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INTRODICTION

The.first carbon black memufactured 2z a comercial prode
uct from natural gas wes made abt 2 plant at Vew Cumberland
West Virginie in 1872 (2)}. Since that time carbon bleck has
found an ever increasing number of uses. More then 200 million
pounds of carbon black are produced yearly in the United Statesn
(17).

Present methods of menufecturing carbon black produce dif=-
ferent quealities of product. How to obtain these carbon blacks
with different qualities is betbter understoocd then why differ-
ent carbon blacks have different guelities, The verintion in
gquality hags been thourht duve to different tempersture condi-
tions. That temnerature alone does not account for the differ-
ences has been shown by experiments with cooled metal surfaces
(22)e The variation, therefore, must involve other fretors
than temperature.

Jekosgky {21) of the U. 8. Bureau of mines used an electrice
field in an attennt to separate the carbon particles from the
flame as quickly asz possible. His ldes was to get the carbon
narticle out of the flame before it hardened. The rosults
were not sstlsfactory becesuse as he ssys, "the current blew

the flame out.” Had he carried the exveriment further he would
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heve found that the point at which the flawme was blown out
would have been the point at which no carbon was produced,.

¥hat heppeng when s hydro-carbon gas burns in eir is a
difficult cuestion. VWhy some of the carbon atoms find oxysen
atoms snd unite with them to form C0y, and others are deposited
as a form of carbon which we csll carbon blsck hes beoen 8 ques-—
tion much discussed (23). The relation, however, that the ace
tual chemicel reaction which is callied comimstion has to the
ionization of the surrounding ras 1s not understood (24). The
relation that this lonizstion has to the formed carbon nerhi-
cles both as to cuality and guantity has been completely over-
looked.

The decreasing cuantity of nabural gas in the Tnited Ztatoas,
tomether with the increessing amount of carbon black used, ine
~ereasing lengths of pipe lines, and the low efficiencies of exXw-
isting plants are strong arcuments for more intense study of
the fsctors involved in the production of carbon black,

Some exnerimentsl work in flame investisetion led to the
belief that there exists some relstlion between the amount of
carbon black nroduced and the strencth of the electric fleld
in which the flame burns (2¢). Investirmations have been car-
ried on to determine if theré are differences in the smounts
of carbon black produced from a civen amount of mas but with
Aifferent electric flelds and if there are any Jdifferences in
tinting strengths, or lodine adsorptions for carbon black meade

in electric fields of different strengths.
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Fectors influencing carbon black nroduction,

The frcbtors which might influence carbon black production

are listed by Chamberlin snd Rose {4) as follows:

1. Pressure of pgas 8. Hotion of plate

2. Rate of burning 9. Shape of plate

3. ¥ature of tip 10, Humidlty of atmosnhere
4. Compostion of mas 11l. Barometric nressure

5. Position of nlate 12. Temperature of ras

in flame
13. Termvorotuare of plate
6. Draft condition
‘ l14. Uniformity of operating
7. Material of plste conditions
In their investigations they used an asbestos box built
in the shape of a 1 foot cubes It was found that all the fac-
tors listed sbove did not affect guantity or qualitye.
In the discussion of the paper Hr. Chamberlin states,
"o find that when the house 1o raised to 400° Centiprade,
definite cotalytic effects take plece when the flame impingos
on the nlate. It gives carbon blacker in color, possibly some
carbong which are lishter in color and rmives hirsher or lower

vield denending unon the conditions,®

In their stitdles the maximmm smount o carbon obbtained
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ner 1000 cublc feet of nstural sss was 2.17 pounds.

In a paper delivered before the same soclety Hill and
Bhodes (9) stated, "One thousand feet of natural zas contains
about 35 pounds of carbon, but only about one pound to one
pound and a halfl is recoversd by fthe usual »rocess. The inef-
ficiency, if conzidered solely from the ras stendnoint, is
rather appalling, and for this reasson the manmufschurse of care
bon black by the Channel process is looked unon with disfevor
by intelligent nabural pas mon.®

The impinpement process for producineg carbon black contine
uegs to be the most setlsfactory one for producing the kind of
carbon black needed. Wiegand (19) gives the followins supmes—
tions as Lo why this is true.

"garly Pixation. By gulelk removal of the carbon particlésy
from the flame there btends to be less opportunity for growth
or scerebion, thus resulting in finer particle slze.

"mlectrical Repulsion. The luminous carbon serticles
emlt electrons, and as a result are positively charzeds This
will tend to keen thom znart up to the noint of collection.

raseous Adsorpticone The luminouns perticles of carbon
are in an aschive condition due to the hesat released by theilr
owvn combustion and also +to that developed in the regions of
saseous combustion. They are bathed in carbon monoxide, capre
bon dioxide, hydrogen, nitrogen as well as some oxygen. As s

result they carry with them, to the collecting plate or chanw



nel, an adsorbed layer of geses whieh is known orofoundly teo
affect their properties. These conditions are totally differe
ent in the case of free zoot.

"past Impingement Conditions. Nany layers of carbon are
deposited on the channel in sucsession. They are thus exposed
to continued high temperatures and to the various gases pres-

ent in the flame recction. These factors sre mown to be capa=

ble of brinasine about lmportant differences in guall %v.’

Possible immrovements in processes.

