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INTRODUCTION

During July and August 1956 the Anniston plant experienced that
the corrosion chloride stability of Aroclor 1242 was periodically
out of specification. At the same time it vas alsc reported thst
the plant had difficulty vith free chlorine in i\he hydrogen chloride
off-gas delivered to the muriatic acid tovers. This lead to the
conclusion of & cAataljst cdeficlency in the chlorination process.

In the plant the chldérination of biphenyl is carried out in the

prese.ce of iron turnings vhich, vhen subjected to chlorine, are
converted to ferric chloride,

It vas the purpose of this investigation to study the effect of
varying amounts of ferric chloride cutalyst on the stability of the
chlorination product, and to determine the minimum catalyst require~
ments for the production of s stable Aroclor 1242.

SUMMARX

Seversl biphenyl charges were chlorinated vith ferric chloride
as a catalyst in concentrations froa 0.01 to 0.05%. The chlorinalion
products vere treated vith lime and attapulgus earth similar to the
present plant practice. In several cases the amount of lime, Or
of attapulgus earth vas increased in order to study the effect of
such treatient. The yield and the corrosicn chloride value (deter-
mincd by Dr. Munch's group) indicsted the effect of the varying
catalyst councentrations on the stability of the chlorination product.

ZONCLUSION

It vas found that s ainizum amount of 0.03% of ferric chioride
is required for the production of s stable Aroclor 1242, Lover
catalyst ratios resulted in increassed eddition chlorination, indicated
ty higher corrosion chloride values and lover yields. No improvement
vas found vhen thes amount of lime or of sttapulgus earth ves increased,
except in those cases vher< the emount of catalyst used vas below the
zinimum charge required.

20 (0]

It is recommended that a ferric chloride concentration of 0.02 -
0.05% should be practiced for the chlorination of biphenyl at a
temperature between 120-140°C in order to guarantee the production
of a stable Aroclor 1242. The present plant practice, using 0.25%
of lime for the distillation and 0.2% of attapulgus earth for re-
sistivity improvement, should not be changed.
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the Stability of Trichlorobentene, by G. ¥W. Ashworth, April 25, 1948,

EXFERIMENTAL WOLE

In a 2-1.ACE-reactor, equipped vith gas-inlet, stirrer, thermo-
meter, air-cooled condenser, and hest mantle, charges of 1000-1200
. of biphenyl were chlorinated vith 0,05, 0.03, 0.02, snd 0,01% of
ferric chloride as catalyst. The chlorinations wvere carried out
betveen 120-140°C, and at such a rate that a specific guuty betveen
1,380-1,.390/25°C. wvas reached within 10 or 12 hours. Then the addi-
ticn of chiorine vas discontinued, and the reaction product vas blown
with air for about four hours at 60-90‘0. in order to remcve absorled
hydrogen chloride gas and chlorine.

The crude chlorination product was veighed, 1.0 or 0.25% of lime
vere added and the material vas distilled at 20 am. Hg pressure. The
amount of the distilled product determined the yield. This amaterial

was agitated vith 1.0 or 0.2% of sttapulgus earth st 80°C. for three
hours and then filtered.

The corrosion chlorine analyses wvere carried out by Dr. Munch's
group. The velues listed in table I represent hydrogen chloride in
P evolved at 210°C. efter the first 8 and second 8 bour periods.

TABIE 1
Spec. Corrosion Chloride
% % % % orav. PP
No. Catalyst Lime Earth Yield 25°%C. s 8hbr 2nd B hr
332-A 2.05 1.0 1.0 1.301 0.049 0.055
332-8  0.02 1.0 1.0 81.0 1.257 205. 201.
322-C 0,01 0.25 1.0 63.0 1.254 224, 184,
3333 0.02 1.0 0.2 93.0 1.388 28.7 17.7
31.1 22.6
-3 0,02 0.2 0.2 90,0 1.388 49.4 17.1
332 : 0-%5 5.4 37.8
323-4 0.03 0.2 0.2 98.6 1.389 2.10 0.02
0.12 0.06
3345 C.05 0.25 0.2 93.0 1.393 0.16 c.10
0.22 0.25
33k-A  0.05 1.0 0.2 98.5 1.392 0.23 0.85
0.11 0.13
4h 0.1 2.06
’ 0.13 0.
gl2 ' 3.1 3.50
3B 3
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For the purpose of comparison the corrosion chloride values ol a
satisfactory plant lot, No. 449, and a rejected plant lot, No.512,
vers added in Table I.

TABLE Il
Resistivity of Aroclor 1242
Sazple No. S Catelysy % Lipe Used  Repistivity ohm -cg x JC°®
332=A 0.05 1.0 14,400
332«-B 0.01 1.0 1,700 (390 after hectins
16 hrs. )
1320 0.01 0.2% 870
}}}"B 0-02 100 ),800
235« 0.02 0.29 1,700
333=A 0.03 0.25 12,400
Aiheg 0.05 0.25 10,200
33hep 0.05 1.0 11,300 (14,700 after

beating 16 hrs.)
Measurenents vere pade on General Radio Resistivity Bridge Tyre

544 - B34 at 500 VDC and 100°C. Readings were made after 30 seccncs
charce tioe and 30 seconds on operste setting.

