test methods, . .
utoretankn....-.a.-....
-store tanks, fire arrangements , . .
store tsnks, objJections to internmal
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colls in, o « ¢ & e ¢« @ @ © o § e 84
ﬂUlphurin'ootooa51000000015#,111
mt mom C @ a L] L] ° L4 @ @ L 2 @ ¢ < L 4 o a St:
trap failure in Hamtex.........u.log
trapping of water from ¢ « ¢ ¢ ¢ ¢ o o o « 29,
water iﬁ, dﬁﬁgﬁ?ﬁ izom . ¢ @ ¢ 6 4 @« e o ¢ 029,83

offocts of . ¢ 4 « ¢ ¢ ¢ ¢ o @ 29,111
Bources of . « v o ¢ ¢ ¢ © o ¢ o e 29
a L] a L] [ ] L ¢ L4 82

Buildin.g3000000-a
seo also under "Ventmticm

Bursting discs, on diphenyl stills. .
on vegsels . . . .

Ry-Pass flus, see er "Vapourizer®
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18,1

CARBON, build—up, bursting pressure of. ¢« « ¢ « ¢ ¢ « o 89
build-uyp, favoured by presence of water . . .
build-up, favoured by recyecling diphenyl. . . .ui
build-up, in the conversion system. . . . . 3%, ll yi
out from pots and pipes . ¢« ¢« ¢ ¢ o o
detection of bDlocknges. . « ¢ 2 « 6 ¢ o o o « #l
dioxide, commsction to convertor. . . . « « .19,31
diQIme, hﬁxtﬂliﬂg-.... v'.ccctBlgig
dioxide, not used in diphﬁ!lyl 8till ¢ o ¢ « 018,#

dfoxids, suggested use to remove carbom . o ¢ %1

dioxide, use in checking conversion system, . . 37

intentiomal addition to lead pots suggested . 22
precautions in burning out (damage to

. eqummt)o o o v o &1

(risk of poisoning by lead

mpcm')o e e e e ¢ ¢ e ° @ 6 @ ° 4¢ 41
Eu@est&d removal by 002a e ¢ e & 8 9 8 ¢ @ @ e 43
tetrachloride in fire prevention, . . . . & .17,;3
trap, clee.n.‘lmof. e 6 @ ¢ @ o ¢ ¢ @ ® ¢ e © @
mp, dﬁﬂcrlption Of¢e « « 2 o ¢ ¢ ¢ ¢ a ¢ ¢ 0 o 9’#
mp, Opemtion Ofe ¢ ¢« ¢ ¢ o a. 06 ¢« ¢ o ¢ @ e e #3
Catalyst in fresh benzens, see under "Benzene,

catalyst in"
Charts, see under "Instruments”
Chlm:'imtion of diphenyl, mentioned . « + ¢ ¢ o ¢« o
see also under "aroclor *
Chlorination of Santowex . . .
Chlorine, determination of, in Sa.ntm:r
Choice of Process . ¢« o ¢ o« o «
Column on comvertar, mangomnt oi‘ v
convertor, choking of . . .
convertor, efficiency of. .
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Golm-ﬁ on comvertor, operetion off'. « ¢« ¢ ¢ o o