Gabot (2) writine from his experience in 191%° says,

*1 have nersonally no deubb thét oerart economies are DOSw-
gible and would not for one minute wish %0 convey the inmprese
sion that the Grantsvills factory or any factory now in existe
ence 1s bthe last word, bubt at the game tiune, they are the ree
sult of many hundreds of experiments by myself and others and
we still veg away, trying every year to learn something and
make some improvement and it is to me surprising that considers
ine 21l the thourht ot hes been civen to the matter involved,
50 1ittle nrorsress has been made in the last twenty vears,”

Procress mavy oo Forwerd much more rapidly in the fubture.
It is alresdy nossible by thermal decompositi ton to obtain from
a hydrocarbon mes 30 to 40 per cent of the cerbon. Bubt because
it is not mmderstood how Lo control the factors that determine

the gelity, the carbon black produced by thermal decomposition



has little or no value.

Other methods, howvavoer, are 2elng sourht o ineracse the
output without chengine the melitvye. WFrancis {(£) shows how
the outnut of carbon bleek can be incresged withont changing
the cuality of the blaek by ineressinzg the nressurs of the
flame, Other wavs will be found sither to reise the efficiency

or to meke betbter cuality carbon black by existins methods.

uallty of carbon black.

The carbon black industry is one of the last to et from
"the rule of thumb® method of testing. It woes hot untll carbon
bleck béman to bo unsed extensively iIn the rubber industry that
a test was sourht which conld he reneated with sny narbon black
end its vronerties determined. I 1z poseible that those who
carry on exneriments testing the aualiby of esrbon hlack do nob
agree on the interpretetion of the resulhs (3) (16) (8) or that
the structure of the carbon black with its adsorbed particles
ig vet not well enousgh understood to determine the charscter-
istics of the black completely from physical tests. The fact
that some progress 1s being made in determining the properties
of a blaclk, 1s encouraging. This is not being done for the rube
ber industry slone but also for other industries.

Kenéley and Roberts (12) conclude:

1. Pintine strensth de nobt an absolure function of the

narhicle,.
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Adsorption,

~10=
¥o direct ratlo exlasts between tinting strength and
tinting power,
The thlekmess of the film of adsorbed gases on the

carbon black particles determines the tinting chare

~ acteristicas,

The volatlle matter present and the olleadsorpiion
properties serve as & measure of the relative thicke
ness of such films. |

The completeness with which these gases are dlsplaced
materially affeets the tinting strength.

Complete displacement is only possible when the interw
faoclsl tension produced by the disperaing medlum at
the surface of the carbon black partiecle is sufficlentw
ly low to assure complete wetting. |

In 1907 Vavis (5) using lodine carried on a set of experi-

ments to determine 1if adsorption 1s a surface or a solution

phenomena.

At that time there were two schools, one headed by Travers

(18) held that sdsorption consists exclusively of a more or

less complete adsorpilon Into the Interlor of the solld, while

the other school headed by Freundlich (7) asserted that adsorpe

tlon 18 exclusively a condensation on the surface.

On the basls of his experiments with iodine adsorption



Davis steted, that he found that both surface condensoblion and
diffasion into the interior of the s0lid phaso would »lay an

imnorbant part In cases of adsorpilon.

=
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£ tho susport of both theorics Davis weltes,
"It wes found in confirmation of the results of Freundlich
that tequilibrium?' could be guieckly atbained from both sldes.

Thisg vast be due to mirely surface sctlon. HWost striking cone

firmation of thisz view, and proof thast g sccecond factor coumes

inte nlay, was by onsaprvines eifoct of lone nariods

e B o N r e I g e S by g i o B T T S .
of time., I6 wea Tound thet Tor wes sonihhs e 00 e

bon continued Lo

nively

leree quentities. These two focts can ondy be exnlained on ths

agstimption that both surface setlon and diffasion into the ine-

%

terior of the corbon bakes pnlace. The surleace “QﬁdfﬂSS?LOm is

. =

nearly ingtanbancousg; the formstion of ths solid soiution is

#

alower end reouires weeks or months for itg completion.®

The next attemot vt explalining sdsorpilon was nade by
Lensmuly (14} . Based on the resulbts of his exporiments with
cerbon filaments he soys in part, Trudees from the grect sta-
bility of th sdsorbed layer, which enables it to be heated

in the nirmest vecuaon without bo-

for hell en hour ab
Ine completely deconnnosed, a plausible raess es o 1te constle
tubion iz thet it consziste oF oxveen aboms chenlcally combinod
with the corbon chons which form the surlace of the filsment,

Accordine to onp recent knowledse of the struckure of solid
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bodiss, we have the best reasons for believing that ﬁhe atoms
of solid bodies are héld‘teggther directly by chemlcal forces
and that a crystal must be lenkﬁﬁ:upan'as a single molecule."

Thié belief of Langmuir was substantiated by his later
experiments (13). While the theory is as yet not wholly acg~
cepted Johnson's (11) axperimenbal;wopk on the adsorbed gases
in earbon black led him to believe, "that the same rule proba-
bly holds with respect to carbon blaek."

It is quite singulsar tﬁat so much information on a most
puzzling physical guestion of adsorption should come from a
source seemingly foreign to the subject. Langmuir got his idea
of adsorption from the study of the fllaments of tungsten and
carbon in gases at low pressures, BRecker (1) has not only
shown that adsorbed particles exist as positive adions (ad-
sorbed ions), negative adions or adatons but he has pointed
out the reason for the kind of adsorbed particle together with
the ratios of the nﬁmbéra existing and the length of time the
particle will exist.

