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I. INTRODUCTIOR



I. DNT0DCTION

In the prepuration of tannin extract frum chestnut wood chips
there 18 present in the extract, along with the tannin, certain
insuluble nun-tunnin cunstituents. If allowed tv reswmin 1ln the
extract, these muterials mase the tannin svlutlon unsuituble rur
use in the munufacture ui leather.

To accuiaplish the separation ol the nun=-tannin cunstituents
frow the tannin, the iiesd Corpurativn ui Lynchb.rg, Virginie, now
enpluys a prucess uf concentrution wnu mechanical settling. ur
the paust twenty years the cunpany haus been engs= od in research to
develup & petter processe The investl,utions have bcen cuncentra-
ted wuinly on tne ldew of vuriea ruorms v. nechanlieal separations
S50 Joar noe sviutiun tu tune prublen has veen ivund, thereby elvine
rise tou the opinion that perbaps mechaiicul separution is the wrong
appruach tu the prublems.

In a preliminary stuuy oi this prublem{ﬁz research wurk has
been uune at V. Pe I. usin. several new upproaches, the must impor-
tant uf these veiny electruphoresis and adsurptions Of these two
procedures, ausurption gave tndicutions vt Laving the greuter poten-
tialities. The iollovwin, thesis w111 deal with suultivnal research

work usln: conls of varying graues 88 an auservin, meulium.



The amerlcun Viscuse culpany of Hoanuke, Virg:inis has in-
stz lled units for clarifying the splinnin, path sulutiuns. The units
incurporate coal us an adsuorbing medium. The prucess 1s extremely
successiul and thereiure strengthens the beller thut 1t may be ap~-
plicavie tv the clarirication ui tannin extract s.lutiuns,

ausvrption methuas are orton upplilled industrially tu remuve
fumpurities, especlally 10 they wure prescnt in low cuncentrations.
Small amounts or impurities viten l.terfere with prucesses such as
crystallization, riltration, anu distlliation, but by the uprlica-
tion ur adsorption the impurities r1ay be serurated ana the fault
currected. Jften times adsurbents tre used to recuver valusble
constituents, which otherwise wuould be loust cumpletely or reyulre
fur more custly prucessing.

Separation by adsorption is 1iade pusslble because or the
fuct thut different materials ulffor in the uegree tu which they
are adsvrbed by a glven aasorbente.

l'he obje2ct oi the reswarch wurs is tu 1.vestiute the pos~
sibility of developlig un ecvnuaically feasivle rrocess, based un
adsorption, using cuul as the adsorbent, ruc¢ the separation or the

insulubie non-tannin cunstituents pres.nt in a iresh tannin extract,



I11. LITEBATURE REVIEW



ITe LITuinTJRE AbVInW

The Nature of adsorption: Adsorption cuncerns itself with the
cuncentratiun, as a result of suriace iurces exlsting on a sulld, of
1508, vapors, ll,ulus or svlutes (solids dissulved in a svlvent),
dispersed Laterials, or colloius(lﬁl The nature uf these surice
furces 1s incumpletely unaerstoude The sulids termed "adsurbents,”
way erfect cuncentration, lucsilzation, lxautiun, ur sepuratliun ur
gages Iram ¢H3es, VApors froi guses, svlutes irom sovlution, and dis-
persed materinls rrun sv.iutionse The extent vr the adsurptiun is
large ur suall, depenuing un the nauture tnd character v the ad-
survent and adsorbate, that is, the rmaterial cuncentrated, local=-
fz0d, fixed, or separnted. The adsurbent nmay be used only ovnce,
as 1n :hLe cuse uf carbon vr chars, which renove vdors or tastes
from water tu mace it putuble, then ulsc rued; or it muy be used
once nna then cemoved und trostead to ellinste the ausvrbate and
be renuered fit fur re-use, u process termeu reactivatlun; or it

may be wurkeu in such & nunner as to be used, reactivated 1n jplace,

anu re-asca in cycllic pruceuarese

The Division of adsorbents: Adsvroents are generally clas-
si.ieu by thelr upplicatlun as, sulluwss
le Separativn ol gus8es [ruli ¢Hécs, as devdvrlzation of alr,

elimination ui tuxlc gusoese.



2o Separativn ui vaporers rrus guses, as recuvvery ut svivents,
drying wuses, dehumiultication.
Je Ueparation uf suvlutes irum 3ulutivns, as aecovlorizing and
clarisying of 11,ulds.
4o Separatiun of iuns from sulutiouns, as curcentration of metals
on &dsurbents.
5. Ueparation of dissvlved pu8es or suspenued svllus rum 1i-
quids, as in water trestuent.
6e Juncontratiun ot ulssvlved m:terlauls, vtten tuxic in nature,
tu elininute thew: yrum ligulds, as in the case vt medlcinal
carbons, which rmuke ap polsvnvus chemical comroundse
7. -‘ractionation by selective-adsorptiun ul gases frum ¢amses,
vapors from ;uses, vapors rrum vapors, liquias rrom liguids,
dissulved materials from other svlutes, and then cuncentra-
tiun ui these,
sdsorptivn shuuld ve sharply dirferentlateu rrom abserption
in that adsvurptiuvn 18 comuunly without chemical reactiun between the
adsurbent and the adsurbate, while ebsorption reiers to terpurary, or
more or less permancnt, chauilceul reactlun ur phuse change as runc-
tion or the uperution. & gs ur vapor brought Into cuntuct with a
sulld has a tendency to collect un the surizce or the svlide 1This
phenarienon is «nown as "adsurption.” The term “absurption,” on the
other hund, 1s used tvu uescribe the rhenuvmenvn which occurs when a
(748 9 Vapur penstrates the .ulld structure, pruducing & sulld sovlu-

tion of the (us. adsorptiun may occur alune vr In cumblnation with



absorptivn in which case the general terta "sorption" 18 ususlly
applied.

The aasurbed atums snd mulecules may be bound to the surface
0f the s0lid in dirferent ways: there mny be a weak interactiun be-
tween suvlid and a8, sinllar to cundensation, or & strong interactioun,
slmilar to chemical reactiun. The tormer is culled physical ur van
der waals adsorption, since the rurces invulved are the same as the
ven der «aals rorces thut pruuauce cunuensation in liyulds; the latter,
toermed “"chemisurption" 1s alsv xnown aus "aotivated adsurption," which
implies that tils type ol ausorption reyulres activated energies much
the same as d0 chemlcal reactiuns. 1In physical adsurption the ad=-
surbed gases nay be easily pumpea vff unchanged, rarticularly iz
the temperature be ralsed. In chemisorption the tenacity with which
the adsurbed gnses are held varles. Generslly, & much higher tem=
perature necessary tu remuve the guses and the process is irrever-
sible, the binding rurce bein: su strung that the gaus uriginally
adsorbed cones uff in a dirferent state (e.g., 85 8tuns instead uf

mulecules, or as cumpounds with the adsouroent),

Industr aAdsorbentgs A few 0f the mure important indus-

triul adsurvents with thelr uses are outlined on the folluwing rage

as glven by Eantell(le).
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adsorbent

Fuller®s earth « « o« ¢ ¢ o

Bauxite ® o o & @ o o o o

acld=treated Gl&ys « s o o

Bone char or boune black .

vecolorizing caurbuns .
and water carbons

Gas adsorbent carbon « ¢

Alumlnag . ¢ s o ¢ o o ¢ o

3111ca GBLl ¢ ¢ ¢ o ¢ ¢ o

Base exchunge silicutes .

