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IRTRODOCTORY NOTE

Preliminery information was sent from Anniston to Hr. E. A.
0f'Neal, Xr., in Yondon, June 1946.

e, D. 3, Havercroft and the writer paid a brief visit to

Apniston in September 1947 to collect information needed for
mlunt%;g and design work in London, and they produced the
report tes on ths Process for ths Manufacture of Diphenyl

& Santowax at Anniston", ‘September 1947.

A set of Anniston drawings, out of over 350 drawings on file,
was sent to London shortly afterwards, the selection being
such &8 would give full constructional details relating to
Amniston's preferred designs,

Since then thare has been a great deal of correspondence ba-
tween M.C,L. and Anni{ston; Hr. H, L. Barden visited Anniston
in August 1950 to revliew the process from the angle of pro-
duction work rethsr tbhan design work, (see the relevent chapter
of his "Report on a Visit to U.8.A."%, August 1950), and the
present writer visited Amiston November 6-10, 1950, mainly to
deal with certain questions raised by the M.C.L. mschanical

engineers.

This present report is intended to condense the information,
collected a8 above, into & form convenient for use within
Konsanto Chemicals Limited, particularly in production work.
It ia hoped that it will be of use in the finsl stages of the
construotion of the Newport plant, and that it will form the
bagie of an operating manwl for use at Newport, to be supple-
manted and kept wp to date sz new informtion comss forwerd.

DSW 462056

WATER_PCB-SD0000045423



EARLYER REPORT3

In & letter to Mr. D, S. Havercroft, Sept.1l/37, Hr. M. Buis
mted the following six reports which were already in Iondon
es!

German Chemiocal Industry Report Series

German Production of Diphenyl, Terphonyls

and Chlorinmated Deardivatives, by Wayne E. Alexander,
#.C.C., St.Iouis, Oct.4,1945,

Rxtract from Germean Rspart, C.,I1.0.3. XXIX~1% pp.56-57.
Diphenyl., -

Design Data 4th Dipheayl Unit, D.A. s wWith
8tpdy of Diphenyl Costs, E,H,Buford, 8.9.39.

Pinsl Report on Plant Tests on NHo.6 Diphenyl
Unit - Part 1. Job Ko.l7i-41 Pile ¥o.138,

17th Sept.1941. R.A,.Ewing.
Design Data for [Hdphenyl 8till, D.A.Roper, Sept.l19339.

Report ¥o.152% Pinal Repart on Separation of Diphenyl
c‘xigh Boiler into fractions or known mixtures Part III -
©~ Developing Plant Processes for Production of Santowaxes

R.O.M. P, & ¥P, Job ¥o.l71l-61, Pi{le Ko.218-B.

Prepered by A.H.REllenburg.

ment Design for Santowax R Plant, May 20/%3",

Job 1-352-Repart #31 by G.R.Shockley, accompanied

report.

In September 19%T, D. 3. Bavercroft & B, Mather wrote a report
"Notes on the Process for the Manufacture of Diphenyl & Santo-

wax at Annistom.”

on Sept.25/87 copy £#11 of Anniston report:

1640, Final Report on Study of the Diphenyl Process
Part IY. of the Process. Job 171-41,
File 138, P.E.Hubbard, Amiston, Oct.15/%1,.

wig handed to M, Haveroroft for lomdon, also a copy of
Addendum to 1712, Final Repoxrt on Study of Diphenyl

Process, Part 111, Continuous let-down Procedure, Job
171-41, Pile 138. A. M. Ellenburg, Amiston, Jan.31/35.
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Farlier Reports, econtd

On 06t,13/37, microfilm copies of the following two reports
wore sent to Mr, W. M. Cooper, London:

1642, Final Report on Diphenyl Operations, J.B.Mocse,
[+ e

1712, 7Final Report on 3tudy of Diphenyl Process, Part
Igl, Hubbard, ﬁ‘% : Hiles, Armiston, Oect.19/%2.

Ou Mar,11/%8, a copy of ort 19371 Chlorinated
Quatsrphenyls ™ was semt . to Ruabon.

¥r. Fllenburg, Jenurry 20/38, roviwed the
following reports:

214 "Banrol Losses in-Waste Hydrogen from Diphenyl
Plant®, J,L.Howerton, Sept.22/33.

ks "Recommendations for the Operation of ths Crude
Diphenyl B8t111%, J.N.Carothers, Jume 23/33.

948 "Tnvestigation of Benzol Iosses --- at ths
Diphsnyl Plant®™, Morton Barris, Aug.21/35.

Mr. Ellenburg, Apr.28/48, cited the following reports cn the
German tube process:

(1) I.G.Parbenindustrie at Leverkusen Germany,
A Vigit by Twrnock & Lowdermilk,

FB »682‘:(’{11’3‘&6)

(2) B,I,0.8. Final Report #0893, Item #1, (1947)
Fay & Richards.

A copy of Anniston thm Report on Alloy Test-
ing", 171-429, ¥W.¥. B . » discussing the corrosion -
erosion of the lead pots ths vepour blast, wms sent to London
(Br. Bavereroft), July .

A mlerofilm copy of the ¢ Division report "Diphenyl

- from Benzeme", 117-881, 00t.5/35, on the effects of urities

in benzene, was sent to Mr. Thrift of M.C.L., May 9/49. The
sss deseription in this ort is s8aid to bave n based
1y on that of the report ign Data for 4¥th Diphenyl

Tnit®, by D.A.Roper.
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OUTLINE OF PROCESS AS WORKRD AT ANNISTON, 1950

Benrene vapour is passed continuously through molten lead at
e high temperature, causing soms 168 to 208 of the benzens to
be converted, in e single pass tlrrough 3 lead baths in series,
into & mixture of diphenyl, Cerphenyl, ete, with the evolu-
tion of hydrogen. The resulting mixture of hydrogen with

the ressction produots and the unchanged benzene is passed wp
a fractionating ¢olumn, which has a condenser and reflux split
box, so that the sensible heat of the varciwrs is uvsed to give
& rough separation d the organic coponsnte of the mixturs.

Ths fraoctionstion system yields a forward flow of 1liquid ben-
rens, and an underflow of a mixture of benzene, diphenyl,
terphenyl, oto., while the hydrogen passes forward, saturated
with benzene. This hydrogen stream is cooled and compressed
for the recovery of more benzens. The columm wnderflow 1is
frectionally distilled michwise at atmospheric pressure to
vield dist{llates of bencene and of saleable dipheryl, and of
course, intermadizrte fractions which are recycled to the still,

The still bottoms, containing the higher boiling components
of the mixture, are called crude SantowaX, ——

Some of the crude Santowsx is distilled "straight-over”, under
vacuwm, to yield Santowax R, and soms ig put to permanent
starage because the supply exceeds ths demand,

Crude Santowax has &lso been distilled under vacuum, with
fractionation, giving ortho terphenyl of about 94% purity,
Centrifuging of the distillate, or better, fractional distilla-
tion, gives & better product.

The m-p fraction from distillation, has been allowsd to ory-
stallire in pans, slurried with water at about 85°C, centri-
fugated and washed in the centrifuge with hot water. The
centrifuge cake is then sbout 95% pars terphenyl. The oil

\m:- the centrifuge liquors, separated and dried, is called
"Santowax K",

See Amniston report #1924, Jan.8/%5.

See page 50 below for & note on the flaking of Santowaxes.
All the recovered benzene is recycled and there is & practi-
cally ocontinuous male-up of fresh material, This is belisved
to ensure the presence of & certain catslyst which is present

in tha raw benrene, but eliminated by the processing. (See
under “Comments om Process”, page 111 below).
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BOTE OX CHOICE GF PROCESS

8ee the Anniston Report 1640, Oct.15/%1 K.E.E\.\bba.rd, also
Mr. A, M, Ellenburg's letter of April 28/29, citing B.I.0.8.
etc., reports on the "tube” process.

The research departments at Ruabon and Anniston agree in be-

lieving the tube process may be superior to ths lead pot
proocess, Soms pilot plant work bhas been done in this direo-~

tiom at Ammiston,

See g:g: 16 below for the choliee of ths method of recover-
ing ene from the offgas,
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OUTLETS FOR PRODUCTS

At Armiston soms of the diphenyl is flaked for sale, but by
far the greater part is used either at Anniston or at ldomsanto,
T1llinois, for the manufactwre of Aroclors. MNonsanto Chemicgls
Limited 4o not expest to sell diphonyl., A little also is

used st Monsanto, I1l., for ths mnufacture of o. & p., amino

diphenyls,
N

A mixturs of crudes Zantowax and diphsnyl rmy be chlorinated
to give the Arocclor 2565 used as & roofing compound.

Santowax R is used as the starting material for Aroclors 5442
& 5460, also for the hydrogenated product HB-#0, which is
used as an “"extender” in plasticizsrs, for example in Vinyl
film, Ths Santowax R Ims soms little application in high tem-

perature greases for valves.

Konsanto Limited have given soms consideration te the poessi-
bility of usefully disposing of still residuss. Dr. Scott,
anuary 29 s eonsidered that the residuss would not be
suitadle for making firelighters., Dr, Bardy, March 4/%8,
passed on Kr., Ellenburg's review of the possibility of chlor-
inating the residues to about 60-65% chlorine content to make
& cable Joint-box composition., Mr, Ellenburg thinks that
shlorination at 250 ¢, to 35-30% would be about the best
procedure, but warns us that the residuss are not of constant

. composition.

It was thought at one times thet M.0.L. marketa would eall for
& higher raetio of high boilers to diphenyl than is normally
obtained in the Ammiston process, and some thought was given
tc the poseibility of shipping some of the Anniston excess
stock of high bollers to Britsin, and esleculations of ths
British isport duty were made. Kr, J, V. Head's note of
March 2/%8, however, indicates it is now improbable that such
shipmsnts will be necsssary. Reference is mde to & memoran-
dum by Dxr. ¥W. D. Scott of Ruabon, dated June 20/%7, on the
long term development of outlets for diphenyl.

In the distiilation of cruds Santowax to give Santowax R,
about 158 of the weight of the crude is left as a reszidue,
and soms of this is sold as "Montar 9".

Soms of ths hydrogen after cooling and compression, &s out-
1insd above, is used for the hydrogenation of Sentowax R to
give HB-%0, Any excess of hydrogen is vented to atmosphere
after being coupressed and cooled, At one time Anniston put
the excess hydrogen into ths fuel gas for ths furnaces, but
ths consesqusnt ochanges in ths air requirement of the burmers
were troublesoms.
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SCALE OF WORKIMG

About 950, 000# diphenyl per month, and BO,000# Santowax R per
month, were produced at Anniston during ths first nine months

of e

™ September 1049, nine units wers in operation, each rated
at about 3000F diphenyl per day.

In Hovember 1950, thers sweire twelve wmits, nwbered 2-13,
in existence, the original No.l having been taken out.

Hewport noeds were estimated hy Mr, Cooper, Oct.1/R7, to be
1,000,000 1b diphenyl & 240,000 1b Santowax per year,

The ennusl sales of the ortho terpheryl have averaged only

exround 4000 1b, and those of "Santowax N" around 10,000 1b.
Zhere hes been very little sale for the para isomsr,
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PATERT POSTTION

See Ammiston Research Department, Report Ko. 1640, page 6.
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10

PROPERTYIES OF MATRRTALS CONCERNED

1,

Benrens
Xpe. 7? 3%¢
B.Pt. 895G °
Specific Grevity 0.883 to 0.886 15.5/15.5%
Specific Beat:
solid gﬁggi
Iiquid 2&@
ggag (1.0.%.)
0,46
Vapouwr OCp

Formulse for Sp.Ht. &t oonstant presgure:-

Cp = 0.258 ¢ (0.000875 x ©°C) Perry 1lst Edn,
= 0,266 + (0,0006732 £ ©C) Ind,Eng.Ch.,July 1935.

Latent Heat, B.t.U./lb:
fusion 12;.5
evaporation P

Flagh Point OF.t

elosed Cleveland 12
Explosive Limdits in air:
Lower % 1.%
Upper % 8
Auto-ignition temperature 1076°F, DSW 462065

Vapour Pressurest
Constants in V,Pr. Formula Log;g pr. m.m, Hg = %@%‘ 4 B

Range OC _A B
"58 to "30 hﬁ.gog 9‘
-30 to ¢ 5 Ry 222 9.2?%
0 to &2 3%.172 7.9622
52 %o 100 33.295 7.6546
- Ban - @ A ;-___ Bmav Ot eV TR G W Lnee Q/QQ_
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Properties of Materials Concarned, contd

- 1.

2.

Benzene (contd)
Thermal Conductivity, (liquid & gss) See sheet 3, Design
Data for Units &4 & 5, D. A. Roper,
for curves,
3ee "Description of Process used in Dept.246", Sept.27/%6,
1yles, Sofrranko & Becker, pages 49 & Bl,’
See also "Design Dats for 4th Diphsnyl Wnit) Aug.9/39.
Specifiec Gravity: 0.932 @ T5°C/4°C.
The Swann Chemicsl Co. bulletin of 1930 gave thermmnl dats
ann diphenyl,
Viscosity of Diphenyl (from Amniston files)
:!'_ Centipoises
isg 1.439
L.
180 1:208
190 1.11%
200 1.03%
220 0,901
250 0.752
300 0;2’;%
0.
%0 o,
:g 0.313
) 0.283
Specific Beat (from Amiston files)
op B.t.U./1b
200 0.416
%00 8'§Z°
500 o2k
0.258
00 0.
% o o8
800 .
1000 0.696
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Properties of Hatsrials Conoerned, comtd

L

2, Diphemyl (oomtd)
Anothsr recoxd gives the fo].lwin.g valuss for liquid

diphenyl:

S 8p,Heat cals,/mram

i0d 0.

150 53

= b

300 31518

gg [+ 610

k50 0,625

e 0.360
Yapour Cp PETST
0. -
155‘%% (D.A.Roper, ?ssign Date for
Tnits 84 & 5 v

Donsity of Liquid Diphenyl (from Armiston files)

2 grams . /oo

75 0.,9885

100 0.

150 -O.%

200

20 0 BET0

0 0.6180

Heat of Vaporizationt .
65.% g.cal/g 6 258,5°C,

oSW 462067
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Propertiss of Haterials Concernsd, contd

N

3, Santowax R
contains sbout 1% diphenyl

( ton 12% m%l < beigylene ,quaterphenyls eto.

s bota ﬁﬁ 12;:%33:?' sms.es/x'r;“ 12‘;:%;2:0

%he density of the Santorax may be assumed to be the same
in both ths orude and distilled form, Viscoeity also is

the sams,
Specific Gra.v-iﬁy af Crude Santowax:
140°0 1.026
175 1.000
215 0.58
300 0.96% (est, from curve of other points).

Viscosity of Santowax R
155% X bolt Universal Seconds
222 g.s Say s on

Holtah Bantowaxr flows about like water et 25°C.
(A.M.Ellenburg's letter Jan.6/49).

Specific Heats (estimmted)

8o0lid 0.%
Liquid 0.5

latent Heats (estimated)

Pusiom 63 B.t;u./ib
Vaporisation 140 B.t.U./1b

Boiling Range: 360-450%9¢.
Flash Point: Ol. opeam cwp  191°C,.

Flame Point: Cl., opem owp 2389,
Another &ccomt gives Flash Point 190°C; Flame point 220°C.

DSW 462008
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13
Properties of Materisls Concorndd, contd

3. Santowax R (coatd)

Yalues assumed in the design of the Santowax still at
Ammiston: _
. 8p.Beat

Heat of Taporization

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

Viscosity at 25090 5 centipoises *
Viscosity at 350°C 2 centipaises ¢
¢ (Kr. Ellenburg said these valusz were too high).
8. Ferpbenyls
"Eold Point" B.,Pt. @ 30 mm
Crude ortho (Bantowex 0 ggjgc'o 205°¢
Crude meta (Santowax X ~ oc ; mixture 24090
CGrude pare (Santowsx P 282-21300
m - p eutectic 890
Ternary eutectic . about T49C.

See also Honsanto Technical Pulletin #P-103, Jan,&/37
issus, for ths properties of the separsted crude 1aomcra

sold,
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15-

HEAT BAIAKCE

heat balance is discussed the Anniston Design Data,
th mt, w D, A, Ropet‘, Aug.9 9, page 6-

Phe heat of reaction of benzene to 4iphenyl is given as
59.29 1b°C per 1b et T40°0C.
MBQMQMOMQ Vs 5‘_1; polu‘ (1938), gi\'ﬂﬂ 61 1b°C per 1b,

This is caloulated to be less than 28 of the heat needed in
a 3-pot wmit.

6201°
0%
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' 16
SAFETY COBSIDERATIOES

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

" and 1950).

Health

It is obviously advisable for the ocperetcrs to minimine their %7
contast with benrene vapours and with the vapour from the

hot lead, but thers is no history of troubles froam either of

these in the Diphenyl plant. We are warned that lead vapours

may be evolved during the buwrning 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
sruptions (acne), thought pozsibly to be due to chlorine deri-
vatives from styrene in the diphenyl. The disappearance of

ths trouble coincided with ths change to better benzens. For

a time the Aroclor operators had to bathe on leaving work and

a change of worl clothing was provided, but this prectice was
discontinued.

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

Pire

The conversion umits contain hydrogen and organic vapours at
high pressures and temperatures so any failure of gaskets or
of the mits themselves may lead to ths escape of a cloud of
inflamenble vapour, near to the pot furnaces. Ths amount of
orgenic material present in the conversion unit at any ons
momont 18, howsver, quite small, and the {low of benzene to
the units cen be shut off from outside ths building.

In the early days at Armiston, fires were not infrequent, but
there bas been nons of consequence in recent years. Enphasis
18 laid on good workmenship in ths comtruction and maintenance

of the units.

There were twelve conversion units at Ammiston in November
1950, with their columrs and other auxiliary equipment, two of
the units being in ome room, four in anothsr, and six in a
third room. The three rooms are separated fire walls with
commmiocating doors, some of them sutomati closing, but
hasld open by cbains baving a fusible link, There are two

DSW 482071
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17

Safety Considerations, contd

Fire, contd

diphenyl stills, each in its own room, these two rooms having
oconnscting doors into one another, but not into the conversion
rooms, The still rooms contain the recelvers f'or the finished
diphenyl, the heads and tails frections, and the still bottoms,
but the benzene receiver is in & pit, beshind & fire wall out-
8ide ths buildimg. The crude diphenyl frum the convertor
colums flows to two receivers which are outdoors, alongside

the benzens receiver.

The main store tanks for fresh benzens ere in a fenced arsa,
well ayay from sny mnufactwring buildings, and ths benzens
foed tank and puaps are in a smllisr fenced aresa, somewhat

nearer to the diphemyl plant.

Benzene vessels are systematiocally grounded (earthed), See
ths note on page 83 below on the obJection to internal steam

coils in ths benzens tanks.

The departmsnt is well supplied with extinguishers, both COo
and CCly types, and there is & permanently piped Foamits
connection to the mmin benzene vessels., Thers is & drum of
CCly on a stillage on the grownd floor of the conversion room
for recharging extinguishers, and all the appliances are sub-

Joct to routine inspection.

Cloths soaked in Cclg are used to stop off pipe openings ete.
during repair work and the mits my be filled with COp; during

welding repairs.,

+Ths eonvertor rooms are not treated as having a dangerous
atmosphere. It is not at &ll unusual to have escaping wvapours
burning round the cover of the convertor pot (especislly now
soms of the convertors are bsing run at over 20 psig). If
vapour leaks from ths pot flange, it mmy not ignite, especially
if the seal between pot and furnace is good, but it is better
to ignite the vapour rather than to have diphenyl subliming
about the building,and lodging on roof members, etc, Welding
is done in the building, and of course, soms of the vapour
Pipes are red hot. Kaked flamoes are used to deal with blocksd

Pipes in ths conversion systesm.

The diphenyl still rooms do, of courss, contain large amounts
of sombustible mterial becasuse of ths batch meture of the
aperetion, The hsating coll furnaces for ths two stills are
eide by svide im & room of their ocwn, cut off from all other

TOo0mE,

Those of ths s8t11] receivers which are indoors have vent pipes,
carried out through ths roof of the building, and the outdoar

NSW 4R2079
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18
Safety Considerations, contd

Fire, contd

benzens recsiver has its vent pipe carried well uwp intc the
air, Eash still body has & bursting dise in & pipe leading
up through the roof, (see page 96 below). : ‘

Apniston are a little restricted in doing welding repairs to
their Santowax distiliation system because of its proximity
to the HB-%0 plant,which uzes hydrogen under high pressure.

The receivers for the hydrogen at each stege of cospression
have Al-Pb bursting discs, in pipes venting above ths roof of

the cozpressor o0&,

Care is needed, of cowrsse, in restarting the gas-fired furnaces.
There is a powariul draught up ths furnaces and ths pilot Jets
may easily be blown out.

Mr. Ellenburg, Aug.18/48, stated that Class I, Growp D motors
are specified for puping diphenyl and Santowax., Hs also
atated that the bottoms from the diphenyl stills, if discharged
at erowmnd X000C, may take fire. At ons time it was the praoc-
tice to purge the stills with COs before recharging, but

this is not now thought neces , and 8ll that is done is

to allow the stills to cool to about 200°C or lowser before re-
charging. When the crude diphenyl, hot from the store tanks,
is pusped into thse hot still, there may bs a great rush of
vapour through the condensing syatem..

Since ths introduction of the restriction orifices after ths
convertar pots, these pots have been rumiing at about 20 psig,
go that there is & greater risk of blowing out the gasket on
the comnvertor cover, Soms of the convertors have been fitted
with & loose sheset iron ring fence about 6" deep, round the
cover joint, to deflest any possible burst of flams,

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

“Ample CO, and fosm extimguishers are provided., Amnis-
ton has g'wo standard foam extinguishers on each floor
of the convertor section and several im the distilla-
tion section. On the und floor, available for use
throughout the diphenyl aroclor shed was a large band-
cart foam appliance. The bensens tanks sre permanently
piped, to top of each tank and into the suxp, for foam
which is supplied from & central point®.

DSW 462073
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1
Safety Considerations, ocontd ?

Pire Pighting Equipment, contd

Each convertor unit has about a 56 1b cylinder of CO0» per-
mansntly eonnscted to & valve leading into the benrene feed line
where it runs below the operating floor before rising to the

top of ths vapourizer. These cylinders are supported against
the stanchions on the ground floor., No provision is made for
warsing them., A drum of CCly is kept on & stillags om the
ground floor for easy recharging of the extinguishers, There
are nmuerous safety showers, each with the uswal yellow painted
ring on ths floor below them,

Hydrogen

The conversion units contain hydrogen, and so do the crudse
diphenyl store tanks, becauss they are vented into the hydro-
gen main., The® vent pipss from ths arude diphenyl tank to

the hydrogen main are ususlly very hot. Air must of course be
purged from ths system before any hydrogen is taken to the
compressers, and ususlly (O, is used for this pwrpose (200 cu.ft.
for & convertor wmit), also to replace hydrogen befors & unit
is opened for repairs. There is no harm in allowing the COo
to go tlrough to the hydrogen compressors, in fact there 1s
ths advantage of recovering its benzens content. It is no
longer thought necesssry 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 ers pumped empty, the hydrogen =mmy escape into the

diphenyl still wsystem.

Welfare

As already msntioned, only ordimry coxmon sense care is taken
against poisoning by lead or benfens, and no special clothing
is supplied beyond face masks and leather gloves for men

dealing with molten lead,

Simple "firesareens” of sheet iron on pipe framss are used to

shield the man and the equipment during the collestion of the
samples far the ¥ conversion test. See page 75 below.

Hr. Harden reported, August 1950:

"High temperetures are fairly generel throughout

the departmsnt partioularly above the coavertor,

All floore are of the vertliecal strip lattiecs con-
struction to ixprove ventilation, and large portabls
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: 20
Safety cmaidm-at;ogg, contd -

Velfare, contd

“men-cooling fans are used to blow wp through

these floors whenever & man has to work uwstairs.
¥ormally &ll operations are controlled from the
ground flocor, all possible controls and instrumsnts
being looated there., The writer regards attentions
to this detail as essential if eonscientious mmin-~
tenance of equipment Lz to be obtained.®

Repeir and mmintenance work on the conversion wits at Annis-
ton is made more diffieult by ths rediation of heat from ths

swrowmnding wmnite, especislly in ths roos which contains six
waits, The lsad treps, in particular, offer & big radiating

surface.

The diphenyl building with good ventilators in ths roof, is
very high, and the open-work steel floors permit a strong
wdraught of fresh air to flow through the rooms from the
gromd floor, which in every ocase is completely open on the

east sids.