Yhetever the mechanism is it 1s guite complex and involves
forces that are not well understood. Leénnard-Jones (15) has
summarized the various existing theories of adsorption, and we
, might take as & working basis the surfaea phenomenon as adgorp-
tion, although it is well lnown thet the experimental results

of Davia were correct.
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EXPERIMENTAL

Anneratnus

The containore.

The container in which the carbon wes collaected was a box
made of asbestos slabs 12 inches scuare. Tho bottom of the
container was mede of balkelite sg tho asbestos allowod too much
current to nasa at the voltaces used,

A 10 inch channel iron wes saiened to the topn slab of
sabosbos. A hole throurh the channel iron adnitted the burner

to the inside of the container from the top.

The burners.

tvpe; the zeme s those used iv
lava tin was Titted into an iron nipe drllled to make it it
smely,

The wosition of the mrner with resnpoct to the chennel
iron was different from that used in carbon black factorles.
This was beecsuse ol the electric Field which was meintained be-

tween the channel iron snd another electrode in the contalner,

In order to keen the snace between the two electrodes free, the



burner enterad the conbaine g hole in the channel

iron. It wes arranced so thst the lave tin came flugh with
the lower side of the chammel ilron. The flone, therefore, was
directed downward, but would burn up asainst the channel iron.

Only one burner wag used.

mlectric field.

For most of the eXxpeviments the chenncl lron fored the
cathode and was connoeted dirsctlys ho the ceanter tan of a 220

to 100000 volb tranaformor on the 1004

vollh glde, The two

3

£ ",.v e g . e Ty .},. - - *] -~ R o .
ande of the seccondarr of the Lransfors wnre connooeted bo

rarth throush two kenotrons. In =08t of the work the endg of

féx]

the secondary of the trensformor windline were eonnechbed to the
nlate of the Fenotron and the [ilamont comnected to the ecarth,
The voltare to the bLransformer wes supnliicd by & sine wive
senerator made by the General Elechbric Company. The voltare
of the transformer wasg changed by changing the field of the
renoerator.

The electric fileld in whieh the lame bmynt was sebt up by

means of the 10 inch channel irvon 10,5 inchos loar o

2 COD=

ver plate 3 inehes gemave snd 1/10 dneh *hielr,  As nrevionsly

stobed the channel iron wss connected bho the centoer ten of the

transformer, The conner nlate wog connoeted Lo bthe carth wnd

z

formed the anode of the fleld.

For all thoe experiments, the cathode and ancde woro kepb
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wevre sontrsted from

sooaroximatels parcllel to ereh olhor

¥ %, g U SN S S o LR o By e B g B oy e wn et P Y S
The Boellite hobtom of the conbsiner wen vaed 0 orevond

curront lealtine from the ssbesios walls of +the conbeiner to the

snode,
308

The gog uged was the commercial gag sold by tho ¥orth-
western Bleuras Corpany. It is licuid at 80° ¥ and et a DPes-
sure of 144 pounds per sguare inche. The volumo of zas wos
messured by a shondard wet test meter manufochbured by the Pre-

clasion Scilentific Company of Chicero.

Hothod of Procasdure

Commercial "pronsne” mas was nrnt in a containor annrox-
imately 1 cubie foobt inside dimeonsion. The elr was admitbed

throurh a window in the front center of the contsiner and the

oog was allowed to escape throush an onening in the tovn conter
opposite the front onening. The front ovpenin~ was 2% inches
by £ inch aznd the back onenins was 2 inches by 7/8 inch, This
adjnstment was made to sive a sufficlent awcunt of air t0 por-
mit burning st all the possible voltarmes un to the voltarse at
which the are formoed hetween the anode and csthode. TInn some

2

cases, howevor, the oss had to be imnited seversl tlmes during
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2 run, Thig was dons by means of a mateh hoeld in the end of a

Approximately one cubic foot of mas wes burnt esch time

at 0.6 inch wnter tube pressure. The pressure wes rersulated

by mesns of s pinch cock on a rubber tube and wrg Wept constant

thﬁauthﬁt the Y.

Collecting the corbon bilaclk,.

At the end of the win the eerbon black wag eollected ag

gnickly as nossible by brushine it from the chennel iron and

the sides of the contalner upon & plece of peper which had jush

been welrsheds The vaper and its contenbts were amain welrhed

and the weight of the esrbon taken fto be the difference between

the two welcghtsa,

The collection of the cerbon black without loss is multe

difficult under any condition. The problem becomes more dif-

o

ficult when one is Lrying to collect carbon bleck made under

conditions that nermit the narticles to seuuire a charso., It

metines hannened that considerable loss wonld result from
anproaching the cerbon blaelr narticles wilh sn obleet which
ried an onnosite charre, When sn urmanal loss wss sufTered

the run was roneatod.

the method of welirhine the corbon Immsdiately ofter it

wog made weg declded upon after many brisls of different methe

ods to determine which would mive the most consistent resunli,.

8
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Thias method wvey used only to dete

o

Y

blaclk nrodueced Tor sech run, YWhen o deflinite amount of blaek

Ly

waa recuired, such o5 in tho tintins strencsth, ths c-rbhon

black wes dried end welrhed on & wnitch slssc.

Todine adsorpbtlion test.

