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PREFACE

This dissertation contains the results of work
carried out in the Department of Chemistry at the Univer-
sity of Kansas. This work was made possible through a
grant by the Kansas Leglslature in 1939, and 1ts purpose
has been to find new uses for the natural resources of
Kansas..

Since Kansas has an abundant supply of light_hydrog
carbons which are being wasted to a large extent at present,
and since Fensss has a large potential supply of chlorine,
this work has had as its objeet the utilization of these
raw materials,

The combustion of hydrocarbons in chlorine as a
method for obtaining earbon black, activated carbon, and
HC1 has met with some success. A carbon black of medium
quality and an activated carbon of superior quallty has
been produced by methods easlly adapteble to commercial
production,

In another phase of this work, the chiorination of
butane and the production and polymerization of butadiene
and ﬁnsaturated chldro butanes, considerable information

and a number of positive results have been obtained,
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Part I
Carbon Black



INTRODUCTION

The production of carbon black in the United States
dates back to 18?219 Befbre that time it was generally
Inowmn as lampblack and_Was,uéeﬁ as a pigmente:

Carbon black was first added to rubber in 1915,
Beeause of 1t$.unique reinforcing @raperties in rubber
compositions, it has almost completely displaced zine
oxide'as a filzer.in the rubber industry. In tire treads,
proportions up to 45% of the rubber or 27 to 28% of the
finished comgaaition are added, Some realizatlion of 1ts
1mp6ftancs In such uses may be gained ftom the statemont
that’ﬁha incorporation of black incressed the life of a
tire from 5,000 to 20,000 miles. Besides its toughening
characteristics, it appears to protect the rubber substence
from the effects of light end may reterd oxidation.l

The production of carbon bleck in the United States
forha.aix»yaar period is given in the foilowing table.?

The figures represent thousands of puunds.

1930 1931 1932 1953 1934 1955
379,942 280,907 242,700 2'73,125 328,828 352,749

Used by rubber manufactures in the United States.
128,572 134,315 130,580 191,358 165,446 213,708



Most of the remainder was exported or used in inks and
paint,

At the present time there are five general methods
for the productlon of earbon black which may be listed as
follows:
| 1. Incomplete combustion with impingement.

2, Thermal decémposition,._
Se Explpsion-with a limited supply of air,
4, Incomplete combustion without impingement,
5. Destructive distillation.,

Most of th; carbon black produced et the present
time~is,made'by«ﬁie_first‘methodglLThe common name for
this method,is the channel process, and the product is
called channel black, The carhbon made by the second
method is frequently referred to as thermatomic carbon,

4 common ﬁfade name for carbon made by the fourth method
13 Gastex.

Present yields by the channel process vary from
0.5 to 2 pounds of black per 1000 cu. ft. of ngtirsi gas,
although 31.82 pounds of carbon are theoréticaliy’obtainu
sble £rom 1000 cu. ft. of methane.,® It can resdily be
geen that’this‘prboess is very wastéfu1'and caﬁkﬁe uaed
only where gas is very cheap, I!Much work has beéﬁ,dane in
en attompt to increase yields by‘modifyiﬁg the ratio of

air to natural gas and by using different types of burners.



Much higher yields have boen obtained by methods
2 and 4, but the carsons obtained have only limifed use.

The use ef ehlorine aﬂﬂ hgﬁrocarbons as raw materials
fer praducing earban blaak and Hcl, has never adVanGeﬁ past
the 1ah0ratory atag@. En the Ug Ss Patent 0ffice there are
four patents which &aacribe the prcdueﬁion of earbon black
end HCl from chleran@ and hvdrocarbmns. In 1917 Charles C,
Aver1114 deseribaﬁ & method of producing carbon black and
HC1 by burning hydrocarbons ln an athSphere of chlarine.“
In 10*3.8 william Roy ’?‘ottﬁ cloimed that fmcreasea vields
ef cerbon black ceulﬁ bs Dbtained bv ﬁbe thermal ‘decom-
position af mixtures of meﬁbane onﬁ carbon tetracbloriée.
The carbun tetrachloride was cbtained from mothane and
chlur;n@. Bradley b‘ Runbarger in 19?66 claimed that in»
‘oreased yields of earboﬁ caula be obtained by firat partia1~
;*y chlnrinating the bvdrocarbon and then burning in the
‘usual manner in air. In lQ?A»John Ashfleld MeGuire PE=-
versed tbe pracesv auggest@d bv Averill anﬂ claimed tbat
earben black apd HCJ cculd be @rmduceﬁ by burning chlorine
Vin an &meSPheré ef hyéroearbong.

Honeof fhe above mentioncd H. S, patents give any
specifications for ahe earbmn proﬁuced.

‘The following foreﬁgn matenﬁs claim the production

of carbon and HC1 from hydrocarbons and ehlorineﬁ



French 676,413;° British 517,165,% 343,676, ena 345,477}
These forelgn patents say the hydroecarbons and chlorine are

burned in airyl



THE PRODUCTION OF CARBOY BLACK AT THE
UNIVERSITY OF RANSAS

The problem of producing carbon by the reaction
between hydrccarbons/amd chlorine is much more diffiecult
then ofie might at firat supposes - The. resctionss

CHy + 2Clg = C + 4HCL

Collg + 3C1y = 20 + BHCL

C3g + 4Cly = 3¢ + 8HCL
seem rather simple but they don't explain all the possie
pilities, Methane fqﬁ oxample has four different chlorin-
aﬁed dériﬁativ@s, In addition,.polymérizations nay fake
91906 yielding‘any pumber of chlorinated products, A4t
the,tamperatures,érﬂinarily employed, natural ges is

known %o yield CClz, CoClg, high boiling chlorinated oils,

tar;‘and a surprisingly large emount of hexachloro benzene.

Since the cost of,thetéarbon produced is going to
be determinaaAlargely\by the s uf,chlorine, it would be
advantageous to use hydﬁoaarbuns:in\which the ratio of
hydrogen atdms to carbon atoms is aé smali as‘pOSsible.
Emong tha.gaséous hydrocarbons, butane immedlately suggests
itaélf. The gases, propylene and buty'lem from. the eracl-
ing stiils, also seem well sulted for the process, but
some probaeble disad&antages will be mentioned later,

At the start of this work, natural gas was used
exclusively, Later, impure pfopane and butane were used.

The products obtained depended more on the reaction con-



ditions and the ratio of hydrocarbon to chiorine than

upon the type of hydrocarbon useds

| The first type of burner used is shown in Figure I.
This type of burner can be used in a number of different
ways, and all ways that could be thought of were tried.
The hydrocarbon may enter through the inner tube and

the chlorine on the outside, or vice versas The inner
tube can be raised or lowered. The dlameters of the

two tuhesfmay also be varied. Preheating the gases be-
foré m;xing was tried along with the various other adjust-
ments. Although considerable time and effort was spent on
this type of burner, the results were not promlising.
Carbon.has_a tendency to bridge across the top of the
burner and thus stop its operation. Frequently the bura-
er goes out even though it 1is hotAelogged. Much tar and
chlorinated derivatives are formed and'heneefthe‘yield

of carbon 1is low,

More elaborate burners with three or four small
tubes equally spaced within one large tube‘gave better
results but left much to be desired.

The above mentioned burners may be considered to
represent conéitions of a hydrocarbon burning in an atm 8-
phere of chlorine or of chlorine burning in an étmosphere

of hydrocerbons. These are the conditions mentioned in

the patents of Averill4 and of McGuire] An analysis of
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the conditions wh1c§ exist in such burners may be helpfd
in explaining the ldw vield of carbon and may polnt to
better methods.

Since the two gases enter the reaction side by
side and react immediately{ there will be a difference in
‘the concentrations of the two reaction gases. at different
parts of the flame, but there is only one ideal rétié nf'
chlorine to”hydrocérbon which will theoretically produce
carbon and HCl, Either increasing br'decreasing thig'
retio will tend to inerease the formation of chlcﬁiﬁatad-
derivatives. It seems logical that the best metiod to
produce only carbon and HC1l would involve thorough mixing
of the chlorine and hydrocarbpn before they react. W&o
different methods involving this prineipal of mixing be-
fore reacting have been used with cénsiderable success
‘and 1t 1s beliéved that either method could be used onea
commercial scale.

The £irst of these methods to be discussed will
be the one involving the explosion of proper mixtures of
hydrocarbons and chlorine.

If any of the saturated hydrocerbon gases are mixed
in & chamber with the theoretical amount of chlorine, as
required for the production of carbon and HGi, end 1gnited,
“they will burn with explosive violences, A typlcal labor-

atory setup for carrying out this reaction is shown in
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_Figﬁfe II. The first expansion or settling chamber.has'a
five 1itér capacity and the second a ﬁwelve liter capécity,
Thé combustioﬁ‘tube must be selected In accordance with
the size of the ekpansion‘chambers., For the ap?aratus
described above, combustién tubes with an inaide diameter
of three to four centimeters end two to thfée feet long
gave the best results. A tube with}én inside diameter of
iZ-S_centimeters worked better with a three-foot length than
with a'five-foét length.

The gases enter .one end of the combustion tube and
‘are ignited at the other end by a hot nichrome wire, The
flame spreads rapidly down the tube as a mixture Pf oarbc1
and_ECl gas lssues from its mouths When the explasidnyis
complete, the combustiégvﬁube £ille with another chlorine-
hydrocarbon mixhﬁre¢ Be products of‘eombustion are push-
ed out, end when the new mixture reaches the hot wire, it
1s 1gnited, Thié process can go on continuously, One
of the shortcomingé of this process lies in,the'faat that
the fréah gases as the&'enter the combustion tube will be
~mlxed with considerable HC1l and will not ignite when they
reach the hot wire, If they do ignite, they burn rather
feebly at first, Thus we have pgrt of the gas either pass-
ihg’phrough unburned or reacting feebly and.yieldtng 3
large percentage of chlorinated derivatives,

After each explosion, the entering gases have a

tendencey to catch fire and burn at the entrénce. This ean



»be prevented by "pinching off" one of the gasas for a
 second after eath explosion. The problem of igniting the
gases haa been one of bhe moat diffiault to mect;f.A-
_spark gap was first usad, but this had a tendency bo be-
‘cama snarted aither at the baae of the electrcﬁes or din-
‘ectly across the electrodess A nichrome wire heated just
hot enough to ignite the gases serves very well as long
as it lasts, (A 20 gauge nichrome wire will last for
about six %o eiéht hours of continuous service.)

Other modifications of the apparatus‘dsaaribed
above have been used but will not be described here since
the principles involved are the same.

At the start of a run, the- flow of gases must be
adjusted to the proper propartions; ihia is done by
passing the gases into a teat'combustion tube and explod-
ing them into a hood. The ratio of chlorine to hydro-
carbons is adjusted until their explosion yilelds the ﬁax~
imum amount of carbon as determined by observation of the
cloud coming from the GOmbuétion'tuba. ‘Best results are
obtalned when the gases enter the combustion tube at such
a rate that an'explcsion'oacurs every flfteen to twenty
seconds.,

The following hydrocarbons have beemn burned by this
method&w‘natufal'géS,'ﬁatﬁrél'gas and acetylene, natural
gas and bengene, natural gas and petroleum ether, propane,

end butane.