MEEHQSIG e o o 8 o o o o @

edicinal carbons .+ « ¢

Metal=adsvrbont churs .+

adgsorption srom Lijulas:

Important Industrial Uses

defining ur petrvleum fractions, vege-
table and animul olls, fats unu wexes,

Ferculation treatment uy petruleum
fractionsg; dehydratiun of guses,

Cuntact filtration uf yvetroleum irace
tiunse

Sugar refining; ash removal from sulu-
tions.

Sugar rerinings relining uf vegetabdle
and aninali olls, futs and waxes; mis~
cellaneous decuvlurizing or inurgunic
and vrganlc substances; water purifi-
cativn; purirfication ur dary cleaning
1lulds; purification o1 fuud pruductse

Solvent recuvery; recovery u:i gasoline
frum nutural  es; ellminatiovn vf in-
austrial vdors; puritication uf care
bon dliuxlde and industrial guses; pas
LiaSK8e

sehydration of ulr gases ana liquids,.
Johydrativn ana purification of sir
and inaustrlal .ascs; alr condition=-
ing; rerining uvi petruleum distiiates;
45 LASKB,.

wvater treatrint.

Treatment ui ;asvline and regenera-
tiun of ury cleanlng sovlvents,

slimination ui bacteria and tuxic
rulsons; an adalition tu animal rouds,.

iecovery vi rrecious rietalis.

adsurption frum liqulds 18 usually un

adjunct to uvther unlt vperautivise adsvrption proces.es might be cun~

sldered us 11l1ling a place anu neeu in relatlion to distinctly chemlcal



processes, which might have derinite limitations with respect to
small cuncentratiuns or substunces to be reomuved ur eliminsted.
uften chamicul actiun on substunces in 1liguids 1s not surficlently
quantitative to produce the desireu resultse -urther rerinement
in the chamicul prucess would entull expense dispropurtiovnate to
the results votained. Impurities ur orgunic nuture are urten nwore
econunically rowmuvea oy the use uf & sulld adsurbent in prucesses
supplementary tv the ecunumic utllization ur the chemloal method.
when used fur the precipitation ot cullolds rrom solutions,
chalilcal reugents often fail to pruduce corplete elimination.
Thelr uctlun cannot ve cunsidered as truly chemlical in nature;
hence, it dues nout pruceed accuriing tu chemicul laws. These re-
actions dapend un clusely cuntrulled cundltiuns or terperature,
pH, etc., uncontrollaple slight varlations in which alter tne
equllibrium puint in mmny cuses in the direction orrosite to
that desired. |
Mltration, settling anu centriruping are etiective in re-
moving undlssvlved sulids irum llyulds only when the ;articles are
of sufficient slze. The dlamater ot the pures in a {ilter medium
determines the cumpletceness o separntione. Cullolds and rmany untra=-
fine suspeasions cunnot be filltered, settlod, our contriruged vite.
iwrevver, the rate or Jiow vf a  iven liquid 1s a direct neusuro
of the poreabllity ur purosity o the rllter medlum; hence, sepa~
ration or particles in an extreuely ine state 0f division ca® be

accomplisheu only at the expense uf capucity ana tlme.



The use ul an adsorbent tu renvve sulids vy adsorption of
particles un the surfuce ur the particles ur &usurbent allows easy
filtration in mauny instances anu Increases the efficlency or il=-
teationse In combinustion with Jllter aids, sulid adsurbents manke
easier the filtration of lilquids cuntalning amorphous or nonri:id

particles in a fine state us divisioune

Ingustrisl peratiun: adsurbents must be tried ovut un the
Job; predictiuns as tu whut they wlll du sre unly uf & goneral
nature. Because adsorbents are sv sclective, prucesses runction
around the adsurbent, whose physloaul ifunmi, nature, «nd rrupertles
deternine the eyulipment. Lgulpment uesi:n 1s simple; but the de~
s1:n and propuration of adsurbents or predetemmined physical, mech=
anicul, and chomical characteristics cu.stltute an impurtant prob=-
lem unly partly solvede The adsorbent is rewlly part of the equip-
went, but at the same time 1s a raw rwterlal consumed slowly uuring
the processing vr 1lijulds ur uses,

lsny industries caploying adsurdents still rail tu reallize the
unit-oporutivaaul nature uf the prucess. “he eguipment is fundaren~
tully the sume whether 1t oe usea in petroleum, susxr, wzter, ve;e-

tubie ulls, urgmnic aclds or sault in llguld prucessing.

Jesorption and levivirication: The desurption methud(l‘)

includess
le Te addition o some rsteriul more strongly edsurbed with

resultunt driving J.uat o1 the adsorben componcnte
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Ze CUhange of pH, where the musurbubility wvarles with the pHe
3. OSteaming where the adsurbed body has a relatively high
VA[DOr pressure,

4e EXtraction with a scvivent in which the cunponent is very

suiuble.

5. Chamicul reactiun.

The use of chemicul reactiun cun best be i1llustrated by an opera=-
tiun un the Vest Guast(lZ) wi:ich rur a number ui years hus produced
lodine oyual t0 vne-thirud the tutel dumestic consumptivn vr the united
States. The aump water rrum the ull wells cuntalns 1odine to the extent
0f about 70 tu 100 parts per mllliun; oxidizing ayents cunvert this to
free 1odine which was adsurbed by activated curbone fThe carbon with the
adsorbee layer ui ludine was sepacruted rrom the 1iiuld snd treated to
cunvert the free lodine tu sodium lodide, which was extructed with limited

quantity ol wator.

Tha sdsecpedon Chneigtasistics ot voanls Fetexov and Nvanﬁuvskil‘zli

80usht tu detesm.ine the uge ui cuul by its adsorptive power for uxalic

acid, ferric chluride, und wethyleno blue under the assumptien that
the nun=uriented, unsaturated cumponents vl the cosl, carable ur ad=
gurbing are prescnt In lar_est asmounts in surt cual, least in anthra-
cite. «hile the nieasarcients with uxullc acla ure iadependent or
whether the coul 1s sresh vr nut, the deteriliautiuns with the ferric
culuriue and ethylene oviue must oe carrled vat un freshly pulverized
cval, since the ausurptive capucity fur tihese sJﬁstunces greatly de-

oreases when the cual 1s storoed in tho pulverized coudition.



In the preparntion vI cuke as an adsorbent(5), the addition of
rich (hi:hly bituminuus) coals to the charge lowers the reactivity and
adsurptive power of cuike, but with lean {low vulatine) comls the re-

verse happenss

;s Yhenomenu uf electrulyte adsorp-
(26)

>t lun & Tonic ixclin

tion can ve expluined on tho basis ur three riain mechunismse:

l. Te adsurbent ana eleatrulite cuntuin a common ion. The ad-
gsorption is in genoral & primary boundary surface prucess
ldantical with the sfurmativn 0 un electrulyte uvuble layer.
The curmon ivn is taxen 1ntu the space lgttice and the secund
fun 13 held electrustatliocully (“counter=ion™ luyer).