¥When molten lead {3 bsing balsd about on the opereting floor,
the ground floor bélow is roped off, See page 39 below,
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SAMPLES SENT FROM ANNISTON TO MONSANTO CHEMICALS LIMITED

The following samples were sent from Anniston, Kov,13‘/17:

g-4oT0
a-40T1
a-4072
a-4073
a-4oTh
a-4075

Benzol

Crude diphenyl

Pinished diphewj.

Santowax R '

8ti1l bottoms from diphenyl still

St11ll bottoms from Santowrx still
{also 10 1b Montar Xo.9 requested

June 22/21’8):

but only the first two reachsd Rusbon, zo the last four were
r«goe.tod Jsmuary 25/%9, to lLondon,(and were received thsre
?. .21/"9)- .

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

stated:

June 22/%8 Sentowax R

Bov./%9

Bepnrone 88 used a2t Armiston.
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CORROSION ¢

s

Bensene and Diphenyl under the working conditions are not
carrogive, but it bas besan found advisable to use stainless
stesel for the lead pots and connecting vapour pipes.

Amiston Interim report 2211, dated April 22/%8, describes pot
failures by "washing erosion® of the welds and the pot bottotwms,
failure of the welds, externsl erosiocn by lead, end by other
causes, and also recommsands the use of 310 stainless welding
>ds, ar of 309 rods with subsequent annealing of the pots at

a

2050VF, Gwyillof%mwtmaenttom.ma.mnr-
eroft in Tondon, July o . .

Ses page 57 below for & discussion of the harmful effects
whieh fore elements in the lsad might have om the stainless
ltgel of thes pots.

In Jsnuary 1949 it was reported ths Anniston experience uwp to
that date showsd 309 type stainless steel to give better ser-

The Texas City Research Report No.52 "Special Report on Iead
Pot Corrosiom”, E.Pitzgerald, Feb.l7/50, (copy seen at Annis-
ton, Nov./50), deals with the corrosion of lead pots used

to creack propane at B00OC to ethylemns (formerly for pyrolysis
of ethylbenzens to styrene). It reviews the Information avail-
able up to April 1947. Thermowells bad suffered badly, and

the pot bodies became pitted around thes level of ths lead
swiece and became eroded whers there was turbulence of the
lead. Isboretory tests showed that lead oxide was highly cor-
rogive to the stainless steel used, :

~ Samples of differeont stainless steels immersed in the lead pots
gu inconeclusive results, but Hastelloy and Hascrome appeared

have high resistance. Pure nickel, monel, and nickel-
chromium alloys with 80% nickel dissolved in the lead in a few
bours, V¥.¥W.Wade, Armiston, Apr.22/%8, reported poor resistance
with 68 nickel - 18 chromium alloy.,

Carburetion of the metal was suspected, with the formetion of
brittle coating easily remcved by the pounding action of the lead.

A patent search revealed that the resistance of high chroms
alloys was knowm, .
¥he repart ended with & recosmmendsation to run all the pots at
e low rate to diminish turbmlence rather than to run & few pots

et high rate., It was recommended too to put carbom in the pote
et the outset, to reduce lead oxides, but this recommendation

hes not been adopted at Amiston.
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Iead is Imowm to escape som:times through the cover Joints on %
the pots at Amniston, It m.y form lead oxide outside the

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

' the pot. Thsre is no point in trying to detect lead in the

stack gases because there i1 always soms lsad lying about in

the furnaces.
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GASKETS

Anniston report 1642, Oct.15/41, recommends Garlock T2l gas-
kets for temperatures up to 500°C, and Goetz corrugated
steel-asbestos gaskets above 500°C.

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

copper gasket is used with an asbestos gasket inside it. This
double gasket originated at Texas Clty. but the asbestos ring
there is outside the copper. For the cover of the convertor

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

Copper and its alloys have given poor service in the hydrogen

system, apparently beeause of . Copper gaskets in the
compressors heve completely failed, and Babbitt metal has been

proposed.
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FLOW SHEET

The attached flow sheets of materisls, pages 26 & 27, are
taken from Anniston Research Department, Report Fo. 1642,

October 15, 1941,

fhe sames report gives the rollo;ring datas-

0.1796 U.8.0a1]l benzene consuwmsd per 1 1b distilled diphenyl
produced (compare cost rescords given on pages 118- belowr

of the present report).

The “shut-down" time on the conversion systems avereged 1.6%8
over & period of 8 moaths,

See also page 28.
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ONPOS OF SOME TE LI
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PROCESS IN DETAIL

Benzene Handling

Benzene 1s received et the plarnt in tank cars and iz wnloaded

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

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

used to prime the puxp, and of course it must ba separated
afterwards by draining from the store tanks,ar from the recycle tank,

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

up with fresh benzeme. This is necessery in view of the faect
that a catalyst, apparently present in the fresh bem:cne‘.' is
removed in one pass through the convertors. (See wnder "Comments
on Process, pagesT11& IZ below). A float within the Hecycle

Feed Tank autoemtically operetces the pwyp, itex #2. There

ere also two floats within the tank for high end low level
elarms, There is a history of a 1little trouble dus to the
sticking of these various floats; see notes on item #3, page 84

below,

The recycle feed tank now in use is & horizontal cylindricsl
vessel withhulged ends,and the baizane outlet 1lins to the purps,
itom #4, is taken froa the bottom by a Jacketed line (Jacket,
however, 1s not used), cemented through th: containing wall
which surrounds the tank, This fake-off lire risses a few inches
inside the tank to trap any water and solid maitter, and ths tank
bas a swmp, with & drain valve for tapping cff the water, etc.
Rzgular and frequent operation of this valve is a very important
part of the cperaticn of ths plani because a shot of weter,
Dumped through to the vapowriser,may flash off almost explosivsaly,
and might break some Joint in the pressure system, Water gets
in from its use, in priving the overhead suction lines from
tank ears, and may get in from perforation of the tubes

of any 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 intermittent stream from the receivers, item #27,
of the hydrogen cooling and corpression system. This
stream comss &t &bout houzly intervals, under hand
control of the pusp, {tem #28.

(3) The benrene distilliste from the benzene receiver, item
#21, of the diphenyl still. This distillate comss for-
ward in batches at Anniston, via the puw, item #2ls=,
but Mr. Ellenburg's lettsr, Jan.20,/48, indiceted that
a similer procedire &t Newport might cause too great a
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Process i{n Destail, contd
Penrene Handling, coatd

variation in the ratio of fresh benzens to
recyecled benzene, because the flow of fresh
benzene would be v much emallsr at Newport
than at Amiston, the &iphenyl still
batehes probably not mush smmllier.

Ke, Ellenburg suggests interpos & buffer tank between the
receiver, item #21, and the recyols feed tank, item #3, so
that the stream of recycled material from #21 can bes emoothsd

out.

At Armiston, the gpemtor waits until the float alarm on item £3
is ¢ on low™ before pumping in benzens from the diphenyl
dist tion on the hydrogen co¥pression, then he stops when
the alsrm "rings on high",

There iz & ocase oa record in which the recycle fsed tank was
overpuxped, and the excess benzene backed up the distillate
line and into the comvertor reflux split boxes of the conver-
sion units, and esocaped dowm the columms itito the orude diphenyl
store tank, This overpuwping was detected by the £a21l in tem-
perature of the columm underflow stresms,

There are two (2-stage Gould) ) centrifugal pumps for feed-
ing benzol at approximately 1 pressure from ths recycle feed
tank to ths conversion units, and one or both mmy be in opers-~
tion dspending on ths number of wits opereting at the time.
There is & Pisher strainer before the pumps, and there are two
£€1iter 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" 1.D, by 9" deep with bolted-on covers, fit of course for
working pressures around 100 psig. They have baskets inside to
support cotton filtercloth, but in Hovember/50 the oloth bad
rotted and had not been repleced. It is thought that glass

oloth might serve, There are Fordstrom 3-way eocks on the inlet
anft outlet lines for easy swi of the pots, and there is a
préssure ghauge on each line, to cate the filter resistance,
The main purpose of filtration i3 to protect the flow controllers.
80144 matter forward to the vapouwrizer would be simply
earried through in vapour stream, and probably end in the lead
trap or the carbon treap of the convertor. It is said that a
1ittle dust (from the pots) cames forwurd in the recycled ben-
gene, and thare is pipe scals from the benceone lines.
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Process in Detail, contd >

Benzene Handling, contd

- The filter pots deliver to 8 header, serving & row of 13 Fox-
boro rescording fiow controllers, one for eaAch wnit, plus one
‘spare, the piping being so arranged that the spare controller
ean be switechsd in to replace any of the others. These con-
trollers are in & special room which.is entered from outdoors
and which has a commmicating door to the mein control roon,
othsrwise it is completely shut off from the rest of the plant.

Apart from the benzene flow controllers this room contains only
the meters for the fuel gas to the furnaces, bnd a controller
for watsr to the HCl absorber for ths Arocloer plant).

Hr. J. C. Clegorn, the departmsnt manager, mentioned that Rota-~
meters were formsrly used, set im a glass box draining to out-
doors, to take away any bencene lesakage, There was a certain .
advantage in having 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, at
about tha level of the convertor pot lids, & separate line to
sach conversion unit. ZEach line 4ips to a stop valve within

- easy reach of the ground floor, inside 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 & cylinder chained

to one of the stanchions of the building. KNo provision is
mde for warming the C0p cylinders, though the ground floor,
being eompletely open to the air on one side, is not very warm.

go rorml flow of bentene is 170 USG per conversion unit per
e,
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. Process in Detail, contd

Conversion

There were 12 conversion wnits, item #5, at Aimiston in Novem-
bar 1950, two of them (umits 4 & 5) being somewhat different
from the rest in that they had a tubular preheater, them two
lsad pots, whereas thse othsr ten units each had the preferred
norml arrangement of three lead pots and no tubular pre-
heater., (See page 85 below for the reasons for choosing the

three pot arrangement).

Bach of the 10 normsl units consists of a (#0A) Vapouriser,
(#5A, 5B, & 5C), three lead pots in series, (called respectively
ist ; 2nd preheatsr, and convertor), (#7), lead trap,
(#8) fractionating columm, with (#11) condenser and (#12)
reflux gplit box, The undarflow from the colum pesses through
item (#9), carbon trap, and then by grevity through steam-
Jacketed lines to the erude diphenyl receivers, item (#10).

The vapourizer consists of a coll (formerly two coils in
parallel) within a stack through which thée exhaust gnses from
the pot furnaces ars passsed coumtercurrent to the benzens flow.
There is also (#6B), arother stack for the purpose of by-passing
the furnace gases, if necessary, away from the vapourizer coil.
The temperature of the vepour leaving the vapourizer is about
25000, but zee below, pages 33,3KIf the vapowrizer hes two
coils in parallel, an atterpt rust 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 £6OA,

page 91, relating to the possible loss of benzene vapour by

perforation of & vepourizer cogil.

Each conversion pot is of stainless stsel about 22-3/4" I.D. by
about 6'-0"deep, and contains molten lead. The.followring
figures are given for the depth of load in each pot:

Depth of Iead: Anniston report
1642, Oct.15/41, H.L.Barden, A 0.
{oconfirmed Nov

1st Preheater pot yovo© 211" dry dip
2nd Preheater pot yro" 216" ary dip
Convertor pot 316" 21-11" dry dip
Height of Distributor o
inlet above bottom - 10" out of 5'-11-3/8

of pot given as internal depth

Thare is little entrainment from the first prehsater to the
second, arnd not much from the second prehesater to the econvertor,
but considerable entrainmsnt from the convertor pot to the lead
trap, so the depthsof lead are lisble to vary s little., If it is
not desired to open & pot, the loss of lead may be made up with
molten lead poured in through the neck which carries the thermo

woll,
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CONNECTION FROM VAPQURIZER TO FIRST LEAD POT
Scale 4" = 11-0" A~ [ 23.50
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Prosess in Detail, contd 33

Conversion, contd

Bach pot cover oarries (1) a dip pipe to carry the vapours

. down into ths moltem lead, (2) & thermo well, and (3), & gas
outlet. There are horizontal baffles or splash plates to
diminish the entreinment of lead. The first and second pre-
hsaters also have a commoection to &an equalising line with a
stop vdve, These equalizing lines connect into ths bottoms
of the comvertor colummns, item #8, and are normally closed.
They provide a convenient location for pressure gauges (on
branches below the stop valves), and could be used to by-pass a
pot in emsrgency, and they can be used to diminish the chance
of foreing lead back wetream during an interrupticn of the

benzens 1o,

The lead pots hang, by thelr rims, in & row, each in a grs~
fired, fire~btrick lined furnace, the first preheater being
between the other two pots.

Amniston report 1632 of 0ct.15/50 gives the following approxi-
mte figures for texperatures in the conversion system:

Bengzene in  259C out 34%0°c (137° reported Aug/%7

Yapourizer
UguﬁIe coil Flue gas in T00OC out 19090C
- type) : , '
18t Preheater Coxbustion gases 650-700°C
Lead temperature 570-600°C (380°C,Aug/47).
Vapour exit 550-580°¢C
ond Prehsater Lead tesperature 220- 409¢
‘ Vapour exit 50-670°9C
Convertor Ioad temp. controlled et 840 250¢,
(but see "Comments on Process”,peges 111- below)
Vapour exit 710-T20°C.
Colmmn Top B0OC - sometimes higher--up to 97°C
— Bottom 135-2509C - normally about 200°C

The furnace casings had a temperature of about 100°C as Judged
by hand, Hovember 1950,
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Process in Detail, sontd 3

Conversion, contd

Jir. Barden reported thz‘rollowing temperatures in August 1950:

Tait No, 6 T 8 9 10 11 1122 13
Yeporiser 150-200 320 180 150 120 300 10
No.1 Prebeat %80 530 50 K95 X80 oee o 513 2%0
BN O ERERRLEEE
Top Colmm g2 ‘oo 83 8 B9 B 80
Flus gos Imlst A£11 cowples U/S : -Sheaths burnt out

Flue gas Outlet 175 235 322 316 230 160 250 200

Benzene flow 170 U.5.3, per hour

Rarlier records are gilven in a copy of the plant record sheet
page 51 below.

There is &8 Bidltipoint tomperature recorder forr esch conversion
it and & recordsr-econtroller far the conversion pot temperaturs.
A sample stxrip of the multipoint chart was sent to Mr.¥W.M.Cooper.

Oct.31/87.

The pressure drop through th.o do\fblo coil vapourizer, &t 170 wBa
beumca/houry was. 8 - 10 psi.

Pressure of vapour entering lst prehsater 50-60 pug
Pressure of vapour leaving lst prohsater 38-45 psig
Pressure of vapour leaving 2nd prehester =25 psig
Pressure of vapour leaving oconvertor T paig

The pressures vary & little as ths depth of lead changes by
onmmuutquudrrc-tmpot,aadaa carbon buildsp in

the gas puuge tg eS waver & little because of the bubb-
1ing and in the pots,

Gurbonbuildxwmmdthohfﬂasandinthepotcxit lines
during operetion, eausing a slow incresse in back pressurs.

This incresses the retention time of the vapours im ths system,
and causes the converzion reaction ® continues a 1little beyond
the point thought best, so ths operator lowers his pot tempera-
tures & 1ittle to compensate, See Effect of Variables, page 11k
below. FHReoently, the back pressure on soms of ths units has
been puwrposely increased by the insertion of orifice plates im
the iines from the convertors te the colwmms, in ths hope of

e

WATER_PCB-SD0000045456



Process in Detail, contd 35

Conversion, esontd

attaining the sams degree of reaction with usefully lower pot
- temperutures, so that the pots would last longer. (The
vapours oa these units can be lward roaring inte the lead
trap). This is experimental, and experionce i{s showing that
ths increased pressure on the convertor gasket may cause
troubles whiech outweigh the posgible advantages. Mr, Fllen-
burg's letter of Dec.ld/30 states that two orifice plates of
stainless steel 1/B" thick are used, one with a 1.31% orifice
between lsed trep and vapour pipe and the other with a 1.14"

wrifice, between vapour pipe and colwm, This arrangemsnt
gives the required pressure arop without using too smell an

orifice, The pressure gauvge on the vapour pipe thus reads the
Pressure between the two orifices, ° :

Mr, Ellen gives the following comparison of conditions with
and without arifice plates: :

Gauge Pressures

Location of ¥0,10 wnit ' Fo.12 wnit with
DPressure gauge old conditions orifice plates
After preheater Eg paig 6 psig
After preheater . 1 - 33

After Convertor

After 1zt orifice plate e 13
After 2nd orifice plate 3 : 3
(colwm)

Convertor tesmperatures in the "pressurized” pot were around
T85-79000 for 17.5% conversion. Ths lower temperatures may save
a little fusl 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 w to 20 psig were observed after
the first orifice plate.,

The following operating conditions were reportsd in September 1947T: -

"Fhe bemzene purps deliver at pressures of wp to 100
psig, and the benzene reaches the first lead pot at
about 50-60 psig (fall in pressure through thes con-
trol instrwsents), the second pot at about 38-%5 psig,
apd the third pot at about 15-25 psig, and leaves the
third pot &t & 5-T psig, the drop in pressure in
each pot being dus mainly to the hydrostatic head of
2olten lead.™
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Process in Dstail, contd

Conversion, contd

Eatural gas is used to hsat the convertors and stills and
there is a separste gas meter for each unit. These meters are
installed in the room mentionsd above, page 31, which also
contains the bensene flow controllers. There is & stop cook
on the gas main immedistely inside the room, with a long
handle by whieh it could bs operated from outdoors. The main
then his & teanch to each wnit, sach branch having its owm
stcp valvs, then A presgsure reducer. The line then brsnches
egain, one tranch serving the burners on ths #1 preheater,
under purely menual control, and serving ths pilot burners on
ell the units, and the other branch serving the control valves
for Ko.2 preheater and the convertor. See pagel0T bdelow).

The flue gases from ths #2 preheater and from the convertor go
downwards to cross fluss lesding to the bottom of the setting
of #1 preheater, so that that unit gete a good deal of its
heat from the flus gases, The #1 preheater setting has gas
burnsrs of its own to suwply any additional hsat needed and
for use in starting wp from eold.

The tezperatures of the lesd in the two prehsater pots ars
sontrolled by hand operation of the gas valves, but thsre is

a high tempereature alarm which would cut off the gas on #2 if
the temperature should run away, s8y, by leakage of benzsnes
vapour into the furnace. 3Sse also wnder instrumsntation, page

107 below.
Typical operation records ars given on page 51 below.
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Process in Detail, contd

Hote on Starting a Conversion Unit

r. Ho L. Barden, August 1950, reported as follows:

*The start-wp was witnessed of a diphenyl wit from cold, after
olsaning and minor repairs. The following instructions epply
t° an Amnistc Wit using natural gas. Other fusls mmy
npecsssitate alisht modifications,

"Put on one bHurner of each wmit, 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-
pass stack to avoid burmning-up the vaporiser coil. All vents
on the convertor should be open in the early stages of warming
wp. As the setting warms up the othar burners are lit one by
ons, till all are al and burning steadily., Burners are ad-
Justed (by band or au tically by controller) to obtain the
desired temperatures. Only the convertor temperature appesars
aritical. VWhen temperatures are approximately correct, start
CO» through vaporiser, the preheat vessels and convertor to
the column and out by the columm vent. Divert flue gas from
by-pass to vapouriser to warm up the latter; and close vents on
ths prehsaters. Presssure cn the preheaters should then build
A and enabls leaks to be discovered, Development of ©.20 psig
on ¥o.l and &, 10 psig on Ko.2 takes sbout £ - & bottle of COs
and 1t 4= assumed that the preasure 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
column is propexrly vented. Then, provided tesperatwres (inclu-
ding vaporiser) are sbout right, cut off 0O, cut in benzol feed
et & low rate {60 USG per hour). As soon &8 the lsad

. trep begine to smoke, indicating that benzol feed bas reachsd

it, close the colwumm vent, put water on the condenser and
open valves to reflux split box, benzol run-bask and biphenyl
line to ocrude tank, The latter line must be hot before start-
ing wmtil sufficisnt foed of crude diphenyl is available to
prevent the line from meling w.

"cauticusly increase the benzeno feed hy approximately 10 UG

per hour every half-hour ar so. The governing factors in effect-
irg this {ncrease are maintensnce of prehest temperature (which
tends to fall as the benzens fesd increasss) and the avoidance

of high convertor tesmperatures,

"Fhe prebeater must on no account be allowed to cool to anything
approaching the melt point of the lead. Maximm texperature
of the comvertor be 830-840°%C (B00SC if operating under
pressure). The bentene feéed should also bs checked frequently
wntil eonfidence is established because any mechsnical oF
electrical faflure here will cause a suck back of lead into
ths vaporissr eoil,”
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I;rooou in Detail, comtd

Hote on Stopping a Conversiom Unit

. It i8 of courme important to prevent ingress of air to the
-uwnite and to take care that the leead is not farced backwards
through the system by allowing the pressure to fall at the
inlet end of the system, When the gas burners bave beem ocut
off, tha benrene feed is stopped, and COo 1is forced into the
benzene inlet line to the vapourizer until liquid ceases to
condense in the converter condenser. A full bottle &ubout
56 1b) of CO2 is used. During this period the uncondensed gas
stream, consisting of hydrogen and some CO2, will have been
going forward to the hydrogen compression gystem, to prevent
the logs of its ocontent of benzens, and the COs-hydrogen mix-
ture may be vented to waste after compression and cooling,
¥hen the distillation ceases, ths system is closed off frum
the hydrogen collecting hsader, and from the crude diphenyl
tank, end the run-back line 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 Detail, eontd

Hote on Emptying & Lead Pot X

" When a pot bas to be epptied, the uswal shut-down routine is
applied, the system allowsd to cool a 1ittle, the pipe Joints

and cover Jjoint brokem, the space on the groumnd floor below

roped off for safety, then the cover, with its dip-pips and .

thermo well hoisted out hy means of a stirrup bolted to the

central flangs. The lead in tlw pot 18, of course, etill mol-

ten, and & little drips off the dip-pipe. The sover is laid

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

in the pot is usually ocovered with floating solid dsbris, and

this is dredged out by means of ths long-handled parforated

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

freme on the furnace cover. It is convenlent to remove the

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

¥ill contain lead which has to be molted out as described later, page 92

and will cecontain solid cerbon, iron oxide, etc.

The lsad molds are made of chammsel iron, about 2" dsep overall
up to 36" long, 6" wide, with sloping ends welded in,

of these molds are then placed, five on sach side, nsar ths
of the pot, and two coloursd men take turns to dip out the
ten lead hy means of the unperforated ladles, (see sketch 2)
pour it carefully into each ®mold in turn wmtil all are

. This is rather hot work, especially in Summsr, and the
ladles of lead ars rather heavy, but the job is not too bad.
The oparator uses the edge of ths pot as & fulerum to 1ift the
ledle, and steps backwards a little, drapging the Bdle wpwards
wmtil he oan get a sufficient purchnse on the handle to lift
the ladle over to the row of molds., He wears a face mmsk,

and leathsr gioves, but no other protective clothing. Tha
lead may spit & little if there is moisture in the molds, and
casual 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.

¥hen tsn molds are full, the two men take & hreather for aboub
15 minutes wntil the lead has frozen ovar (tested by poking
with a rod), then ths molds are dragged a few yards away, and
inverted to dump the ingots. Doudble bandled tongs are used.
The molds are then refilled in exactly the same way, and so on
until the pot is practically empty, about 60 ingots in all.

281545

The pot is them hoisted out of the setting by means of & sling
ehain, bolted to the companion flangs, care being takem tbat
the bolts holding ths halves of the flange are still effectivs,
and the pot is run along until 1t comss over the hinged part of
~the floor, so that it be lowered to ths ground floor. Core
is taken to close the hjngod part immedistely the operation is
ended .
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Proecess in Detail, eontd

Hote on Peptying a lead Pot, contd

. SBometimes & pot is moved with the lead still in i¢t, for
example, if the distributor assembly will not broak loose
because of earbon incrustation, or if a sound pot is to be
moved from one setting to another, but such ceses are quite
rare, The lead would bs allowed to s0lidify before ths pot
was moved, The usual procedure is to tele out the lead as

dsscribed above.

The lead ingots usually leave the molds quite easily, and
they are stacked pear the unit until ths new pot i3 in plaoce,
then they are packed, on end, in the pot, and mslted dowm,
and any lead needed for mlke-up iz added.

The K eover with ths dip pipe and thermo well can, of course,
be lowered into position only while ths lead is molten.
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Process in Dstajl, contd

Fote on the Mrintenance of the Tead Pots
(See also the notes om item #Sieiageu " below).

