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I.  INTRODUCTION

Methods for the preperation of active carbons from meny kinds
of carbonaceous material have been described in the literat;re.
lMany processes of activation for meny different raw materials are
ueed to obtain activé carbbﬁs for specifi¢ purposes. In general,
all of these processes involve a low temperature carbonization of
the raw material followed.by & slow, controlled oxi&ation of tha
carbonized pioduct. A high temperature of cerbonization (above
600%C.) results in & product which is not active and cannot be
activated. |

Any seléction of a process Oor raw material must be based on
a knowledge of the ultimate use of the product as wsll as on eco-
nomiec considerationeg. Certain physical propsrties are desirable
for certain uses in addition to the general property of being ad-
sorbent to foreign molecules. A gas adsorbent cerbon should be
denae with a rather small pore size; while liguid adsorbent
carbons should be less dense, not friable, easily filterable from
solutions, end have a larger pore size thanr the gas adsorbent type
of carbon.

In view of the low yield obtained in any process of activa-
tion, 8 cheap and plantiful raw material would be advantageous.
Coal is such a raw material and active carbons have been prepared
and used to a limited exteat from coals. It has been reporteﬂ

that an initial chlorination of a geologlcally young coal befors



its carbonization results in a high yield of a good active carbdon.
The existence of large deposits of such a coal in the Piedmont
section of Virginia and North Carolina which hus not besn exploit-
ed to any grest extent, because it is not suitable as a fusl,
seems to warrant a further investigation of this c¢hlorination
process with sn iden of its possible economic use in the prepara-
tion of an activé carbon.

The purpose of this investigation is the preparvation of =
liguid adsorbent active carbon from & high voletile Midlothian
coal by s process of chlo:ination fcliQwed by ¢arbouizaticn and

steam activetion.



II. LITERATURE REVIEW
Histosz.‘zo)

eolor from solutions was known as early as the:fifteenth century.

ihs ability of activatsed charcoal to remove

This property was apparently forgotten, ﬁnttl in 1785 lLowitz used
it in the production of tartasric acid orystals, although Scheele
and TFontana reported the adsorption of gases by charecoal in 1777.
The use of charecal in the clarification of sugsr solutions was
first reported in 1794 by Lippman end later by Guillon in 1805,

In 1811, Figuier demonstrated that boneschar was superior, in de-
eolorizing properxrties, to charcoal and this material was put into
use in the sugar industry by Derosne in 1812. Originally the char
was discerded after use, but soon after its introduction Dumont
and Schatten saggested that it could be rogenerated and reused. In
1854, Shenstone invented a respirator filled with an active carbon
to be worn in hospitals for protection ageinst cholers and other
contagious dissases, ZIZarly in the nineteenth century Grabham,
veppon, Lazowski, Fercy, and Ross reported the precipitation of
metallic materials on charceal {rom solutions. During the first
World War the utillization of active cerbon in gas masks was begun
on a largs scals. Since 1918 the unique properties of active
carbon have made the material an importeant industrisl with a wide
field of application.

Uses of Asetive Carbon. aActivated cerbons are widely used com-

mercially and theaa uses are generally divided into two claasses:

gas adsorbent types and liquid adsorbent types. Gregory (7} nes



listed some of the uses of active carbon as follows: solvent re~
covery, natural gasolene recovery from natural ges, bsnzene recovery
from manufactured gases, removal of odors and haymful gases from
air, decolorizing of solutions, catalysts, gss-magk-cannister fill-
ing, production of high vacuums, medical remedies, and as a germi-
cide. Many specific uses msy be found under the general headings
above. Chaney(4) has point ed out five fields of use for gas adsor-
bent chars: recovery of gases and solvent vapars in di lute concen-
trations, purification of gases, catalysis of ges and vapor phase
reactions, storage of compressed gases, and evacuation of vesssls.
A pertial list of uses for liquid adsorbent cerbons includes the
following: clarification of solutions, purification of organic md
inorganic acids, purification of orgesnic liquids, decolorization of
waxes, glues, and gelatines, removal of objectiénable odors and
colors from edible c¢ils end fats, decolorization snd puwrification
of petroleum oils, water purification, recovery of rare metals from
dilute solutions, recovery of alkaloids from solutions, and uses
in pharmaceutical preparations.

The Nature of Activated Carbon. Gregory(7) hes defined active

carbon as a more or less pwre form of ¢arbon characterized by a high
adsorptive capacity for foreign molecules. This adsorptive power
is due to the chemical nature of the carbon atom with its attendent

free valences and partly to the capillary structure of the charcosl

which presents an enormous adsorbing surface. Other factors such



as condensation of geses and vapors in the capillaries, solid se-
lution and chemical eombination also attribute to its adsorptive
power. Activated charcoals cover a wide range of adsorptive power
for vari ous foreign molecules, depending prirarily wupon the size

of the capillaries and the size and chemical properties of the
‘molecules to be adsorbed. hdsorption has been defined by Glasstone!6)
as the higher concentration of any-pér@iaular material on the sur-
fact of a liquid or solid phase then is pregent in the bulk of the
solution.

Kandillarow!3®) hag steted that the incremsed ectivity of
active carbon is due to a higher energy potential. This energy
potential is decreased by a desrease in the active surfact avell-
able at very high tamperatﬁres, the graphitic arrangement of cerbon
étdms in a erystal lattice at high temperatures, and by ssturation
of the active carbon stoms by the asdsorbed molecules. The adsorptive
properties of active caﬁbén are believedtld) to be due to the same
fundamental form 6r.6arb0n regardless of the source. The sctive
form of carbon represents an unorganized or less complex configu-
ration of free carbon which is gained by a low tempersture (below
60009.) carbonization; while .erben set free at highsr'temperatures
essumes & stable arrangement due to the greater energy conditions
éxiating at the moment of deposition and this form is inmctive as
an adsorbent.

The edsorptive power of ac¢tive carbon was early(g) attributed



to its large surface aros alone but this thecry was proved inade-~
guate. Lster when differences were found in the setivity of sepa-
rate carbens all amorphous carbons wers credited with acﬁivity
which was more or less wasked by sdsorbed hydrocarbons produced
by thermel cracking during the carbonization of the carbonaceocus
rav paterial. I¢ is now beli@ved(g) that active carbon surfaces
arc a mosaic of aective pabches and the sps¢ific attraetive power
of thess active patches depends upon the conditions of activation.
Hay(gs) has stated that the adsorptive power of an active carbon
is a function of the active surface avellable., This sctive sur-
face is partly in the cégillariea throughout the carbon.

It hes been peinted ou% by Chanay and his co-workersi4) that
the direet product of low temperature carbonization is mt active
and to develop the properties of acyive carbon, the carbonization
product must be subjected to special processes. The development
of these properties in any carbon is termed "activation®. It is
fhought(lg) to be impossible to develop any two of ths special
properties such as decovlorizing effect, gas adsorption, or cata-
lytic effect in the same char at the same time. This difference
in active carbons seeus to be oue of structure rather then a differ-
ence in the active complex itself.

