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IETRODUCTION

This report reletes to the manufeoture of Diphenyl
epd Ohlorizeted Dipheny)l Derivetives. 1%t 18 subamitted to
those 2% the BY, Louls Fleat ip eonneetion with moving these
operations from $he Amniston Plamt te the Rapt 8%, Louis Plant.

' 4 Qesoxription 18 glven of the equipment and eperstions
of the Dipbeny)l ead Derivetives plant et Amafleter, both im text
and prints. We bsve investigeted eur present plent end epera—
tioms end bave polrted eut lmprovemenis thet would be efdvisshle
in ¢ mew plant. Thera improvements ere set out im bHoth sext end
rilt.l

o attempt hes been made te lay out the mev plent or
dotell the equipment, as nelther the sire of the buildinge to
be otoupled mor the eepaeity of the wnite te de fmstelled is
knowva, Te tse{st thome who &eelgs this plant we are sending @
esocmplete vot of prints, both szsesbly snd Setati), showing the
equipment es £t ip imatulled st peesent, If {8 heped that muek
of the equipmeent et Amnfeton eam be uweed im the Rew plunt,

fleversl membars of the Ammiston ergemisetion heve
writéen the variocue seetione of this report., Betweea these
pestions there hag been scme repetitiom, It 1s fels, bowever,
thet this is desireble fer 8t Bt. Loule &{fferent groups may be
prinsipelly intersated i{m ipdiviésal seetions.

Bsle e part of this report ore dete sheets, hest
bulenges, preduet speeificetions, ete., designed to halp thesme
who will eemetruet emd eperste these wmite.

this popert {8 prepered im qealruplisste, eme cepy
being sest te Mr, DuBolws, two coples te Mr, Liviegston, emd

ey oepy bdelag kept In $hs Aumiston files,

B, B, Buferd

BB iere
(1% 343
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BECTION NO, 1

HOTES ON DIPHENYL AWD DIPHEMYL
DERIVATIVES PLANTS EQUIPMENT, BOTH
FREGERT AND PROPOSED BY: : ¢

ROGERS MoOULLOUGH
{RRSEAROE DEPARTMENT)

E, H, BUFORD
(ERGINEERING DEPARTMENT)

The Drawings Referred to in Thie Bection ere:

RIPHERYL UM1T

0-8831 ~ Diphenyl Plant — Diegramme$ls Flow Sheet of Present
Pleat,

B6—2403 — Proposed Converter Unit shd Separating Equipment
OHLORINATING UWIT
0-8832 — Disgremmatic Layout of Chlorineting Xqu{pment

0—6838 — Layous of Chlorimetors
So—2404 — Buggested Layout of Ohlorinstors for Proposed Plent

¢ ORPTIT

Be~2407 — Proposed Layout of "1R49" Plent

AROCLOR D[BT&TIQN
088588 — Layout of Bsdger 8till
808408 — Proposed Distillafion Equipment for Liquld Arcelars
80~2408 — Proposed Distilletion Rquipmént for 8elid Aroclors

AB3 ) PROPOSED DSW 001283
860—1408 — Propoped Cenersl Layout of Plant
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DIPHERYL, PLANT EQUYPMENT

4 wni$ for produsing diphenyl at St. Loeuis having e ospsoity
of 1,000,000 1bs, per yeer mey follow one of two arrengements,

The firet errangement would ke the ramovel end {nstelletion st
8¢, Louls of the present three leed pot unfte without subetentisl
slterstion. BSueh an arrangement fired with matural gés st SOy per
1,000 ou, 4. would mean sg inorecss of cost of yrodustion due to fuel
elone of 0.188¢ per 1b, or §1,880,00 per yeer over thet of Annipton
operetions, However, by the eliminstion of the benzol etfll, whioh fe-later
4iroussed, the redustion i{m stesm ooate would off-set the edvence in ges
ecetes and the totel oosts of hesting ocould be brought 1a line with ¢
heating ecete st Annteton, -

- . M -

The eecond povsibility and the one whieh ssame the moet Qosir-
eble, end especielly so if large production requiring » number of uanite
¢an be forseem, is the instellstion of & two lead pot unit oombined with ,l
heat exehangers snd eontinuous frectionsting colwane., Since thie srrange~
neht would heve lower hseting eosts tham for the 3 pot unit with metursl
goe vt 307 por 1,000 ou. ft., the costs for fusl would be reduced by
0,887 per lb. of &ipheayl or $8,800,00 per yesr on 1,000,000 1bs, Thess
fuel ooste would be by the some amount lersg thon Ayniston coste, There
would probsbly be edditional sevinge fn weintenenos and lsbor whbioh ernnot
be predicted et the present tims.

This errengement {e & considersble departure from the
present Aaniston praotice snd fta Gesign end oonstruotion should be
preoeded by development work,

The following motes disouss the possible soadinstione thet
usy be used for the production of 4iphenyl w«né the salient festures
of the present unit ss doupsred with the suggested unit.

The outline for this dlecussion is:

osW 001284
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1, Diphenyl Oonyertey

1, Plent Dosign

1. Gepersl Dissussion

8. Reeotor Vessels

8. Fusle and Firing tquipmment
4, Bettings

b, Avtomatio Contrel Equipment
8, Piping end Velves )

B, O gtio
1. Tempersture apd Rute of Opsrstion

S, Deteiloed Digoussion of Suggeeted Two Pot Unit

B, Beperation of Produdte

1. El.gt E'ig

1. Equipment for Sepersting Denzol-Diphenyl-—
High Boiler Mixtures

8. Storege of Benzol-Diphenyl~High Boiler

8. Reo ation

Commente on L{tome ae 1{eted above are ss follows:

pSW 001285
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PIPHERYL CONVERTER — PLANT DERIQH

ITEM 3.1.1, — OENKRAL DISCUSSION

Diphenyl is produced by the hesting of benzol vapor to
a tompereture exround 800°0 {n elosed veamsls from whioh the sir i
exolué 4, eondensing these produots snd lepnrnting @iphenyl from tke
boncene and other ¢onverted produsts.

The most desirable diphenyl urit {s onas in which .the maxi—
pm utilizetion of heat fm combined with aimplioity ef operstion
end low cost of eonstruction. The most setisfectory type of rerotor
vessel hos been found by ectusl mopufeoturing experiente in Anniston
80 be & wteel pot ocontelining molten lesd througb whish the benzene
vopor {a passed. Although et first sight the lead bath appsers to
be an inefricient heat exchonger, eloee¢ etudy hog shown thet 1t ts
oxosedingly effiglent. The lesd bath has the purticulsar wdvintage
for en operstion of this sort that sny emrbon formed temde teo float
on tho lead surfece or be csrried out to e conveniently loseted
trap rsther than to plug the epparatus., All subsequent d{scussion

~will be oonfined to lesd pot resetors,

The lecd recotor pot or pots mey be heated ln verious weys
and msy be ocmbined with verious heat exch-nge spparstus, The more
important combinetions ere Bhown in Scheduls 1,

[

pSW 001286

v |

ADA 000639

WATER_PCB-SD0000045806



WATER_PCB-SD0000045807

0p9000 YAV

e Zguiment Required
Iomveruicn
Heat Bxchamgers Continm- |
[ ous Colmm. 1§
i ﬁl { Stesm for Partial | Steea m Faoel m&fw Contianous Columms
§ nan..ﬂ«.n.“ Filus | Eo. of | Heated anBﬂ. of { Beated | ed Diph- for Benseme
E‘M“ mum.« od Yapori Cas | Lead { Benseme u Bemzemel enyl m Diphemyl & High “
Line ! Stasck i __Pots | Yeporisexd Products
1 Peal - 'S g ) - 3 ¢ *
2 . ® re 3 - rY & & -
-1 e * » 2 - L N @ » - -
N | B 'Y 'S 1 - T e * -
© 8 v * * g - - - - N
1,
. Fleciri- ® - 1 * - % 4 -
city
Indicates Required

[

Indicates Mot Required
SCHEDULE ),

DSW 001287



- -

In order to determine whiek srrangoment {s most ecomnomionl

to {netsll end operete the varlablo gasts for the various com—

binations are oompared,! - .

Lavor and meintonsnos coste will sleov enter into
tho finn)l obteineble costs but these cannot be predicted o%
thieg time.

The bassee used for theee ocomputetions are as follows:

1. Stesm — JE¢ per 1000 lbe. et 100 lbs. pressura
end utilising only the latent hest, Equive—
lent to 40¢ per million B, T, U, (This {8 less
thes the oost of steam genereted for the
Anniston Diphenyl Opsrationa by & smsll ges
rired koiler.).

8. Notural gas a% 80,6 per millten B. Ts U,
(Annieton eost),

3, Water ooet BBy per 1,000 cu, fi. (Aversge
Annieton water cost, including oity and re—
sleimed water.)e

Beat requirenments ere takern from the heat balence
regently msde, notes and records esvellanle 8t Amnisten.
Wherse such informstion was not eveileble, ouleulstionas have
been mode,

Ingtslletion Coate

The fnatnlletion coste are only on & cellestion of
{eoleted ploges of equipment and are witbout nosessories. Ko
8eslgns have been made wnd the osste are only prclimtnnry a8
follows:

DSW
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1,

8

8.
.
B.
'R
y,
8.
9,
10,
n,

18,

Ore 3 pot converter -'ct- fired . #14.000.00
(Used in Arrengements ) & B)

One & pot ¢onverter ~ gee fired 10,600.00
{Used fu Arranguments 84 B)

One 1 pot vonverter ges ﬂr'od ‘ ¥,000.00
{Used Lin Arrsngement ¢)

One 1 pot donverter — nutﬂe heated (resiatancs) 8,000,00
(Used in Arrengsment: 8} . ,

Benrol Vaporizer im Flue UGes Steek ¥80,00
(Used in Arrangements 1, £, 8, 4, &5)

Heet exchenger in Converted Vepor line ¥60,00
(Used im Arrangement £, 3, & B)

Heat excbonger in Converted Vapor linme 1,100.00
{Used f{n Arrangsments 4 & 8)

Bteem Heeted Benzol Vaporiser 400,00
(Used {n Arrangement &) ‘

Continuove Frastioneting Coluam 1,000.00
(UVsed in Arrengement 1, B, 8, & 4)

Bteam Heeted Bemmol Y111 3,000.00
(Used in Arrengements 1, 8, 8, 4, & 6)

Fuel Heated Diphenyl 8%ill 8,400.00
(Used in Arrangements 1, 8, 3, 4 & 6)

Contimuous Beperation Equipment 8,000.00
{Used in Arrangement B and price
includes 0ost of ReGesstry developmsnt work)

pSH 001289
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41l celowlaticms are based om Annieton operetions, nemely
a wnit productug 8,000 lbg. of techniocal diphesyl a day, This
corresponds to a total conversion per pass of 18% oonverted products,
76% of ocomverted products beimg diphenyl amd 2f% being high botler,
The produstionm of ccaverted produots requires theoretioally 95,94
of the bonsene sotuslly used, The dafly requirements of benvens are
4,160 1lbs, per day. ' '

Arrangement Mo, 1

This 1s the prepent arrangement st Anmistom end as shown
on our Drawing §C-6851.

The {metallatfon conalets of § ges fired lead pots, with
bensene entorimg through a vaporirzer logated in tha sisck for exit
of combustion gases, and after conversiom, then emtering a fractionating
colwen which partially ooncentrates the converted products. The
mixture which discharges from the bottom of this colusn rums EOX-76%
soaverted products, the balence belng bensene.

The partiel operating costs are as followi~

Rer 1b, Dirhenyl
" Puel for Converter (Metered) 0.5¢ ‘
" ® Diphenyl 8ti11 (Metored) 0,08

Bteam for Bemrol 8till

(Reflsx rutio assumed as L/2 to 1

and T6¢ efffciency and R1,1804

benvol distilied por day) 0,10
Veter for Bphlegmator and condenners

o oontiauocus coluwn, bensol still

and dipheay) gtill 0,20
Depreofation on Itema 1,5,9,10&12,

totalling § £2,160,00 @ 10% oan

1,000,000 1bs. 0,28

Total for Arremgement Moo 1 0.68¢

The adove operations oould be reduced by 0,18¢ by rumning the
continvous ¢olumm with minor slteratioms at a higher teaperature so as %o
deliver a diphenyl and high boller mixture end thereby eliminate the

bensene atdll,

Axrangenmt Hoa B

. ¥hie arrangesment would be fdentical to Arrengemeat Ho, 1
exoepting that a heat exchanger would be need to recover heat frea
_the w leaving the coaverter wmit. Betizens would first pass
thmzmtho vaporiser heated by the exit flue gases and thes ¢o._the -
heat ewohamgér smd them through the lead pot wmits, The couverted .-
vapors after leavimg the heat exchsager would pass 40 the columa for
codcemiraténg the couverted products prioy to going to the bensene still,

DSH 001290
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On the essumption thet the heat sxchamger would recover
50% of the heut i{m the comverted vapors, which would pepreseat
18% of the tatel heat requiremests, the heat efficlenscy of the
operations would be increased from 45% to 838,

The partial operating ocosts are ms follows-

Rer b, Biphenyl
Fuel for Converter D224
% & Diphenyl Btill (Metersd) 0,03
Btesm (Pame &p in Arrangenent Ho, 1 0.10
Water (6eme as in Arrangesent Ho,
excepting that less would 017
be used o oolwem
Deprooiatiou on Items 1,6,8,9,10 & 11,
totalling $2£,900,00 l 108 on
1,000,000 1bs. 0,28
Total for Arrangement Wo, 2 0,754

1t The above operatioms oould be reduced by 0.15§ by rusning
e contimuous golumn, after making minor alterations, at a higher
teapsroture po ar to deliver a diphenyl amd high boilsr mixture
eand thereby olimimate the batizens atill,

Arispgosent Jo. B

This errangement would be the samse as Arrangement Ho, £
exoepting thet one lead pot would be eliminnted. This would
neceasitate patting the seme heat imto two pots that would be put
into the three pots of Arrangement fo. £,

The partisl opereting eoets ere as followi-

Eexr Abs Piphepyl
Puel - For Converter 0.28¢
®  Diphenyl 8till 6,08
8team -~ Bame 8o ia Arrangenent Ha, 1 0.10
Vater - Bems ap in Arrengesent Ho, £ 0.17
Depretation on Items £,6,6,0 w &1,
totalling § 19,400,00 @
1.000,0004‘ 8:19 DSW 001291
Totel for Arrangemeat Wo, § 0.7

Hoter The above operations could be reducsd by 0,154 by ragning
the coatimuous columm after meking @iwor alteratiocms et a higher

teaperature so &8 to deliver a diphenyl and high bollcr eixYire lid
thersbyy elimimate the bemsems stfll,

ADA 000644
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Arrangeasnt Mo, ¢

Thie arrangezent 4o the same as Arrengement Ho, B
enocept two of the lead pots would be eliminated,

The partial opersting costs ere as followy~

Bar )b, Divhesy)

Yoel ~ Yor Coaverter 0.14¢
® Diphenyl Btill 0.08
Bteam — Bame us Arrangesent Ho, 1 0.10
Uater 0.15
Deprecistion on Items 8,5,7,9,10 & 11,
1,000,000 1bs, 0.8
Total for Arrangement Ko, & 0.67¢

Arruogenent Jo, §

this arrangenent coneiets of & two Lead pot coaverter
unit, The inooming benszene is vaporired and superheated {n am
exchanger located in the stack for exit oombustion gases, Thip
gsupesrheated bensens vapor attaing additional superheat in an
exchanger om the exit converted vapors from the oconverter unit,
These partially scoled coaverted vapors then eater a systeam of
columns which continuously discharge the efparated bemzens, diphenyl
and high boiler,

This syates $5 as shown om Drawing #8o-fk.
The partial opersting costs are as follows

Rex b, Pivhenyl
Fael - For Coaverter 0.19¢
8tean -
Kater Qelb
Depreciation on Items R,6,6 & 12,
eohli&nl $ 18,000.00 € 10% oa
1,000,0004 , 2218
Totel for Axrrangement Ho, B 0.62¢

/0
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Arresgensal Ro, £

This arrangement conelsts of & single pot electrically
heateds Heat exchangers sre provided te have the exit converted
vepors condemse amd Lmpart thelr hest to the i{ncoming bensene
vapors Oolumne would be provided for meparating the benreme-diphenyl-
high boiler,

The above aycle is identical to the Dow operatioms excepiing
that inetead of the lead pot, Dow uses ¢arbon tubes aoting ap resistors
and heated by electricity, the Dow prooess, benzene vapors are
delivered divectly from the top of the benzene solumn 4o the heat
sxohangers Due to the head of the lesd im ocur process, 1t would probably
be inadvisable to operate this oolumn wunder 16 lbs, pressure to save
ths energy of vsporising the bensol,

The partial opersting coste are as followi-

Foxr 1be Piphexyl
Klectriolty §0 K.¥, @ 1/2¢, 0,364
Fuel for Diphenyl Btill 0.0%
Btess 0.2
Water . 0.18
Bppreciation om Items 4,7,8,10 & 11,
totalling ¢ 16,900,00 @ 10X oa
1,000, 0004 0,18
Totel for Arrsngeseant 8 0.92¢

Boter IXf the heoting was done by laductiom, the {nstallstion oost
would be fvoressed hy § 10,000,00- £15,000,00 and the operating
cost up to 0,164 per pound diphenyl,

Yroa the above, it is evident thut Arrangemeat Yo, 5
is the chesper to operate, " Thie, however, ia followed very closely
by both Arrengements Hos, 2 & § with the ocontimuous columa operating
eo as t0 eliminate the bemsol still,

T8 2,):8¢ —~ REACTOR VESSELS

The pots used {n thie proocems have long life and low
paintensmon gost. Presumably these pote could be made larger ead
for greatsr oapaoities, but the life of such pots end the maintenance
ooste as compered with {he present pots csanot be predlated.

DSH 001293
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Our experiencs with pots L8 limited to welded pots
of low carbon steel end also Cruoible Bisel Company's Rezistal
Yo, 7, chromium 26-28% end nickel £0-£2%, Thase pots have been
made Yy two fabricators, but those made by the Blaw Knox Company
have been most satisfaotory.

The pot used on preheater Mo. 1 {the lowest temperature
pot) is hamuer welded low ocarbon steel, Thess pots heve lasted
well and the last lot purchased was in 1928, hence the hsmmer
wolding. Potr electrioally welded would be equally as good. The
depth of the lead in the pot i# about 50%, The inlet pipe for
benssne vapor with distridutor Ls made of 18f chromium, BY nickel
stosl, The distributor pipe is secursd to the stesl cover which

{s then welded to the pot,

The pot used on prehester ¥o, ¥ (the intermediste
tempersture pot) 18 elsctrically welded Crucible Bteel Company's
Rezlrtal Ho, 7. The depth of the lead in the pot is about 489,
The {nlet pips for beazena vapor slong with distributor {s made
of 18% chrome — 6f nickel steel, This distributor pipe is
secured to the oast steel cover which is them bolted to a ocest
steel flange(Vam Stome Type)om the pot, The gecket used &s a
5/16% diameter snnealed copper hoop.

The converter pot (the highest temperature pot) is
electricully welded Crucidble Steel Company's Rexistal Ho, 7, The
depth of the lead in the pot is about 42%, The inlet pips, same
ne above, 18 secured to the ocast steel cover which ir bolted to the
flange on the pot. The gasket used is braided asbestosn,

Due to the extrome tompsratures, the bolted covers om the
converter pot have been troublescus when insulated. The bolts would
stretch and the joint would leak, Bare oovers are now being
opsrated and the bolts tightened as lesks develop. Alloy bolts
have been tried bont when the pot was ocoled, they contraoted and
thea had to be melted off,

. L% is but seldom necemeary %0 enter the prehenter pots
It 15 recommonded that vhether one or two are used, that the heads
be welded to the shell and then fnsulated. This prerumed that
velders are available who can make high fressure welds im carbon stesl,

The oonverter pot should have either a bolted cover or
8 welded cover provided welders are availeble who cen make pressure
welds in high ochromiws - high nickel steels, Welding is not
Busy after prolonged exposere to these high tempersture vapore, It is
bellaved that the preferred sonstructioa would be alloy bolte with 0S| 00129%
thick wushers made of a materisl whose coefficlent of expansioca 4s
higher thun the balts and which would couse the bolte to loosen
%0 cooling, Buch would them be imswlated, which would be so applied _

- ' i
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that 4t could readily be removed for sooess to the bolts or
else removimg the cover of the pot,

It has beem suggectsd that the agltators or contsctors
be uped in the lend of these pote ‘to reduce the bubble aise and thereby
Inoreepe the ocontuot between the bemsene vapor and the molten lead.
The orgualzation at Anniston have had no expsrience with such
devices, but it 1p their bellef that maintenance costs might be
sufficient to offset the gein 4in capacity or recovery attained through \
its uses It i3 suspected that the shaft of such a_contsotor would
either distort or else out Lteelf fn the submerged bearismg in the
molten lead Lif such bearings wers use,

We understnand that the 8t. Louls Research Departsent has
experinentsd with such a contsctor in n heated lead reactor vessel,
Thelr experiencs should abundantly have preosdence over our bellefe,

IXB_Je 1. Ba - FOELS & FIRING BQUIPY.NT

Regarding fuel in the Eart 8%, Louls Plant, we have
datu ae followag-

Price per Millica
—BeTa s Bontint,
Eleotriolty assumed at 1/2¢ / K W.H, $ 1.468
Clty Oas - 750 BTU/ou.fte. & a minimua
price of 65¢/M 0.754
Puel 0{) - sssumed nt 50%Be end 7,286
por gal., & priced @ B¢/gad, 0,200
.CGoal - assumed at 10,500 BTU per 1b.
und priced at §1.42 per net ton 0.068

The above date end prices, excepting those {ndicated as
assuned, were supplied by HBr, O, DuBois in hie lstter to E.H.Buford

and dated May 7, 1985,

(The averags price for 1,000 BTU natural ges at Annleton
ie $0.205/% ou, rt, or PO.BO5 per million B.¥.0.) DSW 001295

In this matter of heat, the guilding principle should be
the cheupest fuel that cam be cleanly handled and whose buruing
equipsent cam be 50 controlled ae to maintaim falrly close temperatures
ia the proheuter or preheaters smd very olose temperstures within
the converter pots Xt L# bolieved that fael oll would most mearly
meet the atove specificatioa,

ADA 000648 maa
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At Anniston we have fired with both fuel ofl amd natursl
gag. At present, our firing ie with matural ges, firsd tengemtially
around the pot and through @ high pressure burners on both second
prehester and oonverter, Thers are P high pressure burners on the
firet prehesater, The settings opposits the leed bath are radiemt
and have ncoomplished a very nearly perfect heat applicaties,

¥hatever type of fuel wsed, {{ world be decirable to
ettein a similar radiont setting, From our past experience
with ol firing we have found thia 4o be difficult, amd with
a production less than we have mttained with natural gas, Firing
with oil will somewhat increase the maintenasce on the pote,

It is believed that next to gar(which is eliminated only
on mocomt of 4tk high ocort), fuel oil would make for the chespsst \{
coet, Great care murt be exerted in the desigm and application of

such fusl oil firing equipment &n order to attnin the dasired

production with & minimunm of maintenance coste om the pots,

ITEM )4}.4 — SETTINGE

The settinge for these pots should bs of steel plaete and
shapes and supported on sulteble foundations., The steel setting 3
should be lined with a combinstion of refractories snd insulsting
brick or lined with insuleting refractories, In the past we have
used a first quality firebrick which was becked by matural sil-oc-cel,
The temperntures of these shells average 85°C, which represent but
aull heut losses. Such lininge should be satisfactory unlese guch
temperatures would mrke for personal discomfort,

K
i

The inszulation ovar the top of the potr_should be stesl
platework lined with sil-o-oel end designed for quick removal and
repluceasnt,

1798 34 be —

Automatic temperature recording smd control equipment
is very necespary. We have found Wilsom-faeulen squipment very
satisfuctory. Blmilar equipmant by other manufaciurers would be
equally a8 satisfactory. . ,

The tempernture of the lead &n each pot and also the SW 001296
vapore from sach pot are recorded by means of pyods and a six D
point Kilron-Mumeulen Tapalog, The comtrol is through the pyods
in the lead bath ehich are aleo conneoted to Wilsm-asulen
potentiometer oontrols which actuste American Radiator Company's
Botor opersted valves on the high pressure Batursl gas lines to the
t\-cond preheater and converter. There is mo temperatare control. .

-
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device on the first preheater for such Ls largely heated by the
goabuetios gnses leaving the settings of the seoond prehsnter snd
converter, On the firet preheater are two high pressure barmers
which sre mardually operated asd are used ss oondltions way warrant
to boost the temparature of combustion guses from the settings of
the other two pots.

The firing on the second preheater snd converter is by
gos directly piped and for minimm requirements and without
regulution, Additional ges to wrintein constent temperatures
in the lend i» passed to the same burners by the ¥ilson-Maeulen:
gontrol opsrating the Awmericam Radtutor two point valves, that is
opsn or olosed,

Controls fo hold constant temperatures im the two
hottest potr would be required whstever was the type of fuel uased,

Thas flow of benzsho to the unit 48 maintained at a
fuirly oonstant rate by means of a Schutte & Koerting Rotameter
and manuf) opsration of & throttle valve on the l{juid bensene
feed line. The suocess of such an srrangsment depends on a pump
with unverying delivery. As we have found such an arrangemeat so
setisfaotory, it is recowmended that such an anstallation and
pructice be continued in the new plsnt,

"

.

ITHg 1,1,8,— BIPING & VALVED

A1) piping for cerrylmg the heated vapors betwesn the
{nlet to the firet proheater and the discharge from the lesd
trap, whether subserged in lead or elsevhere ie 18% chromiva and
81 niokel. Coanections ere either welded or elre by welded {langes
vith tongue and groove joints with gaskets of steel and asbestos
end made by the Goetme Qusket & Packing Company, The imlet vepor
piping to the converter and the plping between the ponverter and
the lead trap should peruit of readily dismounting for acoess to
the interior of the pot or alse cleaming the hard and denss ocerbon
adhering to the piplng betwesn converter ebd trap,

Up until now we have never used valves oa the pipe lines
for handling the heated beasene or heasene-diphemyl mixtures,
Elsexhere gate valves are used in pipe lines conveyimg the oold OSwW 001297
soletiony,
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DIPHSRYL OONVEATZA —~ OPERATION

ITEY 1.28.)1. — TRMPRRATURR AND RATE OF OPRRATION

Vo heve oparsted our uni$ over e considersble range
of temparstures, Jn generel, the lowsr the temperature, or
down to about YBO°C, there 18 but 1ittle copversfon. At
tempsratures of 860°C, the oconversion is sbout 80f, of which
70f te diphenyl and 30£ 1s high boiler,

Theee tests obussd us to operste with the vapors
arourd 640°C with e conversion of 18L of whioh 787 is dtphenyl
and 287 fe high boiler, nnd whioh we esloulated would uako our
dipheny) requirements et the ohespest cost,

4e the high boiler {5 with only A linited mrrket,
its minlmow produotion would be demirsble. This ¢sn be at—
tsimed by lower Yemperatures snd a lower conversion per pease,
The bYenefite of such & reduetion.in high boilers produced >
miet be offeet by the extrs processing sosts, z

Ag to the rete of operstion of our pressnt equipment,
we know 1% hes & deily cepeelty of 3,000 Ibs. per dey with &
oonversion of 185 per pLes. The Above production sould be
meintained wvith & faster feed of benzol, Lower temperstures
end n lewer rote of conversion por psse, but ¢{ whet eoonomy

{8 not keowm,

DSKW 001298
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DIPHENYL, OORVERTER

DETAILERD DISCUSSION OF SUGH<S8TED TWO POT UNITS

' ITEM 1.8,

Fuel firing, oil, or oocsl, is indicnted by (ts
lower ¢ost, as shown in the ocomparison given {m this report,
Yor the maximum utilimetion of heat, @ heat sxshanger {s de—
manded to reoover the beat in the flue gee. In this ssse
expsrience has ebown thet veporimation end slight super heating
ef bentelie fe & satisrfed¢tory method of resovering the hent
fim the flue gases, On the preesont df{phenyl eonverter unit
the flue games are @iaschurged ot 268°0C., In the proposed
uri{t the flue gnews ere to be disoharged et BODC,

Ny

Contimuous frastionation of the reastion produsts
offers popsibilities of lowsr ecost squipment, lewe off—grade
produets, hest econcamy, lowsr loeses of materisl, end lower
lebor costs, Utilisation ef the hest in the remetion pro~
éuste for the operstion of the oontinuous fraotioneting columns
{6 one method ef obteining marimmm hest econcwmy.

The suggested Aiphenmyl uni{t is shown us ® diagre—
mmatio flow sheet In Draving Ko. Bo-8403,

ggnt Supply

A1)l heet ie supplied to two lead pots fired inde—
pendently end sontrolled sutomatiselly by ths lesd tempere-
¢uree, From the informstlon supplied on 8t, Leuie fuel costs,

fwel o1l ie recomsended es the ehsapeet, exeept eonl whioh

effers eomplioutions of hondling end eontrol, The flue geess
leaving sach pot ere sombinsd snd passed through an insulsted
ptaek eontaining e veporising snd superhesting ooil fer ben—

gone, The flue gases ere dlecharged to waste et 800°C
' ' pSW 001299
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The heat balance, showa also on Drewing No, 502408,
is bosed on the flow of $61 ibe, of benszene per hour which gives
s calouleted production of 3,540 lbs, of diphicayl per day, It
"4 sleo bazed upon matuxsl gas as evailable at Annistom. 041
firing should make no apprecisble differeamsos,

. The total heat supplied i 715,480 P.0.8. (pound -
Osatigrede Units) per hour as compared with 1,151,040 P.0,0, per
bour for the preseat wnit or 88f, It should {n Boted that §n the
present unit additisna) hest s supplied for the fraotioastionm of
products in the form of sgteam fn the benseme stil) ard grs im the

diphemyl 84411, .

Tizv_of Materdala

fiquid bensene st storage temperature {s pumped through
the vaporiser amd supsrhester ooil looated in the sisok shere {t
fs oconverted into vapor amd superhected to £21°C, The bensese vapor
pessep through the heat exchenger where its temperature is reised
to 85°0, From the heat exchanger it passes to the first lead pot
oontaining lead et TEOOC whore the temperature Lo raifsed to “‘gg.
The bensens vapor &t 685% them enters the converter pot centaiming
lead et 846%, In the couverter pet the resctios to diphenyl and
Righ botler ooours amd the reaction guses are discharged at T88°C,
The gases are conrcidersed $o resch en eotual tempsrature of 8590 at
the surfece of the lead bat Gue %0 usavoldable heat losser ere
delivered the lead trap and syolome carbon trap to the heat
exchenger at Y88 0. Whe reaotien gepes leaviug the heat exchanger
st S1L6°C pase to the reboiler of the diphenyl columsm, supply
heet for the fraoticsation amd distfllstion of diphéngl, leave
at 5657, eater the reboiler of the stripping colusa, lesve st
652% aud water the heat exchanger of the reboller of the bensene
oolumi, Yhe gasse leave at B and go to the condenser vhere the
bmnsene emd oomverted produst mixture fs condensed end from which the

hydrogen e separated.

The 1iquid st 84% flows into the bemseae columa im whioh
the bensene is dletilled off and returned ¢o the bemsene feed tamk,
Froa the bottom of the colusth a mixturs of diphenyl, high bofler, sad
the {mpurities present ia mmell emount and conlalning & trege of
bensene 18 dfecharged se 1iquid 'at the bollimg point of 265% emd
flows into the stripping ocolmmm.

- Im the stripping celumm the trree of banwene together with
the {mpurity which bolls somevhere between banseae and diphenyl 001300
{r 8latidled off together with & small smount of diphemyl. %The DSW
Lquid from the reboiler at 2E0% flows fate the diphemyl colemm,
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The diphemyl oolums sepurstes the dipheayl from the
high boflery the diphenyl distilling from the top as purified
materisl ready for sale er production of other producte and the
high boiler discharging from the reboiler at its boiling point B80°C,

Y4 should be noted thet the flow of the hot reaction gases
. 48 strictly oounter-current to the liquid products being fractionated,

Heot Balenos (Refor to DPrawing Mo, 80-2405)

4s has already bosm pointed out the gae conswsption ie
82f of the preseat requirements. The stack losses of the proposed
wnit are redeced to 11,7% as compared to 17.7¢ for the presemt wnit,
this psroentage reduction g obteined by lowering the exit tempersture
from 265 to £00°C, The eotual saving in heat £s greater than this due
to the smeller amount of flue ganesy the gtack loes for the proposed
walt being 85,770 P,C.V./hre as compered with £08,660 P.C,U./hr. for

the preset unit, :

The veporiser and superheater ooll &u the stack Lu plenned
to absorb 172,810 P,Cs¥, per hour, instead of 157,200 P.C,U./hr., as
at present and rafeing the bensene vapor to 28190, This §# scocmplished
by the imstallatiom of additl{onal heat tranefer surface and the higher
temperature of the flue gages leaving the lecd potes The loss by
redletion and csaveotion from the stack and flues is reduced froam
140,430 P.0.U./br, to 40,000 P.0,U./br, by insulstioam.

