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I. 1NTRODa0TIeH

In the preparaticn of tannin extract from chestnut wood chips

there is present in the extract, along with the tannin, certain

lnsoluble nonetannin censtituehts. If allowed to remain in the

extract, these materials maae the tannin solution unsuitable for

use in the manufacture of leather.

TO accempllsh the separation uf the non—tannin cunstituents

from the tannin, the head oorporation ef hynchberg, Virginia, now

employs a process of concentratlon and mechanical settling. sor

the past twenty years the company has been engaged in research to

develop a oetter process. The luvestigations have been concentra·

ted mainly cn tne ide uf varied forms or uechanical separation.

So rar no solution to the problem has ueen fodnd, thereby givine

rise to the opinion that perhaps mechauical separatlon ls the wrong

approach tu the problem.

In a preliminary stuey of this prublemäöl research Werk has

been done at V. P. I. usina several new approaches, the mest imper-

tent of these being electrophoresis anc acsorption. of these two

procecares, aaserption gave lHUlC&tIUHS uf having the greater poten•

tialities. 'ünaxbllcwing thesis will deal with additional research

work using conls uf varying graues es an auserbing m8U1um•



-2-

E
The American Vlscese company of Roaneke, Virginia has ine

etalled units fer clarlfying the spinnina beth solutions, The units

incorperate ceal as an adsorbieg medium. The process ls extremely

suceessfel and therefore strengthens the belief that it may be ap—

plicaole to the clsrification of tannin extract seldt1ons•

adsorptlon methods are often applied ihdustrlelly te remove

lmpurities, especially lf they are present in low eoneentratlons•
‘

Small ameunts of impurities often leterfere with processes sach as

crystallization, filtretlon, and eistlllatlon, but by the applica-

tion ef sdserption the lmpurities may be separated and the fault

cerreetee. Jften times adsorbents are used to recover valuable

constltuents, which otherwise would be lost completely or require

for more eostly preeessing•
l

Separstion by adserption is made possible becaase of the

fact that different materials uiffer in the uegree to which they

are adsorbed by a given adoerbent•

Ehe object of the research were is to ievestigate the pos-

slbility of developing an ecenomically feasible process, based on

adsorptien, using Goal as the adserbent, for the separation ef the

insoluble nen·tann1n constituents present in a fresh tsnnln extract•
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IL g ;Ta;g_«· Tg Rhvlaw

The Nature of gdsogptiogs Adsorption concerns itself with the

concentratlon, as a result of surface forces exiating on e Solid, of

gaees, vapors, llüuide or eolutee (solide dieeolved in a solvent),

dispersed materials, or collo1ds(lö2 The nature of these surface

forces le lncompletely unuerstood• The solide termed ”adeorbents,"

may effect concentration, locallzation, fixation, or separation of

gases fram gaeee, vapors from aaece, eolutee from solution, and die-

pereed materials from solutions• The extent of the adeorption le,

large or small, depenulng on the nature and character of the ad-

sorbent and adeorbate, that is, the material concentrated, local-

lzed, fixed, or separnted• The adsorbent may be used only once,

es in the case of carbon or chare, which remove odors or tastee

from water to maxe lt poteble, then u1sc·rced; or it may be used

once anc then removed and trceteu to ellminate the ausorbate and

be renuered fit for re-use, a process termed reactlvaticn; or it

may be worxeo in such a manner es to be used, reaotivated in place,

ana re·uscu in cyclic proced4res•

Te Dlvielog of adeorbentes Adeoroents are generally clas-

elfieu oy their applicaticn as_follows:

l• öeparation of gases from gaees, es deodorization of air,

ellmlnatiou uf toxic ,;ases•
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2. Separation of vaporcrs from Gases, as recovery of solventa,

drying Gases, dehumidificetion.

3. Separation of solutes from solotions, as uecolorizing and

clarifying of liquids.

4. Separation of ions from solutions, as corcentration of metal!

on adsorbenta.

5. Separation of dissolved Gases or soepenued solias from li-

quida, es in water treatment.

6. ooncentration of oissolved materials, often toxic in nature,

to eliminate then from llqülüß, as in the case of medicinal

carbons, which make up poisonous chmical componnds.

7. fnsctionstion by selective-adsorptlon of @8565 from Gases,

vapors from Gases, vapors from Vapors, liquios from liouids,

dissolved materials from other solutes, and then concentra-

tion of these.

adsorption should oe eharply differentiateo from ebsurptlon

in that adsorption is connmnly without chemical reaction between the

adsoroent and the adsorbate,,wh1le ebsorption refers to temporary, or

more or less permanent, cheaical reaction or phase change as func-

tion or the operation. a gas or Vapor brought into contact with a

solid has a teaoency to collect on the surface of the solid. Thll

phenemenon is mnown as ”adeorpt1on." The term "absorpt1on," on the

other hand, is used to oescribe the phenomenon which occurs when a

Gas or Vapor penetrates the nolid structure, produeing a 8olld solu-

tion of the Gas. adsorption may occur alone or in combination with
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absorptlon in which case the general term ”sorpt1on" is usually

applied.

The edsorbed atoms and moleculee may be bound to the surface

of the solid in different ways: there may be e week lnteractlon be-

tween solid end gas, shmiler to condensatlon, or e strong interactlon,

similar to chemlcal react1on• The former is called physical or van

der waals edsorptlon, since the forces involved are the same es the

ven der deals forces that produce condensatlon in llquldss the letter,

termed "chemlsorpt1on" ls also known es "ectivated adsorpt1on," which

implies that this type of adsorption requires activated energies much

the same es do chemical react1ons„ In physlcal adsorptlon the ed-

sorbed gases may be easily pumped off unchanged, particularly lf

the temperature be ralsed• In chemlsorption the teneclty with which

the edsorbed gases are held varles• Generally, e much higher tem-

perature necessary to remove the gases and the process is lrrever-

sible, the binding fcrcs beine so strong that the ges originally

adsorbed comes off in a different state (e„g•, es atoms instead of

molecules, or es eompounas with the adsorcent)•

Igdgstrggl adggrbenggz A few of the more lmportant indus-

trlal adsoreents with their uses are outlined on the following page

es given by Hantell(l6)•
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aggorbegg lgporggnt lndggtrial gsee

l. Fuller's earth . . . . . . Jefining of pctroleum fractions, vege·
table and animal olle, fatc and waxes.

2. Bauxlte . . . . . . . . . Percolation treatment of petroleum
fractionea üöhydrütluü of gaaes.

3, acid-treated olaye . . . . Gontact fältration of yetroleum frac- „
tions.