H‘assler(m3 has stated that active carbon is not a chemical
entity sueh as solium chloride, but that the term applies to a

whole class of substances, In industrial use, a major division
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is made betwsen carbons olassed as ges edsorbent and carbone
classed as liquid adsorbent. This ¢lessification 1svbasad on
differences in ppyaical properties though it is ﬁrue that some
good gas adsorbent chars are of no use whatsoever es liquid ad-
gorbent carbons. These differcnces have been ettributed to
smeller pore and cepillary size in the gas adaérbent type. BHow-
ever, other factors such es the influerce of a solvent, electrie
charge on the particie being adsorbed, and the pH of the soclution
are involved. For exemple, Cheney(4) hes pointed out that the
decolorizing power of a carbon for suger solutions is increased
wien the solution is made acid. |
According to Chanay(4) the selsction of an active carbén for
decolorizing and teste removing is usually based on ﬁesirablé
physical properties. The carban‘must be a porous material tra-
versed by relatively large pores due to the large size of the
| particles to be edsorbed., Such a cher will be of low relaﬁive'
density. Thé carbon should possess & definite structure s¢ that
it will not powder or "slime" thus making it difficult to filter
from solutions. The viscosity of the soivent is importent in
thgt the rate of adéorption is a function of the diffusion ve-
loeity, therefore, for viscous solutions the carbon should be
finely divided to increase the rate of aésqrption. péssibly at
the sacrifice of high adsorptive cepacity. Special properties

are sometimes desirable such as a ocarbon free from acid soluﬁla
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ash for use in the purification of aclds.

ng‘Materials. Basslertll) has reported that activeted carw

bons can be_preparéd froﬁ any carbonaceous material, although con-
siderable difference will be found in the ability of various raw
,matérials to respeﬁd to activation. Chaney(é) has demonstrated
that the carbon foimed by tharma1 dacompos1tion of carbqnaCeous
materials may exiet in ¢tvwo forms, one active, and the other in-
active and incapablg of acfivation. The temperature of the car-
bonization seems to be the controlling factor, those carbons being
deposited below 500° to 600°C. being of the active type while those
deposited at'higher temperatures ars of the other type,

Easslér(ll) hes stated that in salécting & raw material some
consideration must be given Yo the ultimata;use of the product.
This seleotion is based on the desired or necessary physical prop-
erties of the product. Thus, a dense raw maté:i&l, such as eoconut
shells, is used to prepare gas adsorben%’carbons; while a less
dense matefial is used in the prepsration of liguid adsorbent carbons.

Preparation of Aetive Garbona. In gsneral(as) the preperation

of active carbons is dome in two steps, i.e. the carbonaceous mater-
ial is subjected to a tnsrmai decomposition {earbonization) follow-
ed by some type of activation process. These two steps may be done
(13) 2)

sinultaneously or they may be done in two separate steps( s

with the latter method thet most generally used.

Chaney(*) has designated the two types of carbon deposited at



different temperatures as alpha carbor {active) and beta earbon {in-
éctive). The apparent Iinactivity of carbons deposited at low car-
bonization temperatures is explained by the faet that the hydro-
earbons evolved during the carbonization period are adsorbed on

the active carbon, thus saturating the active centers. This mix-
‘ture of {he alpha carbou sud the adsorbed hydrocarbons before scti-
vation has beou termed “primary carbon®.

The activation process ccnsists of a treatment of the primary -
carbon by heat, oxidizing agents, dehydrating agents, or solvents.
This troatment serves to remeve the adsorbed hydrocarbous from the
active surface, to rupture the caibon~to~carbon linkages to pro=-
~duce frew valences, and to inerease the porosity of the product.

The most widely used method of activation involves the use of
gaseous oxidizing agents. Chéney(é) has termed this process as
*differential” end "limited” eiidation, The principle of sush se-
lectivs chemical attack depends upon the slightly greater succepti~
bility to oxidation of the hydreocarbons ia the adsorpition complex
then of the active carbon itself. By adjustment of the femperature
and concentration of the oxidizing agent the adsorbed hydcrocarbons
may be removed from ths surface of the active carbon effectively
and the formation of inactive carbon msy be reduced to minimum.

The use of steam as an- oxidizing egent resulishin an endo-
thernic reaction with its resulting ease of control. Mantell(zl)

hes stated that the best ¢ondition for steam activation is a sheam



-10-.-

temperature of 900°C. The use of curbon dioxide or sir as oxidiz-
ing asgents resultsvin an exothsrmic reaction which, due to diffi-
cuity of control, results in g large loss of primarw‘carbon.and in
a lessger surface area, Chlorine‘z) ects as a wmiid oxidizing agent
removing the adsorption complex but net rupturing the ecarbon-to-
carbon bonds.

Several investigﬂjors(17’1’15) have peinted out that the ad-
dition of‘chemicél edditives befors carbonizatidn muy promote the
activity of the resulting carbon. The éctiona of these additives
heve beer divided into three giaups: |

1. Those that act as dehydrating agénts causing the

decomposition products to be evolved as water.
Included 1n.this group aré.ziné chloride, mag-
nesium chloride, sulfuric a¢id, and phosphoric
acid. Alekseevskii(l) has staé@é,»howevex, that
zine chlori&e gcts as a catalyst for the byrolyais
of the deactivating substauces, thus decomposing
them intc more readlily voletile substances.

2. Those that provide s eellular,frameﬁork for the

deposition of primary carbon, proiscting it frem
the cracked products of pyrolyéia, and whea dis~
solved out leaves & porous wass of active carbom.

Bonechar owes its effectiveness t¢ this type of

substance and resulting structure. Among these
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;materialé are calcium end sodium carbonates, sul
fates, and silicates. |

3., Those that have a chemical action on ths products
of decomposition, rendering fhem soluble or sl-
iowing“theﬁ‘to eséapégfreely. Pbtassium and sodi-
um hydrexides are of this type.

In some Cases(4’16)

solvents have been used to remove the
adsorption complex from the primary carbon. Chaney(é) has
stated that this mathod is not used commercially due to the
expense, and also to the faet thet the porosity and density
of’tﬁe final product ecannot be‘controlled. The oroblem of

elimination of the solvent is also serious.

fyaluation of the active Product. Many testing methods(za}

have been daveloped in en attempt to ébtain & standerd mebhod
by which any cerbon mey bz evaluatzd. Rowever, the so-called
standard methode of evaluation are of little practical value.
Hﬁssler‘lz) has pointoed out that the most sffective mothod of
testing, is by testing ths sctual carbon under conditions
identical or parallel ty the contemplated use.

The amouht of adsorptionlzs),by an active carbon varies
with the extent of the éurface aeree. The chenge produced by
grinding the char is small due to the tremendoﬁs surface srea
elreedy available. Chaney(é) has pointed out that the ap~
parent density of the char is en indiecaticn of the available

surface area.
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Hossler(12) nas steted that meny fectors ars involved in
“evaluating a ¢har. The adsorption will vary with the pii of the
~chnr; the adsorption of the solvent ltself, the viscosity, temp~
erature, and concentration of tho soluﬁion. Easslerflg) has
' recommended that the iodine adsorption test bte used fto indicate
the color and 6dor removing propevbies of & ¢cher, and the
potassium permanganete adsorption test be used to indicate its
¢olloid removing ebility.

Chlorinetion of Coal. (nly a emall smount of work‘g) has

been done on the chlorinstiorn of cosl with the ala of preparing
valueble products from the process. iost of the literature on
this subjeét deals with ths value of the halogens as an aua-
lytical tool for the study of eoal. |

(27} subjscted coal to & &tastic echlorination process,

~ Weller
using chlorine and antimony pentachloride for six days at 200%.
and for four days atl 400°¢, fhé proéueté obtained as volatile
proﬁucts wore cérbon tetrachioride, hexachicroethane, hexachlore~-
beuzene, and ether uighly ghlsrinatea hydrocarbon derivatives.
Under this treatment only five per cent of the carbon coriginally
present iu the cosl wes evolved &s volatile products. WelCulloch

{18}

and Ecclss have reported that the chlorination of coal iam-
creased the amount of materlel extracteble with puch solvents as
chloxoform from one tc three per cent t¢ as high ss YL per cent.

The amounti of material extraciabie varisd with the type of coal
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being treated. Generally speaking, geologically old coals, such
as anthracite, are not suitable for chlorination.

weCulloch!2®) has reported that the chlorination is achiev-
ed either by the action of ehlorine gas on finely powdered coel
or by placing the coal in suspension in a iiqnid msdium, either
agueous or otherwvise, and the chlorine gas diffused through such
a medium, or the chloriune produced by a suitable reaction in the
medium. The chlorimetion is carried out at a temperature of about
15%C. Boyk!3! chlorinated 4-20 mesh coal at higher temperatures
(25»23060.) in a nickel vessel with geseous chlorine, and Ochi(24)
has reported chlorinating coal by treating ons part of powdered
coal with four perts of saturated chlofine water solution at
25%.