Ths practics shesets, pages 12¢ Yhbelow, give soms figures for the
frequsncy of Npai.r;. ’ _

The first prehsater with its welded-on ssver, low vepowr wvslo-
eitiss and relatively low teperaturs can run for yearsa without
attention., The second prehester, and more particularly, the
convertor, suffer from deposition of carbon inm the vapour
basgsages of the cover, damage to the dip pipe, thermowsll,

and baffles by high temperature and by the mechanical and possibly
corrosive effect of the lead, fallure of the pot wall, usually
by corrosion-erosion from insids, at or below the level of the
1sad, crecking of the weld between the pot and its rim (this
wold carries the weight of the pot and contents and there is
oontinued gontle bumping of the lead and vibratiom of the pot),
failure of thes cover gasket or warping of the cover flanges,
and from entreaimment of lead in the vapour stream., If lesad
comEss in comtact with the outsids of the pot, from a gasket
leak or from a perforation of the pot wall, it may cause marked
erosion, apparently from the aolvent effect of lead oxide en
the stainlesgs steel, but this 48 not & ms jor cause of failure.

If there is8 & partisl blockage in the vapour outlet, it mmy
ghow up 28 & darker patch on the glowing pipe. The pipe leav-
ing the convertor needs cleaning about each 3 weeks and that
from the second preheater about onsce every 8 weeks., Carbon
=AYy 81ls0 build wp inside the cover, roumd the vapowr exit; or
in the orifices of ths baffle plates arouwmd the distributor.
;/}X The baffle plates slowly ssg, apparently purely from high
temperature., A convertor pot uswmlly runs 5 to 9 weeks befare
\ needing overhaul.

The carbon mey be burnt out of a pipe by heating with an oxy-

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

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

There bas been soms discussion of possible overhsating of the
pot wmlis above the level of the lead, but aspparently the splash-
ing of the lead on to the walls does a little cooling, and of
course the furnace Graught fs dowmwards in the cases of the

second prehsater and the comvertor.

Kr. Barden, August 1950, suggested to Anniaton that & stream of
COn, passed through the hot convertor, might remove the earbon
deposit by converting it to carbon monoxide. Anniston bave
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Process in Dstail, contd

Kote on the Maintenance of the Iead Pots, contd

- made & few trials of this, by pamsing two eylinders full of
ugh a wnit once & week, aml though the wnit finally

C0s thro
chgbed with carbon, it was believed that the choking had
besn delsyed by thes use of COn.

Although the pressure inside the coavertar is relatively low,
ths Jjoint of ths comvaertor cover gives a great deal of trouble,
because the temperature is near the yield point of the matal,
The edges of the cover gradually dbend downwards end the edges

of the companion (backing) flange wnder the pot 1id bend
wwards until they meet, and the gasket no lomger holds, The
gaskets on the convartors are made W from round breided asbes-

tos rope 1% in diamster. See page B7 below.

Leaknge of lead from a defectivs pot will probably be detected
first as a drip of lead from the furnace casing. (Note that 1i¢
Eay drip from the wrong cesing by penetration through cracks

in ths furnace setting, and care should be taken to examine )
ths undersides of all tlree pots before deciding which sctuvally
is leaking). The pressure gauges on the pots may help to indi-
cate which pot is losing its lead. Ieakage of vapour intc the
furnaces may show up a8 black smoke in the staesk, or &8s an
increase in furnace temperature. See also the stack test dis-
cussed under ftem $6A, page 91 below. ‘

If a pot is sound in somes parts and defective in others, it may

be made good by welding, for exzusple, & new bottom may be welded
in. A pot which has seen service in the #3 position my be

shifted to ths lighter duty of #l position end sc on.

Ses notes under "Corrosion”, page 22 above, for en aceount of the
corrosion of the pots.
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Process in Detail, contd 3

. Ths mixture of vapours and hydrogen leaving the couvertor pot
passes through the centrifugal lead trap, item #7, where most
of the entrained lead separates, and into the bottom of the

fractionating coluwmn, item #£3.

The underflow of the colum lesves via 5#9) a carbom trep,
through steam jacketed lines to ome of #10) two swmp tanks.
These tanks are vented to the “off-gas” line from the top of

ths columms,

At the top of the colusm there is a (£11) Condenser and (#12)
:;glnx split box, with an equalising vapour line between the

The reflux split box is adjusted to give & benzene forward flow
containing at the most & few parts percent of diphsnyl, and to

give an wderflow of crude diphanyl containing as low & ben-
Zens content as can be attained. Ths Anniston report 1642,

0ct.15/31, states that the crude diphenyl flow contains about
 to of benzens, Diphenyl still records seen in November
1950 indicated that about 17% of the crude diphanyl was recover-
ed as benzens fraction. See page 53 below.

ke, A. M. Ellenburg, NKov.12/%7, wrote:

¥ The reflux flow is used to control ths temperature of
the umderflow from the column at about 2000C. The

reflux retio varies according to the temperaturs of
the condensed benzene. -------(which) varies according

to ths length of tims the condenser has besn in servics.
Ag the £11m builds wp on the water side of the condenser,
the cooling efficiency drops off, and more of the hot
reflux must be used to obtain the same a:aount of cooling.

These retios vary from 70/30 to 90/10---ceo .

The vapowr line from the eonvertor to the bottom of the
coluen has a btranch for sampl the vapours for tha purpose
of mmking the conversion test, (Bsee below umder "Conversion
Test”, page 75,)and another tranch carrying & pressure gauge.,
The conversion test is perrorned once & day on each unit,

usuwally in the morning shift
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Process in Detail, contd

Treatment of Off-pas

The off-gas from the convertor columms, consists of hydrogen,
satureted with benzene, 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 cospressed gas from the first stage goes downwards
tln-ou%h e vertical interstage coolsr (#30) to a low pressure
tank (#31) where condensed benrens 1s deposited, than the hydro-
gen goes on to the second stage of coxpression., After the
second stage the gas goes downwards through the second cooler
(#32) into the high pressure tank (#33) where it deposits more

eBd.

The surge tank (#£26) has & 55" water seal to & hooded vent pipe
through the roof of the compressor room, and there is an auto-
matic sontrol instrument which maintains the pressure in the
surge tank betwsem 11 and 16 oz, per sqg.in, above atmospherie,
by reasting on the unlcading valves of the compressors.

The bentens which collects in the surge tank gravitatea to the
bonzene receivers (#27) and that which collected in the pressure
wms formerly discharged by float traps, also into (£27), but
the trap seatings failed by corrosion, see page 1 03 bslow, and
the transferrence 18 now dome at about hourly intervals by
means of hand-opereated valves., Ths Dressurs vessels have gaugs
glasses, and the discharge lines have sight glasses. Corrosion
of copper and alloys in the hydrogen compression system is
rug_%ef -..b:ih;:‘ and is ettributed to the effeect of HoS8. See page

Oxygen dcbarlimtima were mnde on the hydrogen at first, but
are no longer thought necessary. After any shut-down, the
is vented to atmosphere and the system purged with

m ou.f't, of mg.-

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

in the lydrogen stresam,
¥, Xllemburg, Juwne 30/38, wrote:

! e——=-As you knoy, owr Worthington compressor bas two

stages and operstes at 150 psig and 300 psig et the dis-

charge of the low and high stage respectively. These

pressures are not oritical and the cholee of pressures

mvmauequmamuwuu
amomnt of gas to be handled——%,

S8ee wnder item §29 below Irage 101) for his further remerks,
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Process in Detail, contd 2

Diphenyl D;ltil.htioa

. Crude diphenyl is pumped through steam traced lines from the
gusp tanks to either of two horizontal 4iphenyl batsh stills
(#13). Each still is fitted with (#138), an extermal gas-
hesated coil, on the side of a fire wall remots from the
8t{11, through which the sharge is girculated by 8 of
(£1245, & submerged centrifugal pump. The "spread” or tem~ -
Derature difference bstween inlet and cutlet of the coil is
sutomntically controlled through the gas supply to the burners,
and is automatically recorded. Ths controller is set for a
spread of 20°C, but when seen in November 1950 it was running
at about 16°© to 18° spread, i,e. the heat input of the burnsrs
was falling short of the control limit, Ses undsr "Instrumen-
tation”, page 108 below, for details of the control instruments.

A typloel still chnzge (Sept/17lauas 3400 USG crude diphenyl
plus 450 USG recyled “heads & tails" fraction, and the still
cycle took about 18 hours.

The vapours s to (#1%) & 20 plate columm with (#15) conden-
ser, and (F16) reflux box working at atmospheric pressure, Cuts
are taken based on P.P., determination, (dbut see Mr. Harden's
comments below). , .

The reflux is changed during the dutula%an amxl the follow-
ing is typical of operation (in Septexbsr/iT):

Reflux / Produst
100 o]

At Stext

Benzrene Praction (up to

809C at top of colums) 25 75
Heads Frection 50 50
Diphenyl Frastion 30 gg
Tails Fraction 20

Rr. Harden, August 1950, however, reported:

"fhe total reflux period sesems to be practically. confined
to the still charging operation. The still and column
are usuwally still bot from the preceding batch and the
incoming ocharge starts distilling immediately. Total
reflux operation at this stage rapidly cools thse columm.
It can bappen that this initial distillation is too
rapid for the aplit box to deal with it., In such & .

o2ga it is uswval to relieve ths box by sending a2 portion
to the heads and tails receiver for return to ths still,
It is essential to avoid sending any of this initial dis-
tiliate to the benzeisrecovery system since it is liable
to be contaminated with diphsnyl and so lead to excess
produstion of high boilers. The charge used at tha time
of the visit was 3800 TSG of srude diphenyl and hesds aad
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Process in Detail, contd
Diphenyl Distillation, contd

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

"Some excess pressure is ept todsvelop at start of
distillation, presumsbly DPlugging of condenser by
condensate. If this 13 observed, & vent is available
Lo temporary relief, Thu pressure build-up was not
a.ppe.rent to the writer but the cpereter elafmsd thmt
oouldtellbytheflouinthoaplitboz

"Circulation through the coil is started before light-
ing burners. As the system is usually hot, the burners
oau‘boptztmllonquitoguickh The burners &re
controlled by the "spread” between inlet and outlet
temperetures. This is normally set to 209C, but is re-
duced to 10-15°C when distilling hesds to minimise

earry over of good diphenyl,

"officially, the change-over from heads to good diphenyl
should be based on Cr.Pt. (68.4%). In prectice it is
uswal to ehange-over arbitrarily after ons hour's dis-
tillation because the time spent in testing samples
msans unmecessary diversion of product to heads for
redistillation. The arbitrary tims factor obviously
depends on distillation rats and may not apply on

another installation.

‘smmiy the tails fraction is cut out &8s soon as tem-
tloe specimsn chert) indicatss noed, as dslay

in r.p. dvtcrnimtiom résul®s in couta.n:.mtion of good

diphenyl. Furtbermore, it has been found that £.pt.

can be 0,K,, but boiling renge out of specification if

ths outti.ns out of tails is delayed,

"Generel rules:-

Use top eof colummn temperature to cut into heads.
Use time and coil inlet erature to out into d4iphenyl.

Use eoll inlet temperature (345-355) to cut into tails.
Use top of colum temperature to off tails, *
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Process in Detail, comtd

Diphenyl Distillation, contd
Eagh 8t11] bas three other recelivers:

(£18) Beads and Tails,which are pumped beck into the still,
by means of & submerged pupp, for the next batech,

(£19) Diphenyl Recelver. Prom here the finished product may
bs pumped hy means of a submerged pump to storege tanks,
to the Arveloar plant, to tank ears, or to & smsll flaksr.

(#20) Bottoms Receiver., Crude Santowax 1an§xmpod here at the
end of tne distillation,wing thse subserged puwp of the
still. This material may be pumped to ths Santowsx
8till or Grawn off into drums for permnent storags.
Excess material may be pumped into a pond.

The distilliate flows through (#17) & smll open box
from whieh it may be sarpled and diverted to eithsr
ths diphenyl or the "Hmads and Tails” receiver. Ths
benzens fore runnings by-pass this box.

Rash of these three receivers is fitted with a steam colil and
gubmsrged puwm,

A typical 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 sasple chart from the Multipoint tmmmo recorder was -
seat to Mr. ¥W. M. Cooper, in London, Oct.31/47,

Anniston recycle the cooling water in their condenser,at aetmos-
pheric pressure, ocooling it in & separate heat exchanger.

This 18 to prevent soaling of ths condenser by impurities from
the pond water. They rely simply on hand control of the cooling
weter ¢to the heat exchanger to give sufficient condensation
without causing freezing of dip 1 in ths condenssr, The
tempparature of the recycled mater not ordinaxly be above
the freezing point of diphenyl, but it is allowsd to rise to
80-859C dwring the collectiom of the "tails™ fraction. Instru-
msnted control of the cooling water was abandonsd in favoer of
hand scontrol. ' -

The benzens &istillate is examined bafore being pumped to ths
reoycle feed tamk, to make sure it does not comtain more than
2-3% at most of diphenyl. The cperators Jjudge by a greenish
colour which appears if there s mich diphsnyl, and by evapore-
t% & few drope between the fingers, but & free=ing point

test would be the safer criterion, The diphenyl may have
filzshed over at the start of the Aistillation, &s described
on page® above, or sy have coms over through inefficient
fracticn (insufficient reflux).
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Process in Dstail, contd

Diphenyl Distillation, comt &

The build w, in the heads fraction, of materials other than
benzene and diphenyl is very slow (only about 0,065% on the
diphenyl according to Anniston report 1642}, but es the frac-
tion is recycled to ons batch after anothsr, s e and
other contaminants do slowly accumulatse in it, (see under
"Flow Sheet”, page 28 a&above, for typiecal valuss; mee also
page 116 below), and the cut between bentene and diphenyl
becomos less v Occasiogall_! therefore & heads fraction
"sut ¥ from adout 90°0 to 200°C.amounting to about 10 gallons,
i3 side-tracked, allowed to ¢oocl to deposit dipbenyl, which
is drained off &and returned to ths systenm, the liquid eom-
taminants discarded., Mr, Ellenburg, Jan.l8/%9, in answer

to & suggestion from T.ondon, agreed that the heads fractiom
might be ascumuilated until thsre was enough to charge @ still,
instead of being recycled esch time, but he advised against
that course on ths that a larger store tank would be
needsed, and that the Amniston method 1s generally more conveni-

ent.

Any Dmpurities boiling just above dipbhemyl will go into ths
tails fraction, but this fraction is simply recycled so that
the impurities finally go out in ths csrude Santowax.

Er, Ellenburg advises against handling or shipping diphenyl
in drums because of the difficulty of re-melting. Anniston
flske any henyl not handled in tank cars or by pipe line.
London, Feb/49, did not expest to sell any diphenyl, The
diphenyl still bottoms (Crude Santowax) are kept molten in
steam-heated tanks 4f they are to be processed further. The
excess production of bottoms at Anniston is put into 014 drums,
and more of it has been punped away into an excavation, If
the stored matsrial is needed again, it is put Into & melting
?ot and then moved by pumping. At one time when smaller

direct fired) stills woere used, Amiston purged the diphenyl
sti1ll system with COp between batches, but discontinued this
as being wmecessary with the present stills., The still is
8inply allowed to cool a 1little after be discharged, then
& little care taken in pumping in the new (hot) charge of

at about %00°C

crude 4iphsnyl. Still bottoms, dis
have been Imown to take fire, The circulation through the
bsating eoil ies not started uwntil the etill has settled dowm

after the charging.
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Process in Detail, ocontd

Distillation of Santowmx

This is carried out under sbout 50 =m of Mg absolute pressurs .
at the receiver, using & DeVine Vacuum Pwp (£40), Ths pre-
sent equipmsnt was originally set wp for the separetion of
erude Santowax into Bantowsx 0, M and P, which are erude
ortho, meta, and psra isomers of terphenyl. For Santowax R
only atrdd.ght over distillation is required, with a single
receiver (#39) instead of ths meriss 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 and reslly constitute one vessel. They contain
heating coils and one has a su!:zmvs:ed pup (#£34D), by which
l4quor is circulated through (#3%C) an external prehsatar

¢0il on the side of a firowall remote from the tanks and
etill., The coifl is heated by gas burners and is suppprted

in & steel flue with firebrick lining. The material 1s pre-
heated to 230°C, The same pump is used to transfer ths hot
1fquor to the (#35) still which has s similar heating arrenge-
ment, The still capacity is 6-T000# of cruds, The still has
e 10" vapour outlet (and losion disc) to (#36), 12 plate
column. This columm has (#37), & condenser consisting of a
-single Jacketed tube in the form of a zig-zag. (See pages 104 & 105
below). This condsnser was used in place of the original shell
and tube condenser because the latter often becams blocked
with frozen material., There is a reflux split box $#38),

but reflux is used omly im the {rough) separation of crude
Santowax into the o, R & p isomers.

Ths Santowax R distillate is rum from the receiver (#3?;3
to the buffer vessel (#39B) and pumped from there, by (#394)
to the Arcelor plant, the Santowax R flaker, or to the HB-’SO/
plant, as required, The still bottoms are sold as Montar 9,

amy excess production being dwped,

Ir. Bardy reported, Oct.l7/3T:

"A total forward flow is maintained on the split flow
box throughout the Bantowax R distillation. This is nece-
gsary in order to get over some of the higher boiling
constituents which boil above the terphenyls. These
mterisls must be present to bring the hold point of the
Santowax within cur specifications,

"0ur original Santowax still had no reflux at all and ths
new still (19%3) iz supposed to duplicate the product of
ths old sti11¥.

DSW 462106
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Process in Dotail, contd °

Distillation of &nﬁbwu, contd

' Distilled Santowax is & reddish hrown 1iquid erystallising to
@ yellow solid at room temperatures.

The distillation 1s oontrolled by "Hold point” dsterminations
~= there are ©wo suoh points and the specificatiom for the pro-

dust requiress , ;
Upper hold point 137-143°C  (changed Sept.23/37 to 137-145°C)
Lower hold point 4¥5-609 (ohanged Sept.23/%7 to 45-63°¢C)

A saxple gtxrip od!‘ texperature recorder echart for various points
on the Santowax still system was sent to Kr., Cooper, Oct.3 g7,

Or Janvary 6/%9, Mr. A. M. Ellenburg wrote:

"At ons time, distilled Santowax was allowed to solidify
in drums, and shipped, but it was noticed that ths pro-
duct tended to megregate es it solidified, As a result,
the outer layer of the 4rums sontainsd the high melt-~
ing portion of the Santowax R, and the center of thse
Grua wme mde wp of ths lower melting fractions.

order to obtain a2 wiform produst, so that a whole
world mot have to be melted to get out 10 poumds,
{ jdea of flaking the Sentowax was proposed. A chill
1 is used to cool the materinl, and a blade scrapes

mterial off the rolls, from which i¢ falls imto

or lined barrels, (Note, howsver, that Santowax has
two "hold" points iIn its crystallirstion curve,see page 13
above, and gives first a plastic mass at about 1340°C,

them a waxy solid at gbout 509¢, & faot which affects the

m Process. Bcuq

¥ The luwpy materisl results bscause the Santowax is not
chilled sufficiently before placing in ths bags, and a
fusion of ths flakes results. However, the partial
z 18 enough to give & wniform solid product. The
orude Santosmx could be handled a similar way if necessary,
beoausse its characteristics are similisr to those of Santo-
wax R, A big tank for storage of the molten oruwde im, of
course, the easiest solution to a storage problem®.

Amiston, Jan.1%/%9, pointed out that the Santowax flaking
cou;dbadaneontbamdrmuthediphenylmung.

%:; also the note under Specifications & Test Msthods, page 67
ow. '

gs"
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Diphenyl Digtillistion Record

Digtilliation No. 7 hH - Date Started ., - / 1% 7
Operatar Start M entre 3
stil v, X Operatar Finteh - /" shire  /
Started Charging Still at ;25 2.,
CHEARGE:

BT Tank; inched before -3 ¢ inches after _.%/ - gallons

No. 1 S.T. inches Yefore 2% inches aftser _ o gallons

ahavedd _Z 7 é

charge".,,i: f_‘_,_:f: wde

e
Ko. 2 S.TT 1nQM|¢bercre_f______inches ufter ga~.)onA charped e
No. 3 S5.T. inches before 7 inches after Zé gulane arargol
Fo. 4 S.T. inches before__  inches after galiono cha~zal
Benzol Still " " __inches aftar gellona chavwmi —_ _’i
Total Gallons Chargod _ 4.0 560
oircvlating at /Y i Fireonat /2 S 40
FLO PN S TTINGS:
1. o _J/ L at T, 5. on__ 2, ttéij o
2 on___ 1/ et /o Py, 61 On at _
5. on_ S0 at 3.5 o 7. on at o
b. on 20 st po Lo, 8. oa at _
BENZOL: Ran yid " or y/awl eal.
EEADS: Started over at 9/ﬁ M. Finlshod at _ft. 27
Ran ‘AI/ L /73 f lbe.
TAILS: Btarted over l‘g_;&g_zf_.__bﬁnilhod at L PO 2 »r
Ran /0 " or ‘K{/// 1bs.
DIPEYRTL: Total in Distillfation e ) “/M 1be
HICH BOILER: C.‘rou Welght ~ 1lva. Ko, of Dypmzma
""‘" Wetgne £/7. 7 DSW 462109
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Process in Detail, comtd >3

Summyy of Recerds of Diphernyl Still VWorking

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

Yew Interlal DBenzene Beads Fails Diphenyl Bottoms
1b

to St111 Fraction Iv 1b 1b
U.8.0allon off U.5.G. (8 1b/v=g)
3485 437 202k 964 18,785 5400
3394 598 1328 1157 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 %600
3485 874 2121 1350 16,133 --
3485 598 2024 1253 16,796 -
3576 391 2314 1157 15,249 -
3485 598 231% 1060 19,448 %800
3485 598 2510 1350 18,785 3200

DSW 462110

WATER_PCB-SD0000045476



- 5k
SPRCIFICATIONS AND TEST METBHOIS

RBaw Materials

Bsnzene

In September 1947 Amniston were in a favourabls position in
respect of the quality of ths benzene received. By & special
arrangement with the suppliers in Birminghsm, Alabama, they
received material ususlly running 5.3900 Cr.Pt., (on the sample
"as 18"), and at least wp to "Nitration Grade” ca &ll cther
points except possibly sulphuwr content. The arrangement was

g0 good that Armiston were able to rely alwmost entirely on
Birminghar control of the quality of the deliveries. The only
specification was that implied in ths description of the mate-
ricl as "Industrial Grade Benzens”, and the deliveries were

- 80 much above specification that the specification was inopera-
tive, Because of this position Anniston do not perform routine
tests on benzene deliveries mede to the diphenyl plant. There
are only v fow test reports on file, but the following which

were &va e wore belioved to be representative of the mate-
rial uswally received:
Tank # GATX 35461 GATX 21357 ? GATX 1940
Date Oct.Zé T - Au.gék‘? June 17
Pr.Pt.°C. o 82446 5 L6
8p.0r.@ 60°F. 0.88%45 0.8345 0.8825 0,
Dist. iggg;f -9—-7 - T 0;9;(: 1. Cx(corr.)
ap L] 9' 9' L]
5% go.e go.e go.e .1
50% 80.2 80,4 80.1 80.3
%% 80¢ 80.5 80v4 800
ary 80.4 80.5 80.%4 80.%4
Colour Water white W.W, @ W,
Wash test #1 #1 - #1
Total sulphur ¥ 0.05 0.05 - -
Acidity mg ¥aOH/g - - - 0.000%
%o P.D.E. - banad o 700
Paraffins - — = nil

The freezing point method used was that of J.I.E.Ch.Vol.1l0,
p.1010, (see page 56 balow).

For the other teats, ths latest A.S.T7.M. methods were used.

In order to check the Ammiston method of determination of the
freeszing point of benzene, against the Ruabon msthod, and to

mkes sure that the Ammiston material really had such & high

test, by British test mothods, & sarple from rail tank GATX 21357,
Hov/ii'r, was Bent to Rumbor. Yt wes found to have & crystallizing
point of 5.4 C by the standard Rusbon method.