The beat exobamger operatinmg om S‘h' bhot reuctlion geses end
heating the bemsens vapor fros £21°0 to 468°C recovers 155,760 P.0,U,/hr,,
which 1s more thus the hest usefully ebsorbed im the preheater Ho, 1 lead

- pot of the present wmit, absorbimg 107,480 P.C.U./hr, The high tesperature
difference existing ia ‘hh heat exochenger xequires only a few square

| feet of heat trensfer surface, The smell sise mskes possible the reduction

of heat lospes to a very low figure,

The heat imput to the first lead pot ef the preposed unit Lo
considerably less tham that of the second pot of the present wmit, The
esoond pot of the proposed unit recelver approximately the same bneft -
as the prepeant third ox comverter pot, The totsl useful heat received
ky the bemzene vapors im the two lead potp is slighily less ia the new
unit thean im the present one. This result L& obtained by insuleting the
lead pois againsy heat loss to a maich greater sxtemt than ie dome at
procent and foeding vapors at higher superiieat, Beversl emall changes
in construstion are petessary to make this possible, s¢ 001301
. 0

‘rE’
[ TS S SR I i3
i
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The minfmyum temperature in the reboilers of the
fractionating columns & 256°C in the bemssne colusne, The oalculsted
emount of reboll heat f{ncluding losrea for the three frectionating
columns was 177,000 P,C.U./hr, In order %o keep the temperaturs
dlfferemoes high 4in the rebolleres the minimum teaperature of the
reavtion gapes leaving the benzene column reboller wes selected
ap 360°C, %This elso perves the purpose of glving @ reserve hest
sapply of 40,000 P.C.U. per liour in the resction gases above 280°C,
whioh {8 mh & high snough temperature for heat trensfer, The heat
sxchanger was designed to sbrorh the heat in the reaction garsee from

788°C to Q16°C leaving the proper amount for fractionatien purpopes.

The beat fn the resction products froa B50°0 to the .
oondensging temperature and the latent heat of the condemsing products
are wasted since £t 4# belloved thst the esparatiom of the hydrogen
w1l make the fractionation essler., If the presence of hydrogen
does mot affeot fractionation too adversely, there ig an edditional

supply ef hect evailable.

Euimment

In o case har the equipment for the proposed unit deen
detalled, The following construction notes are recorded to

wupplencst Seewing F2408,

Yhe first or prehester pot will be made of Cruoihble
Bteel Oompanyts Resistal Ho. 7, or equivelent, with the cover welded om,
replacing the preseat bolted constructlon, This enables the head of the

potbobqla‘to&.

The second or pomverter pot will be made of Crucible Bteel
Oompany'e Resistal Ho, T, or equal, cast stsal cover bolted oo and
a1} insulated and which hac been previously described,

¥he heat exchanger would be constructed of steal or pomeibly
aiokel-ochrome steel and will be arranged so thet the hot gamer pase
through the imside of the tubes and the oolder benzens vapors pass over
the cutside of thea,

The heat exchangers on the bottom ef the freotiomsting
oolusn will be of the same type, hot guses imside of the tubes and the

bolling 18quide oataide.

A11 oolusns will be of the packed typs, the beusene colusn
using 1/2% Raschig Rings and the otherss/6®,

psW 001302
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The vaporizer and superheater will be made of colled pipe
in an {nsuleted stecks 4 solld core im the etack will be used to
obtain high flue gas velocity. The casing should be of the aplit
type ae previously described. ~ . -

The setting and firiilg equipment for the pots would be
depigned to meet the fuel salected, ges, oil, or cokl. '

Porsible Opernting Mf{ioultien

It 4p antiofipated thet there will be some ALfficulty

in the in{tial ptartinmg of a diphenyl unit such ar is proposed,
Lloulerly £n regord to the balance of the heating surface of the

fractionating colusns and the position of the feed to the columus,
After the eguipment fe in adjustment Lt should give no more trouhle
than the present equipment, There may be s tendency for carbon to
oollsct inpgide the tubee of the hest exchunger in spite of the
ayolone traps, ¥bis carbon will probably be hard and should not
decrsane the heat transfer euch, Arrangements would be made to make
it easy to clesn out these tubes,

- Beels of Pegimn
The heat balsnoe it bssed upon the acsumption that the

ppecific heat ef the bemsene vapors and reaction gases are essentially
the sume and {& givem by the equatiomp

op = 0.258 e 0,000875 ‘(OO)

The preliminary equipment desiga ie based upon the foregoing
ppecific heat end upom the ususl heat transfer coefficients applying
to gimilar prodbleams,

The validity of these relat{onships has been partielly
verified by dats furnished by the Dow Chemical Company on their diphenyl
wit in connection with the petent sult,

The fraotionstion calonletions have been made using Rsoultts
Lew in the vase ef the benseme ocolumn, and experimentsl data for the
diphesyl column, These data are not es complete as could be deaired,

It 48 recommended that development work be done to verify
the specific heat, heat trepsfer, snd fractionstion relationships before
the final design and installation of the equipment shouldtbhe suggerted
type of ocontfuuous separation be adopted insisad of the batch
operations in use at presemt. This development work meed mot be DSsH

expeneive or leagthy.

24
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Bovinge

The combinatlon of two Yead pots, a heat erchanger, and
oontinuous freotionating equipment using the heat in the gases, as
hap beem desoribed, glves the lowent calouleted opersting cost,
This represents a saving of 0,84 ceate per 1b. over our presemt
practicd.

fhe oombinetiom ef two lesd pots, e hest exchanger and
replacement of the preseat bemsene gtill by sn improved continuous
column giver w ovalculated operating cost 0,06 ocents per 1b, more
thean the design using comtinuous frsotiomation equipasent,

In these caloulst{fons mo reduction {n lLebor costs have
been assumed because of the difficulty end unoerteinty of erriving
at » reliable figure, There seems to Yo little hope of reducing
labor oosts with the present type of equipment whereac the
continuoue type of equipment definitely offers such a possibility.

0a & production of 1,000,000 1bs, of dipheayl e ysar

the suggerted esquipment, shoun on Drawing 8c¢-2408, would save
$ 5,400,060 per year,

Urirs
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POSBIALE AVAILABILITY OF NATURAL QA8 AT ET, LOVIS

Thie Lo writtea after the receipt of Mr, Livingston's
letter of Tune 84, relstive to meturel gae nnd directed to Mr.
Hawn, snd eleo after writing our recommendstions, et whieh time
wa 414 ot kmow that sstursl gss might de availadle,

It $& {nteresting to lewrn thet you mow have ax-
selleat prospects of buying streight neturel ges (1,000 BTU)
&t Eest 8%, Louis for 30¢ per 1,000 ou. 4.

Por the firinp of the &iphenyl cosnverter unit,
neturel gas affords @ neerly parfeel epplieatiorn of hest.

Hetursl gae costing 30¢ per 1,000,000 BTU with i¢e
high efficiency snd sass of handling end durking would grobably
B¢ well in Line with fuel old st B2,0¢ per 1,000,000 BTU with
itp lower effieliency, grester expomes of bapdling, storing end °
burning end the seoompanying greater cowt of muintenance on the

lend Potln

48 %0 the monthly ges reguirementas, we refer %o
eur H-y, 1935, produstion of 89,000 lbs., of diphenyl. Using the
everuge ges ¢ost per pound of diphenyl produced for 1038 up to
June 1st snd sn sveregs price of gas at RO,6¢ per 1,000 eu. ft.,
the monthly ges requirements are 149,000 ou, ft, About 90f
ef thias ges is used oh the somnestor uniti end the bBrlanse for

éietilletion purposes, B

If the suggested two pot unit with heet exohnmugers,
end oontinuous separstion devices, ere instelled, ¢ wonthly
preduesion of 89,000 1ba, of diphenyl would require 83,000 eu. f£%.

of gee.

The matter of matural g8 pressure is of mueh
importance., All of our burning equipment on the¢ diphenyl eon—
verter unit, stills, ets., are of the high pressure type which
require natural gag under » service pressure of 20 lhe, per eq.

f{nah,

DSKH 001305
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SEPARATION OF PROLUCTS - PLANT DESTON

ITEM Bolele — EQUIPMENT FOR SKPARATING BEMZOL~DIPHENYIL~
HIGH BOILYR MIXTURES

The vaporse leaving the sonverter unlt enter & freg—
tienating oolumn, whioh remover sore of the 4f{phenyl end delivers
» mixture of BO-75£ converted produots end beuzsno to etorage
" ‘tanks prier %¢ ¢is¥1lling for the further removal of ths bengene,
© There {e & etill for @istillation ef diphenyl end slso o gtill
for refining the high boller. Zxoepting the ene frsationsting
oolwan, @ll operations ere batoh, There seens to be no good
revson why such Gfetillstion eould not be mede eontinmuous, With
Jerge produotion, the fepiresbility of continuous eperation
would be more spparunt than on operstions as limited us 8t
present, .

ITEM B.l.8, = STORAGK OF BENLOL~DIPHEXYI~HKIOH BOILER

We have mo epecicl sdviecss relative %o the storage
of benzol, diphenyl and high bofler, At prescent we etore the
bensol and high boiler im overhesd oylindrfanrl temke and with
entire setisfection,

The liquid diphenyl from our still le ceught in
restanguler pars, whers {t polidifies and is then dumped out,
broken ené pscked into eontainers, either for shipment or
for further proosssing. A better srrangement for hendiing the
41 phenyl would be to flske on @ shill whésl or in & storsge
temk, ineulated mnd with eteem golle.

pSW 001306
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REQOMMENDATIONS
ITEv g
To best eomprebend the flow of heat im the oonverter
unit, & heet belence wes recently msde and ¢ copy of which is
wade o part of this peport, Thie beat bolenoce will not be dis—

) suesed hers, except %$v polint out memns of obteiming grenter hent
seonomy in the new plent,

It would seca that fuel oll would most nearly meet
ths oonditioas re set out i{n Item 1,1,8, The combuation gus
lesving the pot mettings should be more fully utilized in
yuporieing the benzene :1nd superbesting the veper, This con de
ettelned by inmuleting the setting of thu bent exchenger and
sleo building the exchanger of such en aret thot tho uytmoet in
supsrbest osn be imperted to the incoming benzena vapsrs, The
insulated ¢sse on this reseiver should be of the split type, such
&s wo uee on the diphenyl still, in ordsr thet it cen be opened
up guiekly st timee of shut down, bdenzol feilure or otherwise,
apd theredby prevent demnge to the hest exchinger. Such ® split
use makes the ooils of the exchenger readily scoessible for
inspsction or rupsire,

" The tope of the pots with ell eomnscting piping should
be thoroughly insulmted.

There 1s » lorge caount of heet {n the vepor leaving

. .%ho oonverter unit, A sulteble exahanger will sevé part of -thise

best by further inorensing the supsrhest in the {nooming benzol |
vepor snd theredby reduse the fuel requirements., Buch &n exchonger

s recommended,

From the parti{sl ocosts ae shoxn fm Item 1.1.1,, the
eslection of the equipment nerrows down to either Arrangoments
Yo, & ond Ko, 3 with the benwol wtill elimincted or else Arrsnge—~

uent Ko. B,

0f Arrengement No. £, it esn be saif thet it is the
o014 three pot oonverter unit, edéended by tho heat exchenger end
with the ooluwmn ehnnged so as to sliminste the bepeol etill, The .
syeten would be ocontlnuoue exoept for the sepsrstion of the diphenyld
end high boller whigh would be Bone in batsh equipment, In thie
Gesign there {s 1{ttle of th: experimental &nd would meks for e DSK 001307

good opersting plent.
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Arrvengement ¥o. 3 1& the seams 0B No. £ but with one
of the lead pots eliminated, The economiss between the two
errengoments are elight,

It would seemx that o decisfon between ths twe would
beve %o be fseferred untll the fuel nnd firing equipment hrd been
worked out, If the preaent three pot setting esn be converted
to the paw fuel with dut little ohange, Arrsngsment £ ghould be
ussle. On tho other hend, if new se!tinge are required for proper
firing, then Arrengement § should be followed.

Arrengement Yo. B ie doelgned for the ultimete in
hent edonouy end for the oontinucus separetion of the bhennene—
d{phenyl-high boiler. The hest efficlercy of the wnit would be
805 ce compared with 48( etsained ot Annimton ei present. A
furthey uss of the heot in the vepors would be to stiein the
depired oontinuous seperstion {n columna. W¥e have pever mttempted
suoh eeprrution but ¢rnnot see s single revson why i¥ would mot
vork, Before sueh ep instelletion is mede, 1t e reocommended
thot sultsble devsloprent work be done prior to the finel designs.

. Skould & production grester tham that of tho present
unlt be desired, aud in oombination with sontinwous separation,
sush might be mttained by two or more sets, esoh of two lead
B8th pots, rnd conneoted to » single ast of volumns.

High boller, i%s dispoeition or yurifieation hea not
beon previoualy dlecuseed, It {s bolioved thet whetever of the
refined product 1s desired, that it 6en best be mrde on the bsteh
8ti11 that we sre using et present,

CRMoC/ fu
8/8v/85
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The following relates. to the preseat plamt and ite operatioa,

Dnpachix
Oapaoity .
por Ohlerinstor Co
Arogloer HQo ~Rer Hooth
i 114z ”809,”0 lba.
1148 £04,000
1164 - 178,600
1160 “ 172.600
1182 178,560
1188 152,000
16 i 186,000
4085 . 342,500

There ate three chlorinators as shown on Drawing §-6652,
Eaoh of theme £z reserved for vertain compownde, namely Mo, 1 for
1168 and 1160§ Ro, B for 4085, BOGO emd RGBS and Mo, B for L14g,

1148, 1154, 1160 snd 1168,

The Mo, 1 ochlorfnator can be gperated continuously.
fhlorinaters Mo, ® and 8 conmot both be opsrated at the some time
ap ohdorinators, The present practice Ls to chlorisate in ome while

the other perves as s catch tamk,

The momthly ospsoity of the plant would be the cepacity
of oblorinator Mo, 1 meking Aroclors 1168 end 1160 either singly or
in combination plus the cepaoity of Ghlorimators No. £ or Ho, §
opersting simgly te produse thope Aroclors, siloted to the fndividus)
chlorinator, either slngly or iam conbinatiocm.

Serinsters

The following depoription cam be most eesily followed by DSW 001309
referring to Drewing #0-8852, Dlagrammatic Layout ef Chlorimating
Equipment, The chlerinating equipment im wmee at the present time
ocasiats sssantially of thres § 1, iam dlameter x 18 f4. steel shells
set vertioally. REach shell comtalns a catelyst mess of Lrom tumings
@closed in a BY? dlamster by & fi. long sbecl alesve, 4 coll of 18
wrought stesl pipe is provided im the enaular spuce between the: -
oatalyet slesve and ghlorinator shell, Thin eoll {s comneoted %o
%o elther gtean e waler @8 requizveds . —

ADA 000662
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Ohlorine Le fed into e bottom of the ohlorinatox' direotdy
boneﬂh the catalyst mage,. The rising ges ceuses cirowlatiom of
the obarge. A ceatrifugel pump is provided for each chlorinator
for additdonsl cleonlation which withdraws material from the botiom
end delivers 4t to the top, Easch chlorinator &8 veeerved for a oertain
claes of produots, ens for 1168 and 1169, anothur for 4065, 506D, and
£565, ond the thitd for 1142, 1148,1164,3160 and 2162, This Le &
very weoessary precaution simce the oatalyst mxes s almost imposrible
t olests and mixing one Aroclor with emother s detrimental to
quality. This Ls partfculerly tree of mixing evem slight amounts of the
crystaliine Aroclors 1168 end 1160 with the others,

The chlorinetor for 1168 and 1160 4s provided with en
emergsncy fnternmsl ohlorine supply pipe sinoce ocontimuity of operation
on thie materls) 45 simost essential,

Eixing Task snd Traps

Yhe ohlorinator for 1168 and 1168 L& meed dependently
of the other two and e provided with its own trep and melting
taak, Oaly ene of the sther two chilorinetors Ls in operation st
& time, the other bsing used as & trap, One melting pot serves
the other two ohlorinmators.

Roving Tank

A hlowing tank equipped with a« stes’ ool wnd alr
distributor £ provided for n)) chlorinated products exocept
11688 and 1160, The air blowing removes the H0l¢ The melting point
of Arocolors £1168 and 31169 {s too high to permit alr blowing in

¢ atoam hested tamk,

Shlorine Pupaly

Ohlorine &¢ recolved Ln Yquid form, st the present time,
ma iy coaverted to vapor anm needed fn a steel tank heated by hot weter,

301 Risgessl

The nsoespary phping fs provided for RGL ges from the
chlorinatien shich 4s passed through e trap and thea to the CL
absorption systesm.

OSW 001310
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Erodugt 8torege

At the present time all produotz are drawn off into stesl
drums for storage prior to further processing or shipmant, This v
asethod of handling L8 very unsetiafaotory becense of the large amount
of fuues released, .

Yalves ' /
In genersl all velves oo the chlorine or HOL lines are
lubricated Herco-fNordstrea plug cocks with sorewed vonnections and valves

oo the 1iguid lines ere all frou clip type gate valves. A1l equipnsnt
in the chlorinator step is eteel or irou.

Inculotion

The bottom balf of tho chlorinstore &s lmgged with 2® of
86% maguesie, The blowing tenk snd melting tank for materials going
into Aroclors #1168 snd 1169 are insulated {n the same way.

The pipe lines from the two melting tamks and the 1ines
to the blowing tenk are sieam Jroketed,

Praxings

The followlng drawings of the present chlorinating equipmemt
sooompany this roportt

Layout of Chlorinators #0-8835
blagrasmmatic Layout of Chlorinating
Ruipseat fo-6838

The following relates to the suggested new plaut and
ite operatfom.

Slerinatesn

The preseat ehlorinstors work very satiefactorfly, It il
suggested that the preseat three chlorinators be used im the new

plant, wnless the requiresents are very large, and it was decided
that a fow larger uaits were preferred %o a larger msmber of umlts

£
of the preaecat sise, oSH 001311
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Bixing Tasks and Traps

It would be very desirahle to provide sach chlorimator .
with {ts individunl trap. Buch would enable each chlorimator to

operste oontinuously os dts allotted eowpowmda, The production
of Arcolors #1169 and 1168 would resain the same as at preeent
but the productiom of ths other Aroclors wwuld be twice as great

ag it &8 et the present time.

The HC) from each trap would them pass to a commom trap
before paseing to the HCL absorbing systes, Thene traps are of en
{uproved denign end are arranged to draim by gravity to a satch
tank or to the diphenyl meamuring tenk,

=+ %he-HOl from ecch trap thea passes to a gomzmoa trep
bhefore paseing to the HClL absorbing system, fThese trape are of an
improved desiga and errenged to drain by gravity to a ostch tenk or

to the diphenyl measaring tanks,

Two dipheny) mearuring tanks ere provided and the
prerant meltiag tenk for 1188 and 1169 is recommended as e oatoh
tank, Thip involves the inatallstion of en sdditionsl pmmp,

Blowing Tepk

The present tenk is satisfaclory for wee, If a pew
tank were to be instulled a bumped bottom would bemsocmmended,

ghlorine fupply

It fe assumed that gaseous chloxrime would bs availeble
&t Bt, Louir and the veporiser 1s oaitted, )
BC)_Disnosad

the use of & trap for each chlerimator simplifiss the
piping to the HO1l absorber, fThe HOL gas obtalned countsing s small
smount of organic mstter which should be resaved for the production
of the highest guelity ROL.
pSW 001312

Eroduot #torage

Produate are expected to be atorsd in tanks or bine in the
place of druwms ee ab presemt. This {uvolves the {ngtellatien of

an sdditional pump for the blowlag tami.
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Isdvep -

Herco-Hordstrom lubricated plug oocks will be used on all
vapor lines end all irem gete valves on liquid 1ines as before,

Inmulation
' 411 tanks end traps ahould be lagged with R® of 86X mamesie,
The bottom half of the chlorinatore should be lagged ae before with
£Y of 86f magnesis, .
The pipe lines %o and from the diphenyl melling tanks,

the catoh tank; end the pipe lines from the chlorinatores to the
blowing temk.will be stems jacketed.

Praviags

Buggented Layout of Chlorimatore for Bt, Louis Bo-2404.

e

pSW 001313
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fhe B8l absorbing equipment Lo essentinlly the usual
fused silioa absorbers &n which the BOL gar ie dissolved in water ang
$he hosi'@iesppated. The instellation is designed principally
o8 & meemg of diBporing of the HC) which 45 formed in the
chlorination although, of course, the hydrochloric acid is seld
shenever possible,

The HO) gar leaving the finsl trap of the chlorimatdom
equipment is carried by a £° fron pipe 1ine %0 e horizcatal 1&®
0.0, x 48" pteel drum which serves to settle out some of the
organic matter end solid impurities, The ges them passes through
a 6" stesl pipe to the botbom of & vertical steel cooler and
filter B4® O.P., x 67° high which is filled with oocke, A riser
of five leagths of 6% bell end spigot terra-votta plpe, approximataly ¢
10 £%, high carries the gas to the fused silica ebsorberd,

The conneotion betwesn the terra-ocotta pipe and ebworbers
{8 made by two lengths of 7¥ 0.D. bell and spigot, silice pipe forming
a trap with drain which leads to the pyrex cooler,

The HC1l ges passes im serfer through 15 silics absorbars
erriaged one on top of each other, At the top absorber water is
added vhioch flows counter-cuwrrently to the gan end ic finally discharged
as hydrochlorio acid from the silica pipe comnscting the absorbers with
the terra-cotta riser, The hydrochloric esclid flows through a cooler
consinting of 8 - 1% Pyrex tubes water jmcketed for 4 fbt. esch arranged
in series and 1g¢ discharged into @ ssall brick lined catoh tank or box,
fhe cooled acid thea flows by rubber lined pipe and valves to a rubber
lined pteel temk of 20,000 gallon ocepacity.

The gaser leaving the top of the silioe sbsorbers is
carried by 6* terra-cotta pipe to the base of & drowning tower 18 ft.
high, conptructed of terra-cotte bell and mpigot mectiomr 24% O,D.
The drowsing tower fs £illed with ooke end is supplied with weter which
overflows at the bottom to a drainage ditch: A Duriron fam ie looated
et the top of the drowming tower to pull the gases through the HOL DSH 001314
ebrorbing systes.

It secme to be practisdlly impossible to keep this equipsment
tUght with the result that hydroochloric eoid of various strengths
{s spilded over the various pleces of equipmeat. To protect the stesl
supporting structure and the stes) equipment, 4t ir covered by u heavy
ooat of tar, This seems to work very welle

ADA 000667
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The hydrochloric acid msde L8 yellow in color amd gonteins
& seal) amount of organic matter, BOemples of this aoid have elready
beenn sent to Honmento Leboratories in 8t. Louls for exsminationm,

Propored Euipment

I¢ 48 wnderstood thet it 82 plumned 4o pombime the BCY from
the chlorimstion of diphenyl with HC1 derived from eperaticns slready
operating in 5t, Louise A4cocordingly no plans have been made of ROL
sbgorbing squipment for the B8t, Louls loocation, ‘

It w11 probably be necessary to imutal} some type of
f1tering epparstos to remove the ergenfo impurities im the HC1 before
abeorption, 4 fime coke packing will probably serve this purpose

1

CrE/ gw
8/25/86

OS® 001315
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ROTES ON AROCLOR DISTILLATION EQUIPMENT

JOh_AROCLORS WO, 1842, 1943, 1264, 1980
1267, 1668, A46D, Mtfi“'";—"

The following notea relate to the present plant,

The equipmént for thu distilietion of all digtilled
Ayoolors exospt 1268 and 1268 consists of & vaowm, pipe—still type,
spparatue without e frectiometing oolumn., Jor deteliled description
the .following divielone will be used: Refer to Drswing fo-6838,

1, Melting Tank

2, Kettle

3, Quimby Pump

4, Hester

8. Yesm Tl'.p

6. Condenser

7. Regeivar

8. Blending Tenks

¢, Filter Press

+ 10, Aoid Sorubbers

11, Veouum Pumps

1e, Hot Aroolor Ciroulating Systenm
13, Wilson-Meuelen Tapalog
14, Misosllansous

1, Helting Tank

The melting or cherging tenk ieg of steel $' dfismeter by
37 deop with 8 171" oone bottom snd holds 1756 gellons, The $ank
fe hested by o simple ring gees burner on tho cone tottem. 1I% is
filled from drums lifted into position by a obein holst, and fs
@{sohsrged through ¢ & 1/8" gete valve and pipe into ¢ fumnel con-
$eining s 40 mesh stralper. The tank is legged with B" of .
Begle—Pioher Oement No. 66 and ie fitted with 8 tight stesl oover
sonneoted with an exhsust fan to prevent escspes of fumee into tho

work roonm.

Be Bottle

The Xettlo {8 s oylindricol stesl tank 36" in dlameter by
8' bigh, set vertisslly, with rounded top apd bottom, with e
tLettllnsson oherge oepsoity of approximstely 175 gellons, The
Woed of this tenk hes ocommestfons for the cbarging pips, vepor,
drein from fosm trep snd superbested Lf wid from the heater,

" The cherging pipe 1s 1 1/23" steel pipe Jocketed to sllow
elroulation of hot Aroclor 1148, Olose to the kettle 1s a 1 1/2"
Moroo-Nordstrom lubri{oated plug oouk,

4

pSH 001316
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The vapor pipe i 4% and i8 ocomnected by e flange
connection to the monsl metal pipe leading to the foam trap,

. fThe drain from the foam trap is a one inch pipe
leading through the head to within one imch of the bottom of
the kettls.

The line carrying superhested 1iguid from the heater
- goll Lp E® gteel pipe jucketed for hot Arocler,

Tthere £5 a vent pipe closed by & Werco-Hordstrom valve
on the side of the kettle nsed for charging,

Bo. Suimly Puan

This 4p & Quiaby Mo, 8 Jacketed sorev pwsp with & oapacity
of 25 gallos / minmute drivem et 1200 R.P.H, by V-balt drive from
a B H,P, Motor, YThe pump ir fed by a £ 1/2* facketed pdpe 1line
from the bottom of the kettle, 4 stee)l gate velve 15 looeted in
this line close to the kettle. The pusp discharges through a £ 1/g%
Jucketed stesl pipe which is reduced to 1% fust before it enters
the heating osll,

$a_Heakar

This comsists of hellsal ooll of 1i¥ ptesl pipe 89 diemeter
(to pilpe center) containimg six turns, sach turs approximately 1¥ from
the other, The csfl f¢ placed in & oylindrical facket and is heated
by a Burface Jombustiom, two ring, low pressure, mulilple Jet gas
burner of £00 ou. £, per hour capacity., The coil ie Jolned to the
pipes leading o and frem the kettle growsd joimt wmioams, At a short
distanoe above the unfen, a 1/8® pipe nipple is welded to the pipe
ood), Yhe mipple is closed by a sleeve connector ead plug., Yuis is
used to sweedp cut the heatimg coil by romoving the plug end allowing
‘alr te caxty out the 1lquid es {t rushez into the evecuated equipament.
4 stegl pabte velve L inserted in the line direotly before 1t eaters
tho haatlng name.

Lo Yoem Tres

this L8 a devige made of 14 o monel motel, It is
located on the top ef the kettle ead s imterposed ik the vapor lime
botwesm the ketile mnd omdemser, Externaliy £t 4p oylimdrical in
shape 12% in dlemeter mad 80! high, The Lsner core Ls also of momal
metal 8¢ §n diamester amd B4® high having @ welded oover end &
stadloped lower edge spot-walded to the beee of bthe owber shell, At
the ceater of the bottem of the foew trap there L8 8 1® pipe leading
%o within 17 of the bottom of the kettle., The vapor line comnecting
the fosm trap to the kettle vapor flamge fs ef 14 gauge moasl metal 4% O,D,
@4 eaters the foss trep temgentially four inches from the bottoa.
, DSH 001317
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the rotary motion thys imparted to the vapor temds to separate

the dark colored emtrained liquid whioh flows under the lmner core,
through the one inch pips back ts the kettle, The vapor passes
froa the fosm trap through 4® 0,D, flanged monel pipe which is
comnected to the condenser by two 80°flanged ells, 41l flsnges

of the foem trap asaeably are wslded to the pipe.

Sa Condepass

Thies Ls & 18 £t, lemgth of 2 1/2" monel pipe emclosed
by e jacket of 4® steel pipe, 4 reducing flange oomnacts with the
flanged ells st the 4nlet. It inclimez at approximately 45° to
dlecharge into the eight cylinder lo¢ated e top of the receiver,
The sight oylinder im of Pyrax glass 7 1/8* O.D. x 7 XD, x T* loug
got in ¢wo grooved eteel flanges with Fremch type Goetse lead-arsbestos

giekete,

2. Reoeiyex

This ie & etesl tamk 30" im diameber by %8¢ Geep. Ite
wille, bottom and cover sre lined with monel metal, A ome inch
grivenised pipe léne leads from the bottom of this vessel to the
bleading tanks, A deme of efght inch steel pipe 4 /2 ft, high s
wolded into the top of the receivers This dome {s lined throughout
vith monel metsl, The top ef the Gome has 2 2% nipple welded in
which comuects through a cross to the vaoume pusp line, meroury
geuge snd compressed eir supply. The doms is for the purposs of
oooling the -vapor leaving the reoelver and redusing the stoppage of

the vaocuua lime by sublimate.

A, Blending Tapke.

foo galvanized fron tanks 50 diameter by 45" decp are
ueed for blending., The product L# treusferred from the receiver o
the blending tanks by compressed sir, The hlending tenks sre

equipped with ¥ Lightalmg® agitetors for miximg,
£. Filier Preag '

This 45 e 12 inch brass plate end freme Bpexry press,
F{lter cloth backed up by Whatmen Ko, 1 filter paper is used to
treat al) 1iquid Aroclorss The press i{s hested by four slectrio
strip-heaters, two on esch slde, Aroclor £s foroed through the

prese by sm Oberdorfer Ho. 7 brass hexring-bone, gear pump,
DSW
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a0, _Aoid Sgrubbara

During distillation a rmall emownt of hydrochloric acid
is formed by decompositfiom, which must be sorubbed out to preveat
damsge to the vacuus pump, Z2we sorubbers steal TEY high by R4®

diameter filled with ocoke soaked with 80 ocsustic eode solution are placed
botwosn the system and the vaouwm pump, These éxe arranged so thst they
may be used alternntely, to permit cleaning without interruption to
aistillation, ' ' .

Al Yacwoms Pusps

Bormally the eystem 4 exhsusted YWy & Wheeler three stage '
Tubejet Vacwam Pump. 4 Devime motor drivem reoiprocating vacuws pump
is alpo installed for darvice whenever our pmall boller {s ahmt dowm,

A2, _Hot Areclar Clraulating fratem.

Aroclor 1148 is used to heat verions points of the systes,
This 18 heatad by gas in a tamk £4% dlameter by £4° deep and oirculsted

by & B/4" Aserican Mursh Ceatrifugal Pump. Hot Aroolor is supplied
a8 nesded to the following point_u

(e) focketed Yines from kettle to Quimdby pump and from
ooll to kettle

§b§ §acketed charging kettle
o) Quinby pasp jecket
é) Quimby pasp packing gland jacket

This hot oll circulating equipment with Lts opem heater
is of & type shich ehould mot be imstalled im e new plant,

A% Xilson-Mamplen Tapalog

This is & six point recording pyrometer. Two points
each are used at the {nlet end cutlet to the o6ll, ome in the foem-trap

and one in the receiver, ®Baby Pyods® (thermocouples) sre nsed with
thie instrvaent,

4 Migcellaneons

Goetse Bo, 2 garkets made of oopper end asbestos are uweed
on &1l of the fisnged joints of thies apparetus.

pSW 001319
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The discharge part of the Quimby pump L» connected
to a 2" Tee vhich n turn connects to the facketed 27 pipe leading
4o the heating coll and aleo to a £% {rom plug-vock which merves
to dreia off still bottoms or residmue. The present practice ie
to scoexdlate approximately BB0 1bs. of s bottoms end them
to maintain this amoumt by periodiocally drawing eff the celoulated
poovmlation over this valws., It $a etrongly reoommended that
a draw-off be located fn the ride of the kettls such that 500 ibe.
of stfll bottoms will be automaticslly maeintained i{n the kettle.

Erepoped Pleat

It would be poseible to move the preseat vaouus
distilling equipment to Bt, Louls end operate {t, as at preseat,
producing both ®14quid® end ¥polid® Aroclers with a espacity ef
spproxinstely 8,000 lbs, per day.

1f, however, there i the prospeot of an inorsased
denand for distilled Aroclors, then it 4= suggested that the
proseat gtill be instelled at Bt, Louls, equipped as ehowm
in brawing Ko, Bo-2406 for the production of ®aolid® Aroclors,
and a pew ptill be installed with a niniwwm capacity of 10,000 lbs,
8 day of the Fliquid® Aroclors, as shown in Drawing Mo, Bo-2406,

It 46 very desirable to kesp the ¥golid® end ¥1iquidr
Aroclors separate throughout thelr mamafaoture, 4 pmall amiunt
of voatamination ef the Y1iquid® Aroclors by Peolid® Arcolors will
serionsly fmpsir the quality. This §s particularly true when the
contaninsting watesial e orystalline, Whes the seme piill 4is used
for both s0lid and liquid msterials 1t must be cleaned very
carsfully vhea chamging ever from cane product to the other., fhis
cleaning oparstiom 4c time oonsuming end evem with the greateet of
sare cooakionsl coatemination will cocar,

Bald Aroclax St4)L (Drawing Wo. 80-2408)
Ior Aroclors LRGB, $405. §400

r

The oaly cheanges suggested to permit¢ the uwse of the present
#ti1l for ®wolid® Aroclors glong arey the installatism of & Parkp-Gremar
beater, or equsl, with pump, eto., for the hot Aroclor 1148 to be
oiroulated is the pump Sacket, pipe Jackets, melting temk, and
condenser Jacket, This repleces the orude outfit im ume at the presemt)
faprovenent of the meliing tamk by the uee of hot Aroclor heating coils
in the place of gas and & mechanicel mixers better design of Horubber

for removal of HOL from the goses golng %o the vecuma pumps addition
of & 10,000 1bs, blending tank for ®soldd¥ Aroclors alone. OSK 001320

ADA 000673

WATER_PCB-SD0000045840



39

Jor 81411
if:: aslors 1042, 1248, 1254, 1260 spd 1p62)
The derign of thie etfll Ls showm &n Drawing #80-2405,

fhis drawieg shows the gemeral layout amd principle features. No
detadle of this st41) heve been prepared,

The essentla) chamges proposed for thia st41} as oo-pu-od
to the preseat layout ares )

3. The use of a 60,000 1b, -t)or:go tamk feeding the

seapuring tenk and ptill, replacing the present
ensatisfactory handling of meteriels in drems,

B, The use of a stesm heated mechaniocslly stirred
mearuring tank replagfmg the pressmt gas hested
wmetirred tenk,

§, The use of an intersal foam trap in the stlll kettle,

4, & Byron-fucksos Pusp replacing the Bcrew Iype Quimby
Pusp

8, 4 more compact and better designed ocondemser.