."..*
convertor, packed coliurm umsuitable, , . . < « 93
omw‘r@p&udtncov'¢loocoo93
diphanyl still . o & ¢ ¢ ¢ o ¢ « ¢ o o 0 ¢ o @
Senbtowax 86131 & o 6 » ¢ ¢ ¢ ¢ « ¢ ¢ o o ¢ o o1
Cmntlonpx‘ococl....o-..'.-.....-...m
Comprossors, see under "Hydrogen, compressors”
Condensers on coaversion units, deserintiom af . « ¢ « & gs
Opmtionof..cvc-3
MdMl atﬂlﬁ, deaoriptiﬂn. of ¢ s o o 027
operation of. o ¢ ¢ ¢ o o
onSantm:atill'..-.’......-‘Q,l-
cmoj-mtsooqoqoocoov.olath0*3‘*71121116
Conversion pota, baffles ¢« ¢« ¢ ¢« v ¢ ¢ ¢ ¢ o o o ¢ ¢ ¢ o 33
wleS,S&ggingof...;....-.l
c&mesorffa.ilm'eof..........41
COVET ¢ ¢ o« ¢ o ¢ o ¢ o o o o @ !#l,~2,86"
covers, bolts of, cut,in. .
I‘G‘D&L'L"OI'IC-...-....BS
covers, Joints, see under
"Gaskets"
covers, warping of .+ ¢ ¢ o ¢ o o o .#2,%_
cracking of welibetween pot & rim . .¥I1,
dﬁpthcflea-din .'.'.'.'."gg
degcription of . ¢ ¢ ¢ v ¢ ¢ ¢ ¢ o ¢ o
Qosign of AID-PIPEB ¢+ ¢ « « « « ¢+ o « « 86
emtyingof.-.«;....'..--39
equalicing Iines on ¢« « « ¢ ¢« o o « 3,%%
flue arrangements « ¢« « « « ¢« o « 36,41,
leakage of lead or vapour from, ‘
dctoctionor.‘.."..#g
mointenance of . ¢ « « o ¢ @ ¢ ¢ o -*h%%
mvingwithoutelpt‘y'ing-.......
/ operation of ¢ ¢ ¢ ¢ ¢ ¢« o ¢ o o o o o 32
OVBThﬂGtLDGOmelQOUOCG 1
Presasure gauges, see under
"Equalizing linss"
lle.oo..-....#E
pI‘OSBmlmcoocvoao‘o-ccogh'
repalring--.............2
rims thickenod. « « « « « « o « « ¢ « o 88
rim wolds craoking. « « » o« « « « « 41,88

rotation of between different
Bettingu..¢o..c....‘¥2
netti.ngof....-'-¢-o----334§§_

seo also, "Conversion Pots,

flue arrangemsnts"
ut&l‘tingof...o--...-
stopping of . ¢ v ¢ ¢« « ¢ ¢ ¢ o }
¢ e @ @ e a 333“51

° 9 @

tenperatures of . e
tenperature control methods .
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Conversion pots, texperature controllers, . . o « « .34=,107
to be free from casings. ¢« ¢« « o o o ¢ o B8
vitretion of, See “Vibration®

Coniversion process, adjustment of temperature to

caxpensate for pressurs varia-

tions. See "Pressure increases,

compensation for"

degroe of conversion in each of
the 3 pots., . .

doacriptio-nof.-....‘,-..-ﬁ
effect of variables in ., , . ¢ o v ¢ elil-
two pot system mentioned . . . . 32,82,85
Conversion test, details of ¢« ¢ v+ ¢ ¢« ¢ ¢ o o ¢ ¢ o « o o T5
mtimed ¢ @ ¢ e e ¢ e e ¢ © ®© ¢ © & e 3
Cooli.ngfh.nl..o......o..o.--......19,20
Copper and alloys, failure of in H, system, . . 2%,4%,101,103
not recommended for

condensers ¢« ¢« ¢ « ¢ ¢ o s 4 « « 95
Corrosion, effect of Impurities in lead feared. « ¢« « o o 57
gemlmteonccqnccooococo--22"
of convertor PObB: « ¢ ¢ ¢ ¢ ¢ « v o o ¢ o o ¢ H1

of convertar pots by lesad blast
(Anmm repm't)c e @ o ¢ o e 0103
»103

try stainless steel for traps in Hy sys

Cost of equipmant . ¢ ¢« « ¢« ¢ ¢ ¢« ¢ o o o o
c“tdmctmoccooaqoo-c
manufacture, practice shests., . .

manufacture, versus % conversion.
Cost sheet, diphenyl: ¢ « ¢ o o ¢ o o's «
Cost sheet, Santo@aX Re o ¢ ¢ ¢ ¢ o ¢ ¢ &

Crude diphenyl, analysis msthod for . . .
camposition of, see "Flow

tanks, desocription of .
Crude Santowax, see "Santowex, Crude"
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IBSIGK DATA BOOKS {Annistcm), listed . ¢« ¢ ¢ ¢ o ¢ o 03,4