DSW 462111
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Specifications & Test Methods, contd 7

Suploa, reprosenting matorisl available in Britain, have
been examinsd at Anniztcmx

Semple HBQ? Sarple 60768
Faken Jan 2/#8 Talen July 27/%8
Fr.Pt.% .
8p.ax /GE0OF 3 8 o283
Dist. range 1.2 (ecrr.)
1st drop gg.s% g.#
5% '2 ¢2
% gg gg.e
dry 80.6 B2
s %" 5
Acidity mg Kao 0016 0.00%
ggo PeD R, E/g 458 62
insg nil

Amiston's comments on the British sample NB279 were that 1t
was not up to the quality of the Amniston supply, 41t had &
high acid wash colour,indicating incomplete acid t:z‘oat.ment
and the presence of wnsatmated or hydroxy ecompounds, but
tbat it should give good diphenyl if the frasctional distilla-
tion of the diphenyl ware good enough, The sample left an
odour of tar at the end of the distillation.

Amniston's comments on British sample 60768 were that its acid wash
test wne Just at the lﬁmt of the Amiston specification

(for "Industrisl Benzens®) again indicating incomplete acid
treatment of the material. Eaterisl to this sample would pro-
duse good diphenyl, though a little aextra attention to the
Giphenyl distillation might bo needed,

The effects of impuritiss in the benrerns were discussed in

Amiston reports 16%0, p.19, & 1642, pages 1 & 2, For & time
Bo very high standard wes set, but in recent years, trouble
with the stability of Arcolors used for electrical work has
renswed the interest in this subject. Ssee pegsslill- below,

In a "ghort form report”, No.2152, dated November 17/47,
Hr, A, B, Ellenburg of Ammiston reviewed the gquality require-

mants for benzene for making Biphenyl and Chlorbemzenss. Be
found the available evidense to be inconclusive, and recomssnded
mintaining & 1imit of 5.0°C minimm for Diphsryl and 5.2°C

for Chlarbenczeries.

Dr. B, E. Eardy, Dec.23/37, advised caution in accepting a
lower standard, for benreme, whiech contained paraffins, would

NQW AR?119
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Specifications & Test Methods, comtd

yield styrene and apparently vinyl biphenyls. Hsre again ths
chlorine derivatives were blamed for skin trouble in the
Aroclor plant. He pointed out that though the chlorinated

- products may be stabilized by being held at high temperatures,
it is not certain that this process will go far enough.

Oon April 28/39, Er. Ellenburg mentioned ths bansficial effect
which high tesperetures in ooke ovens are known to have on the
purity of the (freedom from paraffins). .

8ee also the discussion of Effects of Variation in Benreme
Quality,” page 111 below.

Fest Hethods for Bsnzens

¥r.Pt,.

As mentioned above, Amiston use the method of Ind.Eng.Chem.lO0.,
P.1010 (20 cec sample in the "as 18" condition, put in a test
tubs in an ice bath, and when the solid benzens begins to
separate, the temperature will remain constant for & tims,

This temperetwre 1B taken ag the s0lidifying point.

Ascurste * 0.05%,

Othsr Tests

Anniston use A.S,T.M., mothods, but on Feb.15/39, Amniston re-
ported that the British (N,B.C.) form of the acid wash test
was simpler, especislly respect of the preparation of the
standards, Om applying the H.,B.C. test to their own benzene,
they found it to give & colowr matched by only 0.1 g dichro-
mte per liter of wmter as ageinst the K.B.C, standard of
1.0 g The same benzens gave colour #1 on the A.S.T.X. acid

wash test. .

DSW 462113
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Specifications & Test Methods, contd

Lead for the Pots

Eo specifications exist on lead used in the diphenyl lead
convertor units other than that "chemical lead"” is to be
purchased, Apparently the effect which ifwpurities in the
lead may bhave om the stainless steel, is more feared than

any effect on the conversion process itself.
¥r, W. ¥. Wade of Armiston have the folloring infourmation:

"A typleal analysiz of chemical lsad as supplied by the
St.Joseph Lead Compamy, 250 Park Ave., New York, Kew York,
wvasg:

Pb: 99-9272%
Cu: 00%08
AB:

Sb: 0.0001
Sn:

Fe: 0.0001
zns 00,0001
Og: 0,.0003
Ri:

Cos 0.0048
Ags 0.00656
Bi: nil

"Rlemsnts that should be particularly avoided, as observed
in practice at Amiston, and as recommended by mmnufacturers
of stainlesa ateels, are, in order of importance: tin,

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

csdmium, 0.0005¢7 max,

"taution should be taken in plant operation to avoid
contamination by any of the above elements.”

Spectrogrephic analysis has been found useful for the
purity of the leed for the convertors. We are warned to look
out for ixpurities which may be picked up in amy reused lead.

MCL have found & source of supply of lesd spparently wp to ths
Amniston standard except that the bismuth comtent is 0,.001%

and thse lead percentege anly 99.9955.

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

DSW 462114
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Specificeticns and Teet Helhode, cont'd

Finished Froducts

Diphenyl code 3380-500-7h-
_"%Tecgﬁical) euthorised July 1?2%5,
(Sampled from ths reil tank in Bupercedes Kar. 2/38,

the sase of tank ocar salss
Production Dept. Ko. 09

Appesrance vyellow to pale amher solid,
Colour ecual to 2.0% agueous FoCly max,
Pr.Pt. 68.7° min.

Dist. range 2.59C. nsx. ineluding 255°C.

Freezing Polnt of Diphenyl

Standardised Anschutez thormoneter £0-1009¢. mounted
vorticallg near shali of & £82l) olectric stirrer. Bulb
ebout 1/4" above stirrar blzds, and 3/87 from the sheft.
Hagnlifier clanmpsl te thomasmeter.

Helt and nmir tha e=irle. Pouvr shout 120 o.c. into
250 co Griffin bsakszr meliing cure thermomster is not sbove
102°C. Sst beexsr wnder stirrer so blade 1z +-1" above
ths beaker, and tho thermometer i{rsnerced to 4#0°C. merk

or marea.

Run stirrer at modsrate rate throush test. VWhen cry-
stallizatéon beginsg, the temporaturs will rise quilckly
about 0.4°C., then become . onstant for 2-5 min. bofore
slovwly falling. Highest reading teken evolding parallax.

Dist. Renge of Diphsayl

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

200 oc Pyrex (Corming 1500) dietilling flesk. Neck grapped
with wet asbestos paper aliowed to dry on. 200-275 range
precisicn Taylor type thermo. engraved stem 0.2° division.
1© =« & m."1. Both bulb z2nd expsnsion buld to be below the
side tuve. 6" euxiliery thermo. 0-150°, ettached with
buwll 2/3 way down tho exergent stem., Cover both thermos

psw 462118
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Specificetions end Teet othcds, oontid

——

Finlshed Products, cont'd

with 3/4" gless tube. Correct for emsrgeat stem, and
beronaterié and thermenstris e.:-or,

Condenser &s for rratt besnzol distillation, L.e.,
2" x 4" glass tube @ 75° am_ls in copper trough. W sr
at 75-559C. Auxilisry bDurner to prevent freezing at
exit. Dmrf. shield 5" I.D. x 6% high.

Fisrk on 6% x 6" pisce of 1/k” transite board with
1-1/%' hole. Top of euxilisry bulb of thermowster level
with Dottom o side outlst. Cork stopper flawk to oon-
denser.

Haigh 100 g. soxpie Into fleek, Heat with Heler
burner till ebullition starir. FEhen verour ring rsachsrn
into th® neck, but no& to the side earm, cool a little.
Repeat 3 timea to get thermunster end {lsek neck heated.

Distil 2 dropa/mscocnd into hecker on & balance.

Roed: ‘ .
lat'dwp ¥ 3% 53 59‘}5 U 95% 9% 978 Df-:y

recd auxiliary thermomster af .

Racord welght in receiver 1 cinute after removal of flems.

Ixy  point: ohaerve vhen last drop ie ves bottoum -- nheeds
two observers.

(760 - Barom. reacing } x 0.036 = T4 ’
{lst d&rop - average of auriliaty reeainigs) x 0.000153 x

no. of dogrees &bove the dethr = Ty,
Add T and T, to observed rexzdingza.

osw 462118
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Specificationas and Teazt Kethods, ont'd

Pinished Products, cont'd

Diphenyl Colour

M=21t 120 g diphanyl in low form Griffin 150 co
beaker. Compare @ sbout 80°C. with ferric chloride
samplies in bottles of same dismeter a&s besker.

Standards 25g. FeCl,-6H,0 0,625 g. COCls-6R,0
in 200 cc H,0 + 15 ce Hl*§ (Q ¢. 1.18), mske up to 250 cc.

Make 3tendards

4 " 10 cc stock per 200 ce
lé 20
1 20
2 Ko
o]
3 €0

&tandard Hos. &re %?0613'6“&’20.

Suplo G-3072 of Fininhsd Diphenyl was sent from Anniston
to Ruebon, Oct.1l3/47.

psw 462117
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 Specifications & Test Hathods, contd 61

Kr. Barden, August 1950, collected ths following test results
at Amiston:

! “pypical Analyses:

Diphenyl Lot 246 247
Date 31/ 25/t 20/1  18A7 8/1 12/5 (1950)
Colow 1.0 1.0 1.0 1.5
Fo?to 68-8 68.8'5 68.9 09 8.9 68.81"
it mmse 00 Sl Bus Sm.o 2hr 2
ldrop e 254, o . e .
% 245 2l Ze B2y 2 2
5 255,09 255.0 25%.9 255.1 255.0 255.0
10 55,0 255,0 255.0 255.1 255.1 255.0
50 255,1 255.2 255.1 255.3 255.2 255.2
Q0 255.1 255,.2 255.2. 255, 255. 255.2
95 255.,2 255.2 255.2 255. 255 255,
96 o55,2 255,3 255.2 255.5 255.% 255
97 255.2 255-2 255,3 255.6 255.4% 255.5
dry 255 a55. 255.3 255.6 255.5 255.
Date 25/% 27/2  (1950)
Colour 1.5 1.0 :
F'Ptc ' 68'8 68.8)
Dist. Range 1.2 2.
1 drop 254,.8 254.9
1 255.0 255.0
2 55,0 255.0

255.0 255.1
10 255.1 255.2
50 255.2 255.
90 255.4 255,
gg 255, 255.8

255.6 .
97 255.8 256.4
éry 256.,0 257 . 4

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

DSW 462118
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TRORRICAL DIPHENYL SIYXPMENTS

=

Dlatilietion

Dato Car Mo. Pr.Pt. lst 1% 3% 5% 10% 50% 90% 958 96% 97% Dry  Colour Dist.
N C. aroep o ' Pt. Range
Sep.3/47  HONWX 659 68.9 255.1 255.2 .2 .2 .3 .5 .5 .6 .7 .B 255.9 1.0 .8

MONX 504 66.9 255.1 255.1 .2 .2 .3 .5 .6 T T .9 256.1 1.0 1.0
Sep.7/%7 OATX 37304 68.9 255.0 255.0 .1 .1 .2 .%x &k .5 .6 .7 255.8 1.0 .8
Sep  10/BT MONX 1AT 83,9 285.1 255ué 2 2 .3 k.5 G 6 7T 285.8 1.0 .T
Sep.17/%7 HOEX 658 62}.9 255.0 255.) .2 .2 .2 .% .8 5 .7 .B 255.9 1.0 .9
Bepn19ﬂ7 HOKRX 651 68.9 254%.9 255,0 .0 1 .1 .3 5 5 T B 255.9 1.0 1.0

MONX 659 8.9 25,9 255,12 .1 .2 .3 . .5 .5 .5 .6 9255.7 1.0 .8

9
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64
Specifications & Test Methods, contd

SANTOWAX R

The properties of Santowax R as given in "Monsanto Chemicals
- and Plastics" - 27th Edition - ars typical anslyses.

Tentative Sales Specification

Coler 3.5 - 4,5 KPA

Solidiricati.oh Hold Texperatures:

Upper 137 - 143%

Lower 45 - 69°
Distillation Range: At least 804 between 350 - 400°C

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

See also under "Properties of Haterials", page 13 above,

DSW 462121
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Specifications and Test Fothods {contid)

Analysi§ of Santowar R

DESCRIFTION

Santowax R 18 a yellcw solid hydrccarbon mixture of
micro-crystalline structure. The main constituents
are ortho-terphenyl, mats-terphenyl with smaller quan-
titles of diphenyl and tri-orthophenylene present.

The molten product ieg chilled c¢n a flaking rcll and
bagged or put in paper lined barrels for shipment.

LABORATORY TESTS:

1. Color: 3.5 - 4.5 NPa

Test Method: A portion of the sample is melted
glowly over a low heat. Care should be taken not
to overheat the sample. Some darkening due to
decompesition is possible if the sample 18 heated
above 2500C for any length of time. The molten
gsample 18 poured intv a clean 15 mm teat tube
and the color is ccmpared to the standard disc
compazrator of the Nutlonal Petiroleum Assoclation.
’ Changed Sept,
Hold Points: Ugrrner hold point 137-1430¢ to: 1;7-1 025/1
Lower hold point 459-6C0C 4563

[y

Method: A 250 cc beaker 18 filled about three ;
fourths filled with ths flaked sample and placed on
the hot plate to melt, After the molten sample

has attained a temperature of 175°-2000¢, the
stirrer and thermometer are 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 a&s the sample crystallizes. This
temperature where the thermometer reads constant
for a few minutes 18 known as the upper hclé point.

The stirrer 18 removed and the sample 18 now al-
lowed to cool to about 80°C. The sample is then
stirred by hand with the thermometer. The chilled
material on the slides of the beaker must be inti-
mately mixed with the molten sample in the middle
at all times. The temperature at which the ther-
nometer stops after 1t goes down and rises to 10
to 30 18 called the lower hold point.

DSW 462122
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Specifizations and Test Mathods (cont'd)

Analysis of Santovax R - Page 2

Stanczpd therrcretors pre used in this test. Ko
cerrection is mzde for stem exposure.

Distillation Rance: Af{ least BO per cent between
350-4009¢C (une.rr.)

Method: ASTH D-20 (modified)

The apparatus 1s designated in the ASTM method and
consists of a2 flask, condenser tube, shield, receiver,

and thermometer.

After assembly of the apparatus 1: complete, the
sample 18 melted and stirrad to insure propecr blend-

ing.

One hundred groms of the sample 18 weighed into the
flaak, the flask iz put in place and heat 1is applied
Bo that the first drip comes over in from 5 to 15
minutes. The distillation shall be econducted at

the —ate of 50-70 drops per minute and the distillate
collected in & welghed receiver. .

The temperaturcs 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 is subject
to change &3 more history on this test of the prod-

uct ig obtained.

Sediment Test: There shell be no lnsoluble impur-
itles 1n & molten sample of the product.

HMethod of Samplirg: It will be very difficulft to

obtain a good sample for this test and, therefore,
the best means 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 % or & pound sample could be
melted at hourly intervuls to see if impurifties

were present.

DS\N A621 23
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Specifrications anc Test Tiethods (econt'd)

Analysis of Santowrax R ~ Fage 3

Ferr 8 fool-precf mvthnod, 2 macuanical meens would be
needed at the flaking rc1lls to remove the metal scraps
which are the main contaminont at present. If the
rolls were capable of ccoling the product to 230°C, =0
that a cold, brittle product could be obtained, the
metal could probebly be 1emoved by a vibrating screen
of 4 mesh eize. A magret night alsc be capable of
renoving the mstal acraps. At present the flaker is
being resurfaced and & ncw blade is being installed

to prevent the +.lings from coming cff the ralls.

DSw 462124
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Specifications and Test Hsthods, cont’d

Determinstion of Swirvhur in Ssntowax

Tentetlive NHethod:

40 g. sample, 20 g. ¥ickel formate, 150 cc H.B. %0
(hydrogenated Santow%x) in 1000 ¢¢ boiling flask.

Heat @ rate of 30-%40"C per minute to 285°C. F¥atser

of eryst. of formets comes out up to 200°. Pormte
begins to decommoss eround £40°, and rspidly @ 270-275°.

Heat to 285° and cool to 20-80°C.

Add 100 cc 1:1 HCl and scme boiling chips.

Reflux ti1l11 Ni has dilseolved, (fosms), with Meyer
or similar apparatus attached to condenser, 50 cc
amzoniacal CdClpy (1% of CACl, 22H,0) in the bulbe.

¥ash Cd3 to bseker or flask.
Hake acid to :henolphthalein with concentirated HCl, and

dilute to about 250 cc.
Add 10 cc K/10 Iodine and 5 cc concentraeted EC1l added.

Leave 10 minutes.

Titrate iodine with K/10 thio using starch.
Calculate to ¥ sulphur in fantowax.

Do blank.

Determination of Chlorine in Santowvax

0 g. SBantowax and 1 g. sodium in dry Ki crucible,
0-100 cc capacity. .

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

dull red.
Renmove cover and allow excess s to burn urder hood.

Cool, wash well with HoQ.

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

Do blank by droppinz K2 into waler.

DSW 462125
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Spscifications and Tes® Kothods, ¢ - .~

Santowsx R yots G130 Fo Specification.

Lot Upper Hold Lor.aroHold Colour

Dats Eo. Pt. °C. Ft. °C. KPA
Sep.l-Sf#'{ k7 1k 2 60.0 3.8 )

&8 144 .2 61.0 3.8
Sep.22/87 50 142,90 692.0 3.6

51 R 60.0 3.5

52 132.0 56.0 3.5

53 2.0 53.5 | 35

Sample G-#073 of Santowex R was sent from Annisten to
Ruaben, Oct.L3/A7.
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Specificaetions and Test Methode (cont’d)

Pinished Products (cont'd)

4

Santowax, (crude individual Zsomers)

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

below.

\

Analysis of Santowsx O

DESCRIPTION:

This materisl consists of grystzls coated wilth a eutectic
o0lil. The cclor 1s pale yellcw due mainly to the adher-
ing oil. The product 1s about 97-98 per cent ortho ter-
phenyl with traces of diphenyl and maeta terphenvl which
form the oll.

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

LABORATORY TESTS:

1. Color: 1.5 NPA

Method: The sample 18 mclted with preczutions not
to overheat and poured into test tube. The color
is compared to the standard disc comparator of Nat-

ional Petroleum Associstion.
2. Hold Point: 530C - §550C.

Hethod: A portion of the sample 28 malfted to £111

a 250 cc beaker one-half full. A stirrer and a
thermometer (standardized) are inserted in the beaker
and the materisl 18 azllowed to cool wnile stirring
8lowly. When the temperature gets down tc¢ 550C, add
seed crystals slowly until sample begins to crystal-
lize. Record highest temnperatu»e reached after ther-

mometer astarts to rise.

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

Method: ASTM D-20 (Kodified)

Same procedure as for Santowax R.
DSW 402127
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Specifications and Test Hethods (cont'd)

Finished Products (cont'd)

Anglysis of Santowax O - 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 again at §6 per cent
of distillate.

Recessary stem temperctures should be talken to correct
for the emergent stem. Correction should also be
made for the atmospheric preasure,

The distiliation range teat 1s subject to revieion
when more history cn this tezt of the product has been

obtained.

4, Sediment Teat: K¢ inezcluble impurities present
in the molten sampla.

Kethod of Sempling: The naterial shall be f£13-
tered through 100 mesh sc¢reen as it 1s lcaded
into drums. A semple of the molten product shall
be inepected for solids. The drums aiso shell be
inspected for cleanliness.

OSW 462128

WATER_PCB-SD0000045494



Specifications and Test Moethods (eontd)

Finished Products, contd

\

" Apalysis of Santowex "K"
This mterial is a yellow solid of ecrystallins structurs,

The purity is approximately 95 per cent msta terphenyl
with pare terphenyl msking up the remsinder, The pre-
sent method of separation yeilds a meta-para eutectic at
3.3 per coent para which accounts for most of ths pare
contaminants . s

At present this product is crushed to lumps one inch or

smaller, and shipped in paper bags or paper-lined barrels,

Ebmtogx Tests!

1.

2.

Color: 1.5 - 3.5 HPA

Method: The sample is melted with care not to dis-
color by heat and powred into a 15-mm test tube.
The color of the molten sample is compared to ths
standard RPA disc comparator.

Pirst crystals: 90°C.

¥ethod: A 250 cc besker is filled about two-thirds
full of the molten sample and placed under & stirrer
and & standard thermometar. The material is allowed
to cool with stirring until the temperatire reachsa
about 909C., B8Seed crystals of the sample are added
Blowly as the cooling continuss. The temereture
at vhich new crystals come out of the solution is
recorded as the “"first orystals” point.

Hold Point: 830-8f5°,

Moethod: Stirring is continued in the above sanmple
while the tempereturs goes down and then rises 1-3°C
to the hold point. Ths highsst temperature at which
ths tempereture reqm!ins eonstant for a while 18 re-
corded. o

D3SW 462129
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Specifications and Test Kethods (cont'd)

Finished Products {cont'd)

Anslysis of Sentowax "M"- Page 2

L. Secdiment Test: No insoluble impurities are present
in a molten sample cf the product.

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

Under the prezent open air method of handling
this material, the cirt 13 especially hard to keep

out.

oaw 462130
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Specifications and Test Hethods (cont'd)

FPinished Products {cont'd)

\

Analyeis of Santocwax P

DESCRIPTION:

This meterial is & white s0lid which orystallizes in
thick plates. The purity is 95-93 per cent with small
amounte of mete terphenyl and tri-orthophenylene as the

contaminants.

LABORATORY TESTS:

1.

Color: 2.0 RPL

Method: The sample 1s melted and paoured into a 15-mm
test tube. £ the standard disc comparator the color
i8 Judged with KPL standards.

Crystallizaticn Pcint: 209-2130C

Method: The cooling in this test 1s started in a
mineral oil bzth hezted to 2300C. The sample 18
melted and poured into a large test tube. The test
tube i& placed in the mineral oil beth and cooling
begins. The test tube contents are stirred as seed
crystals of the ssmple are added. When new crystalg
appear in the solutlion the thermometer which is in
the test tube is read. This temperature iz the cry-

stalllization point of the para terphenyl.

Sediment Test: Ko insoluble impurities are found in
molten sgample of the product.

Method of Ssmpling: A thief asample of each barrel of
material shipped shall be examined for impurities.

This material 18 aleo hard to keep clean urder the
present means of handliing.

DSW 462131
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Control Tests

Conversion Stage : € Conversion

There is & connection from the pipe between the lead trap

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

a amall, water-cooled condenser. Samples of ths vapour my
be Grawn off at any time, condsnsed, and & careful measure-
Eent of the density of the condensate mnde, a8 & mesasure of
the € converszion. The Amniston cperator mskes this test

once & day on éach wnit, usually in the morning shift. ERach
unit bas & sampling condenser, a8 shown on the attached lk&tch‘
permnently connected, and there is a steel sheet "fire soreen
to protect the operator and ths equipmsnt from ths radisdtion
from the conversion unit (especially the lead trap).

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

af about 500 &8s Judged by eye., Ko purging with 00p

is done, Some of the condensers have & screw cap fitting with
the condensate and vemt tube passing tlrough, others sisply
have & two~holed rubber bung. In either case, the saxple
bottle must make 8 good vapour-tight connection. The use of
spring ¢lipe to hold the bottle against the stopper has been
suggested, The sample bottles are of glass, square, 31" x 33"
X 7" on ths straight side, with scrsw necks, and the operator
oarries 12 of them, one for each unit (clearly numbered) $n

& wooden rack, puts one on each unit, leaves them for about
an hour, thsn turns off the vapouwr and water, removes the bottles,
puts on their screw caps or blank corks, and carries ths twelve
of them to his test bench where he has a twelve-holed water
bath, at about room temperature, and leaves them until their
temperature is somswhere between 34° and 16°C.

A portion of each sample in turm is poured into & glass hydro-
meter jar end {ts temperature and density observed. The
hydromster is gredvated 0,880 to 0.950 Sp.Gr. in 0.0005 divi-
sions and should bave been oalrhmtodé The temperature should
be determined with an acourasy of 0.2°C, and even at that the
test is mot highly acocurate, but it is good enough for routine

eantrol,

The % conversion, corresponding to the density and temperature,
is read from the attached nomograph. The samples do not crystal-
1ize, but care must, of course, be taken not to allow serious
loss of bentens by evaggratm during the sampling and testing.
The sarples are quite hot when first collected, and there is a
distinct smell of benrene (and HoS) from the vent of ths test
condense® while ths saxple is being taken., There i8, of course,
& slow stream of hydrogen escaping through the bottle,

PALAT ARAA NN
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BERZEWE CONVERSION CHART
From Final Report No. 1712,
"Study of the Diphenyl Process, Part III®

By F. T. Kiles
October 19, 1942
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Control Tests contd

€ Conversion, comtd

. This ¥ conversion test is net done until a unit has settled
down to steady rumning eonditioms. If the § conversion of any
wit s distinetly different from 18¢, the temperature of ths
conversion pot will be altered, 2 to 3°C at a tims, to bring
the sonversion back to norml.