Todine adsorptions were obiained by wetting 1 gram of

black with 10 c.ce. of glacial acetic acid, ~dding £5 c.t, of

]

0,0116 ¥e iodine solution, shaking mechenically for £% hours,
kcentrifaging, and titrating the residusl ilodine with thiosulfate
golubion O;Qlﬁ He

™ig is approximetely the method used by Palmer rnd Keller

(17).

mMnting strensth.

.

The tintine strensth wes obbtained b mizing 0,05 rrams of
carbon black with & oramsg éf gine oxlde and 75 drops of refined
raw linseed o0il. This wes then mixed thoroushly snd spread on
¢ sheet of »aper and sllowed to thoroughly dry,. Plates I bto V

<1

show the samples as they were tested for coelficient of reflecw
£1l0m.
These semples wore tested with an subomatic spectro-pho-

tometer for color analysis (25). The vesults are shown in

Table Ta
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Tach semnle was anelyzed Tor its reflectlion coofficlen

Y

at verions wave lengths of lipght from 4500 Angstrom units to

7000 Mnsshbrom units, and frowm O volbts to 22800 volis.

The electric current.

Tho electric current was meosgured by 2 galvanomoboer onlasced
in the r~round eide of the cilreunilb. The instrument was acreened
from elosctrostatic effacts by complobtely gsurroundins it with en

[

earthesd conner screen. Readings woere tsolren in both directions,
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RESULYTS

Effects of directing the gas downwerd.

When o hydrocarbon flame burns with the zas directed down-.
ward from e channel iron, the base of the flame, thal 1s, the
part at the channel iraﬁ will be broad snd sirenlsr in shane.
e fleme from the bese downword will have s Turmel shape,
Garbon blaek will colleet on the channel iron in exactly the
same way as it does when the flame turnzg below the channel sand
impinees arpinst the channel iron, Cowparison of the guantity
of black made by the method described sbhove with that obtained
exnerimentally (17) shows only a smell differcnce. The compare
isons in tintin@vstrengthg and lodine adgorptions with standard
commnercial blacks show no qreéter variations than exist in com-
merecinl blacks mede by similar nrocesses. Any chanece, there=-
fore, in cuantity or aguality of the carbon black cannot be at-
tributed to the method of burning the esas sgainst the chamnel
iron by directing bhe flame downwesrd instead of gllowine it to

impince srainst the channel dron as 1t Jdoes In carbon hlack
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Changes due to the electric field.

The first noticeable effect of the electric field on the
flame 1s the change in the shape of the flame. When the chan-
nel iron is the cathode, the flame seems to be drawn closer to
it. There 1s, however, very little if any spreading of the
flame. The volume seems actually to deerease. (Plate I and
II). Accompanying this volume change is another very notice-
able and excesadingly important e¢hange. It is the change in
the way the carbon is deposited on the channel iron,

With no voltage betwesn the channel iron and the copper
plate, the c¢arben black is deposited in smooth layers of almost
uniform thiclness around the center of the flame, becoming
thinner farther from the center. But at about 1600 volts (it
1s difficult to tell from observatlon just where the change be-
gins) the earbon begins to be deposited in threads built down-
ward from the channel iron. These threads of e¢arbon black some-
times attain a length almost equal to the length of the flame.
More will be said of this under the discussion of resulis.

As the voltage 1s ineressed these threads cease to form.
The flame becomes smoky and dull. Carbon particles seem to be
dispersed throughout the flsme, and some of these particles
escape from the contailner carried by the ventilating gases.

Then the voltage has been increased sufficiently, (to about

3000 volts) this carbon dispersion ceases. The lower part of



-]
the flame berins to anppear blue like a flame that is well sup-
nlied with sir but the base and one side remain vellow. With
the appearsnce of the blue, the {lame seeoms to become lonrser
as thourh 1t were reaching oubt to the anode. That, reaslly, is
what 1% i doins for when & discharse bekes 2lrge hetveen the
caethode and the anode the {lome is mostly Dlue. It frecuently
hapnens that the fleme is carricd with the electriecel dischares
&wa§ from the cathode to the ancde and becomes extinguished.
vhen this hsppens, the major part of the flame is slways blue,
rnd 1t heppens, in generzl, more freguently with hirher volbagon.
is, howevar, iz nobt alweys true but the ffctcrs which cause

it to devigts fram the shove rle have not beon debtermined. It

23

as becn observed that on different days the flame could be

nade to purn with much hirher voltages between the electrodes

£

than on other days. &b this time, however, no similicant corw
relation has been mede between this phenomens end stmospherle
nressure or humldity.

At snvy voltare which caussszs a relatively larre nortion of

o 5 N 2 .

e
e

the flsme to be blus, the cerbon blagcl depcsited has e &igfern
ent firure. Instead of the cerbon bthresds forming down from
the iron as they did =t lower voltages, they built radicslly
out from the center of the flame with very irrerular lavers.
The whole fipure resenbles very much in appearance the Lichben-
bere fimres for nesative voltapes,.

A1l the carbon bhlagk dogs not remain on the channsl iron.
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nositive charge
but these lrreer navticles sro guite likely teo have o nepative

&

char~oe indaced unon them, When this haopens the soot navtiele

K

-
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Plate Y

Flames burning from gless tubes showing the halo around the fleame, No voltage aspplied.



Plate II

The sameé flames as in Plate I showing the increase in the halo around the -+ flame amd a
deorease around the — flame with voltage applied.
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Varistion of current with time.