In Table 1II are given the comparative results of numerous plant
sasples made before and durirng the reported plant difficulties.
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TABLE I1I
Analyses of Plant Samples of Aroclor 1242
Sanple Lot No. Chlorides, ppm {210°C) - Rewarks
dsx O ars. _20d4 8 hrs,
S=414 0.31 0.24 MORX 802 (Plant B)
0.3 0,27
0.30 0.24%
512 }.;3 3.22 GATX 2988 (Anniston)
2. 3. Rejected by Q. E.
515 3.62 1.k2 Anniston-Rejected Ly
1.8 1.5 0.25 pma C1
510 1.66 1.)2 " Rejected by G.E.
2.09 2.00 0.3 pmm C1
516 O.Q 0.32 * 0K by O.E.
0. 0. 0.1 pmm C1
502 1.87 1.72 Rejected by G. E.
2,49 2.4 0.3 ppm C1
A9 0.15 0.06 " 0K by G. E.
0.13 0.05 0.1 pmm C2
§26 0.23 0.23 " 0K by 0. E.
0.26 0.26 0.1 pmm C1
523 0.26 0.33 Kby G. B
0.25 0.26 0.1 pmm C1
S5=515 3.21 0.23 Plant B
0.26 0.23
S=414 plus
0.41% Photo Aroclor 92.8 32.4 Photo catalyzed Aro-
clor
S=414 plus
2.03% Fhoto Aroclor 587 187 edded to regular
. Aroclor
S3=414 1.29 1.0% Tests made at 23(°C
1.59 1.3 to note effect of
512 8.5% 8.05 temperature
5.11 877

411 tests on chlorides were made by G. W. Ashvorth. Samples cf
27C Lram size vere used in the stebility tests. Titration of the
¢Zlorides evolved vas made using 0.005 N AghO,, :
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DRISCUSION

The results of ths experiments listed in Table 1 indicate a

ninimum catalyst requirement of 0.0 of ferric chloride for the
production of stable Aroclor 1242,

When a catalyst concentraticn of 0.01% of ferric chloride vas
used, the chlorination stopped after about three hours. By supplyin.
additional heat the chlorine consumption continued for another hecur,
then the resction had to be discontinued, since cenudenblo foamin,
occurred. The apeoific gravity was only 1.257 at 25°C.

Those experimsents indicated in general that the stabllity of thae
chlorination end product depended on the degree of the addition
chlorination. The less addition chlorination had taken place tho
oore stable vas the chlorination end product. It was noted that the
dearee of addition chlorinstion ves not only a function of a minimum
azount of catalyst but also & very definite function of a minimur
recction temperature. At reaction temperatures belov 120°C, the
addition chlorination incressed considersbdly.

The addition of lime after the blowing of the chlorinated product
“ith air before the distillation accomplished a dual purpose: conve:t-
inz the catalyst into & none volatile product, and eliminating small
anounts of addition chiorination products. The present plant practice.
using 0.25% of lime seemed Justified and should not be lovered.

ZESCRIPTION OP THE RECOMEINIED PROCESS

sighenyl should be charged vith 0.05% of ferric chloride and
chlorine should be introduced not before the reaction aixture has
reached a temperature of 120°C. The rate of added chlorine should
be regulated in such & vay that this reaction temperature is main-
tained for the first period of the chlorinatiom.

The first period of the chlorinaticn represents the introductien
of at least one chlorine into the biphenyl molecule. This chlorina-~
t:c'x product does not audblime and the rate of chlorination can be

in ciguad, vhich means that the reaction temperature can be raised
to 160°C.

Wken a sanple of the crude chlorination product indicate
specific gravity of 1.380-1.390/25°C. the addition of chlorine should
ve discontinued and the reaction mixtiure should be slioved to cool

to about BO*C. and should then be blovn with air for four hours at
this tempersturs.
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6.

- This crude air-bdlowvn chlorination product should be distilled
over 0.25% of lime at reduced pressure.

The distilled meteria) should be agitated with 0.2% of sctivated

attapulgus earth at 80°C. for at lesst two bours and should then be
filtered,

The resistivity measurements in Teble II shov & correlation be-
tveen the more stable Aroclor and high resistivity values. The
"Munch" test for chlorides indicates that s total of less then 0.5
pra chlorides after heating for 16 hours at 210°C » fies a stable
caapcund that vill pass the G.E. corrosion test for 0.1 ppm chlorides.

The use of & large excess Of lime in the 4istillation of unstable
samples had some deneficial effect. The extent of this effect in the
plant 4s not known, but it may explain vhy some lots were more

mublo than others during the period vhen unstadble Aroclor vere
e,

Resistivity of two samples vas checked after heating for 16 hours
at 100°C. A decreese in the resistivity of the ssaple made vith
C.0)l» FeCls 1s & further indication of instadility, vheress the
stable Aroclor from 0.05% PeCly increased in resistivity.

Balsbaugh cells vere used in the resistivity measurenments because
cnly saall samples wvere availsble in socoe cases. The resistivities
vith these cells are invariably higher than the values obtained with
the G.Z. cells, Therefore these data are only ccmparative and do
not shov exactly vhat may be found in plant practice.

The dats shovn in Table III clearly points up the ability of tie
Munch test to pick up the corrosion chlorides in the Aroclor that vas
rejected by Qeneral EBlectric. Anniston had been umabdble to detect
these unatable lots by their test msethod,

Witk modifications of their test method Anniston has nowv been
atle to duplicate the O.E, results. This 1is the first cese of

unstable chlorides in the Anniston production and shovs that it 1s
possible to produce the unstable material.
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7.

Teats vere made using small amounts of unstable Aroclor edded tc
stabls material. The chlorides evolved shov that only trace quanii-

ties in the order of 0.002% of unstable material will give corrosion
chlorides in excess of 0.1 ppm by the G.E. test.

These results indicate the extreme importance of sufficient
ferric chloride catslyst at all times in the chlorination step.

ALFENDIX

The detailed experimental data and procedures are described in
the notebook 1956, A-78332 - A-78335 and A B81878.

A. M. Ellenburg

H. Merten
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