4. Bone char or bone black . Sugar refining; ash removal from solu-
tione.

5. üecolorizing carbone . . düghf refinlng; refining df vegetable
and water carbone and animal olle, fats and waxes; mis-

cellaneoue decolorizing of inorganlc
and organic substanceea water purlfi-
cation; purification of dry cleaning_ fluids; purificatlon of food products.

6. Gas adeorbent carbon . . . Solvent recovery; recovery of gasollne
from natural ,ae; ellmination of in-° duatrial odors; purlflcatlon of car-
bon dioxide and induatrial gaaee; gas
lÄ8.8k8•

7. alumlna . . . . . . . . . oehydration of alr gases and liddids.

B. Silloa Gel . . . . . . . . nahydration and purification of air
and industrial gaaca; air condition-
ing: refining uf petroleum diatllatesa
$8.5 Iiß8£B•

9. Base exchange slllcatee . eater treatment.

l0• léläiguaßla • • • • • • • • • Treatment U1. (-asolina {iHH ]°€gGH8x°a°
tion of dry cleaning aolvents.

ll. medlclnal carbon; . . . . nlimination or bacteria and toxic
poiaons; an addition to animal foods.

12. Metal-adsorbcnt chars . . iecovery of yrecioue netals. S

adsogption from Liguidsz adeorption from liqdids is deually an

adjunct to other unit dP€?&$l0dB• adsorption procesaea might be con-

sidered as filling a place äüd Hößu in relation to dletinctly chemlcal
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processes, which_mipmt have definite limitations with respect to

small concentrations of subetances to be removed or eliminated.

often chmical action on substnnces in liquid: is not aufficiently

quantitative to produce the desired results. further refinement

in the chemical process would entail expense disproportionate to

the results obtained. Impurlties of organic nature are often more

economlcally removec oy the use uf a sulid adsorbent in processes

supplementary to the economic utilisation of the chemical method.

when used for the precipitation of colloids from solutions,
A chemical reagents often fall to produce complete elimination.

Their action cannot ue considered as truly chasical in nature;

hence, it does not proceed 8GOUTUlRß to chemical laws. These re-

actions depend on closely controlled conditions of temperature,

ph, etc., uncontrollscle slight varietions in which alter the

equilibrium point in hany·caees in the uirectlon opposite to

that desired.
i

Filtration, settling and centrifuging are effective in re-
i

moving undissolved solide from liquids only when the garticles are

of sufficient size. The diameter of the pores in a filter medium

determines the completeness of separation. Golloids and many untre-

fine suspensiona cannot be filtered, settlcd, or centrifuged out.

horeover, the rate of flow uf a tiven liquid is a direct measure

of the pcrmeability or porosity of the filter medium; hence, sepa-

ration of particles in an extremely fine state of division cab be

accamplished only at the expense of capacity and time.
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The use of an adsorbent to remove solide oy sdsorption of

particles on the surface of the particles of adsorbent allows easy

filtration in many instances and increases the efficiency or fil-

tmxtion, In combination with Lilter aids, solid edsorbents make

easier the filtration of llquids containing amorphous or nonrilid

particles in a fine state of division,

lnggstrial ogegatgogx Adsorbants must be tried out on the

job; prcdictions es to what they will do are only uf a general

nature, Because adsorbents are so selective, processes function

around the adsorbent, whose physical form, nature, and properties

determine the equipment, nquipment uesiln is simple; but the de-

sign and preparation of adsorbents of predetennined physical, mach-
t

anicnl, and chemical characteristics constitute an important prob-

lms only partly solved, The adsorbent is really part of the equip-

ment, but at the same time is a raw material consumed slowly Qdflüé

the processing of liquids or „asas,

hhny industrles cmploying &d3UPb9HCS still fall to realize the

unit-opcrational nature of the process, "he equipment is fundamen-

tally the same whether it oe ASGG in petroleum, sugar, water, vale-

taole oils, organic acids or Bnlt in liquid processing,

Qescgptgon and levivgfications The desorption method(12)

includes:

1, The addition of some material more strongly adsorbed with

resultant driving cat uf the adsorbeu component,
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2• Ghange of pH, where the ausorbabillty varles with the pH•

3• öteaming where the adsorbed body has a relatively high

vapor preseure•

e• Extractlon with a sclvent in which the component ls very

solub1e•
l

5• ohemlcal react1on•

The use of chemical reaction can best be illustrateu by an opera-

tion on the West Geast(l2) which fer a number uf years has produced

ibdine equal to one-third the total domestlc eoneumption or the united

States• The sump water frcm the oil welle centains iodlne to the extent

ef about 70 to 100 parts per million; oxidlzing apents convert this to

free iodine which was aesorbed by actlvatec earben• The carbon with the

adeorbed layer of lodlne was eeparated from the liquid ana treated to

convert the free iouine to sodium lodiae, which was extracted with limited

quantity of water•

Peteaov and Nyaneevsuibäu

soudht to detemaine the age of ccal by its adeorptive power for oxalic

acid, ferrlc chlorlde, and nethyleno blue under the assumptibn that

the HJH‘uP18Ht6ü, unsaturated components of the coel, capable of ad-

sorbing are present in lar;eet amounts ln suit coal, least in anthra-

cite, while the measureaents with oxalic aciu are independent of

whether the coal ls fresh or not, the ueterminations with the terrie

chlorlue and methylene DLRG must DU carrieu uat on freshly pulverized

coal, since the acsorptlve capacity for these substances areatly de-

oreases when the eeal is stored in the pulverized condition•



In the preparation of coke as an adsorbent(ö), the addition of

rich (highly bituminous) coals to the charge lowers the reactivlty and

adsorptive power of coke, but with leen (low vclatine) coels the re-

verse happens.

ngsogptiog ag Ionlc Lxchnnggs Phenumena of electrolyte sdsorp—

tion can be explalned on the basis of three main mechan1smsz‘26)

1. The adsorbent and elestrolkte contain a common ion. The ad-

sorption ls in general a primary boundary surface process

identical with the fomwation of an electrolyte double layer•

The common ion is taxen into the space lattice end the second

ion ls held electrostatlcally ("counter—ion" layer)•

2. The "counter·1ons" of a double layer are lieerhted by an

equlvulent number of tone of equal charge. he exchange de-

pends on the relatxve ion concentratione and is independent

of uildtlon.

l 5. Both ions are aoeorbed, neither ion entering the space lat-
A

tice of the ndeoroent. ndsorption inulcators operate throagh

the exchange of the dye ion ann the "counter~1on;" accurate

tltrations are possible only in the &D8GHC6 of adsorptlon of

the dye 1o¤•

huller(l9) relates that the existance of leterfacial potentials,

Eüßufdlüg to the theory of the diffuse double layer, suggests that the

sdrfaces are the seat of electric charges• These charges may arise from

lonisatlon or from adsorption. The paueity of reliable data does not

permit deflnlte conclusiona. ndeorptlon appears to play a uefinite role



-11-

but the electrtc charge wtthtn the rtgtdtty bcundary may not cctnctde
wtth the surface of adserpttcn range.