Design data book, (London) discussed bty Ammiston staff. . .4

Dmlnﬂldi’tﬂhtiw, anwm'oco ¢ e ¢ o @ ootns
controlmta........zg,GIlG
Oﬂ‘b p‘oint‘ e e o ¢ o @ 2 P 3116
cut points, variation
of suggested to compen-

e

sate for poor benzene . . .55,113,116
deacrwtion O.f ¢ e o @ @ ¢ & ¢ a o ;5"
fire bvzard In ¢ ¢ s ¢ ¢ s a o ¢ o 17

heads frection, amount
elimimated . ¢« « ¢« o 028,48)116
reflux retios lsyk'(,ge
Diphsnyl, MCL do not expect to sell, . . . . « o . 8
physical properties of , . « « « « ¢ o o o 11,12
specifications and test mothods. . o 4
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Diphenyl still, benzene receiver of, described e s ¢ o
bottoms, ses "Cruds Santowax"
bm'st:ingdiaoon............
colum, sese under Golunn:
condenser described . , . e o o o
ccndenser, indirect, oooling of v
condenser, temp. control of ¢« & ¢ «
condenser, heat exchanger oa

wter of . « ¢« o o« o
sondenser, arude Santowax recoivar.
deacrmtim of ¢ ¢ ¢
diphenyl receiver . . .
distillate switch box .
formerly direct fired .
heads & tails receéiver, .
heat cut off if pup fuils.
heat exchanger on condensor wa
he&tingcoil......-..
preocautions in charging « - «
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diacharging
Bt&z’ting °

safety ding, Bsee m,phaamrl S¢t431
bursting disc"

temperature control ,

temperature recorder, .

test recordB. o « ¢ o o

Distillation, see "Diphenyl distillation
"santowax distillation
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EARLIER REPORTS, ses "Previous reports’

Wof’rﬁsselsvcovcoooocovoovvvcl?,&
Effect of variables, benzene quali P & & |
catalyst, see ene, effeat
of catalyst in"
Pressure .  « « « « « « o 34%,87,11%4,115
DI‘Cﬂotm"l.....«........ -
rwcl’dmn’meooc-ntdoocm
recycled Aiphenyl, « o ¢« ¢ ¢ o o o « 115
recyeled high boilers, . o ¢ < ¢ o .112
tm‘bﬁmmtm‘ﬂcv-avoonvou’

Efficiency figures, sse "Cost of manufacture
Anniston report on losses of
benzanni.ncffgas...... i e ¢ 3
Elsctrical use of Aroclors, see “Aroclors, elootrical
standards”

Rmptying of lead pots, see "Conversion pots, emptying of”
Equaliring lines onconvertm, se¢ "Conversion pots,
equalizing lines on®
Baquipment CoBte ¢ « ¢ ¢« ¢ o o ¢« o o o o
tlist.---..-......
Equipmeat 1list, goneral motes ofi: « o «
Bxtinguishers, see “Fire Fighting®
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FENCE, round the pot 14d. ¢ o ¢ ¢ ¢ o ¢ o ¢ o o o ¢ « 18,8

moquipmt-ooo-oco.vo-ucocﬁcuqcclo

Pire precautions, Anniston report cited . ¢ « ¢ o ¢ o« « « 16

Fireamenn,mentioned............-..olQ,ZS

Flangoai.npipelines.............-c.

ingtﬂ Qo"lolocvl!lggeo,ea

Floe.t controllara in bcnzena recycle feed te.nlc, Bee

®Benzene feed a.m*e.ngamntu

Flow controllera, see "Instrumenta™

F'lOVthGtofthriall........-......-25-

Practiomating colums, see¢ "Colwsmms”

Pusl gas, burners . . « . ¢ « o o ¢ ¢ s s 6 o 0o s ¢ o o B5
oa.lori.ricnluoof..............1203.
calorific valua,mentionsd . , ¢« ¢ ¢ « ¢ o ¢ o o
connﬁctibnﬂ...'.¢-.--»....-.-.3
oonsmzptio-nof.:., e o ¢ ¢« s ¢ o « 1IT,120a

eomswuption of, re’ t;ed to pot temperatures 35,115
control e © ¢ & ¢ ¢ o @ 6 ¢ ¢ © 6 6 & @ e @ 36,1
mters' a @ e ® e < a * @ e ® e @ e @ @ ® [ 4 31’

GAS, ses "Fusl gas”