12



Acetylene and chlorine cannot be nixed as they'will

fgnite apontaneously. However, ir acetylene is mixed with

an equal volume of natural gas, it can then be mixed mith
chlorine and exploded. This mixture gave a more viclent,
explosion,thén gnything else tried, and the carbon’pro;
“duced contained fewer impurities than the carbon produdad
by other explosive mixtures. Prcpane-ahlorine mixtures
k'explode more violently than buﬁane~chlarine mixtures'éh&
yield a,more’nearly puré carbon,

The first method used for the purification of
carbon conslsted in steam distillation followed by £il-
tration, drying, and extraction with acetone in a Soxlet
extraetor_ Since the carbon as praduced could not be
wetted by water alone, some form of wetting agent’had to
be useds Soap or acetone added to the water served satls-
factorily., Steam alstillation generally yielded a small
percentage of 0il, The amount of oil generally 1n;reased

with Increase in molecular weight of the hydrocarbon vaed,

The 01l consisted of CCl, and other higher bolling chlorin-

ated hydrocarbons., Vith continued stéam distillation,
erystals always collected on the condenser wall, These
crystals have been removed, reecrystallized from Skelly

Solve, and identified as hexachloro benzene.

Found Cells
Molecular welght  280-299 285
Chlorine 73.3% 7447%

Melting point 203  204-26

13
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1t 48 believed ﬁhat.hexachloro benzene makes up
from 30% to 50% of the chlorinated products in the earbon,
No aceurate checks have been made on this belief because
éf“thé‘difficulty“iﬁvelvéa in separating the CgClg from
the carbon and other Gl'darivatiﬁesuusxtraetian]yielﬁs
a déaply colored solution; much of the CgClg is decomposed
if driven off as a‘vapcr._'Sublimaﬁion(methods'would
probably give the best resﬁits; If the impure carbon 1is
heataé several hours on a send bath at 1109, thé.surfaee
becomes covered with long white needles of CgClg.

| Acetone extraction of the carbon which has been
steam dlstilled and dried 1s ﬁarried_cut as follows!
About five or six grams of dried carbon are placed in a
paper thimble in a Soxlet extractor and extracted with
acetone until the solution comes through practically
clear, This reguires sbout three hours, The acetone in
the recelving flask 1s'aﬁaporated and the gain in weight
of the flask 1s taken as the weight of the chlorinated
substances,.

The ascetone extractions of carbons produced by ex-
plosive methods generally lie between 22% to 40%, with
extractions above 70% having been obtained from carbon
produced with a large excess of chlorine,

The mncetone extraction of a sarbon, while used as
a method for the evaluation of carbons, 1s not altogether

relisblel®, It would teke days for the extraction to be-



come complete, and it is difficult to prevent carbon from

passing through the extraction thimbleq--Garbonﬁwhichvhasu

been extracted as described may still contain from 10% to
15% chlorine by analysis. From what hes just been said,
we can see that the carbon as produced by explosive meth-
0ds may contain from 30% to 50% by weight of chlorinated
derivatives,; This would, hawevar; represent a yield of
carbon of 85% to 90% based upon hydrocarbons consumed.
Since this carbon was being produced with the hope
that i1t could be used in the rubber industry, 1t was nec-
essary to make it meet the requirements of the rubber in-
dustry as nearly as possible, Some of the requirements

of the Goodyear Tire and Rubber Company are as follows: 18

Through 325 mesh 99 ,90%
Grit none
Ash (maximum) 0;10%

Acetone extract (maximum) 0,50%

The particle size of carbon black should be in the neigh-
borhood of 50 millimicrons.l4 Some 1dea‘ofvparticla size
can be obtained from tinting strengthl? end from rate of
settling,15 buﬁ these methods are not too reliable and
are Seidom used by rubber companies at the present time,
Compounding tests with rubber are the final and declding

tosts a8 to whether or not the material is satisfactory,

18
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;ngeymgasurements on the settling rate of our car-
bon compared with Huber's channel black have.been,mgdé;
The,narban“ugbﬁ,in.thQSegﬁéatSihgdvnot“pgen_purified,
-Light suspensions of the two carbons were. obtained by
shaklng in Skelly Solve to which a few drops of é;eie“acid
had been added. Ten ml, of each of the 5u899n3103§”wé26
‘placed into two standard cells, end the rate of settling
past a givenilavel‘was determined by measuring asé the
peraént of light transmitted by each solutlon.: A Goleman
spectrophotelometer was used in meking these measurements.
Typleal data are given in the following table:

Percent of Light Trensmitted
Pure Skelly Solve = 100

Time i
Minutas KU, Garbon Channal Black‘
0 28,8 32,1
10 30.4 42,0
20 3146 50,9
30 33.1 5644
40 34,0 59,8
50 3543 62,8
70 38,0 71,0
90 3942 757
110 41,0 78,2
155 46,2 86,0
210 49.8 89,4
270 5340 91.6
330 55,8 9249
390 57.8 93.8

 Table I



These tests indicate that the X, U. carbon was '
composed of smaller particles because it settled more slow-
lys It must be pointed out that this test is not too re-

- 1liable because it is difficult to disperse a carbon into
its actual particles.

It 1s qulite evident that our carbon must be purified
by some method. An extraction method of purifying would
probably prove rather expensive due to the large amount
of solvent required snd due to the difficulty of filter-
ing the very fine ecarbon particles from the 301vént. Heat-
ing the carbon in the absence of air seemed to offer
pessibilities as a method for purification. It was found
that a black with an acetone extract of around 0.5% could
be prepared by heating a sample of carbon in an Erlemeyer
flaskiévér bunsen 5urners~é?d with aecaaignal‘stirring
until ﬁa more fumes were noticeasble, If the carbon black
was first wetted with water, f£iltered, ana‘dried, 1t
occupied a smaller volume and more could he heated at one
time.

Around 240 g. of earbon black--prepared by the ex-
plosive method and purified(by watting,_é?ying, and heat-
ing iﬁ Erlenmeyer flasks, f¢110wad by waahihg with Wateg
drying, and sifting through & 40 mesh sieve--were sent to
the Firestone Tire and Rubber Company and: compounded with
rubber stocks The followlng is the report as given by
Mr, J¢ N. Street of the Firestone Tire and Rubber Companys

7
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7 Whenvynu“wererin,akrothwovar~three.we6ks;ago,?

you left with us two samples of black, designating one
as purified and the other untreated. In view of the
small amount of untreated material, we have not attempted
to get anything on this so far;

Preliminary results wilth the treated sample are
now availablégwgmhe sample was compounded in a standard .
aarban blaek,formula,_aimilarnta~agtira;traadwfprmula,
‘substituting your material on a welght-for-weight basis,
for the channel process black normally contained. Re-
sults are ag followss

- Cured Stress @ 400% Elongation

@ 274° F, 30! ' 5Ot 70 90' 110 130!

Channel 1625 2000 2125 2176 2250 2250

Expers 1075 2225 2675 wem- wmoe  coo-

Cured Tensile Strength @ Break

@ 274° P, 30' 50! 7O' 90' 110t 130!

Channel 3375 5925_3900 3900 5860 3800

Exper, ;.1175?2275 2775 2850 3000 2825

Cured % Elongatian;@'Bfaak

@274% P, 30' 50* 70' 90! 110%

Chennel 595 595 580 580 560

‘Exper. 420 405 390 380 370

‘Under "Stress ® 400% Elongation", you will note

that the experimental black at the longer times of'cura



has given higher velues, or, in other words, is a stiffer
stock, This chearacterlistic 1s parallel to that of reQi
inforeing blacks of somewhat larger particle size, such
as Gastexs It is not a particularly desirable property
although 1t may not be serious. Tensile strength of the
experlimental sample is very definitely low; elongation at
breek is also low, The conclusion 1s, consequently, that
in its present form this particular sample of black does
not lend 1tself to direct substitution for channel black
for use in rubber,

We would point out, however, as Indicated.-in our
talk with you here, that with a new pigment of this king,
the effect in rubber may be dependent to a very consider-

able extent on the “aémpounding“ of the rubber stocks In

other words, 1t might be possible to work out a much better

combination whereby more satisfactory preperties could be
obtained., In order to carry out such work it would be
necessary £a have an appréeiéble amount of material,

From this one test we are not sure that we can give
you too meny thoughts regarding why these results were ob-
tained, Vere the difficulty one of particle size, we
would expeaﬁfto get a higher teneile‘strength than we have
obtained, pafticularly with the 400% stress as high as 1t

48, This then would point more to the surface character -

/9
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1stics of the black as heing responsible for the low
tensile strengﬁhs produesd. It would prebably be easier
to establish this from eompcunding in rubber, teating the
‘effect of compounding changes before attempting to alter
the preparation of ‘the black,.

g A R S

| The directian in which to turn was not entirely
elaar, 80 & 1arger sample, around 509 g”‘was prepared and
sent to tha Goodyear Tire and Ruhber eompany to be tested
by campcunding wieh rubbern

- Sinoe the presenee cf some metals in carbon black

13 very injurious “hen usea in rubber, the carbon sent to
Goodyear was prepared in the absenea of all mstal except
Aﬁhe amall niahrome wire. used fer igniting the gaaes.‘

(8oma of the carbon sent tc Firestone had‘been prepared in
van iron barrel ) The methed of purificat*on differed in
that the carbon was not wetted before heating, and the
}heating wes carried out in a furnaca, the oarbon being
 p1aced inside a twm~gallon earthenware jar.' The temperature
of the furnaca was around 600° 0* and the héating'was ¢on-
‘tinued for around four hours. & earbon with an acetone ex-
traot slightly above 1% was obtained. As a final treat~

jmﬂnt, the earbon was washed Wihh water, dried, and siftad

through‘al40,mesh sieve.
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This black had a DPG‘number’around 400 to 450, It
- was known that this value was high compared to the DPG num-
ber of Huber's ohannel black of 130 as found in this lab-
ortory?' The DPG (diphanyl guanidine) number or acceler-
atof édsorption test is supposed to be sn index to the
rate of curing of the black. The higher the DPG number,
,thé4slowen curihg-is the black. The>method uged for deter-
mining this number.is similar to thet used in the Huber |
Laboratories,l16 Two grama of black are shaken off and
on over a period of twenty minutes with 100 mly of O, 01 N
DPG solution. The golution is filtered snd 10 ml. portions
are titrated with 0,01 N HCl, methyl red being used as an |
indicator, 4 blank should always be run., The DPG num-
ber is teken as the number of graﬁs of accelerstor ade
sorbed by 10,000’grams of black.

The fqllowing'report was received from Mr, E,
Cousins of the Goodyear Tire & Rubber Company:

| SR S S S 1 S

We have examined thh black which you sent us and
are gled to comply with your request that we give you our
findings on this material as a'éompounding ingredient for

rubber, Our snalysis of the black in comparison with an

ordinary rubber black iss



Your black Standard rubber
gas black

ash | 0,10% 0.1%
Acetone extract 1:30% 0+6% (max.)
pH | 3433 4,0

DPG Adsorption 78.7% 38%

Water extract . 1.82% none
‘Chlorides in W,Es 0.41% none

Total Chlorides 10.08% none

Microscopical examination shows that the partiecle
‘siza of your blaek is greater thén that of stahdérd gas
blacks. However, it is much riner‘tban the theﬁmal decom~
position blacks, such as Thermatomic. 'The‘uniférmity of
particle size is fairly goods | | |

To study the effect of this black in rubber com-
pounding;hwe have‘tried, in a compoundAaccelerated with
marcaptcbegzothiééalavénd eantainiﬁg about 50% by ﬁeight
of the black on the rubbers. This was compared with a
stéck containing an equéi;amount of standaerd gas black,

The results follow:

Cure  Tensile Elong State of ILoad at 300% 500
¥in @ 260 Kg/em? £ _Cure _ Kg/em Kg/cm?
R-lO&D»éa S#andard Gaa B ack
35 192 680 undercurad 38 104
80 261 8680 slightly under 63 153
70 206 655  good ocure - 78 180
100 3056 630 | overcured 9% 215
120 312 605 overcured 108 235

Dn‘tha,Goo&yeargFléxing Machine this stock ran 126 min,
‘On‘fhe'ﬁoodyeﬁfiﬁbrasion Machine the loss was 9.88 ce.
On the DuPont Abrasion7Machine:the loss was 301 ce/HP Hy.,

22
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R-103D=45 Your Blagk

Cure Tensile Elong, State Lond ot 300% 500%
35 38 415  undercured 24

- B0 52 540 “undercured 45
70 76 330 sallightly under 68

100 93 285 good cure

140 107 275  slightly over

On the Goodgear Flexing maehine‘this‘stock ran 27 min,
on the Abrasion machine tests the stock wore dowm repldly
and became gummy « .Becauqe\of this adhering matefial, the
1035 cbuld nét‘bé determined, However, 1t is high.