6. A better designed receiver persitting discharge by
& puap rather than compressed air.

9. 4 better designed and mors conveniently losated
Borubber for HCL.

@ Two 10,600 gallom blending tenks used solely for
fliquid¥ Arooclers,

®. Yuproved ventilating system.

OSW 001321
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2 .A 47, . R THE MANYFA
GF ARQUIAR J0, 4208

Aroclor Ho, 1268 is the produst dietilled from ohlorinated
diphenyl with a chlorine camtemt of 68%,

A brief history of these operations would. probahly be 4n order.

The first dlstillations were made fn mall steel pote fired
by gee, 4 patisfactory product was made, but thers was much deocupoeitlun
with lov yisld,

To lgprove the yleld, we pext oonstructed a wnit consisting
of 8 oast iron pot with thick sides and bottom. The inelde of thig
pot wce completely machined po that the heavy plow type agitator would
pweep within 1/8% of the entire interfor purface. Firing was dome
with gas, Thie arrangement inoreased the yisld but osrbon bullding wp
and sdhering to the ehell would very often stop thesgitator, $his
st{l]l was soon ebandoned in favor of the presemt type of dletillatiom
equipment which gave higher recoveries with greater ease of operatiom,

The present still comelsts of & stesl pot with a lewnder on
the inside of the shell. There le¢ & draim fyom this launder %o ths
flcker (fomserly to the quenchivg tank). The pot has & removable
oover with a vemt, The firing is by gas,

The suggested plans for a new plant es ghown on our
Drawing #B8c-2407 proposes a tank, lagged and heated by oirculated bot
oil or gae of the Areclers, for receiving the batoh from the
chlorinators, HMaterdsl from this tank would be fed to a fleker, from
which an elevator would elevate to an overhesd bla, Yhe above drewing
shows a bin of 60,000 lbe, nnpacu;y but thie cen be varied aooording
to operating unhodulo.

The flaked material would flow to the stdll pot, which rests
¢ea & pletform posle und from which the exact welght for & ocharge ia
determined, Im a aimiler way, lime &s sdded elther from 2 bag or
sinilar device,

An alternete way of cherging the etills would be to ran in
Bolten orude from the heated etorage tank, 6ince the ohlorimetors
require 40 hours to produce 7,500 - 8,600 1bs, of crude end the stills
have about the seme capaolity, some of the orude would be stored hot
for abont 40 hours. Orude 1168 end 1169 held lightly sbows the
melting point decompose to pame extemt, Whether this amount of

decomposition would be sppreciable or mot is mot lmowa,
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Qoanversioa of the 1iquid orude chlorinated materiel into
either finished product or flaked solid foram as rapidly es poresible
geens the mopl advamtagecus prosedure, Afber e chlorisator bateh
ie dusped into the storage tamk the flaker would be started, As
repidly a8 st411ls beoame aveilable molten material would be rum into
then wntil a1l liquid orude wer exhausted, Bt{lls would them be
cherged with fleked material, .

The stille filled with & batoh are elevated and conveyed
to a steel setting lined preferably with {nsulating refractories,
These insulating refractories mre especially adapted to such batch
operaticns beceuss of their low capscity for heat, Firing may be
Vy-uny fuel, use ¢hat which 4s chenpsat and aont“oonvmimt.

YThe materfial dlstflle out and L& flaked on & ohill wivedd
from which it passes to an elevator mnd overhead packing hin.

Is these operations; off grade product oomes off et both
the start end st the end of a batch run, It is necessary to divert
this off grade materlal from the chill wheel. For this purpose we use
& gnall verrel with spout, This device deflectes the off grade
product and prevents it resching the ohill wheel,

At the end of the yun, the pot with ooke, lime, eto.,
$e 1ifted froam the setting end remdved t0 an ares where it cen be

opeaed and ¢leaned,

211 oomstruction must be tight so that e minlmm of dust
vontscte the operatore. The room housing this equipment should be
well veatilated both beceuse the stille are hot and ar an extra
pefoguard sgainpt duet, Operstors in oontact with such dust may
develop a severe fors of dermatitie,

These operatfione sg above deeoribed are far from ideal,
The batoh requires clogs watohing to prevemt off-grsde produots
Bixing with the good produot at the first emd last of each
distidletlom, Thie eplitiing ie entirely dependent om the aperstor,
his care and visual observations.

Another fuotor complicating operations Ls the suddea
decomposition that eoours at the end of the diatilletiom, The gus
evolved oentefms Jarge emomty ef scld formimg vapors amd wleo some
of the &shorBprr 126§ es et extremely finely divided dust which is
@isoclored end decidedly aoid, Efbris made to collect this dust
and revork it have not bsea succeseful., Our operstions at present
are %0 discharge these decomposition produote through ea exhruster
erd {nto the atmosphere. Such 2 procedure {n a more populous OosW 001323

sopmasity might create a sulssrce.
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A better method fs desired for clesming the ooke and lime
rosidue out of the potss At the present time the demse, tightly,
sdhering mass is chipped out with bares or dislodged by pounding
ea the pote The 881l pote scale snd distort ag a result of the
reside and are battered by the oleaning operatioa, Wettimg the
rosidue has besa tried but did mot fecllitate thelr resmoval,

Vacuns distilletien has been oconsidered bal certain
oomplications present themselves, The cleaning of such ¢ vacumm
gtill would be & serious problem, for if distillatiocm were csxried
caly to the point where the reeidue would run out, the recovery
would be low, The material sublismes readily and emy asir leakage
would quioXly csuse 8 stoppage by the sdblimed materisl: Then
too the hold point {e very ocloss to the boiling point under reduged
prossurss, :

Dabta on vacuum distillation as done by the laboratory are
ap followsy- :

Hold Point of Batoh #19% = 2%
Charge §5€ 0
poyg

Yield B2 ¢ o
12 wins, or £9 G/min,

Renidas bV 1)
Total Distillation Time
Actual Corrected for
Retdllation Range Beading Siem Expopure.  Fressire

1st grem (spproxs) 240°¢ 245, 5% 8 nin
joth = L] £B8 266, Y Tob
26§ 258.8 746
R76 285 £67,1 Teb
825 264 268, 2 7,5
842 C 270 2748 7.8

Dooomposed at end, coming over darlk, &harp rise
from 265 to 270°0 with little coming over,

Our layout, as shown on Drewing 80-2£07 makes mo provision
for elther generel ventilstion of the department or for the pollection
end further procepeing of the product discharged from the still at the
end of the rwmy Por gemeral roos ventilatfon we would suggest dicse
er propeller fans, For the collectiom of the fine duste, decoamposition
produsts, eto., we would recosaend hoods, duot-work, oollector,

@to,, occnneoted to am exhawst fam.

[E2E 21

L

186

OSH 001324

ADA 000677

WATER_PCB-SD0000045844



43

— ————

- ———— et o

fhe choice of a collector for this. service 15 &
gifficult onee The material 4s ecid and the fineaeag of
particles gpproach that of fog particles, Woal cloth L8 quiokly
dertroyed, To us it peems likely thut the snoocessful oellsotor
will be & sorud tower, The materiasl ocsught in this tower would

then be reworked to improve the yto).d.

DSW Q01325
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4 leyout im plas of the above pleants 45 showm on
Drawing #Bo-£402,

This lsyout showrs a tilding 60 R, wide by £00 ft.
long wlth loeding platforms end walkways oa the side, The
butlding should be of fir oof oonstritoticn with the verious
unlte separeted Wy fire o There may be approved decre
in there £ire vrlle but & better arrangement would bs to have
ths fire wellp without doore tut vwith eocess ¢to the verious sooms
thivugh doors~lecding from the elde platforms and welkway,

Tbe hsndling of bemzens vepor at high temperaturer
mnd in equipment fired with gas; the dirtdllation of coanverted
produste by direct fire end the storage of these products might
pesm to constlitute & decided fire znd exploriom hexard: Thess
dsngers sre ever present but the equipeent {s ®o designed enmd
opsretions are so nrranged that there has mever bees sm explosion
ad omly & fow meall fires im old equipment whioch has' gince beem
repluced. Ovezlithe past $wo years,snd with equipment ar lnstelled,
there hup never beea a fire or osion,

The lcyout ss a!;om on Draw!.n“ #80-2408 L0 arrenged
kesp the fellowing in aind; memely. '

(1) 'Yho benremie feed tamks, which hold considersble
bensene, would be im an isoloted s shere 4 e fire &1d ooour,
the d.muge would be et & mintwum end no damage would opour to the

prooceseing equipments

The main storage of bensal would be lopated at
¢ safe distance fyom the feed tanks or else under groumd end po
protectied that demnge would not ocour &f a fire took place in the

feed tank house,

{£) The converter units sre shom im one end of the
building «nd . in wuch e way thet extra wnits ocan be Lnetalled
in sn additionol bey of the bullding end thereby readily sdmit of
future empension, Capucity of one uni$ &s B 5069 1bs, diphemgd B

per day. OSW 001326
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(5) The Instrument and Contrel Room end the Diphenyl
end High Boiler Btorage are adjaoent to the converter umits, snd
the epace allotted in the center of the tuilding should be ample
even for future snd large production.

(¢) The chlorinctors are shown in e rather largs room
in shich considerable other sghlorinating equipscnt ecould be
instadled at a futnre time, Equiprent showm dotted would eaable the
production to be doubled. 6&hould the equipment shown es dotted be
instniled with twioco the eupaolty of the present equipmeat, then
the chlorinsting oapacity would be three times that of the presmt

“chlorinotors, esch with ite own soparcte trap, (For capacity

see Bchedule under chlorinators) If a productios, greater tham that
of three times three chlorinstors with sesparate trape oom be forespen,
thea more building space should bs ellottsd to the chlorinators,

) A ohiR] wheel ir shomn {n the chlorinater rooa,
Toir would flake either diphenyl from the stornge tanks or elee
certain of the chlorinated @ipbenyls from the chlorinstors, for
either esler requirements or future processing,

(6) The dietillstion equipment for the various Aroclows
are showm in two building pections and adjacent to the chlorinators,
The spece allotted would provide for a production ef 180,000 1bs,
Aroclor £1269, 500,000 1be, liquid Areclors end §0,000 of solid
Aroclorg, other then 1268, per month, JIf larger productionp are
nov forepesn, then greater spoce thould be sllotted, Future
expension oould also be attzined by fastalling equipnent fa the
Rarehouse Seotion, end then bulldiag additional Warshouse space

o the end.

(6) The HOL absorbers and storage for Muriatic Acld are

thown outrlde of the Building sndapposite of the ohlorinators, Other
locatiomr would be equally as good and it might =lmo be duimb;c to

pipe the HCL gap to exdsting abeorptica equipment,
(7) ¥e bave kept in nind, straight lims production with

‘ruvw moterisls estering oune end of the bullding and belng procesaed in

¢ lne and finelly erriving 4a the Warehouse,

fonersl

, ¥We have been advised that this equipment will probably be
fnstnlled in an exipting building whope dlmensions are unknown to
us, This study is therefore submitted in the hope that it might be of

epsietanoe in laying out this equipment {w your prepent building, '
DSK 001327
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BECTION KO, B

WOTES ON DIPHENYL AMD DIPHERYL
DERIVATIVES PLANTS OPERATIOR, 48 AT
AMKIBTON

RY

7. L. BOWERTOR
¥, M. WILLIAMS
(OPERATING DEPARTMENT)

The Drewings Referred to {n This Bection are:

0-8831 ~ Dipheayl Plent — Disgremmetic Flow Sheet of
Present Plant
ORIKA I

06832 — Diegrammat{c Leyout of Chlorinuting Equipment

01 ABSORPTION
¥o Drawings
ARQOLOR KO, 1889
06839 - Layout of 1869 Plent
AROGLOR DISTILLATION

0—8858 — Layout ef Bedger B%i1l

DSH
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HASUFACTURE OF DIPHERYL
AP PRACTICED AT SWAMM CHEMYOAL COMPANY
FLANT ANNISTON, ALABAMA

biphmn 1s a polymerisation product of Beasod resulting frod the

heating of Benmol vepor to temperatures around 80000, It's
formation is accompanied by the liberation of ome mole of Hydrogen
for each mole of Piphenyl produced accordimg to the following

reactioal
O Qeme OO o

Diphenyl produstion is elso accompeanied by further palymerisstion
produsts and some decomposition ylelding ertho, mete and para-
diphenylbensene, teirsphemyl, tars and oarbom.

The pleld of Piphenyl amd percent of comversiocan to highey polymers
is a direct fmmotion of temperature.

The mufucﬁrc of Diphenyl as practiced et the Bwann Ohumiocel
Plant in Aonniston is shown disgrematicslly by drswing Ho, 0-68K1
lttaohodn o by aotual photegrephs of the equipment and Ls desoribed
as followsy

Bay Natorxials Co
Bensel i® the omly rew material required for the produetion ef
Diphenyl but it S¢ essential that & pure bensol be used. This
material i» bought under the stendard gpecifiocatiors of The Barrett
Coampany for Industriel Pure Bensol to whioch has been adfed the
following specification for Feesing Peint.

% freasing poimt Bust mot be below 4,89C, test 4o

be "3' in acoerdence with the method of §, 8. Bteel

The freesing poist specificaticn bes been found to be the most
vilushle test in determining the quality ef Beasel, DSH

" Past experience has ghowa that impurities 1 Bbe Bassol tend to
deorease the yleld of dipheayl, imcresse the percentege ef higher
polymers and lower boiling oils,

47
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These impurities eleso show wp {n the pesulting diphemyl wnd
‘- oaupe tronble im the Aroclors subsequently made from it.

It 1s eleo strongly suspeoted thet dermatitis among the operstors .
is caused by lmpurities im the bemsol, \

jn‘.mlfhu' S aived n tenk cars, It 15 wnlosded with & fEAG '

Bostoo pump end puxped through a 1® lime to a 10,000 gellen
storage tenk loosted above ground, 800 fi« from the @iphesyl
hilding. This tank ia equipped with steam eoils to prevent
freening in cold weather; When required for use the bensol ig
pumped from this storage tenk with a 13" Vikisg pump through =
stean-jscketed, lagged, 1§" 1ine to cne of four Y50 gallom feed
tenks,

Qoeration of the Couverier el
Bensol 1z pumped from ome of the feed tanks using & Westoo EEP
which gives & line pressure of 85 - 90§, throwgk a 1/2¢ ‘

F1805 Bchutte Koerting Rotemster. The flow is regulated to 125
gellong/hour through e hund operated 1/4* valve. The lime

essure after leaving the control valve is 60f guisge. The

uid bsosol 1@ them led through a waste heat veporising eoil,
located in an awxiliary stack to the dip mit, end emexgen
from this ool)l st & temperature of 185 - o and &8 prespure
of 80§ guage, It &{» then led to the #1 prebeater pot, vhich im &
lead bath pot heated primeipally by the waste geses from the #i2
preheater pot and the oconverter pot, bubbled through the lead
end exheusted out the top. The lead tempersture is at &00
45000 and the exit wepor leaves the pot at 850 - ST50C ead @
prossure of §3f, The vepor is thea led to a second preheating
pot which ip similer to the first exogpt that this is & fired pot
ndhog:uwuuhmtmalmmnmotnm-
78500, exit vapor leaves this pot et & temperature of 625 ~
€509C and & pressure of 18, Up to and including this secead
preheating pot there is practically mo conversies to dipheayl,
his ip sely avoided because pest experienoce bas showm that
any dipbmvfemd prier to the last or couverteir pot tended to
fore higher polymers end carhes when pul through the comverter
pote DSW 001331
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After leaving the Becond prebeater the wepars are put through o
third and final Yead bath pot ocalled the converter. ¥pis is a
fired pot snd the Lead tempersture i saintained at 84090, The
exit vapor lesves tbe comverter at Y26 - 78000 and & pressure of

fbe above mentiocaed lead temperatures are sorreot and are takea

with ¥ileon-faulens Prods throwgh temperature wells immersed in the
80 Bessured with Wilsoe-

are al
Haulen Pyods ut are cmly relative in thai the temperature wells
are located im the @isocharge pipes about 1" above the tops of the
pots and the tempersture es measured {8 {mflusnoed By rediatios,

volume of ges flow, eto,

After leaving the converter pot the vepord pess through & trep
vhere any lead oarry-over or carbon is é&ropped emt snd thenee to
the frastionating colum, A% the top of this columm & dephlegmator
Ls opereted {a such & mamner as to retwrm all of the dipheayl,
high Yolling meterial eand part of the wmoonverted bensel baok to
the celuma fyol whioh 4t L& discharged et the bottem throwgh s
steam-jucketed 1ine to sme of three TH) gallon mump tenks, Yhe
_ temperature at the of the celumn L# maintsained st Y8 to 8000

by oontrel of the oeo water flow through the dsphlegmator,

After peparation of the diphemyl, high bolling material and part

of the beasol, the remaining waconverted bemsol vepor and hydrogen
is prssed through two ocondemssrs where substsntielly all of the
bensol 16 condensed, This Lo retwrned to the feed tanks and |

re-gsed,

The Hydrogen satureted with beamsel vapor {lli.l out of the last
condenser to a ceoler, eo threugh into alternete ehambers of &
Pitteturg Leotredryer Company, activated alumina alperber. Here
the bsasol 4s sliworbed, the hydrogem passed oa through und vented

to the stmosphere,

OSH
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SUAXR ONEMIOAL COMPANY
Diphenyl & Aroclor Building left, Developssat Building right,

{phenyl & Arooler building divided into three sactions by
fire walls, Oonverter wnit end chlorinators im left section,
Crude Diphonyl collection and distillatienm center meotien,

product storsge in right pection,

DSW 001333
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RERZOL WHLOADING
Bmall house containg o, 6HF Westoo Pusp driven by § EP, .

G, B, explosion proof motor, WUalosding rste 2,500 gallons
per houre Pumped through ¢wo inch limes,

OSW 001334
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BENXOL UNLOADING PUMP

Tnis &v a fOHE Westoo Pump, Bame type only
gusller 1s uppd for wmit feed pump,

DSH 001335
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BRNEOL BTORMOE y

30,800 Gellon Yank 30! Plepeter, 18!
fong Dished Rouds,

‘ DSW 001336
: : * ADA 000689
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PENZIOL SYORAIE

Boke? Pump ebove Yank used for handling bensol
to unit feed tenks, Two wpright pipes
game es an anti-syphon deviee,

pSW 001337
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BENE0L FEED RANKS

§ - T80 Gallea 1« BR5 Gallen

Pipes overhsad ere 1y pipes from bensol ptorage, returm
iines from bensol still and veut lines odonnected to Leotro~ )

dryex absorbers, Diphenyl wnit feed pump fa ghowmn 2t left
of tirltkf»d tank Juet inside gats,

0SW 001338
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OORTROL BOARD

Beading from left to right,

Bplow - Wilsom Maulen @ Point Yapolog records wnit
teuperatures, Above « Wilson Mawlen tewperature
osntrolers, Center = Brown 8 poimt Potentiometer
records #till end ohlorinator temperatures, mhg
Oenter « Bensol feed swltoh and fhutte Koerting
Beasol flow meter, ki - Pohling Tank-O-Heter,
regintors bonsol in storage tenk, :

pDSW 001339

WATER_PCB-SD0000045859

56

ADA 000692



5

' DYPREMYE, WHIT
H
ptacks, One fn foreground used only as & by-pags shen
etarfing or stopping wait, One im Laokground contaims ocoil

type bensol vaporiser, troduetl of stion leave wnit

" through this steck, Vepor leaves this coil and enters center

pot whioh s fl prehoater, passss.om to left pot which is #2 .
prehorter and then %o ruﬁt pot which ip the comverter. DSK 001340

fhe apparatus shown fn the foreground Ls experimental and s
pot part of the diphenyl wmit,
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DIPHEHYL WHIT

Top view showing f) preheater oemter, #2 prehester eft, end
oonverter right,

Extrens right shows fend trep., Bent pipe out top of this
tray discharges into botton of fraptionating coluvms,

The one $noh lines shown coming from the tops of esoh pot and
sanifolded into the horisontel 1$® 1ine are releese lines snd
ere ured for equelfsing pot pressures when shutting down wnit,

Hote welded covers ou #1 prehestsr end lesd treps,

DSW
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DIPHRNYL UXIT

Freotioneting colwmm el left,
Dephlegnator ebd condensers oa

wpper platform,

DSW 001342
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DIPHENIL WNIT « | .

Extrome right shows top of fractionating oolumu, Right
center shows dephlegmstor. Condensed product returns to
columi, el center and extrems left shows bensol oondenpers,
Condonsed product returnsd to feed tenks, - Upper pipe
copneotions are ooolimg water,

14
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AQTIVATED ALWR{IMA BEXZOL ADSOBBER

Chasbers used alterpately, Oooling water used Guring
sdporption, stesn used for re-ngtivation,

DSH 001344
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Banzol = Diphenyl And Hich Roller Saeparatiaon

The separation of the Bensol, Diphenyl, High Boiler mixture
collected {n the sump tanke ia done in three gteps using three
etille, viss :

%ﬁu ptill oonsists of a borisontal tank hested by & tubuler
stosm ohest using steam at 1RO < 125§ goge prossure, This tenk
ie oonneoted to & fraotionating oolumn equipped with & ocodl type
dephlegmator and a tubular oondemser.

Yhe product oollected in the sump tenks is pumped to thie still
every eight hours through & 14" Gould centrifugsl puep and the
ati1l boiled down once Sn each £4 hours, The bensol which s
distilled ocut L& returned to the diphenyl unit feed tankp and re-
ussd. YThe residus remaining im the stil) conpieting of § ~ L0F
Bensol, Diphenyl and High Boiler is then dumped into the Diphenyl

still,

Dnhanyl 81411

Thie still consists of a vertioal tank, & fractlonating column
packed with 1}® Bregeat Bpirals and & jacketed pipe type condenser.
The tenk is equipped with & pubmerged type Rumsey oentrifugel pump
whiob oiroulates the diphenyl - high boller mixture through & gas
fired 001l hester and back into the tank,

Wilson-Maulen Pyod thermocouples located in the tank, at the
inlet and outlet of the heating o00il and in the column " .
connected to a Brown Recording FPotentiometer gerve as controls for

this etill,
The charge, which has the following approximste composition
Bensol ‘ 5‘ Be P- 8000
Low boiling hydrooarbons i B. P, 1000 . 35000
Diphenyl 6% B, P 25590

Eigh Boiler, Tars and Carbon 8% B, P, 8760C (apperox,),
£» run by gravity from the bensol still to the diphenyl ptill, Low DOSW 001345

heat i applied to the ooll until the residual bensol hap distilled,
Thie 1s returned to the sump tanke, The heat 1s then increased end

oollection of the diptillate in panse begun, These pans are meds of

ADA 000698
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galvanised Lron &nd measure R6° x 4VP x §R¥. The first pmn
oontaing the low bolling hydroocarbong and ie known as "Herds¥,
Thie amounts to approximetely EOF per charge, When the potentio-
wmetor indicates that the boiling point of diphenyl has been
resched, the delivery pipe is swung to another pen and hest and
dophlegmator regulated in such menner as to distill technioal
diphenyl of 80,800 or higher froesing poisnt, The end point of
the distillation e oarried 200 - sbove the boiling point
of diphenyl to insure &g complete removel es possihle, For thim
veagon poss High Poiler will be distilled over into the last pan,
Thie 48 known ap the Pteile® and this materiel, along with the
®hoads¥, is reserved for the production of Aroclor 2585,

"The residue from this diet{llation is known a3 "orude high boiler®
and 48 elther pumped to storage, drawn out in drums for storage
or dusped dnto the High Boiler Bt1l1 for eubsequent dltilletion,

&tlu de a vaouum atfll and is of the same general design es tha

diphenyl stil) exocept @ receiver, trep end vacuum pump have been
added,

Xhe pesidue from the diphemyl diestilletion hap the following
approximats compositiong - .

Diphenyl 1,0%
Orthodiphenylbensene 6.0
Hetadiphenylbensene 10,0
Paradiphenylbensene 68,0
Tetraphenyl, Tare and Carbon £5.0

Beoauss of the high boiling range of this materisl (5500-4600)
it 1¢ necemsery to use aawtu; diatilletion, %he boilimg range at

80 ma ig yeduced to £2§ ¢

€be ocharge is run by gravity into the High Boller Bt111, The
temperature et which it 1s dumped {e above Lte boilling point &t the
reduced pressure (60 ms)s The ofroulsting pump is therefors
pterted and the charge ellowed to cool to approximately 1750C before
the veouum pump is started, 4 differential of 200C between the
folet and outlet ef the hesting ooll indicates matisfactory
giroulation. ¥When the teaperaturs hes dropped to 1760C the veouum

DSH 001346
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yusp g started tnd the tetpersture of the chesge drops repldly i
to et whioh temperature the residuel diphenyl dietills, :

VWhen ‘tho touparature ¢f the polumn head indioates that all
the diphenyl fo distilled the veouun is relessed end the residusl
diphenyl drawn from the rocel_nr.

Digtillation 48 then oontinued watil spproximstely B0 ef
the original oharge has distilled, ¥his is determined by \
relenp the vacuum perfodicslly and messuring the contents of
the peceiver, An experienced operator cen judge this end point
quite doourately by observing the flow of distillate Yhromgh the

eight gless.

fhe distillation L{» then etoppsd and the distilled high boller
drawn from the receiver into pans, The still residues consisting
principelly of tars and ocurbon is érawn out end dimocarded,

M walt hes & oaprolty ef 00 teotnion
atp mm“:lww. prolty ef 80,0004 teo

OSH 001347
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BTILL ROOM

From left ¢o right, Qround Floor, Bensol
receiver from adsorber, three crude @€iphenyl
punp tasks, wnderneath pletform just discern-
eble is diphenyl still tank, right, high
bofler s4ill tank, O platforw, Bensel still
with fractionating oolumn and oondenssr et
pooond fletform, Foreground, diphenyl ready
for paoking,

65
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BTILL MEATIRG OOILS

Left, osse closed, heating cold for high
Mihr still, Right, ceme open, hesting
ouil for diphenyl lth l‘heu heating
ooils ere mounted eabovs the still tenks
and are paparsted fyom thes by a fire wall,

OSH
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DIBTILLED DIPHKNYL OQLLECTION
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DIPAINYL READY JOR PACKING
Beokground shows high bofler ptild,
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BIGH BOILER BTILL

Loft = Btill tenk showing drive submerged
type Rumesy pump, Left oceuter, traction:*'tin:
oolumn, Right center, Receiver. Right, Trep,
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APPENDIX
HOTES O THE OPEMATION OF THE DIPHENYL UNIY |

Snglruseats ' ‘
Flow Meter « Bohutte Koerting 1/B®, #1825
Thernootuples ¥ilson Menlen Pyods { Lron - constantan)
Rooording Prrometer Wilgon Heulen € Point Tapalog
Reoording Potentiometer Brown 8 Point
femparature Ooutyole Wilson Hsulen Fotentiometer motusting
dnoricen Radletor Co. motor valves,
fas Burpers ng‘buab!on Enginesring Co, Bigh Pressure
Yank Quage Uehling Tenk-O-Boter

After & uroﬂ oheok hes besn pade of the verions sontrol equipment
food Lines, foed wqp“uleue unooi water lines and other oquip-an%

ihe gas buwners are lighted and the dead temparature i the pots
brought up to opersiing temperaturs, This vequires spproximately

six hours., Durimg this pericd the stack containing the bensol vaporiser
fo cloped and the products of combustion discharged through a peparate

. #taok, ¥his 49 done to prevent overhsating of the vaporinmer eoil,

Yhen the system has reaohed opsrating temperature it s swept out
thoroughly with esrbon dioxide so as to remove any traces of air end
avoid ofive mixtures of alr end benwol. After ¢this precaution
the bansol feed is started and the flow of benmol sterted

~ throvgh the wait, e spent burner geses ares then turned through the

ptack contelning the bensol waporiser end the waste heat utilised,
¥he rete of bensel flov is then gredually relsed end the whole
system brought futo equilibrivm at a flew of approximately 180 gallons

per hour,

gutthu &: it down s @ peversal of starting Lt. The products

of combustion are cut off the vaporiser coll, the bensol flow {s
stopped end the feed pump shut dowm, The eystem Lo hhen swept out
thoro:thh for ten mimutes with oarbon dioxide to insurs cowplets
resoval of bensel; The relosse iinos et the tops of the pote ere
then opened te equalise the pol pressures, care being teken (o open
the converter releass, the #£ prehester relesss, and the f1 pre-
boater release fn the order nesed to mvoid blow back of lead, The

DSH 001359.
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ges 48 then l!;ut off end 17 the shut dowm ip ¢o be for any extended
time, 811 vater and steesm fa also shut off,

?ﬁ. pleoe of equipment 48 & two chember activeted elumina sdaorber

ased for removing bensol from the by en produced im the
panufeoture of diphesiyl and slso for oolleoting the bensol vapors
jesuing from the vents of ell feed and collection tanks,

The chamberg sre equipped with pipe voils connected through ¢eo way
vidves to stesm and water, Durimg the adeorbing perlod oooling
pater ie turned through the eoile while during re~sotivation
poriod stesm L& turned through the ceile,

The epsrating pariofs are six hours, during whioch time mdscxption is
taking place im one chember while re-ectivation L¢ being acoompligh-
o in the pther ehamber,

The tempsrature of the adporbing chambes Lw beld below BE00, The

re-aotivetion chamber e herted as bo:sso poreshle with 1264 plows
for five hours, then cooled to helow G6UC during the gixth hour,

e present | wuit is opsrated with e time efficlency of 97K
iug. The pr faotor osusing lost opersting time £s oarbon

formation,

This fu §ndicated by changes §m opersting preesures end ooocurs
Bost frequently in the following orders

1, Ooovsenscke from converter to trap end from {iap to colum,

met be oleaned bi-wonthly and requires sbout four hours,
8pare gooseneoks are ocarried end exschanged,

2, Converter distributor pips, Must be clesnsd or chenyed ,
soni-annuslly, 8pere distributor carried on hand, Obanging
requires sbout eight hours,

$. ¥o. B prenester. Hust be oleaned about onoe a your,

The oarbon formed ¢ very hard snd dense end it Ls necessary to
sfther chip 1t out or turk out with oxygen,
OS® 001360
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Other favtors oocaglonelly causing lost operating time ares

Dietributor faflure Que to pipe broaksge and indiosted by change
iv operating pressures or reduced oconveralion,

Thermooouple well fallure due to vibretion end indicated by
- deakega ayoumd the oconnection at the top of the pot,

Feod pump failure due o wenr in the pusp %o such an extent that
4t fellg to deliver the neosssary pressure,

Pot failure indicated by lesd running out the firebox door, When-
ever & pot 18 opened it s essentiel that the lead be measured

end any necessary make wp sdded, The mechenicel action of the
vaporised bsnzol passing through the molten lead causes pesssge
of thies metsl from one pot to another snd fxom the oonverter pot
to the lead trap., The propsr depth of lead in Ko. 1 and Ho, 8
prehoatere 4o 43% and in the converter 48Y,

The sump tanks and feed tanks -are vonted through the Leotrodryer,

Oooepionally these lines booome plygged oaunsing back pressure oz f
the tanke or backing wp of the distilled bsnsol, It i necessary

to cleen these vent lines whenever this oocurs.

Bensol used for Diphenyl manufuciure Ls bought wnder the follow-
dng speoificetiounr;

fireds Oommeroially Pure Bensol,

folor The visible cvolor shall not be darker than e solution of
«0080 gu. of potassius blchromate in one liter of water. Comperi-
soit 40 $0 be made 4n Hessler Tubes « 60 6o sisme, l

The produect shall dietill from start to within
C. within whioh degrees shall be imcluded the true boiling point
of Pure Beusene (#0,890,) The method of dietillation shall be in

socordance with method E-4, Journ, Ind, Eug, Obeam. 10,1008 (1014).