Anslysis of Crude Diphenyl

Melt 100-150 g. in & 250 dist. flesk with 10° colum, Distil
into weighed receiver to 275°C.

heny weight distillate x 100
% dip 1= weight sample

fest for Benrens Isaks into the Stask Gasses
8ee page 91 below, |

Distillation Stage

"Hold" points and erystallizing points are used in the control
of the distillation of diphanyl and of Santowax, though in
both cases Annistom run the stills largely by dead reckoning®,
plus column top tesperatures in the case of diphenyl, because
of the tims required to take the samplss and make the test.
(8ee page 46 above), The test bench in the department is,
hoswever, equipped with the mochanically stirred crystallizing
point apparatus described under "Specifications & Test Methods"

on page 53 above,

Ses sample G-{071 of Cruds Diphenyl, sarple G-30T% of 3t11l
Bottoms from the diphenyl still, and mpple G-B075 of Still
bottoms from the Santowsx still, sent from Ammiston to Ruabon,
0ot.13/%T.  Samples G-H0TH# & G-30T5 were lost, and repeat
samples were sent Jan,25/39 to Iondon.

Benzene recyocled from the dfstillation stage should not ocontain
more than a few parts per csnt of diphenyl. The operator can
Judge by the colour of the bonzrene and by allowing & few drops
to evaporate om his fingerz, but a freeging paint test would
give & bstter aritarion, . )
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LI3T OF DRAWINGS

There are over 350 drawings on fils at Anniston, but copies only
of those thought to be of interest to ML, have been sent to
. London at differeat times,as listed below.

¥hose marked "A" in colurm 3 were sent by Mr. Nagel of Anniston,
to Hr.W.M.Cooper in London,by airmmil, O¢t.l0/%7, & sscond copy

going bty sea mail to Mr. M. Buis in Ionden, Oct.l13/37.
Lrawing Date sent |Sent o
Ho. Description to M.C Lo ! to | Remsxks
Conversion Unit
AA-5581 Cast refractory tops for linings
9Cc-5584-3 | cast stesl door on shell of fur-
nace
9C-T817 lead pot,flsnge,& thermowell July 21/50] oW
9C-T845-5 | Stacks on Vapourizer A
9C-7847-8 | Pot #1, details,with later A
revisions
9C-7937-% | Baffle for diatributeor A&
- July 21/50| OwM
AA-T955 | Cast steel flange for distrib.
pipe 4
9¢-8131-% | Details of columm A
9¢-8143-3 | Traps for columm A
9C-8147-3 | Stainless piping for convertors A serves for
referances
to 8147-1
& 8147-2
9c-8151 Brick lining, #6 unit A
90-8153-3 | Details of mounting of burners A
9c-8159-1 | Manhole into stacks A
9¢-8166-% | Pot cover July 21/50 OWM
9C-8166-2 | Pot cover,Baffle locations,
A

wmits 11, 12, & 13

MMt -
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List of drawings, contd

78

CSW 462137
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Irawing te sent [Sent
Xo. Description to MCL to |Remarlks
v-;‘gm'eraion nit, contd
9¢c-8194 layout of piping, diphenyl traps A& see letter
to sunmp tanks ¥ov.13/50 | DWT|EM-DWr
Nov.13/50
for amend-
ments
9c-8205 layout; benzene feed tanks &
puzps Kov.13/50] W do
9Cc-8208-2 | Iayout; feed piping & meters Nov.13/50{ Dwe do
9C=-9015 layout units 11, 12, & 13 A
90-9019-1 | Prehsater pot A
96-9019-2 | Distributor July al/BJ OWM
9¢C-9022 Convertor shell, units 11,12,& 13| A
9C-9024% Vapourizer coil detsils A
SC-9025 Yepourizer shell A
9¢-9026 Yapourizer assembly Apr.1/%8 | DSH| Revised to
Nov.l%/%7
909054 Gas piping to burners, & bill
of materials A
9C~9055 VYertical condenser & split flow
box A
GAA-9058 | Expansion flange in steam Jacketed
piping Aug.10/50| Dwr
9C-9069 iayout of benzens rumback Xov.13/50| DWT §§° ucﬂ‘omm
Fov.13/50
9¢-9070 Ho piping to coolers Rov.13/5¢ Dwe
9C-9075 Benzene line, coolers to feed tanks Kov.l3/5¢ DWT



List of drawings, contd

79

Ho. Description gtfw;ea BetgFtRemrkn
‘Mo.2 Diphenyl Still
9¢-7870 fmctionating coluxm A
9C-7871 layout Diphenyl still #1 A
9C-~7872 Condenser A
9C-T873 Sti11 A
9C-7875 Diagrammatic flow sheet. New

still. Tnecluded in "Design

g:pt: 01‘:.' Diphenyl Sti1l", June /K6
9C-78T7 Hiboiler tank A
9C-TB886 Swivel split flow box A
9C-7838 | Diphenyl still condenser detafls| July 29/48 | ISH
9Cc-8152 1500 gallon catch tank A
9¢c-8192 6000 gallon catch tank A
9¢-8193-1| Layout of crude catch tanks A
9¢-8210 layout #2 still A
9¢-8211 #2 Sti11l heater shell A
9¢-8212 #2 8t111 heater assembly A
9¢-8213 #2 St111 catech tanks A
9Cc-8214 #2 Stil1l heads and teils tank A
9¢-8215 #2 St411: piping from suxp tank A

to still

9C-8223 Rotaweir
9Cc-822% Rotaweir details
9¢-825% Layout of piping, plan & sleva- A

tion, Diphenyl still

DSW 462138
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Iist of drawings, contd

Drawing Tate sent [Sent

¥o. Description to KCL to | Remarks

'HEydrogen Compression

9C~T360 Arrangements for burning discussed in

{obsolets), not sent to s AME's letter

June 30/%8

9C-T366 | B, compr; wiring & control May 24/48|DSH | #

90-80%0 Hy candenser piping

9c-8165 wiring & piping diagram A %ee note on
C-7366:

9¢-8188 lLayout & piping Ag bed woiber

: Nov.13/50 Nov.13/50 EM ¢
DWT for amand-

9c-8279 layout B, piping from units A monts

XYB-14836 | Griscom Russel Company

Condenser (Finned) A

% See AME's letter June 30/48 for corrections to this drawing,

also E.Q. Thoeuau, May 21/% explaining that it relates to
one COEPIessor, —81é5 refers to 2 and 9C-9095 to 3.

9C-9095 Hot sent to ¥CL,
Santowax Distillation
[ — -

90-8551-1] High boiler distillation Jams 1946 | RACH
9¢-8551-2| Elevation A
9c-8552 | HBighboiler distillstion June 1946 EAOL
9¢-8552-2| Pictorial Flevaticn A
Genarael
9¢-7850 Diagrammatic Flow 8hsets. Inclu- |June 13/%6
9Cc-T851 ign Deta, %% Diphenyl

Unit, fAug.9
9C-8140 | #6 tnit. March 25/%1 June 13/%6 EAor

DSW 462139
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Iist of drawings, contd

Late senticen

Drawing
Ko, Description to MCL to Remarks

General, contd
See letter R

9¢-8190-1 | Generel layout, units 7,8,9,10 ¥ov.13/50
to DWT Hov.l:

1950 for amm
mants

oc-8466 Flow Sheet - Convertors

9¢-8550-2 | Plan

A

A
9C=9060 Instrumentation diagram A&
Dipheryl (electrical), Shows ¥ov.13/50 | Dwr
Benzene feed system
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GENERAL WOTES ON ROUIPMEET LIST

Reference should be made to Amiston drawings and design data
for fwurtber details of ths different pileces of equipment. The
‘following list is intended only to give a general description
of the equipment,and a few comments picked wp during various
visits to Ammiston. ‘

The equipment list 1s§a11doen1,vror\im.tm other than #% and #5.

The design was developed at Anniston and szoms modifications

were introduced when units #% and #5 were planned. These changes
woare found to be undesireble and the design of subsequent unmits,
including #11, 12 and 13,(the last installed)followed the ori-
ginal pattern. See page 32 above and pags 85 below.

A1l benzens lines ere steam traced and linea ocarrying diphenyl
o hi-boilers are steam Jjacketed, the Jackets being liberally
provided with expansion Joints. (See Ammiston drawing 9AA-9058).
It is important to carry the steam jackets right up to the

The di{phenyl conversion and distillation units were indoors,
ths store tanks and the Santowax distillation wnit outdoors,
with some shelter for the heating furnaces, wvecuum pump and

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

The convarsion and still buildings are high, with effective

roof ventilators, and are open copletely on the East side, up
to the level of the working floor. (Pot rim level). See also
pages 16- above. The floors all are of vertical steel greting

and Amniston are very esmphatic about ths alvantages of this.

Flanges on ths conversion system piping are of ths standard
ammonis patterm wp to 3" pipe size, and are special cast steel
tongue and grooved flanges of Monsanto design.,above 3". Crane
clanp gate valves up to 300°C, no valves above 3000C except

cast steel gate valves on the diphenyl still.

Materials of construction for various items are detailed in
Amniston Research Department, Repart No. 1642,

See also pages 22 & X1 above and 86 & 88 below for notes on
ths choice and performance of different stainless steels,

DSW 462141
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Equipmaent List, contd >

#1 Benzens Storage Tanks
Five borizontal steel tanks. See also pages 1T & 29 a.bovo..

#2 Puwp for swplying #3

Controlled by float in #3 whish cuts off the pump when the
(5000 US@) tank, item 3., contains about 4,500 gallons, &nd
re-starts it at about 2000 gallons.

#3 Recycle Feed Tank

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

FThe tank in use in Kovember 1950 was & horizontal eylindrical
steal vessel with bulged ends, about 7'-6" diameter by
13¢-0" streight side. Capacity about 5000 U3G. Set in-

8ids & eonarete retaining wall outdoors at mams distance

from ths flow control room. Pipes to and from ths opsreting
building run overhseed undsr a asteel ahset shield with &

stean tracing line.

Fresh benzens in from #1 via #2 under float control; re-
covered benzene in continuously by gravity from the reflux
split boxes, item 12, of the conversion units, and semi-
continuously by pump from the benzene receivers, item #£27,
of the hydrogen compression room. Benzene in (after exami-
nation), batchwise by purp from the lenzene receiver, item
#21, of the diphenyl still, This batchwizs retwn is dis-
likxed, for Newport conditions because it would cause wide
variations in ths ratio of fresh to recovered benzeme, and
it bas been proposed to interpose & buffer vessel so as to

sgooth out thse flow,

Benzene out, by a bottom outlet with an "upstand" in the
tank to retain water ard s0lid matter, to the feed pump,
item 4. The use of a bottom outlet helps to prevemnt air
locking of the pumpas., The lins to these pumps is Jacketed
for steam,but it had no steam connections in Hovesmber 1950.
It 18 cememted through ths retaining wall, Irein, from

a sump at the lowest point of the tank for removal of water.
This drain requires attention several times a day and
should bse conveniently located so that the operetor can see
whenn the water has 811 run out, and the benzene is coming.
There is no special provision for saspling, though a
sample might be drawn through the drain valvse, or taken
fgao:&oofthabrauchaacnthelinerrmthsreogmmp,
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Equipment List, contd
#3 Rocycle Feod Tank, contd

Vented to the hydrogen zystem by means of & 14" insulated
line, (the tank contemts are usually warm at Amnistonm,

ly from the stream of recycled benzene.) There is &
14" breanch on the top of the tank,with a gate valve
through which the tank might bs gauged. This is very
rarely dooe.

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

tank contains 4500 USG, and restarting it when the level
has fallem to %000 U3G. Floats Ffor high and low level

alarm. (There is no formal drawing of this arrangement).
Thase various floats are now made of glass, stainless floats
having failed, and stainless guide rods ere reoccmmeonded
becasuse stiecking of the float mmy cause bad trouble. The
domes over the float occntrollers are insulated and steam
traced, but the tank itself {5 not insulated.

It 1s, of course, elsctrically earthed (“grounded®).

Anniston experience is wnmfavouradble f.0 the use of internal
stesm coils Iin benzens tanks bscause of the risk of water
getting into the benzens if the coil fails, and of ban-~
zene loss via the coil. Rven 1f tho coil is taken out
over the top of ths vessel, loss is possible by siphoning.

#4 Feed Pumps to ths Conversfon Units

Anniston repart 1642 of Oot.15/%1 describes the feed pumps
as Wesco No.507 (one then for each unit) with hand-operated

g-pua to aset ths delivery rate. Stainless shafts with
1 Resist™ impellors and liners. 1800 RPH.

In Novesmber 1950, one Gould centr 1l pump with an in-
stallsd spare (and room for one more) was serving the
whole 12 units through & row of flow controllers, one for
each wmit. It was of the 2-stage centrifugal type, 3400
RPK, (but this high speed is dislikxed by the operators).
Gland packing of fiber-reinforced rubber rings, with ths
gland nut simply tightened carefully with the band. €
Delivery about 170 USG/hr/unit at 100 psig.

A steady foed rats is important because flustuatioms in the
rete cause variations in the pot temperatures. (The flow
of fuel gas to ths prehsater pots is set by hand, and con-
sequently is not autometiocally readjusted to meet such
variations. Ths oconvertor pot temperature is automtically
controlled, via the fusl gas pupply rete, but maturally
the control lags, because of the sensible heat of the lead,
the pot, and its setting).

¢ Fhese rings are rade for the stems of water valves, but
thq have been: found to sarve betisr than other packings

e s ————m - U el ald =afio=fnry b awalling
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Fquipmsnt List, contd

#4 Feed Pumps to the Conversion Units, contd

There i1s a Fisher strainer on the line from the feed tank,
item #4, and the pumps deliver to twin filter vessels in
the flow control room. See under "Process in Detail®

above, page 30.

Conversion Units

%ng_. See 1list under “Diphenyl Process Irawing List"
5 ® "Conversion Unit", page 77, especially:

o 7BE  Sobim-e Ao
9C :5937 -4 9C-~9019-1 AA-TIS5
9C-5147-3 9¢-9022

In November 1950, Anniston had 12 wmits, of which two were
of the two-pot type with special tubular heat exchangers,
to transfer heat from the converted vapours to the in-
coming benzemsvapour, and the reminder were of the 3-pot
type. There woere numerous minor differences from one wnit
to anothsr, repressenting different stages in the design
history of the prooess. The 3-pot wnits are preferred,
and will bes describsd in thims report, because the design
of the Newport plant is to be based on the 3-pot system.

A 3-pot wmit consists of three essantially similar stain-

less steel vessels, about 6'-0" desp by 1'-10-3/3" I.D.
seeo drawings listed above), each set in its own gas-fired

ce, ‘The benzene vapour passes through the three in
series, called respectively lst prehecater,; 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 tha convertor on the other side of it. The furnaces
are of firebrick, with steel casing.

Each setting bas eight gas burners, horizontally directed
tangentially into it, four at one level and four at another,
evenly spaced round the circumference, and there is a pres-
sure gauge (about 22 p.s.i.g.) on each burner, between the
control valve and the jet. The flue gases from pots 2 & 3
go downwards to cross flues leading to the bottom of the
setting of pot #1, them up nside thsat casing, and out to

a flue leading to the bottom of the setting of the vapouri-

ZGJ‘, itﬁ. #’a.

There is & steel door, with stabbimg hole, at ths bottom
of sach setting, for running out lead in case of leakage
from 8 pot, and thsre are access doors in the flues where
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5 Conversion Units, contd

Hy msans of dampers, the flus gases mmy be hy-passed

awvay from the vapouriter bWy passing them into a wvent stack.
The temperetures of ths three pots are discussed under
"Process in Detail" on pages 33 and 51 above, and it will
be seen that the #1 pot 1s at & much lower temperature
than ths otber two. Actually the waste heat from pots 2
and 3 is almost enough for #1, but the burners in the £
setting have a little work to do, and of course, would

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

Benzene from the recycle feed tank, item #3, is forced

by the pwmps, item #4, against the back pressure of the
whole conversion system, to the top of the vapourizer,
item #6A. It is vapourizred in passing down ths coils, and
the vapour bubbles through the leed in the three pots in
series, then passes, via the lead trap, itam #£7, to ths
bottom of the frectionating colwm, item #/8. Each lead
pot has & 4ip pipe reaching nearly to ths bottom of the
pot, and the wper part of the pot has eircular baffles

to diminish ths entrainment of the lead,

A grsat deal of experimentation has been devoted to such
blems as the design of the dip pim and of distributors,
sec below), for use at its lower end, the design of
the baffles, ths ochoics of stainless steels for the differ-
ent parts of the equipmont, and the choice of gaskets for
the pot covers. Something of this can be seen from the
"Nots on the Mafntenance of ths Lead Pots", on pages 41- above.
Ko attempt is made here to review the whols
history, but only to deseribs the arrangement now used,
with present-day ideess for improvement. Verious old
xm!;1:0.1'{.’:’1:l of pots etc are still glving good service at

The pots, and the fittings inside them, exposed to the hot
&gad, but not the covers), are of stainless steel, See pages
& below for the cholice of the type of stainless
steel, 8180 page 22 above.
Anniston use steel covers for ths pots. The #1 pots
have flat covers, of stesl plate welded on to the rim of
the stainless pot. SocEs of thess plate covers have hsavy
radir]l fins welded on for stiffness. The #2 pots have
heavy cast steel domed covers, bolted on, with hesavy cast
steel (divided) backing flanges wunder the pot rims. The
backing flenge has four lugs, fitting into sockets on the
furnace roof and supporting ths pot so that the rim is
sevaral inchses sbove the top plate of the furnace casing.
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The gasket in this case is 5/16" round zoft emealed
eopper, with & square soction asbestos gasket inside it.

The _‘;rd pot is similar in construction, but has a gasket
of 1" braided asbestos rope. MNr. Hardem took a sample
of this in August 1950, This thicker gasket is used be~
cause the edges of the flanges pull together in servies
at the high tempsrature, and they can remain in serviee
longer with & thick gasket, To make the gasket,a piece
of the asbestos rope 18 cut, long emough to lie Jjust
inside the bolt circle, plus a few hiches over-lap. ¥The
ends are overlspped, and ths groove between the overlapped
perts is stuffed with strands of aslostos rope, and the
overlap bound with a few thin wires, Liquid glue is
used to help in meking the overlsp and in holding the
ring in place between the flanges during assembly. In
useg the  Joint ring becomes completely flattened and hard,

The use of restriction orifices after #3 pot, as discussed
on paege 3% above, has thrown much greater pressure on the
Joint of the pot and the asbostos rope gaskets are giving
much more trouble, Vertical sheet iron fences, about 6"
deep, in two hmlves bolted together, are being loosely
fitted around the cover Joints of soms of the conversion
pots to deflect any possible burst of flams due to & fail-

ure of & gasket,

Londonts proposal to use thicker covers and backing flanges,
and to make them of stainless steel having a higher tem-
rerature yield point than the plain stesl ones, is liked

at Ammiston, because it offers & chance of using coppear
gaskets on the conversion pots as well &8 on ths preheatars.
London's proposal to use slotted bolt holes is disliked as

tending to favour the bending of the flanges.

London elso suggested supporting ths pot rim on & contimu-
ous ring instsad of on the four lugs, but this arrangemsnt
would appear to make the cover bolts more difficult of
access, to rob them of the cooling effect which exists under
the Armniston arrangement, and to make the raising of the
pot & little more 4difficult.

At Anmiston the companion flange under the pot rim is in
two halves, bolted together, as mentioned above, forning

& eircle,with four lugs at right sngles to one anothar.
Pairs of short pisces of angle iron are welded inside the
box frams which composes the furnace roof, thesse pairs
forming guildes for the lugs on the compenion flange. Steel
packing pleces ars placed Tfirst on the bottom of thsse
guides to give the necsssary alevation of the pot, then
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#5 Conmversiom Units, contd

the pot lowered in and secured by stoel wedges driven in
alengsids the lugs., The pots should not be rigidly con-
nected to ths furnace casing because the continuous vibra-
tioa of thes pots would be commmmicated to ths hrickwerk
of ths furnace, and tend to mule it crumble, At Ammiston
they fit fairly closely into ths round holes in ths furnace
roof's, but in somo cases steel sheet sectors are used to
bridge the gap. In any case, the Joint is made good,
either with clay, or more recently with a te contain-
ing asbestos fibsr (insulating compound . This helps
to keep the pot rims a little cooler.

The bolts in the pot cover Jjoint and in the adjoining pipe
flanges, are of ordinary steel,at Amniston, and are never
re-used, partly to save tims and becsuse they becoms
stretohed, but mainly because working conditions can be
veary wmoomfortable because of the radiastion of heat from
other units. Kewport, using stainless bolts, and having
only ons uwnit should be able to re-uszse ths boltz, It is
suggested to use nuts of dissimilar metal, to diminish
galling. Im cutting out the bolts orn ths pot cover, the
Anniston weldsr uses an oxy-acetylene tarch, and cuts
through the base of the nut, flush with the wpper surface
of the cover, and the stub of the bolt is then Imocked out
dowmeards, the pot cover being high enough over the furnace
roof to lsave room for thiz and for the insertion of the
neyw bolts. On the pipe Joints, the bolts are cut between
ths flanges. The cover bolts have square heads, but hexagon
nuts, and they go thro the flanges, tail wwards.

Small squares of steel (old nuts will serve), a&are welded
mder ths compenion flange, between the bolt holes;to pre-
vont rotation of the bolt. The nuts are run on with an
alr-4riven spamer, for spoed, and tightened up after ths
pots are hot, with a %' long retchet spanner. Anniston
advise strongly against attempting to use a tongus and
groove joint on ths pot covers because of the risk of dis-

tortion,

The .attachment of the stainless pot rim (by welding) to the
pot itself appears to be a lins of weakness because thse
lead in the pot is very heavy and is gently bumping and
vibreting whenever the vapour is passing, (Cracks at this
point are not unknown. Anniston have inereased the
thickness af ths rim of the pot; formerly 5/B", now 1°,

British mskera of stainless steel agree that 309 stalnless
steel tends to be brittle at the pot temperature, but that
330 does not. MCL are experimenting with pots fabtricated,
by welding, from centrifugally cast sections of 330 stain-
less, waldsed either with 309 or with special eleoctrodes.
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g;o the letter from Hichigan Steel Casting Co. to Annis-
May 31/50). Amniston discussed this design, Aug.l/%9,
Hoat treatment, after fabrication, is reoomendod for

both 309 and 330 stainless.

Inconel, Eureka, nickel, and alloys rich in nicksl are
said to give poor service.

Ammiston reported, Aug.l & 5/39, that cast thermo wells
of 309 had proved to be brittle. Centrifugally cast 4ip
pipes of 309 were better tban rolled, or mold cast, but
were hrittle or becams brittle in service. Centrifugally
cast dip pipes®have recently (1950) given excellent ser- {rof 310
vice., It iz noted that in this method of ocasting the dross stain-
tends to form on the inside of ths pipe, but no harm less
appears to bave resulted. Thermo wells of cast 330 have stoel;

recently given very good serviees.

Carbon tends to buildp in any crevieces in the interior

of the pots, and to exert a bursting pressurs. Cast covers
should be free from pinholes, blowholes and slag inclusions.
Annfston warn against welding cover strips on the outside
of welds on thes pots. Outlet branchss on the covers

should not extend down into the pot, and the Joint should
be welded inside, to 11l up any crevices. Sharp edges

of metal also tend to attract deposits of oarbon.

Ay distributor at ths bottom of the dip pipe must be such
ag will not increase ixpingemsnt of the gas on the potl
\n.ll, because of erosion. Amiston are u:i.ng a simple

ips with & reacwable linw for the last few
:anhas at bottom and four 5/8% holes drilled redially
through the wall about 4" from the bottom,

At a meoting at Ammiston, ¥ar.16/49, & proposal was made
to try & deflector whish would discharge the vapours tan-
. gentisally in & horizontal direction. This it was thought
would give the losd a swirling motion, diminish vibration
of the pots, increase the contact fime of the vapours,
diminish the size of the gas bubbles, and diminish ths
entrainment of lead. Harrow orifices must be avoided in
thodo:ignofmdcflectorbeeaunoofthebuildingupor

oc&rbon.

This deflector had not been tried at Amniston, but ILondon
asked that the pots to be supplised for Hewport should have
& deflector. Standard dip pipes were, however, shipped

in Hovember /50 te avoid deley.
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Texas City, Avg.10/%9, sent 'L a drawing of the distributor
they had developed for pots for propane cracking,

Thexre is no heat insulation used anywhere in ths conversion
system, except that ths vapowr pipe {rom second preheater
to the convertor 13 insulated o= some of the units. It

is desiradble to aveid loss of heat anywhere along the
line of {low, uw to the top of the convertor pot, and

at one ti=e the pot 1ids wore Insulated., It was found,
however, that greater distortion of the pot sovers and

bolts resulted.