The taking np of ealts ny ltvtng plaena ef plante ts an adecrp-
tten phenenena acccrdtng to Pantanell‘2o’. Net the whole eolecule te
adeerhed ht the tndtvtdual tone. The adeerpttcn of the tone te tnde-
pendent cf the adeorpttcn cf vater and the rate ef adeorpttcn vartee
wtth the nature cf the tone. Those whtch perneate sloely hy long coa-
tact aqutre the property cf adecrhabtltty hy the plaeme. The rate of
adsorptton te clatmed not to be a ltnear functtcn.

N

Adeorhed pertlclee may extst on a surface etther ae postttve
adtens ladsorbed tone), negative tone, or adatome(l)• ähether e given
suhetance wtll be adsorbed ae an atcn or a positive or negattve ton,
wtll depead an the fteld cf force ehtch extsts near the eurface and
near the parttcle at thetr dtstance of neareet approach. The ad-
sorhed tone produce electrtc fields ehtch extend to ten er ncre sten
dtametere, whtch, close tc the surface, may attatn enermcue values, and
whtch apprectable alter the electrcn werk funotton and the evapcratton
energy for atsms and tene. The ratte of tone tc ateme vhtch evaporete

, from one and the same surface le determtned by the electrcn work func-
tton of the eurface and the tcnteatton potenttal cf the edscrhed par-
ttcles. Wtthtn a certain range of temperature, the adsorhed parttclee
ntgrete over the surface ltke a two dtmenetonal gas. Adatome and
adtone have chemtcal properties vastly dafferant frcn those of crdtnary
atcme and tone.
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The salts of basic and AUIQ dyes have been enployed in the study

of adsorption by various substance¤(l7)• In the case of charcoal, the

cations and anions are adsorbad in eqnal prcportions• Lllght devlations

from this princ ple can be explaihed by the impurlty of the charcoal•

when insoluble seits are used es üdöufböütö there is an exchange of

anions and cations between the ausorbents Rhd the substance adsorbed•

Insoluble basic or acid oxiaes have shown no perceytible adsorbing

capacity. In no case was an "hydrolyt1c" adsorption or the salts ob-

served, that is where the salts were split into acid and Ü&8iC ions

anc the adsorption of only one ion took place•

Grettie and willlamsllu) sonne that the extent of adsorptlon on

silica of varicos orgatlc compounds is roaghly proportional to their

basic strength ana rodghly proportional to their acid strength in the

case of ndsorption on alum1nu•

ndsorption of sale by freshly prepared precipitates of the senm

material was studied by Jhaterji and Dharlö) in l92ö• Eer instance, a

sol of lead chromate is adsoroed by e fresh precipitate of lead chro-

mate and likewise, silver ions are adsorbed by a precipitate uf silver

chI'0m:t‘b8•

adsorption ]3I‘U<3€8S88(2Ö°l1) are 01't<==11 a combination of two atages,

In the iirst, or primary s#age, the charge on the adsorbent increases

by reason of adsorption of ions bearing charges of the same sign es that

of the adsorbent• In the secoadary stasß, ions of opyesite charge are

adsorbed and this corresponcs to molecular edsorpti0n• Secondary ed-

sorption resalts from a eine uf bnileing RI or molecules on the diminiehed
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surface and takes place Slowly• lf tue ausorbate ie easily soluble,

aecondary adsorption is negllgible. _
according to Shelov and Wekrassov(24), the adhesive force in ad-

sorption are of the same mgnitude as the chemical forces in the forma-

tion of complex chemical compoands.

geg; gg gg gdsorbent: The adsorption activity(7) of peat, brown

and anthracite coals and coxe of 0.25 to 0.5 Uüu was uetermined with

solations of iodine, potassium iooide HHG oxalic acid. übe adsorption

fcll in the following UTUOP of decreaeing activity: peat, brown coal,

and anthracite.

Kle1nert(1“) found that treatment of coal with a 15 percent HC1

solution increased its affiwity vor phenol by aO.percent. Lignite and

bitumen-rich ooals act lixewise.

Bitumlnous coals from alabana, Indiana, l··.'entuc„·:y, ‘!1I'£_Q:i¢<ie, and

Jest Virginia have been HSGQ in the yreparation of carbonaceous hydrogen

exchan„es by treatment with sulfur trloxlde at LÖUU 0.l2) The worxing

capacities are from 9,500 to 12,800 grains of caleium and magnesium per

cubic foot of exchanger bed. A study of the physical proxerties and

chemical constituents of the coals veveal no definite characteristics

or property upon which exchange capacity is dependant. arrow particle

size range (~ 28 + 65 mesh) material is used in determining exchange

capacities. Krenlintlb) found that the adsorption capacity is depen-

GGQC on gmuu size ae well as on the poroeity uf a coal.

eben coal is suodecteu to the action of fuming sulfuric acid, the

reaction product exhioits ionic exchange praperties to a remarkable
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d6gree(8). The product is most ssltable for water eoftening opera-

t1ou3•

Sw1elos1awaa1)25) published an article in the "Poliah Institute

of Arts and uciences in america" in which he correlateo the adaorption

of methyl blue by different graues of coal, aa followe:

Mllligrwms of
Origin of Goal Glass or Group Volatile h.B. adaorbed

r *er r v coa

South aalen (Britain) anthracite 5.27 7.0

Uharlerol (Belgium) Low Volatile 13.46 5.6

Ruhr (Germany) Möülüm Volatile 2o.u7 5.0

nurhaa (Britain) MGGÄUM Volatile 26.e7 e.9

Pas de dalaie (france) High Volatile A 65.oö 5.2

. Upper 5818818 (Poland) Hi„h_Volat1l0 H 65.48 5.%

Jorthumberland (Britain) High Volatile A ¢7.64 e.;

auhr (Gemeany) High Volatile B év.23 7.l

Upper selesla (Poland) High Volatile B ·-—-— ll.?