Upon axamination,.ﬁheystock made with this latter
black 1s found to be weaker end much less lively,

In milling the black into the rubber in the labora-
tory, 1t was found that the black tended to float off in
the air very much more than does stendard black. The loss
thru thls eoffect was 12%@»ébouﬁ ten times as much as for
the stgndard. it was_glso found very diffloult to mill
your‘black into the rubbef, taking about slx times as long
as for the standard black, Both of these features are
important from the viewpoint of using the black commercially.

Analyzing the test results, you will note that the
stoek having your black 1s somewhat slower in Vulcanizing,‘
that the tensile strengﬁhuis,mubh-less, and that the elong-
ations obﬁainablé.berore bresk are also much less. 4&lso
that the reslstance of this stock to flexing and to ebrasion

is much less. All of these properties are important in
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determining the 9b11ity of s rubber compdund to give
.satiafactory sevviae;

The‘nature of the results alacvinaiéate that your
black would not_satisractorily_replacé}sﬁch blacks aai
 mhermatom1c. Blacks such as these give comparatively high
’éiongétiena at break.

We bélieVQ that,"withiyour‘black, the matter of
particle size could be adjusted thru manipulation of the
burning process. The heﬁdency‘ef‘thé black to ﬁly off
might.also‘bewmadified without great difficulty.  MNod-
ificat;on.of tha;process_to‘reduée.th& amounh of chlorine
in the black and the‘alimination of free HC1l, should offer
ppomising avenues of approach toward obtaining 8 more
satisfactory blacks

We hope the abcvazinformation will be of wvalue to
yows Ve shall be glad to elaborate this information in
van&»resbeet yéu may desire, if possible, and we shall also
bejgla&.tb’iiﬁ to answer any questions you may have.

| Your process and results obtainéﬁ are quite inter-
’est&ng and we shall be plaased to hear of your progress
and to cooperate in evaluating future samples.
3248 S SRS AL S THE S 520

After examiﬁing'theﬁtwg-ergping reports it is

qlearly evident that such carbon cannot compete with 

channel black in the rubber industrys A brief discussion



of what might be wrong according to our opinions will now
be made.  The particle size of a carbon is one of 1ts
most important charactebisticé ingofar és 1ts use in
rubber is concerned. The two fépdﬁﬁs mention that the
particle size of our oarbon may be larger than that of
channel black,‘but‘this isn't stated defihitely; The
small difference in‘particls size cou1d”n6t account for
the results obtained, Whetker or not iﬁlié pasaiblerto‘
alter the particle size of our carbon by altéring the
method of preparation is hot known., We believe the trouble
lies elsewhere,

The DPG number of our carbon is high. Thls means
that 1t has a slower rate of curing. This may not be a
‘serious fault other thén that it wbuld add to the cost of
processing the rubber; Howé#er, methods have been develop-
ed for controliing'the DPG‘numbei of the black so this var
iable 1s under control.

As to dusting, we know that our black has a very
low apparent speoirialgravity and; theréfére,vfloate away
in the eir easily. Goodyear mentions that this could
probably be overcome. The manufacturers of channel black
heve met this problem by convertihg thgir carbon into
pellets. These pellets are tiﬁy balls of carbon which

are not dvsty, pour readily, and greatly decrease the
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:voluma“oecupied by a unitvweight of carbon, The sctusl
proéess ﬁsaﬁ fbr pélleting the éarbon 18 patented and not
much 15 ¥nown about 1%, but 1t is beliaved that cur carbon
could be subjeetad to the same treatmen%, Mathcda of
vpelleting the blaak as &escrlbed in the literaﬁurolv 18
involve shalting a suspension of thg carbon with two
immeseible lﬁquids;'sepavatﬁhg and drying, ‘Qoﬁsiderabla
‘work has been done almng this line but the results ob-
tained in this labcratory have been negative.

N Wire Street of Firestone suggested that the low ten-
‘sile strength of our carbon im rubber may be due 0 some
surface eharaateristies of *he carbcn¢ Mr, Cousins of
fioodyear stated that it Was"diffieult to mill our carbon
iﬁto the rubber, Wbidh aléd'inﬂiaétes a fault in the suré
face characteriatics of the carbon._ One of the theories
 0£ the increase in tensile strangth of rubber on the
addinion of carbon blaak 1s that the attractive fcvce
beﬁween rubber molecules and earbon black is greatar than
the attraotive fovca between twa rubber molecules. If
"this theory 18 Lrue, we can readily understand how the
surface characteriatles of a ‘earbon would be an impertant
factor. Mr. G, R. Johnsonlg of the Godfrey L. Gabot Leb-
Gratories states that 1ncvaasas in voletile matter on a

carbon decreaaes tensila ab break.



We believe that the poor results obtained from the
‘semple of black sehﬁ to‘Goodyear can be atﬁributed large=-
ly to its high chlorine content, most of the chlorine be-
ing,present‘as chlofine derivatiﬁes of hydrocarbpna. ‘Sinca
we were relying on the acetone extract as a method for
'datermining the purity of the aaﬁbon,'nqanélysis fof:
chlorine was ever run on the first;sémple bf'éarbon gent
to Firestones However,'éince~ﬁhé carbon sent to Firestone
was purified at a highervtempefaturé and aihcé it daia
have a much lower acetone extractién.ﬁalaa, we have
reason to believe that it waS‘much'purer.. The results
obtalned from Goodyear, therefore, indicate that chlorinate
ed derivatives are harmful and must be ?émoﬁed.

The next task undertaken was. the production of
another sample of carbon black, Before preparing»this
sample, a new method for the production of carbon and a
new method for purification was dévélbpad.

S8ince the explosive method reqﬁiréd constant ate
tentlon due to the fact that the Qﬁtering gases had a |
strong tendency to ignite efter eé&h‘gxplosicn, and since
the product obtained by this‘m&thdﬁ acntained A rather
high percentage of chlorinated ddrivaﬁi#es, it has hoped
that a new method could be developed which would require
less attentlon, would be easler to contiol,'ana would

yield a more nearly pure carbon
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Burners of the Bunsen and HMaker burngr types in
whieh ¢hlorine was burned in an atmnsphere of hydroearbnns
or vice verse wers tried hut ware unsu&cessful due to the
fact that the flam@ woulﬂ always strike baek. A toreh
typa burner ag ahown 1n Figure XII was develnped after
’much experimentation and has proven to be quite sueaessful,
The ehlariae and hydracarben gasas firat come into cantact
'with each other at ‘the bottom of tha burner, they become
thoroughly mixed on their way up, and are burned ah the
mouth of the burnsru The arrangement at the bottom of the
burner serves as a reservbir to_aolleet,the.small amount
of liquid ¢h1qrinateﬁ}hydro§arbeﬁs £Orméﬁ 1nsida.the burner
tub§; .Itlis'very'asagntialta thé beat opafation,of the
burner that the diemeter of the iﬁaide tube be slightly
smaller at the mouth than atkthe‘gaét of 1ﬁéyiéngth¢j Thls
has g teﬁdeney to“pravantﬁthe,flame from striking back and
‘also retards the formation of avfiﬁg.af carbon around the
mouth of the burner on ﬁha’§ns1de, The burner must be
cooled; otherwise, it becomes too hot. If the tube becomes
hot, 1t acts as & eatalysﬁlfnr,tha reaction snd the burning

soon takes place Gown inside the tube end the tube soon

becomes tlogged with carbon; The velocity of the gas through

the burner must lie b&twaqn'definite‘liﬁits‘whiﬁhJcan be
determined from experience., If the velocity is too low,

the flame will travel down the tube., If the veloeity is
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too greét, the flame will be blown ouk, To determine if
‘the proper miXturQ of éhiorina and ﬁydréearbons is being
usédg:oﬁé‘nsad.only look at the améﬁﬁh:of.smgke.being '
'férmed’anﬂ adjust the ratio until the smoke is(véry bisck
and cqpigus,qnﬁ flakasqof écot are seen floeting in the
‘cloud. If chlorine is in exceas, the eléud'bécumes thin
‘and light in color, almost white, If hydroearbon is In
feﬁéesﬁg’thé‘élau& becomes less dense, lighber in eolor,
and no flakes‘af soot ara;noéicable;'lwihh a little ei#
,périenca oné gan tell if the»prbper m1xture 1a‘being uséd
by looking at the cone in the fiame.' If the mixture 1s
correct, the cons will be 1ntan§alyvgqioredanﬁ very |

" gharp., With an excess of'eithér‘of ﬁha gaaes the cone
becomes laerger, it ian*t-Very ahaf@, and its color be-

- gomes dulls

i The chief fault of this burner lies in the fact
that 1t has a tendency to build carbon formations at 1ts
ﬁouth. These formatinns‘gPGW1nﬁtii ﬁhey bulld ascross
the mouth or until a chunk falla‘aowh fnside and the
rflaﬁé'strikeé back, Best reaulﬁs are“obtéined 1f the
flame is not under any pressure other than atmospheri¢,
and the producte of combustion are free to move away as
rapidly as produced. Mechanleal methods for cloaning the

burner while in use disturb the flame and increase 1lts

tendeney to strike back,
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The two hydrocarbons which have been most exten=
stvely used in this burner are commercial propane and Dutane.
"Propané has a graater tendency than bnpanawﬁo ?Fﬁik?«bagk‘
 mh1s is probgbly an 1ndiqation.ﬁha£ PPQPQQG.13 m9#e.?@’
active than butane.f;Tha,unSgturateq gases asHpropyléﬁe
end butylehe are still more reactive, and it is believed
that one might experience more difficulty in burning these
gases in a torch type burner. ’

The carbon produesd bj‘this new burner‘has a”mﬁch
loWer acetone extract then the carbon prodﬁoedvﬁy ox-
_plosive methods -= from 10 to ?O% compared to 22 to 40m.

The actual amount of VOlatile ccnstituents present
An the carbon prcdueed by a torch type burner has been
determined for +wo samples of carbon made on two ﬁiffar»
ent days. The carbon was wetted with Skellv &01ve ta deo
erease lts volume, drled in air over night, apd then at |
110°-for.thirty minutess The carbonvwas‘we;ghed 3nto’#1
porcela,in:cruciblés'with/lids ana heahea fifteéh minutes
over a Meker burner. The loss in weigh* was taken to. re~
present volatile matter. The resmlts obﬁained were ?5¢7» |
and 27.5%. On the basis of PG% volatile material, and assum-
ing this to be C;01;, we vould have approximatelv a 99%
yield of carbon. Th*ﬁ, Oa course, assumes that aJl earbon

compounda used aa hydrocarbnns enter into some reaetion



and form elther carbon or slightly volatile chlorp carbon
compounds, Experience iﬁdiaaﬁes'that_this assumption is
permissable.