McCulloch(ls) has reportsd that a highly adsorbent carbon
was obtained by carbonizing the solvent extracted residue of the
chlorinated coal. Boyk‘s) has stated that an execellent gas ad-
sorbent carbon was obtained by c¢arbonizing the chlorinated coal
at 500°C. for one hour fqllowed by a steam activation of the
carbonized product. fThe steam carbonization was carried out
at a temperature of 800°C. for & period of ome hour. Ooh1(24)
has stated that a carbonization of the treated product using a
cerbonization temperature of 600°C. resulted in an active char
with no further treatment. Hargraves'®) has reported en active
produet from bituminoua’coal by a process of chlorination, car-

bonization, and steam activation of the resulting product.
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Purpose of the Investigation.

The purpose of this investigation is to prepare a liquid
adsorbent type of active carbon from dMidlothian coal by a pro-
cess of chlorination followed by a low btemperaturs carboniza-
tion of the chlorinsted product and steam activation of the

carbonized product.

Flan of Investigation.

The plan to be followed in thils investigation is as list-
ed below:

l. Review of the Literatuxc. A4 review of the liters-

ture will be made for pertinent information on
active carbon in gesneral and for any specific in-
formation on active carbon from chlorinated coal.

2. Type of Coml to be Used. The type coel to be used

in this investigation is a low temperature, high
volatile coal found in the abandoned strip mine
about 33 miles northeast of Midlothian, Virginia.

3. Flan of Froeedure. The plan of procedure to be

followed is as follows:

a. Crushing, Grinding, and Sizing of the Coal

Samples. The coal will be erushed, ground,
snd screened to the following three sizes,

i.e. passing through ths 100, pasaing the



b.

C.

80 but Tetained on the 100, passing the 70
but retained on the 80 mesh screens of the
U.8. 3td. sersen series.

Proximate Analysis of the Cosl Sa@plesq A

stendard proximate analysis of the ¢oal will
be determined as 4indiceted by ©Snell and
Birfent26)

Chlorination of the Coal Samples. The s¢reen-

ed samples of c¢oal will be chlorinated by pass-
ing a stream of gaseous chlorine fhrough a sus-
pension of coal in wster. Coal samples of each
screen size will be ehloiinetederr varying
times of 1, 1%, 2, 2%, 3, 3%, and 4 hours to
determine the effact of different times of
chlorination.

Washing and Drying of the Chlorinated Coal

Samples, Following chlorination, the coal
semples will be filtered out of the suspen-
sion, washed with wetsr, and oven dried at
90°c. for a period of two hours.

Proximate Anslyses of the Chlorinated Coal

Samples. A stendard proximate analysis of
the chlorinated coal samples will be deter-

mined by the method outlined by fnell and
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Bifren'?®) to dotermine the offect of the
chlorination of the coal.

£. Carbonization of the Chlorinated Coal Sasmples.

The chlorinsted coal samples will be czrbo-
nizesd at 2 tempersture of 500°¢. for a period
of 1 hour. 4n unchlorinated coal sample of
each size will be subjected to an identical
treatment to furnish a blank for comparison.

& Ste&m Asetivation of the Carbonized Product{

ffach sample of carbomnized product will be
stesn activated at & temperature of 800°C.

for a pericé of 1 hour.

h. Evaluation of the Activated Product. The
.activatad product will be evaluated aed com-
parcd using the iodine and potassium per-
mengenate adsorption tests as outlined by

Hassler(la).

Materials
The following"materials were used in the chlorination of the
coal samples:
Coal. Low temperature, high volatile bituminous coal found
in an abandoned stxip mine about 3% miles northesst of Hidlothian,
Virginia. Used as the rew material in the prspavation of the

active char,
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Chloprine, ILiguid. One hundred pound cylinder, manufsctured

by the Matheson Co,, Hast Rutherford, N. J. Used to chlorinate

the coal semples.

The following materials were used in the evaluation of the
activated product:

Thiosulfate, Sodium. OCrystals, A.C.S. Standard grade. Lot

No. 122845, menufactured by the J. T. Baker Chemical Co.; Phillips-
burg, N. J. Used in determiniug per cent iodiune and permanéénate
adsorbed by the char.

Iodine. Crystals, resublined, £.C.8. Standard grade. Lot
No. 52743, manufactured by the J. T. Baker Chemical Co., Phillips-
burg, N. J. Used in the determination of the per cent iodine ad-
sorbed by the char. |

Permanganate, Potagsium. Grenuler, A.C.S. Standard grade,

snalyzed. Lot No. 52145, manufactured by the J. T. Baker Chemical
Co., Phillipsburg, ¥. J. Used in the determination of the per
eent . permanganate adsorbed by the char.

Iodide, Potassium. Orystels, A.C.S. Standard grade, ana-

lyzed, Lot No. 40666, mesnufactured by the J. T. Baker Chemieal
Go., Phillipsburg, N. J. Used in the determination of the per
cent permangenate adsorbed by the cher.

Acid, Hydroecnloric, C.P. grade, analyzed. Lot No. 32546-C,

manufactured by the J. 7. Baker Chemical Co., Phillipsburg, W. J.
Used in the determination of the per cent permangsnaie adsorbed

by the char.
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Dichromate, Potassium. Crystals, 4.C.S5. Stendard greds.
Lot No. 98542, menufectured by the J. T. Baker Chemical Co.,
Phillipsdurg, N. J. Used to determine the normelity of the

sodium thiocsulfate solution used.

Starch, Arrowroot. Fowder, Lot Ne. 21, ﬁnnuracturea by the
Gensral Chemieel Co,, Philadelphia, Pa. Used as an indicator
for the.iodeﬁstric determinations made.

Acid, Sulfuric. C.P. grede, analyzed. Lot No. B-207018,

menufactured by the General Chemical Co., New York, N. Y. Used
in the determinetion of the per cent permanganate adscrbed by
the char.‘

Paper, Filter. Whatman No. 30, 11 ¢m., ash content per

circle 0.00032 gr. Manufactured by W. and R. Blaston Ltd.,

Ingland.

Apparatus
The following apparatus used in crushing, grinding, and
sizing of the coal samples is located in the Unit Operations
Laboratory of the Department of Chemical Engineering, the
Virginia Polytechric Institute, Blacksburg, Virginlia:

Crusher, Jaw. Blake fype, 6 inch corrugeted Jaws. NManu-

factured dy the Universal Crusher Co., Cedar Xapids, Iowa.
Used for the initiel c¢rushing of the eoal., Jaw setting 1/38

of an inch.



lill, sterition. Size 1%, Shop Wo. 237, ifanufactured by

the Dobinson Menufacturiag Co., luney, Feansylvapia. Used for
final size reduction of the coal. Plate selting one-half turn
from contact.

Riddle, Gyratory. Combs gyratory type. MNanufactured by

the CGreat Western Henufacturing Coc., Leavenworth, Haunsas. Used
in the screeming of the ccal samples.

Screens. U.3, Stendard, 8 inch, sizes 70, 80, end 100
mesh. Nanufactured by the Pre¢ision Scieantifice Lo., Chicmgo,

Illinols. Used to separats the coal into various perficle sizes.
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The following epparstus was used in the determination of
the proximate analysss of the chlorineted and unchlorinated
¢oal gamples:

Balence, inmlyticel. Chainomatic, dampened, max. wt. 201.1

gr., accuracy 0.0001 gr. oSeriel No. A-2238, manufactured by
Sgederer-Kohlbusch Ine., Jorsey City, N. J. Used for weight

determinationes.

Cven, Drying. Serial He. 100-2761, catalog No. 1850 tempera-
ture range 35° to 180°¢C. 110 v., 60 eycles., 600 watts, 5.5 amps.,
1 phase, Type A. Nanufactured by the Precision Scientifie Co.,
Chiéago, Illinois. Used to detemine the woisturs content of the
coal seamples.

Furnace, uffle. Seriasl No. 1400, type 9921, 1.35 kw.,

220 v., 6.13 amps., working tempersture 1750°F., wax. temperature
1850°F. Menufactured by the Cooley Llectric Manufacturing Co.,
Indianapolis, Indiana. Used in the doeterminetion of the ash and
volatile matter content of the coal.

Jiscelleneouas. Poreslain crucibles, 30 ee., 6 required.

