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INTRODUCTORY ROTE

Preliminasry inforzmation was sent from Anniston to Fr. E, A.
0'Neal, Xr., in London, June 19%6.

Mr. D, 8. Havercroft and the writer paid a brief visit to
Auniston in September 1947 to collect information needed for
mlmt%;g and design work in London, and they produced the
report tes on the Process for the Manufaoture of Diphenyl
& Ssntowex at Amniston", Septeaber 1947.

A set of Anniston drawings, out of over 350 drawings on file,
was sent to London shortly afterwards, the selection being
such 83 would give full constructional details relating to
Anniston's preferred designs.

Since then thare has been a great deal of correspondence be-
tween M.C.L. and Anniston; Hr. H. 1. Barden visited Anniston
in August 1950 to review the process from the angle of pro-
duction work rether than design work, (see the relevent chapter
of his "Report on a Visit to U.S.A.%, August 1950), and the
present writer visited Amniston November 6-10, 1950, mainly to
deal with certain questions reised by the M.C.L. mechanical

engineers.

This present report is intended to condense the information,
collected as above, into a form convenient for use within
¥onsanto Chemicals Limited, particularly in production work.
It 4s hoped that 1t will be of use in the final stages of the
construction of the Newport plant, and that it will form the
basis of an opereting mnual for use at Newport, to be supple-
mented and kept wp to date as new informtion comes forwerd.
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BARLIER REPORTS

In & letter to Mr, D. S. Havercroft, Sept.11/37, Mr. M. Buis
listed the following six reports which were already in lLondon
files:

Goerman Chemiocal Imdustry Report Series

German Production of Diphenyl, Terphenyls

and Chlorinated Derivatives, by Wayne E. Alexander,
#.C.C., St.Louls, Oct..1945,

Extract from German Rsport, C.I.0.3, XXIX-1% pp.56-57.
Diphenyl. .

Design Data Ath Diphenyl Umit, D.A. ,» with
Stw of Dipbenyl Costs, E.H,Buford, 8.9,.39.

Fimml Report on Plant Tests on No.6 Diphenyl
Unit - Part 1. Job 30.17141 Pile NO.138,

17th Sept.19%1. R.A.Ewing.
Design Data for Ciphenyl 8till, D.A.Roper, Sept.1939.

Report ¥0.192% Pinal Report on Separation of Diphenyl
. High Boiler into fractions or known mixtures Part ITI -
T Developing Plant Processes for Production of Santowaxes
ROOQHQP. & Eo JOb 300171-61, Pn& NO.218-B.
Prepared by A.X.Ellenburg.
ment Design for Santowax R Plant, May 20/%3",
Job l-352-Report #31 by G.R.Shockley, accoxpanied this
report.

In September 1947, D. S. Bavercroft & E. Mather wrote a report
"Notes on the Process for the Manufacture of Diphenyl & Santo-
wax at Anniston."”

On 3ept.25/%7 copy #11 of Anniston repart:
1640, Pinal Repart om Study of the Diphenyl Process
Part XIY. X ﬁ%ﬁ of the Process. Job 171-41,
Pile 138, F.E.Hubbard, Anmniston, Oct.15/X1,

ws handed to IMr, Bavercroft for Iondon, also a copy of
Addendun to 1 Final Report on Study of Diphenyl

Process, rart » Continuous Let-down Procedure, Job
171-%1, File . A. M. Ellenburg, Amniston, Jan.31/35.
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Earlier Reports, contd

On Oct.13/%7, microfilm copies of the following two reports
were sent to Mr. W. M. Coopexr, London:

1642. Final Report on Diphenyl Operatioms, J.E.Moose,
] .

1712. Final Report on 3tuly of Diphenyl Process, Part

I{I_ , Bubbard, ;gﬁ' % Miles, Ammniston, Oct.19/%2.

Ou Mar,11/%8, a oopy of ort 1937: Chlorinated
Quaterphenyls” was sent . to Ruabdon.

}¥r, Ellenburg, January 20/%8, reviwed the
following reports:

21% "Banzol losses in-Waste Hydrogen from Diphenyl
Plant®, J.L.Howertom, Sept.22/33.

Rt Ut "Recommendations for the Operation of the Crude
Diphenyl S8t111%, J.N.Carothers, Jume 23/33.

948 "Investigation of Benxol losses --- at the
Diphenyl Plant®, Horton Barris, Aug.21/35.
M. Ellenburg, Apr.28/48, cited the following reports on the
German tube proocess:
(1) I.G.Pag%ogind:a%:.;tattu Loverkt;e: Gemnyhx
Purno Lowderailk,
78 Bea7(10%6)s

Fay & Richarxrds,

A oopy of Anniston an Report on Alloy Test-
ing", 171-429, W.VW. , N , discussing the corrosion ~
erosion of the lead pots the vapour bdlast, was sent to London
(3r. Bavercroft), July .

A mierofilm copy of the ¢ Division report "Diphenyl

- from Benzene", 117-881, 0ot.5/35, on the effects of urities

in benrene, was sent to Iir. Thrift of M.C.L., May 9/49. The
ess description in this ort is said to have n based
1y on that of the repart ign Data for 4th Diphenyl

Onit", by D.A.Roper. :
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Earlier Reports, contd §

On Jan.1%/39 the Phosphate Divieion Engineering Department
3117, "Final Design Data for 12-Unit Diphenyl Plant"
was sen o London,

The Phosphate Division Monthly Research Reports go to M.C.L.

The London Contral Engineering Design Data Books "Diphenyl
Pbase ITID, Jan.39" and "Sentowax R, Phase III, Feb/49" have

beon read at Anniston, and couments offered.

Amaiston staff interd to write wp the Operating Procedures
for their own use, but ths process is so well eatablished at

Amniston that this task has no great urgency.

Amiston drawings which have been sent to M.C.IL., st different
times are listed under "Drawing List™ on pages 77-81 later in
this present report.
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OUILINE OF PROCESS AS WORKKD AT ANNISTON, 1950

Benzens vapour is passed continuous through molten lead at
a high tesperature, causing some 16% to 20% of the benzene to
be converted, in a single pass through 3 lead baths in series,
into a mixture of diphenyl, terphenyl, etc, with the evolu-
tion of hydrogen. The resulting mixture of hydrogen with

the reastion products and the unchanged benzene is passed up
a fractiomating columy which has a condenser and roflux split
box, so that the sensible heat of ths varcuwrs is used to give
a rough separation d the organic componsnts of the mixturs,

The fractionation system ylelds a forward flow of liquid ben-
zens, and an underflow of a mixture of benzene, diphenyl,
terphetyyl, otc., while the hydrogen passes forward, saturated
with benzene. This hydrogen stream is cooled and compressed
faor the recovery of more benzens. The column underflow is
fractionally distilled batchwise at atmospheric pressure to
yield Aistillates of bongene and of saleable dipheryl, and of
course, intermadiate fractions which are recycled to the still.

The sti1ll bottoms, containing the higher dboiling components
of the mixture, are called crude Santowax., —«—

Some of ths crude Santowsx is distilled "straight-over”, under
vacum, to yleld Santowax R, and soms is put to permanent
storage because the supply excoeds ths demand,

Crude Santowax has also been distilled under vacuum, with
fractionation, giving ortho terphenyl of about 93% purity.
Centrifuging of the distillate, or better, fractional distillsa-
tion, gives a better product.

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

\rro-tthe c;t%trmm 1iquors, separated and dried, is called
“Santowax N".

See Anniston report #192%, Jan.B/45.
3ee page 50 below for & note on the flaking of Santowaxes.

All the recovered benzene is recycled and there is a precti-
cally conmtinuous make-up of fresh material., This is believed
to ensure the presence of a certain catalyat which is present
in the raw benzene, but eliminated by the processing. (See
under "Comments on Process”™, page 111 below).
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NOTE ON CHOICE OF PROCESS

See the Anniston Report 1640, Oot.15/%1 K.E.Hubbard, also
Xr. A. M. Ellenburg's letter of April 28/%9, eiting B.I.0.S.
etc. reports on the "tube" process.

The research departments at Ruabon and Anniston agree in be-
lieving the tube process may be superior to the lead pot
proocess., Some pilot plant work has beez done in thie direc-

tion at Armiston.

See g:g: 716 below for the choice of ths method of recover-
ing ene from the offgas,
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OUTLETS FOR PRODUCTS

At Armiston soms of the 4diphenyl is flaked for sale, but by
far the greater part 1s used eithor at Anniston or at lonsanto,
I1linois, for the manufacture of Aroclors. lMonsanto Chemicals
Limited do not expest to sell diphenyl, A little also is

used at Monsanto, Ill., for ths manufactwre of o. & p. amino

mh”l. . .
N

A mixture of crude Santowex and diphenyl may be chlorinated
to give the Aroclor 2565 used as & rooiing compound.

Santowax R is used as the starting mmterial for Aroclors 54ik2
& 5460, also for the hydrogenated product HB-¥0, which is

usod as an "extender” in plasticizers, for example in Vinyl
£i1m, The Santowax R has soms little application in high tem-
perature greases for valves.

¥onsanto Limited have given somes considseration to the possi-
bility of usefully disposing of still residuss., Dr. Scott,
January 29 » considered that the residuss would not be
suitable for making firelighters. Dr, Hardy, March 4/3%8,
passed om Mr. Ellenburg's review of the possibility of chlor-
inating the residues to about 60-65% chlorine content to make
& ocable Joint-box cc:ggsition. Er. Ellenburg thinks that
chlorination at 250 0C¢. to 35-40% would be about the best
procedure, but warns us that the residuss are not of constant
composition. '

It was thought at one time that M.C.L. markets would call for
a higher ratio of high doilers to diphenyl than is normally
obtained in the Anniston process, and some thought was given
to the possibility of shipping some of the Anniston excess
stock of high boilers to Britain, and calculations of ths
British import duty were made. kr. J. V. Head's note of
March 2/X8, however, indicates 1t 1s now improbable that such
shipments will be nocessary. Reference is mmde to a memoran-
dum by Dr. W. D. Scott of Ruabon, dated June 20/%7, on the
long term development of outlets for diphenyl.

In the distillation of cruds Santowax to give Santowax R,
about 15¢ of thes weight of the crude is left as a residue,
and some of this is sold as "Montar 9".

Somes of the hydrogen after cooling and compression, as out-
lined above, is used for the hydrogenation of Santowax R to
give HB-40., Any excess of en is vented to atmosphere
after being compressed and cooled. At ons time Anniston put
the excess hydrogen into the fuel gas for the furnaces, but
the consequent ochanges in the air requiremsnt of the burners
were troublesome.
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/™

BCALE OF WORKIMG

About 950,000# diphenyl per month, and 80,0007 Santowax R per
month, were produced at Anniston during the first nine months

of .

In Septexber 1949, nine units were in operation, sach rated
at about 3000# diphenyl per day.

In Novenber 1950, theres were {welve wmits, nuxbered 2-13,
in existence, the original ¥o.l baving been taken out.

Newport needs were estizmmted by Hr. Cooper, Oot.lﬂ?, to be
1,000,000 1b diphenyl & 230,000 1b Santowax per year,

The ennusl sales of the ortho terphenyl have averaged only

around 4000 1b, and those of "Santowex N" around 10,000 1b,
There has been very little sale for the para isomer,
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PATRENT POSITION

Sees Armiston Research Department, Report Ko. 1640, page 6.
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PROPERTIES OF MATERIALS CONCERNED

1. BDBenzone

MN.Wt.

N.Pt.

B.Pt.

Specific Grevity

Specific Heat:
solid

1liquid

Vepouwr OCp

10

72 3%
805 °
0.883 to 0.886 15,5/15.5°%

0.3
9,38
%d (1.0.7.)
0,863

2
8oge>

Formulae for Sp.Ht. at constant pressure:-

Cp = 0.258 + (0.000875 x 9C) Perry lst Edn.
- 0,266 + (0,0006732 x °C) Imd.Eng.Ch.,July 1935.

Iatent Heat, B.t.U./1lb:
fusion
svaporation

Flash Point OF, ¢
closed Cleveland

Explosive Limits in air:
Lower &%
Uper £
Auto-ignition temperature

Vapowr Pressures:

2o
12

1.%
8

107‘60?. DSW 462065

Constants in V.Pr. Formuls Log;o pr. m.m. Hg = gf—a’)—?%' 4 B

Range 9C A B
=58 to -30 %2.90% 9.
=30 to *35 Ay, 222 9.8%
0 to A2 3%.172 7.9622
7.65%6

52 %o 100 33.295
See also "Desizz Data for ¥th

Dipherngyl Unit", Aug.9/39.

S S —

 WATER_PCB-SD0000050658



Properties of Materials Concerned, contd

B B

2.

Benzene (contd)
Thermal Conductivity, (liquid & gss) See sheet 3, Design

Diphenyl

Data for Units & & 5, D. A. Roper,
Lfor ocwrves.

3ee "Desaription of FProcess used in Dogt.a«%", Sept.27/%6,
1yles, Sofrreanko & Becker, pages 49 & Bl.

See 21s0 "Design Dats forr ¥th Diphenyl Unit! Aug.9/39.
0.992 @ 75°¢c/4%¢.

The Swann Chemical Co. bulletin of 1930 gave thermsl data
on diphenyl.

Viscosity of Diphenyl (from Amniston files)

Specific

Grevity:

°r

——

160

%3

b
]

2 BEEUSRNY

Centipoises

1.439
1.3

11308
1.11%
1.03%
0.901
0.752

8:%

0.3
0.

Heat (from Amiston files)

885383583 19

BotoUo b

0.%16

WATER_PCB-SD0000050659



Properties of Materials Conocernod, oontd

2. piphemya (comsa)

- >-:_-:.f’: Another record gives the touoving values for liquid

diphenyl:
Sp,Heat cals./prem

13

5383

|
e
%

2500

0.

1‘5% (D.A.Ropar, Design Data for
Tnits 2 & 5

Density of Liquid Diphenyl (from Amniston files)

0.8010

+T510
0.6918
0.6180

SE4B08E 5y I8

Heoat of Veporization: ‘
65.% g.cal/g 6 258.5°.
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Properties of Materials Concerned, contd

3. Santowax R
contains about diphenyl

ortho terphenyl

mota terphenyl

21% pare terphenyl

triar heiglene ,quaterphenyls eto.
(Anniston Pimel Report 1942 .

er hold point -143°C. Changed -145°¢
% hold point 12;-%0&:. 8991;.23/&7}- 5.5320

The density of the Santovax may be assumed to be the same
in doth the ocrude and distilled fora. Viscosity also is

RRQRK

the sane,
Specific Gravity of Crude Santowax:
1%0°¢ 1.026
175 1.000
215 0.98
300 0.96% (est. from curve of other points).

Viscosity of Santowax R
155°C N bolt Universsl Seconds
222 g.s Say S or

Molten Santowax flows about like water at 25°C.
(A.M.Ellenburg's letter Jan.6/39).

Specific Heats (estimmted)

8o0l1d 0.4
Liquid 0.5

latent Heats (estimmted)

Pusiom 63 B.t;u./ib

Boiling Bange: 360-¥50%.
Flash Point: Ol. opem cwp 191°C.

Flame Point: Cl., opem owp 238°C.
Another accowmt gives Flash Point 190°C; Flame point 220°C.

pSW 462068
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13
Properties of Materials Concerned, contd

3. Santowax R (contd)

Values assumod in the design of the Santowax still at
Amiston: _
8p.Beat
Heat of Vaporization
Viscosity at 25090
Viscosity at 350°C

e (@, Ellenburg said these values were too high).

0,5.

1%0 B.t.U./1b

5 coentipoises ¢
2 contipoines *

A, ZFerphewyls
"Hold Point" B.Pt. @ 30 mm
Crude ortho (Santowax 0 8335 205°C
Crude meta (Santowax M ¢ ; aixtus 2800C
CGrude pare (Santowax P 233-21390
m - p eutectio 8o¢
Ternary eutectic _ about 74°C.

See also Monsanto Technioal Bulletin #P-103, Jan .5 /%7
u;r, for the properties of the separated crude 1somers
80. .
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15
HEAT BAIANCE

{ho heat balance is discussed the Anniston Design Data,
th tnit, by D. A. Roper, Aug.9/39, page 6.

The heat of reaction of dbenrzene to diphenyl is given as
59.29 1b°C per 1b at T40°C.
Trans.Am.Chen,Bsg. V, ¥1, p.1&%, (1938), gives 61 1b°C per 1b.

This is calculated to De less than 2% of the heat needed in
& 3-pot unit,

10
24620
osW
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16
S8AFETY CONSYDERATIONRS

(From Ammiston report 1642 of October 1931, section "Health
& Fire Hazards,", and from discussions at Anniston in 1937

" and 1950).

Health

It is obviously advisadble for the cperators to minimisze their %
contact with benzene vapours and with the vapour froa the

hot lead, but there is no history of trouble froam either of

these in ths Diphenyl plant. We are warned that lead vapowrs

my dbe evolved during the bwrning out of lead traps and carbon

traps.

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

the trouble coincided with ths change to bestter benrene. For

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

a change of work clothing was provided, but this prectice was
discontinued,

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

Pire

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

In the early d4ays at Amniston, fires were not infrequent, but
there has been none of consequence in recent years. Emphasis
é'f 1:‘ha].a.i.id t:in 1gootl workmenship in the conan'nctionrand mintensance

There were twelve conversion units at Anmiston in Hovember
1950, with their colwms and other auxiliary equipment, two of
the units being in one room, four in another, and six in a
third room. The three rooms are separated fire walls with
comnmiocating doors, soms of them automatica closing, but
hald open by cbains having a fusible link. There are two

DSW 462071
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17

Safety Considerations, contd

Pire, contd

diphenyl stills, each in its owm room, these two rooms having
oonnecting doors into one another, but not into ths conversion
rooms. The still roowms contain the receivers for the finished
diphenyl, the heads and tails frections, and the still bottowms,
but the benzene receiver is in & pit, behind & fire wall out-
side the building. The crude diphenyl from the convertor
columns flows to two receivers which are outdoors, alongside
the bencens receiver.

The main store tanks for fresh benzens are in a fenced ares,
well away from any manufacturing buildings, and the benzens
feed tank and pusps are in a2 smllexr fenced area, somewhat
nearer to the diphenyl plant.

Benzene vessels are systomtically grounded (earthed)., See
the note on page 83 below on the objection to internal steam

coils in the benzens tanks.

The department is well supplied with extinguishers, both CO2
and CCl, types, and there is a permanently piped Foamite
comnection to the xain benzene vessels, There is a drum of
CCly on a stillage on the ground floor of the conversion room
for recharging extinguishers, and all the appliances sre sub-
Ject to routine inspection.

Cloths soaked in CCly are used to stop off pipe openings etc.
during repair work and the units may be filled with CO, during

welding repairs.

- The convertor rooms are not treated as having a dangerous
atmosphere. It is not at all unusual to have escaping vapours
burning round the cover of the convertor pot (especially now
some of the convertors are being run at over 20 psig). If
vapour leaks from the pot flange, it may not ignite, especially
if the seal between pot and furnace is good, but it is better
to ignite the vapowr rather than to have diphenyl subliming
about the building,and lodging on roof members, etec, Welding
is 4done in the building, and of course, some of the vapour
pipes are red hot. Kaked flames are used to deal with blocked
pipes in ths conversion systexm.

The 4diphenyl still rooms 4o, of course, contain large amounts
of combustidble material because of the batch mature of the
operetion. The heating coil furnaces for the two stills are
side by side in a room of their owm, cut off froam all other
Io0ms .

Those of the still receivers which are indoors have vent pipes,
carried out through the roof of the building, and the outdoor
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WATER_PCB-SD0000050665



18
Safety Considerations, contd

benrens receiver has its vent pipe carried well up into the

air, Each still body has & bursting 4isc in a p.tpc leading
wp through the roof, (see pa.go96 below).

Amiston are a little roltrictod in doing welding repairs to
their Santowax distillation system because of its proximity
to the HB-30 plant,which uses hydrogen undsr high preasure,

The receivers for the hydragem at each shgo of coapression
have Al-Pb bursting discs, in pipes venting above the roof of
the compressor room.

Care is neeoded, of cawrss, in restarting ths gas-fired furnaces.
There is a powerful dreught up the furnaces and the pilot Jots
my easily be blowm out.

®r. Ellenburg, Aug.18/38, stated that Class I, Growp D motors
are specified for puping diphenyl and Santowax, He also
stated that the bottoms from the diphenyl stills, if discharged
at around X000C, may take fire. At ons time it was the prac-
tice to purge tha stills with COo before recharging, dut

this is not now thought neces , and all that 1z done is

to allow the stills to cool to =2 out 2000C or lower bafare re-
charging. When the crude diphenyl hot from the store tanks,
is puped into the hot still, there mmy bde a great rush of
vapour through the condensing system,.

Since the introduction of the restriotion orifices after the
convertor pots, these pots have been ruming at about 20 psig,
so that there is a greater risk of dlowing out the gasket on
the convertor cover. 3Some of the oonvartom have been fitted
with a loose sheet irom ring fence adbout 6% deep, romd the
cover joint, to deflect any possible bLurst of flams.

Pire mtig& Equipment
. Harden, August 1950, reported as follows:

"Ample CO, and fosm extinguishers are provided, Amnis-

ton has standard foan extinguishers on each floor

of the eonvmou.- -octs.on and several in the Qistilla-

tion section, ground floor, available for use
thodiphexw arooclor shed was a large hand-

cart foam appliance. The bentens tanks are permanently

piped, totopormhtankaadmtotm-w, for foam

which is swplied from & central point”.
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19
Safety Considerations, contd

Pire Pighting Equipment, contd

Each convertor unit has about a 56 1b cylinder of CO, Per-
manantly connscted to & valve leading into the benzene feed line
where it rins below the operating floor before rising to the

top of the vapourizer. These ocylinders are s\ ported against
the stanchions on the ground floor. Ko provision is made for
warning them. A drum of OCly is kept on a stillage on the
ground floor for easy recharging of the extinguishers., There
are mmerous safety showers, each with the usual yellow painted
ring on the floor below them,

Bydrogen

The conversion units contain hydrogen, and so do the crude
diphenyl store tanks, because they are vented into the hydro-
gen main. Thes vent pipss from the crude diphenyl tank to

ths hydrogen main are usuclly vexry hot. Air must of cowrse be
purged from ths system before any hydrogen is taken to the
corpressors, and usually CO, 1s used for this purpose (300 cu.ft.
for a coavertor wnit), also to replace hydrogen before & unit
is opened for repairs. There is no harm in allowing the COp
to go through to the hydrogen compressors, in fact there is
the advantage of recovering its benzene content. It is no
longer thought necessary to do oxygen doterminations on the

- hydrogen stream. The crude diphenyl receivera are vented into
the hydrogen collecting system, and there is a risk that 1f
thsy are pumped empty, the hydrogen mmy escape into the
diphenyl still systen.

Welfare

As already mentioned, only ordinary coxmon sense care is taken
against poisoning by lead or benzene, and no special clothing
is suyplied beyond face manks and leather gloves for men
deealing with aclten lead.

Simple "firescreens” of sheet iron on pipe frames are used to
shield the man and the equipment during the collection of the
samples for the £ conversion test. Ses page 75 below.

Hr. Barden reported, August 1950
"High temporetures are fairly generel throughout
the department particularly above the convertor.
All floors are of the vertical strip lattice con-
struction to improve ventilation, and large portabls
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Safety Considerations, contd .

Welfare, contd -

"msn-cooling fans are used to dlow wp through
these floors whenever & man has to work upstairs.
Normlly all operetions are controlled from the
floor, all possible controls and instruments
ing located there. The writer regards attentions
to this detail as essential if conscientious main-
tenance of equipwent is to be obtained.”