Aoid Hash The wash shall not be derker than Ho, 4 Barrett
Colorimetrioc Boale., Test iz ecoordance with directions for Teat

E-8, Journ, Jud, Eng, Chea,
P DSW 001361 . '
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Anidity Finished produot shell oontuin mo free sgid,

8peoifio Gravity at 15,600 ghel) be betwesn
876 and 888,

Holatura Hust ba essentially free ot‘ Hgb,

Fraseing Beint  Preesing point must be not below 4,090, Test
40 socordance with method of U, &, Bteel Oorp,
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MANUFACTURE OF AROGLORS

Aroolor L6 ¢ name used to deu{nto the chlorinated products of
diphenyly The physical properties wary from & light mobile oil to
aryetalline end nor-orystalline golids depending wpon the degree
of chlorination and the compopition of the raw materfel, Btraight
diphenyl chlorinated ylelds & llzum product of Lnoreasing
visoonity up to and Snoluding 85§ ohlorine, Above this the yleld
85 a orystalline solid, Btraight high boller and sixtures of
diyhanr{'md bigh boiler chlorinated yleld produsts of incressing
visoosity up to mon-orystelline resins,

A mmerioal system ef momohelature oonelsting of four digits has
been developed for fdentifying the various Aroclors,

The first digit denotes the ray materiel upsed for the chlorinatiom.
the figure "one® fndieates 100§ tochnical @iphenyl, The sedond
diglt denotes whether or mot the produot is distilled, The figure
Sone¥ fndfoating undistilled; the figure ¥two® fndicating distilled.
The lapt two Qigits denote tfu approxinate peroentsge of ohlorine
contained fa the finished produot, Thers ere ssveral arbitrary
devietions from the ebove nomenclature as Lollowss .
1, Aroclors 4085 and 4485, The former is the crude from which the
latter is obtained by dietilletion. The eterting rav material
oontaing €0% distilled high boiler and 60% techniocal diphenyl.
Thie is ohlorinated to 65F ohlorine,

2, Aroclors 6080 end 5480, The forvwer s the orude from which the
Lattor 4p distilled, The starting raw materie) fe
dfstdlled high boller, Inie s chlorinated to 80X,

8, Arooler 2566, This is an undistilled produot, The sterting
ray netorial counsists of B6¥ orude high bofler end 75€ teshnical
diphenyl, Thie {s ohlorinated to 65% chlorine,

The Aroclers ere not pure compounds but are mixtures of two or more
voppounds, Nowover, from their ohlerine coutent they msy be
essuned to have the following ocomponitiont ,

DSH 001363
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The manufaoture of Aroclors is divided into two operatione, viet
The chlorination of the rav materials to orude Agoclors,
Tho distillation of the orude Aroclors to finished products.

&1- operation is shown disgrasitically by drawimg Ho, 0-88B2, by
sotual photographe end is desoribed as followsy

?bo rey sateriels used in the manufacture of the Arodlors ave
prinoipally Techniocel Diphenyl end Ohlorine, Bome few of the
Aroolors require orude high bholler er distilled high boller sz will

be shown laters

Jax Materisle Jandling
Diphenyl or high boiler is taken from storsge, weighed and
dusped fnto ptean hented meliing tenka,

Liguid ehlorine 18 reveived in eingle wmit tank eers whioch
are leaned from the panufacturer, Mo additionel storage Ls provided
but ohlerine $s used direotly from the tank cars after being passed
through a vaporiser, %he vaporiser consists of & sylindrioad tank
containing water, beuted by ateas, iz shich is fmnersed tvo 10% x 48°
eylindors, The liguid chlerine ip brought in from the tank car
through @ 19 line and manifolded 20 80 to feed both oylinders,
Vaporisation of the 1iquid tekes place and the gaeeous chlorine i
dfscharged from the oylinders through X/8" expansion valves into 1¥
lines @0 manifolded that any chlerinstor may be fed from either
vaporiser, Pressure gusges are used to measure the chlorine flow,

OSK 001364
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gﬁo chlorinators are thres cylindrical stesl $anks, 16 ft, high
by b £, dismoter, These have flanged convex covers end bottoms,
They are £illed to helf their depth with iron turnings for catalysis,
Those are enoloped in en iron shell B7% in diameter. '

A one inch ooil for ateam and water extends around the length
of oatalyst chamber between the two shells, The spacing bstween eash
turn s approximately two inohes, - . . )

A two inch line leade from the bottom of sach chlorinator
through & Bould centrifugal pump to the m of the ohlorinator. Thie
is for oiroulation of the chayge during orination, In the covers
of the chlorinators are inlet lines for charging hydrochloric aeid
discharge linem, circulating lines and vent lines for use while
charging, Yhe hydroochlorioc moid lines from No, & and ¥0. § ohlorins-
tors enter & gomwon line Reading ¢o the hydroohlorie soid ebrorption
eystos, Mo, 1 enlorimator, which 1s used for 1165 end 1169 disoherges
$te aoid through & trap mﬁ thenoe inte the vomuon eclid linme beyond

Bo, 8§ chlorinator,

g required charge is weighed and dwsped into the meliing pot,
melted and pumped to ths chlorinator. The chlorine flow is kept low

at first to prevent looad everhesting and dfphenyl sublimation, The
eirovlating pump i¢ started efter turning en $he ohlorime, 4s the
denpity of the shaxrge incressess, the chlorine flow fs inorsesed until
the greepure reaches the maximus shown in the tadble, The heat of
reaction of chlorine end diphenyld 4s s0 groat that cooling water s
necessary to keep the temperaturs within the reguired limits, The
saximum temporature shomn in the ¢able S8 that neocessary to fasure

oomplete reaction and to keep the eharge molten,

During chlerination some materiel s carried out of the
oblorfnator with the Hol gas by eutrainment, foaming or sublimetion,
For this reseon, Mo, & and Mo, B e¢hlorinators are never used
simultensouply, one belng uveed as & trep while the other i in
oporation, Humber one chlorinater being used for orystallinme .
Avoolors has ite omn {repping syetem Binos conteminetion of eny of
the other 4roolore with eryatale would render them wnsalesble, 4
separate trepplag eystem for each chlorinator would imorease the
ospsoity by one third, ¥he average amount of trappings is B of the
finished batoh, When pufficient has scowmlsted, it is used for the

DSW 001365

-

ADA 000718

WATER_PCB-SD0000045885



82

manufsoture of 1188 or 1189, er for amy of the Ayooclors Af no trappings
frow the last two ars prepent.

In ehlorinating Aroolor containing high boller particular oare
must be token to minimise fosming, ¥The surface teneion of this
satorie) is apparently higher than that of diphenyl, therefore & higher
ohlorinating {euperntun will reduoe fomming tendency. Ohlorine muat

not be fed too rapidly et low fomperature,

Bagples are taken from time fto time to determine progress of the
ohlorination and near the end extrems care must be taken ¢o prevent
overrmning the end polnt, However, an exporienced aperator ean finigh
to ppecifications with grest acouracy, ,

When ohlorination 4s oomplete Asoclors 1148, 1184, 1160, 1182,
4085 and R586 are pumped to the blowing tank, Thil Yank ie equipped
with steen ooile and parforated pipe feor compressed sdr. Reaidual
hydrochloric ecid is blown out here, The blowing peried waries from
four $6 twelve hours, depending on the 4rcalor, Fhose tha{ ere to be
ehipped as orude Are given the maxisum psriod while those to be @lstill-
ed ere given the minimum. When specified by the pustomar thet say of
the 1iquid orude Aroclors be shipped ag auch, they are given epsolel
trostment with Fuller's arth and hydrated lime end then f{ltered,

After blowing, the material is drawn directly into shipping eontainers
er fnto B0 ;tilon drur for storage preparatory to distillation.

Aroclors 1168 and 1169 melt too high to bs blomn so are dram
direcily from ihe oblorinator into opesn top drumse, These orudes must
be dlscharged from the eRlorinator as rapidly as possible ia erder
o {rcnnt freesinge This pefhod of discharging is dissgresadle as
well as harerdous to. the operators and oould bé greatly isproved by

the fnetellation of flakimg equipment.

fhe following teble and churt shows the operating fectors
involved in the production of each Arocler ,
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Chlozr- Chilsrine Chlorinator Poumds

Chlor-
) Lextiom Presswe T Produced inatop .
Areelor Lde, Charged g?lﬁ o Por Borth
s B Tuz Betod . SEouxs) Stext Fod Stexy Bnd Bateh . Bedtch Pinished To Oe,)
142 35,6008 Diydemyl 18 -320 7 17 10 I 5,50 EBpecific Grevity 1.54S - 158 @ &5°C {4) 209,000
18 3,008 T W A7 10 135 8,000 Specific Uravidy L2 -~ 1.47 @ 8% (&) Bt&o
s E,8008 * - 7T B 1D 10 T,H0 Specific Cravity 1502 ~ 1507 @ &5%C (4) 175,000
180 §,8008 ® 052 0 120 10 7,500 Specifis Qravity 1,563 - 1,584 @ 300¢ (@) 172,500
use 3,000 2 P-L 2 10 350 7,50 Specific Gravity 1.585 - 1.570 @ 1000¢ (@) 172,800
188 8,008 T .40 6 2 10 10 8,000 Eold Podmt 130 . isfc (%) 152,000
e 2,800 o4 0 120 285 5,000 Eold Poiat 210 - 239C (5) 188,000
8:BE  2,950F v .
T50f GAB.{1} B4 & 25 130 ITE 7,500 Softemimg Folm® Berrett T30 - 308t (&) 142,500
@88  1,500F Dipdmnyl
1,200f DBEB.(Z) 35~43 € 25 1% 1TS 7,500 Softening Fodmt Barrett T - 0%  (8) 142,500
060 50008 DAB{} ©0-4 6 £5 1 W 7,50 Softemimg Poit Burrett 230 - 1250 (g)  1m,2%0
Crude Migh BeSier
Bistilled High Boller
3} The averege menthly otpecity of thres cilorimsters would be 480,000 lbe.
hese densities zre teken by ihe opersiors vith kydremsters of sultudle rémge. The fimal semples
are checked YUy the scatrel laborwtory with the Fewtphal Balince.
{5) The "Eeld Pudnt® iz that point in the frecwimg Tunge where the maderial shows %he characteristie

incresss in tempeareture due to deat of erywiallisation.

{8) The softeming poimt is dstermied in the plmm? Dy the Barrett Mimg method, the msterial being
finished by compurison vith e standsrd of Imcum softenisg poimt.
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OIORINE GTORAGE ‘ .

Two end oers are st liquid chlorine discbarging
etationg, Oonter car 4# et hydrochlorie eeid
Yoading station, :

OSW 001369
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CHLORIKE YAPOKILER

Eotat Hot weter tank containing two veporisimg
oylinders. Liquid ohlorine fed im through dirt
trep at laft, Qevoous chlorine dlscharged thru
apanpion velvep al tops Upper presrure guages
woed for conirelimg ehlerine flow,

OSK 001370
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CHLORIMATORS

fhe three ohlorinators and their oirculeting puwipe

sre #hown, The wertical lines entering the chlor-

inators pear the bottom are chlorine lines, The

bolted plates permit distributor replecement, Im

the background cen be geen the bottoms of the two

dipheny) melting tenke end the pusps ueed for DSW 001371

obarging the chlerinators,
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. Ohlorinators,
vaporiser.

OHLORIHATORS
Left « Charge melting tank, Center «

Eatrems right - Ohlorine

88

OSW 001372
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g
, i) (N TR *

P

. gop Y1EW 0¥ ORLORIMATORB

ghows oharging 1ine, oohloric acid gas 4ischarge
_Yins, snd oiroulating Rines Foraground ehov? chlorine
panifold. Ohlorine pipe ghown eatering ohlorinator

pear $0P; extends 10 potton of ghlerinator bat 16 only
usod in oase of d@otri‘m‘bor trouble. :
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DIBOHARGING CHLORIMATOR

The "g0l4d® Aroclors such ae 1185 and 1160 ere
dipcharged inlo open {op drums, Tbis {p & very .
dissgreosble, ap woll as dangerous, operation, '
¥Flakers ooula bs used. PFliquid® Aroclors are
purped, :

pSW 001374
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Hxdrechloxio Aoid Renavary

Binoe one mol of hyldrochlorie apid is produced for every mol of
ehlorine used, provision must be made for the collection of this by-
product, Tho s0id ges parses from the chlorimators downwsrd through a
irep, thenoce ocut of the bullding through & two inch pipe Lo e second
trap et the sbporption system. From thie trap i¢ passes through e
oooling tower to Vitreomil absorbers., Thess &re thirteer in pumber
pleced one sbove the othar. Weler enters the wppormost absorber and
flows oounperourrsnt to the gag, sufficlent water being sdded to
produoe 18VBs, aoid, The oondensed aoid passer through & pories of
one inoh Pyrex oooling tubes; thence to & 20,000 gallon rubber lined
plosl storege tank, y wnebsorbed ges pasgses £rom the absorbers to
& drowing tower, the weak 20id absorbed hors being sun over limestone
to the sewsr, Approximately 88f of the soid produced is rocovered and
absoybed when storage capacity is availlable, Howgver, this le limited
{0 the slorage tenk mentionod ahowe and two 6,000 gu{on tenk cars, so
such of the acld made 4is wipted, @hould Beles warrant such, the re-
vovery ocould be substentielly incrdaeped by pumping the weak acid from
ths drowning tower to the absorbers, -

Pnarating PAffAquities
On the whole the ohlorinetian process glves practicelly wmo
{rouble, £ fev fienis of maintshancs are 1lated below in the order of

the frequenoy of their éoourrence,

1, Distributerss The perforated plete of those must bs replaced
goui-snuually ar &t corrodes through i 8 six to eight months period,

Be The Merco-Nordstron Valves on the chlorine lines musi be
replaced once or twice & year due to lesky stems,

B, The Orane valves en the vaporiser are equippsd with

regrindable sests whioh must be reground semi-~mnnually,

DSW 001376 .
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HYDROCHLORIO ACID RLANT

‘Bhows Vitreosil abporbers, ocoke packed drowning
tower, £0,000 gallon rubber 1ined scid storage
tank, Guail tank &t left is for 6, aoid
oarboy shipments, Note elso gravity rubbere
1ined line for tank sar loading,

DSW 0013772
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HYDROCHLORIC ACID RECOVERY

e f1: Foreman _ (llegosd Operatox Kirong Date B.8.8E
[
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BDtutddlation of the Gruda Aroclors

211 of the Avoolors except Ayocior £565 are distilled o fintahed .
products, Teo differant type etilla are used, visi

1. 4&imospherie, mon-fractionating, waed for production of
Aroolor LRAD,

2, Vaoum, Ofroulating, Ooil Heated Typs, uvsed for production
of all other Aroc)ors,

Arcolor 1880 Riatdllatioy

The distillation of this produot has resolved itself into a very
simple operation after having pansed through & rether complicated
developaent period during which several typor of distillation were
tried, Avoolor 1R8P ig the most highly chlorinated @iphenyl having
the spproximate formuls ounclz. £t melts at approximately 2g500
end has a distillation range, &t atmozpheris pressure, of 4000 «

8000,

Atteupte to vacuus Gistill this produot felled due to the grest
tendenoy of the material to sublime, Fhe feol that fts boiling
point under 1 « £ mm prepsure very clopely épproaches its melting
)o:;t o&m“" the denign ef » satiefactory vacuum stfll extremely
diffioult,

Distilletion mt etmompheric pressure weing & vlosed ystort
oquipped with an agitetor and éiecherging the wepor throngh e
pocked polvmn were unsatiafeotory beoause of lov ylelds wnd the
Aiffiouity of removimg the still bottems,

Attenpte were made to publime tho product by psssing & ourrent
of alr over tho murface ¢f ¢the bolling liquid and collecting the
sublimed produst in a duet eollectory This Bethod geve feirly
satinfsotory results but was discwrded Gue to exponse of Installe-
tion and ooet of operation,

Anether probvles whioh prosented itredf in the production of thie
materisl wap its physionl condition after dlstillation, Collection

in pans with the resuliing slow oooling gave large herd erystals
ahiah the pustomer found {mpossible to grind to the dseired finensss

of one half mSoren,
OSH 001379
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dir sublimation end elso distilling fnto & water quenching
tank with subsequent drylng of the guenched profuct gave &
produat of satisfactory physfond ohsrecteristios. The latter wap
diecarded howover in faver of the flaking whes) which 4s used at

prosmtb,

The distidletion s 1s now oarried oo 46 shown by parte of
draving 08080, by s actual photograph end is desoribed ap
followsy

Equipment « The equipment used in thig operation ooneiets of
four sleel pots B6® in diameter x 4R® desp, which sre used alternately
in tvo suitable fire brick, sisel Jmcketed mottings, Inside the
pots L¢ wolded & atesl ring or gulter approxdmately 18* from the
bottom, This ying serves as & colleoter for the Aistilled product
vhich i¢ condansed on the sides of the wpper purt of the pot: ¥he
distillate i¢ disohayged through a uhort‘{ipo gel in the glde of
the pot at the ring level: The pote arée also provided with sulteble

oovers beld in plece by 0 olemps,

Bouting S soocomplished by gas fired through a four ring, low
pressure, multi-jet burner manufuotured by The Burface Gombustion

1Y e
the @ietillate Ls collected in a pav which feods a 24" diameter

¥ 18% water c0o)ed flaking wheel poteting at 1) EPH, 9The flaker
* i» enoloned by & hood which ¢ connpoted to. e Reymond dust

oolleotor equipped with steinless stoel oyolones,

Temperature is mespured by Pyod thermooouples connectsd to a
¥1)son-Havlen Indicating Pyrometer.

4 Biroooo exhanst fen ip used to elear the gtill goon of fumes
liversted at the end of & distilletion,

0S¥ 001380

ADA 000733
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¥ive hundred pounds of Aroclor 1169 and twenty five pownds of
hydreted lime are weighed oul and charged into the dietillation.
pot. A gasket of ssbestos xope is placed around the flange end
the ooyor put on with O olampd, This cover fs & flati stes) plate
with & gix dnch pipe 128 high welded in 4t semter, The pot is
por Mifted into the setting with & chein-holsl cnd the hood
oonneoted to the exhaust fan & into position over the plpe in
the cover, ¥he delivery pips 1s lengthened to resch the flaker
ropervoir by & sleove and nipple, A thermooouple is pleced inm
ithe materisal through the cover and heat $p applied, ¥hile hesting
the matorie) to distillation tenporature the flams is allowed to
oover the bottom of the pot, When distillution etarts, the flame
18 reduced o that 1t lacke two inches of touching the bottom,
If this &6 not done tho chargse will boil ever into the oolleoting
ring end give black waterial on the flaker. ¥he sides of the pot
above the collecting ring ect as & ocondenser for the dietillate,
Phen the temperature of She materiel reaches 4000C distillation
i imminent, The firet ef the @istillate {s» generally hlack so
thlie is collected in a speld pap ingerted through a door fm the
hood, This {¢ withdrawn when the stroam o6lears wp, The meterial
oaught here 18 ro-distilled with a subsequent batoh, The flaker
and dust oolleotor are both gtarted the mowent distillation etarte,
The aversge time for heating to dfstillaiion point is ons hour
apd aletilletion alpo o::;ggel one hour, The dietilling range of
this Aroclor s COO5 - ¢

Yoward the end of distillation the oolor of the dietillete
egasn darkens due to deoomposition. The aperator muetl wetoh for
this and scparate the dark materisl from the shippable produot.
This patorial 4z aleo re-distilled, Completion of dietillatjon
is marked by what is known 8p the "blow", $his iz & rather
violent ebullition of dark oolored sublimste which &s etrongly
a0id, JYts probeble okuse is sudden decomposition of very high
Yoiling ohlorinated residue which releasocs considerable hydro-
ohlorie @ecid in a ghort spsos of timwe cevefng sublimation, When
thls oooyre the fire is imvedietely cut and the exhaust fan
storted, The blow lasts ebout five minutes, When it cenpes the
pot &s 1ifted From the setting, placed in a water filled pan on
& oarl, rolled into the yard end alloved to oood,
: DSW 001381
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The pt3ll rosidues are 8 mixture of ocurbony partially de-
ooupoped Aroclor, hydroohloric soid and celojum chloride, ¥uis
aixture olings rather tenaciously to the bottom of the pot, Its
ronoval s scoomplished omly by inverting the pot and hamuering
vigorously with gledges. This ie somovhat Qameging to the pot
bottons, 4n Lmproved type of pot vhich may ellwinate thie
pounding 1# now being built,

Eaoh twenty four hour produvotion of fleked Arocler and the
dust caught An the collector 1s mixed s thoroughly ap possible
in oxder to obtein & wnifors oolor and packed sither in £00 1b,
14ned burlap bags or 400 1b, elack barrels, ar the tustomer
dGosires. The grenleatl portion, bhowever, is ehipped in bags,

Dapacity )
The above dosoribed 1PSY atills have & dombined capacity
of 8,000f por 24 bour dsy or 160,000f per month,

g. The n&er noO¥ i‘: urg wes not designed for thig pervice

and has too lov oapsoity, Im spite of groat care the pan over
flows ocoesionelly. This susi be colleoted end re-distilied,

£, WUnless the delivery pips from the #tills is kepi hot

during the besting {erlod 4t stops up when distillation sterts.
Thie pecessitates oleaning 4t with @& rod,

8 If fur any reason & charge is brought to bofling and
then allowed to cool without dfetilling, it will decompons
wben reheated and the recovery will be low,

DSW 001382
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AROOLOR 18680 DIBTILLATION

Left shows oyolons dust eolleotors, GCenter
. _8iati1letion pot in gas fired setting, Right,
¥laking roll sghowing discharge of produot,
Fuat behind the fleking roll ocan be seen ¢
sooond s$111, These tvo are oporated altbronately,
Large pipes above 8tillp lesd %o an exhsuusi fan,

pSW 001383
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Yocumm Distillation

411 of the @istilled Aroclors except 1R8O are produced inm a
veouus eifll,

This operatfon is shown by drawing 0-8BB8, by & photograph end
i desoribed as followss

Bquipsent « The equipsent used for thig operation ¢onpiets of e

heating tank, weed for melting or warming the still chsrge, which

~ discharges into tho main til) kettle. Tnism etill has a ospecity
of epproximately AV6 gallons, The oharge of Aroolor is eiroulated
from the bottom through a o, § Quimby pump 0 & gap fired heating
0011 end baok into the Lop of the kettle. The vepor ip dischurged
through & monel metal foam trap to s monel metal single tubs
oondenser. ¥The oondenped product diecharges through a sight gless
fnto o mone]l mote) lined receiver,

The entire systen 3s evacueted to 3 - § mn through 80F ceustie
soda porubbors tx 8 Whesler Three Stage Tubejotl Vaouum Pukp., 4
Doving Moohanionl Vaouum Pump L6 provided ae stand-by equipment.
¥hen nesded {0 preveni freesing of the oberge undergoing distilletion
Aroolor 1148 hested by gas is eiroulated through the following
Jaoketed parte of the stid) set up,

Line frod atill dank ¢to Guimb

Live fwom hosting o0id to atil) tenk
Chearging iine

Quinby pusp :

Quinby pump packing gland

The d1lstilled Aroclor 4e transferred from the reoeiver to efther
of two B75 gelloy galvanized blending tanke where several batches

aro mixed with Fullerfs earth before paseing throuygh @ IR plate and
frame Bporry £ilter press to finisghed storage,

!oagornmrel srs mespured by Pyods oconnscted to & six point
Eileon Haulen Yapalog, Two pointe esch ars messured at the inlet

end outlet of the hesting 00il, one in the foss trap and ove in the
reoeiver,
OSW 001385

gmmm
or the sake of brevity, Aroclors IR4Z, 1248, LR64, 1880 end 1RGR
and thelr orude homologues will be referred to heresfter as 9liguid

Aroclors®, vhile Aroclors 1R68, 4486 and 6430 end their orude
homologuep will be referred to &p Ys0lid 4roclors¥, The former are

ADA 000738
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not a1) striotly )ﬁzuldu, but they are ouu{ molted and, therefore,
may bo so olassified, The liquid orude Arooclors ave dol!nrod to
the Bedger Bti11 in bunged drume and the molide in open-hoad druge,
Yor oharging, the bunged drums are drewn up by a chain-hoist ¢o &
pletform snd the hung placed over ¢he 1ip of the charging tenk,

Bung and vent are romoved and the drum heeted with & gas flems,
Hoating 48 not peosssary for 1142 and 1148 &n wers westher, tui a1l
munt be hoated in winter, The 80144 Arcolors are broken out of the
druns nto & box and ghovelled fnto the oharging pot, 4 tewpsrature
of 2000 - 1 o pufficiont for cherging the Liquide but the

s0144p must be heated to 1600 - £EEO0 $0 become eufficlently liquid
to provont froesing while charging, This operstion is very orude
and affords oonsidersble roow for fmprovement, 4 bot-o0i} system

for heating the charging tank would be much more efficient and
oleaner than the open gas flems pow uped,

One per'eont of bydrated lime is edded to the erude Aroolors ix
the cherging tank, is neutralises any residusl acid and prevents
sublisetion of ferrie ehloride which would discoler the dietillete,

Whet the still 4p ©0)d before charging, a1) fackets ar¢ warmed
vith bot Aroclor from the eiroulating eysten, If a golid Ayooler
i to be dfetilled, a smell oharge of 114E or 1143 {s firet
eirculated in the etill at atwospheric pressure to heat the systen
thorowghly, Thie e pumped out just bsfors the charge 1o be
distilied is rendy, :

Io éropping & cherge & 40 mesh soreen 1p placed over the funnel
of the eharging 1ine to take out most of the line and any foreign
witter that may be dn the erude. It i¢ extremely importent thet
no foreign matter get past thip ssreen gince the olearance between
the sorew end the barrel of the Quimby pump is extremsly small end
14 16 thersfore ensily stalled,

 Juet before eharging, the Quimby pump e sterted and e low flese
applied to the oolle, When the ob f# cirpuleting, er indioated
by @ lov tewperature differontiel (107 - £0O0) between the imlet
and outlet of the ooll, circuletion of bot droclor to all jackete
but those &round the Quimby pump packing glands ie stoppsd and the
Jackets draineds The ges i# mow turued on full epd the systes
evacuated, Distiliation from a oold gystem slexrte in thres to five
* hours after chaxging depending on the Aroclor boing distille&, The
dog botwoen betohes L8 80 to &6 minutes,
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Binos the orude charged per bateh 46 1,000 1bs, and the
rooovery 978, only B0 1bs, of still residue will bs left frow
each batch, This §s not sufficlent to maintain eirculetien,
whioh requires at least 100 1bs, Therefore, the first three
or four batohes are mot yur to compleifon so that olrouletion
may be maintained while residue L8 sooumuleting, @ince the
oapsolty of the receiver is omly 1,200 1bs, these first batoher
muni be #plit, the receiver oapuoa and dletillation rosumed
“without recharging, Bubpequent batches are blended with the
early ones Bo thal the composition of the whole will bs unifors,

Puring distillation the temperature of the feah trap éoin-
oides vory closely with that of the fnlet to the o6oil wniil near
tho end whan the temperature of both the inlet &nd outlet
inoroane rather prepidly while the 1‘:58 trep temperature remeing
nosrly oonetant, Wnex 8 spresd of w 400 between the foun
trap and inlet is attimined dist{llation f# complets, The sbove
L8 true of the 1iquid Aroclors, and Aroclers LR86 and 6480,
Aroolor 4486 oongists of mixture of diphenyl end dfetilled high
bofler ohlorinsted to @5f and hes two distinot bofling ranges,

" The chlorinated diphenyl dietills first and will coinoide with
the inlet ap eabove, After thie nap diptilied the iInlet and
oullet ¢temperstures will dnoremee and draw avay fron that of the
foan trap and the streed of distillets will fal) off, As the

- temperature of the liquid incresses that of the vapor n ¢the
fosm trap will incresse until 4t again epproaches thet of the
inlet, Another gpread indicstes the end of the diptillation,

When distillation 4¢ ocomplete the valge on the vecuus line
$» closed and the siystem vented at & poimt beyond the reseiver,
4 moesured orude charge of 7% in the eharging tank is mow
dropped and circulsted until the receiver i» emptied to the
blending tunks by means of ocompressed aiyx applied through @&
valve in the vacuus line over the yeosivar, Distillation iv mow

ropumed,

Yro@ tims to time excess etill xopidue must de withdramm
from the kettile, # 1p dons by partially opening & plug valve
on the disoharge slde ef the Quimhy et the completiom of e rum,
By using oera in this oporation eirculetion will be maintsained
through the ooils while draining, However, 4f the valve &»
oponed too wide the msierial in the colle will oearbonise whioh

peoesaitates drawing 1) residues and renewing the eoll,

/oy
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¥het the #8811 L¢ %o Ve teken out of operation {he ie ghut
Gomn for & for minviep, 8 valve at the inlet to the ooile olosed
and @ vent plug {m the o0olls opened g0 thet any Beteriel remaining
4n the ooile will be pulled through by veouum, The stil) yeridues
ere bov pumpod oul and a paall oharge of ligquid Arvolor dropped and
cirouleted for ap hour, The letter s done so that the pump will
run freely whan next useds Othervise the high melting still residues
will frosse fn the mmp and cause it to piiak,

For distilletion of the liquid Aroclors the ocondenser must be
oooled with water do effecl ocotplels ocondensstion, Bater ie ueed
$nterafttantly bore as nesded, This peod is indicated by ¥flashing®
$n the sight glass, which s & epraying end brokes slreas from the
discharge 1ip, When solid Ayoolors &re being distilled the
condourer is legged and stea 1s used dn the jacket, Rowever, even
these will flash Quring the sarly steges of dietilletion and soms
cooling fe mecessary, Yhis L ecvomplished by mixing water with
ploan, :

4s pentioned sbove, a1l Aroolors but LEES are blown to blending
tanke to Ansure waiformity, ¥he liquid dpoplore ere trested with
J0f of dried Pullerts eerth, bested to ADP-12600 end Filteres
through the Bperry press inte thirty er fifty gallon gldvenined
druns which are used as shipping conteiners, Arocdors 4485 and 5480
are blended but not treated with Pylleris eurth sinve they mell o
high to be filtered h'tt,bn,'greu. These are draw out {hrough
&Separ aloth Imto galvanieed fron contefners, Bince the same
blen tankp are uped for both liquid and eolid they must be
serefully cloaned of Fullerfs earth bafore using for 4485 end 5680
esd thes before veing egein for the liquids muet be cleaned egainm.
Arocloy 1888 f¢ drawn diroot)y fro® the recelver into galvanised
iron parve, After this solidiffes 4t £8 broken out and pecked inm
eleck barrele, &fter ddetilletion of the latter Aroclmr the
redeliver eover Bust be removed and this vessel thoroughly sleaned
ainoe & emall awount of thig Aroclor alveys remeins end contemine-
tion of the ether Aroclers with this would render them wnsalesble,
A goparale recetver would be of great value hers,

gv 2!19 sludge setiler to the bottom of the dhargin; tank and

sonetimep pluge the outlet, Thise deleys cherging and if the emount
eof still residues in the etidl i Jow they may freese,

2, Frossing of the still residues may reyult from peversl
ssuses)
DSW 001388
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Blow sharging es notoed above.

Foreign metter such ep fron ghavings inm the Quimbdy
pusp whioh will stall the sorevs,

Gradual wesr in the barrel of tho Quimby pump which
reduoes the eaproity thereof and thereby cevses
oartonisat¢ion Im the cofls.

Power interruption near or at the end of the rwn
wlhen there 4n nothini in the s{d1l but high melting
repiduss, When 8istilling the s0lid Arooclors power
interruptions at any time during ths run £8 perious,
Drawing still residuer po rapidly that the flow
through the volls is low enough to ceuss earbonime-

tlonv

¥hen & froexe oocurs due o forelign metter in the pump it (&
gonerslly nacessary to re-ocondition the pump, making new screws and
ro-grinding the barrel, This Job oonls spproximatsly §100.00, In
addition, a1l lines to and from the pump must be taken down and
oloaned out, 4py #till residue lefi in the kettle generally steys
molten long snough to ullow this to be dramn off as & liquid, Most
interruptions of this kind have been traced to-pump feilure, and
tho use ‘'of & entiefactory {ype of ocentrifugal pump hers uouSd
eliminete & groat deal of trouble from thig source. If a power
dnterruptSon oocurs 1t ie somotimem poesibls for the opesrator to
prevent a froese by droving £11 the msterisl from the still through
the valve at the pump dfecharge, However, the rosidues harden
wvory rapidly and the operator must work fest,

8. If the e0lid Aroclors, partioularly 1268, are sllowed to
ghter the receiver to0 bot they tend to sudblime and eolidify at
the firpd oonstyfolion 4n the vaouum lime, thus csnsing low veouusm,
It 4» diffioult o entirvely prevent this gince it is necespary to
keep the digtillate molten, However, muoh dedgy from this source
will bo provented 4f the operstor cleens out the £ittings at the
heed of the dome after sach hutoh,

4, Dus to gradual sbresion 4t ip necsssary to reconditfon the
Quimby pump onoe or {wise annually dspending on the continutity of

oparation,

The following tsble shows the faclors fnvolved 4n the distflla-
t4on of the verious Aroclers,
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innikzjquginn:l '
‘eouuu distilled Aroclore are packed &n the following types of

oonisineres

Liq{id :roolorll Yventsed 1 Pruns '
« 18 gauge Oalvenie ron « B0 gallon oapaoity
2eg* dia, by B1-8/4" high, with 8 bung sud §/¢*
vent in head,

B, 18 gauge Galveanised Drums - BO gallon ospeoity, same
longth and diameler &s sbove without bungs but with
187 1p-bodt cover im head,

8, 10 gauge Oalvanieed Iron Dyume « §O inllon capacity,
18-1/4° dga, by £0-8/€* high with 12F 12-bolt cover
in hﬁad‘ no b‘v“l.

droolors 4486 and B450%
1, 28 gauge Galvenised Btee) Cans ~ 88 gallon cspacity,
18-1/4" 0, b, by B5® high with 9 inch friotion top,

Adroolor 1R§8¢
1. Bleok Barrels with liners,

This Aroclor 14 shipped both lump and pulverised, one

sustomer requiring the latter, The milling i¢ done in & swing
hexmer ®ille, ¥Thie operstion Ls very difficult in ware westher

sinoe the Ayoolor tends to soften and stick dus to frictlion in the
nill,

In addition to the sbove, semples and less drus onrders are re-
paoked in £, & and 8 os, #corew top boiiless one pinl, ono quart
and one buf gellon frfotion top cansy three and five gallen
friotion top wood-shesthed oenpg end five iullou gquere wood-boxed
sorev-top oane, An sttached teble gives the wdlight oepscity of
esch of these confeinera for the different Aroolors,
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BADOEK GYILY

Used for distilling all &roclers except 1069,
Left bolow «~ Quimby eirculating pwap. 4bove -
Ges fired ooil heuier, Left center « BWL)
tank showing lower pari of fomm trap, Right
cebler Bbove - Condenser. Belovw - Vacuum
{reps end eorubbers, Right « Produsl receliver,

OSKW 001393

ADA 000746

WATER_PCB-SD0000045913



/7o

¥6€100 Msao

.Dkn\.t\\umsh. - O = NI
T S NOF ST T
.3.00 Ol LTINS = MOV T ITT

MIAITOTEY .«'w....l&bn\ =

N - Qz, .... - :

) oy Qhﬂkt\“ \(b.ﬁt.\‘\\knxnw.