Dessicetors, 10 em. I.D., 2 required. Used in the ash sad vola-

tile matter determinatione of the coal samples.
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The appératus used in chlorinating the coal samples was
constructed as shown in Drawings No. 1, end 2, pages 22 and
23. The materiels used in the constructian of this apparsius
were obtained from the Departmeut of Che:ai cal Engineering, the
Virginie Polytechnic Institute, Blacksburg, Virginia and ere
listed ée follows:

Colump, Chlorination. Glass tubing, pyrex, 1-11/16 mches

I.D., 39% inches in length. Used in chlorinating the soal
-semple s,

Plate, Diffusion. Porous silice plate, Filtros type "H".

Two inch diameter. Manufactured by Filtros Inc., Dest Rochsster,
N. Y. Used as e porous diffusion plate to distribute the chlorine
into the chlorination c¢olumn.

Tenk, Distribution. Two liter, 3-necked flask, pyrex.

Used as the base of the chlorinatien column and to feed chlorine
into the distribution plate.

Flow-meter. Orifiee' type meter using a 0.75 mu. glass
cepillary tube as the orifice. U tube mmnomster constructed
of 5 mm. glass tubing filled with concentrated HpSO4. Used

to measure the chlorine flow into the chlorination apparatus.



< oor 5O in

BBSORLT IO TIWER PFERED
AITr  GLATSS OSPHERES.

Sro. Cycopine vaive.

D1 plcs THPE Feow-rercr
LEPZGR 7TIIENT OF CHEArrcmt LNC/ NEER/ING

CTING F DTS pany. CRPILLTRV
S BV ORIF/jce. /INor a7
FreLE0 WiTM cone. /;gfg,

Vims/nig  PBerrachnic Lwsrrry7e

B enssore ., Wearn i

PO0C ce. 77Pse NECASED <ZFSA.

OO £8. ciwerd crioRnE Srcivosk,
Lo oF THE

S HEnt 7

No7E : £ et cumss rusime 5 g oS
2. [Leki S cocriives T Treon . .

T VEE o mecre N, B Foq OE7ILS

ChicopinmTron AR TS,

&-/3-57

Oeswn sy HET . Omre

Ctcxen 8y dwl3 8847 Jeare o ploae
Sorporep sy B BTy

Orgnive b L




CHeORINRIING COLtry,

CweoRine7ivg Cotumy

ﬂkf(/:/ﬁvr A2ore

JHREs NECh ED L ASH

Loermos Ledpsion Zare

DEDTRIMEN 7~ OF CHeErr/cms LniFracamMIiNG
VRGN,  Diy raCHAse Iasrs TOTE
Bt Fehooenrs, LoRE NVIT

Dermiis or Diecision r2e7E

Leswn Gy ZAY. |Dwre: E2-47
CrEcnsp & . I Jemes. r7=r"
Aorraves Sy oA, Learvive Vo. X




Tower, Adsorption. Glass tublng, pyrex, 1 inch I.D., 24%

inches in iength. Packed With'ﬁ inch glass spheres. Used aa
an quorptioa tower to adsorb the exeess chlorine from the

chlorination apparatus.

Scalag,_Threc Beamed. Laboratory scéles, 3 beamed, accu-
racy 0.2 gr. MNenufactured by Iisher Scientific Co., Pittsburgh,
Penpsylvenia. Used in welght determinétions of the sample t0 be
treated end the treatéd-samples.

- Miscellsneous. Distribvution plate sealed in the chlorina-

tion column end the distritution tank with "Varno” cement, self
sealing rubber tepe, and painted with D.C. €04 silicone resin.
All gless tubing used wes 5 mm. soft glass tubing. 411 flexible

couplings made with 6 mm. I.D. "Tygon" tubing.

The apparatus used in carbonizetion and steam sctivation
of the chlorinated product was designed and build by Mr. S. M.
Gano'®) for the motivetion of peenut hulls, end is shown in
Drawigg No. 3, page 26. MNodifications made as listed below:

- Steam Generator. One liter slde arm flesk, pyrex glass.

Used as a vescel in which to gsherate gtesn for the steam acti-
vation of thé produets of carbonization.

Hot Plate. ﬁound, "jutemp" heater, 115 v. Manufactured
by the Fisher Sciéntific Co., Pittsburgh, Pennsylvania. Used
to heat the steam generator'to produce the steam for steam

activation.



Themocouples. Iron-constantan, porcelsin insulating

spacers used. Iron wire: #20 B. & 3. gauge, Spool Ne. BRE66-55.
Coustentan wire: #20 B. & S. gsuge, Spool.No.489937414. Nonu-
factured by the lLeeds & Northruavﬂq,;'?hiladelphia, Pennsylvania.
Used to manufacture the'thermocouples ueed in messuring the temper-

ature of the carbonizetion and steam activation apparatus.

Millivoltmeter. No. 321643, calibrated dial temperature
readings in degrees Fahrenheit from 6° to 2000° for a Copper-con~
stantan thermocquﬁle. Manufactured by the Fishoer Scientific Co.,
‘Pitteburgh, Pennsylvania. Used ag an indicator of the temperature
of the kiln.

Potentiometex. ifodel No. Fll-1, Serlal Ne. 89571, compenset-

ing type. Menufactured by the Leeds & Northrup Co., £hiladelphia,

Pennsylvania. Used in the,calibration‘of the thermocouples used,
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The below listed apparatus was vsed in the avaluation of

the activatod product.

Article  size No. Reguired

Xrlenmeyer Flasks 250 ce. 4
Boakers 150 ce. 4
Burette | 56 ce. 1
Gravity Funnels § ¢m, 2
Volumetric ¥lask 1000 ecc. 1
Gooch Crueiblies 20 cc. 2
Suction Flasks 500 ege. &

Method of Proceduxe

- The following procedures were followed in preparing the

goal samples for chlorination:

1. Crushing, Grinding, and Sizing of the Coal Samples.

8. 'Fifty pounds o: the ﬁidlothian toal ag re-
celved, were placed in the jaw crusher with
the jawe set at a setting of 1/32 of an inch.

b. The reduced coal after one pass through the
Jew orusher wes then given ons pass througﬁ
the attrition will with the plates set at
0.036 inches fron contaét.

¢. The coal after cne pass throﬁgh both the Jaw
erusher_and the attrition mill, with ths ex-

ception of 5 pounds used for determining the
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proximate analysia of the cosl as recelved, was
subjected to a sgreening to obtein the coal of
the desired perticle sizes. The screens used
were 76,, 80, énd 100 mesh U.S. Stendard screens.
Tﬁe cosl éample was placed on the Y0 mesh sereen
and the nest pleced in the gyratory riddle., After
3 hours of agitation in the riddle the screens
were removed and the following cosl sizes were
kept as raw material, ~100; ~80,+100; and -70,
480 mesh, The materials remaining on the 70

mesh screen were not used in the investigation.

2. Proximate Analysis of the Coal as Heceived.

-

A vepresentative sample of the coal as received
was obtained by succeasive guarterings of a S

pound aample saelectad at randqm from the crushe-
ed end ground, but unsized, coal. The quarter-

ings were coptinued until a2 fiunsl ssmple weight

of approximately 30 grs. was obtaeined.

Duplicate analyses vere made for each determi-
nation using approximately 1 gr. samples sc-
cording to the method as stated by Suell and
Sitfon(%). The duplicate runs were made to
28IVe 88 a c¢heck. If the analys®s as deter-

mined did not agree within 0.5% the analysis

was repeated. If the analysis checked within
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0.5% the values weras arithmetically averaged and
reported as the determined value.