Repair and mmintenance work on the conversion units at Ammis-
ton 1s made more difficult by the rediation of heat from the
swrowding units, especially in the room which oontains six
wmits., The lsad treps, in partiocular, offer & dig radiating
surface.

The diphenyl hnildix@ with good ventilators in the roof, is
very high, and the open-work steel floors permit a strong
wdrauvght of fresh air to flow through the rooms from the
gromd é.;ocr. which in every oase is conpletely open on the
east s

¥When molten lead is being baled about on the operseting floor,
the ground floor dbelow is roped off, See pags 39 Ddelow.
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The following samples wers sent from Ami:ton, Hov.13ﬂ7:

G-070
a-¥oT1
G-¥072
a-4oT3
G-30TH
G-4075

Beanzol

Crude diphenyl

Pinished 4iphenyl

Santowax R .-

8t111 bottoms from diphenyl still

St11]1 bottoms from Santowax still
(also 10 1b Montar Ko.9 requested June 22/38),

but only the first two reached Ruabon, so ths last four were
rogoatod .)T&msu'y 25/%9, to london,(and were received there

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

stated:
Qune 22/%8
W.M

Santowax R
Benzone as used at Amiston.
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CORROSION
e

Benxene and Diphenyl under the working conditions are not
corrosive, but it has deen found advisable to use stainless
steel for the lead pots and connecting vapour pipes,

Amniston Interim report 2211, dated April 22/48, describes pot
failures by “washing erosion” of the welds and the pot bottoms,
failure of the welds, external erosion by lead, and by other
causes, and also recommsnds the use of 310 stainless welding
=cds, or of 309 rods with subsequesit annealing of the pots at
20508r. copy Fl1 of report was sent to Mr, D. 8. Eaver-
croft in London, July . _ ‘

See page below for & discussion of the harmful effects
which fore elements in the lead might have on the stainless
steel of the pots.

In Jnuary 1949 it was reported ths Anniston experience wp to
that date showed 309 type stainless &ieel to give dbetter ser-
vice than 316 type.

The Texas City Rescarch Report Xo0.52 "Special Report on Lead

Pot Corrosiom”, E.Pitzgerald, Feb.l7/50, (copy seen at Annis-

ton, Nov./50), deals with the corrosfon of lead pots used

to crack propane at 8B00oC to ethylens (formerly for pyrolysis
of ethylbemzene to styremns). It reviews the information avail-

able uwp to April 1947. Thermowells had suffered badly, and

the pot bodies became pitted around the level of the lead

surface and decame eroded where thare was turbulence of the

lead. laboratory tests showed that lead oxide was highly cor-

rosive to the stainless steel used.

Samples of differont stainless steels immersed in the lead pots
g:n inconclusive rosnlts » but Hastelloy and Hascrome appeared

resistan Pure nickel, monel, and niclel-
chronim oys with nlolool diuolvod in the lead in a few
hours, W,.W.Wade, Anniston, Apr.22/%8, reported poor resistance
with 68 niokel -~ 18 chromium alloy.

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

A patent search revealed that the resistance of high chrome
alloys was known . :

The report ended with a recommendation to run all the pots st
a low rate to diminish turbulence rather than to run a few pots
at high rate. It was recommended too to put carbon in the pots
at the outset, to reduce lead oxides, but this recommendation
heas not been adopted at Amiston.
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Corrosion, contd 3

1eed is inowm to escape som:times through the cover Joints on ; |
the pots at Amniaton. It m Yy form lead oxide outside the

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

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

stack gases because there 11 always soms lead lying about in
the furnaces.
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GASEKETS

Anniston report 1642, Oct.15/1$16 recomrends Garlock 721 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 1s used with an asbestos gasket inside it. This
double gasket originated at Texas City. but the asbestos ring
there is outside the copper. For the cover of the convertor

a gasket of 1" braided asbestos rope is used, (ses pages 42 & 87
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 because of . Copper gaskets in the
coxzpreggors have carpletely failed, and Babbitt metal has deen
proposed.
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FLOW SHEET

The attached flow sheets of materials, pages 26 & 27, are
taken from Anniston Research Department, Report No. 1642,
October 15, 1941.

The seme report gives the follo;d.ng datas- _

0.1796 U.S.Gall benzene consumad ps 1 1b distilled diphenyl
produced (compare cost records given on pages 118~ below,

of the present report). '
The "shut-down" time on the conversion systems avereged 1.6%
over & period of 8 months.

See also page 28.
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Flow Sheet for Handlmg off Gases frrom Colvimn .
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PROCESS IN DETAIL

Benzene Handling

Penzene 18 received at the plart in tank cars &and is unloaded

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

(#1) situated some 300' from the diphenyl bilding. Water 1s

used to prime the purp, and of course it must ba separated
afterwvards by draining from the store tanks,or from the recycle tank,

From the Storage Tanks the benzene 1s purmped by (#2) to (#3)
Recycle Feed Tank. Eere recycled material is constantly made
up with fresh benzene. 9This is necessary in view of the fact
that a catalyst, appsrently present in the fresh benzone{' is
removed in one pass thrcugh the convertors. (See under "Corments
on Process) pages 11 & B2 below). A float within the Recycle
Feed Tank autommticelly operetces the pwy, itex #2. There

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

Tha recycle feed tank now in use is a horizontal cylindrical
vessel withbulged ornds,snd the borizane outlet 1ling to the pumps,
1tom A, is taken froa the bottom by a jJacketed line (Jacket,
however, is not used), cemented tirsugh th: containing wall
which surrounds the tank., This Iaike-off lire risss a few inches
inside the tank to trap any water and solid miter, and thy tank
bas a swap, with a drain valve for tapping cff the water, ete,
Regular and frequent operation of tiais valve is a very important
part of the cperaticn of ths plant because a shot of water,
punped through to the vapowriser,my flash off almost explosivaly,
and might dreak some Joint in the pressure system, VWater gets
in from its use, in priming the overhead suctioa lines from
tank cars, and may get in from perforation of the tubes

of any of the condensers.

The following stroams of benzene enter the recycle feed tank:

(1) A continuous stream of condensate from the convertor
condensers, item 711, .

(2) An sntermittent stream fran ths receivers, item #27,
of the hydrogen cooling and corpresczion system. This
stream cammss &t &£bhout houzly intervals, under hand
control of the purp, item #28.

(3) The benrzens distillste from the benzene receiver, item
#21, of the diphenyl still. This distillate comes for-
ward in batches at Anniston, via the pump, item #2l=,
but Mr. Ellenburg's letter, Jun.20,48, indiceted that
a siniler procedire at Newport might cause too great a
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Process in Detail, contd
PBenzene Handling, contd

variation in the ratio of fresh benzens to
recycled benzene, because the flow of fresh
benzense would de v much smaller at Newport
than at Amiston, the A&iphenyl still
batches probadbly not much smllexr.

Nr, Ellendburg suggests interpos & buffer tank vetween the
receiver, item #21, and the recycle feed tank, item #3, so
:?i;t the strean of recycled material from #21 can be smoothed

At Amniston, the @arstor waits until the float alarm on item #3
is Y cn low"™ befors pumping in benzene from the diphenyl
dist tion on the hydrogen cospression, then he stops when
the alarm "rings oa high",

There is & case on record in which ths recycle feed tank was
overpuxped, and the excess benrene backed uwp the distillate
line and into the comvertor reflux split boxes of the conver-
sion mnits, and esosped dowm the columms into thes orude diphenyl
store tank., This overpwuping was detected by the fall in tem-
perature of the column underflow streams.

There are two (2-stage Gould) ) centrifugal pumps for feed-
ing benzol at approaximmtely 1 presswre from the recycle feed
tank to the conversion units, and one or bdoth mmy be in opere-
tion dspending on the mumber of wits gperating at the time.
There is & Pisher strainer before the punps, and there are two
f1lter pots, aftexr the pumps, in the Control room - only one in
operation at a time, to allow for oleaning.

These two filter pots are vertical oylindrical vessels about

6" I,D. by 9" deep with bolted-on covers, fit of course for
working pressures around 100 psig. They have baskets inside to
suppart cotton filtercloth, but in Hovember/50 the cloth had
rotted and had not deea replaced. It is thought that glass

oloth might sexrve. There are ¥ordstrom 3-way cocks on the inlet
and outlet lines for easy swi of the pots, and there 1is a
preasure gauge on each line, to cate the filter resistance.
The mnin purpose of filtration is to protect the flow controllers.
80114 mtter forwvard to ths vapourizer would de simply
ocarried through in vapour stream, and probably end in the lead
trep or the carbon trap of the convertor. It is said that a
11ittle Aust (from the pots) comes forwurd in the recycled ben-
zene, and there is pipe scals from the bencene lines,
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Process Iin Detail, contd

Benzens Handling, contd

- The filter pots deliver to a header, serving & row of 13 Fox-
doro recoxrding fow controllers, one for each unit, plus one
‘spare, the piping being so arrenged that the spare controller
oan bde switched in to replace any of the others. Thase con-
trollers are in a special room which.is entered from outdoors
and which has & comnmicating door to the mmin control room,
otherwise it is completely shut off from the rest of the plant.

Apart from ths benzene flow controllers this room contains only
the meters for the fuel gas to the furnaces, {nd a controller
for water to the HCl absorber for thes Aroclor plant).

Mr. J. C. Clegorn, the departmsnt manager, mentioned that Rota-
meters were formerly used, set im & glass dox draining to out-
doors, to take away any benzene leakage. 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 cemented
through the wall between this room and the convertor rooms, at
about the level of the convertor pot lids, a separate line to
each conversion unit. Rach 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. No provieion is
mde for wvarming the COo cylinders, though the ground floor,
being completely open to the air on one side, is not very warm.

ggo rorml flow of benzene 1is 170 USG per conversion unit per
17 - o )
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Process in Detail, contd

Conversion

There were 12 conversion units, item #5, at Amniston in Novem-
ber 1950, two of them (umits ¥ & 5) being somewhat different
from the reat in that they had a tubular preheater, then two
lead pots, whereas ths other ten units each had the preferred
normal 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 normal units consists of a (#6A) Vapourizer,
(#5A, 5B, & 5C), three lead pots in series, (called respectively
1st ter, 2nd preheater, and convertors, (#7), lead trep,
(#8) fractionating colum, with (£11) condenser and (#12)
reflux split box. The underflow from the colum passes through
item (#9), cardon trap, and then by gravity through steam-
Jacketed lines to the crude diphenyl receivers, item (#10).

The vapourizer consists of a coil (formerly two coils in
parallel) within a stack through which the exhaust gases from
the pot furnaces are passed countercurrent to the benzene flow.
There is also (#6B), another stack for the purpose of by-passing
the furnace gases, if necessary, away from the vapourizer coil.
The temperature of the vapour leaving the vapourizer is about
2500C, but see below, pages 33,34If the vapourizer hass two

coils in parallel, an attempt must dbe 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 H6A,

page 91, relating to the possible loss of benzene vapour by
perforation of & vapowrizer coil.

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

Depth of lead: Anniston report
1642, Oct.15/X1, H.L.Harden, A 0.
G oY,

1st Preheater pot Jroo" 2'-1" dry 4ip
2nd Preheater pot tQ" 2'-6" ary dip
Convertor pot 31-6" 21-11" dry dip
Hsight of Distributor .

inlet above bottom - 10" out of 5'-11-3/8"

of pot given as internal depth

Thare is little entrainment from the first preheater to the
second, and not much from the second prehsater to the convertor,
but considerable entrainmsnt from the convertor pot to the lead
trap, so the depthsof lead are lisble to vary a little., If 1t 1is
not desired to open a pot, the loss of lead may be made uwp with
noilt;en Jead poured in through the neck which carries the thermo
well,
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Process in Detail, contd

Conversion, contd

Bach pot cover carries (1) a dip pipe to carry the vapours
down into the molten lesd, (2) a thermo well, and (3), a gas
outlet. There are horizontal baffles or splash plates to
diminish the entrainment of lead. The first and second pre-
hesaters also have a comnection to an equalizing line with a
stop vive. These equalizing lines connect into the bottoms
of ths convertor columms, item #8, and are normlly 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 emergency, and they can be used to diminish the chance
of foroing lead beck wstream during an interruption of the
benzene flow.

The lead pots hang, by their rims, in a row, each in a gas-
fired, fire~brick lined furnace, the first preheater being
between the other two pots,

Anniston report 1632 of Oct.15/50 gives the following approxi-
mate figures for texperetures in the conversion system:

Vapourizer Benzene in 25°C out 34%0°C (137° reported Aug/%7

l&uﬁIe coil Flue gas in TO00OC out 190°C

type) ) .

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

2nd Preheater Iead temperature Zzo- %0°¢c

' Vapour exit 50-670°C
Convertor Iead temp. controlled at 840 #50¢,
(but see "Comments on Process”,pages 111- below)

Yepour exit 710-720°C.

Colwm Top 800C - sometimes higher--uwp to 97°C

Bottom 135-250°C - normslly about 200°C

The furnace casings had a temperature of about 100°C as Judged
by hand, Koveaber 1950.
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Process in Detall, contd
Conversion, comtd

®r. Baxden roported tha'tonowmg temperatures in August 1950:

3%

Thit Xo. 6 7 8 9 10 11 12 13
iser 150-200 320 180 150 120 300 10

Yool Preneat %80 530 A50 X955 X80 360 70 3%

¥o.2 Prehoat 720 ;3(5» 3?50 750 g:g g:g 7 gg

Coavertor a5 732 790

Top Colwmm 85 83 8o 85 90 80

Flus gos Inlet A11 coqplu U/S : -Sheaths burnt out

Flus gas Outlst 175 235 316 230 190 250 200

Benzene flow 170 Uv tGo par houl'

Earlier records are given in a copy of the plant record sheet
page 51 below.

There is & Multipoint temperature recorder for each conversion

unit and & recorder-controller far the conversion pot temperature.

A sample strip of the multipoint chart was sent to Mr.W.M.Cooper.
0c%.31/%7.

The pressure drop through tho dou?blo coil vapourizer, at 170 USQ
benmte/houry was. 8 - 10 psi.

Pressure of vapour entering lst preheater 50-60 pug
Pressure of vapour leaving lst prehoater 38-45 psig
Pressure of vapour leaving 2nd preheater =25 psig
Pressure of vapour leaving convertor T paig

The pressures vary a little as the depth of lead changes Y4y
entnmmatoflesd&c-thopot,andu carbon duildswp in

the gas paango ‘g oS waver & little because of the bubb-
1ing and in the pots,

Cardon Huilds wp arcund the baffles and in the pot exit lines
during operation, causing a slow increase in back pressure.

This increases the retention time of the vapours in the aystem,
and causes the converzion reaction ® continue s 1ittle beyond
the point thought best, so the operator lowers his pot tempera-
tures a little to compensate. See Effect of Variables, page 114
below. Reoently, the back pressure on soms of the units has
dDeenn purposely increased by the insertion of orifice putes in
tne_.,.--tmtho oonvertot*- to the solumms, in ths hope cof
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Process in Detail, contd

Conversion, contd

attaining the same degree of reaction with usefully lower pot
- temperutures, so that the pots would last longer. (The
vapours on these units can be heard roaring into the leed
trep). This is experimental, and experionce is showing that
the increased pressure on the convertor gasket mmy cause
troubles which outweigh the possible advantages, Mr. Ellen-~
drg's letter of Dec.li/39 states that two orifice plates of
stainless steel 1/B" thick are used, one with a 1.31" orifice
between lead trep and vapour pipe and the other with a 1,1A"
orifice, dDetween vapowr pipe and ocolwm. This arrengement
gives the required pressure drop without using too small an
orifice. The pressure gauge on the vapour pipe thus roads the
pressure between the two orifices. ° -

M, Ellonburghfivu the following conparison of conditions with
and without orifice plates: . :

Gauge Pressures

location of ¥0.10 wmnit Fo.12 unit with
Pressure gauge old conditions orifice plates
After preheater 23 psig %6 psig
After preheater : 1 - 33

After Convertor - 21

After lst orifice plate - 13

After 2nd orifice plate 3 . 3

(columm)

Convertor teaperatures in the "pressurized” pot were around
785-790°0 for 17.5% conversion. Ths lower temperaturées 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 @ to 20 psig were obeserved aftexr
the first orifice plate.

The following operating conditions were reportsd in Septexmber 1947: -

"'he Denzene puxps deliver at pressures of wp to 100
pPsig, and the benzene reaches the first lead pot at
about 50-60 psig (fall in pressure through the con-
trol instruments), the second pot at about 38-45 psig,
and the third pot at about 15-25 psig, and leaves the
third pot at & 4-7 psig, the arop in pressure in
each pot being due mainly to the hydrostatic head of
a0ltsn lead."”
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Process in Detail, contd 3

Conversion, contd

Batural gas is used to hsat the convertors and stills and
there is a separate gas meter for each unit. These meters are
installed in the rooa mentioned above, page 31, which also
contains the benzene flow controllers. There is & stop cock
on the gas main immediately inside the room, with a long
handle by which it could bs operated from outdoors. The main
then has a twaach to each wnit, each ranch having its om
stcp valvs, then a pressure reducer. The line then hranches
sgain, one tranch serving the burners on the #1 preheater,
under purely manual ocontrol, and sexrving the pilot burners on
21l the units, and the othsxr Mranch serving the control valves
for No.2 preheater and the convertor. (See pagelO7 bdelow).

The flue gases from the #2 preheater and from the convertor go
downwards to cross flues leading to the bottom of thes setting
of #1 preheater, so that that unit gets a good deal of its
heat from the flus gases, The #l1 preheater setting has gas
burners of its om to s\uypply any additional hsat needed and
for use in starting wp from cold.

The texperatures of the lead in the two preheater pots are

controlled by hand operation of the gas valves, but thare is

a high terperature alarm which would cut off the gas on #2 if

the temperature should mumn away, say, by leakage of benrzens

?ngoml;e into ths furnace. See a&also under instrumentation, page
low.

Typical operstion records are given on page 51 below.
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Process in Detail, contd

Fote on Starting a Conversion Unit
». H. L. Barden, August 1950, reported as follows:

“the start-up was witnessed of a diphenyl unit from cold, after
ocleaning and minor repairs. The following instructions apply
to an Amnistss it uwsing natural gas, Other fusls mmy
nacessitate slisht modifications.,

*Put on one burner of each umit. Throttle back until warm
enough to keep alight., The use of the pilot light will assist
in keeping the burners alight., Flue gas 1s to go up ths by-
pass stack to avoid burning-up the vaporiser coil. All vents
on the convertor should be open in the early stages of warming
Wp. As the setting warms () the othar burners are lit one by
one, till all are al and burning steadily. Burners are ad-
Justed (by hand or auw tically by controller) to obtain the
desired temperatures. Only the convertor teaperaturs appears
critical. When temperetures are approximately correct, start
COp through vaporiser, the preheat vessels and convertor to
ths colum and out by the columm vent, Divert flue gas from
by-pass to vapouriser to warm up the lattery and close vents on
the tars. Pressure on the preheaters should then builad
<p and enable leaks to be discovered. Developmemt of ©,20 psig
on ¥o.l and ©, 10 psig on No.2 takes about £ - # bottle of CO>
and it 1s assussd that the pressure build-up is-a sufficient
guarantee that the eir has been adequately purged. There should
of course be no pressure to speak of in the oonvertor if the
columm is properly vented. Then, provided temperatuwres (inclu-
ding vaporiser) are sbout right, cut off CO, cut in benzol feed
at & low rate {60 USG per hour). As soon a3 the lead

- trap bdegins to smoke, indicating that benzol feed has reached
it, close the columm vent, put water on the condenser and
open valves to reflux split box, benzol run-back and biphenyl
line to crude tank. The latter line must be hot before start-
ing until sufficient feed of crude Adiphenyl is availabdle to
prevent the line from meking wp.

"Cautiously increase the denzenc feed by approximately 10 USG

per hour every half-hour ar so. The governing factors in effect-
4rg this increase are maintenance of preheat temperature (which
tends to fall as the benzene feed increases) and the avoidance
of high convertor temperatures. 4

“The preheater must on no account be allowed to cool to anything
approaching the melt point of the lead. Maximum texporeture
of the oomnvertor be 830-8%0°C (B00°OC if operating under
pressure). The bentens feed should also be checked frequently
until confidence is established because any mechaniocal or
electrical failure here will cause a suck back of lead into

the vaporiser ooil."

s b 1 et i b B s A
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Process in Detail, contd

Note on Stopping a Conversion Unit

It is of course irportant to prevent ingress of air to the

-wnits and to take care that the lead is not foarced backwards
through the system by allowing the pressure to fall at the
inlet end of the system, When the gas burners have been cut
off, the benrene feed is stopped, and CO2 1is forced into the
benzene inlet line to the vapourizer until liquid ceases to
condense in ths convertor condenser. A full bottle Ssbout
56 1b) of CO2 is used. During this period the wmcondensed gas
stream, consisting of hydrogen and some CO2, will have been
going forward to the hydrogen compression system, to prevent
the loss of its oontent of benzens, and the COp-hydrogen mix-
ture may be vented to waste after compression and cooling,
Yhen the distillation cesses, the system is closed off from
the hydrogen collecting header, and from the crude diphenyl
tank, and the run-back line to the denzene recyecle feed tank,
and vented through the pipe which passes from the top of the
reflux plit box to a point above the roof.

Ths conversion unit may then be opened up for inspection and

DSW 462094
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Process in Detail, contd

¥ote on Emptying & Lead Pot )

" Whens a pot has to be exptied, the uswal shut-down routine is
applied, the system alloww=d to cool a little, the pipe Jjoints
and cover Joint broken, the space on the ground floor below
roped off for safety, then the cover, with its dip-pipe and .
thermo well hoisted out bty means of a stirrup dolted to the
contral flange. The lead in the pot 18, of course, still mol-
ten, and a little drips cff the dip-pipe. The cover is laid
on the floor in & convenient place. The swrface of the lead
in the pot is usually covered with floating solid debris, and
this is dredged out by moans of the long-handled perforated
ladle (see sketech #1) and knocked out in ths well of the box
frems on the furnace cover. It is convenient to remove the
lead trep, to make room to work, and in most cases the trap
will contain lead which baa to be melted out as described later, page 92
and will contain solid carbon, iron oxide, etc.

The lead molds are mmde of chammel iron, about 2" deep overall
to 36" lomg, 6" wide, with sloping ends welded in.
se molds are then placed, five on each side, noar ths
pot, and two coloured men take turns to dip out the
by means of the unperforated ladles, (see sketch 2)
carefully into each mold in turn umtil all are
hot work, especially in Summer, and the
ther heavy, ut the job is not too bad.
edge of the pot as & fulcrum to lift the
ckwards a little, dregging the hdle upwards
t a sufficient purchase on the handle to lift
over to the row of molds, He wears a face mmsk,
gloves, but no other protective clothing. The
1t a little if there is moisture in the molds, and
sers-by bhave to take care not to step into the molds,
bandle is occasionally wiped with a wet rag to cool it.

molds are full, thse two men take a hreather for about
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15 minutes until the lead has frozen over (teated by poking
with a rod), then the molds are a few yards away, and
inverted to dump the ingots. Double handled tongs aro used.
The molds are then refilled in exactly tho same way, and so on
until ths pot is practically emspty, about 60 ingots in all.
The pot 1s them hoisted out of the setting by means of & sling
chain, bolted to the companion flange, care being taken that
the bolts holding ths halves of the flange are still effective,
and the pot 1is run along until it comss over the hinged part of
thes floor, so that it can bo lowered to ths ground floor. C/re
is taken to close the hinged part immediately the operation is
ended.