2, e "cuunter-luns" 01 & duublie layer are liver:teu by an
agulvulent nwiber oI lond ur egyuul charge. The exchunge de-
pends on tho relative ion concentrutions ana 18 inderendent
ut allatioun,

de Buth funs ure susurbed, nelzher iun entering the spasce lat=
tice of the adsorbent. asdasvrption indicaturs vperate trrough
the exchange uf the dye ion nna the "counter-ion;" accurate
titratlons are pussiviec unly in the apsence uf adsourption of
the dye ioun.

hullnr(ly) rolates that the existance ui 1.terfacial putentials,

agaurdaing tu the theury 0? the dalrruse double layer, sugrests thet tie
gurreces are the seat of clectrlce chnurges.e ‘These cuarges mxy arise irom
fonization ur rrun adsurption. The pauclty or reliable data dues not

rermit desinite conhclusiunse wdsurption sppears to play a veslulte roule



wlle

but the electric charge within the rigidity boundary may not coincide
with the surface of adsorption range.

The taking up of salts by living plasma ef plants is an adsorp-
tion phenomena acoording to Pantanouwo’. Not the whole molecule is
adsorded but the individual ions. The adsorption of the ions is inde-
pendent of the adsorptfion of water and the rate of adsorption varies
with the nature of the ions, Those which permeate slowly by long ocone
taot aquire the property of adsorbability by the plasma. The rate of
adsorption is olaimed not to be a linear functioan.

Adsorbed particles may exist on a surface either as pogitive
adions (adsorbed ions), negative ions, or adatame{l), hether a given
substance will be adsorbed as an atom or a positive or negative ion,
will depend on the field of force which exists near the surfece and
near the particle at their distance of nearest approach. The ad-
sorbed ions produce eleciric fields which extend to ten or more atom
diameters, which, elose to the surface, may attain enormous values, and
which appreciable alter the electron work function and the syaporation
energy for atoms and fomns. The ratio of ions to atoms which svaporate
from one and the same surface is detemiined by the electron work fung-
tion of the surface and the fonisation potential of the adsorbed per-
ticles., Within a certain range of temperature, the adsorbed particles
migrate over the surface like a two dimensional gas. Adatoms and

adions have chemioal properties vastly defferent from those of ordinary

atoms and ions.



The salts o basic anu acla dyes huve been enployed in the study
07 adsorption by wurious suostancen(17}. In the case ur charcoal, the
cationg and anfons are adsourbed in egual propurtions. 11, ht deviations
fraa thls princ ple can be explained by the iupurity of the charcoal,
whon insoluble s:its are used as adsuroents there is zn exchange uf
anions and catiovns betwcen the susurbents sand the substance adsurbed.
Insoluble oasic ur acld uxldes huve shown no percertible adsurbing
oapacitye In no case was zn "hydrolytic" adsorption or the salts obe
served, that 1s whore the s-=1lts were split intu acid and oasic iuus
ana the adsorption of ounly uvne iun tuvk place,.

Grettie anu williams(lo)

fvund that the extont oui adsorption on
silica ¢r various urge :de cunpouunas 18 ruaehly peopurtivnal tu tinelr
basic strength una roachly propurtivnal tu their aclu strength in the
case vi adsurption vn aluaina,

adsorptivn vt wuls by ireshly prepared precipltates us the sane
nzterlal was studled by chaterjl anau Dhar(s) in 19206, Jor instance, &
8vl v lead chrumate is adsuroed by & iresh precipitate of lead chro-
nate sand likewlse, sllver luns ure aasorbed by & preciritate of silver
chroruites

(25,11) are vrten a cumbination orf two sta es.

adsorption processes
In the irst, ur primary s:uge, the churge un the adsurbent incresses
by reusun of adsurptivn o1 luns besring charges vi the same slgn as that
0o the adsorbent. In the secoudury stuge, luns uf oprosite churge ure

adsorbed and this corresponds tu nmolecular adsorptions Secondary ade-
y

gsuorption resualts rfrom a <ioa ot oullaine a7y vi mulecules un the diniinished



surfuce anda takes l'luce sluwlye. If tie ausurbate 1s essily suluble,
seconuary adaorption is negligible.

According to Shelov and Nekrassuv(24), the adhesive furce in ad-
sorptiun are or the same mugnitude as the chemlcal rurces in the forma=
tiun ui cunplex chanicsl culupuundse.

(7)

agsorbent: The adsorptiun activity of pest, brown

und anthracite cuals ana cuko uf 0«25 to 0.D mine was deternined with
svluativas vr luaine, putussiwa loulae ana vxalic aclde “re adsurption
rell in the rfulluwling vruer uf decreasing activity: peat, brown cual,
and anthraclite.

Klelnert{l*) founa thst treatrent ur coual with e 15 percent HC1
suolution increased its affinlty ror phenul by 40 rercent. Lignite and
bitunen=rich cuals act likewise.

Bituminouus coals rrom salabana, Inalann, rentucqy, Virgi-is, and
Jest Vir.1nla huve been used in the jrepursation ui carbunacevus hydro.en
exchances by treatuent with sulrur trioxiae at 1509 0.(2) The working
capacities are rrum 9,500 to 12,80C grulns uf calcium wnu uagnesium rer
cublc fuot vl excivunger bede s study 0 the physical pruicrties and
chelicul constituents of the cunls rceveul nu derinite churacteristics
Jr pruperty upun which excuuange cupucity is dependant.e WNarrow rarticle
8lze rung.e (= 28 + 35 mesh) material is usea in determ:ining excrange
capacltias. Krenlintlb) fuund that the ausurption carusclity 1s deren-
aént un . rua slze as well ws un the purvsity of a coal,

when cuzl 1s suvyecteua Lo the action ui ruming sulfuric acla, the

reaction pruuuct exhivits 1unic exchun.e properties to a rerarksble



(8)

- 11‘0.

degree e The pruduct 1s must saltuble rur water suttening vpera=-

tivunse

251
Swiolos).aws.,:l\'z5

published un article in the "Pullislh Institate

of arts and ‘clences in .merica" in which he currelateu the adsurption

of methyl blue by different grades of cual, as rollows;

1k11ligrams of

Origin of Coul Class ur Group | Volatile | keB. adsurbed
. 1O prom coal |
Suuth wales (Britain) snthracite 5e27 7.0
Charlervl (Belgliun) Luw VYulatile 13043 5.3
fuhr (Gernany) idealum Vulutile 206497 50
Darhaa (Britwin) weaium Volatile 26697 wel
Pas de Jalals (rFfrance) Hizh Volatile a4 3506 bel
Upper Selesia (Pulunuj Hi:h Volutlle a 3be 48 Do
Jorthumberlund (Britain)| High Volutile A 57664 YR,
.ahr {(terruny) Hish Volatlle 3 Sye 25 7.1
Jpper ielesia (Pulund) Hich Volatile B ————— 11.7
Jabruwa (C) (Polind) Hi.h Vulatile ¢ 40.2 17.5
Dabrowa (¥) (Puland) Hi::h Volutiie U 40048 2Ce Y
Cracuw Jistrict (Polund)| Sub-Bitwminous C| 50.79 u8.0

Qther sdsuroents:

"he aasurrtion by certuin aslatic cluys 1s

high especlilly when bolled with twu=nermul hyurovchloric acid iur vne

hour and drying at 105°

purificutivn ut petruleum productse.