3. Chlorination of the Coal Samples.

a. One hundred gram samples {+0.5 gr.) of each coal
size were used in the chlorination tests. Zach
sample was weighsd out on the ;aboratory seales
end placed in suspensien in tap water. Tap water
was used because it contained no substance known
to effect the resaction. The temperature of this
suspension was observed and recorded.

b. The suspension of coal in weter was then poured
into the top of the chlorinstion columu. Care
wes taker to insurc that all of thoe suspension
went into tha.eolumn. A thermometer was susg-
pended into the mixture, the top of the chlor-
ination column gealed, the time recorded, end

- the chlorine turnsé into thevsystem.. The ¢hlorine
flow was adjusted by meanus of the chlorine valve
and the flow-meter to a value of about 12 liters
per hour. This 12 liters per hour of chlorine
flow represented an excess of chlcrine which
served to agitate the suspension, thus keeping
the coal Jjn suspension. The chlorine was al-
lowed to flow for varying periods of 1, 1%, 2,

2%, 3, 3%, and 4 hours for each size of coal.
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In each case the temperature of the reaction mix-~
ture was observed and recorded every 15 minutes.

e. Upon completion of the predetenninea time of
chlorine flow the reaction mixture was removed
from the oclumn through the side arm. The mix-
ture was then filtered to removs the coal, using
a Buchner funnel snd a sucetion flask. The filter-
ed chlorinstad coal was washed with tap water to
remove HC1l, and dried in the drying oven et a
temparature of 30%. for a period of 2 homrs.

The washed, filtered, and dried coal samples
were then weighed (20.5 gr.) on the leboratory
sééles and placed in sanple botiles.

d. Standard proximate analyses were then determined(26)
on the coal to determine the affect of the ¢hlorine
treatment on the coal.

4. Carbonization,and Steam Activation of the Chlorinated and

Unchlorinated Comsl Samples.

a. The.thermoeouples were installed as shown on
Drawings No. 3 & 4, peges 26 and 27. The ther-
mocouples were then calibrated with the milli-
voltmeter and potentiometer. Simultaneous
readings were teken from theo millivoltmeter
and the potentiomster and recorded. From the

values in millivolts observed with the potentiometer,
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true temperatures were obtained from the Lesds
& Northrup tables(ze) and plotted against the
temperature reedings of the millivoltmeter.

One hundred grems of each size range of the chlor-
inated and wncklorinated cosl sarmples vere used

in the carbonization and steam smetivation pro-

- censes. BPach semple was weighed (20.5 gr.) on

the lsboratory scales. The weight ias recorded
snd the weighed semple placed in the kiln. The
kiln was then assembled (see Trawing No. 3, page
26) and secured into position in the furnace,‘after
which bricks were placed into position to serve as
an insulating door to the furnace. One liter of
distilled weter was alded to the steem generating
Tlask. The stean generating flask was then placed
in position over a hot plate to furnish steam for
activation.

Tleetric power was then switched into the rotst-
irg mechanism and the hgating units of the kiln
and furnace respsctively. The hot plate was then
switcped on "low" to allow the water in the steam
gonerator to heat almost to the boiling point.

The tempesrature of the furnace was allowed to heat
to 500°C, the time noted and recorded. The Theo-

stat controlling the power to the heating units
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was then adjusted so as to maintain the tempera-
ture at 500°C. Sinée it required about 5 minutes
to heat the water in the steam generator from

the preheat temperature to the boiling point,

the hot plate was adjusted to the “"high" position
after the furnace tempereture had been maintained
at 500°C for 55 minutes. Thus, at the end of 1
hour steam was available for trestment of tﬁe car-
bonized charge. At the end of the 1 hour period
et 500°C the furnace rheostat was ad justed to
raise the furnace temperature up to 800°C. and

at the same time steam was admitted into the
system. The time was noted when the furnace hed
reached 800°C. amd the rheostat adjusted to mein-
tain this temperature. At the expiration of 1
hour, the power was turned off of the heating
units, the bricks st the furnace entrance re-
moved, and the furnace sllowed to ¢ool to room
temperature (25°G;). The steam flow was maintain-
ed until the kiln had cooled below red heat (ap-
prox. 500°C.).

After cooling the kiln was removed from the fur-
nace, disasgembled, the activhted product removed,
weighed on the laboratory scales (£0.5 gr.) the

weight recorded, end the samples placed in sample



f.

~-34-

bottles., The amount of water remaining in the
steam generating flask was measured end the dif-
ference in welght recorded és the steam used.
The kiln body was weshed with distilled watber,
dried, and the cycle repeated on amother coal

sample.

5. Zvelustion of the Activated Product.

a.

Ce.

A stenbard iodine édsorption test was made on
each samples of the activated char, as outlined
by Mantell(ls).

4 stendard potassium permanganate adsorption
test as outlined by Mantell(lﬁ) was made on
each sample of activated earbon.

A filtration test wss mede on each sample.
This ftest 1s not a stendard test but carried
out as follows: three-tenths of a gram of

the activated product was placed in a 150 ml.
beaker and thoroughly wetted with 50 ml. of
water. The mixture wes stirred for 1 minute.
After stirring the mixture was filtered through
qualitetive filter paper. The time necessary
for complete filtration was observed and re-
corded. The time of filtration was ﬁsed a8 a
compsrison to compare the filtration charac-

teristics of the active chars produced.
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Data ard ﬂesults

The date obtained iz the preperation of ae£1Ve carbon from
Midlothian coal, the evaluaﬁion of the product, aa& the compari-
son of the product ;é given in the form of tables,‘grduped as
followa: |

a., The data used to cémpare the change in weight and

the variation in the proximate snalyses of the
treated and untreated sémplas is given 1n$
TABLE I - DATA AND RESULTS OF PROXIMATE
ANALYSES OF MIDLOTHIAN COAL BE-
FORE AND_AFTER CHLORINE TREAT-
MENT. Page 38.
b. ‘The data used to evaluate and to compare the active
product for a&sorpfive.ability is given in;
TABLE II -« DATA AND RESULTS FOR IORINE
ARG PERMANGSNATE AUSORPTION
TESTS ON STEAM ACTIVATED MID-
LOTHIAN CCAL BEFCHE AND AFTER
TREATMENT WITH CHLOEINE,
Page 39.

The results obtained in the investigation of the chlorina-

tion of Midlothian coal to obtain a liguld adsorbent char are

shown in the following graphs:



Figure 1. -

Figure 2, -

¥Figure 3. -

Figure 4. =

Figure 5. -

Figure 6. =

-3

Flot of Total Time of Chlori-
nation Versus Per cent V§1a~
tile Matter in Cosl Samples.
Page 41,

Plot of Totel Time of Chior-
ination Versus Fer Cent ish
in Coel Samples. Page 43,
Plot of Total Time of {hlor-
ination Versus Chenge in
Weight of Chliorinsted Ceal
Bsmples. Fage 43,

Flot of Total Time of Chlor-
ination Versus Per Cent by
weight Iy adsorbed by Steam
Activated WMidlothien Coal.
Page 4%.

2lot of Total Time of Chlor-
ination Versus Per Cent by
weight Kln(, adsorbed by Stesm
activated Midlothian Coal.
Tage 45.

Piot of Total Time of Chlor-
ination Versus Time of ¥Fil-
tration of Stesam Activated

Midlotpian Coal. Page 46.
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Figure 7. = Flot 91‘ True Temperaturs
Versus Millivoltmeter Read~-
ings. Page 47.

Tigure 8. - Plot of Total Time of Chlor-
ination Versus Percentage
Fixed Cazrbon in Coal 3amples.
Page 48.

Figure 9. - Plot of Tieaction Temperature
Versus Time of Chlorination

Run No. 7. Page 49.