.:,.-...H..J\!KN ..ﬂlsotm\cm.. al - Qﬁtt\.ﬂhﬁr‘k\n =017 5
2 T T U WDT S .\Qént

ADA 000747

WATER_PCB-SD0000045914



OF.FaTI0 OF. BA

groolor Hos | _REH4 ..
poteh Foo K. . lot.lo. @PE .
_ qnches Chergod ___ _ R¥E . .. .....ol..
jonds Diet'de | Hot Week ... .. _";
;«md‘n B{11) Botioms

R e b Lo diie o]

pstidlation Glearted — 838 ’*”“,_,_‘

T"'T"""'“"""“‘tpj‘roo]or
U L ¥R&SUE b) M. '}i Batoh
b.@ Kottlo |

~swes ----

Imum

s
4
Y ——

.- &1 .
{1 RN O
;mi...n N IS ...-4

i U S

8 1 (PO WONY S

I «

oy - .

- --.-.--.m----,.-—'.g-.-
e - —

- e S S S,

. '

!

] .
Mn,l.-.-.__,...a.u-.;--*,.--r-.- R
] &

N vwwanwt mom prv ol ree e -
i 1]

S

M; S S ....%g.....---i.--.---‘,-...-.,...,4.
H .
~..-..u};.

JR— ""!’"""""ﬂ""""!"’"“‘f‘""""‘

53 GTLLT.

Ve

04

Dots  S.glodl. ..o ..
~ Bhoaloss ... ...

Operator

Shiry Hee

To

.. From .
¢ 100 T

Al

A

—vonn e

100 TV

D e R R L I T L

| i
.4“(-,.“. obeoneene
L’ ‘-‘! v-n----'! 0’ '0 -r—---.«-

<

e

’
S SN SR AR

1
H

...... ’.-......'.f-.-_-..

1]

‘I‘ -
.

“

Lmni ...... J»...;...-,’t.-.--d.s..-.».’;.,..--..-i.-...,

{ !

g U H——
‘v

.
.
e Lo-.—&..--’-J ER R AR RS R DTS

‘!umt-o~~-—-.4 .-z._..ir-»-.---- -——-jno--'---o .~‘----~1.-~--.;.--r~---
ol ...L:...,i - use. Gorolotg M. LWGL g

: j ! i !

P rven |t ea .‘ .....,-,__...jb..,..,‘.¢..{u~-v—s~ R R % R R RS SRR nd bRt g SR

-.---'.-- “e ~-~o-‘v"—~vov-5--~---.-.-

sarewe

I
!
t
O e
.
t

d {l E.No., .
of prom T
-L°.~.-+ DT I .Lﬂ.iah_t..' -..FP,-.,
{
-m.i--s...}-__m-.. S

—h'v-s s evoaansew

[ R .
> soow PR ]

j
|

b oo s oo -

fosvsrnm v -

v vvorsooes

f o oman s

ATO.

t
]
?

bevevaiemva S Ratadant:

L.-~.a—~--—’ N v e

~en

v oy a——

sevrivrvmerbravn

B ]

OSH 001395

S Kecd,
| Checked

Hedght X . By _

V- -
verw e -

3
promroen o

.-

L]
|
'
.
.
]
vsewnor
!
¢

.....

I ———

- vl m——a

wmieever an

.....

.o wa

pw-~~~.<-~~‘

. . . -
AmE s et ———— - -

ADA 000748

WATER_PCB-SD0000045915



—_—

/{2

DIFAFHYL AND AROCLOR OPERATING FORDE

Rorsonnel
fhe attaohed orgenisetion ohart shows the men necessary for operating
the plent when n full operation, Under the Code 4% iz necorsery to

_peve st leapt four men for each job, Thes¢ men work &e¢ follows

¥ k‘. &3&, !()Q, !g ot !&l
shifi i ﬂ—‘lun-llm- ‘Han = 1 Hap = ) Man « } Men « }

shift £ Man ~ £ Man ~ £ Man - 4 Man o ¢ Han - £ Man « £ Hen ~ B
Bhift 8 ~ Kan - B Map ~ B Mep - B Hant = § Han - ¢ Man ~ § Hen - B

This lineup bolde for two weoke, then tho shifis ghange forward, man

f1 teking the place of man 4, who hep been on floeting shifi, while

wan §4 takes the afternoon shif{. Hen §2 and #8 take the midnight end
dry ghifts respoctively. Thia gives each man an aversge of 42 hours

por week over &rn eighi-week parfod, but the intermittent character of
{these operations permite bringing the aversge down to €0 bours ia the
sourss of & year, ¥Yor ooutinuous opsration 1t would be nescessary to

heve more experienced operators to keep the averags dom to forty

hours, 411 dey shift men are kepl to forty hours per week when possible,

but never above forty eight.

Ruties

Bnil foerator
Shis man ip in charge of his ehift on &iphenyl and crude aroclor

produotion, Hie duties are as followss

Bess thet sufficlent bensol for opsration is kept in feed

tanks,

£, Begulete feed 10 oonverter unit,

B, Take hourly samples of diphemyl~bansol polutien from
oolumn and determine diphenyl content, by distillatfon,
thus cheok conversien,

&, Pump diphenyl-bengol solution to benmol ptill and dfetsl -
the bausrol,

B. Operzte diphemyl still,

8. Operate high-boiler mtill, -

Yo Bee thail converler umit temperatures ere porrect,

B, Record a1l dete on diphenyl opsration ap shomn on the
attached opsrating dets mheot,

P, Perfors eny paintenance that hs is capable of and which
doer pot have to be referred to the Plant Mefatenance
Ore¥, Thie inoludes obanging dlstributors when necegsary,

OSW 001394
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One operator only s mecessary when the unit is running emootinly
it ene man ghould mever bs left alone on this job. For this reason
the it end the chlorisators are always operated simulisheously when

'0’.1b1. ®

g. Pump rew ﬂ henyl {o ¢hlorinator,

£. JRegulets ohlorine flow,

B, Boe that shiorinator tempsrature L8 correct,

4, Bake deneity, hold poist or sofiening point
delorsinetions to secertain progress of
ohlorination,

B, Pump ohlorinstore when bateh is fimiehed,

8, Operste hydrochlories acid plant,

¥ 5111 eold tank ears,

8, Arzlet unit operator whenever needed,

B¢ 4ssist with, er perforw smsll meintenence jobs.

E. Bos thut sufffcient orude Arocler is always on hend

to keap st11) operating. {Thia is the duty of the day
ehifi man).

By Obarge Belting tank wnich supplies crude to still,

8, Trensfer finished batobes from roceiver to blending
tanke,

4, ¥i11 shipping containers with finiehed Aroclors and
slore £illed containers,

8. Heep premfses sround ptill and accessories clean,

g. Ghu-go melting pot with dipheny)l for chlerination,
Bresk out diphenyl from pansg after dietf{liletion,

B. Peck diphenyl for shipaent, v -
4. Pack and ptore orude Apoclors, ’
8, Bandle orude Aroolor drums for diwtillation,

6. Relp fi11 urbo{l with hydroohloriec acid,-
7o Reep pronises clean,

OSK 001397
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o« 8os that ptS1L charges are broken wp, welghed correotly
and oherged to the ptills. The day operator hes two
helpers 8o that charges for &ll three shifis mey be
broken out on the day ghift,

£y Oporets stills and flaker,

Bordth and Nelfare of Operators

In Ny, 1988, the operators in distildled Ayoclors, both Badger and
1880 ‘egui to develop & severe type of dermatitie, At that time
voniflation facilit{es in both operations wers most{ fnadequate end
the men were exposed to duet and fume from the bot Aroolors.
Bowsver, severel of the men had been pubject to the same exposure
for three yoars previous to this and bed suffered mo L11 effects,
&1 about the same period the eleotriocal properiies of the distilled
drocdora be{m to fall below specifinstions, therefore it wap
sssumed that pome Smpurity, hitherto mot present, wes causing the
trouble, Investigation reverled that the bengodl then im use dontained
sppreciable gquantities of pareffin, whioh when pyrolised with bensol
produced styrane ss en Lmpurity fn the &iphenyl, When the diphenyl
wae éhlorinated, Hfgrene dichloride was also formed, This compownd
is exoeodingly wnstable, giving wp hydroohloric eoid very readily,
the theory developed from these findings, and alsost certainly borne
sut by oiroursisnoes, wes that the slyrense dichlorifde entered the

res of the skin with Arocler vepor and finely divided dust where

t decogporsd, The sold formed acted as an irritant, imfection set
in end the skin dissese resulted,

Brin specielists wore gonsulted, but curs of the disesss was found
to be slow and diffieuld, The company bsoame involved in an )

sxpensive litigetion sinos pult was entered by the majority of the
mon affected,

As ¢ resuly of this trouble the following precautionury meseures
vore taken, '

1, 413 effected men were rooved from the aperation and new men
subetituled ap rapidly as they oould be trainsd,

2, Addequate wentflation facilitiesr were installed. DSW 001398
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4 oomplete change of cloar olothing was and etfld §s furnished
to oa¢h man deily,

fovels, sosp, nloohol and cold oress are elso furnished, Kach
pan i# reguired to rub hia face, neok and srms with ¢old eresm
bofore golng ¢o work and to take & thorough bath and rud
himself with aloohol after work,

The men are examined regularly by the Plant Physiclan,

Ho man who ghows 4 tendenoy to detmatitis Llp employed im the
Depariment,

Rigid speoifications were #et up for bensol so that there
oould bo no xsovourrence of etyrens,

4 a result of theme pracautions there has besn mo reoscurrence ef

dernatitis among the operators,
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PAOKING, GABKXTB AND OTHER AOCESSORTES USKD IN
DIPHINYL AND AROCLOR MANVPACTUKE -

L e R R

foctsn Moo R Jorrugated Sopoar Asbontos Hoaskete - Buitsble Blses

1, Dephlegmeting Uslumm Hoad and Boitom

2, Dephlegmutor and Oondenper Flanges

§, Bonmrol 8till Flanges

4, Diphenyl 81411 Flanges

6. Leotrodryer Cooler and Condenser Vlanges
€. Bigh Boller 8t111 ¥lenges

7, Flanges on Chlorinstors and Treps

8, Bsdger 8¢111 Flenges

WM&&&MJMH
« Bonsol Pumps
2, 0Ooil Qlends on Leotrodryer

+ Heads and Bottoms of Dephlegmator and Condenser
£, Oolums Heed on Benmol Hiill
B, Colmmn Head on Diphenyl gtill
4. Oover and Plate on Lottrodryer
B¢ Oolumn Head on High Boiler @611}
€, Onhlorinator Heads and Distridutor Flanges
¥ Iron Flanges at bells on Kol Oooler
(Gostse Mo, £ Copper Asbestos Gaskets are reoommended as

replaconents at all thess points exoept ¥ end 8,)

Pwmmmmmw
v Converter Bnit Gooseneocks

knww%—mmm
1, ¥o. 2 Preberter Cover Gagket

}YAM& L. Repe = A" Rlamatar
v Converter Cover Qasket DSH 001401
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{uﬂ‘&%’bﬂfot end Blow l‘mk Govers

'ltor land on Hel Ooo

l. 0ylinder Hoads on Ohlorlm Yaporiser

(. Oovar Qaskete op 1280 Dietilletion Potis
Covor op Badger Btil) Oherging Pot

WLQQHEQ%M*M:JMMW
lags Gauges on Yeed and § of Tanke
£, U-Bends on Oooler Yubes - Flent

g Heads on %muog 84111 ltfoﬁ' Oh:;$,. &

g.‘ Receiver &)Vut on Bigh Boiler £tLl)

. {.om;xwmm Xaoking
Oentrifugal Puxps Handling Orude Avooclos and Piphenyl -
2. 2Anoriosn Harsh Centrifugel Pump on Badper Bt}
Bot Aroolor oirouleting sysies,

foatrs Xrench fype Lead Arbaston
1. Bight jer on Badger Bti1)

f. %1&60!1 Absorbers and Coke Towers - Mol Plant

Bget Bubdber
1, Dust Oolleotor Ylanges and Oone above Oolleoting Burrel

2, Srap Oover on Righ Boiler BiiY)
8. Oover ob Badger 8111l Recelver

1, Qult%y Purp &W}}}%&%ﬁi )

Oardosk Ring Facking
1o Creve Rogrindable Beat Velves on Ohlorine Veporiser

. MI mom and Gets Valve Bleus ot.ber then those with

rogrindable peat, 02
DSW 0014

&q.ai.kfi.r.qn a.1~).ét_._klnmt‘
1, A1} Distf)Yetion Dolumns )

Lekg
1, Yowers at Bol Plent

& 4cid Trape on Badzexr Bte1}
ADA 000755
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HEAT BALANCE OF PRESENT DIFHERIL
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DSW 001404
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HEAT PALMICE m&%_um
AT ANLSTON, ALABK
4 tect on the B Pot leud bath Diphenyl Vnit wup mede on Hay 82, 1085,
She purpore of thim tertl wes to usoertain pertinent feols regurding
the hort balanoe op the buris of presont operutfons. The facte to
be brought out by this tert were derired im supplying dete for the
dorign of & more affiofent Unit,
$he tert lurtod 6 houre from 9146 A, to 8145 P.M,.(May 22, 1985) and
the following determinutions were made,
1, Gar Conrumption )
2, Temporsture of the Benwzol ul vurifous poinis
Tenporuture of the lend in the pols
Tanpereture of the ride wills of the Unit at wvurlour poluir
Temporsiure of Coaburtion Gures
B, Amountr of Benzol fed and yreluraed end produotion
" -4 Procprurer 4n the various poie.
J
" She atloohed Print gives a olesr ploture of the heat brdance rhowlng
the hert dintritution and the tempercturee of the gaees at isporteant
painte,
The efffciency of ‘the Unit ar operated at Anniston ir 45,80%, bused
on & conrusplion of 2,82 ous ft. Of gue per 1b, of procesped Benrol,
In other words 45.8{ of the total hent cautent of the gur is found in
the gerar desving the converter, |
The f{purer used for the thermal properiier of Benrol sre bared on l
the foruuls given in Perry's Hendbook oun the bottom.of p ge 549,
¥o dute wur evallable Lo check the formulay
, f
1. Gr, Conrurnption
Converter pot ~ 8 burucrs on and off 874,90 ou.ft,/hr,
Prehenter oo, B-8 ¢ LI # g58,8 kB &
« - fl
Preheuster Wo, 1-% continuouns 445,38 pSW 001406
Totsnl £178,0
Lowx heuting vilue of gan 528,89 £ culo/oudft,
.. %Tots) hent 4n geae ) 1,151,040 1b,0sl,/hr,
ADA 000759
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¢, Jerporeturep
Mosrored

Benzol leuving Vaporizer
Breheator f1
u ’2
Converter
Lond Proheeter §1
(] lg
Converter

I 22

1565,
B70
526
720
417
780
845

By mesna of Tepalog

ifter checking the instruments snd on the berie of the requiraments of
the hoot bslanos, the following temperaturer were chosen for the benrol

o1 varfoue points, ’
Benrol Fead
Renrol lexving Vaporirer
4 entering Prehenter §1
lesving lend Prehecter 1
*  Prahenter 41
entering Prehester #2
lenving lensd Prehenter #2
leaving Prehenter #p
antering Converter
lexving lexd Converier
" lerving Converter
Renction cpeumed to take place @

2 2 2T w D ow

£5%¢
186
184 {2° drop &n pipo)
417

570

864 (6° drop in comn, pipe)
710

850%

622 (8° drop in conn, pipe)
831

730

730°C

# The rending of the Tepelog at this point wne BRECC, Wt wee found to

be iv error,

Tesporuture of combuntion gares before end after the vaporirer;

Before B5OCC
Ater 255%

8. Benrens Feod and Ketuyn & Productiop

dmountes of bentens feod
returned
protesaed

o
Lo, €.3° o,

Produots ¥esrured

90¢ Diphenyd & H.B,
0% Bevsene
Hydrogen {onlculatsd)
Bentene carrled by Bydrogen(Caldo,)
Total Produots measured & oslo,
Uancoountoed for

9.8?% (BO'I E)CCQ '\11”

Qalﬂ/hr‘.
607
284

228

208
EO OSH

4

eb

266
£284/ur,

001407

Thore wap 8 emall leok o {op of the converter whiioh might

—_®pluin the differance.

ADA 000760
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/23
4 Prorruref
frou the helght of the lesd §n the B pota the preseure can be celoulnted.
fue height of the 1853 wue nol mecrured but teken from opercting data.
Onaloulated Heapured

Top of Converter 11b, 11,

Prersure of Converler B9* of lead 16,8 1be,

At top of Prohenter #2 16,8 18,5

Prepoure of Prehonter #2 45%0f Jead 7.9 . .

At top of Proheater ) 84,7 87.0

Pracrure of Prohenter §1 47" of lead 18,7

Pregpure of feed liae 584 49,0
Tue temperiture of the Benzol leaving the Vaporizer war 156° sorresponding
to b8,b sbuolute or 43.8 gouge. There 48 prodbably a puall error im
the temper: ture rending and perhaps also in the helght of the lead as
reported, '
YV i
6/18/85

DSH 001408
ADA 000761
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SYUAOL
LEE M.

8 130
£.430]

61400

G 1439

6 1560

13 =« pleon

DEpn vt YECGHIHIGAL
HioH DOILER DISTiLLED

T 14 - ARG ORS

CrunL ARQCLGR
140}

eIt

o~ YOo{AL

Anceron i 1119
1403 pnocLon 7 (42
1405 AnocLoi ;* {148
1406  Anpcoon ¥ 1150
1407 ARGCOR 7 11%4
1408 «ARuCLoR ¢/ [ 160
M09 AnocLox [ 1162
1411 ARGG OR 7 11GD
{4i2  AOCLOT 7 | 166 -
1413  AROC.OR 1 }i69
f414  ArIcLOR J 2565
f41C ARG OF f SI65
1420 AROGLOR [ 4035
1423 (wrooL ¥ BOGN

L KEGCLOR « TOTAL
(431

1432

1450
{453
(452

ARUGCLOR ;T (E(0
AROGLAR ! 048
AROCLOR (242
Moo R 7 {248

SAROCLNR Y (270

AROGL O g j2na
FROCLOR X {260
A o £ j262
Anoceer 1 1264
AROT OR § 126
aroclon ff 1268

AUCLOR ;7 4465
IROCH 07 1 450
AROCLOY Y 442

HOC_ Ot GOt 2OUND

24

OSW 001411
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SPOTION B0o §

LABORATORY METHODS, SPROXPICATION
ARD BQUIPMENT .

5, Aoalvidesd Methods
4, Plant Hethods for Doantrolling Productiva of Orule iroclors

Bpeoifio Gravity .

deldlty

Boftening Point of 80lid Aroclers
Hold Point for Avoolors 1168 end 3169

B, Mothods of Analysis for Aroclors an Used by Oontrod Laboratory

Hotes

Aoiﬁix of Distilled Aroclors

Bpeoiflo Orevity of Liquid Aroclors

Tendenoy of Aroclor #2585 to Csuse Blooking $m
droplor - Btesrine Pitoh Hixbure

Hold Poiute for Aroclors £1168 and 1160

Acid Huxber of (rude Aroclors

Orystelllsation Test on Kon-Orystelline Avocdors
Distilletion Range of fiquid Aroolors

. $otal Chlorine in Aroclors
. ¥Free Ondlorides in Liquid Arcclors

Pour Point of Aroolers

Loss en Reowting of Aroglors

Uolor of Arcolor §5460

Oooffiofent of Expanaion of Aroclors

Determinatian of Fressing Points

Determinntion of Bensol Ingoluble 4u 8olid Aroclors
Veporisetion Loss at 66°C

Piphenyl {n Orude Diphenyl or Diphenyl Btill Bottoas
Plelectrio Oonptant of Aroclers

Powdr Faotor of Aroclors

Reslativity of Arcolors

T Biandard foschthoations

Arooler #1264, G.B. Oompornd Ho. 1476

Ohlorinated Diphenyl, Qrude, Aroclor 1110

Ohlorinated Diphenyl, Orude, iroolor 134

Ohlorinsted Diphenyl, Crude, Aroclor §114§ o
Chlorinated Diphenyl, Orude, Aroclor #1160 SW 001447
Ohlorinsted Diphenyl, Orude, iroolor #1154

Ohlovrinated Diphenyl, Orude, Aroolor £1180

Ohlorinated Dipheayl, Orude, droclor FlieR

Ohlorinated Diphenyl, Orude, Aroclor #1168
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10, Chlorinated Diphenyl, Crude, Aroclor $1160 ;
11, Chlorinated Diphenyli H.B, Wi, Oruds, Aroclor #8885 ;
12, Ohlorfneted Dipheayls HoB, Hix, Crude, Aroolor §4085 '
18, OQhlorinated High Boller, Crude, Arocler ¢506D
14, Chlorinated Diphenyl, Distilled, Aroslor #1242
18, OChlorfneted Diphenyl, Distilled, Aroclor §1248
16, Cblorinated Dipheayl, Distilled, Aroclor f1248
3% Ohlorinated Diphenyl, Dletilled, Aroolor iRl
18, Ohlorimeted Diphenyl, Distilled, Aroclor §1R50
10, Ohlorinated Diphenyl, Distilled, Aroclor #1282
£0, OChlorineted Diphenyl, Distilled, Aroclor F1284
£21. Chlorineted Diphenyl, Distilled, Arooler §1266
22, Ohlorinsted Diphenyl, Distilled, Araclor #1260
Wetor Quenchsd
28, Onhlorinsted Diphenyl, Distilled, Aroclor #1610
e, Ohlorlnaied Diphﬁvl, Matiutd, ‘mlﬂ!‘ 848
{Oonstook & Wemcott
26, Ohlorinated Diphenyly H.B, Elz,; Aroclor §#4466
£6, Chlorinsted High Boiler, Avaclor #5460, Distilled -
27, Aroolor Holsture Proofing Gompound Wax #5011

II1, Lavoratory Test tqulg::mt, Bhowing the Pleces Available
for Transfer Yo Bi, ig
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’€2

- PLANT METHODS FOR CONTROLLING THX PRODUOTION-OF ORUDE - .
AROOLORS

BPECIFIC GRAVITY

The temporatures Bt which the gravities of 1iquid Aroclers
gre teken vary with the visoosity of the 1iquid,

A mote) oylinder of suitsblo size {s provided for cetehing the
sample from the ehlorimetor, The semple, after being csught, is cooled
under the tap to within adbout 10°C of the temporature et which the gravity
i t0 be teken, The hylrometer is then immersed in the liquid to & depth
Just sufficient to cover the bulb &nd is held in thie position with the
1oft band while the liquid i# stirred vigorously wlith the thersomster
§n tho right heand, This stirring is ocontinus)l until the tempereture of
tho Liquid L one degroe 8bove the desired gravity tempereture, At this
point the thermometer is quiokly removed &snd the hydrometer cllowed to
pink gently ss far sg 1% will into the center of the 6ylinder of liquid,
The hylrometer {e& resd end this resding recorded ss the grevity of the

Aroolor, '

. .. The grevitiss of Aroolors]l)l9, 1142, 1148, 1160, end 1164 ere
teken 8t 86°C,

The ;r,lvltiu of Aroolors 1160 end 1168 are taken &t B0Q°C,

The following teblo phows the limits within which esoh Aroclor
should bve fipisbed, .

111¢ = 1,118 = 1,117
1142 —~  1.845 - 1.850
' 1160 = 1,423 — 1.428
' 1184 = 1,503 -~ 1.807
1160 — 1,863 = 1,607
1162 = No hydrometer (Must be finished by

Westphal)

;

e sure the ssmple ie stirred well but earefully in order to
evoid breskege.

The hydrometer should be rond‘u quickly es poesible, eince %be
temporeture drope would give & wrong reeding,
DSW 00L4S0

ore

.
.

ADA 000803
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Approximetely 85 00 of the liquid aroolor (or BO grems of e
p0l14 aroclor) is poursd 8nto e B850 86 beaker. To this 100 6o of sloohoi—
ponzol mixture (furnished by the laboratory) s edded, The mixture e
titrated with N/LO ocsustic solution (sleo obteined from the 1sborstory).
i betore the titretion is sterted o little woter i ndded from the tap,
.| Wen the end point 1s recched the weter leysr will be ocolored pimk, The
1 Yowipg opsration e Gomplete when less than B oo of the seustic solution .

sre required to resoh the end point,

.
|

' ’ 0SW 00145,

ADA 000804

WATER_PCB-SD0000045971



St

ved

QQP’I‘RNQO POINT OF BOLID AROOLORS

Bull. enf Rxna uotbod

Preperation of $he Bample

The stmple shell be melted and stirred thoroughly, svoiding
overhesting or imnoorporsting sir bubbles in the wmass and then poured into
the ring 80 es to lesve & slight excese on cooling. Binse the Aroslore
shrink oonafderebly oh o0oling, ths ring should be well filled, naerly
to overflowifig, A 1ittle of ths exosss should be drawn over the top of
ths rinp 8t moverel polnte so ss to prevent the oooled Aroclor from drop-~
ping out of the ring. In the sems wey, the second ring is 11104 with o
ptendard Aroclor of known softening point., The stendord Aroclor should
beve » softening within et lesst 10 to 16¢ of the Arooler being tested,

The rings while being -filled should rest on & oleen esn 114 or
on ¢ breps plate which hss been emslgsnated to prevent ths sroclor from
adhering to §t, The Aroclor in the rings should be ruuy 6o0led end
bardensd befors prooceding with the teat.

Frooedure

. A0 woter (pot sbove room tempersturs) to the beoker until the
mrfece of the weter 1s B" sbove the plets holding the ringa-when the
ring support {e suapended im the beasker, Plece the rings vontuining the
iroo)or to be teosted end the stenderd Aroclor on tho ring support. Plaoce
® bell on the penter of the upper surface of the Aroocler im esch ring,
Buapend the thermometer so thet the bottom of the bulb is level with the
totton of the ringe end just midusy betwesn the two ringe,

Pleoce besker 8nd appuratus on @ & inoh round bot plete snd hest,

The tempsreture revorded by the thermometer st the instent the
Aroolor touches the bottom plete §s reported &s the softening point, The
besting ip oontinued until both Aroclors hove dropped to the bottom plate,

Hotes

1, The standerd Aroclor is run elong with the semple under test
in order to sowmponmete for verietions im rete of hesting, éilution of
glycsrin, end thermometer veristions,.

£, Benzol i» used for olesning the ringe and bellas. DSW 001452

8. Water oan be used insteod of glycerin for softsning points
up to ¥0°C,

4. ror softening pointe ebove 100°0, well bolled glyocerin should
% used, Tho ususl glyocerin is not satisfuotory ea et 1B6 to 130°0, it
bolls with loss of weter while the tempereture remains pravctieally oonstent,
It {s well to huve 8 supply of high~bolling glyocerin on hend to be used

only tor softening pointe sbove 1000,

Be Alr bubblies on the rimge end bslls during the test should be
8volded ae far as poseidble.

-~ s

ADA 000805
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POINT OOLORS

sorl pti A atus

The recepteole for the Aroslor is » é-1/2 x 1" gless tube whioh
pos boen soaled Bt Obe end, This tube L& feocketed by & piece of esbesios
ppor wropped twioe sround the Bube end is ipserted in e pquere sight
gwade bottle whioh is Insuleted or the bottom by @ leger of 1 finoh esbes—
t¢s fibres The tube is bold 4n plece by & large eork, ALl of thie fnewl—
stion is used Lin an erfors to keep the Aroolor frem eooling too rapidly
opd 14 1o best to get additionsl {peuletion by wrapping the eight eunce

potile th @ towel.after the ssmple is added,

Froosfure

Melt sbout 100 gma. of the asmple im & besker on the hot plate
md pour 1¢ {pto the tube until 1t fe filled within 1=1/B" of the top.
fhe metsrisl wil) probvebly orystellize due to the e0ld tudbe 8nd will beve
te bo hested over B gae burner to melt it sgoin, When it {8 melted fneert
o sulssble thermoneter (300-360°C) which is fitted with e eork to hold
ft {p plose, The buld of the thermometer should be fitted in the ocenter
of the ssmple, esre being teken thet it is not too close to the side of

the tude,

If the determination 1e manle on 1169 or 1£40 the tube should ba
bested until the thermomster rends ebout 300¢C and it 1e placed im the
ssbestos jeoket end them put in the bottle, Reoldings on the thermomster
sre token et 80 meoond Lntervels. At first the tampersture will drop
repidly (ebout 8¢ beiween readings) but eround £80° the drop will decresase
end usnelly 8 point will be resched where the drep will stop, and will
olther stey consteant for two or more reedlinge or will stert to go beock wup,
The correst hold point 1s the point et whied the tempsrature remsins oon-
stent or in ospe the temperature stsris to go bsak up the hipghest point
ia this rise Le teken., For exemple) B468, 8543, 840, 838, B39, BéE, B39,

837, 342°0 would be the correot hold point,

in the eepe of 1168 or 1288 the procedure §g the some except
that tho tube 1s heeted to only BOO°C imsteed of 300°C after the thermo—

wiler {3 Inported.

era

DSH 001453
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HorES ox AnooLon TESTIG

A pumber of A.S.T.M, Methods ere used i» testing Aroclors,
petvding suob tents eey

Fire Point D92
Flash Point | s}
Vieooelty—Ssybolt P68
Boftening Point D-368

The ABoTe¥Y, 8irections sre exsotly followed for such testa,

——

ATt i A

lor, Lovibond, For oolor of liquid Aroclore, the Lovibond

fistomater with 1" a0l} $s used, Htenderd olls of the Nstfonal Petroi-~
’ ' gn desooistion {N,P.A, Stepderds) sre reported %o de no longer evalil~"

ie, The following oonversion table ie uped:

HePed, Lovibond Anelysis
Qolor Numbe Yellow 510 Bed BOD

7 Y
1/: 1.1
5/( 1.9

Bed olP

1"1/2, 8-0 «80

2 86,0 £.50

-

, Pleleotric Birengths ASTM D e 117, Ko squipuwent hes boen
{sstnlled at Anniston for moking thie test,

¢

Henting: 6 hours e% 1000, This test 1w siniler to
LS, 'I‘ut D—b sxoept thet oven {s mrinteined ot 100°0 and time of
teoting 1o extonded to 8 houre, This test ie uesd on G,E, materiel
%ore so speoified, A 40 gm. sample 18 used In the plece of 50 gae,

e
DSW 001455
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DIRECTIONS FOR TEST No._ _ 14-43-88
SUBJECT: Aptdity of Diatilled Aroolors

METHOD : Hs0H Tiiretion

{80 & 1) gremof the Arocior e&re weighod into s BBO sec beaker
#nd 200 60 of O,P., benzene afdded, 4Aftsr solution haas beom effeoted
the somple is titrated with .01 N eleohoiic HeOH solution, using 1
oo (about 20 drops) of 1$ phenolphthslein molution ee an fndicetor,
.. ¥he end point f& resched when the solution is visibly piuk throughout.
Repid etirring should be ugped while the NaOH solutfon is being edded.
The results ers reported f{um mg. of HeOH per grem of semple,

It 1o unusus) for s 41stilled Aroolor of the 1200 sertes to
vequire mnre then 6 o¢ titration, whieh is equivalent to .004 eoid

Yo,

The e)looholie WaOH solution is yrepered by meking up B oo of
¥/B equeous cuustic solution to 260 6e volums with 95/ eloohol

(Formule BA).

ors

DSu 001456
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* DYRECTIONS FOR TEST No. 14-10-82 .
SUBJEGT ¢ 8pesifio Orevity of Liguid Aroolors

HETHOD ¢ Wemtphel Belenee

Ganersl

Bpscific grevity is determined by mesne of the Westphel balsnes, .
The tempsratures et which the spesifio gravities of Liquid Aroclors ‘
are tekom vary with the viecosity of the liquid. The spseifiestions
for esch Araclor should stete tho fompsreture for both the Arcalor end
the water to which comparison of gravity is mede, In plant praectice,
spovific gravities of Aroclors conteinming up o 541 ehlorine sre mede
ot 65/65°C while spesolfit gravities of Aroslors contsining 60-68%
chlorine ere made &t 90/60°0, -

Bpeeific gravities of may of the Aroolors msy be made et £5/pS5eC
by use of the 4.8,7.M, method for road tere, esphslt cements, soft
ters pitches, sorial designetion D70-27, 1027 (feseribed in Buresu of
stendards Misocellensous Publicetion Ko. 110, Standards snd Specificetions
for Nommetsllic Minerals end their profusts, page 186.)

Apperatus

Westphnl Relense: Blmilsr to Ximer end Amsnd Oetalog No. 16930,
Flummst need mot hovs thermometer soale to €0°0 but should mot be sub—

fset to Injury by use st this temparsture.
Cylinder: Pyrex gless hydromster jer 1.5" x g%,

Thermometer; Use thermometer whioch hes besen cheoked for scouraey
of sonle in the renge used.
Prosedur
Pleoe tbe Westphal in such poaition thet tha plwmmet f{a 7~ 9
fnehes ebove ¢the work bemoh. By means of the leveling sorew, adjuet
the Westpheal balense to show 8ero reading with @& elesn dry plumnet in

air. -Buspsand the plummst during sdjustment in & empty oylinder to
proteot ths sgperatus from sir ourrents.