Gagksts . : o ooocoooccocouetatnocoE#
Gukets,mkingorrorpotcovm............87
German reports LIsted . ¢ o o o 6 v ¢ o o 0 0 0o« o o 2,3,6
HB-%0, mentioned . . . e e e e e e e e T,lB

Hoads & tailes fractiom, bui:bd-up of by-product in, see
"Diphenyl distillstion, heads fraction
arsount eliminated

Heads & tails fraction, conpouition of, ses

wmder “Flow Sheet"

Beads&:tailsreceiver, descTibed . ¢ o ¢ ¢ ¢ ¢ o « e o « 98
Eeetbe.].&noe....o.........-...-‘-...15
Heat exchangesr on condenser wster, diphenyl s¢ill . . . « 99
Heating coil for diphernyl still, described. . . « « « « « 90
operation of, see "Diphenyl distilla-
tion, description”
Hoating coils for Santowax st411 , . + . « « . «» . 103,104
mt or rmtioﬂ-l @ L] L 2 @ < ] L a 9 o q (4 e o e L] ® L] 15
Heat treatment of stainless steel reommanded « ¢ ¢ ¢ o ¢ 22
Hb&lthc@sidﬁrationlc..-......-....'..16
See also "Welfare®
skin troubles in Aroclor: . « « « o .lﬁ,ﬁ,ﬁ
High boilers, retio of to diphenyl, produced. . « « ¢ « &
required. « ¢« o ¢ ¢ o
Hydrogen, alumine absorber for benzens abvandoned. . . . .11
benzene recovery from (Anniston reports). « . » >
benzens recovery from, comments Of. . « o + o 11 &
mbm diOIidQ Qmmimtim Ofo ¢ @ ¢ © e 19,38 -
compression, choiceé of prsssures at %
two E‘tag!_!!- e’ ¢ ¢ © e'sa & @ @ ou,.&o:- (=]

WATER_PCB-SD0000046354



. page T
Hydrogen, compression, flow sheet of mterialz
ses under "Flow Sheet”
conpressor, described., « o ¢ ¢ ¢ ¢ o ¢ o o ¢ o 101
compressor, lubrication of . « &+ ¢« ¢« ¢ 4 ¢« o o 101
compressor, operation of ¢« o o ¢ ¢ o o ¢ o 44,101
Goolerac [ L] [ * @ @ q L] e L] a ® [ ] 9 L e Q9 1%’1@
cooling and cotmpTession. « « « « ¢ o ¢ ¢ o 44,101
d&ngera L 4 @ < @ @ [ 4 e ] ® ® @ 4 L 4 L 4 ] @ ) 18, ;_2' 101
formorly’bm’nttithfualgas.-.....o
oxygen determination urmecessary . . « » « 19,84
pressure Control . ¢ o ¢ o ¢ o < o «%5,100,101,108
recsivers described. « ¢ ¢ ¢ o ¢ o o ¢ o o 100,108
aurgetank....o...-.-.......loo
terpereture recordar On CORPIESBOr  « « o« « « 108
traps on instrument lines. . . + ¢« . ¢ » ¢« ¢ o 109
mpﬂrorbenzem-occnc-occu-oo“;%}é»
uses for., . e e @ ¢ @ o 0-1010'117,
vent connections from orude diphenyl
0@0-1;&31{30..4.0-0.019

INTERMEDIATE FRACTIONS, ocmposition of, see under

"Flow Shest”
mmta @ o ¢ a ® ® | L 4 € e - e ¢ L] e L ] @ & e e L) L ] lm-
benrene flow controllers . . « s+ « ¢ o« « » 31,108
m“amttcm~ncou-00.0t3#,50,1®
conversion pot temperature controller. . . 3%,107
conversion unit terperature recorder ., . . 3%,1
dj.phmlﬂtilloooocvaootaovas’l

dipheryl still, cooling water, no )
longer instrumented. . . . . . &7

float controllera in benzene feed vesssl,
"see “Benzens feed arrangemonts”