There exists rother a complex current bime relation.
Three of these curvesg are shown on Greph II. The two which
sre shown for 11400 volts illustrate the varistion of current
with constant voltspe but with different amounts of ventilation.
Curve 2, which is the one for the condition vwhen more sl was

adritted than Tor 1, shows o Tore

N " sy ) 3 e £ A o S S s 3 - oK)
wae elao & groster sumomb of carb dencsited for th i shown
%, PRy o, 'y Ty - . S 2o on oY vt gy e Yoy A Yo -
by Jurve 7, the ratlo belng 1.50/C 50, Curve 3 shows the curs

ront to the

It aonears from bthese dabts that the current increases with

the amount of ecarbon on the chennel lrone I thalt be true, the

rate a2t which crrbon selmeot congtent throumie

out each run,
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AT
Variation of the guantity of sevbon rlech wilh eleecbrle Tield,

when no cnange ig made in the cgonditlons of burning bub
the chenge in fleld strength, the ouenbity of carbon hlack dew
osited will change. The way these twe guantities vary with
sach other is shown in Graph III end Table I,

There sre threec factovrs, in the relation between the [ileld

L5

strensth and cuantity of carbon black, thet ave Lwmporbsnit.
le e curve from O to 1000 volis heg s decress:

alope. Above 1000 volbs, ths curve heg an Increase

in® slope.
2. fpom 1000 volts on the carbon bleselr voltare relation

f0370W3 a delinibse me

.‘ ¥V PR SN oL, IR PO ST . AT R J v - v £
Je The exnerimental relatlon slweavs onds by the flanme



Maximum
Volts Time Carbon black Carbon black sTemperature
between in 1bs/1000 cu. : grams ner cu.:of channel
electrodes ninutes :£t. coleulsted: 4. nmessured irone. C
o0 105 3.75 1.710 ———
1140 110 3e51 1,594 ——
1596 956 Sedt 1.570 -
2058 166 Sed7 ledd4 -
2508 110 2653 1.146 -
2964 110 Deadt3 1.1C1 o e
3420 1C5 Re18 0,868 O
4104 107 157 0.718 .
5244 105 1.35 Oe014 -

5928 100 0.451 158

94

Ce8G

6612 0.83 0,376 166

TTee 1056 071 QeB324 166

8664 119 0.74 0,358

9032 110 0.65 0. 295
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11400 100 0.51 0a2385 150
12312 165 Q77 0o 350 156
13%94 105 Oo 77 0o 146
13880 108 O« 65 Oe 4 -
14950 100 CahB QL. 251 1564
15960 100 Qo221 0,098 154
18240 95 Oold 0o 065 158
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Todine pdsorptions and tintins strensth,

*

The reletlon between the lodine adsorntiong and filsld
strenctha, orasentad in PTable II ond rarh IV, shows o straichb
line varistion, As the veolhagse increases the ads ormtimh Do-
comaz less, This seeme L0 indlicabe 2 decrensse In the amount
of surface exposed fer a given amount of carbon black. The
~earbon narticles, therofore, are larser, There scems Lo be no

orphtlon of the cs=rbon

very definite reletion between the ads
black mrde at zZero voltnre, and the adsorpblions of the carbon
blacks mede with voltases., Fnough data are not aveilable to de-
termine this.

The dsta in Table IIT give the coefficlent of reflection

for samples made with 0.05 prams of carbon black, 5.00 rsrams

iy

of zine oxide snd 75 drovns of linzeed 01le.e Thoere szeans to be

aome rethoer definite povernine factor voltaee and tinte
inr gtprencsth bt it isg not clear from the data what this 1s.
ta ile the ecase with iodine adsorption no relation has bsan

found hotween the carbon blask made st no voelbarse ond that

ade with voltare.



e
o Balymw

Tai

-

~

1

iI

' ¢+ Todine adsorption
Volts s In orems

: ner gram of black
000 g 0.0301
4560 : 0.0358
6840 : 0.0344
9120 : 00,0336
12540 : 0,0327
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Piate IV

0,085 grams of carbon blaocks made with
o080 volts between electrodes.

500 greams zinc oxide.

75 drops raw linseed oll,

0.05 pgrams carbon black made with
4560 volts between electrodes.

B,00 grems of zine oxide,.

75 drops of rew linsesd oll.
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Piate V

0.05 aramsz of csrbon black made with
5840 wvolts bobtween clectrodes,

5,00 pgrams zinc oxide.

75 drops raw linseed oil.,

0,05 srams of carbon bl-ck made with
11400 volts betweon electrodes.

5.0C greams zinc oxlde.

75 drops of rew linseed oil.



0.05 prams of cerbon black mede with 13680
volts bebtween electrodes.

5,00 grams zinc oxldes

75 drons of raw linseed oil,

0.05 prams of cerbon black mede with 18240
volte between electrodes.

5.00 prams of zinc oxlde.

75 drops rew linseed oll.



0

0.05 srams carbon bleck made with
20380 volts between slectrodes,

5,00 prams zinc oxide.

75 drops rew linseed cll,

0.05 grams crrbon black made with
20000 volts betwesn electrodes,

5,00 grams zinc oxide.

76 drovns raw linseed 0l1ll.
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DISCUSHEIOW OF RESULTS

Relation between strensth of electric fleld and cuantity of

carbon black.