Heat tho Arotdor to be tosted to & temparaturs ebout 16° higher
then the temperature et which determination ia {to be made, For example,
{t specific grevity is wanted at 85¢C, the Aroolor should be hested to
sbout 80°C, Thon pour the heeted Aronlor into & clesn Pyrex eylinder
which hes been warmed by msiting at sdpe of hot plete. The oylinler
should be £illed with the Aroolor to within sbout 1 inch of the top.

. DSW 001457
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Page B DIRECTIONS FOR TEST No.  1é20-32

SUBJECT:_

METHOD ¢

Alow the Arsolor in the cylimder ¢0 eir cool until the temperse—
ture ie sbout ¥ degress sbove thet desired, then place the cylinder in
¥ bot water bath whiek is &t © temperature ebout 5 degrees sbove ths
dosired tompsrature, 4 liter besker oonteining sufficient weter to
be oquel to or Bbove the level of the Arooclor im the oylinder is s
sptiefactory weter bath, Im cese the Epecifio Oravity im %o be tsken
et 90/90°, 8 glycerin beth should be substituted for the water batb
t0 evold tho water vepor with its condensetion on the Weztphel balance
whiok ig present if woter 1s ueed ot high tempsretures such es 85°C,

Hitbout i stwrding the sdjuastment of the Weatphel which is set
to rend gero with plummet {n air, plece the ¢ylinder ocontaining the
Aroslor in sueh position thet the plummet im tfwmersef im Aroclor end
884 woights to the besm of the Wemtphsl until the beam ig egein level,
The plusnet should mow be completely immersed es well ss about 1/2" of
the suspension wire ond the plummst should not touch the eylinder ot
sny point, Btir the Aroclor with e thsrmometer et froquent intetvels
until the deeired tempsrature Just fe resched, At this point the weiphts
are quickly sdjueted until equilfbriuam {s obteined end the resding noted.

Heving obtained the resding for Aroclor et the desired tempsre—
ture, the spsoific gravity Su obtained by dividing thie figure by the
rocding when the plusmet i immsrsed in e watey @t the same tempers—
ture. The resding for weter im obtained in tho mems mannsr ee for Arc—
elor. Bince tbe resding for weter ie conetent, provided there are mo
errors in welghts or Westphel, this figurs need not bo determined with
each Aroolor test, The flgure for weter whioch ip used as & constont
should, boweyer, be cheoked once & month or whenaver greatest ecoureoy
1% needed, Tho resdings for water &t 65°C end 0Q0°C are respsotively

0088 snd .QO07E,
' - Osloulation of Remidt

Exemple 1. Azsume rosdings ss follows( .
Zero

Westphal resding with plummet im eir
Westphal rasding with plusmet in Arocloer et 85°C 3.6085
Westphsl renfing with plumset in weter &t 65°C «0828
Then sp. &+ 8t 65/68°C « ) 805 = 1.6208

+9828

Exenple £, Assume reodlngs sp followst

Westphsl reoding with plummet in eir Zero
Featphsl resding with plumset im Aroelor st 90°C 1.8435
Hestphsl rending with plusmet in woter at 00°C 9672
Then ap. gre ot 90/00°C » 1.0435 » 1.6988

<0678 DSKH 001458
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{Page 8 DIRECTIONS FOR TEST No,_ 14-10-82
SUBJECT ¢
* METHOD ¢
' ote

2, The woelghts used with the Westphel balsnce ehould be checked
periofieslly by weighing esoh on an anelytiosl bslence, .

£, The sdjustmant of the liquid to tho exact tempsrature desired
{o most importent. Do mot sllow to 000l repidly and stir frequently
enough to maintein 8 uniform tempsrature from top ¢6. bottem &n the
eylinder, ‘ . Lot

ere

DSH 001459
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DIRECTIONS FOR TEST No.

Tendenocy of Arooler 2665 ¢
SUBJECT: el C!’SI A {tah © osuse Blooming in

~

METHOD:_____ geodimg-snd-Incubstion

Weigh out 10 grams of Aroolor 8585 end 1B grams of steerine
pitoh, Melt the Aroclor in & benker end 8dd the steoring pitod in two
or three portions, stirring ell the time end greduslly releing the
temparpture over » period of five to 10 minutes to 180°C to B0O°C,
Btirring is.oontinued et this tempersture until @ uniform mixture has
besn obialned, Thie mey require 10 ninutes or more, The pitch le added
to the melted aroclor so as to eveld excessive oxidation of the piteh,

¥hen the mixture im uniform &nd remponsbly free from fomm 1t i
st obnce poureld into & amall sslve tin (the tin 2% &n élemeter 15 s
convenient eise). The snlvs tin is oovered snd the mixture sllowed to

000l s

) Whon oooled to room tempersture the tim is opsned end the surface
or the Aroclor—stenrine piteh mixture fs "sseded™ with orystels, %he
soeding oporstfon consists simply in rubbing the finger 1ipghtly over

@ semple of Roberteon roofing which hes bloomed badly or over a previous
test momple of ap Aroolor—stesrine pitch mizture thsi is covered with
bloom so 68 to plek up & trece of the bloom on the finger~tip epd thepn
ringer printing the new Aroclor—stesrine pitoh mixturs with the soms
finger, Osrs must be teken mot to plek np too much of the white bloom
ond trensfer {t to the new test mixture &s the "seed" mey then bs mie~

teken for bloovm,

The sslve tin eonteiping the peeded semple Le sovered end is
then pleced inm & warm spece Y ebout 40°C,

A% tho end of three deys the somple is inspsoted end if very
distinot bloom hes mot develnpsd the surfeos is rudbbed over with the
finger tip 80 e to apresd the sesd srystels thet ere elrendy present
over the entire surfese. The semple ie them re—seeded in two apote &8s
before by finger printing with e finger that hes been 1ightly rubbed
over & gurfece covered with the bloom.

The stmple §8 inspsoted twice weekly for the sppssrence of
bloom, The bloom eppears firat as s slight dulling of the surfuce,
then es & whitish powder on the surface &nd finelly under the micro-
scope e white trapspsrent peelle-llke erystsle, In the osse of en
Aroglor with ¢ strong tendency to bloom the white costing devsliops
within two weeke. In the omzes where bloom does not appesr by the end
of two weeke the tests should be continued to et least four weeks beroro

. s 4 .
@ negetive resmult is reported. Five weeks ia safer DSk 001460
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Pege 8 DIRECTIONS FOR TEST NO.
éUB JEOT: Tendenoy of Aroolor 2585 to.Cnruse Blooming ete,
! METHOD 3

Hotes

- - — ——

The proparstion of s homogensous mixture of Areolor epd stearine
i pitoh free from excesaive fomm when the mixture s ready to pour fnto

1
1
fﬂw selve tin spporently requires some experience,

: The stoerine pitoh is & “eoft piteh"™ ebtained from Mr, P, W,
| Jonkins of Mollon Institute, Pittsburgh, Penusylvenie, for use in the
. ; test for blooming.

. 8rp

§ DSW 001461
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' DIRECTIONS FOR TEST NO.
SUBJECT: Bold Points for Aroolors 1168 & 1169

METHOD 2

Tus reoeptecle for the Aroolor is @ & 1/2 x I gless tube which
hap been penled at one end. This tube is Jeoketed by & piecs of ssbeston
paper wrepped twiee eround the fubs and le fmserted fu @ square ¢ight-ox,
bottle which is insnisteld ob the bottom by & leyer of LY msbestos fibre,
The ¢ube 48 held in plsoe by e large oork. A)l of this issuletiorn is
used in ag effort to kesp the Arocler fro® vooling too rapldly end 1t fe
best to get additions) insuletion by wrapping the eight-ox., bottle fn

@ towgl after the sesmple im added,

.

Prosedury

Hslt edout 100 gue. of the sonple Im e bsaksr on the bot plsete end
pour 4t fnto the tubs until 1t is filled withim ) 1/2" of the top. 'The
materisl will probedly erystallize due to the cold tube snd will hsve to
be bented over s geas burpsr to melt it sgeim. When 1t fe melted insert
B puitsble thermometer (500-86090) which is fitted with s cork to hold it
in pleos, The bulb of the thermometer should bo fitted in the eenter of
ths sample, esrs being teken that it is mot too 6loss to the side of tube.

If the determinstion is male on 1180 or 1869 tbs tube should be
hostod until tho thermomater rends sbout S00°C end it is pleeed in the
uobostos Jeoket and them put inm the btottle, Resdinges on the thermometer
ere taken pt 80 mes. intervels. At first the $empereture will drop
sapidly (sbout §° Between resdings) but eromd 250° this drop will de—
erecde 8nd usuklly @ point will be reecched whers the dérop will stop, ond
will eltbsr etey constent for two or more resdinge er will stert to go
beok ups, The eorreet hold point fs the point et whick the tempereture
rensing oonetent or in eaps the temporoture mterts %o go beok wp the
highest point £ this rise $a teken. Nor exemple; §468, 843, 340, 838,
838, 839, B4, 530, 837. $4£°0 would be the correot kold point,

In the ceme of 1168 or 1288 the yrooedure s the sams exeept that
the tube is hested to only R00°C imstesd of 300°0 efter the thermomster

ie inserted.

Yu ell resdinge & stem eorrection is wmede (unless partisl fmmer—
sion thermomster is uesd) by use of the following formuls: bSH 001462

Btem oorreotiorn w K x § (¥-%)

¥ » ¥eetor for expaneion of msrewry in glass » 000185
¥ » Length, expressed in Gegrees, of the meroury column emergent
from the beth,
T o Observed thermomster reeding. ]
§ ¢ Beun tompereture of ths emsrgent atem whish e found by pleoing
& second thermometer ot the middle of the exposed thresd of mer—

«ury.

-
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DIRECTIONS FOR TEST NWO.__ 341485

SUBJECT: Avid Fusber of Orude Aroclora

METHOD @ HeDH Titration

Prooedurs

Dissolve BO grams of Axosclor im 60 6o 0.P. benzo)l conteined im
® 250 ec benker, Ad4 50 oo of 95f ethyl aloohol snd t{frste with 0,1 *
NeOH solution ueing 10 drops of 1% phenolphthaleln solution ee indicator.
Before ptarting the titretion, & 1little dletilled water is sdded; this
geusep gharper snd guicker separstion of the equeous leysr from the
non-equeous leyer. Osuloulste the seldity im milligrems of KeOE re—
quired per gram of semple, On aooount of the sirong NeOH molutien
vsed for titration, the blenk titration of the resgents moy be omitted,

e

Mgm ReOH por gram ssmple = titrstion im es x RO

wt. of ssmple

* Exemple: If the titretion of 50 grams of eample is 1L.& eo,
the scid mumber ie found es follows: L.2 x 20 dividel by BO = .48 Mgm

KaOH por grem of Araslor.

ore

DS¥ 001464
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. DIRECTIONS FOR TEST NO. 14-40-84
SUBJECT:__ Orystellisetion Test on Non Orystelline Arpslors

METHOD ¢ Bolution 4n V M & P Grade Haphthe

Proasdurs
The tut {e beged on the relstive {asolubility of eryitanino
droolors in nephihe,

¥oigh 60 groms or powdered Aroolor (prefersdly finely powdered)
{ato & wide mouth 8 ounoe bottle. Add 40 grems of mephths and stopper
tightly, Bhske until eslution is complets but do not weram te hsaten
golution, Gat saide for 3 doys, If =0 erystellisation tokes plece
vithin thie period the meterisl is sonsidered satisfectory,

Resgonts

Naphihe

. ~Yornish wakers ond Peinters grade. Initiel bolling point
195-‘!).2')‘ end end point BRO-335°F. Obtelneblis from-Wofferd 011l Company,

Birminghem, 8% 167 per gsllon.

ors
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DIRECTIONS FOR TEST No._  14-3)-88 .
Distilletion Rengs of Liquid Aroolors

SUBJECT
METHOD: | A¢ByTokiy DEO-B0 With MoBifieations

‘fhe epparatus, conpleting of flask, condenser tube, shield, end
thermometer, im exaotly the same es desorfbed under A,S,T.M, $sst DRO-
30 "pietilletion of Bitwainous Meterials suiteble for Road Trestment",
The method i# ehangad to tho extemt that thermometer readings mre
tekon whon speoified percentages {usually 10, 50, 004) of Aroclor heve
boon &latilled inatesd of followlng the A(B.T.M, procedurs of welghing
the dtstillete betwesn spsoified thormometer realings. Im testing
Aroclors 1864, 1248, 1842, -ate., 100 60 of sampls are taken for test
nand the Alstillete is received im & 100 00 gredunted sylinder, JInm .
tosting Aroolor 1860, 100 gme. of sample {s welghed into the dist{lling
flask and dletillete received ip & tared flask or bsaker resting on
pon of 8 torason belanos with 100 gram sonle.

2_1:0006\11‘.

Trepefer 100 ot of snample {weigh 100 greme in the otse of
Aroclor 1260) ixto ths dietilling flask, Assemdle spparstue am les—
orived under A,8,T.HW, M‘SO- Insert thernomster (‘nBaT.‘!‘ hlsh dimtid—
1ing 0-400°0) through cork {n the meck of the flask so thst the top
of tho dulb 18 level with the lowsst point of Junsture of the Bubule—
ture end veck of the flesk, Apply heet to the flesk eupported on two
gheety of B0 meph wire gouze @0 thet the firat érop comes over {n froms

§ to 16 minutes.

Conduot distilletion 2t rate of BO to Y0 drops psr minute,
Oolleot 4dimtillete in 100 oc gredusted eylinder (or tered flesk in
ospe of Aroolor 1260}, When 105 bass been collected as distillate,
sote ond record the thermometor resding, Repsst when B0 and POS hes
been oolleoted, Xor record purposes the temperoture whem first drop
folle 8n0 whop eooh successive 107 hap been oollssted (up to DOZ)
should usually be recorded even where specificstions require only the

10, 50, apd O0% rendings.

Yo eorrections for emergont stem or pressure are applied to
the thermomoter resdings.

org

= DSH 001466
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DIRECTIONS FOR TEST NO,_14-13-84
SUBJECT: Tetsl Chlerine im ireslers
METHOD:  Perexide Fusies § 4g®0y $itrstien

REFIRKIOR:_ Brosmish, Dete . . 1. B B

“‘ L | 1. ®

Ohlorine im Aroolers mey bs determined by fusiem of the sumple with

podien poroxide in & Bupgese-Furr fusien eup, extreseting the fusion

uith weter, eeidifying the weter oxirect with mitric-eeid, epd oeijpi~
{oilng the ehlerine by edditien of o exsess of silver mitrste, After
filtretion, the exeess of silver mitrete la fetermined by ¢itretien egainet
potassivm thieeyenate, welng ferrie smmonlum smlfete o8 indiester,

Apperatys

The, fusion cup used §18 the Burgess—Perr Sulfur Bomdb Ho. § for Cleme ig~
aition, A lesd gesketi 1o wsed. For Lgaitioh, the bomd ie suspended
through & 1~3/16" round bole im 8 1/6" trensite plete. 7This allovs the
fusion oup to extend through the plote for abeut B/8%, Ignitiom is
effected by strongly besting the botiem of the fusioca eup with the full
fleme of a Mekor burmer for $wo mimmtes,

Sharge for Fusion

The fusion mixture Lo mede up of sbout 18 grame (ome motel weoop) of
eodium peroxide en€ 0.0 %@ 0.3 grems of finaly powdsred eene sugar,
the emount of eeme sugar Gepending wpen 1he weight of enrbon comteined
(s the samples, The yeagente should be free frem ehlerime, er s blank
rub epd eorrested soocerdingly., The fesica mixtere is well mized by
pleoing the ingredients i{n s @msll bBottle with rubher stopper and

sheking vigorouely.

1 The mom exrystadlime type ere weighed in the form of
sanl) ets, Theee mre prepared by beetimg the Arcelor wnii) soeh
¢ consistenoy L& resched ep wlll perait &repping it frem e gless stirring
rod onto 8 timned surfase (8 ¢em top), etsh drop forming ¢ pellet.
¥heh eool thess pellets oom be Teawoved frem the surfaes by imeerting
e epatule under them, o4 gromo sve uwped, The pellets axre brushed Lmrto
the bottom of the fesiem eup end the fuaion mixture pleced en tep of
them, After Alghteming the 114, the sharge is resdy for fueles,

The eryetellibe type lo veighed in the powdered form, o4 greas veoing
used, They sre charged in the same meamer ss the mom—erysiellime type,
DSH 001467

80 %0 30 grems sre wolghed by éropplng frem @

LIQUID AROOLORS:
stirring rod ente o plece of thin bemlepberieslly shsped glase, which
bos been Just jreviewaly tered, epd vhish remeims om ths belemce. It is

pedspstry to Boat the move viscsws Areclsrs to “dropplug™ eonsistency.
The plove of gless them easily sliden off the belanoe pam imto the

4 em etawm,

ADA 000820

WATER_PCB-SD0000045987



-

poge Wo. 8 DIRECTIONS FOR TEST NO.  14-13-8¢

SUBJECT:

METHOD ¢

The following quentities of sanmple, sugir, and AgH0s are nsed for the
respeotive ehlorine contenis: ‘

o1 Oont%nt Roight of Semple  Amount Sugar  AgNO,

& - 18 —~ 80 Grams 0,0 80 ec
3” - “; <28 — 80 v . P ¢ ) 8e (1/2 ””P) B0 6o
451 — 881 8~ .80 ¥ +80 g.(1 sooop} $0 es
58; - 66; 40 — 4} " «30 g. N ¥5 oo
G‘; - TO; 040 —~ 41 ¥ -850 g. ® 100 oo

Prooedure

Pleose the fusion eup, which ocopteilms the prepared semple end fusion
mixture, {n the trensite fgnition plate end epply the full fleme of the
Hoker burner to tho bottom of the fueion eup for B minutes,

{CAUTION: Do mot ptand too mear the fusion durimg Sgnition)

Then remove the fleme end cool under the tep. Vhen 000l remove sorew
68p. Thoroughly wrinse the oup cover with water, eclleoting the rinminga
in e elesn 400 es benker, '

Then plape the fusion eup on Lts side {n the besker end cover with a
wotoh glase, BO — ¥56 60 will be 1a the beaker from rinsing the esp,
and this 1a suffioient to decompode thoe eharge. Remove ths eup eal
rinse well, Vhan deoccmposition is completo rlihee off dover—gloss ond
add pure HNOg, with stirriag, until seld is present in excess to the
extent of sbout 10 6. (About 50 6o of sold ere required,)

448 exsotly 80, ¥6 or 100 8¢ of standerd silver mitrets solution from
s pipstte {depsnding upon chlorine present) end stir to effeot cosguls—
tion of the sllver mitreto precipitate. Filter with suction through
e ssbostos ped on @ 1,6" perforetod porceleim plote and wesh besker
end £ilter 4 timss with small portione of oold wator. Allow the filter
to Graim oompletely between woshings. Transfer the filtrate beck into
the 400 ac beeker end rinames the flesk twloe, wdding the rinsings to the

beeker,

A48 B 66 of ferric irom indlestor to tbo solutfon end titrate with
standerd EONS solutfon until e distinct pimk tint is Juet obteined.

Qaloulution of Cllorine Oontent

Bubtrast the volume of KCNB required from the volume of ECKS required
to titrate the amount of stendard AgWO, solution weed. This will glve

‘.

/8o
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Pago Bo. 8  DIRECTIONS FOR TEST NO, _ 1&-15-04

SUBJECT:
METHOD ¢

the volume of XKONS equivalent to the chlorinme {m the srmple, Maltiply
the velume so obisined by the ehlorine velue of eoch so of KONS end
4ivids by the weight of sumple taken,

For ex ot If BO oo of silver nitrate solution ie equivelent to
61.4 oo of KCKS solution snd the velue of 1 60 of KUNS solution Le
JO03770 gream Cl; then if 4t 1@ found that 0.3 gram of aumple shows e
EORS titration of 10.4 ¢o the psrsent of ohlorine im:

(81,4 ~ 10,4) x 003770 x 100 « 64.097 01

3

In eape tho fualon mixture or othor resgents oontsin ehlormo.. the
emount must be determined end deducted from the chlorine found.

Solutions Reguired

| Btenderd AgROs Solutiont About 0.10 N; dissolve 10,8 grams of silver
pitrato in esch liter of water, Protest the solution from light, FKifty
6o of this solution will yracipitete by theory 0,175 grem of chlorine,

Bienderd ECNS solution: 4About 0.08 H; dissolve B grems of KON in )
liter of water. I 66 =« about 003 gram chlorine.

Ferrio Iron Indiostor: Uss & eetursted solution of ferric ammopium alum,

Pure Witrie Aeld, 70%: Btook scld suffices provided it 1 volorless,

It ean be bolled in s booker untll eclorless 1f neceasaryg.

Standardizetion of Solutions

Yelgh 0,8 ang 0.15 grem portions of pure dry NuOl into separate 800 eo
boskers, Add 00 6o of distilled water.to each exd 10 66 of pure BOL -
aitrle eoid, When eolution is complete, 834 50 o0 of etenderd AgNOg
solution fxrom pipstie, Biir well end filter through en asbostos mat

on » parforsted porvelein plete, using sustion. Wash fllter emd trene—-
for the filtrats bask to tho beaker im tho same monner es whon working
with s esmple, Titrots tho filtretes with stenderd KONS solution,

ueing ferrie iron indicator, DSH 001469
Tho velua of BO ec of AgNOy solutionr in terme of KORS solution to
found by subtreoting the so of KOKS solution in titreting the 0.3 gram
of KaOl from twlce the numbsr of 06 of KUN3 solution used i{n titreting
the 0.18 grom of Hell.
ADA 000822
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Poge ¥o. 4. DIRECTIONS FOR TEST NO. 3161834
SUBJECT 3 ' '
METHOD ¢

This velue L8 ¢hecked by titrating 80 60 of AgNOy; solution sdded to
400 0o of weter and 10 &0 of pure 5O HWO, with KOKS solution. This
titretion should agres very elossly {(¢1 0,1 so) with the vslue found
from the titretions of ReCl., Ths titratfion must be made elowly to
evold dreinage error.

Since pure NsOl contsine 80,66% C1 by theoxy, the vslue of the KOS
in terme of ohlorine mey bo found by &lviding the wolght of ahlorine
4{n ths ReCl teken by the oo of XORS oquhralent to the silver nttrate

required, -,
xamples )

Two 0.8 gream portions of Nal)l show KONB titrstions of 13,1} and
+ 18,13 o6,

Two 0.15 gream portions of KeCl show EONS titretions of 37.28

.ld 3702‘ °°c
The KORS equivalent to 5O oo of AzNOg is than (37.28 + 37.24)
— 18.12 or QL.4 oo,

By ﬂtretlon of B0 a6 of AgROy ageinst EONS solution, it is found thet
61.36 oo are required. This agrses within ,04 oo of the velus obtsined
from the HeOL titrotiona.’

The ochlorine velue of the KONS fe then, 6066 x .3 divided by 6l.d ~
15,18 or 003770 grame Cl psr 86 of XKOKS,

The ohlorines value mby also- ‘be eslouleted from tha titretion of 0.1B
grem of NeOl., 0,806 & 16 divided by 61.4 = $7.88 gives .DO8770
greas 1 Per 60 of KONS.

ten

1, The fusion materisls beve explosive properties if wrongly hendled;
sonasquently emre must be teken to use safe proportions, to ssecure s
good mixture free of large lumps, and to properly seat tho cover of
the fusion sup. The fusfon mixture must be kept away from wster or
motat air, efther of whioh mey ignits the charge. The fusion mixture

should pot bs ground to reduce jumpsa, °

2. The method os feserided is not spplicable to volstile orgsnie oom~
pounde unleps preceutions sre taken to 8void losa of eample during

woighing.
DSH 001470
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Poge oo &  DIRECTIONS FOR TEST NO. 341354

SUBJECT:
METHOD :

§. On sooount of the high chlerine eontent of meny of the Aroclors end
the smsll amount of somple token, grest scouracy is required in welighing,
trepsfer, and mixing of the sowple. The pipette and burette for meosur—
ing the stenfard solutions must bs very alean to avold &rainege errors.

4, Fuslons which ghow bleok oarbon deposites on the cover end side of
the fusior eup may or may not ghve the full ehlorine eontent, If »
aarbon Geposit fa found, & ssoond fusion should be mnde using & smaller
ssnple or reduoing the amount of eugar fm the eharge or both,

8. Mixing the fusion charge by shaking af'ter the serew osp has been
drewn 8own may leod to inocomplete fusionss The mixing of tba sample
vith the fusion mixture should be dons im such & way thnt the smmple
is fully oovered with the mixture.

8. The tonporatu;'o at which the stendard molutions ere stendardized
shonld bs moted. In cage room temparatures very from this temperature,
sppropriete volume oorrections should be mods,

¥, The fusion mixture materiels should be eessntlally free of chlorine.
The ehlerins eontent maoy be determined by mnking a blank fusion, that
is, without sddition of semple, 8nd titroting in the uweuvel way. Five
06 of AgN0s mey be 8ddsd instesd of 60 eo. The KORS titration is

then compared with titrations of 5 oo portions of AgNO; aolution im
1ike volumss of solution snd nitrle eacid.

.

ore
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DIRECTIONS FOR TEST No, 1#-88-84 - .
SUBJECT; Free Chlorides im Liquid Aroclors

KETHOD ¢ Opslesoence of Weter Bxtraot with AgKO,

+

. Protefure

Woigh BO grame (¢ ) grem) of semple imto o £60 66 erlemmeyer
flesk, 444 100 ¢6 of boliling hot weter, stopper and thoroughly sheke
for £ to 8 minutes, Oool in @ weter bath, Decant the wster layer
through & filter psper imto & 150 ¢ beaker,

4G4 1 o6 of ANOy snd 3 @0 of 0.1 R AgRO; solution, 4¢ tho

same tims ®dd like emounts of resgentes to esch of threes 150 ge beskera
eontaining (1) 100 oe of water, (£) 100 ec of water ¢+ 0.5 oo of stendard
,0802 N a0l solution snd (B8) 100 e of water ¢ 1 ¢c of stendsrd Ke(l
golution., Mix contents of esch beaker by stirring., Four minutes after
pixing, oompsre the turbidity of the semple agsinst thoe turbidities of

the known solutlions,

4 pemple showing turbidity less tham produoed by the 0.5 oo

FeOl eolution {equivelent to ,001%) should be reported es .000. Semples
shoving turbidities squsl to or frestsr then the 0.5 ec NéOl solution
should be estimsted es closely 88 possidle from stendsrd RaCl polutions

8% 0.5 ‘o¢ intervels,

0.6 6o NeOl solutlon - . 0024 Q1
1.0 0o M0l solution . ~008% C1.
1.5 60 Nell solution - -003{ C1 ets.

éo utions Required

_ §tendard WeOl solution, .OR8Z N, 1 00 = 001 gn Ol, Dissolve
1.849 grame pure dry HeCl im sufficfient water to messure 1 liter,

'

Bilver Witrete solution, 0.1 B (L.¥£). Dispolve 1Y grems of éry
sflver gitrete im sufffcient weter to meesure } liter. 1 ¢o « 017 gum.
Agibge 1 oo is equivelent to ,0035 gm. Cl or to 5.5 06 of the standerd
0282 B Ball solution. .
e DSKH 001472
Rotes
Determinetion of fres ohlorides is ususlly confined to Aroolor
ie64,

The method ebove is eleborated from ASTH Hsthod DI117-31, Tesiing
Electricel Insuleting Oils, parsgreph 13, Minersl Asids {ehlorides end
sulfetes).

éra
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DIRECTIONS FORTEST NO.__ 14-23-8%

SUBJECT: FPour Point of Areelers
METHOD : ABTM D9780 — Cloué snd Pour Point

ABTH Dofinition

\ .
“The pour point of & pstroleum oil is the lowest temperature st
which $he oil will pour or flow when it is chilled witbout @lsturbsnoe
unlder definite pressribved eonditions," .The method of test bslow follows
29T direstions exsctly except that obmervations ere mede et {ntervels
of 2°C instosd of B°F and results sre reported on Centigrade soslas,

Anggga}:gl

A skotoh of the essembled epparstus im atteched, TFor fetsilas of
ppporatue seo ASBTM ID?-50.

Procedure

Pour the Arooclor into the cleun éry test jer to & helght of 2

~. | %0 2 1/6", 1Insert cork earrying the test thermometer end adjust so that
‘the thermometer is in the eenter of the test jar and the begimning of the
cepillery &s 1/6" below the surfece of the Aroolér,” Werm without stir—
ring t0 8 temporature of 460 im s bath &%t 48°C, Oool €0 30°0 in en eir

or weter bath,

.. A8just tempsrature of ths cooling beth so thet Lt 1s B to 18°C
belor the expested pour point of the Aroclor and mainteinr in this renge
throughout ths tset. Place disk (e) im bottom of jaoket ané {nsert test
jor (with the ring gasket, £, L inoh mbove tbs bottom) dnto the jeoket,
Disk, gosket ond dnslde of jeoket must be olesn end dry.

Boginming et ® temporstures L0°C befors the expsoted pour point,
st eoch test tharmonster resling which is en even mumber, ocarefully remove
test jar end tilt just enough to esoertein whether there is s movement
of tho Aroslor in the test jer. The complets oparstion of removel cnd
replsoement should bot require more them § seconds.

If the semple hes mot ceesed to flow when its tempereture has
resohed 8°0, plece the test jJar directly in & ocooling bath of sultsble
temporsture, As soon &g the sample im the tsat jer does mot flow when the
jer §s t11lted, hold the test jJar in @ horieéntel position for exeotly §
seconds s mespured by 8 stop wateh, If oil shows movement, replooe test
jar ip ccoling mediwa and repeat ¢test et the mext temperature 2°C lower,

Oontinue tesmting in this msnner until & point 18 resched et which
tho ssmple shows mo movement whem the test jer is held horizontelly for
exectly O pooonds, Hote the thermometer resding &t this molid point, The
pour point s recorfed ss the tempsrature £°C above the solid point,

DSH 001473
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Pege X0, 8  DIRECTIONS FOR TEST No, 142388
SUBJECT:
METHOD ¢
Hotes
The oooling mediume usually employed sre shown balow:
Lowsr
Approx, Limit
Pour for
Matorial Polnt Dooling Mslium Medium
Aroolor 1860  RB°0 Ioe snd Wator 10°C
Aroclor 1264  10°0 Joe, Ester snd Bsdt (NeCl) -
Aroolor 1248  —6eC Crushed i0s and selt ' -1p%C
Aroolor 1242 ~R0O°C Gasoline end wolld 0Oy B
Orushed ioe Bnd geloium shioride erystels moy be used for
temparstures down to —~€6°C. _
ers
DSH 0014724
ADA 000827
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DIRECTIORS FOR TEST No. 14-88-32

SUBJECT: louws on Beating of Aroclore
METHOD; © Hours st 16360, ASTM Test D6-30

REFERENOR: loase on hesting of ofl end maphaltic compounds ASTM
designetion D680,

Appsratus

3 Dven: Fross Eleotrie Oven with revolving (6 to 6 rpm)
aluninum shslf, Eimer and Amend No. 18402 or equivalent.

Thermomster: PABTM Loss on Heat, 165 to 170°0%, The thersomster
is lovnted fm front of end level with the revolving ehelf in euck & manner
that 1t moy be reed through tbe doudle glass window of the ovem door.

Posting Dishes: & ox, OGill style, flet bottom, soamless olntament
box, desp psttern, s meds by American Cen Oo,

Prooedure -

Yeigh on = rough belence sbout 50 greme (¢ 1 gm) of the well
mized somple into am ecourately tared heating dieh. Let stend until
fish snd sontents ers st rooms tempereture, then weigh ssourately. Pleoe
dish 1B One of the resesses of ths revolving shelf of the oven whieh hes
boen brought to 183°C, then closs oven and sterd rotetion ef shelf,

Bainteln en ovem temparature of 163¢0 (S25F) for § hours after
tbs somple hes been introduced and the oven hes sgein resched thet temp-
erature, Then remove sample from oven, oeol end yewelgh, From lowss in
welght, eeloulete the loss due to voletilizstion, ” ..

’

Yotes

. Baring the 8 hour henting period the tempersture should not very
more thep 1°0, A1l tests showing & frevter veristion in tempersturs
should be réfeoted. .

Under ordinery eircumstenses 8 number of semples having about the
sems fegres of voletility msy be tested ot the sowe time. Bamples varyling
grestly in volstility should be $deteld separately, Where extreme accursey
is required mot more than one material should be tested at ons time end
Guplicete samples of it should be pleced simultensoualy im the oven.

This test is exsotly thet Gescribed under ABTH D80 which should
e eonsulted for further deteils of eppsrstue.

The test Le designed to cover loss i welght exalusive of watar,
If weoter 18 present, 11 should firet be removed by suitsble methode of
dehydration before procesding with the hest test,
DSH 001476
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14-41-84

' DIRECTIONS FOR TEST NO.
Celor of Arosclor B46O

/89

SUBJECT ¢
Lovibond Color of 1:1 Bolution in Toluol

METHOD ¢

Woigh (on & trip balence or equivelent) B0 grams of the Aroclor
into a téred 260 oo besker., Add about 85 60 elear toluol, warm end
stir until the Aroclor is diesolved. Plece bdeaker with eontents on
belencs and 8dd toluol until the ¢otel esontent of ths beaker is 100

groms (60 grams Aroclor end 50 grame toluol).

F111 ® one—imob Lovibond Cell with this solution snd obtein
Lovibdond color rondings in the ususl way,

T ors

DSH 001477
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DIRECTIONS FOR TEST No, 148788

SUBJECT: Ooofffelent of Expsnsion of Aroclors

METHOD Ce)oulation from Bp, Or, Deta

QOEFFICIERT OF EXPANSION IM AROCILORS

dversge ooeffiscient of oxpannfon bitnon two given temperatures
is caleulated from sposifio grevities ap @etermined by experiment et
thoss Semperatures.