The new method used in the purificabion of the

carbcn in preparatian for 1ts compounding tests 1n rubber’

was aimilar to the ether methoda previously deaoribed,
:but the conditions of heating were different and th@ tenw
tperatﬁfé was more closely 6ontralled4 ‘The criterion for
’pufitj was not acétone extraction 5ut, rathér, anglysis

'far chlorine,

It'waa Inown that 8ll the chlorine gould be removed

from a Bample of carbon bv heating to a suffisiently*high
}temperature¢ It was also known that heating 8 carbon
increased its DPG number, This latter fact was very UNe
desirable;if’the carboh'was to be used ﬁith Tubber,

, In order to wcrk out a metho& to purify the carbon
and at the same time keep the. DPG number 10w, the follow~
ing experimants ware aarried outg Samples of carbon were
heated under the following condi£10n9=

1. Heated in a aovared clay crucible 456 min, at 500° G,

2; 1 ) t!‘" 7 f f ‘ 1] L] L 6000 c‘

3, * o " ‘u " AW 700° ¢,

4, Heated iIn a ﬁur?ent of natural gas 35 min, at 500°C.

5 n | 1 n " n " ] 60000.

6 " m oy " " gteam 30 min, at -400°¢,

T2
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7+ Heated in a ecurrent of steam 10 min, at 600° G.
8 ". ® " " notural ges 35 min. at 600° G,
Teble II

In g1l the sbove trials, the moist earbon and its
containing veséeis wére plaeed in a cbld furnace, The
Atemperature was allowed to rise until the desired con-
ditions were atﬁained, and then held constant for the stated
period of time, In fhe firét three briala, the carbon
was heated In a covered vessele In the next five the
carbon was inside a pyrex tube (20 mme inside diameten) .
The gases passed over the carbon were preheated to the tem~
perature of the furnace by passing through four féet cf
9 mm, tubing, Tha:ﬁatural»g§a,paaséd‘thrd§gh at the rate
of 2 to 3 oo, per éeeond,”the steam at a sompwhat;highar
rate, In triél (8) the naturalkgas contiﬁuéd tb,flow'
over the carbon while cooling to £00°,
| @ha a&sorptivekaapacities of these carbons_glong
with the percent chlorine, as determined by fugion'with
sodium peroxide, éra given in the following tabla:‘

Trinl Todine number % €1

1 631 Bed
2 e 0.2
3 743 0.0
s 448 145

5 44 0.0



Trigl Iodine number % 61
6 394 645
7 664 0.2
8 415 9.0
Table III

The 10ﬂine number‘as‘given,abova representa'the
numbef of grams of icdine adsarbed by 1000 grams of car=
'bon blaak. It 13 ﬁetermined by adding 100 ml, 0.1 n
‘icdine solution to 1 gram ef carbon black 4in an Erlen~
mev@r flaak, ahaking oaaainnally for twenty minutes, fiﬁ:eru
ing gndxﬁitrat;ng 10 ml, portions pf}the filbrate with
standard sodium thioau1£gte solu%iénc The iocdine number
#ather than the DPG!nuMber waé’uéed in these tests,beéauaa
1t 1s mich sasier to determine and there is a‘direét'éor;
":elatibn_bétween i@ﬁine number éﬁd DPG numﬁeé.

The above,daﬁa indiaétes ﬁhatka carbon purified
as in trial (8) should be maéthsuitableyror use iﬁ rubber,
It is freekfrom chlorine dariv@tivesg It has a DPG num~
ber of 177 which is higher than the DPG number of Huber's
chennel black as determined in this laboratory, but is
mich lower than the DPG number of the black sent to Good-~
- year. A aarbonﬁhydrogen,aﬁalysis indicatea that the
adsorbed natural gas cannot exceed 5%'whidh is not a

gserious matter.
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About 576 g, of carbon black prepared by the burner
method and purified by a method similar to trial (8) were
sent to the Fireatone Tire and Rubber COmpany to be come
pounded in rubbér and tested. This biack”waa prepared'an~
tirely with glass equipment~-eveﬁ‘glass burners were used.
To purify‘the black, 1t was first wetted with water to re-
ducevits volume. (Drene écap wag used as a wettiﬁg agént
tO'guard against contamination by a metallic ions) It
‘was then pleced inside 45 mm. pyrex tubes and heated one
hour at 600° C, with natural ges pessing over 1% during
the heating end vhile coolings The black was then sifted

through a thirty-mesh sieve. The aversge chlorine content

of the batches prepared in the above manner was around 0,5%

and the DPG number was around 190,

The followlng report on this carbon black was re-
ceived from Mr, J, N, Street of the Firestone Tire and
Rubber Gompany:

SR R R

Tests on your sample of tarbon black, in comparison

to regular rubber channel black, were as follows:

Cured @ ‘Streas @ 400% Elonzation.
2740 F_ 15! 30! 50! 70! 90!  110' 130!

Channel 1050 1675 2300 2426 2425 2525 2625
Expers 1500 ~-~- 2900 3125 -w-- 3200 3275
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Cured @ , Tensile Strength @ Break o
274°% ¥ 15' uO' ‘50‘ VO’ go! 110} 130!

' Ghennel . 2450 3500 3800 4050 5825 3850 3800
Exper. 1575 2000 5000 5250 3800 3050 3125

‘Guraﬁ @  Elongation Strength @ Break o
274°F 18! o' B0 ¥O' 90! 120! 130!

Chenhei 650 625 570 570 545 540 525
Exper. 410 575 410 415 365 400 400

The above tests would indicete that the experi-
mental black is not acceptable as a replacement for the
present type of channel»blacks waever, it has been noted
that your material has a very appreciable amount of grit,
compered to the standard product: This will probably
cause a‘lqwering of bdth tensile and elongation. To what
oxtent the-lower'tehsi;e and‘élongaticn are dus to this,
 wafdo not know,. . | | |
We find»your pH, DPG adsorption, volatile matter,

' and}moisture content in a range which 1s not excessively
far from that of our normal channel blacks, The main
differenee is that DPG adsorption is quite lowy which
ordinarily would indicate a fast curing black. This is
probably offset by eifher e&loriné content or @cde of pre~
paration, Higher moéulus as weli as low DPG adsorption |
- might be indicative of somewhat 1argerwpartiole size;

This again may be incorrect, however, in view of the dif-
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ference of preparation‘involveﬂa ¥We have not made part-

1cle size measurement.

s R R L L

If the above report from the second batch of carbon
black sent to Firestone is compaxééa with the first ,repbrt
from the same laboratories, we note the following: The
stress at 400% elongation is higher, indicating a stiffer
blacks Tensile strength at break is much‘higher at the
low curing times and ébout the same at the high curiﬁg
times« The percent elongatlon at breaﬂ is siightly higher,

Mry Street says the DPG numbar is low, Ve thought
1t was slightly high, However,zthab praperty can be
easily altered by changing the bémperature of‘purificaﬁiong

We know that our ‘carbon has a tendency to become
gritty when purlfied by heating, but we thouglt the grits
~would be mashed on the calender rolls when the;aarbqn was
‘being worked into the iubber,‘ Evidentiy they were ndt
mashed completelys The presence of grit might explain
‘the low tensile at break and the low percent elongat;on‘ét
~break. The ﬁwo blanks under stress at‘éoa%ﬂelongation 
oould easlly be due tq‘the}prgsence of grit iﬁ,ﬁhe tost
piece which causeé»it to break before 400% elongatlon,

The grit in our carbon could essily be @round;and

this would no doubt 1ncrease 1ts value to the rubber, but

just how much we would be afraid to says A modification
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in the method of purifieahion‘may prevent the formation of
’grit. Yo would suggest stirring'the carbcﬁ‘mhila it is
being heatads This would add to the difficulties en-
countered on a laboratory seale, but way not ba-é serious
disaﬁvantage‘nnfa cemmeécial scales

It should be pointed out that in all tests made on
our carbon by thé rébber companies, our carbon was ébﬁ-'
pared with channel black and th@vcompéunding formula usd@
was the formule developed after years of research, sspecially
for channel bleck. Since our carbon black is entirely new
insofar as its actual vse in rubber 1is concerned, it is
quite possible that much bette&'results‘ecu1d be obtéined
from it if different ﬁethbda of compounding werg'krieﬁ;
i eny future work is carried out In this fleld, more

thought should be given Lo methods of compounding.

CONCLUSION
Two methods for the production of carbon from
hydrocarbons and chlorine have been ﬁevelopga. It is
believed that these methods are sufficlently different
from other methods described to be aonaidefed new. This
carbon can be purified by heating. In its present statev
of development, this carbonlaannot replace channel black

a8 a reinforeing filler in rubber,



Part II
Activeted Carbon
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INTRODUCTION _

As far back as.i777, Scheele and Fontana discovered
th&tvwao& charcaél wouid ads@rb,gaaes and a few years later
Lowitz recorded that colored liquids could be decolorized
by filtration through the same medium., However, only
limited practical use was made of these discoveries, prd~
bably due to the large quantities of wood charcoal required.
In 1810 Figuler proved that bone charcoal possessed consid=
erably more edsorbent properties than ordinary wood phar~
coal, and in 1822 Payen described a method'of decoloriziﬁg
beet sugar with bone char whiah(latér came Into génﬁral

, ‘ 2(
use for the decolorizing of sugar julces. 0

During the early years of the 20th century research
laboratories throughout the world studied methods of mekw
ing & more active charcoal, The use of ges in the world
war.provided,a great atimulus to both research and manu«
facture in this field, and made the world aetive‘carbon
consclous.

A definition of activated cerbon is taken from the
"Gondensed Chemicel Dictionary," Second Edition (Turner),
 Activeted Charcoal (Active carbon). A more or

less pure form of carbon characterized by & high
adsorptive cepacity for forelgn molecules. This
adsorptive power is due partly to the chemical
nature of the carbon atom with its attendant free
valences and partly to the caplllary structurs of
the charcoal, which presents an enormous adsorp-
tive surface, Other factors, such as condensation
of gases and vapors in the capillaries, solid sclu=-
tion and chemicel combination, also contribute to
its adsorptive power. Activabted charcoals cover a
wide range of adsorptive power for varlous foreign

molecules, depending primerily upon the slze and
chemical properties of the molecules to be edsorbed.

Yo



In the manufacture'of‘activated carbon, various raw
materials arerutilized, generally of vegetablé brigin.
Prcduction is usually carried on under patented processes,
makinb use of gases, auch as air, steam, carban dioxide,
chlorine, and similar materials, invclving treahmont at
high tempgratures¢ In some instances the carbon_is im~
pregnated with phosphoric or sulfuric acid;féinc chloride,
or various other salts,.foiléwéd by'heatingiﬁd‘a high

temperature; In the‘prccessing, a pproéity is obtained
| that has an important beafihg.upon the ultimate efficiency
qf‘the product.

Activated carbon is finding wide uses at the present
time. Probably its twe moat impartant uses are in the
puriiication of water and in the refining of all klnds of'
sugar. Other produets which are frequently refined with
activated carbon ares oils, fats, glycerine, gelatine,
fruit juices, vinegar* wh;sky. wine. numerous chemicals

and pharmaceuticals, and used dry ¢leaning aoluticns.