The asctivuted cluys are arplicsble tu the

{27)



]

according tu Javal"‘*), activated sludge has o hi,h aasorption co-
efficient ror muny urennic uyes.

Wetullic surfuces ausurb iany suis us nutea by the iuct thut sure
iuces tu be electrupluteu vecuuie extrunely insctive after belng in con-
tuct with certuln sulse  The errect wus founa to Ve wue tu a fine iilm

VI ad.urbed mntorinl, (390



I1I. EXPERIMENTAL



I1I.  SXPugIMENTAL

Purpuse vf the Investizmtion

The puarpuse or the study 1s to lnvesti ute the pussible serara-
tion ur the insvluble nun~tunnin cunstituents irum & tannin extract
by adsurption u: the materlal using cual aus the adsurbent. Juccess
VT such a process willl leawd tu the develupment uf s more econoumical
soparution prucess thun that nuw auployed by the lieau Surpuration of

Lynchouryg, Virgiaia.

Plan or Investismtion

The plan of investi;atiun m=y be outlined as ullows:

1. The acquisitioun o a number ur salyles of cunl tu be used as
the adsurbent.

2e Fropuratliun o1 the couul s les by grinding sand size secpara-
tion with the rvliuvwing mesh sizes:
ae l.Anus 4 plus 8
be :.inus 8 plus lo
6. winus 1o plus K
de Hzinus 40 plus <0

de The cunstructiun .1 u sultuvle plece of test equipment to per-
mit ountrulliea rlow of taonin sviution throuch the chuniners

cunt:ining cunl as an ausuroonte



4e appruxliiite analysis ui the various cual sanples tu uetermine
the ;rade sy anisv to ulu 1n‘un attempted currelation between
coal snulysis ana adsorption powers

5. nnalysis of the treatea sanples of ta.nin solutien for totul
sulids, soluble sullus, anu insvluble sullds tu vetermine the

degree of separntion utf the insvluble cunstituents.

kateriuls

The zuliuwling materials were ro,ulred fur the lavestimtiouns

Mannin suviution: corty-iive uilons "leach house" ll.uvr ob-
tained rrum the ..eau Curpuration, synchourg, Yirginla, useu as tect
sulatiun,.

ndsorbent guuls: ne=hundred puund samples uf suif.lo Jreek,
freeport, Thacker, ana winiirea seuns. ubtulneu Zror the Yund Creex
Culliery, willimason, «est Vir.inla.

uUne~hunured pounu salgples of alim, Fund Creek, anu Chiltun
geinse wbtalned irul austern cual onles cumpsny, Jtune, Kentuckye

une~hunured pounu sakiple i iBrush wountuin seam. btalned

from Me Ce Slusher & Cutpuny, Blac.sburyg, Virginia.

aApparatus

The apparatus used in the preparation o the cval sarrles is
4
joonted in the Unit Uperatiuns Luoburatory or the Ve Te To Jerurtuent

of Cheniioal snglneering, and may be listed as Tullows:
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Srusher, Jaw, 3lake type, o" Jaws, rmnuractured by Universal
Jruasher dumpuany, vedar nplds, Iowa. Usea ivr yrrimary crushing.

Eiil, attrition, slze 15, msnuractured by obinson iznafactur-
ing Co., Mmrnoy, Fae. Used iur seconeary size reauction.

4lddle, Combs Gyratory, munusfuctured by Creat /estern ! wnuface-
turing Sompuny, Leavenwurth, Kunsas, Used tu vibrate screens.

sgreens, Ys S Stde, 8=inch, manurfactured by Frecision Sclen-
tirfic Cu., Chlcagu, Iil., nest uf rive, rieshes «, 8, 16, 30, ana 40,

Used tu slze the cual sw.pless

Test gquipient: ‘he test eyulprent useu in the adsurption ex=
peririents wus cunstructed acovraing to brawing e 1lo & 1/2" bar
fron stind was used tu support the indiviausl pleces uf eyuipmont,.

By the use of laburatury clumps, ihe constint head welr (B) (see draw=-
in; “loe 2 fur detalls), a 1/2 =1llon glass recycle bottle (C), a 1/8"
brunze gzlobe walve (D), a snuall rotancter (k) capsble of meas.iring
1iquld rlows as low as 10 ml. per minute, una twu lebly cundenser
Jackats (#,G) used u8 musurbent chamvers, were fastened to the bur
iron stunde o 1/2-gullon (lass reed bottle (&) was lucated un a sheld
abuve t:@ bar irun stund 0 pernlt the tannin solutlon to flow by
Zravity intu “he const.nt hosu welr (B)e Lomples of treuted tannin
solution were cullected in 200 ml. sumric bottles {H)e The alr tur
oporation of the air 11:t recycle (See uruwing Moe S for uetalls)
first passed throuh a muisture trap (I) befdre iuwing tu the alr

1ift lucated in the recycle buttle (C).
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& Nash-Hytor cumpressor, size iiw-2L, mehuiascturea by the Nush bn-
glaeering Cupany or Soath Norwalk, cdonn., lucated in the Unit Upera-

tions waburatury was used tv vrerate the air 1ist.

4 ent ror Cual analysig: The eyuipment used in the cual
analyses 1s located in the coual luburatury of the V. P. 1. Nining
on. -ineering .Jepartiment and may be listed as Jvllows:

Qven, Allled Yo, A 64 = 630, OUbtailned from Phipps &Bird, iich~-
mond, Virginia. Used in molsture ueteruinations,.

furnace, Hoskins islectric. Msnufuctured by Hoskins Manufactur-
ing Jo., uf Detrult, iichigan. Ubtulned rrum Burrell Technicul Supply
U0e, Plttsoursh, Pae Used ror ash uoeterminution.

iurnace, Hosicins electric tube, Hosklins Manufucturiag Coumpany,
Joatruit, idchigan. Obtainea irum .‘isher Sclentiric Company, Pittsburgh,
Pa, Used rur vuiatile aeterninutionse.

vuntrul, Wheelco eloctromic, wheelcu Instruicnt Compuny, Chics:o,
Ill. Used tu cuntrouli iurnuce tomperstures.

valorimatar, adlubstic oxy.en boub, mmnufactured by Parr Instru-
ment Co., Mollne, Ille Obtulned 1rom isher Sclentiiflic vu., Pltts-
burgh, Yae Used in ueterminativun url heating values.

Balsncg, analytical, ranuractured vy me ainsworth & Suns, Inc.,
Denver, Colo. Obtained cruit ~isher Sclentific Co., Pittsourgh, Tu.
Used for wei.ht determ.inations.

Crucivles, platinum, t‘our required. Used for firin. sunyles.
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The an»lysis uf the tunnin solutiuns requigFu the sollowing liab-
oratory e.:alpment which was obtuined fruwm the V. Po Ies Chemistry and
Chamical Lu-ineering: stuck rouns:

Beaxers, glauss, 200 nle., iive re. ualired.

Yunnels, gluss, 4" slze, ilve re.ulred.
Paper, rlltor, tunktell Co. lJ, packuge 0r 100 reyulreds

Stands, iron ring, with nedessary clunis to suprurt the rive iun=-

nels in a line.