Exemple for Aroclor 1254
syersge Coeffislent of expansion over renge from BS°C to 8590,

Bp, Gr, et 65/65 « 1.8315 (Dotormined).

Bp. Or. at 65/25 = 31,5062 = x {Oeloulsted from mbove)
8p. Or. ot £5/£5 « 1,5460 w § (Detormined)

Formulas
W s 4000663 00/00/’3
The formule is derived from X > s whieh glvee the
v (65 — 25

ghange in volume per unit volume from 85¢C to 85°0, divided by the
number of degrees im the tempersture range. Xt is wot strictly soourets
boosupe the cosfficlent probebly ohenges «ith the ehange in tempersture

but msy be consldered an spproximsie sversge soefficient for the glven

FORgoH»
DSW 001478
ezB
) ADA 000831 ~
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DIRECTIONS FOR TEST NO.

SUBJECT:__ Determinsilon of Freezing Points

METHOD: The meihods below are those repcommendel by Resesrch Dept.

Froozing Point of Diphenyl
(revised mothod) - .

Boventy %o 100 gm, of Diphenyl are plsesd in & 100 ¢ Griffin
boaker Bnd heated until the entire msss is mslted. The liquid fs stirred
with ap Anschutz (40°-208°C) thermometer, 4 reading Ls tsken when the
tirst erystsla eppser. I1f supsr-sooling tekes plese the temperature
vill rise Smmedlately sfter the firaet orystels appesr end become oconstent
vithin one minute, This ie the imftiel freezing point of the sample of
Diphonyl epd is so recorded.

F¥reozing Point of froclors

¥or low-freezing meteriels suech ss Aroclor 1R19, the roocommonded
mothod ie eg follows:

Beventy euble eentimeters of Aroclor 1210 ere pleced im » 100 oo
Griffin—-type beaker., Thias besker im pleced in turn in 8 150 e¢ besker.
The 100 ¢¢ beaker ims supported by its flered rim on the ¥im of the larger
beaker and bepge loosely fn the lerger beeker, The hested baskers are
sow pleoed im en lce aludge,

Initie] ¥resrinp Poimt, The Aroslor ia stirred with ex Ansonutz
thermometer (mosle 10 to 656°0}. The temperature fe resd every minute
end seeds of both #-ohlorodiphenyl smnd é-ohlorodiphenyl sre 8dded every
minute wntil erystels bogin to form in the liquid. The tomperaturs et
vwhich orystele are first ssen to eppear ie¢ moted. Oontinue the stirring
snfl tempersture resdinges et pne minute intervels until e thim slurry is
obtained, In osse supsrocoling tokes place (as 1t often doss), ® tsmpsrsture
ries will osour efter erystele heve appesred. In thie event, eontinue, the
stirring apd tempersture readings until two or three oonsecutive readings
sgein show desrsseing temperstures.
The highest tempersture sttained after erystals begin to eppoar
is token sp the "imitiel freewing point™, 1In emnes of ro supsroooling
with resultentrise in tempersture, the temperature et whieh orystels first
eppeer 1o tokén es the "lnitial freezing point®,

Boljidifiostion Point, The 100 8o beoker 3is then Femoved from
the larger besker snd plesed direstly im the foe eludge. Temperesture
readings are eontinued until the Aroelor becanss too thiek to stlr or
ustil the bulb of the thormometer i exposed. The lest rellable tempsre—
ture is reoorded es the solidifieation point,
DSH 001479
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Ko« DIRECTIONS FOR TEST No,
SUBJECTs__ Doterminetion of Freezing Pofnta (cont‘d.)

-

METHOD ¢

Froesing Point. The freesing point of the Aroslor e srbitrarily
tokon as tho sversge of the "ipitlel freezing point” and the “solidifice—
tion pofnt™, The Pinitisl freozing point™ snd the "solidifiocstion point"
should be reported slong with the "freexinmg point™,

Ohesk. As » oheok on the inltiel freszing point the beaker msy
be romoved from the 16e slulge, wormed In tho hend, while the Aroalor is
stirred with ths thermomeisr, until the temparature is B¢ o 4°C, below
the initlal froozing point. .The beuvker is then wrepped im & towsl ond
held in the hand, 8tirring is contimued wntil the orystals in the Aro—
olor just mslt. The tempersture ut this point ie resordsd e the finel
"|'melting point. If carefully determined, the finel mslting polnt serves
es & obeok on the initlel freszing point and should mot dtffer by more
thap ® few tenths of e degree &t most from the initiel freeming point.

. ir the melting point cheok is mado, the averags of the finel melting
point end {nitiel freezing point ie teken es the cheoked inltiel freezing

point.
Hotes

1. If sarefully eerried out end if the Arotlor ie fraquently seoded
1 with both p-ohlorodfiphenyl end &—uvhloxrodiphenyl, the determinstion of ini—
§iel freezing point should sot require cheoking by the msiting point
mothod. However, the Arcoolor is very rendily super-vooled so thst unless
groot oare fo token, it may be eooled several degrees below ite initlel
freezing point bofore erystellizstion starts. The vesult ig that when

erystallizetion Goss met in the teompereture riees but the meximum tempsre—
ture is mot mrttained ond ohserveld imitiel tr?ozlng poirt 1e thersfore low.

-~ Be It &8s for this resson thet the 100 oc besker 1a fecketed wlth
e lergor bosker during the determinetion of the initiel freeszing polnt..
The jacket sorves L0 mlow up the rate of cooling and insures a more seoyu—
rete detormination than the method where ths 100 e besker is pleced
@ireotly in the foe—slufge for the determinstion of imitisl freezing

int
Polats OSH 001480

. 8. On ageount of the short expossd meroury colusm of the Ansshutg
thermometers, eorreetions of obmerved temperaturss for emergent stem are
not ordinerily required. Under usuel conditfons of test, this ecorrestion
ie below 0,10, If oconditions of test ere such thet the stem eorreotion

18 learge, the appropriste correction ghould be made snd recordes es o
eorrected temperature, BSeale oorrasctions, if eny, should alwsys bo epplied,

4. In the determination, the stirring should be continvous snd the
temperature resdings made at one mimute intervsls throughout the test.
The ehange from the water jesket to the fos beth should bo meds quiskly
witbout interruption of the one minute reedings and the point of ehonge
to the lee beth should be indlestel on the time temperature eurve.

-~
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DIRECTIONS FOR TEST NO.
SUBJECT: Determinetion of Bonzol Imecluble in S01id Aroclors

.

METHOD ¢

Progedure

Orush sbout 50 grams of reain, Weigh out I grem into s tared
125 oo flesk, afld 25 soc of benzol and agitete the flask with s eirouler
motion for v few minuten, Then 8dd E6 ec more of benzol, washing down
the sido of the fleek, Allow to stemd for 1 hour,

Prepare & §3 Oooeh orueible with an epbestos pad ip the usuel
meanar sud dry to eonstapt weight. Arrange the orucible for riltrstion

ky suction.
Filter 4bc solution through the srusidle, uwsing slight suction.
Uso obout 50 66 of benzol totrensfer the inscluble meteriel left eméhering

to tho sides of the flnek and to wash sny sfharing film of resin from
the sifes of the erueibla, Dry the grucible end Tlegk in en oven ot

105-110¢C, eool and welgh,

438 to the welght of the imeoluble msteriel in the esrucible sny
insoluble matter remaining tn the flnsk. Report insoluble metter ep
poroentoge of orfgins) waight of resim teken.

ten

1. The method desoribed above i& tho one used by the H. N,
Roberteon Compsny.

ars

- DSW 001482
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DIREGTIONS FOR TEST NO.
SUBJECT: Vaporizetion Loss et 86°0

METHOD 3

The test below is thot given to us by the H. H.-Robertson Compsny,
They 6a8)l for the 100 hour loss et 150F [66°C),

Proasdure

Helt slightly more than 50 greme of Aroslor im s suitable contsiner,
‘ being ovreful mot to rsimo tho tempsrature higher then necessery to make

the resin filuid, Pour into a tored shallow gless container (100 milli-—

[ woter Potri disd), eool to room temperaturs end welgh,

Heat for 100 houre (4 &sys, & hours) et 66°C, in e drying oven
provided with & venting outlet for esosps of voletile matter., Remove from
the oven, 000l to room tempersturs and roweigh. Report lose in weight ss
porcentsgs of originel woight,

Hotes

. On sooount of tho smull veporization lose at 68°C, the weighte
must be teken very cerefully. It is very lmportant im obtsining these
close weiphta-thet ths dish and pontents be et etmospharic tempersture when

the welghts are token.

£, Roberteon's first desoription of this test e@slled for the
Goterminntion of loss efter 80, 100, end 150 houre of drylng. From this
date, they drew up eurves showing loms sgainet time. Their letest pro—
. egdurs sslle only for the loss en 100 howrs drylng.

1

ore

OSW 001483
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! . . DIPHENYL IN CRUDE DIPHKNYL OR . . ‘
’ et mmmnsnmammm : .

e Procodur.
l( .
. . Traneror 200 to 20O grame of tho aamplo to 8 £50 co besksr, ¢
'wgh bodker .8nd contents vp ‘e rouwgh balence to nesrest grom,. Werm benker
optil contepte ere 'liquid then pour-300 to 150 gretys into & 250 ve istiliing
flask with 30 foch Alstilling eolwmn stteched. Rewelgh besker énd contente,
thoraby obtoinlup Ly differends the ioight of nample uses,

i
Plnoc ® B00°C or 400°C thormomotcr in tha top of the 10 fnoh Ats-

tminz ob’lv}an in suoh & way that the top of the bulb e even with the bottom
" of the aifdé neok outlet,’ Distill off tha dipbonyi end collect in & welghed
" roceivingiflesk until the thermometsr resls 875'0. N leigh the revelving

1 flesk Agaln ond oniculuu results,

4 diphonyl v wi, dipheny} x 100 - ;
wt. of senple ..

Pour the tuiduo fn the flesk while #t11)1 1iquid inte » passsrole
or pen kopt tor fhis vurpoao. ‘Rinss with banno! nhd nllov to Gry.

e C “The q(.tnung flepgk i{s & B50 ¢0

 £186x to whbich & 10 inoh column with
sife outlet nber top 44 atieched, The
colunm bes lndomnuona to fuprease
ourfneo sroe, “Agbestos peper nboulﬂ

. be tpappoa eround the eclumn,-

" LA Mpke¥ burfier {8 used in heeting
" $he Flesk, Bipoe & high boiling point
,. must be resched, the transite board or
‘.. wire, geugh on whioh the flesk rests
-hcsuld hevs 8 hole neérly ep large 8p
T the 2iemoter of the flesk. ' The flems
‘way sleo, be eppiisd dirsetly to the flesk
. without the use of eny transite board
_or wire gouge, TUf necessery, esbestos
./ popor abould be pleouc et the top of
tho tlulw

Tiva 100 oo @i stlll!ng fleak mrken o
conveniaent recsiver ror the dlstillate.

. e———

. * ! OSK 001484

“ ore .- .
. :
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. ' ongeging or disengéging the plates, The oondenser sbould therefors be

797

'
)

DIXLROTRIC OONSTANY OF AROOLORS
© Dofinitions
Qondeneer

dny eleotricel ocondudétor upon which en oiootricnl charge oanm
be stored §s epn eleotricel oondenser,

Ospsoitence (Sywbol Q)

An sleotricsl condenser een be charged with a sertsim quentity
of-ststio eleotrieity, depending upon fts shepe end siwe. This property
fs knoen 8@ fts cepaditence, end the fered is the &beolute unit used,
For conveniente the fered is subdivided into the micro~ferad—symbol m¥
(Oreek Yetter m), end the micromiorofersd—syxbol mmF, A fered is de—
fined o8 the ospsoitenas of @& oondenssr guch thet one soulomh of eleotriaal
epergy will produse & potentiel d41ff. of 1 volt between ita terminnls,
A mioro~Tered fe (000001 f£srad end & mioronmioro~fersd ia 000000000001

feral, The nt’ranioto«tar&d {3 the only unit employed &{m Aroslor work,

Dlelegtrio Constent

The 6felettrio oonstent of mny weterisl iz Gefined es the ratlo
of the fepsoity of & confenser wede up with & dieleatris of the materie)
in question to the oapacity of the ssme, having sir sa the dlelectric.

Appuratus
Beosting Qvenb

& ¥resp-thermo—eleohric oven, foroed air, series)l No. 62281,
is used for henting end meintaining the Aroclor et 100°C, the $esting

temparature,

Holes sre Grilled through the side of the oven to ecoomoldnte
the termine)l leads,

teplerd Oond Oa

Thie oondenser i & Oonersl Radio Precision Oondenser, Typs
BBp-L, Beris) No, 1189, It has s fine worm geer vernier which psrmits the
setting of thie gondenser to be resé to e fregtion of ¢ mioromiero-fersd,
The sosle of the stendard oondenser is divided imto BBOO parte by tho
vernier employed, and excepting ths rirst three bundred divisions end DSK 001485
lept one hundred divisions, the capaoity ehanges very unifermly with
ohange of setting, Xm other words it is elmost o straight Line sontenser
botusen settings of from 500 to £400 divisiens. Below setting of 300 and
sbove -£400 the lime fe mot streight dus to edgs effeat enscountered in

ueed between 8500 end £400 poale Givisions (160-1480 mmf)?7

ADA 000838
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The oondenser iz supplied with its oelibretion ghart showing
mioxomioro-~fered equivelenve of sorle divisione ot esch 100 divisions,
From this ohert, the aooompenying edart is made, showing the oopaoitsnce
squivelent for each poasible scsle sstting (Fig, B-),

Test Ogndenser, Ox

T™hie sondenser is & multipleplats varieble air condenser. Two
suoh eondensere are mode part of the epporstus, Oné hes's eepocity of
£50 muf, (QGenersl Redfo 834-X: {solantite dileleotrie) and the other s
popeofty of 100 mmf,, end sschlns its obvious rsnge of uweefulness,

The sondenser {s mounted (looelly) ip & reotanguler metsl osse,
open BY the top, and showld it os enugly es possidle, The rotor—sheft
oomes through the front plete of the box and e stuffing box, pusked with
ssbesios twine, The purpose of this box i» to conteim the liquid semple
sround the plates of tho eondenesr whioh should, ef the timo of testing,
be completely submerged in tbe liquid (Aroolor),.

alapoing Confenper, Cs)

This ¢8h be any typs of sir oondenser with mn effeotive esproity

" of 150D maf, A Ospersl Radio Type BAS-L is usod, A three plate midget
sir oondenser 1s uped in parallel with this oonfenser for vernier effeot,

fepsoit [}

A General Rsdio Type 216 8o uesd. This 8 the mein part of the
spparatus epd furnishes the arms whioh meke possible the belanoing of the
syetem, A reelstonoe box is provided in connestion with the bridgs and

ven be used fn efther sxm,

‘4, Q, Bource, 0,

. The souroe of A,C. 18 & Gomersl Redio pure sine wave sudio
osoilletor, type RL3~B, and ie fod by e 6 volt storege battery.

Ayplifier

Thbe emplifier oconsists of two eteges of suvdlo~Trequsncy empli—~
flostion, using two UeX, 8014 tubss, two eudio transformers, end A,
B, snd C batterteos, It is used for ecoentusting the mull point or belence

N’.nto

Bwltgh!n.j&!

1, Por conneoting & volt storage bettery to sudio escilletor,

DSKH 001486

%, For connesting 6 velt storage bettery snd “B" battery to
fi{lement and plete of emplifier tubes, .

8, Por plasing resietence box in either 4 or B eru of eapsolity
bridge. .

ADA 000839
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" WIRING DIAGRAM FUR APPARATUS =~
©  USED IN MEASURING CAPACITY

DETERMIRATION OF DIXLRCTRIC CORSTANT . . .
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Jotteries
The two stersge bstleries used ere Yord sutomobile betésries.
gug "Bt bsttery 4o ény convenient 43 volt blesk,

(317 he

An 4,0,~D,0. Teatifier, Westimghouss, style 376793, 1» ussd
for keeping the two storege batteries charged,

Hook Up

The sooompenying wiring 6lagrems «ill meke the hook—up elesr,

Proosfure for Measpurament
Tent Oondenser :

. _ The @ifference in oapsuity between the pletes opened end glossd

giet be determined with os bigh degres of sgoursoy es possible, Jn thie
test eir s used o6 tho alelevtrio modium betweon the pletss of the oon—~
deneer, This constunt will not obonge sppreciably durfnp fhe 1ife of the " -
oobdenser, but it s sdvisable to cheok £t from time to tims,

The test oondenser 4s pleved in the oven (8%t 100°0) snd sllowed
to ooma to tsmpersture, This tskas about BO minutes, The terminals are
connected to the lends from the epparstua by means of the olumps provided.
The plates of the sondenssr ers then turned to the elosed (muximum eapacity)
position: The rotor—sbeft will encounter e etop pag, Osre must bo $sken
not to turn the condenser pletes too bard egainat this stop, s 1t might
be bont, thue glving o felse rending, Next, tho stonderd condenser is set
gt exasotly 400, The two switohes cerrying the powsr supply from the
batterien sre now olosed, and the tuning fork on the omoilletor s pricked
gently with finger nei)l to start it vibrating, As thie fe Gone, ® loud
note will bs heard in tho hesd-phonan, Next, tho balansing oondenser, Oe,
ip turned until e minimum noise level is prodused, Thies noiss level i
further reduced by moving the resistancs controle end midget sondenser
eimulispeously unti}l $he wenkest signal is evident, The system is now
eeid to be belanoed, both with respsot to ths ¢nproity, ond reaietenve
in esoh erm of ths bridge., The resding oy the stondsrd eondonser (400)

{8 vesorded,

fext, the test eondensar {s ¢urped to 1%s minlmum (open) position,
wntil the rotor-sheft {a presssd egainst the stop, WNow, without touching
$he beleneing condonser or midget eomlenser, tho etendard eondenser s
twrned toward e higher petting until enother minimum noles level 1 renched,
The fine belenoe je obiained this time by verying the stsnderfd condenser
end resistonte decnfes simulteneously, When 8 balence is reoshed the rand-
ing is resorded fram the stenderd sondenser as before, Only these two
rendings (400 und the lest) sre necessery for couputimp the oepseity of
the differenss {m position of the pletss of the tosting condenser, The

DSW 001489
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ghange in resietence netessary is immoterisl, The sesond resding will
§e found to be sbout 1860 &ivisions bigher for the 280 mmf eonfenser end
sbout 60 divisions higher for ths 100 mmf condenser,

The entire ebove prodedure 15 repsated, veing the second resd-—
i8g for the next initiel setting, ete, unti) the range from 400 toRE00
soale 8ivieiong is oovered,

Beoh poir of rendings is then trensieted fanto mmf es dhown under
flaloulatione™, ‘ond the emsller subtregted from the larger to obtein the
geproitence difforance for minimum snd meximum getiinre of test condenser
yaing air ws tho dielestric medium., ‘The differences thus found ere ever—
sged to give the oorreot constent fer the renge eovered,

Testing Semples,

The Arooler $s poured into the condsnser until {t just covered
the pintes, The oonlenser fe¢ then pleced in tbe oven and rllowod to re~
pein there ¢two hours before mnking the test, so thet £t will come to 100°C,
the testing temperature, Exsotly the suns procefure im used es in deteor—
miring the ¢omdenser tonetent, exaept thet only two determinations ere
4eken op oheoks beoosuss ihe inftiel balanoe will be seporsted from the
finsl bulenoe by well over helf the ueeful sosle or the stendard oondenesy.
1f the firet initis) resding ie 400, the next initial resding should be
somsvhers nesr 800, or perhaps 800, Gepenfing, of gourse, on the msture

of the substence under exemination,

Aleo, the origine) setting orm be the high one provided the
4s8t cOndenser fo et 1%2 minimum {opon) setting. Even numbers givem sbove
ere for exsmple purposes end 4o not have to be used, but sre¢ more sonven~
fent for oslowletions. )

Doloyletions
¥hep sondeneers are oomnnstted inm psrelle), the followlng formula
ovtaine

Q {totel eapaoity) v {q) ¢ Qe ¢ ¢y} eum of envoh

: ~In this method the totsl onpnoity consiets of Ce ¢ Ox ¢ Os,
Binde Oc stoys oonetent, sné Os onn be found; Cx een slso be found by

pubtreoting the fmitial Os from the Finel Os,

With the imi¢iel snd fipel posle reading ¢ hand it 1s only
peceseary 10 oomsult the ohert to obtsin the equivalent mmf) tho emesller
ie subtrsoted from the larger to obtsin the difference ip enfe

Thie alfference, when taken with the liquid in the condenser
18 d1vided by the constent for testlng condenser (&1ff. with elr fm the
oonteneer) to obteim the retio referred to in ths definitien of D.O.,
f.6., She Gieleotrio eomstent of the materisd im question.

pSW 001490
ADA000B43 ~ —--
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—

o N -+ Bgele- pmf (from ehert) ..
Finel rending g1r04 1804
fnitial 4060 18

Differenae 1076

Constapt for teeting condenser =« 86O
Therefore, D.C. 1076 & 4,51
280
Hotes

1. About 750 oo of somple are neoesstry for o temt,

B+ A hySrometer is provided for testinp the storspe battsries
from time $0 time, .

S. The betterfer should be a!uoonneotéd from the rest of the
set when oharging, Pellure to 8o this will couss & fuss to blow outs

L 4, Yor D,C, mensurasnent ths sémple may be hevted to 100°C on
» bot pleie end then poursd into the condenssr without any loss in ecoureny,

B, A cover 1s providos for tbe spparetus end ehould bde kept i»
plaoce whenbyer the eppharstus is pot in use,

6. If thore fa eny Morecking™ soun@ in tho receivers the tubves
should be terted by @ relisble Redio shope All comneotione and contnois
shoul 6 bo xept ne free ss poesible from dirt and grewsod,

8ra

pSH 00L491
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‘ BOWER_FAOTOH
Definitions

) *  When oondensere ere uveed on A,0, eircuits thers is s» epergy
1069 in the 6leleotrio, Thie l6ss aripes through the repested oycle of
ghonges of eleotrio fiux through whieh tha dielootrio ie teken by applied
elternating voltege, Thie loss. inoresceea with tho frequensyj hence, the
froquenay hes to be reported with the results It nlso veriles with the
tenperoture of tho oondenser, sné henoe this aleo must be reported ep

pert of the result,

‘ The “Power Faotor" fa the ratio of el energy losses in s af—
elesirio to the "eppurent power™ fin'the dfslectric, It s usually express—

ol in poroentepe,

In the test to be desoribed the stundnrd temperaiurs used ieg
100°C, end the ptsnGerd frequenocy is 1000 oyolee per seoond., Henoe, 1V -
16 ot nocesssry to {nolude there hobituel constants in reporting results,

r Fadto ipntd

Inoemuoh 8s the wems equipment is used for measuring povor feotor
80 Qioleotric constant, the method will be eutlined, making refsrense %0 .

thet method.

Apperetits
. The epperetue i tho ssme ws thet used in A4islestrio oconstent
nossurgmont exoept for the testing oell, 4 drawing of ths cel) {a stteched
{Pigure 4), It connists of B éylinders of the Giwensions shown and ie
donteined 12 sn 8OO 60 Oriffin Beeker. In tha sesemily ¢he benker oontsin~
fng the oel) 18 pluoed im tho oven &n the peme plece ez the dielectirio
oonstent confenser, &nd fs connegted to the same leads, Dune to ths feot
thet the test 1s sffeots8 spprecisbly by amsll emounts of stray currents,
the 800 00 beeker is insuleted from the iropn floor by mesns of & gless

" gtilé, upon which it etande, end the fmper eleotrode Ls sueponded

fron 8 ring stend by meons of & gless atirrinp rod, possed through e oork,
8nd "hooked" 8t the bottom, Ths wire loop pessing through the vertieel

204 of the fnner eledtrode is bung on this gless hook.

Pothod of meapurement

To meapure the Fowsr Yaotor of an Arcslor, the teet gell 1s

fi1led ebout $wo thirds full of the liquid, end tho leeds conneoted, o5
in dléleotrie conpstens mespurement, The stenderd condenser fe set on
sbout 160D scele resding end the system brought ¢o belanas e» 8ireoted
2 the A4loeotrie conatent procedure, The Cs resding and slso the resistence
Teeling sro moted. The one of the leads ie¢ disoonnented sutside the oven,
) sere betng teken to move the two ends as iittle sz possible fram their |
sonnsoted position, end the system egoein brought to bslance by menipuleting
1, / és;,z the atonldard sonflefsgt kpd ¥aplepinoy Beiedes, The ngv rpedings

B and By are Bsvely' R T T .
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Os)ouletions

The equstion for 1°F es obtelned by our imstruments s}

(R] = Rg){0s,)" X 8 TX £, X 20°10
OI. ]

Pe¥y ®

Rg = Resistente resding oorresponding to Osy,

Ry = Resistence resding eorresponding to Us),
Osge Largest rending {ia maf) on std, oonfensér,
08 ¢ Busllest resding (in mmt) or std, eonbenser.
£ e Froguonoy in syoles per sevond,

-Exemmple

Osy v 1600 sosle resding = 935,0 muf, .
Osg ¢ 1981 sosle resding = 1164.6 maf,

Ry e 180 olms (resding on deosles)

Ry « 108 ohms {(resding on deosdes)
‘t « @ 1000 .!’ogo M

P.T-ﬂ b f x X
164.6 — 935
™ 864 10 o
BEP.6
(s11de rule)

(1) The fnner eleotrode should be suepsnied e neerly se popsidle
in ¢he senter of the outer sleotrole.

(8) If Ry ~ R, 4o nogotive, the meons that the power feotor e
80 low thet 1% (s withim tbe lower limit of messuremsnt {.02{) of the
epperatus, In this sess i¢ 18 reported as 0,

(8) The same genersl motes unfier dleleotric eonstent slso
epply $o power fabtor,

ere

DSH 001497
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RESISTIVITY OF ARQ&QBB
Dofiniions
epinte (symbol R), Obstrustion to eleotrie flow. The ratio

of voltege (E). to surrent (I) in e oonduotor or slosed eircuit, (Rew 5/1.
Obm®s Lew). The practiosl unit of reeletanos is the olm.,

- Elegtrioe] Resistivities. The ourrent whieh flows betwoen two

oonduotors insuleted from esch other by e &lelectric is mede up of two ocom—

ponents (1) thet which flows through the dieleotrio {iself and (R} thet
which flows through o surface film of moleture or other semioonduoting meteriel

(011, Gust, or foreign metter). These ocomponents sre designsted respeotively

s "voluwme recietivity” ond es "surfece resistivity™,

Yolune Resistivity. Bynbol p (Oreek letter “rho".) Also celled
spooifio resistance, Defined ep the resistence botween two opposite fsoes
of a unit oube of the substince, p = RA/L where 4 i oross~sectionsl ares
end I 1@:longth or tho ourrent path through ths substance, The prectiorl
unit of resletivity is the olv—oentimeter (ohm-om.). The reaistivity of
Arovlora {s reported in multiples of 10° ohmr~om,

4 volume resistivity of ¥36 x 10° ohm—om fs equivelent to seying
thet the resfstence offered by the substsnce between two opposed pnrellel
fooes of 1 sq. om, esch, pleced 1 om spart f8 736 x 10° ohme. Yollowing

.the prootice of the Osnersl Kleotrio Compeny, remistivity fe messpured with

the substunce under test (Aroclor) st 100%C, “Resistivity" es spplied
to Aroclore slwoys refers to volume resistivity.

" Burfeow resistivity (eymbol 6, Oreek letter "Slgma™) {e¢ defined
ep the resistenoe between two oppoeite eldges of @ squere surfece £ilm,
The praotiesl unit f{s the ohw—om (between opposite edges of & fils 1 em,
squere) 8 w Rb/1 whers R is resistunce of o rectengle of filw of length
1 end dreedtdh b,

. Mensuremsnte of surfoce resistivity ere epplied ¢o eclid 4f-
elootrios rather then to liquid, .For most meteriels the surfece resistivity
{s muoh lower than the volume resistivity, Atmospheric humidity conditions
6t time of messuring may frequently grestly slter tho surfeoe resietivity.

ore
- . DSH 001501
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MEASURRMENT OF RESISTIVITY OF AROOLORS AND LIQUID DIRLECTIROS
. Qutline of Method Using Oenersl Redio Typs Ba4~A Megolw Meter

The megodm meter is essentielly e ¢elibrated brifge with & veouunm
fubs volt meter 8s the null imdloator, A blueprint is stteched showing the
eirouit disgram snd the brief fnstruations furniehed by the memnfeoturer .
for the opsretion of the megolm meter, Resistivity {s obteined by metohing
the voltege soross the P resistor (see blueprint) with thet voross the A
rosistory The resistence in megolme i» reed direotly from the disl eontrol~
1ing the log aritimetioelly tepered rhoostet B, Thie roodin in megohms
divided by 0,762 gives the wpecifio resistence in obme x 102/6u, em. The
messurements sre mofe with the dieleotric under test st 100%0, The ®pperetus
{s suitebls in the Tenge 10,000 olme-10,000 megolm/ous om, About one pint

of sample is required,

Apperatus

Betterieg: Two €5 volt Redio B Betteries, serios conneoted are
veed, Two 1.5 volt dry eelle, eeriee comnsoted., The dbatteries should be
testod from time to time by meens of @ pooket volimeter for rsdio bstieries
and those dbetteries showing wesk oells (more then s few volts below reting)

should be repleced.

Botterfes sre used for » source of voltage to obtein the deeired
ptesdineas sinoe otherwise the mormel lenkege ourrent through the dleleotric
would be mesked by the lerger ourrents flowing into end out of the test
elootrodes with sach pulestion or {rregulerity of the voltege,

) © Test Terminsls ox !%oogrogolz Bress niokel-pleted aylinders mede
socording to drawing No. M-1B5OB63, mesn area 101 sq. om,, &ppaed 8B4 om.
epsrt. OCoples of this @rewing ape stteohed., These termimmle ehould be
repleted ap vequired to meintein sp even surfece finish. The eleotrode
oonstant (Ares/Length) for these terminale ie Y62, Bse WOulibrations of

¥lootrodea’™ for derlvation of this constant,

Those tost torminsle mey eleo be purchesed from the Oenerel
Xleotrio Oompeny, The elsotrodss ére pleoed on B" dfameter pyrex gless plete
resting on the bottom of € 600 Ml pyrex beeker to semplete the eleotrods
espondbly, The oylinders sre fully immersesd in the liquid dieleotric under

tent, i
pSW 001502

eti t A Jress thermo—slectrio oven, foroed eir, 60 to
10000, size 18" x 1B", serinl No., 621-61 i@ ueed for besting the Aroslor end
test eleotrodes %0 100°0 et whioh temperature the resietivity fe measured,

Two holes sre out through the book of ths oven through whish the
flox{ble wires to the eleotroBen ere introduced, Olass tubing is used et
the holes where ths insuleted wires oome ithrough, Inside the oven, the wires
ore covered with porcelein besda, The ende of the wires sre jolned to sorew
elipe to vhich the wires from the teat eleotrodes mey be joined when resdy

for messuremsnte,

Iy
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Progedure for Resis§ivity Messurement

stio Elegtr Before use, the eleotirodes, gless

plote, 8nd beaker must be very oarofully tlevned end dried; Olesn riret
with small brush end bensene to remove grime. Wesh with hot distilled weter,
dry spd wosh ia oerbon tetrechloride and dry &t 100°0 for &t lezst one hour,
¥or clecping efter use in Arooler, wesh witb benzene to romove all Arosloer.
Then waoh thoroughly with elesn oorbon—tetrechloride ¢nd dry st 100°C for

ot leest 16 minutes, Do not touoch with the fingers eny surfraee of the
sleotrodes, gless plete, or besker (whloh are to oome in conteot with the
11quid to be toltea) af ter tho lest washing,

------

Filling of Xleptrodes: Hemt the semple to bo tested to 100°C

5‘0. on & hot plste, Pour tho substence to be tested (Aroclor) fmto the
drlod eleotrode mesembly until the liquid entirely covers the oylindriosl
surfeces of the slectrode with 1/8 to 1/&" sxcess, Cere must be used to
mske sure thet tho 11p of the conteiper, from whioh the 1iquid $s poured,
1e clesn, Tilt the besker in such manner thet el) efr bubbles in the Aroulor
will rise to the surfeos, Plece the bYesker {oonteining tho electrodes
snd Aroclor) in the forged draft oven which ie mcinteined st 100°0 ¢ 8¢,
Mossurements ere made sfter about 1B minutes henting, .

vedingt The etisched page givee the method for msking the resdings
with the Uensrel Redlo Type B4dé-A Magolm Mster.

ote .

1, The eleotroder ure oeptered se closely &s obn be judged with

.the eye. _More exeot osntering ie not mecoasssry since the eversge speoce

between surfeoces remnins oconstant, After oenterimg, cere wust be tsken that
the eleotrole position is not further disturbed by jerring or by vibration
from oven wmotor,

f

B, Rosiptivities of Aroolors are ususlly messured et the temperature
of 100°0 spsoiffed by the Genersl Xleciric Company for testing Aroclor 1£b4,
The usual effeot of tempareture on resistivity is that if the disleotrie
contains moieture, the appliention of heat will reduce the moisture content
end eimultsneously inorespe the resistivity, In the cese of 8 thoroughly
fry Gielectric, however, inorevse of (empsreture ususlly has the reverse
effent, Prolonged heeting of a dfelestrioc, Af in exoess of sufe or conser—
vetive working temperature, is injurious and tends to hesten ths breakdown
of the meteriel by decomposition or ohemloo) ohnnge, The Osnersl Electrio
Compsny epeoified that Arooclor 1264 after hesting st 100°0 for 96 hours shall

show no loss {m resfetivity.