TABLE T
DATA AND RESULTS
OF PROXIMATE ANALYSES OF MIDLOTHIAN
COAL BEFORE AND AFTER CHLORINE TREATMENT

Coal Size| Clo [Wt. Changd Vol. Fixed Ash

(U.S.Std.} Time (grs.) |Matter. }Carbon
mesh) & () (%) (%)

———— ——- 34.75 55.33 | 9,92
-100 | +1.85 37.55 56.25 | 6.20
-100 +5.49 37.41 57.43 | 5.16
-100 ' +7.16 39.01 55.47 | 5.52
-100 +14.22 42.80 52,74 | 4.46
-100 +31.05 44,45 51.66 | 3.89
-100 1 +32.17 46.43 | 49.66 | 3.91
=100 +42.62 48,72 47 .67 .1 3.61
-80, +100 -2.82 38.80 54,56 | 6.64
-80,+100 +5,55 39.85 55.21 | 4.94
~80,+100 +12.22 40.94 54,60 | 4.46 |
-80,+100| +17.53 41.57 54.55 | 3.88
-80, +100 +18.07 41.83 54.43 | 3.74
-80,+100| 3% | +26.20 44 .83 51.50 | 3.67
-80, +100 +34.48 47.06 50.27 | 2.67
=70, +80 -0.91 35,50 55.78 | 8,72
-70, +80 +3.09 37.05 55.56 | 7.39
-70,4+80 +3.89 37.40 | 55.29 | 7.31
-70,+80 +5.75 38,17 55.97 | 5.86
=70, +80 +8.27 38.05 56.29 | 5.66
=70, +80 +12.73 39.73 56.40 | 4.45

21 | -70,480 +17.96 40.50 | 50.27 | 4,17

1
2
3
4
5
6
7
8
g

.
o]

=
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[
lav]

-
»

=
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-
N

=
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-
3

=
®

=
©

0
o

Note: All welghts and percentages calculated on the dry
basis.
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TABLE II
DATA AND RESULTS
FOR IODINE AND PERMANGANATE ADSORPTION TESTS ON STEAM ACT-

IVATED MIDLOTHIAN COAL BEFORE AND AFTER Clg TREATMENT

Coal Size (Clp Flow Time I Removed | KMnO4 Removed
(U.S.Std. mesh) (hrs.) (% by weight) | (% by weight)

-100 1449 25,2
=100 17.3 29.9
=100 36.7 35.3
=100 2 30.2 46,8
=100 537 49.4
-100 81.0 63.2
-100 86.2 67.3
-100 89.9 69.0.
~80, +100 ; 13.2 28.5
-80,+100 16.7 24.5
-80,+100 29.6 25.0
-80, +100 32.4 29.5
-80, +100 41.0 38.4
-80, +100 3 . 54.0 48.2
-80, +100 * 59.1 52.1
-80, +100 64.3 55,3
=70, +80 13.7 12.8
-70,480 16.5 18.1
-70,+80 | 20.4 22.1
=70, +80 30.1 28,2
=70, +80 49.8 41.4
-70, +80 56.1 49,7
-70, +80 73.6 50.0
70, +80 | 74 .4 50.9




TABLE III

DATA AND RESULTS

FOR PER CENT YIELD AND EASE OF FILTRATION OF STEAM

ACTIVATED MIDLOTHIAN COAL BEFORE AND AFTER CHLORINATION

Coal Size
(U.S.Std.
mesh)

Clo Flow

(hrs.)

Steam Used

(grs.)

Filtration
Time
(secs.)

=100

310

50

=100

370

66

=100

390

75

=100

340

77

=100

380

80

=100

310

80

=100

340

™

=100

340

81

-80, +100

350

33

'80 9 *100

370

38

-80, 4100

330

46

380

38

-80, $100

370

45

-80 'Y *100

310

59

-80, +100

370

44

-80, +100
-70,+80

380

390

42

26

340

29

"'70! '.'80

310

30

"70; +80

320

31

-70, +80

390

30

-70, "80

360

29

70, +80

390

33

-70, +80

380

31
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Iv. DISCUSSION,

A Discussion of Results
It wes originally thought that the rate of the rsaction be-
tween the coal and chiorine would be dependent upon the
surface area of the coal particles. ©€n this basis it was
decided to vary the slze of the perticles to be used. Pre-
limirary tests indicated that coal, of particle sizes below
200 nesh U. 8. Standard screens, was‘very difficult to sus-
pend in water. This was ascumed to be ﬁﬁe to the surface
tension of the water and the hydrocarbon nature of the cosl
surface. To overcome this difficulty a solution of the
commerecial detergent "Lreft” was used to lower the surface
tengion of the water, thus meking it possible to suspend
the coal in the water. Ssveral chlorination tests were made
using this solution, bul snalyses determined on the products
showed no correlation and no spparent chonges in weight of
the chlorinated produets were noted. It is believed that the
detergeﬁt coated the coal particles thus preventing contect
between the ccal and the chlorine. The use of the detergent
was discontinued. Thus the lower limit of paiticle size was

100 mesh and this was used as the least particle size. Pre~

© liminary tests indicated that coal pertieles larger than that

which passed through the 70 mesh screen would not stsy in sus-

vension. Therefore, the limits in size of the cosl particles
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which coﬁl& be used wore the 70 mesh and the 100 mesh screens.
On this basgis the cosl particle slizes used in this investi~
gation were -100; =80, lOG; and -70, 80 mssh U. 8. Standard
screen scries.

Ghlorination of the Coal Sample;, Effect of Particle Size.

4 review of the literaturs (33;8) indicated that a reaction

would take place between the coal in suspension and chlorine.
It was thought thet the rate and thus the extent of this re-
actién.would depend on the surface area of the coal particles.
In the search of the literature information was féuﬁd(s) to
the contrary, indicating that the reaction ﬁas somewhat in-
dependent of the surface arsa. However, using the chaenge in
weiglit of the coal ssmples on chlorihaticn,'43.8% for -100
mesh coal chloriuated for 4 hours, 35.85% for -80, 100 mesh
coal ehlofinated for 4 hours, aad 15.6% for -70 80 mesh

coal chlorinated forfé-houré;“aS"an indicatiog of the e;xént
of the reaction, the results of this investigation (Figure 3,
paga}&&), indicete that the particle size and thus the surface

area per unit volume is the controlling factor. The 1nitigl

‘decreass in weight, -2.82 grs. for -80, 100 mesh and -0.91 .

gre. for -70, 80 mesh coals, indicabes that some of the ash
is leached out of the ccal, It is thought that the materials
being leached out were the mineral coenstituents (1:0#, alumi~

num, ete.} of the ash, which were going into solution as
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solublse chléiides. The ract thei the -100 mesh coal did not
show a decrease in weight/is thought to be due to the fact
thet the reaction took place sufficiently fast for the gain
in weight on c¢hlorimation to off-get the decrease in weight
dus to leaching out of the aaﬁ.
| The variations in the proximaté anal&ges of the chlor-

inated and unchlorinsted coal smmples, as shown in Figures 1
and 2, pages 41 and 42, bears out the original assumption
that the rate of ths reaction is a function of the surface
area of the coel particles. The percentage volatile matter
ineressed parasbolically with increasing times of ehlorina-
tion, with the -100 mesh ccal increasing from 34.75% at O
chloringtiaﬁ to 48,72 at 4 hours of ¢hlorination, the <80,

100 mesh coal increasing from 34.7% to 47.06%, and the ~70,
80 mesh coai increasing from 34.75 to 40.50% over the same
range of chlorination time; The parabolic decrease in the
ash content of the coel samples wiih increasing chlorination
time indicetes the leaching out of the ash. The -100 mesh
coal decreased in ash céntent from 9.92% to 5.61%, the -&0,
10C mesh coal changed from 9.92% to 2.67%, aﬁd the -7G, 80
mesh coal decreassd from $.98% to 4.17% over the same chlor;
instion time range of four hours. The fact thai the -70, 80
mesh coal shows the largest @eereasa in esh content (9.92% - -

2.67%) is contrary to thet which was expected. This dis-
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" erepancy migh$ be explained by the fact that no definite‘prae
cedure was followed in ssmpling and poessibly the samples used
in these determinations were not truly representativé. The
curves of the -100, and the -80, 100 mesh semples show a
tendency to4leve1 off at sn ash conteﬁt of about 3.5% whers
apparently all §f the constituents of the ash forming soluble
chlorides have buoen lsached out, probably leaving silica pre-
dominant. |

The variations in the percéntage fixed carbon {Figure &,
poge 48) ave explained by the fact that the valus for fixed
carbon is determinéﬁ by difference enalyses and the volatile
mattér analyses. |

The variations in the temperature of the reaction mix-
ture (Eigure\G, page 49) upcn chlorination of the suspension
of coal in water can‘be‘explained.by‘the assumption thet the
mineral constituents of the ash ave leached out as soluble
ehlorides formed by a réaction between the chlorine in so-
lution hnd the metals inﬂihe ash. The reactiong forming
metallic chlorides are exothermic and the heats of solution
- of metalilic chlorides are pesitive, thus both the formayien
of the chlorides aend the sclution of the chlorides liberate
bheat to the eﬁstam; The rapid ratd“qf temperature rise og~
curs over the seme period of ehloriﬁation that the sharp de-

crease la gan content takes plmge, therefore, it is assumed
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that this temperature increase is due t0 the formation and
solution of metallic chlorides formed from the ash. After
a chlorinetion time of 1} hours is reached the temperature
begins to decresse. This more gradual decrease is due pri-
marily to unatural cooling. The maximun temperature reached
was about 56°C. The reaction mixture cooled until a temper-
ature of about 29°C. wes reached which was about 5°C. above -
room temperature (249C.).