DSW 462095
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Proeess in Detail, contd

Eote on Esptying a Lead Pot, contd

. Somotimes a pot 1s moved with the lead still in it, for
example, 1f the distributor assemdly will not break loose
becauss of carbon incrustation, or if & sound pot is to de
moved from one setting to another, but such cases are quite
rare, The lead would be allowed to solidify before the pot
was moved, The usual procedure is to dale out the lead as
desoribed above.

The lead ingots usually leave the molds quits easily, and
they are stacked near the unit until ths new pot & in place,
then they are packed, on end, in the pot, and melted dowmn,
and any lead needed for mmke-up is added.

The  cover with thes dip pipe and thermo well can, of course,
be lowered into position only while thes lead is molten.

DSW 462097
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Process in Detail, contd

Note on the Maintenance of the lLead Pots
(See also the notes on item ﬁiagages " below).

Ths prectice sheets, pages 120 aﬂ»lov, give some figures for the
frequency of repairs, _

The first prehsater with its welded-on cover, low yepowr velo-
cities and relatively low texPerature can run for years without
attention. The second preheater, and more particularly, the
convertor, suffer from deposition of carbon in the vapour
passages of the cover, damage to the dip pipe, thermowell,

and baffles by high temperature and by the mochaniocel and possidbly
corrosive effect of the lead, failure of the pot wall, usually
Yy corrosion-erosion from inside, at or below the level of the
lead, creocking of the weld between the pot and its rim (this
weld carries the weight of the pot and contents and there is
ocontinued gentle bumping of the lead and vibration of the pot),
failure of ths cover gasket or warping of the cover flanges,
and from entraeinment of lead in the vapour stream. If lead
comss in contact with the outside of the pot, from a gasket
leak or from & perforation of the pot wall, it mmy ceause marked
erosion, apparently from the solvent effect of lead oxide on
the stainless steel, but this is not a major cause of failure.

If there is a partial bdlockage in the vapowr outlet, it may
show up as & darker patch on the glowing pipe. The pipe leav-

om the second preheater about once every 8 weeks. Carbon
mmy also build uwp inside the cover, round the vapouwr exit, or
in the orifioces of the baffle plates around the distributor.
The baffle plates alowly sag, apparently purely from high
temperature., A convertor pot usumally runs 5 to 9 weeks before
needing overhsul,

The carbon may be burnt out of a pipe by heating with an oxy-
acetylene torch, then turning off the acetylene, dut care must
be taken not to overhsat the metal when the carbon burns in

the oxygen stroam, and the welder should take care not to breathe
too much of the vapour.

There bhas been soms discussion of possible overhsating of the
pot walls above the level of the lead, but spparently the splash-~
ing of the lead on to the walls does a little cooling, and of
course the furnace draught is dowmwards in the cases of the
second preheater and the oconvertor.

Mr. Barden, August 1950, suggested to Anniston that a stream of
COp, passed through the hot convertor, might remove the carbon
deposit hy converting it to carbon monoxide. Anniston bave

DSW 462098
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Process in Detail, contd

Note on the Maintenance of the Iead Pots, contd

: m.de a few trials of this, hy passing two cylinders full of
through & unit oncoa.mk, ard though the umit ﬂ.na.lly

i eIt oarbon, "1t was believed that the ahoking had

dbeen delayed by thes use of CO2.

Although the pressure inside the convertor is relatively low,
the joint of ths convertocr oover gives a great deal of trouble,
because the texperature is near the yleld point of the matal.
The edges of the cover gradually bend downwards and the edges
of the companion (backing) flange under the pot 114 bend
wwards until they meet, and the gasket no longer holds. The
gaskets on the convertors are made wWp from round braided asbes-
tos rope 1" in diamster. See page 87 below.

Leakage of lead from a defective pot will probably be detected
first as a 4rip of lead from the furnace casing. (Note that 1t
may drip from the wrong casing by penetration through cracks

in the furnace setting, and care should be taken to exawxine }
the undersides of all tiree pots before deciding which actually
is leaking). The pressure gauges on the pots may help to indi-
cate which pot is losing its lead. ILeakage of vapour into ths
furnaces may show up as black smoke in the stack, or ss an
increase in furnace temperature. See also the stack test dis-
cussed under item #GA, page 91 below.

If a pot is sound in soms parts and defective in others, it mmy
be made good by welding, for example, & new bottom may be welded
in. A pot which has seen service in the #3 position may be
shifted to the lighter duty of #1 position and so on.

See notes under "Carrosion”, page 22 asbove, for an account of the
corrosion of the pots.

DSW 462099
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Process in Detail, contd 3

. The mixture of vapours and hydrogen leaving the counvertor pot
passes through the centrifugal lead trap, item #7, where most
of the entreined lead separates, and into the bottom of the
fractionating columm, item #8,

The underflow of the colum leaves via i#Q) a carboa trep,
through steam jacketed lines to one of (#10) two sump tanks,
!‘heao{ankzareventedtotha “off-gas® line from the top of
the columms,

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

The reflux split box is adjusted to give 2 benzene forward flow
containing at the most a few parts percent of diphsenyl, and to
give an underflow of crude diphanyl containing as low a8 ben-
Zene content as can be attained. The Anniston report 1632,
Oot.15/31, states that the crude diphenyl flow contains about

X to of benzene, Diphenyl still records seen in November
1950 indicated that about 174 of the crude diphanyl was recover-
od as benzene fraction. See page 53 below.

Rr. A. B, Ellenkurg, Kov.12/37, wrote:

" The reflux flow is used to control the temperature of
the underflow from the column at adbout 2000C, The
reflux ratio varies according to the temperature of
the condensed benzene, -------(which) varies according
to the length of time the condenser has been in service.
As the £1Im builds uwp on the water side of the condenser,
the cooling efficiency drops off, and more of the hot
reflux must ds used to obtain t.he samo amowunt of ocooling.
These ratios vary from 70/30 to 90/10------¥%,

The vapowr line from the eonvertor to the bottom of the
coluom has a branch for sampl the vapours for tho purpose
of making the conversion test, {see below under "Conversion
Test™, page 75,)and another branch carrying a pressure gauge.
The conversion test is performed once & day on each unit,
uswally in the morning shift.

DSW 462100
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Process in Detail, contd

Treatment of Off-gas

The off-gas from the convertor colums, consists of hydrogen,
saturated with benzene, and it goes via (#25), a finned
cooler with water Jjacket, to (#26) a surge tank, from which
1t goes to either of two conpressors (#29).

The compressors wark in two stages, 60 paig and 300 ps.i.g
aad the comproessed gas from the first ata§e goes downwards
a vertioal interstage cooler (#30) to a low pressure

#31) where condensed benrenes is doposited, thon thse hydro-
gen goes on to the second stage of coxpression, After the
second stage the gas goes dowmcarda through the soecond cooler
(#32) into the high pressure tank (#33) where it deposits mors
. Demzene.

The surge tank (#26) has & 55" water seal to a hooded vent pipe
through the roof of the compressor room, and there is an auto-
matic control instrument which maintains the pressure in the
surge tank between 11 and 16 oz. per sq.in, above atmospheric,
by reacting on the unloading valves of the coxpressors.

The benzene which collsots in the surge tank gravitates to tie
benzens receivers (#27) and that which collected in the pressure
ws formerly discharged by float traps, also into (#27), but
the trap seatings friled by corrosion, see page 103 below, and
the transferrence is now done at adbout hourly intervals by
means of hand-operated valves. The pressurs vessels have gauge
glasses, and the discharge lines have sight glasses. Corrosion
of copper and alloys in the hydrogen compression system is
m&t{xﬁr ﬁﬁ and is attributed to the erroct of BEoS. See page

Oxygen determinations were mde on the hydrogen at first, but
are no longer thought necessary. After any shut-down, the
hydrogen is vented to atmosphere and the system purged with
m ou.rt, of W2.-

At Plant "B" there iz a hot wire combustible gas recorder per-
manently installed in the streoam going from the chlorine
cells to compressors for the enation plant, wired wp to
stop the conpressors if more than a trece of oxygen is present
in the hydrogen stream,

M. Ellemburg, June 30/33, wrote: DSW 462101

¥ ——e=-As you knoy, our Worthington compressor has two
-ta;elmdopmmttﬁopalsand300pugatthodu—
charge of the low and high stage respectively. These
pressures are not oritical and the choioce of pressures
depends tholizeorthoqunduchnnberumllu
the amownt of gas to be handled-——--",

See under item §#29 below ‘page 101) for his further remerks.
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Process in Detail, contd

Diphenyl Distillation

. Crude diphenyl is pumped through steam traced lines from the
swp tanks to either of two horizontal 4iphenyl batech stills
(#13). Rach still is fitted with (£13B), an external gas-
heated coll, on the side of & fire wall remote from the
-tms through which the charge is circulated by maans of
rJ

#124), a submerged centrifugal puxp., The “spread” or tem- -
gmture difference batweon inlet and cutlet of the coil 1is
automtically controlled through the gas supply to the bwurmners,
and is automatically recorded. The controller is set for a
spread of 20°C, but when seen in November 1950 it was running
at adbout 16° to 18° spread, 1.,e. the heat input of the burnmers
was falling short of the control limit., Ses under "Instrusen-
tation”, page 108 below, for details of the control instruments.

A typloal still charge (Sept/k'(zam 3%00 USG crude éiphenyl
plus 350 USG recyled “"heads & tails” fraction, and the still
ocycle took about 18 hours.

The vapours s to (#14%) a 20 plate columm with (#15) conden-
ser, and ( ) reflux box working at atmospheric pressure. Cuts
are taken based on F.P. determination, (but see Mr. Barden's
cozments below). .

The reflux is changed during the distillation amd the follow-
ing 18 typical of operation (in September/4T):

Reflux / Product

At Start 100 o
Benzene Praction (wp to

80°C at top of columm) 25 ™
Heads Fraction 50 50
Diphenyl Fraction 30 gg
Tails PFraction 20

Nr. Earden, August 1950, however, reported:

"The total reflux period seams to be practically. confined
to the still charging operation. The still and colum
are usmally still hot from the preceding batch and the
incoming charge starts distilling imediately. Total
reflux operation at this stage repidly cools the columm.
It ocan happen that this infitial distillation is too
rapid for the split box to deel with it., In such a.

oage it is usual to relieve the box by sending & partion
to the heads and talls receiver for return to the still.
It 1is essential to avoid sending any of this initial dis-
tillate to the benremsrecovery aystem since it is liable
to be contaminated with diphenyl and so lesd to excess
production of high boilers. The charge used at tha time
of the visit was 3800 TSG of <xude diphenyl and heads &4

DSW 462102
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Process in Detail, contd
Diphenyl Distillation, contd

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

"some excess pressure is apt todvelop at start of

distillation, pmmbly plugging of condenser by
condensate. If this 1s observed, a vent is available

for temporary relief, This presswre build-yp was not
nt to the writer but the cpsrater elaimed that
he could tell by the flow in tho split dox,

"Circulation the coil 1s started before 1sght-
ing burners. mtunmmuy hot, the burners
oauboputfnuonquiugui The DdDurners are

controlled by the “"spread ‘betnon inlet and outlet
texperstures. Thu is normally set to 209C, but is re-
Quced to 10-15°C when distilling heads to minimise
earry over of good diphexnyl.

*orficially, the cha.ng ~over from heads to good diphenyl
should be based on (68.4%C). In prectice it 1is
usual to ehange-over a.rbitraruy after one hour's dis-
tillation decause the time spent in testing samples
means umecessary diversion of produst to heads for
redistillation. The arbitrary time factor obviously
depends on distillation rate and may not apply on
another installation,

'smurn the tails fraotion is cut out as soon as tem-
tuo specimen chart) indicates need, as delay

in f.p. dotcrnimtions resul®ss Iin contamination of good

diphenyl. Furthermore, it bhas been found that f.pt.

can dbe 0,X., but boiling ra.nge out ot specification if

the cutting out of tails

"Genorel rules:-
Use top of column temperature to cut into heads.
Use time and coil inlet erature to ocut into diphenyl.

Use coll inlet tespereature (3%5-355) to cut into tails.
Use top of colusmm temperature to off tails, "

tank (situsted neer the simp tanks), from which it is periodi-
cally pumped W the recycle feed tank, ST

DSW 462103
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Process in Detail, contd

Diphenyl Distillation, contd
Rach still has three other receivers:

(#18) Boeads and Tails,which ere pumped back into the st1ll,
by means of & submerged purp, for the next batch. :

(319) Diphenyl Receiver. From here the finished product may
be puzped hy means of a submerged puxp to atorege tanks,
to the Aroclar plant, to tank cars, or to & smll flaksr.

(#20) Bottoms Receiver, Crude Santowax is puzped here at the
end of toe distillation,wsing the subaesrged punp of the
still., This material may be pumped to the Santowax
st11l or d4drewn off into drums for permsnent storage.
Bxcess mterial my be punped into a pond,

The 4istiliate flows through (#17) a smll open box
from which it may be sanpled and diverted to either
the diphenyl or the "Heads and Tails” receiver. Thse
benzene fore runnings by-pass this box,

Bach of these three recsivers is fitted with a steam coil and
submerged pw,

A typical operating recard is given on page52 below, and &
summry of records on page 53 . This record includes figures
for the reflux ratios used,

A sample chart from the Multipoint tempersture recorder was
sent to Mr. W. M. Cooper, in London, Oct.3]ﬁ

v

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

This 1s to prevent scaling of the condenser by impurities from
the pond wvater. They rely simply on hand control of the cooling
water to the heat exchanger to give sulflcient condensation
without causing freezing of dip 1 in the condenser. The
texparature of the recycled water not ordinarily dbe above
the freezing point of diphenyl, dbut it is allowed to rise to
80-859C 4uring the collection of the "tails™ fraction. Instru-

monted control of the cooling water was abandoned in favor of
band contral. ' :

The benzens distillate is examined before bLeing pumped to the
recycle feed tank, to male sure it Joes not contain more than
2-3% at most of diphenyl. Ths operators Jjudge by a greenish
colour which appears if there much diphenyl, and by evapora-
ting & fow &rops between the fingers, but & freexing point

test would be the safer criterion. The diphenyl may have
fizshed over at the start of the distillation, as described
on page above, or Ay have come over through inefficient
fraction {insufficient reflux).

DSW 462104
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Process in Detail, contd
Diphenyl Distillation, contd

The build up, 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 as the frac-
tion 1s recycled to ons batch after another, s e and
other contaminants do slowly acoumulate in it, (see under

"Flow Sheet”, e 28 above, for typical values; see also
page 116 below), and the cut between benzZene and diphenyl
becomes less . Ocmiognllg therefore a heads fraction

"sut" from about 90°C to 200°C.amounting to about 10 gallons,
i3 side-tracked, allowed to cool to deposit diphenyl, which
{8 dreined off and returned to the systen, the l1liquid con-
taminants discarded. Mr, Ellenburg, Jan.ld/A9, 1in answer
to a suggestion from London, agreed that the heads fraction
be accumlated until there was enough to charge & still,
instead of being recyoled each tims, but he adrvised against
that cowrse on the grounds that a larger store tank would be
needed, and that the Amniston method is generaly more conveni-
ent.

Any Lspurities boiling Just above diphenyl will go into the
tails fraction, but this fraction is simply recycled so that
the impurities finally go out in the crude Santowax.

Mr. Ellenburg advises against handling or shipping diphenyl
in 4&rums because of the Aifficulty of re-melting, Anniston
flake any henyl not handled in tank cars or by pipe line,
London, Feb/39, did not expect to sell any diphenyl. The
diphenyl still bottoms (Crude Santowax) are kept molten in
stean-heated tanks {f thsy are to be processed further, The
excess production of bottoms at Anniston is put into old drums,
and more of it has been pwumped away into an excavation, If
the stored material is needed again, it is put iInto & melting
?ot and then moved by pumping. At one tims when smmller
direct fired) stills wore used, Amniston purged the diphenyl
st1ll system with COp botween batches, but discontinusd this
as dbeing unnecessary with the present stills., The still is
8imply allowed to cool a little after be discharged, then
a little care taken in pumping in ths new (hot) charge of
crude diphenyl. B8till bottoms, dis at about X00°C
have been known to take fire., The circ tion through the
heating ocoil is not started until the still has settled dowm

after the charging.

pSW 462105
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Process in Detail, contd

‘Pistillation of Santowax

This 1s carried out under about 50 zm of Hg absolute pressure .
at the receiver, using & DeVine Vacuum Pump (#%0). The pre-
sent equipment was originally set wp for the separetion of
orude Santowax into 3antowax 0, X and P, which are crude
ortho, meta, and pars isomers of terphenyl. For Santowax R
only -m&ght over distillation is required, with a single
receiver (#39) instead of ths seriss of receivers installed
in the present plant.

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

e low level and really constitute one vessel. They contain
heating coils and one has a s puxp (#34D), by which
liquor is circulated through (#3%C) an external preheater
6oill on the side of a firewall remote from the tanks and
still. The coil 1is heated by gas burners and is suppprted

in a steel flue with firebrick 1lining. The material is pre-
hsated to 230°C. The same pump is used to transfer the hot
1fquor to the (#35) still which has a similar heating arrange-
ment, The still capacity is 6-T000# of cruds, The still has
a8 10" vapour ocutlet (and losion daisc) to (#36), 12 plate
colum. This columm has %7). a condenser consisting of &
-single Jacketed tube in the form of & zig-zag. (See pages 104 & 105
below). This condenser was used in place of the original shell
and tube condenser because the latter often became blocked
with frozen mterial, There is a reflux split box $#38).

but reflux is used only im the (rough) separation of crude
Santowsx into the o, » & p isomers.

The Santowax R distillate is run from the receiver (

to the buffer vessel (#39B) and pumped from there, ty 94 )

to the Aroclor plant, the Santowax R flaker, or to the 3840/
plant, as required., The still bottoms are sold as Montar 9,

any excess production being dumped,

Dr. Bardy reported, Oct.l7/%T:

"A total forward flow is mmintained on the split flow

box throughout the Santowax R distillation. This 1s nece-
ssary in arder to get over some of the higher boiling
constituents which boil above the terphenyls. These
mterials must be present to bring the hold point of the
Santowax within owr specifications,

"our original Santowax still had no reflux at all and thse
new st1ll (1933) is supposed to dupliocate the product of
the old still”. .
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Process in Dotail, contd

Distillation of Santowax, contd

" Distilled Sentowax 1s & reddish brown liquid crystallising to
8 yollow s0lid at room texperatures,

The distillation is controlled by "Hold point" determinations
~= there are two such points and the spescifiocation for the pro-~
Guct requiress

Upper hold point 137-133°C (changed Sept.23/37 to 137-145°¢)
Lower hold point ¥5-60°C  (changed Sept.23/%7 to ¥5-63°C)

A saxple strip of texperature recorder chart for various points
on the Santowax still system was sent to Nr. Cooper, Oct,.31/47.

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

"At one time, distilled Santowax was allowed to solidify
in 4rums, snd shipped, but it was noticed that the pro-

- duot tended to segregate as it solidified, As a result,
the outer layer of the 4rums containsd the high melt-
ing portion of the Santowax R, and the center of the
drum was mde W of thes lower melting fractions.

*In order to obtain a wniform producst, so that a whole
drmm wonld mot have to be melted to get out 10 pounds,

the idea of flaking the Santowax was proposed, A chill
vheel is used to cool the materirl, and a dlade scrapes
the mterial off the rolls, froam which it falls into

bags or lined berrels., (Note, however, that Santowax has
two "hold" points in its crystallirzation curve,see page 13
above, and gives first a plastic mass at adbout 13%0°C,

then a waxy solid at fbout 50°C, & fact which affects the

flaking process. E.M.

* The lupy material results because the Santowax is not
chilled sufficiently before placing in the bags, and &
8 fusion of the flakes results. However, the partial
; 1s enough to give a wniform solid product. The
crude Santowmx could be handled a similar way if necessary,
beocause its characteristics are similar to those of BSanto-
wax R, A big tank for storege of the molten ocruwde is, of
cowrse, the easiest solution to a storege problem®,

Amiston, Jan.13/%9, pointed out that the Santowax flaking
ooﬂﬂbodmomthosamdrmcsthodjphoml flaking.

g:; also ths note under Specifications & Test Msathods, page 67
o, ‘
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Diphenyl Digtilliation Record

Distilliation No. V% ~ Dato Started ., - / % 7
Oporator Start m entet J
>
stmm. X operator Finteh -/ snirt /

Starte# Charging Still at /. 25 2.,

CHARGR:
BAT Tank; inched bofore -3 _ Z_mch& after _ 2/ gallons ataceMd_ 3 74

s

Xo. 1 S.T. inchee tefore -?2 inches after (O  galions chavse'l-i/f_:”__i;*

Ko. 2 S.IT imches~befcreo __inches Wfter gnilona charped

No. 3 S.T. inches before ) inches after _Lf_ guione chargol

Ro. 4 S.T. inches tefore inches after ___  galionp cha~zet :
Benzol Still -~ " ____ __ inchee after gallons chavmi — _?
Total Gallons Charged _ _ #0 HL 0O
Circvlating at /2 "4 4; Fire onat _ /2 - fy‘.[;«;‘ e L
FLTZ P28 S-TTINGS:
1. on_ /7 /& S 5. on__ D/ at QEKJ e
2 om__~ /s &t S22 Pym, 61 On at _
5. on_SC _at_ 2.5 7. Om at o
L, On zc) at 2., 8. On at _
BENZAL: Ran ____ /5~ "or __ JTH# gal.
HEADS: Started over at 3.’ éi,g_,mginlohod at _J£ Za.m
Ran yid "o [ 725 1.
TATLS: Started over nﬁ’ﬂ&‘ ..  Finlahed at / pL 1 2.
Ran /d - or ‘[(/// 1ve.
DIPHFRYL: Total in Distilliation j:'/ " “/ﬂﬂ 1bs.
HIGH BOILEB: Groes Welght 1be. No. of Drume
MY - -~
Sere Wolght /7. . 1be. » DSW 462109
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53
Process in Detail, contd

Summry of Recards of Diphenyl Still Working

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

Yew Ieterial Benzene Reads Tails  Diphenyl Bottoms
to St111 Fraction 1b 1b 1b 1b
U.S.0allon off U.5.G. (8 1b/usa)
3485 37 202k 964 18,785 k%00
339 598 1928 157 17,459 5400
339% 667 2121 1157 15,470 3400
3485 506 2217 1446 17,680 5000
3869 690 2121 1157 17,238 2600
3394 690 2217 1253 17,017 3600
3485 874 2121 1350 16,133 -~
3485 - 598 202% 1253 16,796 -~
3576 391 231% 1157 15,249 -
3485 598 231% 1060 19,M8 k800
3485 598 2810 1350 18,785 %200
DSW 462110

~ 'WATER_PCB-SD0000050703



: 5%
SPRCIFICATIONS AND YTEST METHOIS

Raw Materisls

Benzens

In September 1947 Ammiston ware in a favourable position in
regpect of the quality of the benzene received. By & special
srrangement with the suppliers in Birmingham, Alabama, they
received mterial usually running 5.3900 Cr.Pt., (on the sample
*as 18"), and at least yp to "Nitration Grade" can &1l cther
points except possibly sulphur content. The arrangement was
80 good that Anmiston ware able to rely almost entirely on
control of the quality of the deliveries. The only
specification was that irmplied in the description of the mmte-
rial as "Industrial Crade Benzene”, and the deliveries were
- 80 much above specification that the specification was inopera-
tive. Because of this position Anniston do not perfora routine
tests on benzens deliveries mde to the diphenyl plant. There
are only v fow tost roports on file, but the following which

were ava e were believed to be ropresentative of the mate-
rial usually received:
Tank # GATX 3 1l GATX 21357 ? GATX 1940
Dat; oc o<:t:.Z6 T -.216 A5 June ig
Pr. t. * *® L J [ L ]
8p.0r.e 60°F. o.gehs o.Bgns 0.8825 0.§g6
Dist. La:ggr 5- - 0;9;0 1.9ck(corr.)
ap 7T 9.7 9. .