Santom t @ e @ @ [ 4 a L] L [ 9 ° q e 50 1
Insulating compound & 1%1:' . . 83

oxr Dot nmoe Jomta e o @
mmtiono e © 9 6 6 ¢ @ © 4 © ¢ @ © ¢ ¢ ¢ € € o @ @ 90,,94
m.MUR mm. L4 L) L] ) [ e e e ¢ e e Q e ¢ e 1] ° 4 0117
w’ d@th or 1n pots L 4 9 ¢ L] L « L4 L 2 L4 L4 @ e e @ L [ 4 a 32
ereo“ Of m!ﬂ‘itieu ino ¢ @ e ¢ a © & o ¢ e @ 022157
enptying POLB ¢ ¢« o ¢ o v ¢ e 0 6 ¢ & @ ¢ 4 @« @« ¢ o
entraimment from Ppots o o « ¢ ¢ ¢ ¢ ¢ o ¢ « o « 38,81
forced back to vapourirer . . . o o ¢ o o o o o o38,91
see 8lso, Convmion pots, equalizing
lines"”
M_tng (mim off t.hﬂ &I‘Ol-)- ¢ e ¢ © ¢ 4 o @ -20 9
lmgﬂ Into fUrnace® . « i ¢ o o 0 o € ¢ ¢ ¢ 23,5’_2_)
Getection of ¢ ¢ ¢ ¢ ¢ « o @ ¢ *2
Bld.ng up JoaBes Of ¢ ¢ ¢« o o ¢ 0 ¢ 8 0 i « ¢ 40
° L @ L ] L4 ® @ @ L e < a a ® 9 q e L] Q L] &
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lead, oxide, corrosion of Pots bye o ¢ ¢« ¢ o 6 ¢ o o 22,23
poisoning, little risk of¢c « o« s ¢ o o
pots, see "Conversion pots"”
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Q\mliw Of ¢ « ¢ o .6 ¢ 6 v 8 ¢ o ¢ ¢ o ¢ o @ ¢ o o BT
rﬂmlting o ¢ & @ ¢ @ o o e @« ¢ o ¢ o ¢ o o 40
spectrographis analyuin of , nontiomd ¢ ¢« ¢ & ¢ o 5T
Isad trep, cleaning of, deseribed « « ¢« ¢« ¢« o ¢ o 0 o o o 92
montioned ¢ ¢ ¢ ¢« ¢ ¢ v ¢ © ¢ o o 39

description ofe ¢ o ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o ¢ 0 o g2
central tubs of, shortened., « « ¢ ¢« ¢ ¢ ¢ o g2
mt b mw Bt'cel [ 4 [ ® L] [ e L4 L 4 9 [ ] L 4 [ 4 L] 93
need not be atalnless « + « ¢ ¢ ¢« ¢ ¢ ¢ ¢ ¢ « 3
operation of'c « ¢ ¢ ¢ ¢« ¢ ¢ 2 ¢ ¢ o v ¢ 4 o o 43
Np&iring oft ° e o ] < e L] ° e L4 e < e a L e 93

MATRTENAKRCE OF LEAD POTS « « « « « o « ¢ « o « o « 39,41,89
Make-wp water tank on diphenyl still condensing
. system
¥onsl brdly corrodsd ummder pot conditions., .
)bnt&rQ..-o.:.o..‘-. e P
&)m,mﬁ()fdvac-tn-co e

a 2 o a
e 9@ e @
e @ o a

e o e
° L4 @ L

KICKEL, and alloys rich in nickel, badly eorroded
wnder pot conditions . ¢« ¢« ¢ o « 22

OFF GAS, see "Rydrogen"
Operation Manual, (not yet written at Amiston). « o « . &
Operating records, diphenyl 8t411l. o ¢ ¢ o « » o o 45,52.5i
conversion Wit « ¢ ¢ ¢ ¢ o o ¢ o ¢ ¢ D
Oruicopl&monmts’dotamdocoooocooo- 5
effoot on Predsured, « « « « 35,
see also under “Effect

of Variables”
roaring of gas through. « - « « 35
Outlets for products, es cable box compound « « ¢ ¢ ¢« o ¢ 7
electrical use as Aroclor. . 55,_1;_1%
as firelighters (not uuitable). « o

geneml‘..'.-"'...l'?
mm—oo-.'-..-...-c-T
mdmg‘nﬂoivtvvvcocvc.r;ns
roofingoowotmdu......«..?
Cmtllnecfprooesﬂco.-.....-oooq.--.4-5
PACEIN?, diphenyl melted into drums is incomvenient . . .48
Santowax R 18 now £flaked « ¢« « ¢ « ¢ ¢ ¢ a ¢ o ¢950
Patent position, Anmiston report €1ted. . « « ¢ « « o o o 9
on high chrome alloys for lead pots. . .22
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Pipe linss MCEBM e e LS L 82483195