Cy
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THE ?RQDUOTIO& OF ﬁCTIVATED CﬁRBOH AT .
. THE mumsxw OF KANSAS
From tha studias madé on thﬁ purification of our
carbon blaek it was naticed that cnntinuad heating ox
vheating at a highsr temperatura had a tenéenay to in-
crease the DPG nnmber of the carbon, or in other words to
meke it more aetive.

Since & gaeé activatad carbon will sell for from
two to three timea as much as ohannal black. it was consid~
ered advisable ta*investigate tha posaibilities which cur
‘earbon might possess as an sctivated garbon.

The mada of preparatianlaf‘this carbon has been
desuribéﬁ in the fiﬁst part af‘this thesis ﬁnder'produc&
tion of carban blackt ?ha subsequant treatment of the
impure carbon after fcrmation determines whether or nat
it will be en activated carbon., All activated carbon
produced in this laboratory has been‘made from cearbon
praduced‘by the torch burner mathod; '

The first indication that our carbon could be ac~
tivated was obtainﬁa, as ha& just been mentioned, when it
was found that the DPG number aould be varied within wide
1imits by different heat breatments.

"In'crder to determine the heat treatment which would
‘produce the best activated carbon, & number of trials were
run under different conditions. In the first five trials,
the dry carbon was packed into fire clay cruclbles pro-

'vided with covers and the hesting was carried out in a



muffle‘furnace. {The fire clay oruclbles mentioned in
this work are four inches high end their inside diameter
at their tQp 18 three inches). In the sixth trial tha
dry carbon was placed 1n 8 somewhet 1arger graphite cru-
cible and heated by & direct flame in 1 amall furnace.‘
In all cases the carbon was. placed in & cold fnrnace,
'heated,to the approximate temperature indicated, and then
held at that temperature for the specified time, When
the time indicated had elapsed, the crucibles were with=
. drawn and allowed té cool, Beférg'runﬁing'tasﬁatonjthe‘
carbd#:it was sified thrbugh a 30 maﬂh sleve. ‘The;heat
treatments for tha varioua trials were as followas

1. Heated 45 minutes at 600° G.

- N o “.momo " " then 30 minutes at 7000 c.

5, M m o mowow ggoo Ce

4, nyr, n non 'n' as09 ¢,

5. on . 80 n " " 9500 g’

6 . " 2 " " " 503° G, then 30 min. &t 1100° C.

Ip:the.following&table’carbona‘7; 85 9y and 10 are
activated,carbonévuSed for. compariaan. ﬁll Weré-dfied one
hour at 110° C. Number 7 is the well erown orit, 8 is a
carbon.used by the city of" Lawrance for water purification,
and 9 and 10 are two activated carbon& put out by two
 different companies and -are supposed to be of superior
qualit’:ird
Adsorption data was obtained for three different
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solutions, one at two concentrastions. Under iodine num=
“ber are given values whose aignifiqanca:haa already been
Bxpléiﬂéd-v ﬂh&er_iadine'number on Q.2 N soluticng*a
Oaﬁ”gliﬁstead of a 0.1 N iodine solutlon 'was us@a. The
reshfcf'thé pﬁméeduré was‘ﬁhefsama;l“(&ll future references
to iodine numbers will be values obbained on\O;i N iodine~-
Kx‘ablutiéns ma&a as‘pre?iously’described), -The DPG nume
bara givan in thia table wera detarmined, using a mndifi~
jcaﬁien Of the method praviously giveng tnat is, 1 g. of
carbon instead of 2 g-_wasAtreated with 100 ml, of 0,01 N
DPG solubion. Under benzolc acid number are given the
grams benzeie acld adsorbed by 1000 8- activated carbon,
The daterminabion was run as fallowsz A 0.05 N benzoic
acid aglntion was prepared in a,salvent~containing“four
volumésvof ethyl alcohol to six volumes of water. 100 ml.
}af thiS'solutien‘at room ﬁemperaﬁura was shaken occasion=
ally over a twentybminute period with 1 g. of activated
carbon, The solution was then filtered and 10 ml. por=
tions were titrated with standard NaOH using phenolphthalein

as an indicator. Results are glven in the followling table:
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Iodine Iodine number . Dbrpe Benzolc acild
Semple number on 0.2 N aolutiqn" nunber numbey
1 631 | | |
2 72
3 741 805 1004 217
4 958 1075 1418 295
5 1004 1204 a1 B2
6 891 980 918 264
7 836 904 e 247
8 610 648 258 162
KR I
10 1000 1125 298

Table IV

These results indicated that our carbon definitely
had possibilities as an activated carbon,

Upon ana1§Sis»of‘the above results it seems that
temperature plays a very important role in the ectivation
of our carbon, It appesrs that temperatures around 950° C.
are best and that temperatures around 1100° C. are too
highﬂ; There iaiprabably 8 change in the structure of the
c&rﬁon ét this high temperaturﬁ.'.The‘duration'of the heat
treatment at 950° had little effect on the DPG number, -
increahéﬁythefbeﬁzoic.acid'numbar~lo%and increasedfbha
‘fodine numbers 5% to 10%.

' Since carbon conducts heat rather slowly, it was

considered advisable to determine the time required for



the carbon in the center of the crucible to become heated
”td‘thefaamé<tﬁm@ef&tufé as ‘the furnace. TQ«éé'thia;"é‘
’ﬁhsrmaccu§lefwéa‘plééad‘in'ﬁha center of a fire-clay crue
ciblavgadkéd’wiﬁh dry carbon and the crucible was placed
in‘a'@éﬁ’ﬁ&th‘aﬁea?duﬁd’&ﬁﬂﬁ‘G;‘ The following data was
ﬁakeni;

Time elapsed Pemperature of
in minutes - thermocouple

10 . | 127

20 300

25 445

50 552

20 642

50 657

60 657

Table V

This data indicetes thabt 1t would take from 45 to
60 minutes for all the carbon in & crucible to reach its
maximum“tempsrature 1f placed in a hot furﬁacﬁ at 95&0 C.

?ha‘carboné in Table IV‘had‘baen‘ﬁlacad‘intova cold:
furnace and were allowed to heat up with the furnace, yit
takes the furnece a little mpﬁe than an hour tc'reaéh a
temperature of 950° ¢., 86 1t Besms reasonsble to assume
that ﬁhe temperaturé of the carbon 1s not fér behind the
furnace temperature,

~-In order to get a further check on the effects of

4¢
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time and temperature on activation, another series of
experimants were run, This time we wanted to heat tha
carbon as rapidly'aa possible to & certain temperature,
hold 1t at this temperature for a definite length of time,
and then cool it in the air. Number one porcelain cru~
cibles were used. in‘order to inecrsase the amount of
cerbon which could be heated in & single crucible, it
‘was first weﬁted_with,Skelly.Solve and thén dried before
being plagéd into the crucibles, In all trials bub one,
the crucibles were placed in direct contact with & flame
~of the desired tempefature; In thé ethér case the cfum
olbles W@fe piaced into an el&ctric’furnace.of'the de-
sired temperature., In all cases the contents of the
crucibles should have beeﬁ hé&teﬁ to the desired temper=-
ature in a few minutes, &fter ‘heating, the crucibles
were allowad to cool, the carbon was ground and screened
thrcugh a 40 mﬁsh 5creen, and thﬁ iodine number deter=-

mined. The following results were nbta;nedz

( , iodine
- Temperature Minutes = npumber
850 50 688
B 60 773
- 920 185
960 20 735
" 60 723
" 90 930

1050 25 719
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1060 50 885
1150 30 773

1850 20 613
Table VI

7mheés results indicate that at 1150° the méximnm;
actiﬁaﬁidnviﬁ g%&cti#élly réaeﬁ§ﬁ in“5Q miﬁutes, However,
this maximun 1s.rather_law,;indicgting that. the tempera-
Ytura‘ia3toq’high¢ &rmundzlcﬁaé seems tézba the idsal
température, The time element also aeémg ta¥pl§? a part,

-The method fcrnaptivatingfour;carbqn,which;wafhave‘
found most successful aansista;;nﬁplacing the covered fire
claylcruciblgs containing the iﬁgﬁré.éarbon;in;a'pclax
.muffle fgrnage,'s%arﬁiﬁg,the(firé and,alIOWing 1t,§opﬁurn \
'atfita méximum$tgmp@rgtura‘twa and,onthalfshgﬁ?q,% (A’
,tampe#aturavarcund 1&09”c.:182attained.)z;The:fire,is,
than,étppped.: Thexcruéibleg:are allawgﬁ;tquemain in the
fﬁrnaca‘aﬁéther‘half.hnur.tjThey‘are;tﬁgn'removgd\andt
qoaied’in;air.,»mha.iodinejnumber of activated carbon
greparéd.in,thig_ménner.Wil;;ﬁaually lie above 1000. The
‘highest value yet thained,isiil??_whigh waa,onﬁaame car=
bon which had been reheated, The highﬁst value obtained
with“a;s;ngle,heat treatment by the above method is 1120,

.‘The‘finai.statebqf activation,seems'ﬁo depend to

some degree,uponltha method of preparation and upon the
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treatment before heating. Carbon made using a slight
excess of chlorine ls more easily activated than carbon
made using the theoretical amqﬁnt of-chlorinef Carbon
placed in the cruQib1¢§Teither:d?y,0r wetted with water

is more esslly activated ﬁhanzcarbbn‘whiah has been webtted
with Skelly Solve. Wetting a carbon befors heating has the
advantage of greatly increasing the apparent density of the
finished carbon. ‘As an exampla, a dry packed carbon had

an apparent density of 0,029 g./c¢. after haating, a care
bon wetted with water before heating had sn epparent den=
sity of 0410 g./cc. after hsatiﬁg. while a carbon whi0h

was wetted with Skelly Solve before heating hed an apperent
density of 0,13 g./cc. after heating, The final apparent
&enéity’is dependent not only on the webting ageﬁt usedibut
glso onkthe'preaaure uged in packing‘bhé ciucible, (Appar-
ent densiﬁiesVare ﬁetérmined by filiing a 80 ml; graduated
cylinder with carbdn, tapping until the volume is constant,
reading the volums, and then weighing the carbon,

It 1s evident that the apparent density of a carbon
can be Substantiaily modified by proper treatment before
heating. After a carbon has been heat treated, it does
not lend itself well to such modlfication as can be shown
by the following data., One of our actlvated cerbons having
an gpparent density of 0,067 g./cc. was wetted with thbea
different liquids, then dried, and new determinations of

apparent densities made on the dried carbons,



Apparent density

Wetted with benzene 0,070
Wetted with Skelly Solve 0,078

Wetted with wabter 0.088

- A dense carbon has many economical advantages over

“a light carbon=-more carbon can be heated in a given space,

handling costs will be less, and less treated liquid will
be‘retainad by the carbon. |

It was not considered advissble to evsluate our
acﬁi?aﬁe&yéarbqn solely on the results given in Table IV,
In order that our carbon might be compared with other
achivatédicaxbanswin,cher laboratories, four samples of
50~100 g; ahé with an lodine number around 1050 were pré=
pared and sent to the laborstories of the following com-
ganies: .¢he Great Western Sugar Company, The American
Sugaf Refining Company, The Darco Gcﬁporatian."and
Industriél.chemiaal Saieaa’ The last two companies are
the two leading producers of activated carbon in the
United states.z The trade,names.far'their carbons are
Darco andvNushar,;rGSpectivaly. Reports from the labora-
tories of the above 6ompanias will now be given.

THE GREAT WESTERN SUGAR COMPANY:

COMPARISON OF A NEW ACTIVATED CARBON
'FROM THE UNIVERSITY OF KANSAS WITH DARCO

A sample of a new decolorizing carbon from the Uni-

£0



S/

versity of Kensas was sent to this laboratory for test to
determine whether it was superior to other good aoﬁmer~
cisl carbons.