5% 0,2 go.e go.z go.l

S% 8002 80.# 800“ 80.;

95% 80. 80.5 80.% 80.

ary 80.% 8o, 80.% 80.4
Colour ¥Water white WoW, - w.W,
Wash test F:23 #1 - #1
Total sulphur % 0.05 0.05 - -
Acidity mg NaOH/g - - - 0.000%
E-0 P.D.m. - - - 700
Paraffins - -— -— nil

The freezing point method used was that of J.I.E.Ch.Vol.1l0,
P.1010, (ses page 56 bolow).

For the other tests, ths latest A.S.7.M. mothods were used.

In order to check the Ammiston method of determinmation of the
freozing point of benzene, against the Ruabon mesthod, and to

mks sure that the Anmmiston mmterial really had such & high

test, by British test mothods, & sample from rail tank GATX 21357,
NOV/"T. was Bent to Ruabon. It was found to have a crystallizing
point of S.4 C by the standard Ruabon method.

DSW 462111
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55
Specifioations & Test Methods, contd

Samples, representing material available in Britain, have °
beon examined

at Anmiston:
Sample NB2T Sample 60768
 Taken m.agﬂa Taken July 27/%8

*r.pt.°%c 5.16 5.
8p .Gr .G60°F 0.886 0.333
Dist. renge 1.2 (corr.)

1st érop gg.a% g.h

5% 2 2

5048 80. 80.2

95% 80. 80.2

ary 80, 80.
Colour WeW, w.¥%.
Wash test ~ #9
Acidity mg NKaOH/ 0.0016 0,00%
mp.l. ) 458 621

ins nil

Amiston's comments on the British sanple NB279 were that it
was not wp to the quality of the Ammiston supply, 4t bad &
high acid wash colour,indicating incomplete acid treutment,
and the presence of unsaturated or hydroxy coxpounds, but
that 1t should give good diphenyl if ths freotional distilla-
tion of the diphenyl ware good eno . The saxple left an
odour of tar at the end of the distillation.

Amniston's cozments on British sample 60768 were that its acid wash
test vas Just at the lixmit of the Ammiston specification

(for "Industrisl Benzane") again indicating incooplete acid
treatment of the materisl. katerial to this sample would pro-
duce good Aiphenyl, though & little extre attention to the
diphenyl distillation might be needed,

The effects of impuritiss in the benzene were discussed in
Amiston reports 1630, p.19, & 1642, pages 1 & 2. For a time
no very high standard wes soet, but in recent years, trouble
with the stability of Arcolors used for electrical work has
renswed the interest in this subject. Ses pageslll- below.

In & "short form report”, No.2152, dated November 17/%7,

Mr. A. ¥. Ellenburg of Ammiston reviewed the quality require-
ments for benzene for mlking Biphenyl and Chlorbenzenes. He
found the available evidence to be inconclusive, and recomended
mintaining & limit of 5,0°C minimum for Diphenyl amd 5.29C

for Chlorbenzenes.

Dr. E., E. Bardy, Dec.23/37, advised caution in accepting a
lower standard, for benrene, which contained paraffins, would

DSW 462112
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Specifications & Test Methods, contd

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

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

On April 28/%9, Mr. Ellenburg mentioned the beneficial effect
which high tesperetures in ooke ovens are known to have on the
purity of the (freedom from paraffins).

See also the discussion of Bffects of Variation in Benreme
Quality,” page 111 below.

Test Mathods for Benzense

rr.Pt.

As menticned above, Amniston use the mothod of Ind.Eng.Chem.lO0,.,
P.1010 (20 cc saxple in the "as 1s" condition, put in a test
tube in an ice bBath, and when the so0lid benrens begins to
separate, the temperatwre will remain constant for & time,

This temperature is taken as the solidifying point.

Acourste ¢ 0.05°C.

Othsr Tests

Anniston use A.3.T.M. methods,but on Feb.15/39, Anniston re-
ported that the British (N.B.C.) form of the acid wash test
was simpler, espesially respect of the preparation of the
standards., On applying the X,B.C. test to their own benzens,
they found it to give & colowr matched by only 0.1l g dichro-
mte per liter of water as against the K.B.C., standard of
1.0 g. The same benzene gave colour #1 on the A.S.T.N. acid
wash test. .

DSW 462113
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Specifications & Test Methods, contd

1Lead for the Pots

¥o specifications exist on lead naod in the digheml lead
convertor wnits other than that "chemical leed to be
purchased, Apparently the effeot which nqmritios in the
1oad may have on the stainleas steel, is more feared than
any effect on ths conversion process itself.

Mr. W, Y. Wade of Armiston bave the folloring information:

"A typical analysis of obenioal lead as supplied by the
St.Joseph Lead Company, 250 Park Ave., New York, New York,

el Pb: 99.9272%
H
Cu: .0608
As?
Sb: 0.0001
Sn:
Pe: 0.0001
2ns 000001
l?‘d: 0.0003
13
Co: 0.0048
Ag: 0.0066
B1: nil

"Rlements that should be particularly avoided, as observed
in practice at Amiston, and as recommended by manufacturers
of stainless ateels, are, in order of importance: tin,

zinc, bismuth, antimony, and cadmium, Tin, zinc, and
bismuth should not exceed O, 00015-1::., antimony and

cadmium, 0.0005% max.

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

Spectrogrephic analysis has been foumd useful for the
purity of the lead for the convertors. Ve are warned to look
out for ixpurities whioch may be picked wp in any reused lead.

MCL have found a source of supply of lead appa.rently w to the
Amniston standard except that the bismarth content is 0.001%
and the lead percentege only 99.9955.

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

DSW 462114
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Specifications and Tert Melhode, cont'qd

Fipishod Products

Diphen coda 3380-500-Th-
%Too%iul) euthorised July 1%5,
(Sawlod from ths rail talgk in supercedes Kar. 2/38

case of tank cear sa
Produotion Dept. FNo. 03

Appesrance yellow to pale amher soliqd,
Colour equal to 2.0% sGuecus FoC13 AKX,
Pr.Pt. 68.7° min.

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

Freezing Point of Diphenyl

Standardised Aﬂsuhutz thormoneter £0-100°C. mounted
vorticallq nsar shalt of & £2l1] olectric stirrer. Buld
ebout 1/4" above :tirrar blzds, 2nd 3/37 from the shaft.
Magnifier clampsd tc themaanmeler.

Helt and nir ¢ha ezir:le. Pour sboyt 120 o.c. into
250000 Griffin baalkzr mckin" sure thernmomster 1is not ebove
103°C. Sst beaksr under stirrer so blade 1z #-1" above
thy beaker, and tho thermometer irrmerced to 20°C. merk

or nore.

Run stirrer at modsr-ste rete throuch test. When cry-
stallizstgon begins, the temporature ¥ill rise quickly
sbout 0.4°C., then baecome . onstant for 2-5 min. bofore
slowly falling. Highest reading teken evolaing parallax.

Dist. Renge of Diphanyl

Plant "B" method siightly modificd by R.Sudhoff,
Kar.8/37.

200 c¢ Pyrex {Corning 1500) dietiliing flesk. Xeck yrapped
with wet asbestos paper alliowed to dry on. 200-275 range
precisicn Tayylor typs thermo. engraved stexm 0.2° division.
1© « & m.7i. Both bulb z2nd expansion bu_b to be below the
side tuve. 6" euxiliary thermo. 0-150°, ettached with
bull 2/3 way down tho exsrgent sten. Cover both thermos

psw 46211 5
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Specificetions endé Tcet Fethcds, ooni'd

Pinished Products, coat'd

with 3/4" glsss tube. Correct for emsrgeant stem, end
beromnstrié and thersucrostiris e::-or.

Conaenser as for Babvett bsnzol distillation, l.e.,

28" x 4" glass tube € 75 an_le in copper trough. W .sr
at 75- 5°C. ALriliar' burner to prevent fresezing at
exit. *s shield 5" I.D. x 6" high.

Fisrk on 6" x €” pisce of 1/&™ transite board with
1-1/%' hole. Top of euxilisry bulb of therzoweter level
with bottom o2 side outlsest. Corik stopper flask to ocon-
denser.

Waigh 100 g. scxple Into flesk. EHeat with Heler
burner t31l ebullitlilon starie. ¥Fhen verour ring rasschsa
into th» neck, but not to the side ern, cool & little.
Rapeat 3 times to gzt thermropster and {lssk neck hested.
Distil 2 drops/masccud ints bsckel* on & balance.

Road: )
lat'drop 1 3% 5% 52% o0Uf 95 9%% 97¥ IDry

<

reed auxilisary therwmooster at ®.

Racord weight 3in rzcaiver 1 ninute afier removal of flams.
Ixry point: cbaerve vhen last drop ie ves bottou -- needs
tec cbservers.

760 - Barom. roadﬂng } x0.036 = T4

{1st drop - average of auxililary rseaings) x 0.000153 x
no. of degroes &bove the dethn = To.

Add Tq and T, to obzerved rexiings.

osw 462118
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Specifications and T2at ¥ethods, ont'd

Pinished Products, cont'd

Diphenyl Colour

M=1t 120 g diphenyl in low form QGriffin 150 co
beaker. Compare € sbout 30°C. with ferric chloride
sampies in bottles of same dismeter as basker.

Standards 25g. FeCl

in 200 cc H20 + 15 ce

Make Standards
3
1
1%
2

;

HC

?

«63,0 0.625 g. COClp-6K,0
(g?G. 1.18), make up to 250 cc.

10 cc stock per 200 cc

20

20
ko
6n

&0

2tandard Kos. are %?cClB'SHQO.

Sample G-3072 of Finished Diphenyl was sent from Anniston

to Ruwabon, Oct.13/37.

psw 462117
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Specifications & Test HMasthods, contd

61

Mr. Barden, August 1950, collected the following test results

at Amniston:

“rypical Analyses:

Diphenyl

Date 317 25/7

Colow 1.0 1.0

F.PL. 68.8 68.85

‘Dist. Range 0.6 0.

1l drop 254.8 2 .g

% 25k.9 25%,

3 2549 25%.9

5 254 09 255 [ o

10 255.0 255.0

50 255.1 255.2

90 255.1 255.2

95 265.2 255.2

96 255.2 255.3

a7 255-2 255.

dry 255, 255.

Date 25/%

Colowur 1.5

P.Pt. 68.8

Dist. Range l.2

1 drop 25%.8

1 255.0

g 255.0
255.0

10 255.1

50 255.2

90 255.%

82 255.6

2
255-

ary 256.,0

255.0
255.0
255.1
255.2
255.4
255.6
255.8

.0
256.4
25T.%

237
8/7 gf (1950)
09 6808?
07 25 .
209 22k
255,0 25k.9
255.0 255.0
255.1 255.0
255.2 255.2
255, 255.2
255.% 255,
255.4 255,
255,% 255.5
255.5 255.7

. Teat results collected in 1937 are given on the next two

pages, 62 & 63,

DSW 462118
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64
Specifications & Test Methods, contd

SANTOWAX R

The properties of Santowax R &8 given in "Monsanto Chemicals
- and Plastics" - 27th Edition - are typical anslyses.

trantative Sales Specification

Color 3.5 - 4,5 NPA
Solidirioatioh Hold Texperatures:
TUpper 137 - 123°%
Lower 45 - 69°C
Distillation Range: At least 80% between 350 - 400°C

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

See also under "Properties of Materiesls", page 13 above.

DSW 462121
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Speciflcations and Test Mothods {ceownr+d
op

Analysié of Santows” R

DESCRIFTION

Sarntowax R 18 a yellcw solld hydrccarbon mixture of
micro-crystalline structure. The main constituents
are ortho-terphenyl;, mats-terplenyl with smaller quan-
tities of diphenyl and tri-orthophenylene present.

The molten product ig chilied cn a flaking rcll and
bagged or put in paper lined barrels for shipment.

LABCRATORY TESTS:

1.

Color: 3.5 - X.5 NPs

Test Method: A portion of th2 semple is melted
slowly over a low heat. Care should be taken not
to overheat the sample. Some darkening due to
decomposition is possible if the sample is heated
above 2509C for any length of time. The molten
sample 18 poured info a clean 15 mm test tube

and the color is ccmpared to the standard disc
comparator of the Natlonal Petroleum Association.

Changed 8ept.25
Hold Points: Ugpzer hold point 137-1430C to: T-1%50 %
Lower hold point 459-6C0oC ¥5-63

Method: A 250 cc besgker 18 filled about thres
fourths £11led with the flaked sarple and placed on
the hot plate to melt. After the molten sample

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

The stirrer 1s 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 sides of the bezker must be inti-
mately mixed with the molten sample in the middle
at all times. The temperature at which the ther-
mometer stops after it goes down and rises to 10
to 30 18 called the lower hold point.

DSW 462122
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Specificzations ani Test Hathods (cont'd)

Analysis of Santcwax R - Page 2

Stanczrd therrcreters ere uged Iin this test. Neo
ccrrection 1s mzde for stem exposgure.

Distillation Fance: At{ least 80 per cent between
350-3009C (unc. rr.)

Method: ASTM D-20 (modified)

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

After assembly of the apparatus 1c complete, the
sampla 18 melted and stirrad teo insure proper blend-

ing.

One hundred groms of the sample 18 weighed into the
flask, the flask 13 put in place and heat 1s applied
so0 that the first drip comes over in from § to 15
minutes. The distillation shall be conducted at

the ~ate of 50-70 drop8 per minute and the distillate
colected in a weighed receiver.

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

This distillation range specificaticn is sudbject
to change &8s more history on this teasf of the prod-
uct is obtained.

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

Method of Samplirg: It will be very difficult to

obtain a good sample for this test snd, therefore,
the best means of having a cl=an product is to el-
iminate the sources of impurities and keep a check
on these sources.

For the ahove test, a R or # pound sample could be

melted at hourly intervils to see 1f impurities
were present.

psW ae21 23

WATER_PCB-SD0000050716



67

Specifications anc Test Iethods (cont'd)

Analysis of Santowax R -~ Fage 3

Ror 8 fool-preocf rothod, 2 meclhanical nicens would be
needed at the flaking rclls to resmove the metal scraps
which are the main contarinant at present. If the
rolls were capabie of cooling the precduct to 20°C, =o
that a cold, brittle product could be obtained, the
metal could probebiy be 1emoved by a vibrating screen
of 4 mesh size. A msgret might alsc be capablie of
renoving the matal scraps. At present the flaker is
being resurfaced and & ncw blade 18 being installed
to prevent ths - .lings from coming c¢ff thes rolls.

DSW 462124
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SpeciZications and Test Ksthods, cont’d

Determinstion of Swirvhur in Ssntowax

Tentetivae Mathod:

X0 g. sample, 20 g. Xickeli formate, 150 cc H.B. %0
(hydrogenated Santong) in 1000 cc¢ boiling flask.

Heat 8 rate of 30-%0°C per minute to 285°C. Water

of cryst. of formete comes out up to 200°. Pormate
begins to decomposs eround 2400, and rapildly € 270-275°.

Heat to 285° and ccol to 20-80°C.

Add 100 cc 1:1 HECl and scnmne boiling chips.

Reflux till X1 has dissolved, (foams), with Meyer
or similar apparatus attached to condenser, 50 cc
amaoniacal CACly (1% of CACly 2#H,0) in the bulbs.

¥ash CdS to bsecker or flask.

Make acid to ;henolphihselein with cozncentirated HC1l, and
dilute to about 250 cc.

Add 10 cc K/10 Iodine and 5 cc concentreted EC1 added.
Leave 10 minutes. :

Titrate iodine with XK/10 thio using starch.

Calculate to ¥ sulphur in Tantowax.

Do blank.

Determination of Chlorine in 3antowax

0 g. Santowax and 1 g. sodiua in dry Ki crucible,
0-100 cc capacity. ]

Cover.

Heat over low flame, unill Santcwax hes gone, thsn to
dull red.

Renove cover and allow oxcess Bz to burn w:der hood.
Cool, wash well with H5O0.

Kake up to 250 cec.

Determine Cl grevimstrically in 100 cc aliquot.

Do blank by dropping Nz into water.

DSW 462125
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Spscifications and Tost Rothods, ¢ -

Santowax R vots S=1301 Ho Specifiocetion.
Lot a ﬁ;p:ar Holdﬁd-l‘orar;old Colour
Dats Bo. Pt. °C. rt. °c. KPA
Sep.is/¥7 k7- 1##.2> 66.0 3.8
48 1k%.2 61.0 3.8
Sep .22/47 50 142.0 69.0 3.6
51 1kz.5 60.0 3.5
RE 132.0 56.0 3.5
53 42,0 53.5 3.5

Sample G-%073 of Santowax R was sent from Anniston to

Ruabon, Oct.l3/27.
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Specifications and Test Methods (cont’d)

Finisheéd Products (cont'd)

Santowax, (crude individual Igscuers)
Only small amounts of the :ndividusl isomers have

been made. Test methods used at Anniston are given
below. .

Analysis of Santowsx O

DESCRIPTION:

This materizl consists of orysiszlz coated with a eutectic
01l1. The color is pale yellow due mainly to the adher-
ing 0il. The product 1is about 97-98 per cent ortho ter-
phenyl with traces of diphenyl and meta terphenyl which
form the oil.

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

LABORATORY TESTS:

1. Color: 1.5 NPA

Method: The sample 18 mcitad with precautions not
to overheat and poured into test tube. The color
is compared to the standard disc comparator of Nat-
ional Petroleum Association.

2. Hold Point: §30C - 550C.

Hethod: A portion of the sample 18 melted to fil1

a 250 cc beaker one-half full., A sftirrer and a
thermometer (standardired) are inserted in the beaker
and the material 18 allowed to cool wiile stirring
8lowly. When the temperature gets down tc 550C, add
seed crystals slowly until sample begins to crystal-
lize. Record highest temperature reached after ther-
mometer starts to rise.

3. Distillation Range: 10°C raximum range. This range
should 1include 335°C (corr)

Methiod: ASTM D-20 (Kodified)

Same procedure as for Santowax R.

DSW 402127
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Specifications and Test Methods (cont'd)

Finished Products (cont'd)

Analysig 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 S6 pecr cent
of distillate.

Fecessary stem temcercatures sheuld be talen to correct
for the emergent stem. <correction should also be
made for the atmospheric pressure.

The distillation range tast 1s subject to reavision
vhen more history cn this tezt of the product has been
obtained.

4, Sediment Tegt: K¢ inzecluble impurities present
in the moliten sample.

Kethod of Sempling: The naterial shall be f£1X-
tered through 100 mesh sc¢reen as 1t 1s lcaded
into drums. A scrmple cf the molten product shsll
be ingpected for eo0lids. The drums also shezll be
inspected for clesrliness.

OSw 462128
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Specifications and Test Mothods (eontd) :

Finished Products, ocontd

\

Amalysis of Santowax "N"

This mterial is a yellow solid of orystallines structure.
The purity is approximately 95 per cent msta terphenyl
with para terphenyl making up the reminder. The pre-
sent method of separation yeilds a meta-pare eutectic at
3.3 per cent para which accounts for most of ths pare
contaminants. o

At present this product is crushed to lwps one Inch or
smller, and shipped in paper bags or paper-lined barrels,

mbomto:gy Tests:
10 COIQ': 1.5 - 305 IPA

Method: The saxple is melted with care not to dis-
color by heat and poured into & 15-mm test tube,
The color of the molten sample is compared to the
standard KNPA disc comparator.

2. Pirst crystals: 90°C.

Method: A 250 cc besker is filled about two-thirds

full of the molten sample and placed under & stirrer

and a standard thermometer. The material is allowed

to cool with stirring until the temperetire reaches
about 90°C, Seed crystals of the sapple are added
slowly as the cooling continues., The temperature (
at which new crystals come out of the solution is
recorded as the "first orystals” point.

3. Hold Point: 83°-85°,

Mothod: Stirring is continued in the above sample
while the temperature goes down and then rises 1-3°C
to the hold point. The highest temperature at which
the tempereture repmins constant for a while is re-
corded. P

DSw 462129
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Specifications and Test ¥ethods (contfd)

Finished Products {cont'd)

Anslysis of Sentowax "M"- Page 2

4. Secdiment Test: No insoluble impurities are present
in a2 molten sample cf the product.

Method of Sampling: A sample of the crushzd mater-
1al as it is prepared for shipment shall te neltec
for this test. The product can be.filtered before
it 18 remclded after removing the water. Then it
can be crushed to 1/2 size for shipment.

Under the prezent open alr method ¢f handling

this material, the c¢irt 13 especially hard to keep
out.

psw 4621%°
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Specifications and Test Hethode (cont‘d)

Pinished Procucts {cont'd)

\

Analyeis of Santocwax P

DESCRIPTION:

This material is a white 80l11d which orystallizes in
thiek plates. Tha purity is 95-G3 per cent with small
amounte of mete terphenyl and tri-orthophenylene as the
contaminants.

LABORATORY TESTS:

1.

Color: 2.0 RPL

Method: The sample 13 melted and paured into a 15-mm
test tube. £ the standard disc comparator the color
is Judged witi: KP4 standards.

Crystallizaticn Pcint: 209-213°C

Method: The cooling in this test is8 startzd in a
mineral oil bzth hezted to 2300C. The sample 1is
melted and poured into a large test tube. The test
tube is placed in the mineral oil bath and cooling
begins. The test tube contents are stirred as seed
crystals of the ssmple ars added. When new crystsls
appear in the sBolution the thermometer which 1s in
the test tube 1s reed. This temperature ia the cry-
stallization point of the para terphenyl. '

Sediment Teast: Ko ingsoluble impurities are found in
molten szample of the product.

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

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

DSW 462131
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Control Tests

Conversion Stage : € Conversion

There is & comnection from the pipe between the lead trap

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

& smll, water-cooled condenser, Samples of the vapour may
be drawm off at any time, condensed, and a careful measure-
ment of the density of the condensate made,as & mesasure of

the £ conversion. The Amnniston operator makes this test

once & day on each wmit, usually in the morning shift. Each
unit has & sampling condenser, as shown on the attached skotch‘
permanently connected, and therse is & steel sheet “"fire soreen
to protect the operator and the equipment from thse radistion
from the conversion unit (especially the lead trep).

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

of about 500 as Jjudged by eye. No purging with €05

is done. Some of the ocondensers have a screw cap fitting with
the condensate and vent tube passing through, others simply
have a two-holed rubber Dung. In either case, the saxple
bottle must mke a good vapowr-tight connection. The use of
spring olips to hold the bottle against the stopper has been

s ted. The sanmple bottles are of glass, square, 33" x 33"
x 7" on the streight side, with screw necks, and the operator
oarries 12 of them, one for each unit (clearly numbered) in

a wooden rack, puts one on each unit, leaves them for about

an hour, then turns off the vapour and sater, removes the bottles,
puts on their sorew caps or blank corks, and carries the twelve
of them to his test bench where he has a twslve-holed water
bath, at about room temperature, and leaves them until their
teasperature is somewhere between 3%° and 16°cC.

A portion of each sample in turn is poured into a glass hydro-
meter Jar and its temperature and density observed. The
hydromster is greduated 0,880 to 0.950 Sp.Gr. in 0,.0005 divi-~
sions and should have been oalﬂzmtodb The temperature should
be determined with an acouracy of 0.2°C, and even at that the
test 1s not highly accurete, but it 1s good enough for routine
control. .

The £ conversion, corresponding to the density and temperature,
is read from the attached nomograph. The samples do not crystal-
lize, but care must, of course, de taken not to allow serious
loas of benzens by evaggration during the sampling and testing.
The saxples are quite hot when first collected, and there is a
distinot smell of benrene (and HoS) from the vent of the test
~condense* while the sample is being taken. There is, of course,
a slow stream of hydrogen escaping through the bottle.
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Control Tests contd
€ Conversion, contd

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

Amalysis of Crude Diphenyl

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

heny woight distillate x 100
% d1p 1= wolight sample

Test for Benrene Ileaks into the Stack Gases
8ee page 91 bdelow. .