K.vlin, vne pound reguired. Used as & iilter saild.

Jishes, purceluain evaprorasting, 50 mle. cupacity, ei; hteen re-
quirea 1or dcylng sarj ies.

Uven, eolectric uryin,, ootalaeu sron Phipps & Bird cv., dlchuund,
Va, Useu iur uryin, saiupies oi tuninin oulatione

Pipette, glass, 50 ml. cupucity. dJseuw rur neasurcruent ol samples.

Balance, anulytlicual, mmnuiuctured by Jeederer Kohlbusch Ince,

Jersey oity, Ne Jo Ootalinea zru Fhipps & Bird Inc., :lchuunu Va.

Procedure

Preparction uf Cual Samples: sach 10C-puunu sanple 0i coal was
first reauced in size Irum 4" lumps to l/B" rarticles by means of the
Jjuw crusher. The ines prouuceu vese susrlclent to votuin 15~-pound
suriples of both = 4 ¢+ 8 nnd - 8 ¢ 16 noesh vt each cual.

The pruduct rrou. the Jjuw crusher vias thlien fed tu the attrition
mill wvhich pruduced 18~puund s:muples of buth = 1o + S0 anu = o0 + 40

mesh vr each coal.
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The sizing o the samjles vas accumpilshed by rieans of a set of

4, 8, 16, o0, unu «0 resh Us. Ys Stde screons and gyratury rladle.

vonl analyses: The cual sanjies were snalyzed accurding to the
- procedure asdapteu by the n.S.T.w.‘ll). the work beilny carried out in
the vual wuboratury or the V., Pe I. kining ungineering Departrient. The
cunstituents anu pruperties uotesnlned were moisture, ash, fixed car-
bon, volatile mutter, heatlng value, and sulfur. Iron wus aeterr.ined
qualitatively by colur inuication uf the ash.

An analysis was made of the minus 8 plus 16 mesh samples ui each
goale «n annlysis was also ruwde of &ll Juur nesh sizes (- ¢ + 8,
-8+ 16, = 1o + 30, = 30 + +0) os the Buirfalo Ureek coul to determine
whether ur 0t the analysis verled appreclavly with the partlcle slze

uf any une suliple.

adgorption ixperiuents: The assenbly of the test egulprent and

the adsurptiovn experiments using coual as the udsorbent ana tannin
sulazion ("leach huuse" lljuur) as the adsurbate were carrlou vut as
rullows:
1. The sdsurption test ejulprient was asserbled as shown in
ravwing Jo. le
2. The two amdsurvent chaubers (v, G) were filled with a sam;le
of coal using a 1/2" layer ur gluss wuol to suprort ana
bluck the cuul purtl:les iruu velng carrieu out or the

chu: bers by the rluw of tannin svlutlone



Se

‘.o

5.

7e

8.

Je

The tunnin feed und recycle bottles (s &nd C) were filled
about three=-fuurths tull with "leach huuse'" tannin extract.
i 250 ml. sample of the feed sulution wns tuden for anzlysis
ut this time to be used in the cunparisvn with the treated
RIS ECT: '
The pinch cuck {(J) un the feed iline tu the cunstunt heud
welr was opened allowing the welr to 11l and over:rlow inta
the recycle buttle.
Tne slr valve of the ulr 1irt (dw.. 0. 3) was vpened to
beiin the recycle process,
The contrul vulve (D) was upened tu permilt the tannin sulu-
tion tu fluw thruu b the rotameter (k) anu intu the aasurp-
tivn chuabers (£,G)e
The rotunetor reauln, was augusted by means vi the cuntrul
vulve, t0 & predeten.ined level which lnuicated a iiuw ot
15 2 2 ml. per ninute 03 tanpin sulutivn or the egquivalent
or 12 £ 2 ml. per square inch or empty chunber cruss section.
In the rirst trisl run, ruar cunsecutive 200 ml..samples
were cullected irum the uvutlet Qf the sdsurptiun chumbers.
me to results uvbtained aster analysls of the saun;les irva
the twial run, the run was repested using the ivliovwing
revisiun in methud vi sarpling.

The irst 250 mle tu uverilow was couliected as suirle
Hunber (1)e Then H00 ml. were :livwed tu cullect in a

beaxker besure 200 nile 02 vverslow was cullected for
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surple Number (2)e This prucess was repeateu until ruur
ganples hud beoen tuxen. By allowing 500 cce tou uveriiow
between swiples thereoy increasin, the span vetween suunples
1t was pusslole, in the results, tuv deterniine the inslec~
tion puint in the wusurptlion power vi the coualse

1l Auns on all samplos ut minus 8 plus 16 mesh comls were
carriad vut.

12, After getting results un these samyles, 1t was declded to
run all mesh slzaes of the Brush Lountain coul, since it was
the only sample which varied widely in anulysis irom the
othur samrles us shown un pa, 8 R8 |, und also ull mesh sizes
of auny one ur the other cuals, the rrecpurt sample belng
chusene

lde w1l the rans aifter the trlul run were carriea out using: the

revision indicated in step umber (9).

reatou vamyp i sess The unulysis jprucedure wus that adapted
s
by the amcrican uesther O hewnlsts association 1). uunstituents

«

analyzou were ror totul svlius, suvluble sullus, anu insvlubie soullus.

gosults

The results in the fum or taubles unu oraphs, will be Found on
the Polluwling pases and arruned as outlinead belows
1l MTaole ui results uf the coul annlyses.

2. Tables 0 results on the anulysis of the untreuted una tiroated
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tennin sovlutionsg on coals which indicated a pusitive tendency
toward the separation ur the Insuluble cunstituents rullowed
by sruphs prepe.rued using: the tuovulated data.

Tables ur results un the analysls o the ﬂutreateu una treated
tannin svlutions un cuals which lialcatea a ne;ative teondency
tuward the separatliun vt the insolubie cuﬁstituents vlivwed

vy ..raphs prepared uusing the tuoulutea anta.
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PABLE I

Proximate Coel Analyses of

‘zagh Sample (- 8 + 1o liesh)

Iron inui-

Joal y % # % b Btu. | cations
Seriple Moisture | «sh [Volatile}iixed | suliur|Beutin, | irum ash
UQrbu% Value colup
Buffalo Creek| 1.27 Se2 oY1y |H6e22 | 0eb8I |12,074 slightly
- 8+ 10 Hed
Brush Mt. No
- 8 4+ 10 O.‘t? 12.98 12.49 T4eCb Oeda9 136983 Hed
Very
Fraeeport S1li.htly
- 8+ lo lea7 2e0b 40s0a |bbau4a | o618 | 15,586 jted
Pund Jreex«
- 8 % 1o Ce.98 4o 38 9607 0807 | 020 135,662 ed
Thacker
- 8 + 1o Qe 97 Je 08 e HB 50.77 2002 12,&%9 Led
Chilton 511 htly
- 8 + lo 1-02 Go B2 42«45 |bRe21]0.852 16'006 Red
Winifred No
alma *o
-8 4+ 1l Cetid Se Y SBeZ3 |[DTecd] OebiU 17,‘*00 hed
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TaBLE II
Proximute analyses 01 Juur Liesh gizes
Of Buffalo vreex gGoal