Evapcéator thick juice from Ovid was treated with
varying quantitiea of the ﬁﬁo carbons in a séries oflpar~
allel tests, and the color adsorption measured with the
Lange colorimeter. Cit:icxécid turbidity was also measured.

- Nine 200 ml, porpioﬁa {éss‘grams)Lof thick juice of
66,3% dry substance were measured into 500 ml. Erlenmeyer
flasks, Sufficlent water was added (70 ml.) to each to
reduce the dry substance to 50%, The flasks werc setvinﬁ
8 water bath at 80° C. and after the julces had ettained
aftemperature of 75° ¢. carbon was added in quantities*
ranging from 0.0 to 1.0% carbon on dry substance, \Aftef-
standing with fraquehﬁ shaking for 20 minutes, a amail
amount of Filter«Cel was added and the flask contents
poured onto a Buchner fllter costed with Filter-Cel end
filﬁerad.clear. Approximately 7 grams Filter-Cel was used

inclusive of the filter coating.
The measurements as to color and cltric acid tur=-

bidity are shown in the following tgble:

~ Kind of % Carbon Color Citric mcid
Test _No. carbon on D, 8. Adsorption  turbidity

0 none none 30 0.3

1 K“B.t 001 2? 002

2 Darco 0s1 26 0.3

3 X,T. 042 27 0.3

4 Darco 0.2 26 0.3

5 KQU. 0.5 25 003

6 Darco 0.5 24 0.3

7 K.U. 1.0 23 0.2

8 Darco 1.0 22 0.2



There is little difference between the two carbons,
The’small difference inycolar,adscxption.cannot,with«ceré
teinty be detected by visual comparlsons

‘The new carbon is.extregely’light end "fluffy',
Pepfunit‘valﬁms it is app?aximataly half assﬁéavy as Darcp,
Unlike Darco, it "pours" readily,

L O

THE AMERICAN SUGAR REFINING COMPANY:
Letter from Mpr. Louls A, Willsy

Report on your ssmple of activated ¢arbon previously
recelved has Jjust come over from our laboratory and we are

enclosing & copy herewith. You will note that your carbon

in tests on two Aifferent sugar materials showed & decolor=

izing valua'h1gher than that of one of the commercisl car=
bons, which in this casse is one‘wi&elywused in the Unitea
Statés and is the carbon that we ourselves use for certain
speclal decolorizing work. The "No. 13 standard" mentioned
in Ny, Bastonats“reparﬁ.ia one of the darkest grades of
brown sugar (soft, refined sugar), and the test thereon
constitutes a test on what we call low-grade or 1OWwputity
‘material. The washed sugar liquor is a solution of the
raw sugar that we take into our refinery, after same has
been weshed in the centrifugal'machines}to free ghe erys«-
tals from adhéring‘molﬁssea or mother liguor, Tﬁe test

on this matérial}shows~the effeet of your carbon‘on highm

purity sugar material,

g2
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We shall be interested in learning of any further
developments that you may meke with this cerbon.

Leboratory report by ¥r. L. Bastone:

'The new varben was tested by'comparing its action
with that of a cdmmercigl carbon in two differeﬁﬁ‘grades‘
of sugar 1iqﬁof, 8s shown below,

 The liqudra at 50° Bx.‘were heated to 80° Ce in a
water bath, At this femperaturefthe carbon was added to
aﬁd“incorporatéd with the liquor Witb’cdnstant sti&ring
for a’period,cf ZOuminutas. A blank'sample of 1iquor was
also heated along with the treated samples., A6 the end of
this treatment a small améunt»of earth wéé_added bo\eaéh
liQuob and each was filtered thfoﬁghipaper. Thé color of
each flltrate was determined in fhe Lovibond.

No.‘i; Test
Liquor from No, 13 standard was treated with 0.5%

carbon on solids:

Commercial
Test Llquor . U. of K. Carben Carbon
°Bx, 54.8 54.5 53,5
pH 5.2 © 5.2 5.2
Color 1/8" cell 266 175 199
Color per 100 solids 668 321 372
Z Color removal - 51.95 44,31

No. 2. Test

Press filtered washed sugar liquor was treated wlth



0.1% carbon on solidss

, _Commersisl
Test Liquor"vtvof K. Carbon Carbon
Bx, 57,0 58,7 57.7.
pH 6.8 6.5 6.7
Color 1" cell 28 | 9 12
Golor per 109 aolids 52.8 18;1 24;8
% Color removal - 65,72 53,053

DARCO CGORPORATIONX

We have recei?ed‘a'repbrt from our>Researah‘zaboré~

%cry regar&ing tests conducted with the sample of activated,

carban that you sent us recently, ‘which show the following
data for the materisl.
The molsture of the sample es tested was 2.5%, other

properties as listed below are expressed on the dry basis.

The ash content was found to be 1.1E%§'the apparent‘dénaity,

0.186 gram per cc. equivalent to 11.6 lbs. per cublc foobt
tightly’péaked; the pH of a waber extract 6.85} pérdentage
of water solubles 0,34, and of total solubles 1.02; screen
analysis 54.1% passing 100 mesh, 34,83% passing 200 mesh,
ZégﬁB%VPassing 2325 mesh.

| The relative efflciency as compared with the sample
of DARCO that we sent you, the basis of comparison being
the decolcrlzabion of & molesses solution, showed BOA R.E.

for your carbon at 50% decolorization and 72,5% at 90%

S 4



decolorization.
: Thé'anclosed copy of our Laboratory Manual for
Analyving and Testing Decqloriz ing Carbons contains tha

prccedures used in obtalning this daba,

INDUSTRIAL CHEMICAL SALESS

We acknowledge rgoéipt of your letter of Sept. 1l4th
and at’thé’same time, we,héva our Research Laboratory's
report on thg samp;e of carbon whieh:you were good enough
to’sgbmit% IOn-theibgsis of aﬁr tastsf wé find'itih&a a
molaase51Value (on ary carbéﬁ) of 360‘and en Iodine Valus
of 97, which indicates & product of high Qualityf

»Of'ccurae,vit is not pbasiblé for ﬁé to comment
further in regard to 1ts specific application to any pro=
duct becausa of the pecullarly selective character of ac~
tivated carbens in general, and'the only way in which you
can determine 1ta real efficiency 1s to apply it in some
commercial or seml commercial way.

Am I correct in assuming that the sample submitted
has beenfpreparéd in the,Labefatory?‘ Cost is also an

important factor.
L

The reports from the two sugar companles are very
favorable, It was hoped that the Darco and Nuchar people
would give a more extenslve report covéring a larger nume

ber of tests,
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We belleve a word or two of explanation concerning
the last two reports should be made. The carbon’ which
Darco used in making camparisehs with our carbon‘was one
~of theié very special grades'andrsells;fcf 15-1/2 cents
per pound in ton lots (quotation of October 25, 1940).
Industrial Chemical Sales, ﬁwhufacturers of Nuchar, says
the tests.indicata a product of high quelity. The iodine
valhe‘nf'97 meanaMthat 0.5 grams of our carbon ramovéd
979 of the iodine frcm.leﬂ ml, of solution containing
 2.7~@; lodine per 1iter, A good activated carbon will
remnve‘frém 70 to 90 per cent of the iodina in such a
test. "20 As to the molasses value, Nr., Wrench $a1d the
fallawing in another corraspondence: "he Molasaes Values
of NUCHAR vary from as low as 90 to as high as 500, How-
ever, 1t is our experience--and that of others--that you
caﬁnot“judga entirely by the ﬁola33ea Value, because there
are a number of other facths'that enter into any parti-
cular‘dacolorizing and deodoti#ing result, For eXample.
we have instances where,‘on 8 par%icular product, & cars=
bon with a 100 Molasses Valué'weuidvdo a better job than
one having & Malasses Value of 500, "

In order to get a mors detailled comparison of our
activated carbon with other activated carbons, two samplea
of our carbon daaign&tad as KUL and KUZ2 were prepared by
alightly different methods and compared with six commers

eclel carbons, These comparisons were made by preparing

5¢



adsorption isotherms for all elght carbons on three differ=
ent solutions~-iodine, phenol, anﬁ~brown,sugar sclutions,
While none of these {tests can be used alone to predict 
definibely what can be expectedroffa carbon in a‘cbmmeﬁ~
cial process, 1t is hoped that these three tests will give
some indication of what might be expected,

The iodine adsorption is used fraquently'as a con*
trol test, In genéral;”it_appéars to be more indicative
of tha‘ability to remove odors and flavors rather thah

color bodies;>C  Phenol adsorption is en indication of the

ability of a carbon to adsorb odors and flavcragzl The

- removal of color from brown sugarfsolutiens-ﬂhbuld-bg\ah'
indication of what might be expected of our carbon 1f used
in suger refining.,

The six commercial carbons used in making these coms

'parisons.wili henceforth be designated by letters. Of the
fivg carbons§ other.than Noritey three are mgnufactufed byf
the ﬁarco?corpdraticnt&nd,two by‘Industr1&1 Chemical Sales,
a diﬁisioh‘of the‘Wast7Virginia;§ulpfand“Paper‘company»
Tpe following brief explanatioﬁ of these carbons ia:given'
along-with‘cbst per pound in ton lots F.,0.B. shipping
point;' (Qu@tgtians are of October 1940.)

A 15s1/2¢ A speclal carbon,

B 10£.

€ 5~1/2¢ Used in water purification,

D  6-1/2¢ Used in refining corn and beet sugers
E  3=1/24 Used in water purification,
Fo Norit
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- The only difference in the preparation of the KU
carbons 11&3‘1& the fact that KUl was packed in the cru=-
cible ary and KU2 was webted wifh Skelly Solve before bee
ing packed into the crucibles Both carbons were heated
under as near the seme conditions as possible. Asfa~ré~’
'aulﬁ”éf'wStting‘with‘Skelly Solve, 538 has three to four
tima the. apparent dﬁnsity of XKUl.

. Adsorptlon isobhernms were drawn with the ald of

Freundlich*s equation whmch'may be stated as followss

1

m\

In this expression
x refers to the total amount of impurity adsorbed
from a fixed quantity of solution,

m 1s the amount of activated carbon nsed.

¢ is the residusl aanéentration»af,1mpurity in solu=

tion, after the adscfptibn‘has.been completed.