Carbonization and Steam sctivetion of the Treated emd Un-

treated Semples. No atﬁempt was made to vary the conditioﬁu
of thé carbonization end the sﬁeam activation.of the coal
samples. The temperstures aﬁd cyelic duretions were chosen
from the literature‘s) and were &s @olicws: carbonization
et 500°C. for 1 hour and sieam activetion at 800°C. for 1
hour. Identical tests, as those made on chlorinated sauples,
wore made on unchlorinated samples of sach coal size (-100;
-80, 1C0; end =70, 86 mesh) to serve as reference tests.
These unchlorinated semples upon. carbonization and steam ac-
$ivation formed a hard porous coke, whereas in no case, fol-
lowicg identieal treatment, did the chiorinated coal samples_
caxe. The explanation of this observed fzct is not known.
The litereture indicates!®) that the rate of steaming is not

a critical factor so long as the steaw flow rate is not suf-

ficiently large to carry the material being activated from
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the activation chamber. Therefore, no attempt was made to
hold'tne steam flow constant (varied between 310 end 350 ce.
used). No attampt was mede to anslyze the condensate from
this treatment, however, mos?'of the ccndensate was obviously

water with a strong odor of phonel.

Bvaluation and Cbmparisonwpflthe Activated Product. A search
of the literature revealed several méthods{la) for testing

the adsorption activity of ective chers. It wes pointed out
that these methods ere not:conclusiis and that any evaluation
should be carried out under eoﬁditions perallel to the in-
tended use of the char. However, tc‘éaingsome idealoi the
relative merits of the chars preparsd, the iodxéélgﬁd poteassi~
um permanganéte adsorption tesis were uéed. E :

&. Iodine A&sorption Tests. The resultp of the

:iodine‘adsorption tests indicated that the -
activity of the chars inecreased with the time
ofachlorihéiion.-;Thevtesultinglcurves (Figure
4, page 44) show a tendency to flatten out at
‘a~§&l§rin&tion time of 3 hours, al approximate-
1y 85y adeorbed by the -100 mesh coal, 65/ ad-
sorbed by the -80, 160 mesh ¢oal, and 75% ad-
sorbed by the -70, 80 mesh semples. This shows
that chlorination treatmant beyound th:ee hours

is not seffective in ihcreasiﬂg the total ad-
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sorption activity for iodine. Between chlor-
ination times of O hours and 2 hours the dif-
ference in activitj between the different parti-
cle sizes does not oxceed 6%. However, after

2 hours of ehlorination time the differsace in

activity of the different particle sizes is

"marked. The -100 mesh size increases to & max-

imum adsorption of 89.9% at 4 hours of chlori-
nation, the -8C, 100 mesh sample to & maximum
of 64.3% st 4 hours, and the -70, 80 mesh
semple to a maximum of 74.4% at the 4 hour
chlorination time. The fsct that the -70,

80 mesh sample shows a larger adsorption
than does the -80, 100 mesh sample indicates
that the adsorption of the non-polar iodine
from solutions-is not strictly a function of
the surface area.

Potessium Pernanganate Adsorption Tests. The

results of the permanganate adsorption tests
show a similarity to those obtained with the
iodine tests. The resulting curves (Figure B,
page 45) show a tendency to flatten out at a

chlorination time of about 3 hours. 4 more

marked difference was evident in the édsomption
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activity of ths three particle sizes in the O
to 2 hour chlorination range with & maximun
difference of about 12% between the -100 mesh
size and the -70; 80 mesh size. The édsorption
activity of the carbons increases t0 a maximum
of 69%% for the ~100 mesh ssmple, 55.%% for the
~80, 100 mesh ssmple, and 50.9% for the -70,

80 mesh sample at a chlorination time of 4
hours. The lower maximum adsorption of the
pemanganate solution thean of the iodine
golution indicates that the forces causing the
adsorption ars probably non-polar in nature.

The general incresase in activity with increase in
chlorination time is marked for all particle sizes inves-~
tigated indicating that the chilorinse treatment has a very
definite effect on the adsorption activity of the char pro-
duced. This might be explained in accordance with the
theory of Alekseevskii(l) as to the aetion of zinc chloride
in promoting the activity of carbons. In this c¢ase, the
chlorine aets as a catalyst for the pyrolysis of thé de-
activating substences. In light of the modern theory of
the structure of coal(lV}, thé reaction might be assumsd
to take place in such a way that the bonds between ﬁhe

basic polyeyclic carbon structure of coal and the side
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chain hydrocarbons are broken, thus enabling the deacti-
vating hydroéarbons to be more easily volatilized and
driven off.

Filtration Characteristics of the ietivated Product. The

preparationAof a liquid sedsorbent char wes the purvose of
this investipation, and with the importance of the filter-
ing characteristics of a liquld adsorbent char in mind, it
was thought desirable to obtain gome idea of the relative
ease of Filtration from solutions of the carbons prepaved.
The method used in testing the filtration ehsractsristics
of the carbons prepared does npot cbnstitute any stsnderd
test.

As was expected the -100 mesh coal semples, though
more adsorbent, were appreeiably more difficult to filter
from the solution, with the difficulty of filtration be-
coming less as the initial particle size became groaater.
The greater difference in filtrstion time between the -100
mesh end the -80, 100 mesh particle sizes and between the
-850, 1l00mesh eand -70, 80 mesh particle sizes is explained
by the fact that not mueh difference in a¢tual physical
dimensions exists between the -70, &0 mesh and the -80,

100 mesh particles. The increase in filtration time with

increasing time of ehlorinastion from 50 sec. to the constant

value of sbout 78 secs. for the -100 mesh, from 3% secs. to
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the constant valus of about 42 secs. for the -80, 10C mesh,
from 26 secs. to the constant value of adbout 31 secs. for
the ~-70, 80 mesh coal samples is difficult to explain end
no explanation is offered. It can be stated that the fil-~ '
tration time for unchlerinated coal is no indication of
the actual iime due to the fact that the.carhbn used here
was obtained by crushing the coks obtained by activating

the unchlorinated coal semples.



B~

B. ZLimitgtions

1. Chlorination of the Coal Samples. The limitations under

which the chlorination of the cosl samples was carried
out are as follows:

a. The range of particle sizes of the coal was
limited to sizes less then 70 mesh, and for
particle sizes less than 100 mesh the coel
was not separated into sonstituent size groups.

b. The temperature range of the reaction mixture
was limited to the change caused by ihe re-
action itself.

¢. No investigation was made of the chlorination

fea@tio;ﬁ”tor,timea of chlorination of less than
1 hour or greater than 4 hours.

4. The reaction was carrisd out at night under
electric lighting to eliminate variable 1ight
intensity and its effect upon the reaction.

e. No investigetion was made of other suspension
modiums other than tap watef.

f. No attempt was made to snalyze the chlorinated
¢oal for orgenic chlorides to defermine how

the reaction had taken place.

2. (Cerbonization and Steam ictivation of the Ccal Samples. The

limitations uﬁder which the carbonization and steem activation

of the coal samples took plece were as follows:
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a. The temperature and duration of the carbonization
cyele was 506°C. and 1 hour.

b. The steain activation oycle was limited to a
tempsraturs of 806%;. and a time of 1 hour.

3. Ewvaluation snd Comparison of the Activeted Product. The lim-

itations of the tests used in the evalustion and ¢omnzrison
of the zetivaeted produet were as follows:
a. The i1odine end potzesium psrmanganate ad-
gorption tests used wers not conclusive as
pointed out by Hassler(ls).
b. The filtration test 4did not constitute a

standard test and the results may not be

construed as guantitetive.