Distillation Stage

*Hold" points and crystallizing points are used in the control
of the distillation of diphenyl and of Santowax, though in
both cases Anniston rum the stills largely by "dead reckoning",
Plus column top tesperatures in the case of diphenyl, because
of the time required to take the sarmplss and make the test.,
(8ee page A above)., The test bench in the department 1is,
however, equipped with the mochanically stirred crystalliring
point apparatus descridbed under "Specifications & Test Methods"

on page 58 above.

Seo sample G-X071 of Crude Diphenyl, saxple G-A07¥ of Still
Bottoms from the diphenyl still, and mrple G-#075 of Still
bottoms from the Santowax still, sent from Amiston to Ruabon,
0ot.13/%7.  Samples G-30T% & G-%075 were lost, and repeat
samples were sent Jan.25/%9 to London.

Benzene recycled from the distillation stage should not contain
more than a few parts per cent of diphenyl. The operator can
Judge by the colour of the benzene and by allowing & few drops
to evaporate on his fingers, but a freezing point test would
glve & bstisr oriterion. . .

- ’ DSW 462135
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LIST OF DRAWINGS

There are over 350 drawings on file et Anniston, bul copies only

of those thought to de of interest to MCL have been sent to

~ London at differeat times,as listed below.

Those marked "A" in colurm 3 were sent hy Mr.
to Rr.W.M.Cooper in London,by airmmil, Oot.10/47, a second copy

agel of Anniston,

going by sea mail to Mr. M. Buis in london, Oct.13/37.
Drawing Date sent [Sent
Ko. Description to ¥,.C. to
Conversion Unit
AA-5581 Cast refrectory tops for linings
9C-558%-3 | Cast steel door on shell of fur-
nace
9C-7817 Lead pot,flange,& thermowell July 21/50] owN
9C-T845-5 | Stacks on Vapourirer A
o9C-T847-8 | Pot #1, details,with later A
revisions
9C-7937-4 | Baffle for distributor AL
July 21/50| owM
AA-T955 | Cast steel flange for distrib.
pipe A
9C-8131-% | Details of colum A
9C-8143-3 | Traps for column A
9C-8147-3 { Stainleas piping for convertors A serves for
references
to 81%7-1
& 8147-2
9c-8151 Brick lining, #6 wnit A
9C-8153-3 | Details of mounting of burners A
9C0-8159-1 | Manhole into stacks A
9C-8166-% | Pot cover Nuly 21/5<r OWM
9C-8166-2 | Pot cover,Baffle locations,
wnits 11, 12, & 13 A _
NSW 462136
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1ist of drewings, contd

78

CSW 462137

Drawing Date sent [Sent

No. Description to MCL to |Remarks

‘Conversion Unit, contd

9c-819% layout of piping, diphenyl traps AL see letter

to swum tanks ¥ov.13/50! DWT|EM-DWP

Nov.13/50
for amend-
ments

9c-8205 Iayout; benzene feed tanks &

Pumps Nov.13/50] DWT do
9C-8208-2 | Iayout; feed piping & meters Nov.13/50| DWwe do
9C-9015 Jayout units 11, 12, & 13 A
9C-9019-1 | Preheater pot A
9C-9019-2 | Distributor July 21/5J oWM
oCc-9022 Convertor shell, units 11,12,& 13 A
9C~-9024 Vapourizer coil details A
oC-9025 Vapourizer shell A
9C-9026 Vapourizer assembly Apr.1/%8 | DSH| Revised to

Nov.l4/47
9C-9054 Gas piping to burners,& bill

of mmterials A
9C-9055 Vertical condenser & split flow

box A
QAA-9058 | Expansion flangs in steam Jjacketed

Piping Aug.10/50| Dwr
9C-9069 layout of benzene runback Xov.13/50| DwWr] see comment

EM-DNT
Nov.13/50
9C-9070 Ho piping to coolers Fov.13/5Q4 DwT
9C-9075 | Benzene line, coolers to feed tanks Nov.13/5¢ DWT
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List of drawings, contd

79

Ixewing “Tate sent | Sent
Xo. Description to MCL to |Remsrks
¥o.2 Diphomyl Still
9C-7870 ﬁﬂctiomtmg coluxn A
9C-7871 Iayout Diphenyl still #1 A
9C-7872 Condenser A
9C-7873 sStinl A
9C-T875 Diagrammatic flow sheet. New

st1ll. Included in "Design

Data for Diphenyl Sti11°, June /%6

Sept .
9C-T8T7 Hiboiler tank A
9C-7886 Swivel split flow box A
9C-7888 Diphenyl still condenser details| July 29/%8 | ISH
9¢c-8152 1500 gallon catch tank A
9c-8192 6000 gallon catch tank A
9C-8193-1| ILayout of crude catch tanks A
9¢c-8210 layout #2 still A
9c-8211 #2 3t111 heater shell A
9C-8212 #2 Still heater assembly A
SCc-8213 #2 Still catch tanks A
9c-821% #2 St1ll heads and tails tank A
9c-8215 #2 St11ll: piping from swxp tank A

to st11l

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

tion, Diphenyl still

DSw 462138
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1ist of drawings, contd

80

® See AME's letter June 30/48 for corrections to this
also E.G.Thoenas, May 21/38
one compressor, while 9C-81

9C-9095

Rot sent to MCL

Santowax Distillation

9¢-8551-1
9¢-8551-2
9¢-8552
9c-8552-2
General

9¢-7850
90-7851€

9C-81%0

High boiler distillation
Elevation

Highboiler distillation
Pictorial Elevation

Diagrammatic Flow 8hsets. Inclu-
ded in "Dea%n Deta, 4" Diphenyl
9

mt’ "Al’s'g
#6 Unit. March 25/41

Juns 1946
A

June 1946
A

June 13/%6

June 13/%6

RACK

Irﬁ\d.ng Date sent|[Sen

¥o. Description to MClL, to | Re@arks

‘mgen Compression

9C~-7360 Arrangements for burning discussed in

(obsolets), not sent to N AME's letter

June 30/38

9C-7366 Hy compr; wiring & control May 24/38|pSH | *

90-8040 Hy, condenser piping

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

9c-8188 layout & piping Ag Ecd awbbel

, Nov.13/50 Nov.13/50 EM t
DWT for amsnd-

oCc-8279 layout H, piping from wnits A mantsa

XYB-13836 | Griscom Russel Coxpany

Condenser (Pinned) A

drawlng,
explaining that it relates to
refers to 2 and 9C-9095 to 3.

EAor

DSW 462139
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List of drawings, contd

81

Date sentjiSent
Ko. Descxription to MCL to Remarks
General, contd
9¢-8190-1 | Generel layout, units 7,8,9,10 Fov.13/50 See letter R
to INT Nov.l:
1950 for azmen
mants
9¢-8466 Flow Sheet - Convertors A
9C-8550-2 | Plan A
9C-5060 Instrumentation A&
Diphenyl (electrical) Shows Hov.13/50|Dwr
Banzene feed system
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GENERAL NWOTE3 ON EQUIPMENT LIST

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

The equipment list is valid only for wunits other than #¥ and #5.

The design was developed at Anniston and soms modifications

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

All benzene lines ere steam traced and lines oarrying diphenyl
or hi-boilers are steam jacketed, the jackets being liberally
provided with expansion Jjoints. (See Ammiston drawing 9AA-9058).
It i1s important to carry ths steam Jackets right up to ths

The diphenyl conversion and distillation units were indoors,
ths store tanks and the Santowax distillation unit outdoars,
with some shslter for the heating furnaces, vacuum 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 completely on the East side, wp
to the level of the working floor. (Pot rim level). See also
pages 16- above. The floors all are of vertical steel grating
and Armmiston are very exphatic about the alvantages of this.

Flanges on the conversion system piping are of ths standard
ammonia pattern wp to 3" pipe size, and are special cast steel
tongue and grooved flanges of Monsanto design,above 3". Crane
oclamp gate valves wp to 300°C, no valves above 300°C except
cast steel gate valves on the diphenyl still.

Materisls of construction for various items are detailed in
Amniston Research Department, Report No. 1642.

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

DSW 462141
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Equipment List, ocontd 3

#1 Benzens Storege Tanks |
Pive horizontal steel tanks., See also pages 17 & 29 gbovo.,

#2 Pup for swpplying #3

Controlled by float in #3 which cuts off the purp when the
(5000 USG) tank, item 3, contains about 4,500 gallons, and
re-starts it at about %2000 gallons.

#3 Recycle Feed Tank

See also page 29 above. Dra 9¢-8205, but see amend-
monts in letter EM - DWT, ¥ov.l3/50.

The tank in use in November 1950 was a horirontal cylindrical
steel vessel with bulged ends, about 7'-6" diameter by
13'-0" streight side. Capacity about 5000 USG. Set in-
side & conarete retaining wall outdoors at some distance
from the flow control roox. Pipes to and from the opereting
building run overhead under & steel sheet shield with a
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 purp from the benzene receivers, item #27,
of the hydrogen compression room. Benzene in (after exami-
nation), batchwise by pump from the tenzene receiver, item
#21, of the diphenyl still. This batchwiss return is dis-
1likxed, for Newport conditions because it would cause wide
variations in ths ratio of fresh to recovered benzens, and
1t has been proposed to interpose a buffer vessel so as to
smooth out the flow,

Benzens out, by a bottom outlet with an "upstand” in the
tank to retain water and s0lid matter, to the feed pump,
item 4. The use of a bottom outlet helps to prevent air
locking of the pumps., The 1line to these pumps iz Jacketed
for steam,but it had no steam connections in Noveamber 1950.
It 1s cemented through the retaining wall., Irein, from

a sup at the lowest point of the tank for removal of water.
This drain requires attention several times a day and
should be conveniently loocated so that the operetor can see
when the water has all run out, and the benzene is coming.
There is no special provision for sampling, though a
sample might be drawn through the drain valve, or taken
fggﬁo of the brenches on the line from the feed pump,
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#3 Recyole Peod Tank, contd

Ventod to the hydrogen szystem by means of a 12" insulated
line, (the tank oontents are usually warm at Annistonm,

1y from the stroam of recycled benzene.) There is a
14" btranch on the top of the tank,with a gate valve
through which the tank might be gauged. This is very
rarely done.

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

tank contains 3500 USG, and restarting it whem the level
has fallen to %000 U3G. Floats for high and low level
alarm. (There is no forml drawing of this arrangement).
Thase various floats are now made of glass, stainless floeats
having failed, and stainless guide rods are recosmended
because sticking of the float may cause bad trouble. The
domes over the float controllers are insulated and steam
traced, but the tank itself is not insulated.

It is, of course, electrically earthed {"grounded”).

Anniston experience is wunfavowradble to the use of Snternal
steam coils in benzene tanks bscause of the risk of wter
getting into the benzens if the coil falls, and of ben-
zene loss via the coil., Even if ths coil is taken out
over the top of the vessel, loss is possible by siphoning.

#4 Foed Punps to the Conversion Units

Anniston report 1642 of Oct.l15/31 describes the feed pumps
as Wesco No.507 (one then for each wmit) with hand-operated
g-zn.aa to set the delivery rate. Stainless shafts with

1 Resist" inmpellors and liners. 1800 RPAM.

In Novesber 1950, one Gould centr 1l pup with an in-
stalled spare (and room for one more) was serving the
whole 12 units through & row of flow controllers, one for
each mnit. It was of the 2-stage centrifugal type, 3400
RPN, (but this high speed is disliked by the operators).
Gland packing of fiber-reinforced rubber rings, with the
gland nut simply tightehed carefully with the bhand. *
Delivery about 170 USG%rﬁmit at 100 psig.

A stealdy feed rate is important because fluctuatiors in the
rete cause variations in the pot temperatures. (The flow
of fuel gas to the Dreheater pots is set by hand, and con-
soquoently 1is not sutommtically readjusted to meet such
variations. The convertor pot tesperatire 1s automatically
controlled, via the fusl gas supply rete, but naturelly
the control lags, because of the sensible heat of the lead,
the pot, and its setting).

£ fThese rings are made for the stems of water valves, but
o
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#4 Feed Pumps to th~ Conversion Units, contd

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

above, page 30.

#5 Conversion Units

n_%{_fx.%%_. See l1list under "Diphenyl Process Drawing List"
8 e "Conversion Unit", page 77, especially:

9C - 90-8151 9c
9c3 7-3 9C-8166-2 AA-5581
9019274 9C-9019-1 AA-TI55
9¢-5147-3 9¢-~9022

In FHovemder 1950, Anniston had 12 units, of which two were
of tho two-pot type with special tubular heat exchangers,
to transfer heat from the converted vapours to the in-
coning benzemsvepour, and the remainder were of the 3-pot
type. There were numerous minor differences from one unit
to another, representing different astages in the design
history of the prooess. The 3-pot units are preferred,
and will be described in this report, because the design
of the Newport plant 1s to be based on the 3-pot system.

A 3-pot wmit consists of three essentially similar stain-
less steel vessels, about 6'-0" deep by 17-10-3/3" I.D.

sea drewings listed above), each set in its own gas-fired

ce. The benzene vapour passes through the three in

series, called respectively lst preheater, 2nd preheater,
and convertor. The last prehecater is in the middle of the
row of three pots, with the 2nd preheater on one side of
it and the convertor on the other side of it. The furnaces
are of firebrick, with steel casing.

Each setting has eight gas burners, horizontally directed
tangentislly 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 ths jet. The flue gases from pots 2 & 3
go downwards to cross flues leading to the bottom of the
- setting of pot #1, then up lnside that ocasing, and out to
a8 flue leading to the bottom of the setting of the vapouri-
zer, item #6a.

There 1s a steel door, with stabbing hole, at ths bottom
of each setting, for running out lead in case of leakage
from a pot, and there are access doors in the flues where
nesded. o :
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5

Conversion Units, contd

By means of dampers, the flus gases xay be by-passed

away from the vapourizer hy passing them into a vent stack,
The temperetures of ths three pots are discussed under
"Process in Detail”™ on pages 33 and 51 above, and it will
be soen that the #1 pot 4s at a much lower tamperature
than the othar two. Actually the waste heat from pots 2
and 3 1s almost enough for #l, but the burners in the #1
setting have a little work to do, and of course, would

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

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

by the pumps, item #3%, against the back pressure of the
whole conversion system, to the top of the vapourizer,
item £6A. It is vapourired in passing dowm the coils, and
the vapour bubbles through the lead in the three pots in
series, then passes, via the lead trap, item #7, to the
bottom of ths fractionating column, item #8. Each lead
pot has a 4dip pipe reaching nearly to ths bottom of the
pot, and the wper part of the pot has circular baffles

to diminish ths entrsinment of the lead.

A great deal of experimentation has been devoted to such
?x-oblm as the design of the dip pim and of distributors,
sec below), for use at its lower end, the design of
the baffles, the cholco of stainless steels for the differ-
ent parts of the equipment, and the choice of gaskets for
the pot covers. Something of this can dbe seen from the
"Nots on the Mafntenance of tho Lead Pots”, on pages 41- above.
o attempt is wade here to review the whole
history, but only to describe the arrangement now used,
with present-~day idesas for improvement. Various old
pgttoxt'n; of pots etc are still giving good service at

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

g.gcd, but not the covers), are of stainless steel. 3See pages
& below for the choice of the type of stainless

steel, 8180 page 22 above.

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

have fiat covers, of steel plate welded on to the rim of
the stainless pot. Some of these plate covers have heavy
redial fins welded on for stiffness. The #2 pots have
heavry cast steel domed covers, bolted on, with heavy cast
steel (divided) backing flanges under the pot rims. The
backing flange bas four lugs, fitting into sockets on the
furnace roof and supporting the pot so that the rim 1is
several inches above the top plate of the furnace casing.
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#5 Conversion Units, contd

The gasket i{n this case is 5/16" round :oft ammesled
copper, with a square section asbestos gasket inside it.

!'hn }rd pot 1is similar in construction, but has a gasket
of 1" btreaided asbsstos rope. Mr. Hardem took a sample
of this in August 1950, This thicker gasket is used be-
cause the edges of the flanges pull together in service
at tho hizh tenperature, and they can remain in service
longer with a thick gasket. To make the gasket,a piece

of the asbestos rope is cut, long enmough to lie Just
inside the bolt circle, plus a few hches over-lap. The
ends are overlapped, and the groove botween the overlapped
parts is stuffed with strands of asbastos ropa, and the
overlap bound with a few thin wires, Liquid glue is

used to help in meking the overlap and in holding the
ring in place between the flanges during assembly. In
usq the joint ring becomes completely flattened and hard.

The use of restriction orifices after #3 pot, as discussed
on pege 34 above, has thrown much greater pressure on the
Joint of the pot and the asbestos rope gaskets are givi.ng
much more trouble. Vertical shset iron fences, about 6"
deep, in two halves bolted togethsr, are being loosely
fitted around the cover Joints of soms of the conversion
pots to deflect any possible burst of flams due to a fail-

ure of a gasket.

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

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

tending to favowr the bending of the flanges.

London also suggested supporting the pot rim on a oontimu-
ous ring instead of on the four lugs, but this arrangement
would appear to make the cover bolts more difficult of
access, to rob them of the cooling effect which exists under
the Anniston arrangement, and to mke the reising of the
pot a little more 4ifficult.

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

& circle, vth four lugs at right angles to one anothsar.
Pairs of short pieces of angle iron are welded inside the
box freams which conmposes the furnace roof, these pairs
forming guides for the lugs on the companion flange. Steel
packing pieces are placsd first on the bottom of these
guides to give the necsssary slevation of the pot. then
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#5 Comversion Units, contd

the pot lowered in and secwred by steel wedges driven in
alongside the lugs. The pots should not be rigidly ocon-~
neoted to the fwurnace ossing dbecause the continuous vibra-
tion of the pots would be commumnicated to the brickwork
of the furace, and tend to male it crumble. At Amiston
they £it fairly oclosely into the round holes in the furnace
roofs, but in soms cases steel shoet sectors are used to
bridge the gap. 1iIn any ceas, the Joint iz made good,
eithar 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 Anniston, and are never
re-used, partly to save tims and decause they become
stretched, but mainly because working conditions can be
very wnconfortable because of the rediation of heat from
other units. ¥ewport, using stainless bolts, and having
only one unit should be able to re-use the bolts. It is
suggested to use nuts of dissimilar metel, to diminish
galling. Im cutting out the bolts on the pot cover, the
Anmniston welder uses an oxy-acetylene tarch, and cuts
through the base of the nut, flush with the upper surface
of the cover, and the studb of the bolt is then knocked out
dowmmards, the pot cover being high enough over the furnace
roof to leave room for this and for the insertion of the
now bolts, On the pipe Jjoints, the bolts are cut between
ths flanges. The cover bolts have square heads, but hexagon
nuts, and they go thro the flanges, tail upwards.
Small squares of steel {0ld nuts will serve), are welded
under ths companion flange, between the bolt holessto pre-
vent rotation of the bolt. The nuts are run on with an
air-driven spamner, for spoed, and tightened wp after the
pots are hot, with a %' long retchet spanner. Anniston
advise strongly against attempting to use a tongus and
th e Joint on the pot covers because of the risk of dis-
ion,

The .attachment of the stainless pot rim (by welding) to the
pot itself appears to be a line of weakness because the
lead in the pot is very heavy and is gently bumping and
vibreting whenever the vapour is passing. C(racks at this
point are not unknowm. Anniston bave increased the
thickness of the rim of the pot; formerly 5/8", now 1°,

British mamkers of stainless steel agree that 309 stainless
steol tends to be brittle at the pot termperature, but that
330 does mot. MCL are experimeonting with pots falricated,
by welding, from centrifugally cast sections of 330 stain-
less, welded either with 309 ar with special electrodes.
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#5 Conversion Units, contd

g:o the letter from Hichigan Steel Casting Co. to Annis-
May 31/50). Ammiston discussed this design, Aug.l/39.
Eoet treatment, after fabrication, is reoomendod for

both 309 and 330 stainless.

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

Amiston repcrted, Aug.l & 5/%9, that cast thermo wells

of 309 had proved to be brittle., Centrifugally cast 4ip

pipes of 309 were better tham rolled, or mold cast, but

were brittle or becames 'm-ittle in service., Centrifugally

ocast Aip pipes®have recently 1950% given excellent ser- {*of 310
vice. It is noted that in this method of casting the d&ross stain-
tends to faorm on the inside of ths pipe, but no harm less
sppears to have resulted. Thermo wells of cast 330 bave steel;
recently given very good service.

Carbon tends to buildp in any crevices in the interior -
of the pots, and to exert & bursting pressure. Cast covers
should be free from pinholes, blowholes and slag inclusions.
Anniston wvarn against welding cover strips on the outside
of welds on the pots. Outlet branchss on the covers

should not extend down into the pot, and the Joint should
be welded inside, to £1il1l uwp any crevices, Sharp edges

of metal also tend to attract deposits of ocarbon.

Any distridbutor at the bottoa of the dip pipe must be such
as will not increase ixpingement of the gas on the pot
wall, because of erosion. Amniston are using & simple
opsn-ended pipe with a remowadle liner for the last few
inches at bottom and four 5/8" holes drilled redially
through the wdll about A" from the bottom.

At a meoting at Ammiston, Mar.l16/49, a proposal was made
to try a deflector which would discbarge the vapowrs tan-

. gentially in & horirzontal direction. This it was thought
would give the lsad 8 swirling motion, diminish vibration
of ths pots, increase the contact time of ths vapours,
diminish the size of the gas bubbles, and diminish the
entreinment of lead. Xarrow orifices must be avoided in
thobg:sisnofwdeﬂectorbecauaeorthebnimmg@or
carbon.

This deflector had not been tried at Amniston, but London
asked that the pots to be supplied for Newport should have
a deflector. Standard dip pipes rrere, however, shipped
in November/50 to avoid delay.
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Texas City, Aug.10/39, sent MCL a drewing of the distributor
they had developed for pots for propane cracking.,

There is no heat insulation used anywhere in the conversion
system, except that the vapowr pipe from second preheater
to the convertor is insulated o= some of the units., It

13 desiredle to avoid loss of heat anywhere along the
line of flow, up to the top of the convertor pot, and

at one ti=c the pot lids wore insulated. It was found,
however, that greater distortion of the pot covers and
bolts resulted.

The insulation of ths vapowr pipe from the sscond preheater
to the conversion pot is not an easzsy task. In some cases,
asbestos fiber, mside a sectional (lobster back) cesing

is used, and in other cases & special Jobns Mansville
powdsred product in 8 dust-proof stesl ocasing. This
insulation and casing adds to the weight of the pipe, and
may ocause sagging, and all these long pipes, from 2nd to
3x»d pot, whethar insulated or not, have support stirrwps,
which, howsver, appear to be out of use.

In addition to the vapour inlet and outlet and the thermo
well, each pot cover has a fowrth opening. On the conver-
tor pots this is blanked, but on the lst and 2nd prehesters
this opening is used to eonnect ths balancing line. These

~ comnections run in 1" pipe vertically for about 7'-0",and
then Joinm into a horirzontal hesder running to the bottom
of the column, item #8, There is & pipe cowpling on this
1ine about 2'-0" above the pot ocover, then a brench for a
pressure gauge, then a stop valve, which iz normally closed.
These gauges show the pressure in the space above the lead
in pots 1 and 2, and the lines wmay be used to by-pass a
pot in emergency, and to prevent lead from being forced
backwards into the wvapourirzer., There is a pressure gauge
on & brench in the wvapour line from the convertor pot to
the colum, 4lso a brench for the sampling condenser des-
cribed under “Control Tests” on page 75 above.