’ Iron indi-
Mesh Size % » # 7 % Btu. |cations
Moisture| nsh | Volatile| “ixed [Lulrfur|Heatin, |frum ash
carbon Vaulue | color
- 4 + 8 l1.22 3678 | 390060 |556.40 [|Ce75 | 124700| S1lichtly
Red
-8+ 16 le27 3e32 | Svel9 |Dveis |Ce583 | 1z,074| 211 . htly
led
- lo + S 1.31 Jeda | S8Be0Y | DOt | CebdS 12,5608 vlightly
Red
- 30 + 40 1.42 JSeD4d| SBe83 | Bbe21 | 0ub60 12,650 311chtly
Hed




TABid III
Tannin anslyses of Samples
ghowing Pusitlive Tendency Tuward Separation

Coal Sample | s Con- |Untreuted Treated Lamples appearance
and stituent wample v of
__lze ' 1 £ S - Samples |
Samples
Brush kt. | T.8. 50842 13,0272 |3.0016 |3.0612]4.0768 1 and 2
- 8 + 16 Sgé‘. 2.3070 2o 6684 207-53];9_ chlb‘t 2o 8852 Jark
I.5. 0.1772 065588 |06 2704 |00 2448061956 3 and 4
Light
Sanples
Brush Mt, TeSo J.C018 392216 |3.04b0 [3. 1018 13,2788 l und 2
-8+ 16 Sebe 20238 249220 [2.8604 |2, 9304 | 3 1174 vark
I.S. 0.1780 0.2996 0018§b 00170‘* O.lola 9 8snU 4
—luight
Buffalo Creed T.o. S526 | 24 9970 |5408906 (S0 1atrs | 5. 2812 o
- B 4+ 1o Seide é,laéo 2.708‘& d.@lBZ 206580 é.CObb Golul’
Teise Qe 2790 Ua 2886 [Le 2074 |0e2boB[|0e 2706 Jhﬂn{:‘,\e
winiztred Teile Lo 3970 £9 9902 | 500504 [ S0 12| e 21D0 No
-8 ¢ lo S-S' go?Ob‘g 20723_)_‘5_ Zo?SO‘k 2.886“ 2.9;‘88 Colur
Teiie 002‘#16 0.2728 Ce 2060 Ge2328 0‘2‘.’108 Cha[l("e
Freepurt T.5. 26C028 960008 15,0896 | 5. 1880 d. 2026 Ho
- 8+ 16 SeSe 2e3H12 ‘.BZ_.SCO Lo b2 |5 UBSB J.l(i_lrb Color
I.5. 0.1116 |0.1272]|C¢1504|C.1048(0.1010 vhange
Freeport | TeSe 31972 13,2052 150 LU0 [ Se2T04] 5.2898 | No
- 30 + 40 | Seie Ze Y0 Sa Le 9298 | Lo Y002 | 20 2964 0eCOZ0 solur
I.55 00,2938 0635254 |0, 2558028001 0.2878 change
T. So - r.‘otd.l .:ulids

e So - ;;Qldble uinidB

I.

Je

-~ Insviuvle .,olius
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Tnnin anslysis of Seuples

Showing a Negutive Tendency Tuward oepasration

ATpearance
Coal Lmurle |, Cunsti-| Untreuted Treated Samrles ‘ ur
and tuent valpilie 1l 2 S 4 Gamples
|__d1se
Thacker Teiie 2o 3882 2080001209326 1 30748 15,1532 | 1 & 2 very
- 8+ lo Sels 2 8500 204208 | 2. 849812, 9092 |2, Y624 dark, 3 & 4
IeSe 0.1382 UeaU92]10,1428|0C.1656 |0. 1708 ‘:‘SIiéhtly
’1g§rk
Pond Jreex ’g;-‘i. Je 1774 Je lﬁ o0 _-ég 22930 Se 2092 130 34C0O Ho
- 8 + 10. § DS. 20@‘&98 _2;8‘*;2 2088;‘& 2.5490 20‘:«'968 Culur
- 8 + 1o SeSe 2, 7684 2,797212.8266]2.8216 12,2816t Color
I.5. 0e2724 |0e2272]|04289C 08010 0.2002 | Chsn, e
Chilton R 300220 |2.8920]3.0468]|3.0640]3.3028 ¥ wo
- 8 4 lo S8eBe 24 7610 Lo 2162, 730212, 7940 |2, 5184 Jolor
I.0. CeculO 0.2704 |06 2b06 0027b° Qe l2Busdk Uh&ﬂge
Brush ste | Te8e | $e2476  |3e5124| S0 S540]3035152] =mem? 12
- lo + & Seiie 2o 9080 |50 1458]3.0280 | 2e Yot( | mm=e?® dark
I.0. 02792 |0e1686|0e3006][00 3452] =wmwm?® S & 4
_1i:ht
Brush lit. Tela 301636  |961908|3.1388] 06870 === 1l dark
- 50 + 40 Deidw _gg‘:"dlz ‘e ’J;_.lk;‘b o GROL zoDﬂ}lg‘ - o o 2. S &4
1.5. 0.1784 0284406292606 2:560] === lié;.ht
Freeport oS l 302716 |ue 3294 ] Sedulalse3708|5.4500 | 10
- 1o + 40 et e 9040 SeU218] 5. 0O 0eO0YE 15,1028 | volur
IoSa 0.6070 0.;“/70 0.-5«’70 O.Jblo 006272 Change

*Cunl bed became olo., ed, stupping riow and preventing collectiun of
sanple iur auulysis.
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1V, DISCUSSIMM



IV, ISCUSBIuUN

General: In the adsurptiun tests usling = 8 + 16 mesh sanples
0? each cual, no trouvle was experienced in the jrucedure, but in the
tests using the riner nmesh sampies (= lo + 30 and - 0 + 40C) oy Brush
Hountain cual 1t was found impoussivle to culliect the vurth treated
gauii. le svlutivn in each case. This ruy be attributeud to the iact that
the spaces between the particles vz couul becunie clu. ged with insoluble

material.

micruscuplic appearance of Brush Lountain Coal: It was noted

during the preparation uf the cusl samples, that the Brush iLountain
swaplie was extremely suft nd produced a much higher percentage of
fines than uiu any or tho uvther cuuls. any handling vi the sukijle
tenueud tu cususe puwdeing iroln rrictlun between the partiocles. At

the completivn uf all the sdsorptiun tests samples ur untreated cual
were viewed under a Spencer binocular micruscupe employing oX objective
lenses and 12X eyepliece lenses. The Brush iwuntaln coul exhivited
geveral types uf particle structure, suue uf which were tlbrous, some
anzular, with the surrace cunpoused ur numervus pranular rarticles, giv-
in; the appearance of having a spungy structure, and others were angu-
lar paurticles with suriuces, smouth und regulars Of these types pre-

sent, the ribrous and granular suriaced particles were yreaon.inant



and were structurally weak as evid-nced by shuttering or powdering when
they were touched with the puint of & rencile The rine particles tended
to ¢ling to the lar;or particles aund it 1s qulte pussivle that the com=
bination or these very iine particles with the insuluble nun=tunnin con-
stituents, being ausorbed in the udsorption tests, pruduced & mass nuch
more aupt to clug the tree spuce between the cual particles thaun either

factor aione.