If a given‘quantity of solution of a given aonqénw
tration 1sytreated:w1th differént amounts of carbon we
can get values of x. If these values of x are plotted
against values of ? on lcgarithmic paper, a straight line
will result if the adsorption is,follcwing‘Freundlich's
equation. Tbﬂdretically it should not be necessary to
determine mdm then two points., Actuelly, it is best to
determine at least f@ur,

The iodine adsorption iscotherms were determined

s



as>fcllowsav’chreasing amounts of dry carbon were added
to 100 miq of 0404 W iodine in Water'801dtionj(Gonbaining
508 mg. of iodine psr100'ml(vséiutionji-&gitated'accasinn~
ally for 20 minutes and fiitqradg' Fifty‘mlg“of the filtraﬁe,
were titrated with standard‘sédium thiosulfate solution,
usiﬁg étarch‘as an indlcator, Knowing bthe lodine equivalent
of the thiosulfate solution one can calculate ¢ from the
resuitsjof titration. ' The value of x is equal to 508 = c.
‘The:phenol adsorptian‘iacth&rms were determined as
followss Decreasing amounés of dry carbon were added to
100 ml. of 0,025 N phenol in water (contelning 235 mg. of
phenol per 100 ml, of solution), aglitated occasionally fdr
20 miﬁutes and filtéredi Twenty~five ml, of the‘filﬁrata
was trensfered to & 250 ml. glass stoppered bottle and
diluted to eround 100 mls An excess of 0.1 N KBr0z solue
tion containing an excess of NeBr was added elong with 10 ml.
of 4 N HaSO4s The solution was shaken, and fifteen minutes
was allowed for the raa@tioﬁ to come to equilibrium, An
excess of KI solubion was then added, and the liberated
iodine was titrated with stendard sodium thiosulfate solu=
tion, From the difference between the amount of bromine
liberated by the KBroa and thﬁ-brominevaundito'be present
by titration'with thiosulfatey one-can calceulate the amounkt
of bromine which has reactéd‘with the phenol to form trie
bromophenol, and from this caléulate ¢. The value of x 18
equel to 235 = c,

The ceiér adsorption isotherms which were run on
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brown sugar solutions were datermined as follcws~ Dee
ereasing amaunta of aetivated carbon were added to 100 le
of a brown sugar soluticn‘eontaining‘lﬁo e brown sugar
per liter of solution, The sugar solution was placed in &
water bath at 70° C., shaken several times cvet a perioq of
20 u&ﬂnteé; fixtéred until sparkling cleer, and‘thﬁ color
remaining weas éetermineéﬂbgmmeéSuring the percentage trans=
mittance of light through the sugar salutions compared to
'fdiatilled watep. asa standard. The percentaga transmittance
'wes determined with a Genco=-Sheard spectrophotelometer.,
Light vhaving ‘a wave length of 4500 Angstroms was used in
this‘work because it had a graaﬁéﬁ'aaaarption in brown
sugar salutimna than light of another wave length.

In order to calculata the values of x end ¢ in
Freundlich's equatian from the percentage transmittance
we make use of the followlng relationship.

«kde
/I, = e

Where I = the intensity of the light emerging from the
solution
IQ'm the inteﬁéity of light entering the solution.
‘e = the base of natural logarithms,
'k =a canst.ant;,'
d = the distence which the light travels through
‘the solution.

¢ == the concentration of the colored substance in

the solution.

£0



The above expression can be written

1n I/IQ; = «kde
or ln_Ié/i = kdg
Since the éist;ance d was constant in this work, we can
substitute a new constant K for kd, .éolving the above
equation for ¢ and changing to logarithms to the base
10, wé'hava

¢ = 2,303 log ,Ig_(_;_
| , o

In order to evaluate the constant, the above equation was
solvéd for K and measurements of IQ/i were made o6n three
solutiﬁns containing rSSpéctively 50, 1aog'and 150 g.
brown sugar per liter of'solution."Thé value of‘K deter=
mined by this method was found to be 0.0054, Assuming
that the nriginal brown sugar solution contained 150

color units, the'colbr units remaining after cerbon treate

ment would be given by the expression
s - wol - |

| T

The ?éiué of x in Freundlich*s equation is then equal to

150 é‘c.

¢ = 426 log

The data collected according to the procedures just

describad»will now bé given. It contalns the results ob=-

tained using three different solutions end elght different
activated carbons on each solution. The adsorption iso~

therms eccompany the data.
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Table VII. Adsorption of iodine from 100 ml. of 0.04 N
lodine solution by decreasing amounts of activated carbon.

The quantitles ¢, x, and m are given in milligrems,

A

Carbon -2 X m, =
KU1 3.9 504 800 .630
12,0 496 600  .826

B5.6 452 400 1,13

222 286 200  1.43

KU2 8.1 500  B0O 625
82,5 476 600 . ,79%

125 383 400 L9057

29% 2156 200 1,074

A 42.% 466 1000 . 466
72,5 435 750 581

129 379 500 757

256 252 250  1.007
B 35,5 473 1000 J473
102 406 760 541

228 280 500 560

265 143 250 572

c 9.2 499 1000 499
44,8 465 750 618
156 252 500 703
507 201 250 .803
D 4,4 Bo4 1000 .505
15,1 493 750 <657

81.2 427 500 852
258 250 250  1.000

B 101 407 1000 <407
166 342 750 456

251 257 500 514
364 144 250 576
F 8.0 500 1000 +500
29.3 479 750 639

114 294 500 788

2176 232 250 «928
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Table VIII. Adsorption of phenol from 100 ml. of 0,025 XN
phenol solution by decreasing amounts of sctivated carbon.

The gquantlities ¢; %, and m are given in milligrams.

, . X
Carbon e X m’ m
KUl 35,0 200 1000 « 200
64.6 170 750 .227
111 . 124 500  .248
167 €8 250 272
KU2 63,56 171 1000 171
98,3 137 750 « 185
l42 93 500 +186
187 48 25@ « 192
A 93.2 142 1000 142
116 119 750  ,159
1561 84 500 « 168
189 46 250  ,184
B 98.0 187 1500 +0913
140 25 1000 . 095
160 95 750  .100
183 52 500 .104
c 64,7 170 1500 ,113
118 122 1000 « 122
140 95 750 127
170 85 500 .120
202 33 260 « 122
D 64,6 170 1000 W170
96.7 138 750  .184
128 97 500  .194
184 Bl 250 204
E 113 122 2000  .0610
166 69 1000 « 0690
185 50 50 <0867
200 36 500 0700
217 18 250 0720
P 6.7 168 1000‘ «158
108 127 7850 169
145 90 8500 + 180

188 47 250 .188
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‘Table IX. Adsorption of color from & brown sugar solution,
eon‘aaining 150 £« brown su‘gar ‘p’er liter'ef»solution,y by
decreasing; amounts of activatad carnon. The quanﬁiﬁies

(] emci x are glven zm eolar units, m is given in milligrems.

Percentage , X
Carbon Trensmission _¢  _x  m =~ m,
KUl 80,9 39.3 111 1000 .11l
79,3 43,0 107 750 ,143
76.0 50.8 . 99.2 500 .198
Kug LB 62.2 . 67,8 1000 ,0878
65@2 850‘2 oo~ 64;8 50@ . 13‘;}
5640 107 42,7 250 L171
A 88,2 25,4 127 1000 127
84,3 51,5 119 750 ,158
78,8 14,3106 500 ,211
88.1 71.2‘3 78.8 250 L2315
B 68,1 B85.1 B4.9 1500 ,0433
61.0 91,5 58,5 1100 .0822
58,0 101 49,3 700 L0705
52,8 118 2.0 250 ,128
¢ 57,7 102 48,0 1000 . ,048
5640 107 43,0 750 ,057
54,8 111 . 89,0 500. ,0776
53,0 117 33.0 250 ,120
D 81.2 28.6 111 1000 .1l
6.0 51 99 | 750 ,1%2
61,0 91.5_;‘5ai5 250  .224
E 55,2 1100 40 1000 .040 .
62,2 120 29,7, 500 0598
49.6 130 20 . 250 ,080
P 83,4 33,5 116,56 1000 ,116
79.5 42,4 108 750 ,144
72,0 60.7 89,3 500 L179

64 7] 8l.1 68,9, 250 ,276
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The use of adsorptlon isotherms permits one to.
compare activated cerbons with a minlmum number of tests.
As a general rula, it can'be said that. the larger the
value of x/m and the smaller tha slape of the isctherm,-k
the more ﬁfficlent is the earbon.

The ralative amcunts af twe carbons which arse re=
quired to remove an impurity te a givenAcencentration canw
easily be calculated, At the desired final;eoncentration
¢, we read tha values,of‘kfm-foﬁ,aach of the caibcna%
Suppose these‘c&rbbns:are A and E on the 1édine:aﬁsorp~
tion isotherms, thene=

o x/mg

My ®/my
If we want thé-fiﬁal goncentration to be 100 mg, iodine
per ‘100 ml, solution then-=

In other wcrds; to get a solution of a f;nal con=
centration ofﬂlOO mg.:iodine per}iﬁﬂrmlgisalutiqn, it
would'requi%é only 58% as mnﬁhyéarbén A es carbon E.}or
carbon A is 1.72 times as efficient as carbon E for the
specified final eonceﬁtratiqn.

The same yesults caﬁ be g@rived‘at with 8 pair of
dividers, Thé‘distanéa betweeniﬁ and glwhera ¢ '1s 100 1s
taken, This distance is then transferred %o the right
‘edge of the graph. Gne‘poinﬁ of the divider 1s’p1aced
on the "1" line between thé two cycles. Measuring the

d istance downward, the other point of the divider will
rest on .58, measuring unward, the voint will rest on 1.72.



‘It often happens that the isotherms of two cerbons

c¢rosses Where thia~happens; bheir efficiencies are tha~same

at that point but change on either side. Considering the
two curﬁea, A and €y on the io&iné~aﬁsorptiéa graph, if
the finael concentration desired lies to the left of the.
point of intérsection,‘c iz more efficient than‘h;‘ on the
other hand, if the final aancantratian liea to the right
of the point of intersection, A is more efficient than C.

If, therefore, we are choosing between A ané c and all their

other propertiea are equal, and the priaes are the same, we
would choose € if the solution is to be highly purified in
one treatment and A if counter current decolorization is

to be used,

The gas adsorptlion capasclty of our carbon was com-
pared with the gas adsorption aapaeity of coccanut charw
coal, using air, propanev. and chlorine. . The cnccmmi;
charcosl used in ﬁheae teshs aama from the U. S. War
Department and was aupposad ta heve hign adsorptiva capa~
cities,

A carbon used for adsorbing gaaea\should'have a
high apparent density, so it %111 not beitao buiky,‘and it
should be granular in order to allow ciréulation of the
gases, |

It was found thet our carbon could be produceayin

a granular form about one-third as dense as cocoanut charw

&8



coal and’?igi& enough to be hendled without crumhling. The
method ncnsiatea in barely watting with bkelly Solve, and
’cempressing under pressuret followed by‘haating until
sufficientiy aattvatad@

| The gas adsdrgéicn'magaarément&vware,carriéd out in
a spécially bﬁi1t adsqrptién tube as shown in Figure IV;j
A typical run may be described gé,fallqwa;' The sdsorpbion
‘ﬁuba~wa$7w¢ighad.am@ty, Eﬂha'ground‘jaint:wgs'rambved}anﬁ
a quantity of caﬁban was -éddea;;tc'»ths "g:ube through a
funnel. The joint was rapl&éeé and the lower part of the
tiibe gﬁa%ﬁ%%ﬁents weré heated to %Géc C. for thirty to
forty minutes and under a presaure of 1 mm. nwrcury‘ The
stop cocks were ﬁhan closed and the adsorptlon tube was
cooled and wei*hed. Wha gaa to be adacrwad was,bh&n
pasaed through the tuﬁe; ‘During_adsorghimn, the tube was
kapt in a water bath at 25° C. The pert of the adsorption
tube abava the greund Joinﬁ was filled with glass wool to
catch any carbon dust which might be blown upe The gas
was allowed to’fqu one hour after it could be easily de=
tected_aﬁ the exit, The stop cocks were then closed and ‘
the tuhe and contents again weighed, Since one weighing
ha& to'bé made with the tube evacuated, the other two
weighings were corrected to what théy would have been if
fhe tybe hed been évacuatéd'invtheae cés§s glso. The
density‘of'carbon'was taken as 2.5; .