There is a hsavy I-beanm about 18" deep, with 6" flanges,

and with a chain bdlock . . permanently installed, running
along it , ons for each row of 3 pots, with a hinged section
of the floor to permit lowering a pot or & lead trep to the
ground floor. When a pot is put out of action opportunity
is taken to clear detris from the bottom of the fumace.
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#6A

Yapourisers
Drawings. 9C-7835-5 9C~902%
9C-8159-1 9C-9025

One per conversion unit. Each consists of a single coil
or of two coils in parallel, in a brick lined steel
stack through which the flus gases pass. Benmnepasses
downwards through the coils countercurrent to the fiue

gases.

The vapourirzers first installed at Anniston had two
coils in parallel, one inside the other with a coumon
inlet header, and a control valve on each exit, leading
to a Y pipe into the first prehesatsr. This arrangement
was found inconvenient, and has (except in the case of
one unit) been abandoned in favowr of a single coil.
There was some doubt adbout the proper sharing of the flow
between ths two coils, and considerable trouble with car-
bon dlockage. Anniston report 1682, 0Oct.15/%1, states
that corrosion of the vapourizer coils may occur by con-
densation of moisture from the flue gas, near ths point
of entry of the cool benzene.

A smll leskage from & vapourizer c¢cil into the flus mmy
easily pass unnoticed, because the bentene will probably
not ignite in the stream of flus gas, and the leakmmy
cause serious losses before it is discovered, As &
safeguard against heavy losses a sample of the flue gas
is aspirated every day from & point in the flue, imnedi-
ately above the vapourizgr coil on each unit, and 1is
passed through a mixture,,equal parts of sulphuric and
nitric acid. For this purpose a £" steel pipe is per-
manently installed in the vapouriger flue and all these
pipes are carried down to a test bench on the ground
floor. The sulphuric-nitric mixture is put into smmll
rubber stoppered bubdbling bottles, which, for safety,
are sheathed in simple steeam-pipe sockets. The bench
has & simple water aspiretor, and it is the night opere-
tor's duty to test all units. Hes sisply aspirates the
gas through the acid for about 10 minutes, then amslls
the acid bottls.

Blockage of the vapourizer 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 vapour strean.

The flus gas must, of course, bes by-passed round the va-
pourizer when the benzrone flow is stopped. A coil should
give over a year's servioce 'bgroro needing repair.
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#6B By-Pass Flue
Drawing. 9C-7845-5.

One per oonversion unit, ritted with a darper, 7o allow
\ﬂm gases to by-pass the vapouriser as necessary.

f1  1oad Trep
Drawing 9C-81%3-3.

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

On soms of the Anniston units, the lead trap 1is a rela-
tively smmll steol vessel, so placed that lead can drain
back from it to the convertor. In the newer units, the
trep 13 larger and stands on a steel plate on the opera-
ting floor, which is nearly at the level o the flanges

of the lead pots. These traps take the form of flat-
bottomed cyolcones 3'-6" s 2'-0" diameter, with a
central pipe 6" diameter, for the gas exit , and the
ustal tangential inlet for gas, high up the side. It

has been found best not to carry the central pipe more than
about 1%" down inside the trap, otherwise its bottom end
becomes choked too soon by lead and by solid debris (iron
oxide, carbon, and shots of entrepped lead). In s trap,
seen Nov/50, the layer of ontreined lesd was 13" deep,
and there was considerable solid detris as well., After
the lead had been melted out this vessel was cut open to
permit the shortening of the immer tube, and opportunity
has taken to dig out the solid debris.

¥ote on Emptying the Iead Trep

The unit is shut down and allowed to cool a 1little, and
some diphenyl etc. may run back into the lead trap and
nyt&lmﬁrewhentbotgr&pisopmd.

Each cyclone has a 1ifting hook welded on, opposits the
g: et; this is for the yard crane; inside the shed
pot 18 lifted by a stirruyp bolted to the centreal

outlet flange. Ti» cyclone is lowered to the ground
floor, picked wp by the yard crane, and takan to ¢ melt-
ing table in the screp yard, and put on the table with
ths vapour inlet downwards, (vessel on its side), and
flames of naturel gas played on the pot until lead
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#7 Lead Trap, contd

runs out on to the tadble and down into a lead melting
pot, from which it can be run off at convenience into
molds like those used to empty the pots. The melting
pot has & brick setting, and a proper gas dburner, dbut the
cyclone is hoated simply by open flames, confined some-
what by means of shoets of corrugated iron. The natural
gas bas & high ocalorific valus, so the melting is quick.

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

Note on Repairing Lead Trap & Column

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

the introduction of aifice plates in the vapour pipes

from the coavertor), and they wear thin. The unit being
shut down, and purged with COp, external patches can de
welded on, A useful trick first is to weld a pipe

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

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

put in a screw plug. Such repairs are done with the vessels
in their working positions, but filled with COs.

The trap bas to stand up to fairly heavy handling when
being cleaned, apart from the high temperature dwring ser-
vice, and it should be of heavy plating. Stainless is not
necessary, and thin stainless would be unsuitadble,

#8 Preotionating Columms on Conversion Units
Drewing 9C-8131-%.

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

box F12.

Vapowr out at the top to condenser #11l. Underflow out
at bottom via carbon trap #9 to sump tanks #10. Thermo-
moter well at point of entry of reflux line to colum,
and one in the exit from the carbon trep.

The column has 12 plates, but the caps have been removed
from the lowest 2 plates because thsy became choked with
entrained lead, etc. The lead would be above its melting
point as it entered the column. The need for so many
plates, for a comparatively rough se tion of benzene
from diphenyl, has beon questioned, t plant experience
indicates some difficulty in maintaining a reascnably

DSW 462154

WATER_PCB-SD0000050747



Equipment List, contd
#8 Practionating Colums on Conversion Units, contd

low content of 4iphenyl in the distillate and of benzene
in ths under flow of the column,

Presumbly the plate efficiency is low because of the
dilution by genl and poasibly there is fouling of the
plates by car ocarried forward in the vapor strean,

The plates have the usual drain holes to prevent block-
age by freezing. Dosign 4ats were unavailsble, May 14/%8,

The orude diphenyl tanks are heat insulated, and any
stoam jacketed lines outdoors, The columms
have no heat insulation.

Packed colums wers used on the earlier units, but they
became plugged with solid matter carried forward from

\‘tho potl.

#9 Cardbon Trep
Drawing 9C-8143-3.,

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 the ground level before rising
again to the suxp tanks, so forming a seal bend between
the trep and the sunp tank. This sotl bsnd and all the
piping are stoanm jacketed, immer tube 2" diamater.

These traps are removed from the unit for cleaning when-
Srer necessary, about every third month. An opportunity
my ocowr when the unit is shut down for soms other purpose,

The temperature of the column trap is below the melting

point of lead so that the lead that settles here is usually in
finely divided solid particles. However, due to the nature

of the infukfble, highly ocarbonaceous organic materials

that settle also, the lead is intermingled and agglouerate}/
Jato a s0lid mss. Thus 1t is necessary to burn and melt

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

to lead is greater in the "carbon® trap than in the "lead”
trep

Amniston report 16%¥2 of Oot.15/31 states that this carbon
trep needs oleaning every 3-6 months, and that, although
it has a bottom outlet plug, it has to be taken out and
cleaned by dbDurning. As seen at Anniston in November 1950,
these pots were siglo vortical steel cylinders about 3'-0"
deop by about 1'-6" diamster with about a 9" flanged neck
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#10

#10A

Carbon Trep, oontd

to conneot to the bdottom of the colum. The cover &lso
had an inspection plug and two Mting eyes to facilitate
bandling for mmintenance.

Sump Tanks for Crude Tiplenyl

Horizontal, steel, insulated tanks. Underflow in, by
gravity, from column # via carbon trap #9. Out by sub-
merged pusp #F10A to Diphenyl 8Still #£13. All liquor lines
thoroughly steam jacketed. Vent to off-gas systen.
Steam coil connections. Varec liquid depth indicator.
Vent with explosion disc.

Mr. Ellenburg, May 1%/38, stated that these tanks are
operated at about 125°C to prevent crystallization.
When seen in November 1950 the vent pipes were quite
hot to the touch.

Submerged Pump

For transferring crude diphenyl froma sump tank to diphenyl
stills. One to eash surp tank. Explosion proof motor.

Condepnsers on Conversion Units

Drawing 9C-9055.

One to each conversion wnit. Tube and shell type, water
through the tubes, YVapour in from colum #3 and conden-
sate out to Reflux Split Box #12, thro & strainer with
by-pass. Belancing line from top of Reflux Box #12 to
condenser, with connection to hydrogen off-gas system.
There is also an emergency vent to the atmosphers.

‘Amiston advise against the use of copper tubes, because
of the sulphur impurities in the benzene. They advise
making this condenser of anmple capacity.

Reflux Split Box.

Drawing 9C-9055.

Standard Rotaweir, with sight glasses and levelling screws.
One to each conversion unit. PForward flow returns via
sight glass to recycle feed tank #3. 8Sight glass in reflux
line. Both lines have deep seal bends, 4nd there must be
turr‘j:ciea‘{ haad between the reflux box and ths retirn inlet
to tks solumm. :
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Equipment lList, eontd
#13 Diphenyl Still
Drawing 9C-825%.

Two are installed. Horizontal, insulated, steel: tank,
Subnerged pump with water cooled dearings, and outlet
to external ga.s-hestod coil with branch to ocrude Banto-
wax receiver #20.

Inlet from #10 swxp tank and "Heads and Tails"™ receiver
#18. On one dished end is return line from bottom of
colum F1%. Retwm line from heating coil. Vapour
otitlet to 'botton of colum #14,

A" vent pipe, from a hranch on the vapour pipe to the
column, csrried wp through the roof. This vent pipe

has a bursting disc between two flanges located about
6'-0" above the vapour pipe. In one case, the &'

length of pipe is jacketed (Jacket espty), and in the
other case it is bare. Immediately below the flange
there is & thermo well, with a thermo cowple giving a
continuous record on the Multipoint temperature recorder
in the instrument room. It is found that tho discs
slowly becoms perforated, probably by sulphmr compounds,
but even a smll perforetion is detected by the tempere-
ture rise. The pipe above the flange is supported on
rods with a turn-buckle fitting by which the pipe can
be lifted for easier replacement of the disc,

The bursting discs are B.3.&B. dibes, e A1-Pb (lead
on ths oonocave surface) "Vinyl service . Bursting
pressure 39 (in another case, 43) p.s.i.g., carried be-
tween two B.3.%B. type [I[langes.

#13B Heating Coil
n-mrmga 9c-8211, 9c-8212.

One for each still. Supported in a steel oasing with
firebrick lining. Gas fired. Liquid circulated by
pump FI3A from and to still #13. Flow is countercurrent
to flue gases.

Balf the casing hinges away on a steel track for access to
the coil.. The circulating lines are steam jacketed. Note,
however, that 1if water is trapped in the Jjackets and the
hot diphenyl ciroule.ted. a very high pressure would develop
in the jackets.
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Equipment Iist, contd

F14

£15

#16

17

Column )
Drawing 9C-7870.

One for each still, 20 plate columm. Drein holes in
plates. Vapour inlet at bottom from still #13. Re-
flux return from split box #16. Underflow from dottom
back to =t1l1l #F3. Vapour out to condenser #15 via
goose neck. .

Anniston formerly used a packed columm, with a direct-
fired still, but the results were not so good as with
the present bubbls cap colum, On May 12/39 Anniston
axpressed the opinion that the 20-plate columm, proposed
by London Central Engineering Dept. would be adequate.
Special care is needed if the reflux line to the still
is not to freexe,

Condenser
Irewing 9C-9872.

One per still. Horizontal tube and shsll. Vapowr in
from top of colmm #1%¥. Condensate out to split box #16.
Cooled by water through tubes, circulated in a closed
mte:e" by pump #23 through heat exchangerf£2 with mke-wp

Reflux Split Box
Drawings 9C-8223 ana 90-822%.

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

flow to denrene receiver #21 or through box #FIT to re-
colvers #18 and #19. Vent pipe, steam jacketed for
ococasional melting out, (should have flame arrestor).

The reflux box should liave steam tracing for use while

the diphenyl frection is rumning.

Swivel Boxes for Switching Diphenyl Still Distillates
Ixewing 90-7886
One for each still, Condensate in from Reflux Split Box

#16, and out, by manual adjustment, to either "Heads and
Taila® receiver #18, or Diphenyl receiver #19.
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uipment List, cont'd

#18

#18a

#19

£19A

#20

"Heads and Tails” Receiver.

Drewing 9C-812k.

One for each still. Vertical tank with sudmerged
pump.and manhole. “"Heeds" or "Tails” frection of
distillate in frazSwivel Split Flow Box #17. Stean
coil inlet =2nd outlet. Submzerged pump delivery line
back to still. Vent line with iower portion steanm
Jacketed and carrying bursthg dise.. Inspection hole
with loose hinged cover. Bottoa outlet.

Subnerged Pump

One per Haads and Tails receiver. For transferring
Heads and Tafls fraction to 3tills#£13.

Diphenyl Recéivor

Yertical tank fitted with submerged pump F19A.

Diphenyl fraction in from Swivel Split Flow Box #f17.
Pinished product out via pum delivery line to Aro-
clor Plant, 3tore tank or Flaker.

Vent with lower portion stesm jacketed and with
bursiig disc. Kai hole and cover. Handhole with
loose hinged cover. 3teanm coil inlet &and ocutlet.

Subnerged Pump

One for each Diphsnyl receiver £19. FNor transfarr-
ing diphenyl to Aroclor Plant, Staore Tsnk or to
Flaker. Explosion proof motor.

Crude Santowsx Receiver

Drewing 9C-7877.

Yertical tank with submerged pump #20A. Inlet from
submerged pump #F13A of still. Crude 3antowax from
outlet of subdwerged pump #£20 to #34B of Santowax Dis-
tillation Unit.

Handhole and lcose hinged cover. Hanhole and cover,
Steam coil inlet &nd cutlet.

Steam jJacketsd vent and bursting disc.

Crude 3antowax to drums through bottom outlet.
Second stpam Jacketed vent with hand valve.
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Equipment List, contd

#20A Submerged Pump

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

Buffer Storege Tank

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

#21A Pump

Recelving recovered benzene from duffer storage tank,
#21, and delivering to recycle feed tank #3. Explosion-
proof motor. .

Hoat Exchanger

One for each still. Receives bhot circulating water from
condenser F15 and delivers cooled water to puxp #23.
Cooling water through tubes,

The circulating water is maintained at 30-%0°C duwring
ths benzene forerun, and about 800C during the diphenyl

- fraetion, (by band control on the fresh cooling water

24

through the tubes in each case). Compére page X7.

Pusp

One for each still. Receives circulating water from hsat
exchanger #22 and delivers to condensers #15. Explosion-
proof motor.

Make-up Water Tank

Ons for each still. Recelves make-up pond water as
necessary to replenish water lost by evaporation on cir-
culat tirough condenser #15. Bottom outlet to circu-
htﬁig . Overflow. Constant level device for con-
tro receipt of make-up water. Condensed water
would, of course, be better for this mmke-wup.
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#25 Cooler for Hydrogen
Drawings 9C-80%0, Griscom Russel Co. NYB-14836.

Eachd the four parallel units of the original ocooler
has been swrrounded by a uateu- Jacket to inarease the
cooling surface.

Receives hydrogen, for cooling, from a main serving all
the convertor units., There is & vent with hand conirolled
valve connected to the hydrogen inlet via & denzene trap.
The latter is a smll pot containing baffles and drein-
ing to the surge tank §26.

#26 Surge Tank for Hydrogen
Ixawing 9C0-8188

Receives cooled hydrogen and condensed dbenrzene from
cooler #25 and benzene fromx the vent to the hydrogen
cooler. on delivered to inlet of compressor #29.
Condensed ene flows by vity through 'botton outlet
to either of the two tanks . Fitted with 55" water

to provide pressure release if necessary. Water

has a vent with flame arrestor. Line to instrument
controlling pressure within limits of 11-16 oz. Pressure
geuge. Balancing line to benzene receivers #27.

When the pressure drops to 1l oz., the compressor low
stage becomes inoperative and only the high stage operates,
When the pressure reaches 16 oz both stages operate until
the pressure falls again to 11 oz. (per sqg.in.)

# through the roof,
#27 Benzene Receivers

n-uring 9c-8188.

One for each conprosaom'. Receives condensed benzene from
surge tank ¢ from low pressure tank #31, and high
pressure ta.nk #33 through s t glasses. Benzene out

via bdottom outlet to punp #2838, Balancing lins to surge
tank #26. Lovel gauges

#28 Pump

One for each compressor. Receiving condensed dbenzene
from ;;nzeno receiver #27 and delivering to recycle feed
tank #3.
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#29 Two Stage Hydrogen Coxpressors

Drewings 9C-8188,
9C-T366, wiring and controls, revised version
sent to Mr. Buis, Jan.18/50.

™wo are installed. Tho first stage compresses the hydro-
to 60f#, and the second to 3 pressure. Provision
or introducing COs; for purging purposes. The cozpressors
themselvss are water cooled eand there is a smsl]l verti-
cal tubular condenser after each stage, draeining to the
corresponding pressure tanks, items #31 & #33.

Ir. stated, November 17/38, that ths compressocrs
have: 310 stainless shafts and valve discs, Ni-resist
cylinder liners and valve cages, Goetz gaskets, stainless
steel or aluminum type, and that copper and its alloys are
undesireble.

¥o copper or Ixrass gaskets should be used, and generelly
copper and its alloys are avoided. Mr. Clegorn, Nov/50,
mentioned gaskets of Babbitt metsal for the compressors

Amniston were asked if un-lubricated c¢ylinders with car-

bon rings would not be better, but they replied that

finely divided ocarbon, which might come over in ths hydro-

gon stream, would abrede the carbon rings. Drawing 9C-7366
the wiring and control tem for a single coxpres-

sor, vas sent to London, My 2#%3.

The compressors are fed rathsr liberally with lubricating
01l to cope with the possible condensation of benzene

in the oylinders, but Anniston have not noticed any trouble
from lubricating oil getting into the process stream,

Mr. A. M. Ellenburg, June 30/%8, gave & goneral discus-
sion of the operetion and control of the compressors,
incidentally giving 150 and 300 p.s.i.g. as ths two
pressures, stated that thess valics were not critical
and that the cholice turned on considerations of cylinder
size and quantity of gas to be handled.

Progressive unloading would dbe satisfactory as an alterna-
tive to the "trigger, on & off" unloading control used
at Amniston. By Nov./50 the solenocid unloading controls
bad been replaced by pneumatically operated controls,
partly for reasons of safety. Klectrical switches would
n any case be outside the compressor room. The room is
&uﬂmtod by flood lanps placed a few yards outside
windows.
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#30

F3l

#33

Interatage Ooo].or

One for each compressor. S8imply oonsists of & vertiocal,
water ~jacketed pipe between outlet from first stage of
compressor and inlet to low presswre tank #31. Gas

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

;tu #31.

Iow Pressure Tank

Drawing 9C-8188,

One for each compressor. Receives hydrogen at 60#, via
interstage cooler #30 from first stage of coxpressor,
and delivers to second stage of coapressor. Condensed
benzene dlown to benzene receiver #27. Bottom drein
coock. Pressure gauge.

The tank has a pop valve to open at 100 p.s.i.g. and

a bursting B.S,%B. aluminium, with lead facing
onths pressure s open at 150 p.s.1.g. Both
these have hooded vents well above the roof of the cox+
pressor room., The vents should be well away framz the
roocf louvres of the oconversion roomxs, and the still
furnace room. A connection, originally installed be-
tween iten #31 and the gas inlet to the compressor, was

Cooler

Similar to £30,and cools the gas passing from outlet of
mon$3;tago of the compressor to the high pressure
tank .

High Pressure Tank

Drawing 9C-8188.

One for each compressar. Receives hydrogen at 300§ via
cooler #33 from second stage of compressor and delivers
to HB-40 department. Excess vented to atmosphere. Con-
densed benzene blown to condensed benzene receiver #£27.
Bottom drein cock. Pressure gauge. A oconnection, origi-
nally installed between item #33 and item #31, with a
reducing valve, was removed.

There is & spr -operated release valve to atmosphere,
opening at 300 1b gauge pressurs, also & pop valve to open
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#33 High Pressure Tank, contd
at 380 1b and a rupture disc to open at 580 1b.

Anniston installed float type traps to discharge conden-
sed bentene from the pressure tanks, items #31 & 33, but
discarded them because of leakage past the valves, It
is believed that traps made, for instance of 316 stain-
less steel, with nardened seasivings, might serve., At
present, the benrene 1s dischargsd by mesns of hand-
opereted valves, as described on page i3 abovs.

#3%B Charging Tank for Santowax Still

Vertical tank with submerged puep #34D., #34B receives
crude Santowax from crude Santowax receiver #20 via the
submerged purp #20A. Return line from preheater #3i4C.
Delivery of submerged pump is to preheater or, for the
preheated material, to the still ¢#35. There is an inter-
connection, low down on the side of ths tanks, between
#38A and #3XB, also a 4" connection, about 8" from the
top for use in ocase the bottom connsction should de
frozen at the start of ths heating process. Inlet and
outlet of heating coil. Manhole with hinged 11d.

#38 Charging Tank

Similar to #34¥B, but only  ocomnections are the inter-
connecting line between the two. Vessel 34A simply
adds to the ocapacity provided by 34B, and it has no
P of its own.

#345C Preheater

A gas fired coil within a trick-lined steel casing.

On side of firewall remote from the still. ZIEntry of
orude Santowex from the pump #34D is at the top of the
coil, and the flow is countercurrent to the flue gases.
There are four gas burners.

#34D Submerged Pump for circulation

For circulsation of crude Santowax through the Preheater
#3%C., Explosion proof motor.
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#35

£354

104

Santorax 8t111

Drewings 9C-8550
9C-8551 General Iayouts,
9c-8552 _

Horizontal tank with aubugﬁed pusp to external gas
heated coil #35A. charge in from submarged
pup #38D of charge tank $34B. Return line “ro... ths
still heater #35A. Underflow in from columm #36.

Delivery line from s od pusp #35B to the still
heater, #35A, or, for st bottoms, to the HB-X0 de-
partment or to the pond. Vapowr line to columm #36,
with dbursting disc. Inlet and outlet for steam coll.

The texperatwure spread in and out of the Santowax still
coil is normally 15-18°C on & Santowax R distillation.
The puwp has a capacity of 100 gpm and & 2% extra heavy
pipe is used for the ooil.

-

St1l11 Heater

Similar to Preheater #34C, but is longer and lns eight
a8 barners. Gas swply controlled to give correct
b@mmo spread between inlet and ontlet of the coil.

#358 Subnergodm

#35

For eciroulating still charge through heater coils and
discharging bottoms to 'pond!. Explosion proof motor.

Golum

12-plate colum., 3 x 1/8" drain holes in each plate to
prevent blockage By freering, It is thought 1 x ¢"
hole would be & better safeguard., Inlet for vapour at

" Dottom from still #35., Inlet from reflux split box #38.

Underflow from bottom back to still #35, Vapowr out to
condensexr #¥37.

Anchcimlwcolumwmamoifonhmtmxku
to be made.

Condenser DSW 462167

Single pipe im form of xig-zag and Jjacketed for water
or steam. Reoceives vapour from top of colwm #36 and
delivm condansate oraflux -putbox#38. It is
ttommthat cannot e trea in the
Jaolat and raisned to & vorynmte@e:— by
Santossx vxpowr. -
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#37 Condenser, contd

Aotmally, only & 4ribble of smater is used, in parallel
flow with the vapour, and the water stream 1s so adjusted
that the reflux split dax temperature is around 2 ’
(point #10 on the Multipoint reocorder) for Santowax R.