Fhe insulation of the vapour pipe from the second preoheatsr
to the conversion pot is mot an easy task. In soms caszes,
asbestos fiber, nside a sectional (lobster back) casing

is used, and in other cases a&a special Jolms Mansville
powdered produet in a dust-proof steel ocasing. This
insulation and easing adds to the weight of the pipe, and
may cause sagging, and all these long pipes, from 2nd to
3xd pot, whether insulated ocr not, have support stirrups,
whish, however, appear to be out of use.

In addition to the vapour inlet and outlet and the thesrmo
well, each pot cover has a fourth opening. On the conver-
tor pots this is blanked, but on the lst and 2nd preheaters
this opening is used to sonnect the balancing line., These
comnections run in 1" pipe vertically for about 7'-0",and
then joim imto & horirontal header running to the botto=m
of the colwmn, item #8, There is & pipe coupling on this
line about 2'-0" above the pot cover, thea & brench for a
Pregawure gavge, then & stop valve, whisch is normslly closed.
Those gauges show the pressure in the space above the lead
in pots 1 and 2, and the lines may bes used to by-pass a
pot in emergency, and to prevent lead from being forced
backwards imto the vapourizer, There is & pressure gauge
on & branch in the vapour line from the convertor pot to
the colwmm, &lso a brénch for the sampling condenser des-~
eribed under “Control Tests"™ on page 75 above.

There 18 a bhesavy I-beam about 18" desp, with 6 flanges,

and with & chain block . . permonently installed, ruming
along 1t , ons for each row of 3 pots, with a hinged section
of the floor to permit lowering & pot ar & lead trap to the
grommd floor. Yhsn & pot is put olit of sction opportunity
is taken to clear debtris from the bottom of thes furnace.
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#6A Vepourisers

Drawings. 9C-T845-5 9C-9024
9¢-3159-1 9C-9025

One per conversion unit. Each consists of a single coil
or of two e0ils in parallel, in a brick lined stesl
stack through which ths flus gases pass. Benmnspasses
downwards through the eoils countersurrent to ths flus

gases.,

The vepourizers first installed at Anniston bad two

coils in parallel, one inside the other with & coxmon
inlet header, and & control valve on each exit, lsading
to & Y pipe into the first prehsater. This arrangement
was found inconvenient, and hag (except in the csse of
one unit) been abandoned in favour of a single coil.
Thers was some doubt about ths proper sharing of the flow
between ths two coils, and considerable trouble with car-
bon blockage. Anniston report 1632, Oct.15/%1, states
that corrosion of the vapourizer ocoils may oscur by con-
densation of moisture from ths flus gas, near ths point
of entry of the cool benzeme.

A small leakage from & vepourizer eoil into the flue may
easily pass unnoticed, because ths bengene will probably
not ignite in the stream of flue gas, and the lsakmy
cause serious losses before it is discovered, As a
safegusrd against heavy losses a sanmple of ths flue ges
is aspireted every day from & point in the fluse, imsedi-
ately above the vapourizgr coil on each wnit, and 1is
passed through & mixture,sequal parts of sulpburic end
nitric acid. Por this purpose & £" steel pipe is per-
manently installed in the vapourizer flue and all these
pipes ere carried down to & test bench on the ground
floor. Phe sulphuric-nitriec mixture is put into smmll
rubber stoppered bubbling bottles, whiech, for safety,
are sheathed in simple steam-pipe sockets. The bench
has & simple wmter aspiretor, and it is the night opere-
tor's duty to test all units. He sieply aspirates the
the acid for about 10 minutes, then smells

gas through
the acid bottls.

Blockags of the vepourizer coil is rare (except by lead
forced back from the first preheater). Traces of impuri-
ties left by evaporation of the benzene are simply
carried forward in the vapouwr streasm.

The flue gas must, of course, be by-passed round ths va-
pourizer when the benzens flow is stopped. A coil should
give over & year's servioce bef'ore needing repair,
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#68 By-Pass Flus
Drawing. 9¢0-7845-5,

One per 6onvmioa wmit, Fftted with a darper, $o allow
\t’lm gases to by-pass the vapouriser as necessary.

#7 1584 Trep
Drawing 9C-81%3-3.

One per couversion unit. This is a centrifugal type
separator for removing any entreined lead, It is &
closed, welded vesssl which must be taken out et inter-
vels to allow any lead to be melted out.

On some of the Ammiston units, the lead trap 1s & rela-
tively small steel vessel, sc placod that lead can drain
back from it to the convertor. In the newer wmits, the
trep is larger and stands on & steel plats on ths opera-
ting floor, which is nearly at the level of the flanges

of the lead pots. These traps take the form of flat-
bottomed cyolones 3'-6F , 2'-0" diamater, with a
central pipe 6% dimmster, for the gas exit , and the
ustal tangential inlet for gas, high wp the side. It

bas been found best not to carry the central pipe more than
ebout 14" down inside the trap, otherwise its bottom end
bocomss choked too Boon by lead and by solid debris (iron
oxide, carbon, and shots of entrapped lead). Im a trap,
seen Nov/50, the layer of ontreined lead was 1i" deep,
and there wasg considerable soclid debris as well., After
the lead bad beer mslted out this vessel was cut open to
permit the shortening of the immer tube, and opportunity
has taken to dig out the solid debris.

Note on Eamptying the Lead Trap

The wnit is shut down and allowed to oool e little, and
some dipbenyl etc. may run back into the lead trap
my take fire when the trap is opensd. .

Eash e¢yclone has & lifting hook welded on, opposits thse
a: ot; this is for the yard crane; imnside the shed
pot is 1ifted by a stirrup bolted to the central
outlet flange. T cyclone i8 lowered to the ground
floor, picked wp by thes yard crane, and tskan to & mslt-
ing table in ths screp yard, and put on the table with
the vapour inlet dowmwards, (vessel om its sid:lk and
flames of natursal gas played on the pot wntil lead
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Equipment Idst, contd 3

#7 Lead Trap, contd

rns out on to the table and down into a lead melting
pot;, from which it can bs 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
cyclone is hsated simply by open flamess, confined some-
what by meoans of sheets of eorrugated iron. The natural
gas bas e high calorific valus, so the melting is quick.

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

Kote on Repairing lLead Trap & Colwmm

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

ths introduction of @ifice plates in the vapour pipes

from the convertor), and they wear thin. The wnit being
shut down, and purged with C0,, external patches can bs
welded om. A useful trick first is to weld a pipe

nipple on ths center of the patsh and to leave it open as

a vent until the patch is welded to ths vessel, then to

put in a screw plug. Such repairs are done with ths vessels

in their working positions, but filled with COp.

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

#8 Freoctionating Columms on Conversion Units

Drawing 9C-8131-%.

One to each comversion wmnit. Vapour in at the bottoz from
lead treap #7. Benzene reflux in at the top from reflux

box F12.

Vepour out at the top to eondenser #11. Underflow out
at bottom via carbon trap #9 to sump tanks #10., Thermo-
moter well &t point of entry of reflux line to eolumn,
and ons in the exit from the carbon trep. .

The column has 12 plates, but the caps bave been removed
{from the lowest 2 plates because thsy became choked with
entraeined lead, etc. The lead would bs above 1its melting
point as it entered the columm. The need for so many
plates, for a comparatively rough se tiom of benzene
from diphenyl, has besn questioned, t plant experisnce
indicates some difficuwlty in maintaining a reasonably
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#5 Practiomat.ing Colums on Conversion Units, eontd

low content of diphenyl in the distillsate and of benrzsne
in ths wnder flow of ths colwm.

Presumably ths plate efficiency is low because of the
dilution by gen and possibly there is fouling of the
plates by car carried forwmard in the vapor streanm,

The plates have the usual 4rain holes to prevent block-
age by freezing. Deosign 4ats were upavailsble, May 14/%8,

The crude diphsnyl tanks are heat insulated, and any
steam jJaclketed lines outdoors, The colwmns
have no heat insulation.

Packed columns were used on the earlier ;zaits, but they
became plugged with solid matter carried forward from

\thn pots.

#9 Carbon Trep
Irawing 90-81%3-3.

Underflow in from columm. Side outlet at top to sump
tank #10, with thermo well in the pipe bend. The outlet
Pipe goes down nearly to thse ground level before rising
again to the swump tanks, so forming a seal bend betwesn
ths trep and the sunp tank. This seal bsend and all the
piping are steam Jacketsd, immer tube 2% dimamater.

These traps ere removed from the wnit for cleaning when-
&rer necogsary, about every third month. An opportumity
my ocowr when the unit is shut down for soms other purpose.

The temperature of the colwsn trap is bslow the melting

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

of the infuikfble, highly carbonaceous organic materials

that settle also, the lsad is intermingled and agglomar&tej/
fato & B0lid msss., Thus it is necessary to burn and melt

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

to lead {s greater in ths “carbon" trap than in the "lead”

trep.

Anniston report 1652 of Oct.15/31 states that this carbon
trep needs cleaning every 3-6 months, and that, although
it has a bottom outlet plug, it hms to be taken out and
cleaned by burning. As seen at Anniston in Hovembar 1950,
thege pots were ai.g:io vertioal steel cylinders about 3'-0"
desp by adout 1'-6" diamstar with about a 9" flanged neck
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#9

#10

#104

carbon Trep, comtd

g:doameot tot;:be bgtto:ngftzlga];glum. The cover ai&o
an inspection plug es to facilitate
bandling for mmintenance. tng &7 '

Swsp Tanks for Crude Diphenyl

Horizontal, steel, insulated tanks., Underflow in, by
greavity, from columm #8 via carbon trap #9, Out by sub-
merged pump F10A to Diphenyl 8till #3. All liquor lines
thoroughly steam jacketed. Vent to off-gas system.
Stsam coll connections. Vares liquid depth indicator.
Vent with explosion disc.

¥r. Fllenburg, May 14/38, stated that these tanks are
oparated at about 125YC to prevent crystallization.
When seen in November 1950 the vent pipes were quite
hot to thse touch.

Submerped Puw

For transferring crude diphenyl from susp tank to diphenyl
stilis, One to sash sump tank. Fxplosion prosf motor.:

Condepsers on Conversion Units

Drawing 9C-9055.

Onse to each conversion wmit. Tubs and shsll type, water
through the tubes., Vapour in from columm #8 and conden-
sate out to Reflux Split Box #12, thro 8 streiner with
by-pass. Balancing line from top of Reflux Box #12 to
condanser, with connection to hydrogen off-gas system.
There 18 also &n emergency vent to the atmosphere.

Amiston advise against the use of copper tubes, because
of the sulphwr impurities in the bsnzene., They advise
mlking this condenser of ample capacity.

Reflux Split Box.

Drawing 9C-9055.

8tandard Rotaweir, with sight glassaes and levelling screws.
Ons to each conversion wnit. Forward flow retwrns via
sight gless to recycle feed tank #3. 8Sight glass in reflux
line., Both lines have desp seal bends, &4nd there must be
suffisient head between the reflux bex and the return inlet
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#13 Diphenyl Still

Two are installed. Horizontal, insulated, stsel- tank.
Subnerged pump with water cooled bearings, and outlet
to external gas-heated ¢o0il with branch to eruds Santo-

wax receiver #20.

Inlet from £10 sump tank and "Heads and Tails® receiver
#18. On one dished end i{s return line from bottom of
colum #14. Return line from heating coil. Vapour
otitlet to bottom of colum #14,

4% vent pipe, from a hpanch on the vapour pipe to the
column, carried wp tlhrough the roof. This vent pips

has & barsting disc batween two flanges locatsd about
6!-0" above the vapour pipe. In one case, ths 6°

length of pipe is jacketed (Jjacket exmpty), and in the
other case it is bare. Imesdistely below the flange
there i8 & tharmo well, with a thermo cowles giving e
sontinuous record on the Multipoint temperature recorder
in the instrusment room. It is found that the discs
slovwly become perforated, probably by sulphur cosmpounds,
but even a smll perforation is deteoted by the tempera-
ture rise. The pipe shove the flange is supported on
rods with a turn-buckle fitting by which the pipe ecan
be 1ifted for easier replacement of the disc,

The bursting dises are B.3.%B. dibes, type Al-Fb (lead '
on ths conoave surface) "Vinyl service . Bursting
pressure 39 (in another case, %3) p.s.il.g., carried be-

twoen two B.S5.&B. type {langes.

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

One for each still. Supported in a steel casing with
firebrick lining., QGas fired, Liquid circulated by
pump FL3A from and to still #£13. Flow is countercwrrent

to flus gmses.

Half the o¢ssing hinges away on & steel track for access to
the coil., %The eireculating lines are steam Jacketed. Kote,

however, that if water 1s trapped in the Jackets and the
hot diphetvlt’oircnlated, a very high pressure would develop
in the jackets.
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Equipment Idist, contd

#F14 Colum ‘
Drawing 9C-7870.

Ons for each still, 20 plate column., Drein holes in
plates. Vepour inlet at bottom from still F13. Re-
flux return from split box #16. Underflow from bottom
back to atdll #F13. Vapouwr out to condenser #15 via

goose neck.

Amniston formarly used a packed column, with a direct-
fired still, but ths results were not so good as with
the present bubble cap colwm., On May 12/%39 Ammiston
exprossed the opinion that the 20-plate column, proposed
by London Central Engineering Dept., would be adequate.
Special care 1s needsd if the reflux line to the still

is not to freexe.

#15 Condsnser
Drevwing 9C-9872.

One per 8till. Horizontal tube and shsll. Vapour in
from top of colwm #14. Condensate out to split bax #16.
Cooled by wster through tubes, circulated in a closesd
system by pup #23 through heat exchangerf£2 with make-up

#£16  Reflux Split Box
Drewings 9c-8223 and 90-8224,

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

flow to bencens recelver #21 or through box FI1T to re-
coivers £10 and #19. Vent pips, steam jacketed for
occasionsl melting out, (should have flame arrestor).

The reflux box should have steam trasing for use while

the diphenyl frastion is rumning.

#17 Swivel Boxes for Switching Diphenyl St111 Distillates

Drewing 90-T686

One for each still, Condensate in from Reflux Split Box
F16, and out, by manoml adjustment, to eithor "Heads and
Tails f receiver #1B, ar Diphenyl receiver #19.

DSW 462159
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Equipment List, cont'd

£18

#18a

#19

#194

#20

"Heads and Tails® Recelver.

Drewing 9C-812%.

One for each still. Vertiecal tenk with sudmerged
pump,and manhole. “Héeds® or "fails” fraction of
distillate in fraSwivel Split Flow Box £17. Steanm
001l inlet =nd outlet. Submerged pump delivery line
back to still. Vent 1line with iower portion steam
Jaocketed and carrying bursthy dise.. Inspection hole
with looge hinged cover. Bottom ocutlet.

Submerged Pump

One per Heads and Tails recaeiver. For traneferring
Heads and Tails fraction to 3tills#13.

Diphenyl Recseiver

Yertical tsnk fitted with submsrged pump F19A.

Diphenyl fraction in from 3wivel 9plit Flow Box #17.
Pinished product out via pum dslivery line to Aro-
elor Plant, Store tank or Flaker.

Yent with lower portion steam jacketed and with
burasidsgg disc. Raihole and cover. Handhole with
loose hinged cover. 3team coil inlet and ocutlet.

Submerged Pump

One for each Diphsnyl receiver F19. For transfsrr-
ing diphenyl to Aroclor Flant, 3tore Tank or to
Flasker., Explosion proof motor.

Crude Santowsax Receiver

Drawing 9C-7877.

Vertical tank with submerged pump #20A. Inlet from
submerged pump #13A of still. Crude 3antowex from
outlet of subuerged pump £20 to #34B of Santowax Dis-
tillation Unit.

Handhole and loose hinged cover. Hanhole and cover,
Steem eoil inlet and cutlet.

Steam jacketed vent and bursthg disc.

Crude Jantowax to drums through bottom outlet.
Second stpem Jacketed vent with hand valve.
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Equipment List, contd
#204 Submsrged Pump

One for esch crude 3antowax receiver. For transferring
crude Santowax to #34B Santowax still charging tank,

#21 Buffer Storege Tank

for recovered benzene. Vertical tank with manhole and
vent. Recovered benzems in from reflux split box £16
and out to pump F21A. Inlet and outlet for steam coil.

Gauge glass.

#2lA Pup
Receiving recovered benczens {rom buffer storage tank,
#21, and delivering to recysle feed tank #3. BExplosion-
proof motor.

#22 Beat Exchanger

(ne for each still. Receives hot circulating water from
condenser #F15 and delivers cooled water to pump #23.

Cooling water through tubes,

The circulating water is maintained at 30-%0°C during

the benzena forerun, and about 800C during the diphenyl
- fraction, (by hand control om the fresh cooling water

through the tubes in each csse). Compére pages A7.

#23 Pusp

One for each still. Recseives eirculating water from hsat
exchanger #22 and delivers to condenssers #15. Explosion-

proof motor. o

#24 Mpke-up Water Tank

Ons for each still. Recsives moke-up pond water as
nscessary to replenish water lost by evaporation on eir-
culat through condenser #15., Bottom outlet to circu-
htm » Overflow. Constant lsvel deviee for con-
tro receipt of smke-up water. Condensed water
would, of course, be bstter for this mmke-up,
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#25 Cooler for Eydrogen
Drawings 9C-80%0, Griscox Russel Co. NYB-14836,

RBaochd the fowr paraliel units of ths original cooler
has been swrrounded hy a uate;- Jacket to increase the

cooling surfaocs,

Receives hydrogen, for ecoling, from & main serving ell
the convertor wits., There is & vont with hsnd contlcrolled
valve conmnected to the hydrogen inlet wvis & benzene trap.
The latter is a smsl]l pot containing baffles and drain-

ing to the surge tank #26.

#26 Surge Tank for Hydrogen
Irawing 9¢-8188

Receives cooled hydrogen and condensed bencene from
cooler #25 and dbenzens from the vent to the hydrogen
cooler. mgen delivered to inlet of compressor #29.
Condensed ene flows by vity through bottom outlet
to eithsr of the two tanks . PFitted with 55" water

8 to provide pressure release if necessary. Water

seal has & vent with flame arrestor. Line to instrument
controlling pressure within limits of 11-16 oz. Pressure
gauge. Balancing line to benzZene receivers #27.

¥When the pressure drops to 11 oz., the compressor low
stage beoomss inoperetive and only the high stage cperates,
When the pressure reaches 16 oz both stages operate wntil
ths pressure falls again to 11 or. (per sq.in.)

¢ through the roof,
#27 Benzsne Receivers

Drawing 9C¢-8188.

One for each coxpressor. Receives condensed benzene from
surge tank #26, from low pressure tank #31, and high
Pressure tank #33 through s t glasses. Benzeme out
via bottom outlet to pump #28. Balancing lins to surge
tank #26. Level gauges

#28 Pump

One for each compressor. Receliving condensed benzene
from benzene reoceiver #27 and delivering to recycle feed

tank #3.
DSW 462163
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#29 Two Stage Hydrogen CORpIessors

Irewings 9C-8188,
9C-T366, wiring and controls, revised version

sent to Mr, Buls, Jun.18/50.

Pwo are installed. The first stage compresses the hydro-
to 60#, and ths second to 3 pressure. Provision

or introducing C0s for purging purposes. The compressors
themeelves are water ¢ooled end there is & small verti-

cal tubular condenser after esch stage, draining to the
swrresponding pressure tanks, items #31 & #£33.

Ir. stated, November 17/48, that the compressors
have: 3 stainless shafts and velve discs, Hi-resist
eylindsr liners and wvalve cages, Goetz gaskets, stainless
steel or aluminum type, and that copper and its alloys are

undegirable.

Xo copper or brass gaskets should bs used, and generally
copper and its alloys are avoided., Mr. Clegorm, Kov/50,
msntioned gaskets of Babbitt metal for ths compressars

Amniston were asked if un-lubricated cylinders with car-
bon rings would not be better, but they replied that
finely divided carbor, which might comes over in the hydro~
gen stream, would sbrede the carbon rings. Drawing 9C-T366
showing the wiring and control tem for & single compres-
sor, was sent to london, MRy 2&%.

The compressors are fed rathsr liberelly with lubriocating
0il to cope with the possible condensation of bentene

in the eaylinders, but Amniston have not noticed any trouble
from lubricating oil gefting into the process stream.

Mr, A, M. Ellenburg, Juns 30/%8, gave & goneral discus-
gion of the operation and control of the compressors,
incidenta giving 150 and 300 p.8.1.g. a8 ths two
Pressures, stated that these valies were not critiesl
and that the choice twrned on considerations of cylinder
sire and quantity of ges to be bandled,

Progressive unloading would be satisfactory as an alterna-
tive to the "trigger, on & off" unloading control used

at Arniston. By Hov./50 ths solenoid unloading controls
had been replaced by pneumatlcally operated controls,
pertly for reasonsg of safety. Klectrical switches would
in any oase bs outside the compressor room. The room is
Muxipated by flood lamps placed & few yards outaide

the wibdows.
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#30 Interstage Ooolar

One for each oompressor, Bimply consists of & vertical,
water ~jacksted pipe between outlet from first stage of
compressor and inlet to low presswre tank #31. QOas

and vapor in at the top from the compressor. Condensate
and gas out at the bottom to ths low pressure tank,

£31 Lo¥ Pres=ure Pank

Drawing 9C-8188,

One for each 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 benzens receiver #27. Bottom drain

eock. Pressure gauge.

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

e bursting B.3.&B, aluminiwm, with lead facing
onthe pressure & opem at 150 p.s.i.g. Both
thsse have hooded vents well sabove the roef of the comx
pressor room, The vents should be well away from the
roof’ louvres of ths conversicn rooms, and the still
furnace room. A connection, originally installed be-
tween itsm £31 and the gas inlet to the cospressor, was

ramoved.

#32 (Cooler

8imilar to #30,8nd cools the gas passing from outlet of
second stage of the campressor to the high pressure

tank $#33.

§#33 EHigh Pressure m

Drawing 9C-8188,

Ons for each compressar. Receives hydrogen at 300§ via
cooler #33 from second stage of compreszsor and delivers
to HB-40 department. Excess vented to atmosphere. Con-
densed benzene blowm to condensed benzene receiver #27.
Bottom drein sock, Pressurs gauge. A comnection, origi-
nelly installed between item 533 and item #31, with a
reducing valve, was removed.

Fhere is & 8pr ~operated release valve to atmosphere,
opening at 300 1b gauge pressure, also & pop valve to open
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#33 Righ Pressure Tank, contd
at 380 1b and a rupture disc to open at 580 1b.

Anniston installed float type traps to discharge conden-~
sed bonzene from the pressure tanks, items #31 & 33, but
discarded them because of leaksge past the valves, It
iz believed that traps made, for instance of 316 stain-
less stesel, with hardened sestings, might serve. At
present, the benzeéne is dischargsd by mesns of hand-
opereted valves, as described on page 48§ abovs.

#3%5B Charging Tank for Santowaxr Still

Vertiocal tank with sulmerged puzp #34D. #34B receives
crude Santowax from cruda Santowax receiver #20 vie the
submerged pump #20A. Return line from preheater #3%C.
Delivery of submerged pump ls to preheater or, for ths
preheated materisal, to the still 5. fThere is an inter-
connection, low down on the side of ths tanks, between
#3484 and #34B, also a 4" eonnection, about 8" from ths
top for use in oase the bottom commection should be
frozen at the start of the heating process. Inlet and
outlet of hsating coil., Manhole with hinged 114.

#3484 Charging Tank

8imilsr to #34B, but only  connestions are ths inter-
connecting line between the two. Vessel 34A simply
adds to the capacity provided by 34B, and it has no
pw of ite owm. ’

#34C Preheater

A gas fired coil within & brick-lined stesl casing.
On s8ide of firewall remote from the still. Entry of

crude Santowax from the pusp #34D is at the top of the
¢oil, and ths flow is countercurrent to ths flus gases.

Thers are four gas burners.

#34D Submerged Pum for circulation

For circulstion of crude Santowax through the Preheater
#34C. Explosion proof motor,

&
[}

[s}3
a)
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#35 Santoiax 8t111

Pre ggggg General Iayout
t 1
9c-8552 ,

Rorirontal tank with anhugged pusp to external gas
heated coil #35A. Prehss charge in from submerged
pup #F34D of charge tank #3XB., Return lins frox= the
sti1l heater #35A. Underflow in from columm #36.