. ugGuplic A co vi Uther vuals: All vr the other cuals,
with tho exceptlun ui the .recpurt sunple, wpen viewed unuer the bin-
oculur micruscupe, exhiblited angulure particles with regular and smooth
surrzces preduminatinge The freeport sample exhibited an ulur rarticles
with very irre ular sursaces but the smull irregular surinces appeared
to be agmooth.

All u? these cuuls exlhiibited a higher structural strength than the
srush ountain surple i that they resisted shatterin; ur puwdeiring when

jmoved about on the siide with the puint ur a pencll.

In many

of the cusrves it ruy oe nutou that the rirst one ur two treuteu samples
show an insvluble percent ubove that ui the w.treateu sa:.ple. The efe
fect may be cuused vy uny vno or the three ructurs ur a combinastion of
the three llsteu veiow:
l. uvapuration uuring the susorption tests or uuring analysis of
the sawples.

2¢ cvoul uust cllging tu the couual particles vein, freed by the
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taanin soiutlon unu curried over lnto the treated sulples.

Je The foramtivn ui insuvluble tannin cuupouunds with iron or

othur cunstituents in the coale.

Of these fuctors, evapuration nuy be eliulnated Irum cunsiaerution
since the ulr to the air 1llit recycle in the tesis was surplied by a
Mash Hytor Compressor wihich delivers ulr nearly satursted with water
vupor, and in the analyses of suLiles, the llter runnels were kept
coverod as well a8 the filtrute buttles which wore supplied with cuvers
with hules in them just lar e enuu,h to wumit the runnel steous.

3ince cual dust tends L0 agslutiicte una cllng to the surfuce or
lar,er coal particles zand since the coual sumples were not washed prior
tu vely; subjected to the ausurption tests, the tannin solutiun was
certuin to have luusened suiie uil tlie geggplutinutea particles wad curried
them uvver intov the treated tannln sauples.

The thira iuctur uf cherlcexd combluntion ur tunin with cunstituents
prusent in the coul was notea 1n a Tew oi the initlul treateu s:wiples as
fndlcutea DYy 8 anek culor «nu iistea in the tavles 01 results unuer the
heuuing, "appenrance vl sukiplose”

-

Indlgations v Insulubie ..eparativn: The separation ajpeurs to be

a cutibination uf twu errectse .irst, there is the adsurption errfedt and
secondly, & filtrution eiZect wulch seais to cune 11:to pruminence toward
the latter part of the inulvidual tests.

Tha curves uf results wre sepauruteu Into twou groups, thuse shuowlng

a more or less positive tenucncy tuward the sepuration ur the Insvluble
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constituents from the tannin solution by coal, and those showing no change
or in some cases a negative tendency toward the separatioa.

In the case of most curves showing a tendency toward negative sepa-
ration, the ourves pass through an inflection point in favor of seperatioa
toward the end of the respective tests, most probably due to the filt-
ration effect coming into prominence as the free spaces betweea the coal
particles became filled with the adsorbed material.

(ne coal sample, namely, the Brush hountain - 30 + 40 mesh ex-

. hibited no tendeney toward the separation as indicated by a nearly flat
ocurve. This phencmenon may dbe explained by the extreme friability of
the sauple as discussed previously and a consecuent ocarrying over of
the fine particles into the treated samples.

The ourves showing & positive teadency tosard the separation ap-
pear o0 pass through a definite infleotion point where the separation
effect begins to decrease due probably to the diminishing of the ad-
sorption effeot, A continuation of the tests on these samples might
exhibit a second inflection point in the favor of separation as the eof-
fect of filtration came into prominensce as was noted in the aufvos of
saxples showing a negative separation tendeney.

From previous researeh work(6), however, it was concluded that
separation by filtration or any existing mechanical means is mot prac-
tical since the separation may only be acoomplished at the rather dis-
astrous expense of capacity.

Of the goals tested, the maxismm separation was exhibited by the
Freeport - 30 + 40 mesh sample., The separation reduced ths insolubdls

solids percent from 0.2938 to 0.2558 percent or an effective separautiom



of 0.088 percentse In urder to ve ui cuwiercial imyurtanceﬁzz) the rer-
centage must ve reduced to 0.0075 or u rovaction ui 0.2565 percent,
his inuicutes that the - roopuct sum;le rentluned above wus only 14.8

percent eriective 1n the Insuluble sepurutiune

sffect of voal vompositivo on Separuations It was round impoussible

to currelute the udsurptive power of the cuul with any chemicul constituent

as shown in 8 proxinate analyses o the cu.l suriples.



-5~

iecurmendations

The use of coals as an auserbent Jur the insovluble cunstituents
Present in a fresh tu.nln ext.uct 8till re uires study. all or the
cuals used in this investi.utlion were o1 the bituminous‘anu semi=-bf tumi~
nous t&pes. any rurther investi;ativn shu.dd Ligurpurate tests un coals
varying from anthraclte through lignite or ovruwn coals uvbtained from

widely difterent sectiuns or the cuuntry.

Plenned -uture Investi;stlons: In discussiuns dexnling with the

problen, fire Po He Fuorter (irauunte stadent, 1946) declded to cuntinue
the investi ution usiie coals as adsurbents. '“1s rlan of i-vesti;stion
incurporates the use of coals varying fruwm anthracite throa,h 11, nite,.
Tests are plainneu tu detersine the relutive surruce arca of the ausovrocnts
by nmeasurei.ent of the pressure dsvp oi water theouch o vertical -lass
chasloer pas<ed with the variuvas cual sualles. Tests will also be mude to
deteriiine the relative rou hnes: of the purtlcle surf.ces by meuns or the
intensity v refleciiun 07 & vewa or nonuchroratic 1i ht. The intensity
vi refiecgtion is known tu vary ianverscly to the rou: hness vi the reflect-
in, surruce.

It is wdiso plunneu by iire Yourter that the efrect uf the ruu;hness
on she adsurptive puwer shuil be 1-vestl.zteu by smovthing the surrss-es
O & Balple vl cual niechanlic:ily and cu puring the adsorption effect of
this sarple with an untresieu s-=nple or the sume cuual,

Any c¢huan.o or surface aren with the use of cual as an adsoroent will

pe iivestl uted by backwushli, the swples oi cual after beln;: subjected
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to the adsurptivn tosts anu uenln chieckln: the relative suriace areu by

the pressure drop nethude

Tast ligulprients It 1s suggested that !r. Porter aesign his eyuip~-
ment s0 that the chambers used in the relative surface uetertiinations msy
al80 be used as the ndsurption chambers. :ince the wunner in which the
cual samples arc packed in the adsurpiiun chumber has cunsiuaor<ble efiect
vl the free space and expused suriuce arou between the cual particles,
this revisiun would enable udsvur tivun tests tu be run on sajles of knuwn

relative surisace area.

Preparation uf doual Sampless Since the g rinding ana sizing of the
eVal swuples produces uwsay very ilne purticles which tena tu adbere to
the surince or the larger particles, 1t is sug:ested that the sumi les be
washed thurou hly vervre the esdsur;tiun tests are rune ‘russibly suvme
11.uld with a greater wetting puwer thun water will pruve mure success=—

fal in lousening the udhered uuut purticles.