Jabrowa (C) (Poland) High Volatile O e0.2 17.5

Dabrowa (F) (Poland) High Voletile U 40.98 2G.a y

Uracow Jistrict (Poland) Sub—B1tum1nous C 50.79 v8.0

Ogher adagrbgnte: The adsorption by certain aeiatic clays is

high especially when bolled with two-normal hyurochloric acid zur one

hour and drying at l05° G. The activatcd claye are applicable tu the

purificution uf petroleum products.)27)
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« according tc Jave1‘*}, activateu slauge has a high acscrpticn co·
efficient for many crganic eyes.

metallic surfaces aascrb many eels ae netca by the fact that sur-
Iacee tc ce electrcplaten ueccme extremely inactive after being in con-
tact with certain acls• Che effect eas feunn te ue nee tc a fine film
cf aeecruea mnterial•‘1J)
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III• EXPuuIMENQäg

Pugpoge gg ggg Investigation

The purpose cf the study ls to lnvestigate the possible separs- t

tion of the iusoluble non-tennln eonstituents from a tannin extrsct

by sasorption of the material using cosl as the adsorbent• success

of such a process will lead to the development of s more economicsl

sepsratlon process than that now employed by the Mesa oopyoration of

Lyncheurg, V1rgiuis•

_I'f___1g_n___q__g Investigation

The plan of investigation may be outlined es followsx
1• The acquisition of a number of satqles of conl to be used es

the adsorbent•

2. Preparntion of the coul sanxlee by grlnding end size separa-

tion with the following mesh sizes:

a. Linus s plus 8

b• Llnüß 8 plus lo
l

e. minus 16 plus 60

d• minus JO plus 40

J• The construction of a suitscle piece of test equipment to per-

mlt contrclleu flow of tannin solution through the chsmoers

containing co·„l as an au:soroe¤t•
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e. approxlmate analysis or the various eoal samples to eetermine

the plane ana also to alu in an attempted correlatien between

coal analysis ana adserptlon power.

5. analysis of the treatee samples of tannin seletion Ior total

solide, eoluble solius, ann lnsoluble solide to eetermine the

degree of separation of the insoluble eonstituents.

Egterials

The following materials were re„n1ree fer the investigation:

jggg;g solntiogx dorty-five gallons "leech house" liguor ob-

tained from the need corporatlon, eynehourg, Virginia, useu as test

solution.

adsorbent eoals: 4ne•hanered poune samples of su£f„le oreek,

Ereeport, Thaexer, ana ninirree seems. ebtalnea rrem the Fond oreex

Uolliery, üilliamson, «est Virginia.

ene—huneree poune samplee of alma, Ponu oreek, ana chilton

seems. ebtainee from eastern eoal eales company, etone, Kentucky.

one—hunureu ponna sample ol srueh mountain seem. ebtnined

from M. G. älusher & Company, Blaeasburg, Virginia.

spparatus 7

A
The apparatus used in the preparation of the coal samples is

located in the Unit operations Lnuoratory hf the V. I. I. hepnrtment

of Ghemieal engineering, ana may be listen aa rollewsz
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cggsher, Jaw, Blake type, é" Jaws, ranufactured by Universal

Crusher Cdmpuny, Jeder iapids, Iowa. Used ser primary crushing.

Elgl, attrition, size ld, manusactured by Robinson sanufactur—

Ä ing do., Mnncy, Pa. Used sor secondary size reduction.

41ddle, Combs Gynatory, manufactured by Great testern Vanufac-

turing Company, Leavenworth, Kansas, Used to vibrate acreens.

äggeens, U. S. std., 8-inch, manufactured by Precision seien-

tisic do., chicego, Ill., nest of five, meshes 4, 8, le, 60, and sO. _

Used to size the coal sanples.

{gs; gqeipmegts She test equipment used in the adsorptlon ex-

periments was constructed sessruxss to Drawing do. 1. a l/2" bar

iron stand was used to support the individual pieces of equipment.

By the use of laborstory clamps, aha constant head weir (B) (see draw-

ing do. 2 ror details), u 1/2 gallon glass recycle bottle (C), a 1/B"

bronze globe Valve (D), a small rotameter (H) capable of measlring

liquid flows as low as 10 ml. per minute, and two ßiebig condenser

Jackets (s,G) used as adsorbent chamsers, were fastened to the bar

Iren stand. rs l/2-gallon glass feed bottle (A) was located on a shelf

above the bar iron stand :0 permit the zannin solution to fluw by

gravity into zhe constant head weir (B). samples uf treated tannln

solution were collected in 2bU ml. sample bottles (H). The air for

operation es the air list recycle (See drawing No. 6 for details)

first passed through e moisture trap (I) uerare flow1ng·to the air

lift located in the recycle battle (0).
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A Nash-Hytor compressor, size t·iD—2l., manufactured by the Nash än-

glneerlng Umxpany of South Norwalk, conn., located in the Unit Opera-

tions Lsbomtory was used to operste the air lift.

gggeggeet fer Goal snalysle: The equipment used in the coal

analysen is located in the coal lsborstory of the V. P. I. ß«€1n1r·•.g

l£n_;1neer3.ng Department and may be listed as iollowsz

Q_y_e_g, Allied 7*10. a de - 6.50. obtalned from Phipps wird, sich-

mond, Virg1n1a.. Used in molsture determinatlons.

Hossgins electric. läsnufactured by Hoskins Manufactur-

ing co., of Detroit, Lichigan. obtained from Burrell Technical Supply

co., Plttsourgh, Pa. Used for ssh detemlnatlon.

V rjggnace, Hoslcins electric tube, Hossins inlnufacturing company,

Detroit, nichigau. Ubtülflßü from Bisher Scientific company, Pittsburgh,

Pa. USBQ forvolatilecogtrol,

viheelco electronic, aäheelco Instrument Company, Chicago,

Ill. Used to control Eurnace tcmperstures.

calorygeteg, Adiabatlc oxyhen bomb, manufactured by Parr Instru-

ment co., Molise, Ill. Ubtnined from Qisher Scientific co., Pitts-

burgh, Pa. Used in determination of heating values.

Balance, analytlcal, zeanufactured by em. alnsworth & Sons, Inc.,

Denver, colo. Übtitlflßd from Jisher Scientific co., Pittsburgh, Pa.

Used for weight determinations.

cggcyales, platinum, four required. Used fer firim; samples.
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Ehe analysis of the tannln „olut1ons P8qulPFü the following lab-

oratory equipment which was obtained from the V. P. I. Chemistry and

Chanical ßngineering stock ruomez

Bessere, glass, 2o0 ml., five re uired.

Fgpuelg, glass, e" size, five required.

Qäppg, rilter, munktell Co. li, pacmage of 100 required.

Stands, iron ring, with necessary clamps to support the five fuh-

nels in a line.

Kholgg, one podnd required. Used as a filter sid.

Disheg, porcelain evaporating, s0 ml. capacity, eiphteen re-

qülfuu for drying samples. J

gggg, electric drylhp, UUÜAÄUBQ rrom Phipps & Bird co., nichmond,

Va. Used for urylüg samples uf tacnln solution.

Plpgtte, glass, 50 ml. capacity. Jsed for measurcment of samples.

Baganpe, analytical, manuractured by eeederer Kohlbusch Inc.,

Jersey City, N. J. Öatülüöu iron Phipps & Bird Inc., aichmond Va.