Delivery line from s ed puxp #35B to the still
heater, #354, or, for st bottoms, to the HB-X0 de-
partment or to the pond. Vapour line to columm #360,
with bursting dise., Inlet and outlet far asteam coil.

The temperdature sproad in and out of the Santownx still
coil is normmlly 15-18°C on & Santowax R distillation.
The punp has a capacity of 100 gpm and & 27 extra heavy
pipe is wsed for the ocoil.

-

#3584 Bt111 Heeter

Similar to Preheater #34C, but 18 longer and Ims eight
g98 burnere., Gas swply controlled to give correct
texperaturs spread betweem Inlet and outlet of the coil,

#358 sw Pusp

For cirouwlating still cbarge through heater colls and
diseharging bottoms to ‘pond’. Explosion proof motor.

#35 Columm

12-plate columm, 3 x 1/8" draim holes in each plate to
prevent blockage By freering, 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 tack to still #35, Vapour out to

condenser F37.

A much simpler colum will serve if only Santowax R is
to bs mde. ' ' :

#37 Condenser

Single pipe im form of zig-zag and Jjacketed for water
or steam. Reoeives vapour from top of colwm #36 and
delivers confansate to reflux split box #38, It is
important o ensure that water cammot be trapped in the
jaolet and raised to & very hign terpers=tie hy the

Remb e-=T TENaESe .
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#37 Condenser, contd

Aetually, only & dribble of water is used, in parallel
flow with the vapour, and the water stream 1s so adjusted
that the reflux split box temperaturs is around 2 ’
(point #10 on the Multipoint recarder) for Santowax R.
An earlier condenser, of shell and ¢t design, using
Aroslor as & cooling =edium, was discarded in favour of
this simpler condenser, because of maintemance troubles,

There are no drewings, but Mr, Ellenburg, Aug.23/38, wrote
the following desoription:

"rhe irmer tube is a standard 2" black iron pipe,
Sacketed throughout its X5' of length by & 3" black
iron pipe. ~--- by extoanding & well-insulated 6"
riser 8' above the top of the colum, we were able
to get 45! of condenser to comnect to the original
looation of the split box as follows: TFour 10°
lengths of pipe were doubled back on each other to
give & hair-pin shape condenser (a descending
gig-zag. E.M.), with a pitch of about 1" per foot.
Vertical sections about 9" in length were used

to cormect ths long sections., A final vertioasl
section of 2%' lmgg comnects the split flow box with
the zig-zag part the condenser. The inmner pipe
iz jacketed continuously to prevent any cold spots
enn the imner tube, ----- performmnce under the ---
heaviest load 2000 1b total condensate/hree——--,
----- For ths ortho and mets terphenyl fractions,
where mush lower oondensate temperatures are per-
missible -———- the water rate ocan be inereased,~---
It would be woz-th while to provide & blanked off
eonnsction for ling the condensate even if a
complete ‘(uupling; arrangement is not installed.”

#38 Reflux Split Box

Standard type, it no reflux is used in ths purification of
cruds Santowax to Santowax R.

$39 8Ssntomx R Recelver

A vertical tank operating under a pressure of 50 mm of
maroury absolute. Receives Santowax R from condenser
#37 via #38. Imlst and outlet for steam coil. Connec-
tion to vacuum pump #80, Bottom outlet to the buffer
vessel, item #39B. Valve for breaking vacuw.
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#394 Submerged Pump in item #39B

Dolivers to the Areclor plant, the Santowax R flaker,
or the HB-%0 plant as required.

#39B Santowax Distillate Regceiver

Vertical eylindrical vessel 5' x §', Distillate in from
the receiver, item #39, =24 out by sulisorged pump, item
#394A, (orks under atmospheric pressurs. Ras steam coil.)

#10 Vacum Pusmp

¥anufactured by De Vine. Botwean item #39 &and the vacuum
pu®D, Ammiston mve a sublimte trap and & vacuum tank
in the line,to allow settling of particles. No filter

is exployed because traces of terphenyl reaching ths
pusp are either dimsolved in the oil or discharged to

atmogphere, &nd do no harm,
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Inetrusentation
. 8ee Drawing 9C-9060,

4, Conversion Thits
Each convertor wnit bas:

(a8) A L.&¥, '"Hicromax' recording-controlling instrument
for the tesmperature of the couvertor pot, which
opsretes by controlling the gas supply to the pot.
This sams instrusent, still responding to ths thermo-
couple on the convertor, also controls ths gas suwply
to prehsater. If automatic comntrol should lead
to towards a drop.in tempearature of tha £2 preheater,
then this is corrected by turning down burners on
the convertor.

(b) A Foxboro "On-0ff" type potentiometer temperature
controller for the #2 preheater to prevent the tem-
pereture of this pot from getting too high, AJl
Pilot lines are takesn from the gas line to the #1
Preheater, which only bhas manusl eontrol of ths supply.

The Faxboro controller is a safety deviee which will
work if the comvertor control does not operate., Ths
convertor control should cut ths gas off on doth
Ho. 2 pot and the convertor pot if the temperature
gets too high in the convertor, but if the control
fails the Faxboro cuts off the gas in ¥o.2 pot.
There iz no definite limit th.ts coatrol, but it

operates at spproximtdy 760

(e) A L.&¥, "Micromax' 12-point recording instrument for
temperatures at the following points:

Yepour from outer vapouriser coil to prehsater.
Vapour from immer vapouriser coil to prehsater.
Yapouwr f{rom prehsater, -

flue gas to vapouriser - DSW 462170
flue gas from vapouriser. :

#1 preheatsr lead,
sup line from columm,

The points for units §4 and #5 have not besn detailed
ha‘i-—thﬂymm—potlmitum'adifrerent&nd
less satisfactory dssig=.

gwpofoolm
10
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A. Converstdin Units, eontd

(a) A Poxboro flow controller for the benzens supply to
each wnit, activated by an orifice in the feed
line, Foxboro Pneumatic Pressure Transmitters
bave boem installed, In yovewber 1950 these were
installed, with one spare, in a ssparate room which
contained also the meters for the fusl gas, and
which bad a communicating door to ths control room
vwhere mogst of ths other instruments were located.

These indicate the flow and also transmit the ori-
fice pressures to the coantrol instrumont. There are
also looated, within the Control .Room, hand valves
and pz-ea:ure gauges for each benzol line. Ses also

page 31
. B, Off-gas Treatment

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

gen copler
gls Hydrogen in 82 points).

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

(b) &4 eontroller resp to pressure changes at the
hydrogen surgs tank and controlling solenoid
(more recently pnewmtic) operated valves on the com-
pressors so &8s to maintain this pressure within the

lilitl “ 10—].6 (22 2N pGI‘ qu.n.

Rubber f£ittings must not be usedawhere Lhey will be

exposed to ths process gas,because of the swelling
which would be caused by the benzene in ths gas,

!

C.- Diphsayl 8tills
Bach still has:

(a) & L.& B, "Micromax' controller similar to that used
on the convertor pot, but controlling, via the gas
supply, the spread of tesperature betwsen inlet and
outlet to the hesating coil. ‘

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

for temperatures of

8ti11 Body,
Coil Inlet, this will be about the same as point #1.

Outlet cireulsting line.

Top of columm, _ DSW 462171
Reflux to colwmm.

Soousnser Water.

If the oirculating pump should stop, the gss supply to
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Equipment List, contd

D. Santowax 8till

() A L.&N. 'Micromax' Controller similar to that used
on the convertor pot, but controlling, via the gas
supply the 'spread’ of temperature between inlet
and outlet to the heating coil.

A LS H, 'Moromx' miltipoint recording instrument
for temperatures of:

d 5till body,

Heater inlet,

Heater outlet,

Vapour leaving column,

(»)

Fop inside of columm,
Sight glass at reoceiver,
Bottom insids of eolumm,
Condensate in flow box,
Preheater inlet, -
Preheater outlst.

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

Ammiston suggest uing:giasz wool trap, about 1 pint sise,

to proteoct instrument lines from blockage by diphenyl etec., and
using glycerin traps to protesct instruments operating on benzene

services.

DSW 462172
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0OST OF BQUIPMENT

Amiston estimmte for ths instsllation of 3 di,phenyl units

(Ff 11, 12, & 13), Jwme 26/47, was given on gag of the re-
port by Havercroft & Mather, September 1947, and 1s not

'meamm,mmmmbaHMcoatr es for other
perts of the plant whiech were given on page of that

DSW 462173
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COMMENTS ON THE PROCESS

See “Earlier Reports” listed on page 2 above, and “Note on
(hoice of Process” on page 6 adbove,

Bffect of Variation in Benrene Quality

Ses also notes on benzens wnder "Specifications & Test Msthods,
page 54 above.

Anniston report 1642, Oct,15/31, states that, st thai time, ben-
fens with a distillstion range of 79.% to 81°C was used, but
that the freeszing point had to be 5.0°C miniwmm, Traces of
tolusne caused the formation of styrens etc. which accummlsted

in the “heads” frection of the diphenyl distillstim. The amount

of this was only about 0.0554 of ths diphenyl made, Aliphatic
impurities were limited in amount by the 5°C specificationm.

The materisl contained 0,06 to 0.00%F total sulphur, but this

was not thought teo cause any operating difficulty, and sulphur
was found to delay the formmtion of carbon on the metal sur-
faces of the pots. Experimental work indicated that water in

the bemzene favoured the formtion of carbon., (Excessive amounts,
if puped into the vapourizer, may csuse a violent development

of steam, endangering the Joints of the equipment,)

The report refers to work by F.E.Hubbard & R.A.Rwing, Sept.lT7/h1,
showing that fresh benzene gives 1.5 to 1.8% more conversion

per pass than does recycled benzene, and other reports msntion
aeven greater differences., 3See for examples pages 112 & 113 below.
This effect might be explained in one of the following ways:

(1) The fresh bentzene m=y contain some material which pro-

motes the reactiom. :
(2) The recycled benzene may contain some material which

nhibits the reaction. '
(3) The recycled benzene may contain some material which
desstroys an inhibitor which is prsseant in the fresh

EBxplanation (3) seems to be ruled out by the observation that
in routine working, with about 80% recycled bensense,
and about 20§ fresh, ths conversion goes quite well., As between

(1) & (2) 1t 1s argusd that some grades of fresh bsnzene show
even higher eonversion ratea and it has been shown by experimsnt

that the addition of ocertain chemiocals dows aetually speed wp
the conversion.

DSwW 462174
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Comments on thes Process, contd

Effects of "Promotors” in Benrene He
The report by Conover éi#od on page 3 above gives the follow-
ing results in 8 laboratory wmit.
Promotor Added . Conversion at 800°C
by welght oy produc
None (recycled benzene) 10
Kone (fresh benzene) 1%.5
Acetic Acid 23.0
Ethyl Alechol 24,0
Ethyl Ether 24,5
n. Butyl Aleohol 26,0
se¢, Butyl Alcobhol 26.5
180, Butyl Alcohol ' 27.5
Acetone 30.8
Bffect of Site of Dose € Conversion @ 750°C
2,08 im Propyl Alochol 17.6 |
1.0 * " " 17.0
0.5 * ® " 17.1
0.2 * ® " 16.0
0.15 *® " " 12,7
0.1 * " ) 10.8
0.0 ¥ " " 6.3
DSW 462175

WATER_PCB-SD0000045541



Comments on the Process, eontd
Effect of “"Promotors” inm Benzeme, contd

Promotors have not been used at Ammiston in manufacturing
work., Conover's report recoamends that 1 the use of promo-
tors in routine menufacture is planned, a trial bateh ought
£irst to be carried right through to Aroclors, to makxe swre
the product does not contain any detrimesntal by-products,

If the plant is charged with fresh bencene the conversion
figuwse Tor the standard conditions will bDe about 247, btut
this figure will fall as the unchanged banfens is recycled,
and at the end of the day may be a&s low as 10¥. The incoming
benzens, though of very high purity, appears to contain
enough of an unidentified promoter to have a marked effect
on tha rate of conversion.

Fhe falling off in the conversion rate would naturelly be
very ineconvenisent in routine manufacturs, so the feed of
fresh benzene iz made practically continuously. into the re-
cycled benzene tank, so that there is always about 20% of
fresh benzena in the feed to the vapourizers, Ths rgports
Just quoted discuss the conversion reaction in much greater

detail., .

Iwiritiea 1116913 to ocecur in the fresh benzene are tciuene,
£ins, eyclopareffins, and similar products, boiling around
C. Pyrolysis of benzene which is contaminsted with thsse

will give diphsnyl which iz 1ikely to be contammnated with a
variety of products, and unless these contaminants are removed

baefore the diphenyl is chlorimated to give Aroclors, the Aro-
olors made from the diphenyl are 1iables to be eontaminated
with ehlor coxpounds in whieh the chlorine is mors labile than
in. trus Aroclors, Conssquently the contaminated Arocclor »ay be
rfectod on the very stringent tests iwmposed by some electrical
users.of Aroolors. . .. . . : L -

The Diphenyl made by is to be used to maks Aroclors, and
Mr., ¥, G, Crens, Oct.17/87, estimated that about half the Aro-
elor produstion would be as 125% for electrical usss, so ths
question of stability of the Aroclors is of ixportance to MCL,
Apparently, however, the trouble has been limited to “Pyrenols”,
mixtures of Arcolors with trichlorbenzene, and it is the tri-
chlorbenzene which has been mainly at fault, Mr, Ellenburg
suggested that more intensive fractionation of the diphsnyl
might compensate for ths use of inf'ericr benzene.

Dr. Bardy, Dec¢.23/R%7, stated that benzene contaminsted with
paraffing, would yield styrene and apparently vinyl biphenyls,
and that these produsts, on chloripation, would yield materials

DSW 462176
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Comments on the Process, coantd

Effect of "Promotars” in Benreme, contd
1isMle to cause skin troubles. The chlorinated products

might be stabilized by being hsld at high temperatures, but
it was not certain that the stabilization would go far enough.

TFolusne on pyrolysis is said to give some styrene, and it was
Bbelieved at one time at Anniston thet shlorine derivatives of
styreps were osusing skin troubles amonz thse workers in the
iroclor plant., Ses page 16 abovs.

In & letter dated April 21/k9, Mr. Ellenburg listed alkylated
benrenss and alkylated biphsnyls as possidle by-products from
the used impure benzens, and ho stated that styrene and stilbene
have been fdentified im the “heads™ fraction of ths diphenyl

still.

Benzens homologues on pyrolysis gilve also dibenzyl or deriva-
tives (M.Szwars, “Eature", Sept.20/4T).

Effect of Variation in Time-Temperature of Exposure

The process 13 normally rum with the lead in the 3rd pot at
not above 840°C and with a benzene flow rate of 170 U.S.Gal/hr.,
these econditions giving about 18% conversion of the benzens

into dipbsmyl, terphenyls ete. The retention times correspon-
ding to the given flow rate, maturally depends on the presaures
at which the pots are operaeted. As ths process is carried on
day after day, the vapour passages become mors and more restric-
ted by tha deposition of carbon in them, and this raises the
pressure in the pots, &xd therefore tha retention tims incresses.
Also, arifice plate restrictions are being tried in the exits
from the 3rd pots. VWhen the pressures increase, from eithar
cause, the prectice is to reduce the temperatures enough to
mintdatn the same canversion figure of about 18%. Increasing
pressures also give less entrainmont of lead bocause of the
lower linesr velocity of the vapours,and the lower tempersa-
tures should reducs ths corrosion of the pots, but Amniston
experience is showing that these advantages may be dearly .
bought, at the ocost of increased maintenance of the pot covets,

gaakets, ets.
Sse also undar “Process in Detail®, page 34 above.

nSW 4682177
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Commants on the Process, eontd
RBffect of Variation in Time-Temperature of Exposurs, ocontd

Anniston report 1642 of Oct.15/%1 gives the following state-
ment of the effect of variation in pot temperetures:

Yemp., of 1lsad Temp of lead in Temp of lead & Conversion

in 18t pre- Z2nd preheater in convertor to crude
heater , ' diphenyl
580 725 8%o 18
760 T25 840 20
580 Teo - 840 18.0 to 19.0
580 g’g 825 17.7 to 17.9
&80 825 21,1 to 21.9
Fowmit 580 800 800 17.9 to 19.3

Carbon formation becomes excessive above 840°C.

Fhe effect of variation in presaurs in the lead pots was studied
by Conover & Huff of Plant "A%, see report Oct.5/35. At

8009C under certain conditioms they obtained 6.2% conversion

at 5 palg, and 1%.8¢ &t 38 naig.

It 18 stated tbhat retio of texrphsryls to benzene in the resac-
tion produst is about the same as the ratio of diphenyl to
benzens., At 18% conversion, the ratio of diphenyl to ter-
phenyls, etc., (high boilers) is esbout %.5 to 1, and ths amount
of carbon formation 18 not too serious, but if the § conversion
is pushsd beyond 18%, the ratio of highboilers to diphenyl in-
creasesyalso the ratio of carbon to diphenyl, so appears

to be about the econonmic balance for American conditions, evsn
though Amniston cannot sell or use the whole output of high

boilars.

Ses "Design Date for ¥th Unit, " Aug.9/39, for a cwrve of costs
v. § conversion.

Raising the pot temperature gives an inersase in output of di-
phenyl with relatively little increase in ths oonsumption of
fuel gas and at times small variations in conversion rate have
been pads at Ammiston to get a greater output of diphenyl, at
the cost of & higher proportion of wastage az highboilers.

Amniston report 1642 cites a report by Durgin, Hsald & Perry,

May 15/31, indicating that if highboilers are recycled in the
benzens, the samount of HB in the crude diphenyl is not increased,

but that it bas a higher boiling range. Anniston experience
uwp to Hovember/50 indicates that recycling of diphenyl in the
bsihEene incresses the amount of carbon formation.

DSw 462, 78
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fommonts on the Process, contd 4 116

The benzems distillate from the diphenyl still is exmamined be-
fore being recycled to the conversion stage. It usually contains
very little diphenyl, but if 1t contained more than about 3%

it would be fed back gradwmlly, or in an extrems case, retwrned
to the heads & tails tank for redistillation. It was stated

in September 1947 that conversion was roaching 13% in thse
seocond prehsater and 184 in ths canvertor.

The extent to which the reaction procesds in eash of the 3
pote, maturally depends on the conditions of tempersture and
pressure in each pot. Anniston report 16%2 gives the follow-
ing figures for vapour leaving ths second preheater:

2nd preheatsr lead temperature % conversion
6%0%c 1.0

. 720-7259C 5.0 to 5.0
T75°0 10.0

Distillation of the Crude Diphenyl

By-produsts, which boil between benzens and diphenyl, build up,
oaly very slowly, in the continuous rescyeling of the “heads”
fraoction, and 1t is not difficult to rum the fractionation so &s
to give diphenyl of the necessary quality. Mr.Ellenburg, May 12,
1949, stated that about 0.1% to 0.2% of the diphenyl yisld was
gide-trecked in the form of the oil from the “heads" fractionm.
Amniston report 1642 gives 0,.055% on the diphenyl as the amount

of styrens, ets. formsd,

Varietion in the diphenyl distillation conditions might also
ge eoms way to offset the effects of impurities in the bencene

used, see pages 55 & 113 above.

Bsnzene recovery from the Hydrogen

Amistoa reported moderately good results from socrubbing the
hydrogen with mineral oil. An activated alumina absorber was in-
stalled at Ammiston, to take up benzene from the hydrogen, but i1t
gave poor results and was discardsd in favour of the present
ocompression system, It is thought that ths alumina was not pro-
perly re-astivated. See Anniston reports 21%,3ept.22/33, & 958,

Aug.21/35,

8ince there is & use for the compressed hydrogen, the compres-
sion system appears to be the best for Anniston conditions.

Originally the hydrogen at Amniston wes piped to & gas main and
burned, with maturel gas, under the mits, but difficulties in
keeping the correct a2ir-gas retic i{m the burnsrs soom caused

‘a continvation of this use of hydrogen.

pSW 482179
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7
COST DATA

Iabour Resquirement ‘

At Anniston in Fovember 1950, onte operstor per shif t could
Jook after up to 5 conversion units amnd one diphenyl still,
In addition, thsre was one chief operator per shift, (but

his responsibilities included Arcclor & HB-30,) and there was
a general day foreman, (Curry), c¢overing a numsber of depart-
monts, including Aroclors.

¥r, Ellenburg wrote Aug.18/%8,about the btreakdown of the
various service charges among ths different products: _

Diphenyl Diphenyl

Crude Distilled
Steam, 1bs 0.10 0,91
ciw Ntel‘, CUOrto 00037 -
Recovered water, cu.ft. 0.49 k.%o
Gas, cu.f't. ]305 2.2
Elestricity KWH 0.050 0,008

The wnits are given per pound of produst -- for Juns/38,
and he cozments that there are seasomal vm*iatiornz in such

figures.

Repair Work
‘%he practice sheets, pages 120 & 121 bslow, give a record of
the frequsncy of wvarious repair Jjobs.

DSw 462189
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Er, Ellenburg, January 20/%8, gave the following break-
dosm of the fuel gas consumption: ‘

cu.ft./1b,
Aroclor Distillation 0.66
Bipbenyl - Crude Units 16.7
Bipbenyl -~ Distillation 2.2
Santowax R Distillation 1.5

Celorific valus of the gas about 10%0 B.th,U./cu.ft.
at 60°F and atmospherie preasure.
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fhis report is meinly & coppilation of infermstion
érewn froam Anniston reports and from discussions
and correspondsence with many meubers of the Annis-
ton staff, whose willing and able help is grate-
fully remexbered.

¥hs reporte made by Messrs Havercroft & Mather,
September 1947, bave boeen incorporeted, also

that of Mr. HE. L. Barden, Auvgust 13950, and ob-
servations msde by the author during visits to

Amiston.

DSW 462186
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Bmdingﬂ e < L] ® 12 [ ] L 2 [ ] L] L ¢ L] @ L] o o ] L ® L 3 82
see also under "Ventilation®
Burgting dises, on diphenyl 8t1118. + « ¢ ¢ o ¢ ¢ o .18%_
on ve8801l8 ¢« ¢« o o o s o o 018, 3
By-Pass fluo, ses er "Vapourizer®
CA@OH, mild-@, mﬂtmg Pressiure Of. ¢ ¢ ¢ ¢ o ¢ © o 89
build-up, favoured by presence of water . .
build-up, favoured hy recycling diphenyl. . . .112
build-up, in the conversion system. . . « . 3# 11 Yt
out from pots and pipes . « ¢ ¢ ¢ o
detection of DlockngesB. . « « s ¢ ¢ o o o o « 41
dioxide, commection to convertor. « « ¢ » « .19,31
dioxido,h&nﬂling---..- """.31’38
dicxide, not used in diphenyl atill i v e e .18,)‘.1

dioxide, suggested use to remove carbon .
dioxide, use in chscking conversion system. . . 37
intenticmal addition to lead pots suggestsd . , 22
precautions in burning out (damage to
\ﬂp!ﬂ&t)e e ¢ ¢ o A1
(risk of poimouing by lead
va.pour)........
suggested removal by COse o ¢ ¢ o &
totrachloride in fire prevention. .
trap, cleaning of « ¢ ¢ « ¢ o .
trap, description of¢ « « « .
trap, operetion of. o ¢« « o«
Catalyst in fresh bonzene, see under “"Benzene,
catalyst in"
Charts, ses under "Tnstruments™
Chlm‘imtion of diphenyl, montioned . ¢« ¢ ¢ ¢ o < ¢ ¢ o
see also under "Aroclor”
Chlarination of SantowaX . . o « « o
Chlorine, determination of, in Sentowax
Choice of PIrocess . « ¢ o o © o ¢ o o
Column on comnvertor, arrangemant of .
convertor, choking of , . .
convartar, efficiency of. .
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Colusm on comvertar, operation of. « ¢ ¢ o ¢ o o ¢ ¢ o o &
convertor, packed colurm wnsuitable, . . . < o 92
Omt@r} rePRIr of s o ¢ 6 ¢ o « ¢ o ¢ e o @ 93
dmmul Btul [ 4 L L 4 L L ° a L4 L @ L] L] ¢ L4 ° @
Sentowax at11l . ¢ 6 + ¢ ¢ 0 ¢ ¢ ¢ ¢ o 0 o o clﬁ
Cozzments o Procesg. . 0.0 0 e e s 9 8 6 9 o 8 @ o ®

Compressors, see under "Hydrogen, compressors®

e E

covers, bolts of, cut,in.
repair work . .

covers, Joints, sse under
"Geskets "

covers, warping of . .
cracking of weld between
depth of lead in . °
dsscription of . . .
degign of dip-pipes .
emptying of « « « « .
equalizing lines on .
flue arrangements . .
leakage of lead or vapour from,

Condensers on conversion unmits, description of . . » o

operation of . . o o o .
on diphenyl atills, descripiion of, ¢« ¢ o o« .z’[
qperatioeof.......oz
mSantomxutﬂl..c........-‘Q,l—
cmOIt’QﬂtBo-cvcooo.;o';-0010*3‘;7112)116
Cmvmimpata,bafrles............q;..§3
b&fﬂes,uggingof...;....-.l
G&MQSOff&ﬂ‘R‘SOfa-..:..-cd#l
GOY&!‘-....«-...-...#I,#2,85-

LY
e e

N
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FFRET &

e & @ & 1

e ¢ o o ¢ o XJ o
o]

® ¢ o & « o gPo

6 o o 9 o o B°s
’1-
W

e @ 4 ¢« &

detection of .

s intenance of s 6 ® ®w o @

woving without emptying . .