An earlier condenser, of shell and t design, using
Aroclor as a cooling =edium, was discarded in favour of
this sinpler condenser, bacause of maintenance troubles.

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

“fhe inner tube is & standard 2" black iron pipe,
Sacketed throughout its X5' of length by a 3" black
iron pipe. ---- by extonding a well-insulated 6"
riser 8' above the top of the oolum, we were able
to get 25! of condenser to comnect to the original
looation of the split box as follows: Fowr 10!
lengths of pipe were doubled back on each other to
give a hair-pin shape condenser (a descending
sig-zag. E,M.), with a pitch of about 1" per foot.
Vertical sections about 9" in length were used

to comnect the long sections. A final vertioal
section of 24' long comnects the split flow box with
the zig-zag part the condenser. The inner pipe
is Jacketed continucusly to prevent any cold spots
on the imner tube, ----- performance wnder the ---
heaviest load 2000 1b total condensate/hr--—--,
-~e== For the ortho and meta terphenyl fractions,
where much lower condensate temperatures are per-
missible ---- the water rate oan dbe increased,~---
It would be worth while to provide a blanked off
connection for ling the condensate even if a
complete (sampling) arrangement $s not installed.”

#38 Reflux Split Box

Standard type, Wit no reflux is used in the purification of
crude Santowex to Santowex R.

#39 Santowax R Receiver

A vertical tank operating under a pressure of 50 mm of
marcury absolute. Receives Santowax R from condenser
#37 via #38. Inlet and outlet for steam coil. Connec-
tion to vaouus pump #30. Bottom outlet to the buffer
vossel, item #39B. Valve for breaking vacuum,

USW 462168
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#3094 Sulmerged Pwmp in item #39B

Delivers to the Aroclor plant, the Santowax R flalker,
or the HB-%0 plant as required.

#39B Santowax Distillate Receiver

Vertical cylindrical vessel 5' x 5', Distillate in from
the receiver, item #3292, =2=4 out by sulxserged pump, item
#39A. (orks under atmospheric pressure. Has steam coil.)

R0 Vacuum Pump

Manufactured by De Vine. Botween item #39 and the vacuum
pu®, Anniston have a sublimate trap and &8 vacuum tank
in the line,to allow settling of particles. No filter

is exployed because traces of terphenyl reaching the
pump &re either dissolved in the oil or discharged to
atmosphers, and do no harm,
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Instrusentation
. 8ee Drawing 9C-9060.

A. Conversion Units
Each convertor wnit has:

(a) A L.&N, 'Micromax' recording-controlling instrument
for the texperature of the convertor pot, which
operetes by controlling the gas supply to the pot.
This same instrument, still responding to the thermo-
ocouple on the convertor, also controls the gas swply
to prehsater. If automtic control should lead
to towards & drop in temperature of the #2 preheater,
then this 1s corrected by turning down taaxners on
the convertor.

(b) A Poxboro "On-0ff" type potentiometer temperature
controller for the £#2 preheater to prevent the tem-
perature of thiszs pot from getting too high, All
pilot lines are taken from the gas line to the #1
preheater, which only has manual control of the supply.

Ths Foxboro controller is & safety device which will
work if the convertor control does not operate. The
convertor control should cut ths gas off on doth
¥o.2 pot and the oconvertor pot if the temperature
gets too high in the convertor, but if the control
fails the Foxboro cuts off the gas in Xo.2 pot.
There is no definite linmit this control, but it
operates at approximatdy 760°%.

(¢) A L.&X. 'Micromax' 12-point recording instrument £
texperatures at the following points: :

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

#1 prehsater leed.
sup line from colummn,

The points for units §3 and #5 have not been detailed
here ~-- thay are two-pot units of a different anmi
less satisfactory ésaign. :
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A. Converstim Units, oeontd

(d) A FPoxboro flow controller for the benzene supply to
each wnit, activated by an orifice in the feed
line., Foxboro Pneumatic Pressure Transmitters
have been installed. In yorember 1950 these were
installed, with one spare, in a separate room which
contained also the moters for the fuel gas, and
which had a coommicating door to the control room
where most of the other instruments were located.

These indicate the flow and also transmit the ori-

fice pressures to the control instrument. There are

also loocated, within the Control .Room, hand valves

and pressure gaugses for each benzol line. See also -
page 31 above,

- B, Off-gas Treatment

(a) A temperature indicating instrument responding to
tharmooouples at the following points on the Hydro-
gen cotler

§ i Hydrogen in 2 points).

Rydrogen out (¥ points).
Cooling water out (% poinu)

(b) A controller respondﬁ to pressure changes at the
hgrdrogen surge tank and controlling solenoid
(more recsntly pneuwmtic) operated valves on the com-
preosgors 80 as to mmintain this pressure vithm the
limits of 10-16 ox. per sq. 1.n.

Rubber fittings must not be use 1 et be
exposed to the process gas, becauso of the swelling
which would be oauzedbythobenzene in the gas.

’

C.. Diphenyl 8tills
Each still has:

(a) A L.& X, "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.

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

for temperetures of
8t111 Boady,
Coil Inlet, this will be about the same as point #l.
Outlet oirculating line.
Top of oolwumn. DSW 462171

> Reflux to columm.
#6 Coalonser Water.

Tf the oirculati should stop ga8 supply to
the burnere e mum tt-_ye.‘.‘.
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D. Santowax 8till

(a) A L.&X. "Micrommx'! 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.

(b) A .. X, 'Mioromax’ tipoint recording instrument
for temperatures of:
St1l1l1 dody,
Heater inlet,
Heater outlet,
Vepour leaving column,

Top inside of columm,
Sight glass at receiver,
Bottom insides of columm,
0 Condensate in flow box,
Preheater inlet,
Prehesater outlet.

Specimen charts from most of these instruments were sent to
Mr.¥.K.Cooper, lLondon, in Ooctober 1947,

Amiston suggest umg:gm: wool trap, about 1 pint sise,

to protest instrument lines from blockage by diphenyl etc., and
using glycerin treps to protect instrmments operating on benzene
services.
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0087 OF BQUIFMENY

Amniston extimte for the installation of 3 dipheuyl units
(#q1, 12, & 13), Jme 26/37, was given on gag of the re-

~ port hy Bavercroft & Mather, September 1947, and 1s not
repeated here, nor are the installed cost ¢ es for other
parts of the plant which were given on page of that

report.
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COMMENTS ON _THE PROCESS

Ses “"REarlier Reports” listed on page 2 above, and “Note on
Choice of Process” on page 6 above.

Effect of Variation in Benrene Quall

See also notes on bonzene under "Specifications & Test Kethods,
page 5% above.

Anniston repart 1682, Oct.15/31, states that, at that time, ben-
Zone with a distillation renge of 79.% to 81°C was used, but

that the freexzing point had to be 5.0°C minimm. Traces of
toluene caused the formation of styrene etc. which accumulated

in the "heads™ frection of the diphenyl distillstim. The amount

of thies was only about 0.0654 of the diphenyl made. Aliphatic
impuritiecs were limited in amount by the 59C specification.

The material contained 0.06 to 0.08% total sulphmr, but this

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

the benzene favoured the formtion of carbon. (Excessive amounts,
1f puwped into the vapourizer, may cause a violent developmsnt

of steam, endangering the joints of the equipment.)

The report refers to work hy F.E.Hubbard & R.A.Ewing, Sept.l7/31,
showing that fresh benzene gives 1.5 to 1.8% more conversion

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

(1) The fresh benrene mey contain some material which pro-
motes the reaction. :

(2) The recycled benzene may contain some material which
hidbits the reaction. -

(3) The recycled benzene may contain some material which
destroys an inhibitor which is present in the fresh

Explanation (3) seems to be ruled out by the observation that
in routine working, with about 80% recycled bonzene,
and about 20% fresh, the conversion goes quite well., As between
(1) & (2) it 18 argued that some grades of fresh benzene show
even higher conversion ratea and it has been shown by experiment
that the addition of ocertain chemioals does actually speed uwp
the conversion.
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Comments on ths Process,

oontd

Effects of "Promotors” in Benrene

The report by Conover cited on page 3 above gives the follow-
ing results in a laboratory unit.

Promotor Added
we

None (recycled benzene)

¥one (fresh benzens)
Aocetic Acid

Bthyl Aloohol

Ethyl Ether

n. Butyl Alecohol
sec., Butyl Alcohol
is0. Butyl Alcohol

Acetone

%

Effect of Size of Dose

2,0¢ im Propyl Alochol

1.0 "
0.5 *
6.2 "
0.15 *
0.1 "
0.0 "

Conversion at 8000C
oy P uc

10
1%.5
23.0
24,0
24,5
26,0
26.5
27.5
30.8

£ Conversion @ 750°C

17.6
17.0
17.1
16.0
12,7
10.8

6.3
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Comments on the Process, contd
Effect of "Promotors” in Benzeme, contd

Promotors have not been used at Anniston in mnufacturing
work. Conover's report recommonds that if the use of promo-
tors in routine mmmufscturse is planned, a trial batsh ought
first to be carried right through to Aroclors, to make sure
the product does not contain any detrimentsl by-products.

If the plant is charged with fresh benzene the conversion
figure for the standard conditions will De atout 249, but
this figure fall as the unchanged benrens is recycled,
and at the end of the day may be as 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 the rate of conversion.

The falling off in the conversion rate would natureally be
very inconvenient in routine manufacturs, so the feed of
fresh benzens is mmde practically continuously 4nto ths re-
cycled benzene tank, so that there is always about 20% of
fresh benzene in the feed to the vapourizers. The reports
Just quoted discuss the conversion reaction in much greater
detail, -

Yapurities likely to occur in the fresh benzene are tolusne,

fins, oycloparaffins, and similar products, boiling around

C. Pyrolysis of benzene which is contaminated with these

will give diphenyl which is likely to be contammnated with a
variety of products, and unless these contaminants are removed
before the diphenyl is chlorinated to give Aroclors, the Aro-~
clors mmde frox the diphenyl are liadle to be contaminated
with ehlor compounds in which the chlorine is more labile than
in true Aroclars. Consequently the contaminated Aroclor may be
jected on the very stringent tests ixposed by some electrical
users.of Arooclors. .. . : : - .

The Diphenyl mnde by is to be used to mke Aroclors, and
Mr. T. G, Crans, Oct.17/37, estimated that about half the Aro-
olor produstion would be as 1254 for electrical uses, so the
question of stadbility of the Aroclors is of importance to MCL.
Apparently, however, the trouble has been limited to “Pyrenols®,
mixtures of Arococlors with trichlorbenzens, and it is the tri-
chlorbenzene which has besen mainly at fault. Mr. Ellenburg
suggested that more intensive fractionation of the diphenyl
might compensate for the use of inferior denzens.

Dr. mg. Dac.23£7idltabod that benzene cﬁt&ﬂmitgd ;:thls
parafrf would yield styrens and apparently vinyl biphenyls,
and that these products, om chlorination, would yield materials
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114
Coments on the Process, oontd

Rffect of "Promotors”™ in Benzene, contd

1ishble to cause skin troubles. The chlorinated products
might be stabilized by being held at high temperatures, but
it was not certain that the stabilization would go far enough.

Tolusne on pyrolysis is said to give some styrene, and it was
Delieved at one time at Anniston that chlorine derivatives of
styrene were ocausing skin troudbles among the workers in the
Aroclor plant. See page 16 above.

In & letter dated April 21/39, Mr. Ellenburg listed alkylated
benzenes and alkylated biphenyls as possidle by-products from
the used izpure benzene, and he stated that styrene and stilbene
ha;oil been identified in the “heeds" fraction of the diphenyl

st .

Benzene homologues on pyrolysis give also dibenryl or deriva-
tives (M.Szwarc, “Hature®, Sept.20/%7).

Effect of Variation in Time-Temperature of Exposure

The process 18 normally run 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 conditionsgiving about 18% conversion of the benzene

into 4iphenyl, terphenyls etc. The retention time correspon-
ding to the given flow rate, naturally depends on the pressures
at which the pots are operated. As the process 1s carried on
day after day, the vapour passages become more and more restric-
ted hy the deposition of cardbon in them, and this reises the
pressure in the pots, and therefore ths retention time increases.
Also, arifice plate rostrioctions are being tried in the exits
from the 3rd pots. When the pressures increase, from either
ocause, the prectice is to reduce the tenperatures enough to
mintastn the same conversion figure of about 18%4. Increasing
pressures also give less entrainment of lead boecause of the
lower linear velocity of the vapours,and the lower tempera-
tures should reduoce the corrosion of the pots, but Amniston
experience is showing that these advantages may be dearly
bought, at the cost of increased maintenance of the pot covers,

gaskets, eotc.
See also under “Process in Detail”, page 34 above.
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Commonts on the Process, contd
BEffect of Variation in Time-Tearperature of Exposurs, contd

Anniston report 1682 of Oct.15/%1 gives the following state-
mont of the effect of variation in pot temperstures:

Teap. of lead Teap of lead in Temp of lead & Conversion

in lst pre- 2nd preheater in eonvertor to arude
heater ' diphenyl
580 725 8%0 18
T00 725 8o 20
580 gg 825 17.7 to 17.9
580 825 21,1 to 21.9
fHwmit 580 800 800 17.9 to 19.3

Carbon formation becomes excessive above 840°C.

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

8009C under certain conditions they obtained 6.2% conversion

at 5 m’ and 1‘0“ at 38 N’so

It 1s stated that ratio of terphsnyls to benzene in the reac-
tion product is about the same as the ratio of diphenyl to
benzens, At 18% oconversion, the ratio of diphenyl to ter-
phenyls, etc., (high boilers) is sbout %.5 to 1, and the amount
of carbon formation is not too serious, but if the § conversion
is pushed beyond 18%, thoe retio of highboilers to diphenyl in-
creasesyslso the ratio of cardbon to diphenyl, so appears
to be about the economic balance for American conditions, even
gl;glngh Amiston cannot sell or use the whole output of high
ars.

See "Design Data for A&th Unit, " Aug.9/39, for a curve of costs
v. § conversion.

Raising the pot temperature gives an increase in output of di-
Phenyl with relatively little increase in ths consumption of
fuel gas and at times smll variations in conversion rate have
been xrde at Amniston to get a greater output of diphenyl, at
the cost of a higher proportion of wastage as highboilers.

Amniston report 1642 cites a report by Durgin, Heald & Perry,
My 15/31, indicating that if highboilers are recycled in the
benzens, the amount of HB in the crude 4diphenyl is not increased,
but that it bas a higher boiling range. Anniston experience

uwp to Novembder/50 indicates that recycling of diphenyl in the
benzene increases the amount of carbon formation.
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Commonts on the Process, contd _ 116

The benzens distillate from the diphenyl still is examined be-~
fore being recycled to the conversion stage. It usually contains
very little dAiphenyl, but if it contained more than about 3%

it would be fed back gradually, or in an extreme case, returned
to the heads & tails tank for redistillation. It was stated

in September 1947 that conversion was reaching 13% in the
second prehsater and 184 in the convertor.

The extent to which the reaction procesds in esch of the 3
pots, naturally depends on the conditions of temperature and
pressure in each pot. Anniston report 1642 gives the follow-
ing figures for vapowr leaving the second proheater:

2nd preheater lead temperature € conversion
6%0°C 1.0

_ 720-T725%C 3,0 to 5.0
775°0 10.0

Distillation of the Cruds Diphenyl

By-produsts, which boil between benzene and diphenyl, build wp,
only very slowly, in the continuous recycling of the “heads”
fraotion, and it iz not difficult to run the fractionation so as
to give diphenyl of the necessary quality. Mr.Ellenburg, May 12,
1949, stated that about 0.1% to 0.2% of the diphenyl yield was
side-trecked in the form of the oll from the "heads" fraction.
Anmniston report 1632 gives 0,065% on the diphenyl as the amount
of styrens, etc. formed.

Varistion in the diphenyl distillation conditions might also
go somes way to offset the effects of impurities in the benzene
used, see pages 55 & 113 above,

Benzene recovery from the Hydrogen

Amiston reported moderately good results from sorubbing the
with mineral o1l. An eotivated alumina absorber was in-
stalled at Amiston, to take up benzene from the hydrogen, but it
gave poor results and was discarded in favour of the present
comprossion system. It is thought that the alumina was not pro-
Rul% lze;otlvatod. See Amniston reports 21%,3ept.22/33, & 9538,
mc L

8ince there iz & use for the compressed hydrogen, the compres-~
sion system appears to be the best for Anniston conditions.

Originally the hydrogen at Amniston was piped to & gas min ard
burned, with maturel gas, under the units, but difficulties in
keeping the ocorrecl z2ir-gas retio in the burnsrs szoom caused

‘a continuation of this use of hydrogen.
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COST DATA

IAbour Requirement

At Anniston in November 1950, one operator per shift could
look after up to 5 conversion units and one diphenyl still.
In addition, there was one chief operator per shift, (but
his responsibilities included Aroclor & HB-40,) and there was
a gensral day foreman, (Curry), covering a number of depart-
ments, inocluding Aroclors.

M, Ellenburg wrote Aug.18/%8;about the breakdown of the
various servioce charges among the dirfmnt products:

Diphenyl Diphml

Crude Diltillod
Steam, lbs 0,10 0.91
01ty “tﬁr, cu.ft. 00037 -
Recovered water, cu.ft. 0.%9 &.%0
Gas, ocu.rt. 13.5 2.2
Rlesctricity KWH 0.050 0.008

The wmnits are given per pound of produst -- for June/38,
and he comments that thore are seasonmal va.riations in such

fm. .

Repair wWork

‘The prectice sheets, pages 120 & 121 bdelow, givo a record of
the frequency of various repair Jjobs.

DsSw 46215
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Mr. Ellenburg, January 20/%8, gave the following break-
dowm of the fuel gas consunption:

ou.ft.[!b.
Aroclor Distillation 0.66
Biphenyl - Crude Units 16.7
Bipbenyl - Distillation 2.2
Santowax R Distillation 1.5

Calorific value of the gas about 1040 B.th.U./cu.ft.
at 60°FP and atmospheric pressure,
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This report is mainly a corpilation of information
drewn from Anniston reports and from discussions
and correspondence with many members of the Annis-
ton staff, whose willing and adble help is grate-
fully remexbered.

The reports made by Messrs Havercroft & Mather,
September 1947, bave been incorporated, also
that of Mr. H. L. Barden, August 1950, and ob-
servations msde by the author during visits to
Amniston.
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page 1
INDEX
(Onderlined figures denote the more important entry
under any one sudJject)
mmm... * e o v ® O ¢ @& e @ e ¢ e 9 122
Alumina absorber oah;ydrogeu (abandonod). e e o o« o 116
Aroclor, electrical standard required . . . . . . . 55,113
KERZEEE, catalyst in, see "Benzense, Joffect of
- catalyst"
danger from overpumping into feed tank . . . .30
W&Oﬂ'&t@m......--.-..eg,S
discharge from pressure vessels . . . . 44,103
eff“tofoat& t in ........-529-,111-
effect of LHpurities In . . . ¢ . o 03,16'5 ,IIIT'-
effect of Promotors IN ¢« « + ¢ ¢ ¢ ¢ ¢ o o s 11D
effoct of aUIPhUr 1IN ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o o111
effect of water in, see "Benzene, water
in"
feed nta..-..........29-,83
ses also under "Instruments”
fmntooootooooooooovo-ooo31
feedmtoa‘mm.wtmmcooooocco?
fﬂtcr!..-.'...o........30,31,85
e 6 & @ @ ¢ ° @ O ¢ 6 ¢ e ¢ e * @ s

handling

leakage into flues, method of detection
deacrit”dooooooooogl
mentioned. . . . . . 32,36,76

losses in ths hydrogen stream, Anniston

-report mentioned . . ¢ « « 3
physical properties of « « ¢« ¢ ¢ ¢ ¢« « « « 010,11
pw.. L d L} [ 4 L 4 * * * * e * [ ] * L ] * * * L 4 . 083,&
quality, effect of on Aroclor workers. . . 16,114

quality of, suggestion to do better frac-

tionation of d4iphenyl to com-

pensate for poorer benzems . 55,113,116
receiver from diphenyl still . . . « ¢ ¢ ¢ o »
recovery from off gas, see under

"Rydrogen"
recyocled, reacts -oro slowly, see
“Benzene, effect of catalyst”

recycled from diphenyl still, examined . . .37,5?
recycle feed tank, . ¢« ¢ « o ¢ ¢ ¢ « o o o 29
Woum e e 000000000005,29-']11
rocyclingshouldbofur]:tmirm. e o o o » 30
risk of nm’.ﬂg convertor with. . . . ¢ o o o 30
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page 2
Benzene, spesifications and test methods, . ., . . e o > ?-
’tm‘emkﬂ e © ¢ 8 e 6 @ ¢ &« ¢ o ¢ e 17)
atm’etaaka,riremangemnta........g
store tanks, obJections to internal
coil!ln........-....&
sulphtn‘ina................54,111
mtmom......o..o....... -
trap failure in Ho syste=. . . . . . « « . 44,10
trapping of water fromM « ¢ ¢ ¢ o o o ¢ o e 029;3§
wator in, QANE6TSE TG o o o ¢ o o ¢ ¢ o o 29,83
offects of . o ¢ ¢ ¢ o o o ¢ & 29,111
aouce.or.....'..."".
B\lildiﬂ&ﬂ...-....... -;.........82

sec also under ’Ventmtion

Bursting discs, on diphenyl stills. . o e .18,%
on vessels . . . . . . « « o 18,102,103

L)
*
°
L]
L)

By-Pass fluo, soe er "Vapourizer™
CARBON, build-up, bursting pressure of. . « ¢ « « ¢« « « 89
build-up, favoured by presence of water , . . 111
build—yp, favoured by recycling diphenyl. . . .ug
build-wp, in the conversion system. . . . . 3%,11%,4¢
burning out from pots and PIPes « « « ¢ ¢ o o o X1
detaction of Dlockages. . « « 2 o o « ¢ o « « o 81
dioxide, connection to convertor. . . . . . 19,31
uum@,wmcocoovco"cacco3lgg
dioxide, not used in di,phml sti1l1l . . . . .18,
dfoxide, suggested use to remove carbon . . . . X1
dioxide, use in checking conversion system. . . 37
intentional addition to lead pots suggested . . 22
precautions in burning out (damage to
equipment). . . « o %1
(risk of poisoning by lead
Yaponr)...--.........kl
ﬂmeamm1wc°2o ¢« @ o @ 2 ¢ o @ o o 041
tetrachloride in fire prevention. . . « . .17,3
ttap,cle&nimcf........-...--.
trap, de8cription of. « « « o ¢ ¢ o ¢ o o o o o OH
tl‘apdpel‘etionof........-....,.43

Catalyst in fresh bonzene, see under "Benzene,
c&ta]Jlt in"
Charts, sce under "Instruments™

Chlu‘imtion of diphenyl, montioned . ¢ ¢« ¢ o ¢ o o ¢ ¢ T
see also under "Aroclar”

Chlorination of SantowaX . ¢ ¢ « « o .""..'63
Chlorine, determination of, in Sa.ntomnx e o o o o o o o

CholicCo Of PTOCEBB ¢ ¢ o « ¢ ¢ « ¢ o« « o « 6 o o ¢ « o« « 6

Coluwm on convertor, arrangement of « . « o« o .....;2
convertor, choking of . « « ¢ « ¢ ¢ ¢ « ¢ 93,