Procedure

Prepsratioh of Goal Samples: Bach lÜÜ°PuUHU sample of coal was

first PHUUQGU in size from 4" lumps to 1/8" particles by means of the

gew crusher. Ehe äines produced were surricient to obtain 15-pound

samples of both - 4 + 8 and · 8 + 16 mech or each coal.

The product from the jaw erusher was then fcd to the attrition

mlll which produced l5•pound samples or both - 16 + 60 and · 60 + a0

mesh of each seal.
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The sizing of the samples was aoeomplished by means of a set of

4, 8, 16, JO, ann 40 mesh U. S• Std• sereens and gyratory r1ud1e•

Goal gnalyses: The coal sam;les were analyzed according to the

~ proaedure adapteu by the s•S•T•m•(ll), the work be5ng·earried out in

the Goal Laboratory of the V. P. I• Mining Lngineering Bepartment• The

oonstituents and properties detennined were moisture, ash, fixed car-

bon, volatile matter, heating value, and sulfur• Iron was uetenzined

qualitatively by color inuication of the ash•

an analysis was made of the minus 8 plus lo mesh samples of each

coal• an analysis was also maus of all Sour nesh sizes (— 4 + 8,

- 8 + lo, - ls + JO, · JO + 40) of the Buffalo Greek coal to determine

whether or not the analysis varled appreniaoly with the partiole size

of any one sample.

gdsogption ggperimentss The assembly of the test eqnipmnnt and

the adsorption experiments using ooal an the adsorbent and tannin

Solution (°°l0&»:h house" liquol') ERS the adasoruate were <;a!'I°10u ont aß

follows:

l• The adsorption test eeuipmtnt was assenbleu es shown in

i)1‘aw111,_, 'ü0• l•

2• The two adsorbent chambers (E, G) were fllled with a Sample

of eoal using a l/2" layer of glass wool to support and

block the coal partisles from being narrieu out of the

oharbers by the flow of tannln solution•
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6- The tannin feed and recyele bottlee (A and G) were filled

about three—fourths full with "leach house" tannin extract-

A 250 ml- sample of the feed solution was taaen for analysis

at this time to be used in the comparison with the treated

samples-
l ·

s- The pinch cock (J) on the feed line to the constant head

weir was opened allowing the weir to fill and overflow into

the recycle bottle-

5- The air valve of the air lift (Dwg- No- 6) was opened to

begin the recycle process-

6- The control valve (D) eas opened to penait the tannin Sol¤•

tlon to flow through the rotameter (lt) and into the adsorp-

tion chambers (E,G)-

7- The rotameter readin„ was &UJHöt0U by means of the control

Valve, to a PfHUPCGHflHGG level which lüülßütßd s flow of

15 t 2 ml- per minute of tennln solution or the equlvslent

· of 12 t 2 ml- per square inch of empty chamber cross section-

8- In the first trial run, four conseeutive 2hO ml- samples

_ were collecteu from the outlet of the adaorption ehambers-

9- Due to results obtained after analysis of the sam;les from

the trial run, the run was repeated using the following

revision in method of sermling-

The first 2eO ml- to overflow was collected as senple

Number (1)- Then 500 ml- were allowed to collect in a

beaker before 250 ml- of overrlow was collected for
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sample Number (2), This process was repested until four

samples had been tasen, By allowing öüb cc, to everflow _

between samples thereby lncreasing the span between samples

V it was possible, in the results, to determine the lnflec-

tion point in the ausorption power uf the cosls,

11, Runs on all samples or minus 8 plus 16 mesh cosls were

carried out,

12, after getting results on these samples, it was decided to

run all mesh sizes of the Brush sountaln coal, since it was

the only sample which varied Wlütly in analysis from the

other samples as·shown on pa„e 28 , end also all mesh sizes

of any one of the other ooals, the Ereepurt sample being

chosen,

16, all the runs after the trial run were eerrled out using the

revlsion indicated in step Number (9),

Qrgated eggppg ggälyses: The analysis procedure was that adapted

bp the american Leather G hemists sssociation°Zl),, oenstituents
analysen were for total solide, soluble selius, and insbluble So1lUS•

gßsults

The results in the form of tables and graphs, will be found on

the following pages and arrnnged es outlineu below:

1, Table of results of the coal analyses,

2, Tables of results un the analysis of the untreated and trusted



tennin sclutiens on ooals which inuicated a positive tendency „

towaru the sepsrstien er the iusuluble eenstituents rullowed

by graphs prepareu using the tauulateu data,

é• Tables ef results en the analysis ui the ustreateu uns trested

tannin sulutiuus eu cuals which inuicateu a negative tendency

tcwara the separatiun cf the inselublo cunstituents ielluwed

ny „rsphs prepared using the taoulateu uata•

1
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TABLE I ·

..;.....¤2=.&.2P¤=<1 $·....‘¤¤1 ssalxsaa 2i
.Each Sample Q- 8 + 16 Maag)

Q Q I Iron 1¤ui•
Goal Ä Ä Ä Ä Ä Btu. cations

Sample Moisture Ash Volatile Eixaa Sulfur Haat1n„ from ash
U:rbur Value color

Buffalo Urock 1.27 6.62 69.19 56.22 0.586 12,674 Slightly·• 8 + 15 Hßd

Brush Mt. No
- 8 + 16 0.47 12.98 12.49 74.06 0.449 16.985 Red

Very
Fresport Sliühtly

Fund Greax
· 8 + 16 0.98 4.68 66.07 58.57 6.20 16,662 Red

Thasxer• 8 + 16 0.97 6.68 44.58 50.77 2.02 12,444 ged

Ghilton Slightly— 8 + 16 1.02 4.62 42.45 52.21 0.852 16,605 Red

Wiuifrsd Nb— 8 + 16 1.64 2.67 40.9 56.29 0.479 14,711 Red

alma ’W

- 8 + 16 0.46 6.69 68.26 57.65 0.560 17,466 aaa
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TABBH II

gg Four gesh ägzee

gg Buffngo Greex Qual

Iron indi-
Mesh Size Ä Ä Ä Ä Ä Btu. cations

Moieture nah Volutile Fixed uulfur Hunting from ash
Carbon Value olor

- 4 + 8 1.22 6.78 59.60 55.40 0.575 12,700 ülightly
Red

- 8 + 16 1627 6.52 66.19 56.22 0.585 12,674 Slightly
Red

-‘16
+ 60 1.51 6.64 68.69 56.66 0.556 12,558 ulightly

Red

- 60 + 4O 1.42 6.54 68.86 56.21 0.560 12,650 Sllghtly
iied



TABLE III

Qiunig änalgses Q; ßälßlßß
B

6 Qhowing Positgve Tagoncg "o,ward Snpgrgtiou

Goal Sample ;5 Gun- Uutreated Treated es . appearancsand stituent Sample of
S ze · l 2 5 ‘amlea