The curve in Fleure 1 shows the relation between the in-
tensilty of the electric fleld snd the smount of cerbon dencse
ited for a2 miven ventilation, If the anount of aly adunliticed
to the container ig ircrsasoed the nroduchion of corbon is iﬁ~
croased. Qf course, there is en upner limit to thils for even=-
tually the oxyren admlitted would enter into chemleal combina-
tion with the csrbon to such an extent that the cerbon hleck
denosited wonld decrossc.

The fact that sn incresnse of slnp over the amount necessary
to sunport combustion, gives an increswe in the amount of care
bon black is important. In the first place it shows that the
deeresse in amount of carbon black with increased notentlal is
not due teo an increased amount of ozone. Secondly it shows
thet air isg sbsolutely esgentlsal for the nrodnetion of carbon
hlack.

If the increased oxidizing nropertics of bthe car  csused
b the ozone were reashonslble Tor the deercase in carbon bleck
for increase of nobentlal, conbustion would be more sctive with

any ineresse of notentisl, but this is not the case, The {lame



b@&&mes.dull and less active. The tooaeratarve of the channel
iron never was ag orest with the hicsher voltaces as it wags
with no voltese even though the rate of flow of prs wes the
ssme. 1f ozone were the cause of the decreasse of csarbon black
with incerease of voltare, when more oxygen is adnitted there
would Dbe more ozone and consequently less corbon black, but as
already stated an inereaé@d supply of alr cives more cnrbon
black,.

The fact that additionsl air zives en increassed sunply of
aarbgﬁ black, is sufficlent evidence that sir is onite cssen-
tirl to the nroduction of carbon black, It iz regsonable Lo

»

sunnose thet it is the oxvren thet uleva the important role.

D)

1 211 the other

There i in the contsiner an sbondant gﬁf
peses, If nitrorsen for example were the essentlal ras to
couse the formation of cavbon bleek there is a suffilcient
smount present under any condition of combustion to form the
carbon biack. Caerbon dioxide and csrbon monoxide are also
3reéent in a8 sufficient ocuantity. Th@’faet that the amount of
oxyeen is small in comvarison to the amount of cerbon dioxide
and carban monoxide (22) in the analysis of the pas given off
at 445° ¢, is no evidence kbat‘it iz these gases which are ade
sorbed. Lanemulr (14) found that it wes impossible to renove
freo oxymen from a cerbon fllement but thﬁﬂ’it alwevs caoe off
g5 G0~ oY 00 The oxrren nersisted on the cerbon filament

even ot temperabures sas hish ag 2200° K, and in the hichest



o d B
vacuum, The oxysen could be removed from a tunesten filement
much more readlily. He concluded that the forces which bind
the carbon to the oxygen are much grester than the forces which
bind the oxymen to btunesten ang that they sust be chenmical in
neture.

Prom the anelysis of carbon black ziven by Perrott (:9),
for longs black the ratioc of the oxvren atom to the csrbon stoms
is sbout 1:17 while for the ghort black this retio is about

+51 or three times as meny corbon atoms for each oxyren satom
in the short black asg in the laﬁg blacke

Johngon (10), found a very definite rel&ﬁien between the
volatile metter in carbon black snd the cusliiy imparted to
vilcenized rubber. OCarson and Sebrell (3) think the smount of
voletile combustible matter is a.mgaaure of the guslity of the
blaek for use in rubber. They feel however, that it would be
difficult to use on account of the slight veriastion in ancunts
necessarry to zive culte diflerent properties to the rmibber.
They consider a better test is the abiliby of the carbon black
to remein in susnension. ZKenslevy and Toberts (12) found that
the thickness of the f{ilm of adsorbed rases on the carbon black
partlicles determined the tinting strength, All bthese obscrvers
have found that the nroperty of the bPlack is in some Way very
definitely related to the gas with which the carbon is associe

ated;



e
Carbon obtained from nabtural ges by erscking processes

=l

has very little 17 eny use as carbon blseks. Analysls shows
thet corbon obtained in this way has bub little oxyreon content
{Pe).

This a2ll suopports the bellef that oXyren plays & very def-
inite part not only in_tﬁ% uses of egarbon bleck but in its forw
mation, What then is the mechanism of the formation of carbon
black?

The process by which cerbon black is mede is to burn gas
end allow it to impinge spainst a surfece usualiy iron althourgh
soapstone was originally used with no noticeable effect when
iron was substituted (2). By & series of reactions in the
fleme, guite lilkely both chemicel and physical, carbon black
ig produced. Bone and Towymend summine upn the discussion on
the cause of the luminosities of hydrocarbon flames say, "whils
most suthorities will »robably spree thet the sepesration of

o+ =

finely divided esrbon in the thermsl decompositions of such
hydrocarbons is in all probabllity & potential cause of the
liminosity of thelr flames, it necds to be emphaslzed that,
with the possible exception of acetylene, thelir rates of de-
composition are far slower than those of their combustion at
the ﬁamgeratnrgg prevailing in flemes. This fact coupled with
their undoubted great affinity for oxycen, impels us to the