 Adsorption measurements could be made on all three
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gases uaing the same carbon if the measurement on chlarine
Wi mede lest and 1f the tube and contents were heated |
and evacuatad between the passage of each gas. The
chlorine could not all be removed from either our carbon
or céccannt eharcmal by heating to 4QO°,G; for thirty to
férty{minutas'unﬂer 1 . mereuryfpresaufﬁs, Cocoanut cher-
coa1 retaided 20% of its adsorbéa chlorine while our gramu=
lar;aarbanfratained 19%. |
‘Resulfbﬁ obtained oﬁ' gas sdsorption areg Viven« in
‘the following teble:

Kind of Weight of kg, alr per g propane per g. chlorine

Carbon ~  _Carbon  _gm. carbon _pg. carbon = per g. carbon
cocoanut | | o
charcoal = 32,34 g, 0.383
(20 mesh)
cocoanut * “ - | 3
charcoal 27.11 g. 0.0273 0,109 0.403
(40 mesh) I ‘
KU2 8,88 0,155 0,471
(granular) 12,71 0.0126 0.184 0.588
Table VII -
CONCLUSION

New methods for the productlon of activated carbons
have been describeds The final state of activation de-
pends upon the duration of the heat treatment and upon

the temperature. The adsorption data given indicates

70
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that these new carbons are very highly acﬁiva}te&,and that
they will compere favorably with ‘the best cormercial car=
‘bons riov} 'p‘rcdvuce&.’ The XU carbons seem to be best suited
: i“ox? the adsorption of gases and for ‘thé removal of odors

and flavors.



Part III _
Chlorinetion of n~Butane and Pyrolysis

of Chlorinated n«Butane
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INTRODUCTION
Ninety yearé agé; Franklandag observed that é dry
mizture of chlorine with butane reacted immedlately on
exposure to diffused aaylmght.f
Scheyen23 found that chlarina and butana did not
react in the darkg hut when butane over water in a flask

of white glass was guickly mixed with an equal volume of

chloriﬁe; and the flask placed in,biight daylight, reactlon

took place ‘bimediately with the formation of HCL and a
1iquidti§solubleiinwater¢
 Ronalds® found that butyl chloride was formed
when bubane frﬁﬁiﬁmarican,patraleum,reagt@a with two vblﬁ
- umes of ﬁﬁlorine in the préaeﬁqa of iightg
 -Maah of the WQrktdoﬁe on'#hé chlorination of butene
in recent years has had as its objégt'tha prddﬁcﬁion of
the monochloro derivatlves,
| "gHaés and;Weston?s in 1932 studled the production
of buténea‘from“1~ and 2-chloro butaﬁe. They obtained
thelr monochloro butana, uaing a ratiu of butane to chlor~
ine of 10:l. They obtaine& a product cont ;aining 90.3%
mono&4and-9.7% polychloro derivatives, Of the monochloro
deriﬁativgs, 63% was 2~chloro and 37%'i~chlcr0 butane,
This is'about the ratio one would expect sccording to the
rules of chlorination given by Hass<® in 1936.
Knarasch and Browngv'in 1929 made the following
generalizations concerning chlorination of alliphatic
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hydrocarbons, "Substitution takes place nn_é sgdondary
carbon atom in praferaﬁee'to a primaryaﬁ A second chlorine
atom tends to substitute as far from the first as possible,
It ia~dif£ieult to get two éhlarina atoms on one carbon.,"
The above generaiiaétionafcan also be obtained from the
rules of Hasss

| Viorkers in the past who have produced;dichloro*
butenes have frequently started with.the monochloro butanes
Which‘ware in tuén.mads'from the corresponding alcohols,

~ Tishchenko°C states that the chlorination of 2=
chloro butaﬁa 1n.1i§ﬁid phase yields all four lsomeric
diéh1¢ridesa Chiorination of l-chloro butane in liquid
phase-ét43$9-tovée°}¢; with 1llumination gave'ﬁhg,fbllow;
ing yialds_cf‘the four pogsiblg isomaﬁ;c dichloridess

L1 1,3 sof
1, 2 173 | 1,4 o58

 Musket and Northrup®® chlorinated l-chloro butane
in the vapor phése with illumination;f~mhey separated
theﬁisgmars:and determined the yield of bubadlene ob;
talned ffdm sach lsomer by passihg,over hot‘sta lime iﬁ"
anlirqn tube. Thﬁ best yiéid reparted waa‘EQ;G% from thé
1, 3~diéhloridew |

 ’fhe literature contains more references on obtain
ing~butadieﬁe'from'dihydraxy'compounds than from dichloro
compounds.,

It seems thet very 1little work has been done toward

the production of triﬁhlorq butanes by direct chlorinaticn;
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Practically no physical constants are availeble on the nine
possible isomers of trichloro bﬁﬁané.;*charanso-gives'the'-
boiling point of 1, 2, B-trichloro butane as 79° to 80° at
22 nme

No reference to the pyrolysis of trichloro butenes

iha&-beanﬁfoun&.

CHLORINATION OF n-BUTANE
- The h@butane usedfin this work was a commarciai
gradez(é?%lnﬁhuﬁane) abtainad from Théﬁmathﬁsan'Cbmpahyg
~ Chlorination can be effected by mixing the chlorine
and butane in a 'T1 tubé in the darkfand then passing this
mixture into a larger reaction tube where 1t is reacted
in the presence of light or another catalyst,

It has been found that iflirqn ﬁira‘is uged as a
catalyst at temperatures above 150° C., chlorination is
accompanied with considerable decomposition=--using equal
volume rstlos of chlorine and butane.

~ Watexr has beeﬁ used as & catalyst in vapor phase
ahlorinationa Water vapor Was'intfodﬁeeé by bubbling the
butane through water éb room temperature., The presence
of water vapor—increasedvdonﬂiderabiy the ratio of l=chloro
butene to 2=chlorc butane when the ratio of chlorine to
buténeﬁwas»zzli

It must be remembered that in this work we were

interested mainly in obbtaining the di- and trichloro
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derivatives, We have found that in the vapor phase chlori-
nation of n«butane, thﬁ smoothest reactlon and the clean-

est product could be obtained by using the dry geses end

reacting them in the presence of diffused daylight or artis«

ficial light.

‘The vapor phase chlorinator used in this laboratory

is shown in figure V., The reaction tube 1s pyrex with an
inside diemeter of 22 mm. All the gases used were measured

through flow meters, All the butane and helf the chlorine

used was mixed in the 'T! tube at A, The 'T! tube and the

first & to 9 cm. of the reaction tube were kept dark by |
wrepping. The first reaction took place in the lighted
section B, € is a condenser bullt into the reaction tube,
and D is a-#essel for collecting the condensed vapors, D}
is provided with a stopecock to facilitate emptying. At E
the other half of the chlorine is added through two side

arm8., The reaction tube around E and for 10 to 15 cm.

below E must be kept wrepped to prevent burning, The final

reaction takes place in the lighted section B'., The vapors
condense ahd\ara collected in the container F and in the
HC1 absorber,

The product desired will determine the ratio of
chlorine to butane which bne should use. Ordiharily we
used s1ightly more then two volumes of chlorine to one of
butane. ‘The product obtained contained from 10% to 20%
mondchlaro butanes, 50% to 60% dichloro butanes, %0% to
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40% trichloro butanes, and Verﬁ little tetrachloro butane,
Increasing the ratio of chlorine to butane increased the
tendency for the gases to burn.

The type of chlorinator described will use one mol
of butane per hour. If the butene and chlorine are passed
through at a faster rate, the reaction zones will becoms -
excessively hot and decomposition will result, When suffi-
cient 1ight is present, 100% of the chlorine and 90% to
95% of the butane will be utilized (ratio of chlorine to
butane being 2:1). '

This chlorinator was designed to use a large per-
centage of butane without recycling and to give good ylelds
of di~ and trichloro butanes without the tetrachloro butane
belng formed, If two volumes of chlorine and one volume
of butene were mixed and sllowed to reasct, the chances for
the formatlion of tetra chlorides would be increased and less
butane would be utilized, In the apparatus as described,
the same ratio of chlorine to butane can be used but the
ratio at eny place in the apparatus is never greater then 1:1,

The oll obtained from the vapor phase chlorination
cen be separated by distillation intow=-

Boiling points

‘B=chloro butane 68
l=¢hloro butane 78{5
2, 2=dichloro butane 1004103

1, 1 and 2, 3~dichloro butane 113~11l6
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1, 2-dichloro butane 121126
1; 3~dichloro butene 131«136,
Table VIII

Some of the ebove bciling pcints are given over &
rather wide range. It seems that no accurata data has
been collected on thase boiling paints. The dichloro

derivatives 1, 1 and 2,3 cannot be aepaﬁahed With ordinary
rectifying eolumns. The 1. 4 darivative, bailing point
161~3. cannot be separated from the 1owar boiling tri~
._chloro derivativea as they boil at thB aame temperature.
| “; The dichloro derivatives produced by the ﬁirect
chlorination ef butane in the vepor phase ara distributed
approximataly as fcllewa. The separation was made by
slow d 1stillation in 8 Vigreux column 70 cm, lcng made
ef;zz mm, pyrex tubing.
Derivative # by welght Collected between

2,2 7 95-108
1,1 5 108118
2, 5 30 108-118
1,2 25 118-128
1, 3 25 128-140
1, 4 8

Table IX

Since 1, 1 and 2, 3 were not separated from each

other the values given for them were arxrlved at by taking



the following facts into considerstion, The percent of
l*fl formed will ba law“far two reasons‘,fin thavfipat
place; 1, 1 must be formed fram»thé l=chloro butane which
in turn mekes up less than one~third of the two monochloro
derivatives. In the second place, 1t is known,thatvths
presence of‘a chlérine atom on a_carbsn'atoﬁ tends to hine
der furthér reaction upon that~éarbnnvétom during the
seconﬁi#nbstétutian, kRule 9)26 |
‘The value given for the 1, 4 derivative cannot be
datqrmined'difeétlym An approximate value could be afrived
at by takiﬁg into account the facts mentioned above cpﬁ*A
cerﬁing/éhe 1, 1 derivative, An indirect procedure for
determining the émount éf,l, 4 derivatlve was carried out
es follows, The ahlowiﬁated butenes boiling abpve l40° Cﬁ

at atmospherlc pressure were disti11ed under reduced

pressure until all the 1, 4 derivative had distilled over,

The diStillata was then analyzed:far'chldrinef From the
analysis;vthe"ratia of di= to trichloro derivatives in the
distiliate:cculd'ba determined.»fThéﬁvfrom the smount of

- distillate, the amnunt‘ufkl; 4:dérivative could be deter-
uﬁnéd.

The chlorination of the two monochloro butanes has
been studied under seversl conditions, The purpose of
this study wés to determine the percéntages of the various
dichloro derivatives produced, and to determine whab |

efféctvchlorinatioh conditions hﬁve upon the yield of the
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various derivatives,

The monochloro butenes used in this work were obe
tained by the chlorination of bﬁtans’as previously describedi
They were separated from each other and from the other
chlcrldes by two slow fractionations by a column 120 cm.
long made of 25 Yt pyrex tubing and packaﬁ with glass beads.
The 2-chloro butane was collected from 64% to 69° C. at
740 mm. and the lechloro ‘butane was collecbed from 74° to
79° Gu at 740 mm. |

Each of these derivatlves was calormnated in the
vapor phaue by a mathod similar to that described by Huskat
'&nd'ND?thrupgg . The 2-chloro butane was chlorinated in
the 11quid phase wnder two different conditions, In one .
case the 2~chloro butene was diluted with an equal volume
of‘glaéialuacetic seid, and in the other case the 2~-chloro
butane WAS-diluted with an equal volume of CClg before
'chlorinétinnm<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>