· Samples
Brush Mt, T,8, 5,0842 5,0272 5 0014 5,06 2 J 0768 1 and 2• 8 + 16 8 ‘, 2,9070 2,6684 2,7510 2,8164 2,8852 Bark1,5, 0,1772 0,5588 0,2704 0,2448 0,1956 5 und 4

Lilht
Samples

Brush Mt, ,8, 5,0018 5 22 6 5,0450 5,1068 5,2788 1 and 2
- 6 + 16 6.6. 2 8258 2,8604 2 6.664 6.1.174 061-1:1,3, 0,1780 0,2996 0,1846 0,1704 0.1614 5 ana 4

Buffalo Green _ ,8, 5,4526 2,5570 5,0806 5,1454 5,2812 Nb
· 8 + 16 8,6, 5 1556 2,7084 2,8182 2,8886 5,0050 Golor

1,6, 0,2750 0,2886 0,2674 0,25o8 0,2756 Jhauge

wlnifradé T,“, 2,5970 2 5962 5,0564 5,1492 5,2156 Nb• 8 + lo 5,8, 2,7554 2,7254 2,7804 2,8864 2,9188 Color
1,6, 0,2416 0,2728 0,2560 0,2528 0,2568 change

Freeport T_‘, 5,0¢28„ 5,0008 5,0856 5,1886 5,2026 Nb
· 8 + 16 8,8, 2,5512 L,8756 2,v552 5,0858 5,1016 Color

1,8, 0,1116 0,1272 0,1504 0,1048 0,1010 shanbe

Frsßpürb T,8, 5,1572 5 2652 5,2500 5,2764 5,2858 No— 50 + 40 3,S, 2,9054 2,5298 2,5642 2,5564 5,0020 601ur
1,S, 0,2558 0,5254 0,2558 0,2800 0,2878 Chßnäß

T, :3, - Total Lßolids
S, S, - .Jo1.1b1e .$o11•.is
I, 5, ‘ Insoluola Jolius
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hmnin analysis _0_1; Samples

Showing. 2 Negative Pendencg Toward Separatiun

Appearance
Coal Sample ,.1 C0nst1— Uutreated reated Sam les uiand tuent Sample 1 2 .5 ¤ Samples
hxacker iP.". 2. 9882 2.86:56 2.992 .5.0768 .5.1 .52 1 6: 2 very
·- 6 + 16 Il 2.8600 2. 4582.9092 2.6624 6...6., .1 6. 4

1.8. 0.1.582 0.6092 0.1628 0.1666 0.1708 slieshtly

Pond Creek 8. .5.1774 .5.1 60 .5. 2260 .2992 .5..5400 T10
·- 8 + 16

‘ .5. 2498 2 86 22.94ée 2.:*968 Color
1.5. 0..5276 0.2948 0..5626 0..5556 0..54.52 Chang·e

Alma .5.0408 .5.0 · .5.0656 3.1226 .5.1218 UO— 6 + 16 K 2.7684 2 *16*12 2.626 2.6216 2.2616 0616.
1.5. 0.2726 0.2272 0.2.590 0..5010 0.2602 Chanpe

Chiltven .5 0220 2.8920 .5.0668 .5 0640 .5.1028 No
·• 8 + 16 5.5. 2.760 _2.7902 2 7960 2.8184 4.:0101*

I•1.5• 0•270‘Ä O•2.ÖO6 O•28‘t$ I Uhangß

Brush hit. ‘ *.5. .5. ‘76 .5..5124 .5..5.566 .5..51.52 1 6. 2
··· 16 + .50 8.". 2.9686 .5.16.58 .5.0280 2.9680 dark

.....„..........................................................Brush
hit. .5. .5.1696 .5.1*2.*18 .5.1.588 .5.9876 1 dark—- .10 + ..0 2.6612 -1124 2.6462 2...616 2, .1 6.40.1784 0.2846 0.2926 0.2..60E 11..6.

.g¤•••¤¤j•¤•••;1•1u;1¤•¤¤•1•••1¤•¤1•¤¤1¤¤•

Freeport 2716 .)..529 .5..5*.14 .5.5708 $5.4500 Z50

- 16 + .50 S ‘ 2. 960 .5.0218 .5.00*4 .5.0098 .5.1028 Colur
1.5. 0..5076 0..5076 0..5.570 0..5610 0..5272 Change

‘Cua1 bed became c10g,__ed, swpping 1‘10w and prevent ing oolectiun of
38151plG
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IV• QISGUQSION

Gengggl: In the adserptien tests using - 8 + 16 mesh sampßes

of each eoal, no trouble was experienced in the procedure, but in the

tests using the flner mesh samples (- lo + 50 end - JO + 40) of Brush

mountain coal lt was found impossible to eellect the fourth treated

sample selutien in each case. This may be ettributeu to the fact that

the spaces between the particles of seal became elu gee with insoluble

mater1al•

Mggrogcopic appearence g§_g;ggg_sgunta1n ggg}: It was noted

during the preparatien of the coal samples, that the Brush hountain

saumle was extremely soft Qüd prouuceu a much higher percentage of

flnes than uid any ef the other coals„ any hanuling of the samgle

tenueu te cause powderlng from frlctlen between the particles• At

the completion of all the adsorpticn tests samples of untreated coel

were vieweu under a Spencer binocular microscope employing 6X objective

lenses HHG 12X eyeplece lenses. The Brush heuntain coal exhibited

several types of particle structure, smue uf which were fibreus, some

angular, with the surface conpesed of numerous prsnulsr particles, Elv-

inr the appeerance of having a spongy structure, and others were angu-

lar partlcles with surfaces, smooth anc regular• Of these types pre·

sent, the fibrous and granular Suffuuöü particles were preueminsnt



unibe

and were structurally week as BVld¢HG8d by shattering or powdering when

they were touched with the point of a tencil• The fine perticles tended

to eling to the larger particles und it is quite possible that the com•

bination of these very fine partieles with the insoluble non—tann1n con-

stitueuts, being aesorbed in the adsorptlon tests, produced a mass much

more apt to clog the free space between the coal particles than either

factor alone•

.;g;osgop;o sggggragoe of gther deals: all of the other coals,

with the exception of the Jreeport sample, when viewed uneer the bin-

ocular microscope, exhibited angular partieles with regular and smooth

surfeees predom1nat1ng• Ehe Ereeport sample exhibited angular partieles

with very irregdlar surfaces but the small irregular surfaees appeared

to oe smooth•

All of these eeals exhlbitea a higher stroctural strength then the

ßrush wonntain sample in that they resistee shatterlngor poweering when

moved about ou the Blldß with the point of a pene1l•

Hgah Lgsoluble content of lgitgal Üfßüßöü Qannln Samples: In many

of the eurves it may oe notes that the first one or two treateo samples

show an insoluble percent above that of the uhtreateu sahple• The ef-

fect may be caused by any oHG of the three factors or a combination of

the three listen below:

l• hvaporatlon uurinp the adsorption tests or uurlng analysis of

the samples.