Oonvel’tdl‘, Officionoy Ofo ® ¢ ® 6 e ® e ¢ 093-
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diphenylatﬂl......-......-..
s&ntm’tulooooooooooooooocl
Cmnontaonprocoaa........'...........].11
Compressors, see under "Hydrogen, compressors”
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opmtionof......3
on diphenyl astills, description of ¢ ¢« ¢ ¢ « 27
operalion of. ¢ ¢« ¢ ¢ ¢ o
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COVAT' ¢ ¢ ¢ ¢ o ¢ ¢ o o ¢ o o o .~1'~2,86-
covers, bolts of, cut,in. .
repair Work « « ¢« « + + « o o 88
covers, Jjoints, see under
"Gaskets"
covers, warping of .« ¢ ¢ ¢ ¢ ¢ o o .#2,%
cracking of welibetween pot & rim . .¥1,
depthorloadm...........gg
d°scr1pt1°n°r ® e e ¢ e v ¢ e ¢ © ¢ o
design of AIP-PIPEB ¢« ¢ ¢ « ¢ « « o + « 86
eq)tyingof.............«39
Oq‘nlizmglm”woovcnoo¢ 33,%
flue arrangements . « « « « « o . 36,341,
leakage of lead or vapour from, '
detection of « + ¢ « « o « o 42
meintenance of .......,...41‘,28
moving without exptying . « « « « - « &
/ OpOTAtIOon Of « ¢ ¢ « o o o ¢ o o o o o 32
overhsating of wper walls. « « » « « « %1
pressure gauges, see under
"Equalizing lines"”
‘1.0000.000000&2
pmssm.mnoonooooooaoon
rmirm..."."......‘ 2
rmthickm'..’.".’..'.&
rim wolds creoking. « « + « « « o - 41,88
rotation of between different
settings. « « « « ¢ o o o o o B2
letti.ngof..........-...33,_8_§_
see also, "Conversion Pots,
flue arrangements"”
atart:ngof..............‘;’g
BtoppIng Oof . ¢ ¢ ¢ ¢ e o e o o o o e o 3
mmt‘n‘e. of........-33:3§:51
tenperature control methods . . . . . 107
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Conversion pots, teperature controllers. « « «  « 3%-,107
tobe free from casings. ¢« « « o ¢ o o »
vibtration of, See "Vibration"

Conversion process, adjustment of tenperature to

conpensate for pressure varia-
tions. See "Pressure increases,
compensation for"

degree of conversion in each of

the 3 pots. . « « « . 116
doscription of ¢« ¢ o ¢ ¢ ¢ ¢ ¢ ¢ o o o 32
Offccto.fvaPﬂbleﬂino e o e ¢ e o .11.".-
two pot system mentioned . . . . 32.82,85

Conversion test, detalls of . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ « « o « 75

mtimed .CO..."'..'...3

coomm‘o-ooo‘00000000-000-00019,20

Copper and alloys, failure of in H, system. . . 2§,63%,101,103
not recommended for

CONAENBOLB o o ¢« o s o ¢ o o o o 95

Corrosion, effect of impurities in lead feared. . . . . « 57

@Mlmuooe....o-........ﬂ-

Of CONVErtor POLB. « ¢ « ¢+ ¢ o « o o o ¢ o o o ¥1

of convertor pots by lead blast
(Anoton report)e ¢« « ¢ ¢ ¢ ¢ o ¢ ¢+ « 3
try stainless steel for traps in H, system . .103

c“t ot eq“ipmt LJ L L4 * L J L] L4 * L * L 4 - . L 4 L * L L d L4 'llo
co’t ormctm ¢ @€ e e o o 8 ¢ ¢ © ¢ & o o ¢ s o ¢ oll?"
mmctm, pl‘&ctice Bmt' ¢ @ e @ ¢ @ o ¢ o o 0120"
manufacture, versus $ conversion. . . « « « « . o11
Cost 8h°°t,vdjpm'1¢ e ¢ ¢ o @ v e ¢'e e e o @ ¢ ¢ a ¢ <11
Cost shoeet, SEBNLOMBX Re ¢ ¢ ¢ ¢ o ¢ ¢ o ¢ ¢ o o o « o o« o119
Crude diphenyl, analysis method fOI' « ¢ « « « « ¢« s o o « T6

composition of, see "Flow Sheet"
ta.nkn,desoriptionof........ooQS
Crude Santowax, see "Santowax, Crude"

IESIGK DATA BOOKS (Anniston), 1listed . . « « o + « ¢ o ¢3,%
Design data book, (London) discussed by Ammiston staff. . .4
mwj.wtuhtiw, cormonts ONe ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o .116
control tests. « .+ .« <« o o .:'s(,gg,us
cutpointl.......uﬁ,,,llﬁ

out. points, variation
of suggeated to compen-
sate for poor dbenzene .
description of . . . . .
£ire hozard in ¢« ¢« o ¢ o ¢ « o ¢ o 17

heads fraction, amount

oeliminated . ¢« ¢+ ¢« o .28,#8,116
reflux retios ¥5;¥7,g2
Diphenyl, MCL do not expect 10 8611, . « « « o « « « o «T,48
physical properties of , « « « ¢ ¢ ¢ ¢ o « o 11,12
specifications and test mothods. . . . . . 58
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Diphenyl still, benzene recoiver of, describod
bottoms, see "Cruds Santowax"
‘b\n'atmgdiscon.............
colum, see under "Colums”
ocondenser described . . . . . e o o o
condenser, indirect, cooling or o o
ocondenser, texp. control of ¢« ¢ ¢« o
condenser, heat exchanger om .

“m Of [ 2 L ] .- [ 4 [ ] [ ] L J
condenser, crude Santowax receiver.
description of . . . o
diphenyl receiver . . .
distillate switch bax .
formerly direct fired .
heads & tails receiver,
heat cut off if puwp fails.
heat exchanger on condenser
mtm °°u. * * ® * L J * L d

'3
3 %99

59829938

S,

L 4 L
[ 2 L 4
* e
[ 4 [ ]
* [ ]

e & & & o
e & 0 o o
4 6 & & & o

e 8 & & ¢ 0o & & & o o
® & & & & & 0 6 ¢ o & o o
@ & & & 4 © & 6 ¢ 6 & o o

precautions in charging « « « . S,
dlschargirg . o . X8
‘t&l’tm . o o 18,48
safety disc, see MWI St111

bursting disc”

terxperature control ., .

temperature recorder. .

te'tr’emo s o o o e
Distillation, see "Diphenyl distillation
"Santowax distillation
m'm li.t. L J * * . * [ ] L 4 * e L J * L] * [ ] * L 2 L ] [ ) L J L ] Ll * .Tr

¢ o o

-*
*
* *
and

EARLIRR REPORTS, see "Previous reports”
Barthing of vO886l18 ¢ « ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o ¢ o o o
Effect of variables, benzene quality. « ¢ ¢ ¢ ¢ ¢ «
catalyst, see ene, effect
of catalyst in"
PTroSBUre . ¢« ¢ ¢ ¢ o o mal
Promotors. « ¢ ¢ o o o e ¢ o
recycled dbenzene . . .,
recycled diphenyl. . .
recycled high boilers,
tims-temporature . . . .
Efficiency figures, see "Cost of manufacture"
Anniston report on losses of
benzene in off g8B. ¢« ¢ ¢« o
Electrical use of Aroclors, ses "Aroclors, olootrioa.l
standards® .
Baptying of lead pots, see "Cmmaion pots, emptying of
Equaliring lines on convertors, ses “Conversion potu
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Equipment list, generael notes on
Extinguishers, see "Pire Pighting"
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me’ ro‘m thb pot ]J—d. * * e [ L 4 L L J * L] L J L J * L e 018 85
?m eq‘u.pmt. o * L J ® * L] L J L 4 o [ ] L 4 * L J L ] L 4 L ] L L ] e -
Fire precautions, Anniston report cited . . . . ¢« ¢ ¢ « o 16
Fueamm,mtim o.-.-..-o....o-lQ,ES
Flangosinpipeu.nos................
m * L * * L J L] L * L J * L J [ ) * * * . * 19'20’82
Float controllers 1n benzene recycle feed ta.nk, see
zene feed am‘e.ngemnts

Flow controllers, soe "Instruments”
F’lo'lh“tofmtel‘iﬁla.-......o.......25-
Fractionating colums, see "Colums"
ml 888‘ bmera * * * L J *® * L J [ J * * L d * L L J L ] [ 3 * * L J L 85

“loriric nlm ot. * * L4 L L L 4 L J L ] * * * L * 120‘

calorific value,montioned . . ¢« ¢« ¢ ¢ ¢ ¢ ¢ o .92

CoNNOCLIONSB o ¢ o « ¢ ¢ o ¢ ¢ o o ¢ ¢ o o o o o 3

consunption of, « . - . ¢ ¢ ¢ ¢ ¢ s o o o 11,1208

-4

consunption of, re alad to pot temperatures .35,115
control e @ e 6 & @ @ & 0 ® ¢ © o @ ¢ o o o 36,1
mm. * - L 2 L d L J * L L 2 * * L 4 * * L J * L ] * L 31'

GAS, ses "Pusl gas"”

Gaskets . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o s 0 e ¢ o
Gaskets, mking of for pot covers . . .
Omreportclisted........-

. 25

2,3,6

e o [}
e ¢ o
e e o
e & o
. o -
¢ o
e o
. o

m-#o mtimed * L * [ ] [ ] [ ) [ ) L d L ] * L ) * [ ] [ ] [ ] * L 4 7'18
Heads & tails fraction, 'bnild-up of by-product in, see
"Diphenyl distillation, heads fraction
amount eliminated”
Hoads & tsils fraction, composition of, ses
under "Flow Sheet"
Beads & tails receiver, descxribed . ¢ ¢ ¢ ¢ ¢ ¢ o
Hﬂattn].&noe.'.............o....
Heat exchanger on condenser water, diphenyl still
Heating coil for diphenyl still, described. . . .
operstion of, see 'Diphanyl dist1lla-
tion, description”
Beating coils for Santowsx still ., . . . . &
Hoat of reaction. ¢« ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢« o ¢ ¢ o
Hoat treatment of stainless steel recommended
Health considerations . « « ¢« ¢ ¢ o ¢ ¢ « ¢ &
See also "welfare"
skin troubles in Aroclore ¢« « «
High boilers, retio of to diphenyl, produced. .
required. .
Hydrogen, alumina absorber for benzens abandoned. .
benzene recovery from (Anniston reports).
benzens recovery from, coxmments on. . . .
carbon dioxide contamination of. « ¢« « o
ccpression, choice of prssaures at
two !t&gaﬂo e o o e o ‘e o o o .“,...01
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Hydrogen, compression, flow sheet of uaterials
see under "Flow Shest"”
conpressor, doescribed., ¢ « ¢ ¢ ¢ ¢ ¢ o o ¢ o o 101
comdressor, lubrication of « « ¢ ¢ ¢ ¢« ¢ ¢ ¢ o 101
compressor, operation of . . <« « . o+ o o o <%4,101
Ooolera..................100,102
cooling and CoUPTession. « « « « « o « o o +¥,101
d&ngera........-........18,;2,101
fmlybm’ntﬂthfmlgal.-...... 116
oxygen determination unnecessary . . . . « 19,8
pressure control « « « ¢ ¢ ¢ o « o <%%,100,101,108
roceivers doscribed. ¢« ¢ ¢« ¢ ¢ ¢ ¢ o o o o IOO,M
surget&nk.......--.........loo
torperature recorder on CoONpPressor’ . « . o « o 108
traps on instrument lines. . « ¢« ¢« ¢ ¢ ¢« « o « 209
trspsrorbenzene..............",%
‘mea f&'o e [ ] . L L e L} L ] e L] L] * [ ] [ 4 L ] * 7'

vent connections from crude diphenyl
etc.e&nlCBoocoo‘o'ovlg

INTERMEDIATE FRACTIONS, composition of, see under

Instl'\mtS.... ..coccooconoc'uovlw-
benxzene flow controllers . . . . . e ¢ o« o 31,108
charts sent to BiCL ¢ « ¢ ¢ « ¢ ¢ ¢ o o 03#,50’]..%
conversion pot temperature controller. . . 34,107
conversion unit temperature recorder , . . 2&,1
dAiphenyl 8t1ll . « ¢ ¢ ¢ ¢ ¢ « ¢ ¢ o ¢« « « %5,1

diphenyl still, cooling water, no _
longer instrumented. . . . . . #7
float controllers in benzene feod vessel,
"see "Benzene feed arrangemente"
Santowax 1;’.1.... . ....50,1%
Insulsating eomound for pot fm'nace Joint. e o o o @
mmtIMOtooooooooooco-v-0.00090,9#

mmmmm..voolococoo'octt.v.ll?
IMd,dcpthof,inpotS....-............32
effects of impurities In. . « + « « o « ¢ « o o 022,57
o@twimpota....--....-.-......
entraimment frompots . « ¢« o ¢« ¢ ¢ ¢ o o o+ « 30,41
forced back to va gourizer............38,91
see also, Convmion pots, equaliring
m'
lnndnng(ropimotrthaaru)..........%,ag
loaknge Into FUrNACOB « « « « « « « o « o o o 23,42,
dotoctionof...ae....ﬁé
m@l“ﬂ”o’.ooo.ooiooocooo ’#0
mchooooooooooaooooootﬁ;:93
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page 8
lead, oxide, corrosion of pots By. « ¢ ¢ ¢ ¢ « o« o 22,23
poisoning, :Littloriskof...... e o e o » o 19
pots, see "Conversion pots"” .
qmliwof.......-..-.........7
remolting . ¢« ¢ ¢ ¢ ¢ ¢ o 6 o 0 0 s 4 4 ¢ s o o o &R0
spectrographic analysis of, mentioned . « ¢« « « « 57
Lead trep, cleaning of, describod . « o « ¢ ¢ ¢ o o ¢ o o 92
montioned . ¢« . . ¢« ¢ + ¢ o ¢ ¢ o 39
deacriptionofo'o.o..oo.......92
central tubs of, shortened. . . . « « ¢ ¢ «» « 92
mtmmﬂamloooooooooo'oog3
neﬁduotuatainla"ioocooooooo' 3
oporationof...........-.....3
repairing Ofc « o« « ¢ ¢« ¢ « ¢ o o ¢ o o o o « 93

!AIRMANUEOFLEAD'POTS.............39,!1,89
Make-wp water tank on diphenyl still condensing

o osystemt ., . . o o o 99
¥onel badly corroded under pot conditions, . « ¢+ ¢ ¢ « o 22
mt&r 9 L ] [ ] e * [ 4 L[ 4 [ [ J [ ] L ] * L] * * e [ ) ] [} L 4 [ d L ] [ ] L d 7'23

Motors, type Of: ¢ ¢ ¢ ¢ ¢ o ¢ ¢ ¢ o « o o o

NICKEL, and alloys rich in nickel, badly corroded
under pot conditions . . « « o o 22

OFF GAS, see "Hydrogen"

Operation Menual, (not yet written at Am‘.stm). e ¢ o o 3
Operating records, diphenyl still. . « « « o + o « #5,52,5;
conversion wnit . « ¢« ¢ ¢ ¢ ¢ ¢ o ¢ ¢ 5
Orj-rice phm on mits, doum ot' L d L] [ ] L ] * [ ] [ L L J L] S
effeot on pressure. . . . « 35,
see also under "Effect

of Varisbles"
roaring of gas through. . « « « 35
Outlets for products, as cable box cozpound « « ¢« ¢ « o o 7
electrical use as Aroclor. . 55.!%
as firelighters (not suite.ble). « o

8e~nem1l.."¢'0.....¢7
mmo'.....‘.'.,"l?
hydrogenc « . » o o o « « ¢« « o «T,116
roofing compounds . . <« ¢ ¢ ¢ o ¢ o {
Outlineofprooesaoo........--.......-5
PACKING, 4iphenyl melted into drums is inconvenient . . .48
Santowax R 18 now £1aked . . « ¢ « o « o « ¢ ¢ «50
Patent position, Anniston report cited. . . . « « « . . . 9
on high chrome alloys for lead pots. . .22
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Pipolineajacketed. ¢ ¢ & o @ e o e o o+ e o @ oo82‘83,95
See also under "Water in Jackets"”
Pipelineuh‘&ced.-..o,...............82
Preheater pot, see under "Conversion pots®
Prehoater, tubular, see under "Conversion process, two-
pot systea",
Pressure increase by carbon deposition . « « . « . . 34,114
Pressure, coppensation for by altering temperatures. gh 11
Pressures throughout the conversion mnit . . . . . . .3‘,35
- cheacking .
"it—}l 0020 e e o 37
Previous reports 1ianted. . « o ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢« o o 2-
Procea' m dotan. * L ] L) * * [ ] L ] L] L ] L L] * L) L ) * o L ] * * 29-
Promotors in benzene, see under "Effect of variables"”
Propel'tieaornternlsovooocoa 2 e @ e e o o ..10-
Pl‘otectiVeclothing..........-.-.-....19

RATIO of high boilers to diphenyl, see under "High boilers"”
Record charts, see under "Instruments”
Records, finished product tests, see under "Specificsations
& Test Methods"
operating, see under "Operatl_ng Records"
raw mterial tests, see under "Specifiocations
: & Test Methods"®
Recycle fesd tank, see under "Benzene"
Recycling diphenyl to convertors, see under
"Effect of variables”
high boilers to convertors, seec under
"Effect of variables”

Reflux =plit box on conversion units described. . . . . 95
on diphenyl still descridbed. . . . . . 97
on Santowax still described. . . . . . 105
Rm&m”lm&ﬂleadmpooo'o'oooooooc 3
CORVOrtor POL o ¢ ¢ ¢ o o ¢ ¢ ¢ o o ¢« ¢ ¢« o ¢« 42
Rm’.rworkfigmaoo.eocoocooaocoooall'{
Reports (esarlier) listed, see under "Previous Reports"
Roofing corpound from chlorinated Santowax. . . + ¢ « o« 7
m CO}BDERATIONS [ o © L] L] . o . . L L - . . o . e 16"
hydrogen, . . .+ + » « « « »18,19,101
BhaWer's « ¢« « o o o ¢ « o ¢ o o o 19
Sapples sent to MCL 118ted. . « ¢ ¢ + ¢ ¢ « « ¢ ¢« ¢ o ¢ 21
Santowex, crude, analysis of by distillation. . . . « . T6
charge tanks for still . . . « . « « . 103 o
coaposition of, see under "Flow Sheet" o
dixpomof....-........," s
diatﬂhtion Of. . . '] . o . . . L 4 . 5,#9"‘ N
dietillation yi6ld . . + « « o o « o o T >
Inndlingof.......--.....w‘ o
hompomtaof.c-.'..-¢.-o]3.5o
physical propgrties of . . « - « ¢ o -«

receliver dssoribed . .
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Santowax R, flaking of. . .

page 10
&ntmmo,atm. ® L ] [ ] L] * L ] * L ] L] - L J [ 4 L J [ J . L .104
001@0’30000..0.00..0104
oondenser O ¢ « ¢ o ¢ o . «¥39,10%
designed for separetion of
the 1somers « ¢« « « « « « %9
earlier des mentioned . « . o « &
hmterdeaﬂ'bedo L J L 4 * * L J E J L ] 01
opmtmof' L J L J L ] * o L J L J L d L ] [ ] gg
prehoater described., « ¢ ¢« » o o o 103
PTOCOILVOD ¢ ¢ o o« o o « ¢« o ¢ o o « 105
temmtm‘o controller . ¢« ¢« ¢ o o 109
temperature recorder « « ¢« ¢+ ¢ ¢« o 1
VACUMM VOS388Ll. ¢ ¢ ¢ ¢ o o o o o o 1
smtmum,m‘mtﬂlom-ooooo-oooooo
Anmniston report on separation
) of cited. . . . ¢+ ¢« « 2
outline of separation process . . . . 5
specifications and test methods ., . 70
Santowax 0.M.&P. see "Santowax isomers”
oc-nonvooooos,igl67
mmof. L L ] L J [ ] L d L] L d L J L ] [ ] L J [ ] L ] ] 50
p&ckingof.--.......-.-o-.-b'o
rocordaofteutrcaulta..........gg
specifications and test methods . . . , « &«
Sc&leof!orldng..-......o.........-.8
Skin troubles attributed to poor benzene. . . . . 16,56,51%_{

Specifications and test methods . . . « « &

Stainless steel pots, carburation of surface

Steel floors, advantages of opon grids, . « « « « o
"santowvax, crude"

Still bottoms, see

suspected., . . . . 22
corrosion, see wnder "Corrosion”
effect of impurities in leed,

see under "Load, effect
of impurities in"
effect of lead oxide on, see
under "Lead, oxide"
heat treatment recomsended. . . .
types of stainless steel 22-,86,88
19.%0,

2

IR

82

Styrene, effects of on workers, see under

troubles "

Sulphur in benzene, see under "Copper"
Sulphwr delays the attack of benzene etc. on pots , . . 11l
Sulphur, determination of, in Santowax. . « . « « « . . 68
Sump tanks, see "Crude diphenyl tanks"

TEMPERATURES, adjustment of to compensate for

variations in pressure . . . . . .3%,11%

Temperature control, detection of overpumping

of benzens to convertors. . . . . .30
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page 11
Terspereature control in diphenyl still. « « « o g ¢ v o 3
Temperaturs controllers, see under "Instruments®”
Temperature, effect of variation of, see under
"Effect of Variables™
Tenporat\moa at various points in the conversion
system g%
Terparature of pot, varying with the benzene mte. .
ggj.ngbehmdcontroller. e o o o
Terphenyls, see "Santowax nomra
Test method,, see “Control Tests” geoiﬁ.oationa
and Test mth...e
Thermal balance, see "Heat Ralance"
*ube process, see under "Germn Reports” and
under Choico of Process”
Tubular preheater, see under “Conversion process,
- two-pot system"
USES for products, see under "Outlets”
VACUUM pump for Santowax still described. . . . . . . 106
Vacuum still, see "Santowax crude atill"
vessel, see "Santowax cruds still vacuum vessel"”
m'oa' [ ] L ] L 4 . L ] L ] L] [ ] L J [ 4 L ] L J L] L3 e [ L [ ] [ ] [ ] [ ] o * 82
Vapourizer, blockage by lead, see "Equalizing Lines"”
and PLesd forced back to
vapourizer" :
blockage by 20olid, unldkely . « « « « ¢ o 30
0011 ut’ L J L J L ] * o * - . - * L] L [ J [ 4 L J * 91
described . . ¢ ¢ ¢ ¢ ¢ s ¢ o e e o o o 91
flue arrengements . . . . « . . . 32,37,86,91~
leakage of benzene into, see
"Benzere, leakage into flues"”
operation Oofc o ¢ ¢ ¢ ¢ ¢« ¢ ¢ ¢ ¢ o o ¢ 032,37
overpusping of benzens Into . « « « « ¢« « 30
preasure &rop through « « « « « « « « » « 34
temperatures In « ¢ ¢« ¢« ¢ ¢ o ¢« ¢ o o o o 32-
ventmtim L ) * e L J L ] L] * - @ [ J L J [ ] L ] [ ] L2 * L] * L o 6,1% 2
vmtmorcm'mianmt- ® ¢ o ¢ 0 ¢ ¢ o o o o o 027,
Vibration of Pots . o ¢ o o o ¢« ¢ o o o o o o o o o o81,
WATER in benzene, see "Benzeme, water in" ,
Jackets of pipe lines, danger from . . . . 96, 10%
" see also under "Pipe lines" _ 1
euu. * L] * [ J [ ] L J * * * [ ] *® * * * - [ 4 L 4 - [ ] [ 4 L J [ J 9
°  See also under "Hoe.lth"
VOIding’fmmmm'c000000000000017,18
heat treatment recoxmsnded after . « « « « « « 22
on colwm and load traP. « ¢« ¢ ¢ ¢ ¢ ¢ o ¢ o o 93
YIELD DATA, %0 “Fiow Sheet” DSW 462197
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