€. Recommendations

Chlorinetion of the Coal Samples. It is recommended that

further investigations be made of the chlorination of this

type ¢oal., The following specific investigstions are

recommended:

a.

C.

d.

Ao investigation of the effect of light in the
ultraviolet range, should be msde in view of the
photosensitivity of chlorination reactions.

An invesfigetion of the effect of different sus-
pension mediums such ss, carben tetrachloride,
chloroforz, and benzene on.ﬁhe reaction and on
the active product formed.

An investigation of the direet chlorinstion of
powdered coal without the uss of a suspension
medium should be made with the object of lsssen~
ing chlorine consumption.

in investigetion of chemical products other than
active carbon should be made to determine other
possidbly valueble by-produets of this reaction
and also to gain ineight as to how the reaction
proceeds.

Further investigation using & wider range of
particle sizes, i.e. nesh sizes greater than

70 mesh, and sized samples of less than 100
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mesh {~150, 200; =200, 300) should be made.

f. An investigation of tho effect of chlorination
catalysts such as iron, ferrie salts, and sodium
hydroxide on this reaction should be made to
possibly inérease yield.

2. Carbonization and Steam sctivation of the Coal Samples. It

i3 recommended that further investigastions bs made of the car~
bonization and steam activation processes as follows:

a. An investipgation to deternmine the influence of
variations of cyclic durations and temperatures
for the carbonizetion and steam activation cycles.

b. A4n Investigation of the posgsibility of preparing
a gas adsorbent ¢har by a silmilar process.

¢, An investigation of the conatituents of tae
econdensate formsd during the asteam activation
of the carbonized product.

d. 4An investigation of the effect of the rate of

oooling on the activity of the pioﬂuct.
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A. Reaction_Between Chlorine and Midlothian Coal.

On the basis of the proximate analyses of Midlothian coal
before and efter treatment with chlorine for 1, 1%, 2, 2%, 3,
3%, and 4 hours, on coal particle sizes of ~100; -80, 100; and
-70, 80 mesh U. S. Standard screens and the changs in weight of
the treated coal samples the following conclusions were drawn:

1. The ash content of the cosl decreased from 9.9%%

to 3.61% for -100 mesh, from 9.92% to 2.67% for
-80, 100 mesh, snd from 9.92% to 4.1:7% for -70, 80
mesh coal sizes on being chlorinated for 4 hours.

2. The volatile matter content of the ccal increased

from 34.75% to 48.72% for -100 mesh coal, from
34.75% to 47.06% for -80, 100 mesh, end from 34.75%
to 40.50% for -70, 80 mesh particle sizes after
being chlorinated for 4 hours.

3. The fixed cerbon determinetion of the coal de-

creased from 55.3%% to 47.67% for the =100 nesh,
from 55.35% to 50.27% for the -80, 100 mesh, and
from 55.33% to 50.27% for =70, 80 mesh particle
gizes, upon chlorination for 4 hours.

4. Thé parcentags change in weight varied with the

particle size showing & maximum change of 43.8%
for the -100 mesh, 35.5% for -80, 100, and 18.6%
for the -70, 80 mssh particle sizes after chlori-

nation for 4 hours.
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B. Influence of Uhlorination on the Caking

Pxoperties of Midlothien Coal_.

On the basis of a visual pxamiuation of the product of ¢arbon-
ization a% 500°C. for 1 hour, and steau activation at 800°C, for 1
hour of Midlothien coal samples of -100; -80, 100; and -70, 80 mesh
U. 8. Stendard screen particle sizes, amd chlorvipated in en aqueous
suspension for times of O, 1, 1}, 2, 2%, 3, 5%, and & hours, the
following ¢onclusion waa drawn:

1. The initial chlorination of coal prevents caking.

The products usiag unchlorinéted coal as a raw
material were in the form of hard porous coke,
whereas those producis made from chlorinated coal

a6 & raw matorial in no case caked.
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C. Adsorptive Properties of the Steam Activated Product.

On the basis of the adsorptive tests using iodine in a 0.01 N
solution and potessium permanganate in a 0.5 N solution as adsorbates
and Midlothian coal of mesh sizes (U. S. Standerd screen) -100; =80,

100; and =70, 80, treated with chlorime for 0, 1, 14, 2, 2%, 3, 3%,
and 4 hours, carbonized at 500°C. for 1 hour, snd steam activated at
800°C. for 1 hour as the aisorbents, the following conclusions were
reached:

1. The amount of iodine adsorbed increased with the time

of ehlorination for each particle size. Iodine ad-
sorbed increased from 14.95% to 89.9% for -100 mesh,
from 13.28% to 64.3% for ~80, 100 mesh, and from
13.75% to 74.4% for the -70, 80 mesh particle sizes,
from unchlorinated to 4 hours of chlorinetion.

2. The amount of permanganate adsorbed increased with
the time of chlorinati on and decreased with in-
breasing particle size, Permangenate adsorbed in-
creased from £5.25% to 68.0% for -100 mesh, from
28.55% to 55.3% for -80, 100 mesh, and from 12.80%
to 50.9% for -70, 80 mesh particle sizes, for times
of chloriretion from unchlorinated to 4 hours of

chlorinstion.
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D. PFiltration Charscteristics of the Aetive Product.

On the basis of filtration tests made on samples of liidlothisn
coal of mesh sizes of -100; -80, 100; and -70, 80, chlorinated for
times of 0, 1, 1%, 2, 2%, 3, 3%, and 4 hours, carbonized at 500°C.
for 1 hour, and steaw activated e% 800°C. for 1 hour, the following
conclusions were reached.

1. The sase of filtration vsried inversely with the

initial particle size. The average filtration

time for the =100 mesk coal was 78 ssc., the aver-

age time of filtration for the -80, 100 mesh ssmple
was 42 sec., and the average time of filtration for

the ~70, 80 mesh samples was 31 secs.
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VI. SUMMARY.

Little work has been done on the chlorination of coal with
the idea of prepariag valuable products from the reactiom.
Several investigators have reporved the preparation of active
carbons from cosl by chlorination. The investigation was under~
taken to determine the possibility of preparing a liquid edser-
bent active char from Midlothien coal, unsuitable as a fuel, thus
preparing a useful product from a waste material.

4 low temperature, high volatile coal, found near Midlothian,
Virginia, was ground,screened to various sizes (~-100; -80, 1G0;
and -70, 80 mesh U. S. Standard screens), and chlorinated in en
agueous suspension for periods of 1, 1%, 2, 3k, 3, 3%, and 4 hours.
A meximam increase in weight ofl43.8% for -100 mesh, 55.5% for
-80, 100 mesh and 18.6% for =70, 80 mesh coals was obtained after
4 hours of chlorination. Proximate analyses before and after
chlorination indicated that the rate of reaction varied with the
initial particle size. A decressse in ash c¢ontent was assumed to
be due to leaching out mineral constituents as scluble chlorides.

Following chlorination the coal samples were filtered, wash-
ed, dried, carbonized at 500°C. for 1 hour, followed by steam ac-
tivation at 800°C. for 1 hour. Unchlorinated samples subjected
to an identical treatment, formed a hard porous eoks, wherees the
¢hlorineted samples after treatment were found in the form of

grayish particles of about the original size. Iodine and potassi-



um permanganate adsorption tests on the ¢hars produced indicated
an increases in activity with increasing chlorinaetion tims, level-
ing off et a chlorination time of sbout 3 hours for each sample.
(I max. adsorption 89.9% for -100, 64.3% for -80, 100, and 74.4%
for ~70, 80 mesh initial particle size. KMhO4 max. adsorpt;on
69.0% for -100, 55.3% for ~-80, 100, and $0.9% for -70, 80 mesh
sizes, sll after 4 hours chlorination). Adsorption activity
varied inversely with initial particle size.

Filtration ftests of the cerbon produced showed increasing
difficulty in filtration with Qecreasing initiaml partiecle size.
{Average time of filtration was 78 secs. for =100, 42 se¢s. for

~80, 100, and 31 secs. for =70, 8C mesh particle sizes.)
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