See also wnder "Water in Jackets ™
Pipe lmeﬂ tz'&ce'd L L [ 9 @ L] e L 4 L e L] ‘ ] @ e L @ @ e 82
Preheater pot, see under "Conversion pots®
Prehsater, tubular, see under "Conversion Jprocess, two-

pot system".
Pressure increase by carbon deposition . « « o . y, 114
Pressure, compensation for by altering temperaturea. g
Pressures throughout the conversion wmmit . + « + « «
" checking .
‘itll GO2| e o o 37

Pl‘eYiouxrepors.SlintOdo...--....-...-.' 2-—

Process in detail. . . . ...........29-
Promotors in benzene, sse "under "Erfect of variables®

Propel‘tiaﬂ of aterifls. ¢« ¢« ¢ ¢« o o ¢« 3 ¢ 0 0 6 ¢ ¢ ¢ ¢lO=
Protectiveclothing..a...-.....-...-..19

RATIO of high boilers to diphenyl, see under "High boilers"”
Record charts, see under "Instrumsnts"”
Recards, finished product tests, ses under Specifica.tionz
& Test Methods"
operating, see under Operating Records "
raw ms.teria.l tests, see under Spoci_ficationn
& Test Methodz
Recycle feed tank, see under "Benzens"
Recycling d.iph:enyl to convertors, see under
"Effect of variables”
high bollers to convertors, 5ee under
"Effect of variables"

Reflux split box on conversion units described. . . . . 95
on diphenyl still described. « « « o o 97

on Santowax still described. . « « « o 105

Repairing column and lead tX8D: ¢ « ¢ o ¢ 2 ¢ o o o o o 3
con’rertcn:‘mt..o-....'.....-.a

de&iz' work ¢ ¢ 5 @ @ @ o I“Q 1.17

Reports (eariier) liuted, sea under "Previoua Reports
Rooring compound from chlorinated Santowax. . « ¢ ¢ o o« 7

BAFEIY CO}E]:DERATIOE ¢ e © ¢ e ¢ @ ¢ € © e @ @« ¢ o © o 16“
mogana ¢ ¢ @ & ® o @ & 4 .18,_1_9_,101
ShaWers « « o o s ¢ o o ¢ ¢ o » o 19
Samples sent to HCIL listed. . . . e ¢ ¢ @€ 9 e ¢ € ¢ 21
Santowax, orude, anslysis of by A1stillation. . « « « . T6
charge tanks for B8till . ¢ ¢ o ¢ ¢ o o 103 0
conposition of, see under "Flow Sheet" e
dizpoml Ofe 6 ¢ ¢« o ¢ 0 ¢ v @ ¢ ¢ o T)w- g
d.iﬂtill&tion Of L) ) < e L] e e [ [ ¢ L3 5) u9_ g
diatillﬂ-tion nﬁld e ¢ ¢ © o e ¢ @ e o 7 Rty
mmling Of. e 6 @« © © e @ e & ¢ o e @ m" Q
hold Pomt& Or e @ © ¢ o © 4 ¢ o 8 e 13)50
physical propsrties of « ¢ « « « o« o 5

receiver ds :::ribod .
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&ntom,cr‘udo,u_tﬂl....,....-..........104

oollmon.'.....'o'-.-lm f
OoNAGNBEY A o o v ¢ ¢ ....@9,104
designed for separation of
thoisowso....-.#Q
earlier des wentionsed . o « « « &
heater descaribed ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o X
opmtmof" ® € © e ¢ ¢ e a @ #9
prehsater described. « ¢« « » & o o 103
1‘@065.?@040.3.01.100.105
tempoerature controller « ¢« ¢ ¢ o o 109
temperature recorder ¢ o ¢ v « ¢ o 1
VACUMD VE888L. o o o ¢ o o ¢ o @ o L
Santowvax isomers, Amownts B80ld. s o « o ¢ ¢ ¢ ¢« o 6 ¢ o 8
Anniston repart on separation
: ofcitod.......E
outline of separation process . . « . 5
specificetions and test methods . . . 70