2• ooal uust cliaging tu the eoal particles bein, freed by the
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tannin solution AHQ carrleu over into the treated samples•

é• The fülmutlon of lnsoluble tannih compounds with iron or

other constituents in the coal•

Of these factors, evaporation may be eliminated from consiueratlon .

since the air to the air lift recycle in the tests was supplied by a

Nash Hytor Gompressor which delivers air nearly saturhted with water

vapor, and in the analyses of samples, the filter funnels were kept

covered as well as the filtrate bettles which were supplied with covers

with holes in them just large enough to aumlt the tunnel stems•

Since coal dust tends to egalutinate and cling to the surface of

larger coal particles and since the coal samples were not washed prior

to oeiug suojected to the ausorptlon tests, the tannln solution was

certain to have loosened sone of the agglutinatcu particles anc carried

them over into the treated tannln sanples•

The thiru factor uf chenical combination of taxnln wlth constltuents

present in the coal was noten in a few of the initial treateo samples as

indicatcu by a uarn color and listed in the taoles of resalts under the

heauing "appearwnce of s„mples•"

Qgglgatlons of Insoluble ceparationz The separatlon appears to be

a combination of two effects, .1rst, there le the adsorptlon effect and

secondly, a filtmntlon effect which sem s to come inte prominence toward

the latter part ot the individual tests•

The curves of results are separated into two groups, those showing

a more or less positive tenoency toward the scparatlon of the lnsoluble
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ocnetitnente from the tannin solution by coal, and thoee acring nc change

cr in some oaeee a negative tendeney tcrard the eeparatlcn,

In the case of noet curvee sharing a tendeney torard negative eepa-

retion, the enrvee paee through an inflection point ln favor of eeparatioa

torard the end ef the respective teete, aoet probably dne to the filt-

ratio effect coming inte prominence ae the free epeoee betreen the oeal

pertlelee became fllled rith the adeorbed material,

Gne ceal eample, namely, the Bruch mountain - 50 + 40 mech ex-

. hibited no tendeney toard the eeparation aa lndlcated by a nearly flat

onrve, Thin phenomenoa may be explained by the extreme friabllity ct

the sample ae dieoneeed previooely and a ooneequent carrylng over of

the fine partiolee into the treated eaplee,

The curvee ehering e poeitive tendency torard the eeparation ep-

pear to paee through a definite lnfleoticn point rhere the eeparatioa

effect beglne to ceoreaee due probably to the diminlehing cf the ed- ~

eorption effect, A contincation ef the teste on theee eamplee night

ezhiblt a second infleotion point in the favor cf eeparatlon ee the ef-

fect of filtration case into prominence aa eas noten ln the eurvee of

eemplee ahorlng a negative eeparatioa tanoeney,

Fran previoue research rork(6), however, it rae eoneluded that

eeparetion by filtratien er any exleting mechanical meane ie not prac-

‘t1eal einee the eeparaticn may only be accompliahed et the rather die-

aetroue expenee of capacity,

Of the coale teeted, the maximum aeparation ran exhibited by the

Freeport - 50 + 40 meah sample, The eeperatlon redueed the lneolubl!

eclide percent from 0,2958 to 0,2558 peroent er an effective eeparatica



of 0,0.58 percunt, In oruer to oe of co1ta·;e1·c1al importanceägz) the per—

oentage must ue reutuzec to 0,0.575 or LL petmctiorz uf 0,2.56.5 percent,

This lncicates that the 4‘z·o0;,oI·t eemyle nentioneu above was only 14,8

peroent effective in the insoluole sepamtion,

Effect of Goal uomposition gn Separutions It was found impossible

to correlate the aosorptive power of the coal with any chcmicai constituent

as shown in a proximate anslysee ox the c:o·.l sg-„m;:loa,
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liecoxmzmdat lens

The use of coals as an adsorbent for the insoluble constituents

present in s fresh tannin extract still requires Btüüyo All of the

ooals used in th1s investipation were of the bituminous and semi-b1tum1—

nous types. any further investipation shoeld ineorporate tests on coals

varylng from enthracite throuhh lignite or brown coals obtained from

widely different sections of the coentry•

Plggged Puture Investipationsz In discussions dealinä with the

problem, Mr. P, H. Porter (graduate student,l94e) decided to continue

the 1nvest1„at1on using coels as adsorbents• *16 plan of investigation

incorporates the use of coals varying from snthracite throurh li n1te•

Tests are planned to detemwlne the relative surface area of the ausorbents

by measurm.ent of the pressure drop of water throuhh a vertical glass

» Chämüüf pacxed with the various coal samples. Tests will also be made to

determine the relative rcuthness of the partiele surfnces by means of the

intensity of refleczion of a seem of monochromstie l1hht• The intensity

of roflection is known to very inversely to the rourhness of the reflect•

ing Süffmßüe

It is also plnnneu by hr• Porter that the effect of the reuphness

on the adsorptive power shall be 1TVCSti:&t8Q by smoothinr the surfa es

of a sample of eoal mechanlcally and corpsring the adsorption effect of

this sample with an untreateo sample of the same coal.

any change of surface area with the use of coal es an adserbcnt will

D8 1w1vest1_ated by bEl\lKWüS}'tl);_ the saugples o2' Cufil after being; sub‘ject<‘vd
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to the adsorpticn tests and again checalng the relative surface area by

the pressure drop methed•

Test äqulpmengx It is suggested that tr. Porter 088lgU his equip-

ment so that the chambers used in the relative surface uetermihaticns may

also be used as the adscrptien chambers• since the manner in which the

ccal samples are pacxed in the HÜBUPIEIUH chamber has ccnsiuereble effect

cn the free space hüd expcseu surface area between the coal particles,

this revisica wculd enable adsurjtiun tests to U6 run cn samples cf ancwn

relative surface area•

Pgeparätgeg cf seal Sagplgsz Since the grinding &HU elsing cf the

coal samples prcduces many very fine particles which tend tu adhere tc

the surface cf the larger particles, it ls suggested that the samples D8

washed thuroughly before the &U8UF}ÜlUU tests are run• tsssibly some

liquid with a greater wetting pcwer than water will prcve more success-

ful in luuseniug the adhered uust particles•

Other adscrbens: Other types of sdaurbcnts inclucing chemically

treated coals (such as sulfenated coals) should also be investiaated

fur their effect on the separat1cn•

In many separaticn processes where the naterial tc be separateu

ccnsists of ftnely divieeu nun·rigid particles in suspen„ion, an adscr-

bunt in the fans uf irregular yartlcleß ls apitateu in the sclutibn,

The lHS0lUDl85 to be separates are adserbeu un the adserbenv surfaces
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and the solution may then be filtered successfully, whereas, filtration