8, The resistivity of Aroolors {e lowesred by the yresence of poler
fmpurities sush es ferris ohloride or hy@rochlorio ecid. These polar im
purities sffeot the vesistivity to a grenter extent im the more liquid
Aroslors than §u the viscous Aroslors (Referemcet H. B. Ulass).

DSW 001503
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4, The resistivity of o Aleleotris with eltermeting eurrants {e
ususlly less then with oontinuous curronts, and Gecreeses progreasively
ep & rule ¥ith inerenpe in frequenoy, owing to Gielectric emergy lomses.

B. Yor the meopurcment of resistivity by the above mathod sbout
1 pint (470 ml) of sewple is required.

6, Duplioate mespuremsnts on one semple should eheok withim

sbout 80L, .

ars
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8 YAR DIRLEOTRICS
Referensce: BOtenderd Hent~book for Rleetriosl Edgineers.
Doursey) Eleotrjos) Oondensers.
Pielestric Realotivity tn ohw-om,
BOLIDS
p-.nrﬂn 1 to 10000 x 1015.

Yusod Quertz {ordinery temp,)
Mios, Medres or Bengel

Mios, Oensds

Gless (ordinery tempereture)
Rubber

Bokelite

Unglesed Poreelain {ordinery tempersture)

Marble

LIQUIDS
Treneformer 041 A
frunsformer 0f1 B
Pratts Astral (kerosens)
Osptor 041
Ethy) Adeohol
Linweed 041
Olln‘Ou
Uster, Dietilled
trovlor 1864 (100°0, BOO V.)

re

0.1 %0 10000 x 1010
A0 $0 150 x 1008
0,44 %o Be x 102
10 to 10000 x 1018
100 x 10000 x 1ol®
o.s_ to 5 x 1012
100 to0 1000 x 102

0.1 to 10 x 10°

490 x 10°

B100 x 10

470000 x 109

80000 x 10°

8.5 x 10%

80 x 209

1000 x 10° BSH
?0 x 10°
100 to 800 x 10°

001505
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MEASUREMENTS I¥ THE ABOSERCE OF
CAPACITANCE ARD EXTRAKEOUB FOTEETIALS

1. Instell battsries or powercoupply wnlt eepd fubeg es described im
scoampanying instruetion book, page 8.
B, Throw ON-QFF switoh to OF ond weult sbout two mimutea for tube to
b up defore begirning messuremente,
3. Comnect wnimowm resistor to Ry ternipals nting the "high-poten—
L* wire es short es poewidle. Two or thres inchss s utinranon.
4, Bet oontrol knob (SHECE-~OPERATEB-CBAROR) to CHECK. .
B. Turs 2ERD ADJUST kupb until galvencwetor reade wero, = If the
ge of edjuetmont i¢ Lpsuffieient, excessive 4~ er o4 voltage plokup
. prohebly presopt im the resistor. If the zero &rifts steedily tm the
o direotion, the presence of sopscitenes fa the tnimown regloeter .4
festel, In either esse, nror $¢ the ;arooodnn givn iz the imstrae—
B book, page 4.
6, Turm contrel kmod to O?th'n end ld]m mn.rm.rm llﬂoh and
ORMS 816) for ser¢ resding of galvencmeter. -
7. Reod ruhnnoo in u‘ohu tre- MBOOTDS uu apd tbo m.rm.m
RT) W i
K 8. For more nounh lﬂon&mtiom nehcek the aslvenamoter sero i
- in&u‘bcb«no. ..‘".'.".l-“f— W ’
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. Rebelence the MEOOHMS &fel end yeed $hé result es fm V. .
.10, If the MULTIPLIER {s ia the 100 ar 1000 position, multiply réesult
by 1.00 1€ en sosursoy grevter thew 10 &6 desires, -
FOR FUHTHER INFORMATION SEE THE INSTRUOTION BOOEK |
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STANDARD SPECIFICATION
THE SWANN CORPORATION

Product . Aroolor 1254 Code No.__lﬁg.l_l_lz.l_ESA:l__._
order— Qe Eo Oompound No, 1 IO Date Authorized__4/1/33___

Supcrscdea Specification Dated___= ' -

Tolerable Limits Typical Value

fbe Swann Chemisal Company lhall tost each 3500-pound batoh of 1476
gade for ebipment to Pittsfield and shall forward their test data
znhor with g two-guart advenos sample for our Laboratory snalysis

release.

the following are the chemisal, Khyuoal end eleotrioal speoifioations
vhioh must bo met by the Swann Chemioal Companys

purn Podnt (& .'!.Il. n-92) éshtr then 3500¢,
Yisoosity &% gB . -49 ueonda s-yholt Universal,
?(mgc(m errcd to

Bphoifio Oruv 257-307) 1’332‘ gog

vater at 15,
“Golor (WPA) (XRS Ilothoa B-%955618) lass then 1,
e Rl

o
Pour Pﬂ.ht ABL
hotdsty (IRS Method H- L1ess than 0.01 mg. KeOH/gnm
oT sample
Oklorides end Sulpbates (ASTM D117-31) None
Eveporetion at 10000, for 6 hours

(I8S Method H~3055 22) lese then 0.4%
Distillation Range (ASTM D~20) 10% Point -~ g 2500
Point - g
- : 38; Point » 72
Btability There shell be no libveration

of ohlorine ox c¢hlorides when
the material is heated at 1000¢
in gless vesssls in eonteot with
airtior periods of at least one
month,

Fized Ohlorins Oontent " 5% 4 0,5% DSH 001510

luisthity at 100°C under gszolta
Ds0s(Eleotrodes-Drewing M-l 260 Greater than 100 x 10Y ohme/om3

r

dging Oharsotexistios at 10
3@ hours in air Mo less in resistivity over
originel velue,
Dleleotrio Constant at 1000C 415 = 4.35
(Mo thod 5-39558712
Disleotric Birength (ASTM D-117-31) Not lesa then 30,0 kilovolts,
Approved by Approved by.
Chief Chemist Salcs Manager
- ' 'ij Approv«l. by Authorized by
L . Works Manager Chemical Director

ADA 000863
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STANDARD SJ:ECIFICATION

THE SWANN CORPORATION
Product . Ohlorinated Diphenyl Grude Code No._140100-3039
Gradc:._-_‘:rg..o}f?__l}lg ._Date Authorized_ToB Y. 1g/ 23/_32
¢ - Oontrol Tést Supersedes Specification Dated —
B - History Test " Tolerable Limlts Typical Value
0 S&p. Gr. at 65/65°0 Westphal 1.1326 & 1,1376 -
B & Ohlorine - o
0 AoiQ Number, Mgm NeOH/gn - -

DSW 001511
A - -
Appmwd by Chief Chemist pproved by Sales Msnager
Approved by ' VP Authorized by— .- . __ T e
ADA 000864

WATER_PCB-SD0000046031
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STANDARD SPECIFICATION
: oF
' THE SWANN CORPORATION

product:_Obloxrinated Diphenyl, Oxude

Code No._140110-1142 _
Crader - _‘-1:-991_'91‘—1142 ' Date Authorized TONn%, 12/ ﬂ/_}?
0 = Control Test Supersedes Specification Dated — —
§ - Bistory Teat Tolerable Limits Typical Valye
0 Bp. Gr. at 65/6500, Weatphal 1,373 - 1.378 - -
i § Ohlorine . - 42 + 0.5
0 Aoid Number, Mgn NeOH/gm - -
¢ OContaminetion: Diphenyl Hone

Orystalline Arooclor Hone

DSH 0015{2
Approved by__ Approved b —- :
y Chief Chemist PP 4 Sales Manager
Approved by —_ Authorized by . e
Works Manager Chemical Director
ADA 000865

WATER_PCB-SD0000046032
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STANDARD SOPFECIFICATION
THE SWANN CORPORATION

Product : Chlorinated Diphenyl, Orude Code No._140110-1148

Grade:— Aroolor 1148 Date Authorized_290%, 1g/ 83[32
¢ » Control Test Supersedes Specification Dated —
E -~ History Teat Tolerable Limits Typical Vatue
¢ Bp. Gr. at 65/65°, Westphel 1,438 = 1,440 .-

B % Ohlorine - 48.2 - 48.5
0 Aoid Humber, Mgm HeOH/gu - -

0 Contaminetion; Diphenyl Negative

Y
Crystalline Aroslor Negative

D3W 001513

A d b « Approved b -
yproved by . Chiel Chemist PP Y Sales Manager
Appraved by. . Authorized by. —

Works Manager Chemicsl Director

ADA 000866

WATER_PCB-SD0000046033
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STANDARD sF"'ECIFlCATION
oF -
THE SWANN CORPORATION
poduct:__Ohlorinated Avoolor, Orude Code No___140110-1160
cnde:___.JI‘QQLQLllSQ : - Date Authorizedﬂ&J.ﬁ/j}/_}B
6 = Control Test Supersedes Spcciﬁcuti.on Dated ——
§ - History Td.t Tolerable Limits Typical Value
0 Bp. Or. at 65/6500, Westphel - 1,450 - 1.455
B % Ohlorine - - ,
¢ Aoid Number, Mga NeOH/gm §= | -
0 Oontemination: Diphenyl ' Regative
Crystelline Aroclox Negetive
DSH 001514
Apptoved b —— Approved b
L ‘ Hoved by Chief Chemist re ‘ 7 Sales Manager
I Yproved by ' e Authorized by .. __ R e e wrves
ADA 000867

WATER_PCB-SD0000046034
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Ohlorinated Diphenyl, Orude

227

STANDARD S‘L"ECIFICATION
o THE SWANN CORPORATION -

Code No._140110~1154

duct s

Date Authorized_Tant, .18/23/32

e Arogler 1154
- Gontrol Test
j- Hietory Test

i p., Or., at 65/650C, Westphal

I % Ohlorine
¢ 4014 Number, Mgm, MaOH/gu

{ Contamination; Diphenyl

I
|
!
|
i
1
]

1
'
1

Orystalline Aroclor

eproved by —

l: Chief Chemist
G Hpvoved by
'» I W‘orkn Manager

Supersedes Specification Dated

Tolerable Limits Typical Value

1,534 - 1.539 -
“ 543 to 55.8
Kegeative ) -
Negative -
DSW 001515

Approved b -
PP ¢ Sales Manager

Authorized b ——
Y Chemical Director

ADA 000868

WATER_PCB-SD0000046035
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STANDARD SOI:ECIFICATION
THE SWANN CORPORATION

Product Ohlorinated Diphenyl, Gxrude  Code No._140116-13160

Grade ... A¥0010y. 31160 Date Authorized— Pant. .12/23/32
¢ < Oontrol Test Supersedes Specification Dated L
B ~ History Test Tolerable Limite Typical Value
0 8p. Gr. at 90/9000, Westphal 1,613 -~ 1.618 -
H & Ohlorine - ' 59+9 to 60,3
¢ 4o0id Number, Mgm NaOH/bm - 012 to 1.25
0 Oontemination: Diphenyl -.Hegative e
Oryetalline Arooclor Negative -
OSW 001516
A db
Approved by Chief Chemiat pproved By Bales Manager
: Authorized by__ __
Arproved by . Works Manager athorized by Chemical Director
ADA 000869

WATER_PCB-SD0000046036
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STANDARD SPECIFICATION
Of
THE SWANN CORPORATION
Product:__Ghloringted Diphenyl, Cxude Code No ldgl_l_Qtll_G_?-_ —
Gt&_zlde' mf.l._or 11§§ —— ~Date Authorizcﬂi.gl}.g.[_g}l’,g
0 - Oontrol Test Supersedes Specification Dated
H » RHistory Test Tolerable Limits Typical Value
¢ Bp. Gr. at 90/90°0, Westphel 1,637 - 1.64¢ -
H & Ohlorine - 61.7 - 62.1
0 Ao4d Number, Mgm NeOH/gm - 28
tamingtion: Diphenyl Regative -
0 Con ® crgstanine Ayoolor Negative -
DSH 001517
ADA 000870
Approved by Chiel Chemint Approved by “Salcs .—W
Approved by Authorized |3 —

Woiks Manager h 'Cl‘icn_liéa('bi‘r;cl:)}"

WATER_PCB-SD0000046037
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STANDARD SOPFEClF‘lCATION
THE SWANN CORPORATION
product:_Ghlorinated Diphenyl,Crude Code No 0-1168
) Gndc.' Aroolor 1168 Date Authoriz:d__ZG!}i;;.
¢ - Contyol Test Supersedes Specification Dated___ 12/23/32
H - History Test ‘ Tpler;!blc Limits Typical Value
X¢ Hold Point, €0 145 - 165 157
H Chlorine, % - 67.36
C Contemination: Diphenyl Negative
X0hanged from prévious specification.
DSK¥ 001518
X A« B, Gerber Aporoved by Fobert 8. Weatherly
Approved by h = Chief Chemist pproy Y— Sales Manager
R. R. Cole ) Peul Logue
Approved by Authorized by -
Works Manager Chemical Director
ADA 000871

WATER_PCB-SD0000046038



STANDARD SOF:ECHFICATION
THE SWANN CORPORATION

i

!

whot;—Qhlorinated Diphonyl, Orusle  code No 140110-1169
p‘,.____,.uoolor 1169 Date Authorized_ 1/35/34
| _

‘t ~ Control Test Supersedes Specification Dated__—lz/.al_lg.__
;:l - History Test 'i‘olerable Limits Typlcal Value
% Hold Point, 0C 225 = 250 240

§ € Ohlorine ' - 68,8

0 OContemination: Diphenyl Hegative

 Xghenged from previous specifioatdon

DSH 001519

Robert 5. Weather
Approved by 4+ B. Gorber Approved by : Ly
Chief Chemist Sales Manager
Approved by R. B. Oole Authorized by Paul logue
. Works Maneger Chemical Dlrector

ADA 000872

WATER_PCB-SD0000046039
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STANDARD SﬁEClF’ICA‘TION
THE SWANN CORPORATION

. Ohlorinated Diphenyl:HB Mix Crnde  Code No_ L40110-2565

product i
cnde:Araplor 2565 Date Authorized_Ton-12/23/3 ¢
0 = Qontrol Test Supersedes Specificution Dated
H - Histoxy Test - Tolergble Limits Typical Value
¢ Boftening Point,o¢, Barrett 78° & 30 ‘ 79.4
H Boftening Point,%C, D36-26 .- 70,0
E % Ohlorine - 64.9
C 401d Number, Mgn NaOH/gs - 0.3 ~ 1,0
0 Blooming Test, 5 weeks Regptive -
B loss at 163°C, p6-27 - o 23
H 6p. Or. at 25/850C, DH0-27 - 1.733
B & Iron 11

Avoolor 2565 s the produet of ehlorinating Crude Hi
Boiler and Diphenas'ls(tfu'ls) to 65% 01, e

OSH .001520

Approved_by Approved b;
M Chief Cherniat ‘DP i _yh Sales Manager

- -

Authorized by
Works Manager Chemlcal Director

Approved by

ADA 400873
_—

WATER_PCB-SD0000046040
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STANDARD SOPFEClFICAT!ON
THE SWANN CORPORATION

Product: Ghloxinated Diphenyl: HB MiX Crude Code No._ 140110-8065

Grades_. Ayoplor _4065 Date Authorized__._'ll-}/.}‘__-_
0 -~ Control Test Supersedes Specification Dated—._32/23/38
H -~ History Test Tolerable Limits Typical Value
X0 6Soft Point, Barrett, ©C 8td. at 780 & &o¢ 17.0
xH ¢ Chlorine 64 - 64.8 64.5
Xpoid. Number, Mgn NeOE/gn © o42
¢ Contsminations Diphenyl Hegative

Orystalline Adroglor B

Aroelor 4065 is the product from ohlorination of a mixturs of
dipheny) and distilled high boiler {60:40) to a Barrett softening

point of 76800 &+ 20,

XGhenged from previous specification.

DSH 001521
Approved by__-J..J!, _Gerveyr Approved by___& bert & _Weatherly
Chief Chemist Sake Manager
Approved by Ba Re Qole Authorized by__._Paul Jogne S

Works Manager Chentical Director

ADA 000874

WATER_PCB-SD0000046041
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STANDARD S£ECIFICATION
THE SWANN CORPORATION

rroduct:_Ghlorinated Hieh Boflexr, Crude  code No_ 140120-5060

Grade:__Aroolox 5060 . _-_Date Authorized_Tent, _12/23/32

0 = Oontrol T'OBt " Supersedes Specification Dated —

He Eiutory Teat Tolcrablc.Limlls . Typical Va@ue

¢ Boftening Point, Barrett, ©C 118 + 20 Tent. . 117

H & Chlorine - 59,9 « 60,2

0 4o0id Number, Mgm NeOH/em - 2,8

¢ Oontemination: Diphenyl Negative -
Orystalline Aroolor Negative -

Aroolor 5060 fa Aistilled High Boiler shlorinated to 60% C1,

DS¥ 001522
Approved by_ —— Approved by
Pl v Chief Chemist PP y Salcs Manuger
Approved by Authorized by .. . _______
Works Manager Chemical Director
ADA 000875

WATER_PCB-SD0000046042
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- STANDARD SPECIF!GATION
THE SWANN CORPORATION
Product: 01Oy t_L_QLP_’!!QJ.lJ Distilled = code No__JAQl-ll.J.-MZ___.__..
Grade :._'AEQ_QJ:Q!.MQ-_ i - —..-Date Authorized___T/3/34 ____
0 indieates control testis Supersedes Specification Dated._lgl!}BL_
'hicb are to bo made on every lot, Tolerable Limits Typical Value
0 Bp. Or at 65/ 0¢, Weatphal " 1,368 £ .005 1,365 « 1,372
Bgo Gr, et 25/5500., 370“87 1, ;74 = 10;35
Lovibond Color, 1¥, Yellow §510 0.1 - O, - 0.
O our voint, 0o., phr t& £ ) 2 -17:5 to »go
g, Visoosity q: 900. pB8-26 50 o § «3440 to-}4
¢ * ?%.aoo > 82 to 87
Distillation Rungo, D20 28t , ‘
-lat drop, © 310 « 315 » ! - 1?
[ 4
3% | ‘ 335 - 345 83 u
ot , 38 C 458
Ooeff, of ansion
Flash Pointfpbﬁ. ’ D92—t4 176 - 180
Fire Point, 60,, DY Zg 3} to 4250
% Loss on Heating at 165 C., D6-27
Refractive Indox, zooo.. D-1ine 1,6269 - 1,6885
0 Aoid NHumdbeyr, Mgm +0) Max, g
Rouath’ity et 10000. Ohm-om 100 %o 300 x 10
Dieleoctrio Constent q 0.. 1000 opse. 4.92 4.93
Power Faotor at 100°0,, 1000 ops.
Xohenged from jrevious speociffoation
BSH 001523

Approved by_.. _&s Be Qorber

Approved by__ Robert B Weatherly
Chicl Chemist Sales Manager

Approved by__._Re Re Qole Authorized by Paul Iogus

Works Manager Chemical Director

ADA 000876

WATER_PCB-SD0000046043
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STANDARD SPECIFICATION
THE SWANN CORPORATION

rroduct——Ohloxinated Diphenyl, Distilled  code No.— 1401111 MB_

Grade: Avoolor 1248 Date Authoriz:d..__?ljl_34.__ —
¢ = Oontrol Test Supersedes Specification Dated 1p/83/32

B = History Test Tolerable Limits Typical Value
0 8p«0r. at 65/6500, Westphal 1.435 ¢ +005 1.439

H 8p.Gr. at 25/2500, D70-27
0 Oolor, Lovibond, 1%, Yellow §510

H Pour Point, ©0, D47-28 ~6,6
"'H visoosity at 98,900 o . 36,8
Xy Visoomity at 54.400 75 ~ 80 ~ 83,9

Visoosity at 37.7°0 £18.0

B ¥lash Point, 60 193

H Fire Point,®0
E & Loss st 163%0, D6-27 ‘
0 Aoid Numbsy, Mgm NaOH/gn 0 ~ .01 003
H % ¥ree Chlorides
H pistillation Ranges D20-287T
1st arop,o0 1
£ i
0%

Xghenged from previous spesoification,
OSK . 001524

Approved by_L.,_B._Q!rh&r____.__. Approved by. Robert B, Weatherly
Chief Chenilet . Sales Meanager

£4

Approved by__Ra RaeCole Authorized by Paunl Logwe

Worke Manager Chemical Direclor

ADA 000877

T

WATER_PCB-SD0000046044
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STANDARD SPECIFICATION
THE SWANN CORPORATION

' 011 1=-1849
Product s.— Ohlorinated DLPI_I.!EIL. P&!ﬁ- lled —Code No 1481 11-1251
Aroelor 1849

Grade ... Ax00lox 1251 - -.—Date Authorized__...___ _______

Supersedes Specification Dated_ _

Tolerable Limits Typical Value

Aroolors 1240 and 1251 are not 1ikely to be made
ddreotly in:'the future but only by blending 1248 and 1250 or 1250
and 1254 respeotively.

The tests to be made on these Arxoolors, however pro-
 duced, are the semme as for droolor 1248. Bpeoification limits
cannot be laid down until history is obtained.

-~ DSW 001525

i
!
Approved by

Approved by.

"™ Chief Chemist Sales ﬁ:me:r

Authorized by... . . _ _. S

Approved by_ —— —_—
' Chemical Direclor

—‘-. Works BManager

ADA 000878

WATER_PCB-SD0000046045
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‘STANDARD SOI:EClFlCATION
THE SWANN CORPORATION

Ohlorinated Diphenyl Distilled Code No. 140111-1850

|

voduct

- . —

Arcoloxr 1850

Date Authorized—__ T80t 1!/_?.3/33

e
te Oontrol Test

{- History Test

5 Bp.Ore at 25/ 970"'2
pcolor, Lovi

I Visoosity at %3. 990
®

¢ 8p.Or. at Gi Oc Westphal

B Firye Poiné DEQ
Bloss at 16300, !’I

i

Approved by.

Approved by

-4 8 Pour Point, 00, 927-28

0 A0id Humbsr, Mmm
B § Free Chloxrides

g pistillation Range, DZO-BBT
%.8: arop, ©

b

Supersedes Specification Daled —

nd. Ycllow §510

Chief Chemist

Works Manager

Tolerable Limits Typical Value
- &= 1, “.8
& e 8 Beod, [
- 3 %.5 B.o. l
& e 3 B8eo.
- - 190 - 198
- - None at 340
- o N L d & :
«01 Mex, «004
L §;§
- - , 4

DSH 001524

Approved by

Salet Manager

Authorized by
Chemical Director

ADA 000879

WATER_PCB-SD0000046046
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STANDARD SPECIFICATION
THE SWANN CORPORATION

Product:_Chlorinated piphenyl, Distilled Code No. 140111-1p62

Grade:— m"lor 1252 DateAuthorized__..l/_S_/l!.____
"0 = Control Tﬁlt ) Supersedes Specification Da(ed_lﬂﬂl}g__
H = History Test Tolersble Limits _ Typlcal Value
B 8p. Or. at 85/2500, D70-27 14648 - 1.658
0 6p. Or. at 90/9000, Westphal 1,632 ¢ +005 1.633 ~ 1,638
*p Lovibond oolor, 1%, yellow 510 25 - 1,00 04 ~ 1o4
C N P A Color .
H Pour Point, ¢, D97-28 ’ 34,9 - 38,0
%o Yisoosity at 98,900, D8B-26 88 - 08 91,3 ~ 103,0
H pistillation Range,D20-287 ,
lst drop 73 - 376
BT S B

'ingg‘: ' 49% 9;

H Ooeff, of Expansion

H Loss 'at 1630C, Db6-27 o408 - .56
H Refraotive Infex, 20°C, D-1ine 1,6501 - 1,651
¢ Aoid Number, mgm NeOH/gw 0 ~ 0,01 +0048
% Ohlorine , 61.4 - 62.5
B % Fee ohlorides
4
Ohanged from previous specification, DSH 001527
Approvcd by_._.‘:._B:_..G‘._r_b:.r o e e Approved by kbﬁl“t 8. ".th.rh
Chief Chemist Snlcs Manager
R. R. Oole Paul Lojue-
Approved by i Authorized by .. . . ...
Works Manager Chemical Director
ADA 000880

WATER_PCB-SD0000046047



" STANDARD SPECIFICATION
OF
THE SWANN CORPORATION

moduct:—Ghlorinated Diphenyl, Distilled  code No— 140111-1264

Crade . __droolor 1264- Date Authorized Ten t, 12/23/3 4

¢ ~ Oontrol Test
g - Histoxry %est.

Supersedes Specification Dated

Tolerable Limits Typical Value:

B 6p.Gr. at 25/2500, DT0-2]

¢ 0Oolor Lofibond, 1", Yellow 510
¢ Boftening Point, Barrett, Oc

B Boftening Point, D36-26-P0

B & loss at 163°0, D6-27

"1 0 Acid Mumber, Mgm MaOH/gm

Aroclor 1264 §s in experimental stage where requirementis

eannot be speoified. If further produced the alove tests are

dosired,
DSW 001528
H
Approved by —_ Approved b
pprove ‘x Chiel Chemist PPEOY -—{ - . Saleg Manager
Approved by Authorized by
Y Works Manager Chemical Director

ADA 000881

WATER_PCB-SD0000046048



STANDARD SPECIFICATION
THE SWANN CORPORATION

Product: Ghlorinated Diphenyl, Disti118d Code No.__140111~1268

Aroelor 1268 Date Authorized.__ ..--1/_9/.3’__ —
iz2/23/32

Grade'.
0 » Control Test

§ - Bistory Test

Supersedes Specification Dated

Tolerable Limits . Typical Value

B Bp. GOr. at 25/25°C, Pyoconometer
B¢ Loss et 16300, D6-27
¢ d0id Number, Mgm NeOH/gm

10604 .-”1‘811
a5 - o4
205 Max,

1 Hold Point 135° - 1600 140 -~ 155

¢ Color £ 1¥ oube mot greater than Standard

Xohanged from previous specifieation,

DSH- 001529°

, Robert 5, Weatherly

Approved by A B,Gerber Approved by
Chief Chemist Sales Manager
R. R, Cole Paul Logue
Approved by i Authorized by P
Works Manager Chemical Director

ADA 000882

WATER_PCB-SD0000046049
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STANDARD SOPFECIFICATION
THE SWANN CORPORATION

.. Ohlorineted Diphenyl, pistilled Code No...140111-1269

produc

(ade:_dToelor _;2@9 Water Quenched Date Authorized—_1/9/34 . _
¢ « Control Test . Supersedes Specification Dated_12/23/32 __ __
§ - History Test " Tolerable Limits Typical Value

_§ Bp.Or, at 25/259¢, Pyonoms ter
'H Loss &t 163°0, po-27

%) Hold Point, 00 285 - 255
‘0 % Moisture at 10500 0~ 1,0
¢ Color

l

i
| Moj sture Fest: Dry 10 grams in moisture dish at 1059C for 3

,' hours or longers

Xchenged from previous speoification,

DSK 001530
A))[)TOVCd b)’-—-— 3 Booorb'?___ Approved by R& Ort 80 W.athlﬁ ’___
Chiel Chemist Sales Manager
Approved by R, B, Cole Authorized by Paul Jogue
Works Manager ) Chemical Director
ADA 000883

WATER_PCB-SD0000046050



- STANDARD SOPFECiFIE:AT!QN
THE SWANN CORPORATION

Product: Ohlorinated Diphenyl Distilled Code No.___ 1401111819

Crade.._Arooleor_ 1819 ; .—Date Authorfzed-..!'ll.h. 1e/23/3¢8
Supersedes Specification Dated -

Tolerable Limits Typlcal Value

6pe. Gr, at 25/25°0, Westphal : 1415

¢olor, Lovibond, 1%, Yellow §510 l

Freezing Point, °O. 14.0

Flash Point, ©0, D9e-24 138

Fire Point, 00, DO2-24 . 177

Sediment " KNone

A01d humber, mgm NeDH/gn «005

411 of the above items should be determined on every batoh until
history is obtained,

Aroolor 1619 is a euteotio mixture of para 25¢ and ortho 75%

ohlorodiphenyle.
pSW 001531
Approved by . - Approved by _ .
pprov ‘)' Chief Chemist PP y Salcs Manager
Approved by : Authorized by —
Works Maneger Chemical Director
— ' A - ADA 000884

WATER_PCB-SD0000046051
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STANDARD SoliEClF'ICATION
THE SWANN CORPORATION

peoduct. Ohlorinated Diphenyl, Distilled Code No__140111-1648

Grade:_Axoolor 1848: comstook & Wesookb _ Date Authorized_Tont, 12/2 3/38
O=Oontrol Test Supersedes Specification Dated...—.____

—

Tolerable Limits Typical Value

¢ Distillation Ranges D20-201
but correated for emergent stem
of thermomster.
lst arop, 0
10%

0%
5 R

¢ 4o0id number, mgm NeOH/gn
0 Color Lovibond, 1¥, yellow §#510
¢ &p..0r. at 65/65%0, Westphal ' 1,433

—

Aroolor 1848 is a middle out from the dietilletion of
Aroolor 1148; it is a fractfonal portion of Aroolor 1248,

pSH 001532

Approved by oo .

Approved by e .
Chief Chemist Balcs Manager

S Approved by Authorized by .. ___.

Works Manager Chemical Director

ADA 000885

WATER_PCB-SD0000046052
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0o

0 Boftening I;olnt, Barrety, O

STANDARD Sg:EClFICA‘I"!ON

THE SWANN CORPORATION
Product ;Q?!)&!LM!’.@.PAR’L’.M J.'_’ HB Mix Code No u°111“44_6_5m_
Crade . A'ronlor.uﬁs Date Authorized_T@n%a ..12/_!}/_52
0 o Oontrol Test Supersedes Specilication Dated . -
B~ Bistoxy g.‘..g Tolerable Limits Typical Value

gom0n 14 g, ML

’.lZ‘! = 1 6
19 9 had 19 02
0 Jovibond Oolor, 1%, Yellow 510 4

o) 50}
T - &
o‘é ot 059
O35 .06~ 03

P
°
9
e ¢
<
Y

llttﬁ we ¢
]

8 ¢~3
o

}parksning B g 3
08 [} Lpane

B¢ LOD; at 16‘},"0. Dg-!'l
B Refraotive lindex 0

0 Aeid Number

Ken ReON/gu -
0 omtmuduf Test (Bes below) None

v molgr 4465 1s the product odbtained from distillation:
of glor 4065 whioh 15 & ﬂu& of 40% Gistilled High Boiler

end 60X Diphenyl ehlorinated to 6{.2 %o % 6hlorine with Bagrett
lottongng goln of '1(3 to 3300 (Comparison standard valued at 78°),

Aroolor 4355 is Qesignated as "Ooal Tar Resin, Clear? in
sorrespondence and on shipments to H, He Robertson Oo.

Oxystallization Tntba Trensfer 30-40 grams of sample %o
er, heat to 10090, add e minute treace of powdered

e 150 eo
uooa;.or 13&8".. seed orystale end maintain at 100-10590 for 24
bours, At end of thie tine 1t should be noted whather the seed

érystals have grown or have disappeared,

DSW 001533

Approved by._-...'—___._.._..__ Approved by

—Chi:!' Chemlst " Sales Manager

Approved by Authovized by .. . ..
Works Manager Chemical Director

ADA 000886

WATER_PCB-SD0000046053
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STANDARD SOI:ECIF‘ICA‘I“ION

THE SWANN CORPORATION : ;
Product: Ohlorinated High Bofler Code No_ +40121~5460 _
.Gratlc.:_..@.g.@g_rj‘@_.!.w-. d —Date Authorized___ fentg, __lgj_g}/ 38
g~ Oo.n‘l‘ol Test Supersedes Specification Dated— ___ ..
He ﬁlltoﬂ eet Tolerable Limits | Typical Value

¢ Lovibond Oolor, 1*, Yellow #510
E bp, Gr., at 25/25%, D-70-27
0 Bof¢, Point - Barrett, ©0 neg°
H soft, Point - D36-26,%0
H 0oeff of Bipanlton
H Loss at 16300, D6-27
4 0. Aoid Number, Mgm NeOH/ga
J H Refreotive Index
¢ Orystallireation
o or 5160 is the produot from the distillation of
Axoelor 50 whioh ' dtstuhd High Boiler Chlorinated to 60% o1,
Cryatellimation Test; Until further consideration is

fven to this test, trangfer 30-40 grems to & bsaker, mslt down,
en utntaln at 160—).0 00 for onv weeke Noto if there is eny

tendenoy toward erystallivation, kxemine daily,

0SW 001534
Approved by — «o— e Approved b e
" ) Chief Chemist pp 4 Sales Manager
i
Approved by — o — Authorized by .. ___ ___
; Works Manager Chemical Director

ADA 000887

WATER_PCB-SD0000046054



STANDARD Sol:ECIF'ICATION
THE SWANN CORPORATION

product :_AY0010Y Molstureproofing Qompound  coge No_ 140112-301

Crader Wax #3013 . _ _ _ —Date Authorized_.. 10/4/34 _.___
' Supersedes Specificution Dated e —
Tolerable Limits Typical Value
Sortening Point (&.B.TM.) 58.0%
Furol Vieocoeity at 98.99C 45 seoonds

Wex 30) s @ mixture of Lroolor_4465 ~ 96f and Paraffin (5400) 4%.

DSH 001535

I A d-b s Be Q_‘_I'_bal‘ Approved b Robert 8. Voatherly
. Hj:“l)])TO\'C y_{wms‘ Chiel Chemist PP Y . Sales Manager

-

ADA 000888

Approved by__Re jo’ Oole Authorized by__. __Paul 19_8‘-.!9.*:-_____._
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