Santowax O0.M.&P. see "Santowax isomers"”

Santovax R, £1aking 0f. « v ¢ ¢« ¢« ¢ ¢ « o o o« o « ¢ 5,89,67
ha.ndlingof........-o-o..-.ﬁo
mckingord"’.’“.’l.lvltt 50
reeordzoftestresulta..........gg
specifications and test mothode . . . « « o«

sc&lﬂofm]dnga-‘-..o.....-........ 8

Skin troubles attributed to poor benzene. . . . . 16,56,11%

Specifications and test methods . o « - o «

Stainless steel pots, carburation of surface
suspected, . . « » 22

corrosion, ses wunder "Corrosion”
effect of impurities in lead,
soe under "Lead, effect
_ of impurities in"
effect of lead axids on, &es
under "Lead, oxide" ‘
heat treatment recomsended, . , o =22
types of stainless steel 22-,86,88,89
Steel floors, advantages of opea grids, « « « « . .19,20':82
St111 bottoms, see "Santowax, crude”
Styrene, effects of on workers, see under
"Sidn troubles"”
Sulphur in benzene, see under "Copper”
Sulphur delays the attack of benzene etc. on pots
Sulphur, determimation of, in Santowax. « ¢« « o« ¢ o o« «
Sump tanks, see "Crude diphsnyl tanks®

(3
L]
=

2k

TENPRRATURES, ad justmsnt of to compensate for
veriations in Pressure . . . « . 34,114

Femperature comtrol, detection of overpuwmping
of benrens to convertorg. « o » o 30
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Tﬁﬂ)m’bm‘e control in di,phml Gtill. e e o e g ° v hs
Temparature controllers, see under "Instruments”
Temperature, sffect of variation of, ses under
"Effect of Variables"
:‘emere.tm-ca at v-arioua points in the conversion
system g}}
Temparature of pot, varying with the benzens re.te. v .
mmmcontrom. e v o ®
Terphenyls, ses "Santowax isomers”
Teat method,, see SControl Tests™ and "Seeoirioations
and Test ..;sth:‘..z
Thermsl balance, ses "Heat Ralance"
®ube process, see wnder "Germn Reports” and
wnder chaica of Process"
Subular prehsater, ses under "Conversion process,
- two-pot system"”

USES for products, see wnder "Outlets”

VACUUM pump for Santowax still desoribed. . . . . o . 106
Vacwmx still, see Bantowax crude st111"
vessel, ses "Santowax cruds still vacuum vessel"”
m"ﬁa- @ e [ 4 L « [ ] o e ° [ 4 q . e L L] ° L4 e ° o a 9 ' 82
Vepourizer, blockage by lead see "Equaliring Lines™
d forced back to
vapourizer”

blockage by 80ldd, unlikely . . « « « « & 30
0041 1if6 « o o ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ € ¢ ¢« @ 91
descxribed ¢« ¢« ¢ ¢ ¢« ¢ ¢ 6 ¢ o o e & ¢ 0 @ 91
flue arrengements ¢ « « « « « o o 32,37,86,91-
leakage of benzene into, see
"Benzene, leakage into flues”

operation ofs o ¢ ¢ ¢ ¢ a @ o 032,37.
overpumping of benzens into . s 30
pressure drop through . 3;

temperatures in . « .
Tentiiationn ¢« ¢ « ¢ ¢ o ¢.¢ ¢ o o
Veuting of conversion unit. . . .
Vihl‘ﬁ-tionofpotl!..-... ¢ ¢
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e o & & @
e & & o ¢
s & ¢ & 4
¢« 6 0 & © o @
e &8 © a o @¢'e
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WATER in benzene, see "Benzeme, water in" .
Jackets of pipe lines, danger from . . . . 96, 10k
see also under "Pipe lines"

VOIIB.I‘O e o ¢ o © e uochcooooooocco-lg
Bee also under "Health"
weldi.ng rm mm m. L] e L ] L 4 L 3 [ [ 4 L] ? < o L] e '17'18
hoat treatment recommsnded after « ¢« « « « « « 22
on 001’.@ and lead tr8Pe v o ¢ o ¢ ¢ @ ¢ ¢ 4 @ a3
YIELD DATA, 590 -Flow SheetF® DSW 162197
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