Other adsurbens: Jther types or adsorbents incluaing chemiocnlly

treated couls (such as sulfunatea coals) should alsv be Investi nted
fur their eifest un the separztion.

In many sepsration pruceases where the raterial tu be separateu
gonaists uf rfineliy divideu nun-rigld purticles in suspen.ion, an adsor-
pent 1n'thn surtn ud irregular purticles is s ftotou in the suviutlione

The insvlubles to be separitea are susurbed un the adsurbent surisces



and the golutiun may then be rlitered successiully, whereas, riltration
alune would not be ecunullcuily feasivle uue to the necessity ur emrloy=-
log a fliter medium co tulni:.y extremely tine pores. It is, thererure,
recumiendey that Juature }esnarch be carried vut enjluying adsorption on
the surface o0t pulverized activated purticles fuilowed by 1iltration.
‘he weau vurpvration or Lynchourg, ¥irginia uces cupper tube heat ex-
changers tv cuul the tannin extract verore the sepuratiun vt the in-
suluble muteriuls is atterpted, 2nu 1t was nvted that thie fusvluble
cunstituents rurmed s heavy couating ovn the urruce of the cojper tubes
requiring them tu be cleuncd every Jew woeus. active adsurbent vaterials
in further investi;atiuns riight, thererure, incliude . uterinls such as
cuppar or aluminum which zre not attackea by taunin solutioun,

In the llterature 1t vas nuted that ey rreciplitates exnhibit strung
adsorptive tendencles towsrd suls or éulxoluhl susyensions o the s:me
materiale It is, thersiure, suggested that the use uf-a fabricated tform
of the insuviunle materlal prescnt in the tinnin extract as Qn adsorbent

Jur the material in suspensiun oe incurpurated in iurther research wourke.

Jse vt concentrated Bannin vuiutions The koad vorpuration of

wynchour,, Virginla concentrstes the "leach house” ligquur berore at-
tompting a sepacatlun of the inscviuvle materisl by settling. The use
wf this cuncenteruted 1i,uuvr ur u slisllurly cuncentratea 1l uvr may re-

act mure readiiy to the sepurutiun vy uasurptiones
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Recommendations (ffered Juring Cral Examinations The suggestion

was made that further investigation using adsorption should inglude a
material balance for sech test as an aid in the determination of the
efficiency of separatioén.

The idea was advanoced that the adesorption effeot may be a linear
funotion of the exposed adsorbent surface. 1z the case of the Freeport
=30 4 40 mesh sample of coal, an ottoctﬁc separation of 14.8 percent
was accomplisied using two adsorption cheambers. I1f the sbove theory
is true, the use of 12 chambers or an equivalent amount of adsorbveat
surface may effect a separstion of almost 90 perceant. It was recem-
mended that the theory be investigated.

1t was further suggestied that the treated samples exhibiting a
dark color be examined for suspended colloidal perticles of coal by
passing a beam of light through them and observing the presence or

absence of the Tyndall effect.



V. OONCLUSIONS
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Ve CONCLUSIUNS

Un the basls 01 results vi the sdsorption tests wusing the in-

suluble cunstituents present in the “leach house" tannin extract pro-

duced by the lead JSurpuration vl Lynchburg, Virginla as the adsurbate

and cuals uf the bituminuus and seui-bitwkinous typres mined by the

Tond Creek colliery or .illiamsun, .es8t Vir:lnla, The astern Coal

Sales Coe vl Jtune, Hentucky, anu ke Ue ilusher & Co. 03 slacxsburg,

Vir.inls as the adsuroents, asiag u tannin solution low of 12 = 2 ml.

per syuusre inch or ausurptiun chunber cruss scctlon at o8 % 5 degrees

fahrenhoit, the fulluwing, cunclusions uuy be pustuluted:

1.

e

fhe coul saliples as wdsorbents may be arranged in two ¢ rourss
rirst, those suowlng & pousitive tendency tuward the separa-
tion, incluuing Brush [ountain, Jreeport, Buffalu creek and
winlsred sw.ples o = 8 + 1o mesh and also the Jreeport
suniple uf = S0 + «U mesh size; secound, those shuwing no scra-
ratton or & nogttive teadency tuwuird seperation including
Thacker, und Jreek, alma and Chilton surjles vi =« 8 + 16
nesh, .Jreepurt und Brush vuntuln or~lo ¢ 30 mesh, unu the
Brush Lountain swi le of = S + <0 mesh size.

The sreepurt sample wi = M + «U mesh effocted a reuuction

of¢ the insuvluble mmterial 7rum 0.29468 to 0.2060 percent



Se

which is l4.8 percent of the required reduction to make the
process commercially practical. The next 1n rank of effec~
tive separution was the Buffalev Ureek coal sauple of -~ 8 + 16
mesh slze and exhibiteu un effective separation of only 9.5
percent of the reguired.

The proximate chemlcal anslysis of the cuals revealed no
chemical cunstituent which could be correlated with the

adsourptive puwer.
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V. SUMMARY

Zhe Separstlon of the Jngoluble Uunstituents
from g ¥Frosh Jannin Jolution

In the preparation of tannin extract from chestnut wood chips,
there is present in the extract, alung with the tannin, certain in-
svluble nun~tannin cunstituents which wust be Beparated in vrder to
make the extruct sultavle rur the munufucture of leather.

This investigation was undertuxen to deterrilne the reasibility
of using cual as an adsorbent in the separstion of the irnsoluble con-
stituents, |

The erffectlve separatiun is inalcated by a comparison between
the insoluble counstituents present in the untreated sarjyle with the
insulubles present in the truvated sumples us detormined by analysise

By making a proximate analysis uf the coal sarnples used 1n the
adsurption tests, it was hoped thut a corrclation could be msde be-

tween the adsurptive power and the chemical cunstituents present.

Xest bLiquipment: The adsorptiun test ejulpment was designed and
cuonstructed by the investlgstor, employing twu glass tubes as adaprp-

tion chawmbers, and a means vi cuntrulllng the low of tannin svlutiun

o *
tvu 12 = 2 ml. per sjuure inch ur chunber cruss section.
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) stus adsorption tests were run using - 8 + 1o mesh
suwuples 0f each cuals Gince the Brush hibuntain coal mined by L. C.
Slusher & Coe. 0r Blacxsbury, Virginia wus the only sample which varied
widely irom the vthers in proximute snalysis, the = 16 ¢ 30 and -~ 30 + 40
mesh sam; les of Brush iiountein Coal &nd any oune of the vther samples

(Freeport cual was selected) were subjected tu adsorption tests.

Resultes It was fuund pussible tu surarate the coals intu two
groupss (1) thuse showing u pusitive tendency tuward the separation,
and (2) those showing no aerffect ur s negutive tendency tuward the sepa=
ration.

Qr iha coals tested, the Freepurt sansyple uvf - 30 + 40 mesh size
exhibited & separution of 0,058 percent of the totul lnsulubles present
which 18 unly l4.8 percent uf the reyuired separation to make the prucess
cummercially precticals The next in renk was the Buffulo Creek samyle
which exhinited unily 9.5 percent of the requlred separation.

No currelatlun could be ound between the adsurptive power uf the

coal and any chelcal cunstituent as shuwn in the proximate anulysis,
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