alone would not D8 eeonsmxeafly feasicle uue to the necessity of employ-

lng a filter medium co taini g extremely fine pores„ It is, therefore,

recommendeu that future research be carried out emplcying adsorption on

the surface of pulverized activated particles followeu by f1ltration•

The mean oorporation of hynchburg, Virginia uees copper tube heat ex-

changers te cool the tanhln extract before the separatiun of the in-

soluble materials is attemptee, ann lt was nuten that the insoluble

conetituents formeu a heavy coatlng on the turface of the eopper tubes
V

regulring them to be cleaned every few weehs• active adsorbent materials

in further investigatiens might, therefore, lncluue taterials such as

copper or aluminum which are not attacaeu by tannin solut1on•

In the literature it eas notcd that many preeipitates exhibit streng

. adsorptive tendencies tcwerd sole or eolfoioal suspensions ef the same

zmster1al• It is, therefore, suggesteu that the use of~a febricateu form

of the insolunle material present in the taunin extract as an adsornent

for the material in suspension be incorporated in further research work•

dee of eonccntrateu Qannin solution: The head oorporation of

hynchourg, Virginia cohcentrates the ”leach house" liquor before at-

tempting a separation of the inaoluble material by settllng. The use

of this concentrateu liauor or a similarly concentrateu liguer may re-

8.012 1!AUl°t3 rüadlly to the separat ion uy a.¤:sol‘pt1o¤•
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Rsoouaendatiohs ctrarsd Darth! Gral Exaalnatloaa Tha sggsstioa

was aada that turthar investigation using sdsorptlou should ÄBOÄEÜI a

aatsrial balauos for sach tsst as an aid in tho ÄDÜGINÄHIÜÄOB ot th
sttlolauoy ot ssparatian.

The idsa sas advahosd that ths adsorptlou sttsot any hs a lin!
‘ tuhotlon of ths sxpsssd adsorbsut surtsos. In ths sass ot ths rrssport

-80 + 40 mosh sample ot ooal, nu sttsotlrs ssparatioh ot 14.8 psrosht

was aooompllshad using two adsorpttoo ohambars. lt tha ahovs thsory

ts trus, ths usa ot 12 oambsrs or au OQUÄYIIIBÜ aaouht ot adsorbsht

sortass say attaot a soparattou ot almost 90 psrosnt. It sus rasan-

naudsd that ths thsory hs iuvasttgatsd.

lt sss furthsr suggsstsd that tho trsatsd sanplss sxhihlting a

dark color bs sxamlnsd tor suapoudsd oolloidal partislss of oosl by
x

pllllßß a bsam ot light through than und obssrving ths prsssaos or

absshos ot th•“Tyudall attsott
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the basis of results of the adsorption tests using the in-

soluble constituents present in the "leaeh house" tannin extract pro-

UQGGU by the Lead Jorporation of Lynchburg, Virginia as the adsorbate

and coals of the bituinous and semi—bitum1nous types mined by the

fond Greek colliery of ailliamson, nest Virginia, The sastern Goal

Sales Go. of stone, Kentucky, and h. G. slusher & Go. of Blacssburg,

Virginia as the adsorbents, using a tannin solution flow of 12 : 2 ml.

per square inch of adsorption chamber cross section at o8 * 5 degrees

Eahrenhcit, the following conclusions may oe postulatedz V

l. Ehe coal samples as adsorbents may D6 arranged in two groups:

first, those showing a positive tenaency toward the separa-

tion, incluoing Brush hountain, Ereeport, Buffalo sreek and

sinifred samples of F 8 + lo mesh and also the Jreeport

sample of — 60 + +0 mesh size; second, those showing no sepa-

ration or s negative tendency towaru separation including

lhacker, Fond ÄPGGK, alma and nhilton samples of — 8 + lö

mesh, Jreeport und Brush oantain uf•lb + 60 mesh, and the

Brush hountain sample cf — 60 + +0 mesh size.

2. The Ereeport sample of - ob + +0 mesh effecteu a reouction

of the insolublezssterial from 0.2véB to 0.2550 percent
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which is l4•B percent ot the required reduction to mine the

process cenmercially practicab The next in rank of effec-

tive separat ion was the Buffalo Greek coal sample of ·· 8 ·•• 16

mesh size and exhibites an effective separetion of only 9•5

percent of the requ1red• 4
5• The proxlmate chemsical analysis of the coels revealed no

”

chemical constituent which could bs correlated with the

adeorptive power•
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In the preparation of tsnniu extract from chestnut wood chips,

there is present in the extract, along with the tannin, certain in-

soluble non-taunin constituents which must D8 separated in order to

maxe the extract suitable for the manufacture of leather•

This investigation was undertaaen to determine the feaslbllity

of using coal as an adsorbent in the separation of the lnsoluble con-

st1tuents• ä

The effective separation is indicated by a comparison between

the lnsoluble constituents present in the untreated sample with the

insolubles present in the ßfüäßöü samples as detcrmined by analysist

By maning a proximate analysis of the coal samples used in the

adsorption tests, lt was hoped that a correlation could be made be-

tween the adsorptlve power and the chemical constltuents present•

ggg;_§gg;pggg;; The adsorptlon test equipment was designed and

construoted by the investigator, employing two glass tubes as adsprp•

tion chambers, and a means of controlling the flow of tannin solution

Sv 12 I 2 ml. per square inch of chamber cross section,
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&ggggg;;gg_ggggä: ndsorption tests were run using — 8 + 16 mesh

samples of each coal. Since the Brush mountain coal mined by M. G.

Slusher & Go. of Blacasburg, Virginia was the only sample which varied

widely from the others in proximate analysis, the - 16 + 60 and — BO + 40

mesh samples of Brush mountain Goal and any one of the other samples

(Freeport coal was selected) were subjected to adsorptlon tests.

ägsgltss It was found possible to separate the coals into two

groups: (1) those showing a positive tendency toward the separatlon,

and (2) those showing no effect or a negative tendency toward the sepa-

rstion.

Of the coals tested, the Breeport sample of - 50 + 40 mssh size

exhibited a separation of 0.058 percent of the total insolubles present

which is only le.8 pereent of the required separation to make the process

comercislly practical. The next in rank was the Buffalo Creek sample

which exhioited only 9.5 percent of the required separation.

No correlation could be_found oetween the adsorptlve power of the

ooal and any chemical constituent as shown in the proxlmate analysis.
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