/ operation of « . ¢ o o o o
overhreting of upper walls.

pressure gauges, see under

"Equalizing lines”

@l1BO o ¢ ¢ ¢ ¢ o ¢« 6 o ¢ #2
pPressures I8 ¢ ¢ 0o o ¢ © 6 o @ o o o o k
repairing ¢ ¢ ¢« ¢« o ¢ 2 ¢ o 4 8 ¢ 8 o o 2
rim mcm. Ll @ L] * L[] < ® L Ll @ < L 88
rim welds areoking. « « o ¢ ¢ ¢ ¢ @ okl,BB
" rotation of bstween different
Bcttm‘ [} <9 e ® e L 3 L3 Ll L [ #2
ﬂettin.g of. ¢ ¢« o o o o e ¢ € © @ 033;.8'_8_
see also, Converaicm Po
fins arremgemerxts
at&rtmg Of ¢ e a4 ¢ @ ®© 6 v e © ¢ e 3%
atoppingof..a........‘ 3
temperatures of . ¢ ¢ & ¢ ¢ ¢ o =33,31‘&51.
temperature control methods o » « « . .107
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Conversion pots, texperature controllers:  « « o
to be free from cesings. ¢« » o
vibration of, See “Vibration®

Convergion process, adjustment of tempereature to

coxpensate for presauwre varis-
tions. See "Pressure inocresses,
compensation for®

degroe of conversion in each of

the 3 pots. . . . . « 116
deﬂcri,ptionofc-...-.cq.'-BQ
effect of variables In + o « o ¢ « o o1il-
two pot system mentionsd , . . ., 32.82,85

Conversion test, details of ¢ ¢« v ¢ ¢ ¢ o ¢ o » .....IS

mntimed......-....¢...3

lei-ngm‘v:;-.-.---0000---0.00'019,20

Copper and alloys, fail of in B, system, . . 24,4%,101,103
' not recommondsd for

condensers o ¢ ¢ ¢« o ¢ © o ¢« ¢ ¢ 95

Corrosion, effect of impurities in lead fesred. « « « « « 57

gemlmteouc'cc¢o400¢0001022'

of convertor PotH. ¢ ¢« « e ¢ ¢ ¢« v o o ¢ o o o H1

of convertor pots by lsed blast
(Andston repart)e ¢ « « v o o ¢ o ¢ o 3
try stainless stesl for traps in B, system . ,103

Coatofoquip&nt......-....-......--110
CMtOfmmctm.----.cc.-.........117-
manufacture, prectico sheats. ¢ « ¢ ¢ ¢ ¢ ¢ o o $120=-

manufacturs, versus $ conversion. « « « « o o o 11

cost Bh“t, d_iph&rU’l- » L] e L 4 [ L 4 @ ® 'U * e o @ * L a e lll
Goatuheet,Santme..................119
Crude diphenyl, analysis method fOI' » « ¢ « « « « ¢« « o « 7O
composition of, see "Flow Sheet” o5

e L[] e L] L] 9

tanks, desoription of . » « &
Crude Santowax, see "Santowax, Crude”

msmxmmsooxsémmuon), 1i8ted . . « o o o o o o 23,4
Design date book, (Lomdon) discussed by Amiston staff. . 4
Diphsnyl distillation, corments 0. o « o ¢ o ¢ o ¢ o o o116
control tests, . . +» « ¢ o v:g'&sllls
cut points . . . . . . . 85,46,5%,116

eut points, variatiosm

of sugpested to compéen-~

sate for poor benzens . . .55,113,116
do&cl‘iptiond-o.-,.o....#f}—
fmmm.---....-.l?

heads fraction, amownt
eliminated . ¢ ¢« « o 028,48,116
reflux ratios 45-,#7,32
Diphenyl, MCL do not expect t0 8611. ¢« o « « ¢ « s « o o738
physical properties of « ¢« « ¢ ¢ o ¢ ¢ ¢ s o 11,12
specifications and test methods. « o « « « « o 58
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Diphenyl still, benzense reccivar of, desori‘bed e o o ¢ s <99
bottoms, see "Cruds Santowax”
b‘n‘ﬂtiﬂgdiﬂconooo e ¢ ¢ e e e @
colusn, ses under col\mu
sondensar d&sm‘ib@d e ¢ e © @ '3
condenser, indirect, cooling ot e o v o
sondenser, temp. control of . .
condenser, hoat exchanger oa

“m of [ ] ® G_ L 4 @ L] Q@
condensar, orude Santowax receiver,
description of . .

diphenyl receliver ., .
distillate switch box
formerly direct fired .
heads & tails recélver, .
heat cut off if pump faile.
heat exchanger on condenser water
heating 6011lse ¢ o ¢ s ¢ ¢ o «

precautions in charging . . &
diuoha.rging .
ﬁm’tm ° .
safety diso, see "Diphenyl Still
bursting disc”
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texperature control .

temperature recorder., .

test records. « « ¢ ¢ o

Distillation, ses "Diphenyl distillation
"Santowax distillation

mm li.t. L] L4 e e [ 4 L] [ @ L @ ] L L4 [ 4 L] v L] 1 4 . L L] e '77

& 6 @ o » & 2 & a

L
[ ]
L4
and

e
v
.
n
14

BARLIRR REPORTS, see "Previous reports”

mof 7'088015 [ L) < [ < L ¢ <@ e ° L 4 @ 9 " [ L [ ] [ 17‘
Bffect of variables, benzene quality. ¢ o« ¢ ¢ ¢ ¢ ¢ ¢ ¢ o 111
catalyst, see ene, effact
of catelyst in"
ProSBUre « « « « « « « « » 3%,87,11%4,115
th‘ﬂottno-ccccncccllQ"
recycled benBene . . ¢ o o ¢ ¢« o o o 112
Nﬂycioddiphe?@;}i-.-..o...m
rﬁﬁ&dm,gh BBy ¢ o ¢ ¢ ¢ ¢ o
cy a.'...‘ﬁ-

tims-tempoerature . o o
Efficiency figures, sse "Cost of manufacture

Anniston report on losses of

mmmmw.oooq e e e ¢ 3
Elsctrical use of Aroslors, see "Aroclors, oleotrioal

standards® .

Pptying of lead pots, ses "ccm;vurainn pots, emtying of
Equalizing 111105 on convertm, ses "Conversion potu

Eq‘lip%nt Coett e 6 © ¢ @ o e & © € e © ® ¥ 6 & e o6 ¢ © »°

t liat' L d L d L L ] e L] ® e L] e L] L L] @ a L 4 [ 4 L d '} L] L] 83
Equpmt liﬂt, gmm NOEBB Of: o o ¢ © 8 o a ¢ o s & 82
Extinguizhers, see “Fire Pighting®
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mcx,m\mdthapotlm................188
maq‘ﬂ.pmt.-,c.-o..-...-:..... g—
FPire precautions, Anniston report eited . « ¢« o ¢ ¢« « « o 16
Fire scroens, mentioned ., ........'..--c.IQ,ES
Fla.ngoainpipolinea.................. 2

m'. .‘QO'."'.¢00019,20’82
Float controllm :Ln benzene recycle feed ta.nk, Bee
"Benzene feed arrangemsnts”
Flow controllers, see "Instruments™
mw‘h“tdmtermlﬂ.-aantoctoneoo--25"'
Fractionating columms, se¢ "Colums” 8
.. 5

Fusel gas, burners . o « o o o ¢ o o
calorific valus of. « . . o
ealorific value,mentioned o 92
connections . « ¢ « o ¢ o ..3
comsurption of, . . . . v
consuption of, relebsd to pot temperatures .35.115
conm‘oloodltcobdt0000011036,1
mt&r&.............-.-..'f}l,

e & o o

e
L4
[
[
<

@ ¢ ¢ o
2 & © & o
¢ & ¢ 2 e
e © o e o
e @ = & o
® 6 ® o o

aA3, see “Pusl gas”

Ga'keta o ] @ ® € @ ® L L[] [ . & L] 8 v [ 4 2#
Geaskets, mking of for pot covers . .
Qermon reports listed . . « &+ o o« & o

<

. e o 2,3,6

e a @«
- a o
e o 2
e o &
e e ©
e o o

e

a

L)

H'B—#O,Eentioned-..-......-....-...7,18
Hsads & tails fraction, bulld-up of by-product in, see
"phenyl distillatfon, heads fraction
amount eliminated

Headsg & tails fraction, composition of, ses
under “Flow Sheet"

Beads & tau’ reoeivel', described ¢« ¢ ¢ ¢ ¢ ¢ ¢ v e o @ 98
mt Mlﬂnceo L] L] L J e L J [ ] L] L d @ ® ] o ] o ° @ ® L ] ‘e L] L 3 [ 2 15
Heat exchanger on condenser wmter, diphenyl still . . . . 99
Heating coil for diphenyl still, described. . « « « + o « 96
operation of, see 'Diphenyl distilla-
tion, description”
Heating coils for Santowax 8111 . . . . « « - » . 103,104
Hoat of reaction. « « « ¢ « e ¢ &« @ @& € ¢ ¢ @ @
Heat treatment of stainless ateol reommwnded e s ¢ o o o 22
Bo&lthconsidemtionl...-..-.o.-.--...-ls
See also "Welfare"
skin troubles in Aroclofs o « « ¢ o .16,5,%3-
. High boilers, retio of to diphenyl, prodused. . ¢« « ¢ o o
required. « ¢ ¢ o ¢ o
Hydrogen, aluntina absorbsr for bencene abandoned. . . . .11
benzene recovery from (Amniston reports). « . » >
benzens recovery from, comments Ol « ¢« « +» ¢ o1l N
carbon dioxide contamination of, ¢« ¢ ¢ ¢ .. 19,38 =
ecmpression, coholceé of prsssures at %
Q

two 8?&38'!!. e’ ¢ & o o'a ¢ o e .u,...Ol
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Rydrogen, compression, flow sheet of materials,
see under "Flow Shest”
mmaﬂor,dﬁscx‘imdno"ccocvuoo¢101
COEDress80T, lubrication Of e e« o a o v o « ¢ o 101
comEpressor, cpeyation of ¢« ¢« « o o o ¢ ¢ @ a“,lOl
Goolers.....-..--...¢.¢..100,102
cooling and comPTessSion. « « o o ¢ o o o o o44,101
d&ngﬁraouano!ooecccooo0018,_1_2,101
rmnbmtuthIE&soovcooco 116
oxygen determination unnecessary . . . . . 19,88
pressure control « « o« ¢« ¢ ¢ o . o o%%,100,101,108
rocaivers desocribed, « ¢+ ¢ ¢ o ¢ ¢ ¢ ¢ ¢ @ IOO,M
8112‘@0 mk e ° e L] ® L e 8 [ L] [ e e a L @ @ L] 100
terperature recorder On CORPIES8Or  « « « « « 108
traps on instrument 1ines. . ¢« ¢« ¢« o o ¢ ¢ o » 109
traps for benzene. . « .« . .........“,11102
uﬂea rm’: L] ® L] L] e Q L L L] L] ] L] ® [ 4 [ L] 7’
vent connections from uru.do diphenyl
etc.m000¢-c.voo 19
INTERMEDIATE FRACTIONS, composition of, see under
"Flow Shest"® 107

mmts-ooonvuta-¢cn--no @
benrene Llow controllers . o o s « 0
eharts sent to BCL ¢ « ¢ o o ¢ o « o
conversion pot temperature controllsr,

? e o

conversion wmit terperature recordsar

d_'lph&ﬂ'll!tillcco.--...-o
diphemyl still, cooling water, no
longer instrumonted. .

A4

float cont.rollers in benzene feed vesssl,
ens feed arrangcment.a

%,50.109

31,108

34,107
4,1
5,1

. . . &7

Santowax gti.}l e » ¢« ¢ 50,1
Insulating comomd :!'or pot furna.oe Joint. « o e P
mmtim.ll' L] ® @ e ¢ 9 ¢ @ ¢ €6 ¢ ¢ @ e @ 90,9h
MNURMWQOUJ-cocccvv.coc-cctu.r
Im-d, dcpth Of, 1!1P0t8 ] [ @ & @ & e © ¢ ¢ © e @ e e e @& 32

sffects of 1mPUritios M. « ¢« ¢ ¢ ¢ o ¢« o o o o 022,57
awty’ingpowa...o...o......-c..
entreinment frompots « « ¢« + ¢ o ¢ o o o « o « 382,81
farced back to va gourizor............BB,Ql
see also, Ccmvmion pots, equaliring
lines"
MJ.J.DE (ropm OrrthaarM)u ¢ ¢ o © ¢ o @ gS
lukngemtormoet............%,_g,
detecti-ono:dcvibc
'I!Jd.nguploaaeaof.......-‘.....'. 40
mmcoﬂtlccﬁooonaooo'ovlﬁ,
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ILsad, oxide, corrosion of pota By. o o « o o &
poisoning, uttlﬂ risk of « ¢« s o & o
pots, see "Conversion pots"

o
®

quat.-.---oooo-octco
I'Gﬁﬂltin.g e ¢ o o e e o ¢ e © © ¢ o @
spectrographie analylia of, mtim&d o e
1sad trap, cloemi.ngor,desc.ribod ¢ o 5 o e e o
mentioned . . . . . . . .

dﬁﬂcrfptim O0f¢ ¢ 0 o 6 ¢ ¢« 2 ¢ o o o
central tubs of, shertened, . . . . &
must be hbavy Bteel ¢ ¢ o o 0 6 ¢ ¢ o
need not be atainless ¢« ¢« » ¢ ¢ ¢« o o
operation Ofc ¢« ¢ ¢ ¢ o v o 6 ¢ @ o
repairing Of¢c ¢ ¢« ¢ 5 ¢ ¢ ¢« ¢ o o o o

KATRTEHARCE OF IEAD POTS ¢ ¢ ¢ o ¢ ¢ « o o o .
Hake-up water tank on diphenyl atill condemim

. system
Honel badly corrodsd under pot conditions. .
HBont8r O o ¢ ¢ o ¢ ¢ ¢ ¢ 0o 0 ¢ o ¢ ¢ o ¢ o @
&m,WOfcooccoooquococc

e @ o o
2 @ o o

KICEEL, and alloys rich in nickel, badly eorroded

wder pot conditions . .

OFF GAS, see "Hydrogen"

Operation Manual, (not yot written at Amiston).
Opereting records, diphenyl still. . « « N
conversion wit . « .
Orifice plates on units, detsils of. . . .
effeot on pressursé. . .
ses also under "Erfect

of Variables"
roaring of gas through.

Outlets for products, as cable box compound . .

@

o ©
-8
L)
=~ 1
(Ve l¥V)

© 2 @ ®© ¢ @ @ @ © © o
4 & 2 © @ & o ¢ ©o o g
% © 2 8 © @ ¥ 0 ®© @ o

e ¢ ¢ e 22

#5;52123

sk

oc-c35
cothT

s & @ a o

electrical use as Aroclor. « « 55,2%
as firelighters (not suitable). . .

< [

general . . « .
m mo. L] L ] »

hydrogen. . .
roof'ing compownds

outlinse of Procée@88,: ¢« o« o ¢ ¢ o ¢ ¢ o o

e s 2 ¢ o
e ¢ ¢ e
e a & o

PACKING, 4ipbsnyl melted into drums is inconveniemt

Santowax R is now flaked . ¢ = ¢ « o o

Patent position, Annlstcm report ¢ited. ¢ ¢« ¢« ¢ o o o
oa high clmome alloys for lead pots,

® ® L

@

7,116

% © o e

® &€ a o e
2 a4 ® e o
eI ] e

e e

e L] 9
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Pipe lines jacketed, . . c e oo s . s . 82,83,95
See also under "Water in Jackets"

Pipelineatraced..... ..........-‘...82

Preheater pot, see under "Conversion pots*®

Prehoater, tubular, see under "Conversion Jprocess, two-

pot system",

Presswure increases by carbon 4eposition « « ¢ o « o l 1,14

Pressure, compensation for by altering temperahmea.

Pressures throughout the conversion wit . . . . . . &

chacking .

Iit!l 0020 e o @ 37
PP'B'iourﬂporbaliﬂtO‘dooocvro-ooocooo002-
Process in detail. . . . e ¢ o © o & e ¢‘29-
Promotors in benzene, see “under "Bffect of variables"®
Pl‘opel‘tieﬂofmteri&ls....'...,........10-
P]’OtrGC'tive ClOthJ!g- v [ . ¢ @ L) [ ] L e L) L] e L4 o * ® @ [ 19

RATIO of high boilers to diphen;srl, soe under "High boilers”
Record charts, see under "Instruments”
Records, finished product tests, see under Speciricationa
& '.Eest Methods"
operating, see under Oporating Records"
raw mterial teste, see under Speciricatiom;
% Test Methods®
Recycle fesd tank, see under "Benzene"”
Recycling diphenyl to convertors, see under
"Effect of variables”
high bollers to convertors, see under
"Effect of variables"

Reflux split box on conversion units described. . . . . 95
on dithWI still described. « . « ¢ o 97
onn Santowax still described. « ¢« « o o 105
Repairing columm and lead tr8Ds ¢ ¢ ¢« ¢ 0 ¢ ¢ o o o ¢ < 3
convertor pot o o o o o o o « ¢ 6 0 e 8 o o o 42
Rap&ir\lorkfig\n‘ﬁa..-e.........-....117
Reports (earlier) listed, ses under "Previous Reports"
Roofing compound from chlorinated Santowax. « « ¢ o o o T
SAFE'I'Y CO}BEERATIONS ¢ o o O ¢ © € ©® ¢ ¢ e e 8 © o o 16"
hyﬂrogon., e 4 e s v e o s o 018,119,101
ahms ° L L 2 L ¢ 9 L4 [ 4 ¢ L] 1 ] e 19
S&mles sent to MCL listed. . . . ¢ © e ¢ o o e o @ 21
Santowax, crude, analysis of by a1stillation. . . . o . T6
charge tanks for still . . ¢ ¢ o ¢ o o 103 I
composition of, see under "Flow Sheet" o
d.18p088.1 Df. e & ¢ ¢ € v ° 9 e ¢ e © 7,#8“ S
diStﬂl&tiOﬂ Of¢ (] ° ° s e ° ] @ L] e 5’”9— ;
diﬂtulﬂ-tion ﬂﬂld @« ¢ © @ © ¢ 6 @ © @ (7]
Wing Of- e ® @« © e ¢ @ ¢ © ® ¢ @ @ - o
hOld Pomts of e & o o ¢ o ¢ © e @ 13150
Physicsl propgrties of + « « « o ¢ o -

receliver dsscribed .
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COl\BM ONe ¢ ¢ o o =« ¢ o o ¢ o« o o 104 !
6ondeNsBY O o o o ¢ ¢ ¢ o o o e ,104
destigned for separeation of
the isomers , . 49

heater descx’ bed e o e
operation of'e ¢« <« o o o
prehsater described. . .
TPECOITED o ¢« o « o ¢ ¢ o
tempoerature controller .
temperature recorder , .
vacuum® vessel, . « ¢ o o

Santowax isomsrs, amountd 8old. ¢+ ¢ o o ¢ o
Amniston report on separation

®© & © o @ & & © o g
4 & @ © @ BT o © © a
e ° % @ ¢ ® &8 @ @ e
¢ & a & 9 © 5 2 a @
e & & 6 & @ o o ¢ @
-2
&

Or CItadc Q L] e e L] 2
outline of separation process e o o 5
specifications and test methodn e o« o 0
Santowax O0.M.&P. Bee "Santowax iscmars"”

Santowax R, £18KIng Ofc ¢ « &+ o ¢ o ¢ ¢ o o « o « « 5,89,67
mmlmoruocct'ocilooc¢l'5‘o
p&ﬁking o:o @ @ 9% e ¥ @ e e € € @ @ ¢ @ e @€ 50
records of test results . . . « o ¢ ¢ ¢ o @ gg

specifications and test methods . . « ¢ ¢ o
Sc&leof'lorki.ng....a........-......3
Skin troubles attributed to poor benzene. . . « » 16,56,51%._{

Specifications and test methods . . . .

Stainless steel pots; cerburation of eurface
suspected., . «» ¢ o 22

corrosion, ses umder "Corrosion”
effect of iwmpurities in lead,
see under "Lead, effect
of impurities in"
effect of lead oxide om, 8oe
under "Lead, oxide"
heat treatment recommended. . . .
types of stainless steel 22-,86,88
Steel floors, advantages of open gridu. ¢ e e o @ .1 ,2'0’:
Still bottoms, see "Santowax, crude”
Styreope, effects of on warkers, see under
"Siin trouhlea
Sulphur in benzens, see under "Copper”
Sulphur delays the attack of benzene etc. om pots . . « 111
Sulphur, determination of, in SantowaX. . « « « o o ¢
Sump tanks, sees "Crude diphenyl tanks®

8
82

o))
@

TENPERATURES, adjustment of to compensate for
variations in pressure . . . o o 34,114

Femperature control, detection of overpunmping
of bhenzens to convertore. . « » o 30
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Index

page 11
Temperaturs control in diphenyl 8till. . o o o g v v oo 45
Temperature controllers, see under "Instruments”
Temperaturs, effect of variation of, ses under
"Effect of Variables"®
!‘enperatln‘oa at various points in the conversion
system g%
Famporatire of pot, varying with ths benzens mte. v e
ggj_ngbahmdcontroller. o ¢ o ®
Terphenyls, see "Santowax isomers”
Pest mothod,, sese “Control Tests~ and "SEeoLfioatious
and Test :asth:"..a
Thermal balance, ses "Heat Ralance"
Tube process, sse under n Reports”
wder "Choice of Proceu
fubular prehester, ses under 'Cmverai.on process,
- two-pot system"
USES for products, see wnder "Outlets”
VACUUM pwp for Sentowax still described. . . . . . . 106
Vacuwse still, see Sa.ntovax crude sti11"
vessel, see "Santowax crude still vacuum vessel”
m"ﬂﬂ-.oobooc ° e o o & € € © @ -vn 82
Vepourizer, blockage by lead see "Equalizing Lines”
4 foreced back to
vapourizer" )
blockage by solid, unldkely . « ¢ ¢ « ¢ o 30
0011 lira o L] o L4 o * e L T T o o @ L4 L] ° 91
deauim ® 2 e L ® L 2 L] [ ] L] L3 L3 L e L4 & L4 91
:1“ mgmta ¢ & e o @ @ e ¢ 32,37;86,91"
leakage of benzene into, see
"Benzere, leakage into flues”
wmt‘.mor.-tvcocc-co__ooc¢32,37_
overpumping of benzens Iinto « ¢« ¢« o ¢ ¢ o 30
prossln‘odl'aptln“otgh........-- 31"
temperatures In o ¢ ¢ o ¢« o o ¢ s ¢ o o @ 2 -
'Ventllation.......‘.'-........15,1952
Venting of conversion umit. « ¢ ¢ ¢ o o ¢ o o ¢ o o g?,gg
Vihrﬁ-tlonofpotz......‘....'-.....l,
WATER in benzene, ses "Benzeme, water in" ,
Jackets of pips lines, danger from . . . . 96, 104
v sec also under "Pipe lines" , 1
euuo L [ L4 L L L] L e e o L L * e e [ L4 e ¢ @ ° @ 9
Seo also under r'Hen!t-lt‘h"
Veldin;gfﬁ‘emmdlin.....-........ol'r,ls
beat treatment reocoxmmanded after ¢ « « « o ¢ o« 22
on coluwm 8nd lead traDP. ¢ ¢ o ¢ ¢ ¢ o o ¢ o o 93
YIELD DATA, s%9 “Flow Sheet® DSW 462197
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