conclugion that in the propagation of & flame throuch a homo-

‘weneons mixbure of hydrocerbon and oxygen (air), oxidation



B
will probably take nrecedence of all other chemical phenomena.
Hence in such cases we must also look to the thermal decompo-
sition of hydroxvlated molecnles and soldehvdes (but not forme
aldehyde) ss ot lesst e contributory, if not the main, causc
of carbon deposition.” Here is summed up the chemical view of
the action in & flame, If the combustion is comnlete the result
is 00 snd COoe. The intermediate steps from the inltisl »noint
Lo the comnletion of combustion of a hydrocarbon ~as are COmMe
nlex and Aifficnlt to messurc, Various theories and chemileal
ecuations have been advanced to explain the intormedliate steps
for both complete and incomplete combustion., The incomplete
combustion always =iving free carbon as one of the final nrod-
uets., Various reasons have been given for the freely divided
astate of thisg carbon. One of the easiest to think of and cone
secuently most often advanced is; if the flame ls allowed to
impinee on a surface the psrticle doeg not have time to aggloms-
erste with other carbon particles. The hich temperature was
thonrht necessary to larpe particle size snd aonseguently orite
ty carbon,

The idesz of rewoving the carbon from the flsme culekly or
keening the fleme cool can be seon errried ont in the desiom
of equipment of nlants. One suech plant wss bullt in about 1002
with'hollaw channels through which gmas was blown {22). The
nrocess has been abandoned. The slectric fleld was used experw

imentally to remove the positively charged carbon particles



from the {leme culekly, This slresdy has been reflarred L0

It has lons bheen M¥nmown that carbon blrek of any Y%ind cone
tains adsorbed gases snd chief emonp these is oxyroen. The
reaes however have been thought to be adsorbad on the carbon
porticles and apparently until recently 1ittle or no attention
has been peild as to how or when these pases were adsorbeds
Lengmuir duaring hie work with the carbon [ilament came to the
conclusion that the oxveen stoms were held in chemical combina-
tion with the carbon stoms, How this chemiecsal combination is
made or what ls the strength of the bond is not ststed tut as
has already bheen 2:0id this bond is sufficlently strons o pree
vent the oxymen beins rermoved Irom the carbor atom by piyvelical
meanss Larbon prodced by srackine methsne zhows no such bend-
encies to sdsorb oxyron 2s do obher carbon hlacke, Chemical
analysis which shows lona ecarbon black to contelin eisht ver
cent oxyren shows thsat the csrbon obbained from cracking meihe
sne contalnz only a fraction of one per cent oxysen (22), end
thet produced by eracking natursl gas, no oxygen at all. 0F

3

course, 1t is

-

quite pnossible thet the small amount of oxygen

-

7

2

adsorbed by the carbon produced by the ereclking nrocess would
not show in chomicsl analysis. This, however, will not accound
for the larce amount adsorbed by carbon black, How then can

the adgorhed oxyren be accounted for?

.



Carbon black due to resctlon in the fiame,

The date which show the relation between the strencth of
the electric field snd the gqusntity of black deposited are sip-
nifiesnt. Tet it Do sasumed that oxyoen is essentiel for the
production of carbon black, and thet this oxyvren must be in the
flame st the time the carbon black ig formed, Also let it be
sssumed that the amount of sarbon black formed 1s directly »ro=
portional to the combinations between these carbon and oxygen
atoms, and that these combinstions are due to collisions. Now
since the gases all sbout the flame are ionized it is certain
that the pases in the flame are also ionized, It is ecuslly
certain that both positive and negetive ions exist in the flamg
(24). Let the reletive mobility of these ions be X, and sup-

pose that when one negetive ion strikes a2 positive ion the

B

chance 0f thelr uniting to form & carbon bleck particle 1is
where n is the number of collisions an ion must make before it
forms a cerbon blac» narticle. Wow if the strencth of the eledw
tric field is X, the relative veloclty of drift af‘th@ ions
will be KXe. Sunnose this veloecibv to be small ecompared to the
velocity V due to thermsl aspitation.

with these sssumptions we can follow the method of mathe-
matical dQV@lépment due to Thomeon (24) to show the combinations
to produce carbon black particles in the flume.

To calculete the chance of an ion passing over the distance
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The chance that this eeollision does not result in a carbon
black partiel# is 1 - é, the expectation of the ion getting

aeross wWith one eollision 13

e x n >

The chance that the ion makes just two collisions in its
Journey 1s
o o ~Ex-Y)
j e~ n &Y e~ -;‘— dy
for JE;Z is the chanece that it mekes a collision ﬁatugen ¥
and y 4y, e*%,—’—‘- J% 1s the chance that it makes one
: , (Xvs
collision and no more before reaching vy, and e‘jﬁ—j—li is
the chance that it mskes the rest of the journey without a

collision. The value of the integral is
- X
e~ % 4 (54)*F

ghe chance that neither collision should result in a carbon
 black particle is

(5L)”
The expectation of # two collision ion eréssing in a free

state 1s

% 4 (%L 5E)°
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If n, d, V and X remain constant this equation becomes

xin

A= N(l-e X) (2)

The curve on page 31, Oraph III, is plotited from
equation 2, page 51. The points on Graph III show the
experimental determinations of the guantity of esrbon black
for various values of voltages. ‘The very close relation
bestween the experimental values and the theoreticasl wvalues
shows definitely that the equation 1s derived from correct
asaumptions.

The formation of carbon black, therefore, must be due to

collisions between l1ons in the flame.
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The soints on the voltage cusntity curve Graph III, show
very clesrly the relation between the exnerimental results as
shown by the noints and the curve plotted from ecuation (2).

It is oquite difficuld to understand how an oxyoen atom
esn hold more than s hundred carbon stoms in combination to
form a carbon black particle, but if the analysis of carbon
black shows the oxvegen that entered into combinagtion with it
when it wes formed and from whieh it cannot e separated, that

is what we have to coneclude.
mhe flome.

It 1s now gulte essy Lo see why a flame will not burn in
g strons electric field., When the field is méde strong enough
to separate the ions they cannot enter into sny combinastion
not even the ordlnsry chemical one,

The flame looked at from this viewpoint takes on a new
mesning., Its boundaries form a container in which the interior
rases are ionlzed, mixed and enter into chemical combinations,
The flame 1s to geses what the solution 1s to solids. It is

where partly chemicsl and oartly physical nhenomens take vplaces

Iodine adsorntion.

The carbon black iodine adsorptlon wegs tested with the
results shown in Pieure 2. The straight line characteristic

between lodine adsorption and voltarse would secem to indicate
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that the carbon sgtoms in the eleciric fleld ave polar. What
is likely is that the molecule in which the carbon atonm 1g
held just before forming carbon blaek, iz pnecler. The electric
field causes these poler molecules to line un in such a way as
to bring a number of the csrbon stoms together in the seme way
a crystel is formed from a solution. When there is a collision
between two such molecules in such a wey as to cause the carbon
stoms to unite there is formed in this wey a small carbon cryse
tal with every carbon black particle. The size of these carbon
crystels incresses with the field strength. Thet 1s, in every
errbon black particle mede with an incressing fleld there are
more of the carbon astoms joined torether in this way thus pre-

sentine 8 gmaller surface for a given weirht of ecsrbon blacke.

$ud

This smaller surfrce rdzorbs less fodine. It is gnlte llkely

oo
¥

that some of these narticles resch their finsl dimensions withe
out hevine even united with sn oxygen zatom, This however is
not known since the volsrtile métter of the csrhon black weag
not tested. If the above sgsumption is correct, it would fol-
low that icdine adsorption would be no test of the cuality of
éarbon bleeck as it would only determine the ratlo of the sur-
face exposed snd in no way would 1t be relrted to the volatile
matter. This is shown by tests (3).

It seems gulte likely thst the guality of cerbon black
made bv different processes depsnds to a larme extent on the
electric p@t@ntial‘ai the surfece of the iron agsrinst which

&
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Tinting strength.

The tintine chsarscteristic of epfh@n blaclk mecording to
Kensley snd Roberts (172) is determined by the thickness of the
adsorbed rag film, According to the letest views on adsorphbion
{Ba) at surfaces it ig doubtful if an asdsorbsd ras can be more
than a8 molecule thick on s surface.

The tinting strenecth shows very little varistion with
voltage. This is illustrated in Table III which rlves the coe
efficient of reflections from the plates ITII to VII. There is
however cuite a large difference between the color reflection
of the plate made without voltage snd thoso made with voltacge.
From the number of srmples m&ée and the relative wide range of
voltages covered it 1s doubtful if the dats hsve any rrest sige
nificance. It is presented here, however, because it shows a
new and very powerful mesns of detecting the difference in color
of the various srunles.

This method of mesguring the relastive reflection coeffi«
cients of different carbon black zine oxide ~ixtures should
prove a very nowerful tool. A pure white gives a defiﬁite
gquentitative stenderd to which the tinting strength of any caore
bon black can he compered by compering the lisht reflected by
the sample to that reflected by the standard,

It should be Obé@r?%ﬁ from the samples shown that very libe

tle difference can be detected by the eve in their color. The



e
enalysls however shows ouite a decided difference even with

the gmall smount of dsts showne.
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CONCLUSIORS

The experimentsl results prove the following:

1. Por a given amount of gas and ventilation, the
gquantity of carbon black varies with the amount of voltage
batwéem the electrodes. -

2, The variatlon may be shown by the method of

mathematical development due to Thomson to be mccording to

the law c
A=z N(I—€7X)
where = the amount of carbon blseck formad

i

A
N =z the carbon black formed with no voltage
C s a constant _ |

X = voltage between electrodes ‘ ’

3. Since the experimental data are in esccord with
the law given in (2), carbon black is formed ss the result
of a collision between an ion and the carbon atom or earbon
ion.

4. ‘The jodine adsorption varies with the voltage
at which the carbon black is made, This relation is shown
in Graph IV, and indieates a decrease in surface for a given
weight of carbon black.

5. There is a relation between the tinting strength
of e¢arbon black and the voltage at which the carbon black is
made. This is shown by table III.

6+ Plates IIT to VII shown in the date to illustrate



BT

the variation in tinting strengths of carbon black, prove
very definitely the wvalue of the sutomatie spectra photo-
meter, which was here first used for this purpose. The
prineipal advantages it has over simple compurison methods
previously used are:

a. It gives a definite standard (white) to which
all samples can e compared,

e It detects s very slight difference in color
- at different wave lengths.

7. 8ince carbon black is the product of 2 union
between an ion, probably oxygen, and a carbon molecule or
carbon ion and as this union is made in the {lame under
fonirzred conditions, carbon black can be made by thermal
decomposition {crascking) of naturel gas, snd the grade of
carbon black controlled.

8. It appesars from observaticns mede of the flame.
sand the carbon biaak deposited, that combustion is not wholly
a thermel resction tut depends on the electrostatic condition

surrounding the flame,
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