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ST, i i VT OF 'y PROELLY

The object of this problem i1s to stucy the uses
of activated cerbon in the reroval of odor and taste
procucing corpouncds from cert:in incustrisl wastes,
particulurly, tnose contairing phenol-like compounds,
The study 1s to inclucde a ceterminetion of the
quentity of curbon necessury, the extent to which
the taste ¢nd ocor ere removed, and the practicnl
apnlication of the process to industrisl waste treate

ment,



'antel glves o 1lis! of nineteen varvors and
guscs thut, lunter, 1In scverel urticles published
1t65 to 172, showed wrre udsorued b7 churcosl to
¢ merked extent, Hunter's exoerirents covered more
ground than thosc of snyone else at the time. The
usc of poison gus curing *hre "orld "ur brought bLuack
into use the vegeiezlle churs, lurgely becuuse they
had o greuter acscrptive ceprclty than bone chear,

Iz also s urtec o vist wuount of resewurch work on

the acsorptive powers of the sctive carvons und
rettods for procucling the most uctive mutecriels,

The work of Chiner, ¥Fey and Ite. John on the proncar-
etion of ce*ive cartons, and %iller ancd his co=-
workers on the charzcteristices of the active cerbons,
hus ¢done much to extend thelr use into varlous flelds
of gas acdsorption und susorption from solution.

The activation of caroon requires coracful heut
control zn. 1s usuelly cdone in closcd retorts. The
activation must be cone in the absence of hydro-
curtons or other strongly tbsorbed corporuncse The
hrc¢rocurtons arc roecovered by cereful o justment of
the te:pereture end the conceon*reation of the oxidi--
ing muterial. .1r, stedw snce COp snu cnlorlne hive

been usc¢ for tre oxiciring wreterisl. Jterm nc-ivae



i leIonY OF CLIVL CREI CokiOl

The extensive usc of bone cher andé wctive
cirbon in the sugur !incdustry for removing.color,
enc¢ thelr use s ¢n egbsorbing meterial In guas musks,
cive us &n sbundance of informutlon on the charact-
eristics of such materiels. ‘he active carbons,
however, hcve becn used so 1little in water mirifi-
cuatlon thut not ruch 1s known reguarcding them from
sctuel experlence. bponc chur, &nc perhups sore of
the vegetutle churs Meve been usca to & limnited
ex“ent in householc¢ sn: other smull filters for a
number of yeurs,

Churcoal hts rerarkeble cicorntive nowers.
Strachon seys 1t seems to h:ve becn known that 1t
coulc be usec: for reroving coloring mitter from
solutions in the fiftccnth ce..urve. ‘ie also s-etes
thet wcecoreing to Lippmun wood chuar wes utilized
gtout 179 in an English refinery for ourifying
sucey solutlionss. Peter end John rertinciu petented
in inglenc the use of bone cher in 1£15, and this
kepﬁthe use of veretuble curtons in the buckeround

;
for scvercl yeors, In fict 1t weos rot until sus
masks were reguired in the ~orlu wr thuet vegcl.uble

cirbtons ceme into extecusive use.



tion seems to be regurded a&s telng beiter then slr,
kost cuthors glve & ftemperature of 900 to Y50 degrees
cenrigrecde €s thet which procuces the rost uschtive
carton. This, however, cdepends sorewn:t on the cise
with which the hydérocarbons ur. driven off. 'The hydro-
curbons sre slightly less resistant to oxldation then
the uctive carbvon,

Baylls exrleins the cctivity of carbton In the
folloaing wuy: "Cer.on us we know has « vualeacy of
four und every ctom of c:rbon on the surfuce has at
letzst one frec vale:ncy. “ith the 1rresulur shupe
of tre armorphcus perticlecs soe of the surflece ctors
may huve *wo ond occscsalonelly three free velencles,
Trese free velercles h:ove the power of uniting with
or &t lecst usrtracting to thelr zurfaoce certuin
con rourds that core in contect with or neur tnems"

York on use of uctlvete: caruvon so far hus
been confine® to rcroveal of phenolic compounds und
the cl=chlorination of witer. Thet trey will re-
move all such taste rrocueln;g compounds 1is not
likely but it is evicent thet they will rerove other
tuste procucing compouncs whlch vooenr in weter,

ausorption of prencis Ly the cctlive cnurcouls

proteblv hes bern krown for somc '1lve but it wus



not until the publicition ¢f uisorprion curves

by Freunclich in 1926 thet it b cuve wicfely knowne
In lece ber 1727 Chicugo exnerienced in 1ts water
sup-ly the grceetest npherolle occurence of any lurge
city In the country. 7ith the -one of cevelnning

& trectment thut woule be less subiect *to frilure,
ex¥erimente on the use of cetlvaree carbon for re-
moving or preventing tuste anc ocor were siurted

in June 1928,

The firet leboretory filt r was made of 27
inches of equ:l ver:s of Corco an: bore cher,

“nter wee nolluted wilth waste liquor frorm o bre
rrocuct coke oven nlant., The phenol content of
the liguor w:s detarrmined :nd the rororihionsl
aoounts woced to the Luke ichiien witcrs to glve
deslred vhenol concentrutione In addition to the
~henols there were other cor rounds in the wuste
liguor thet were reroved by the curbon,

The filter wss not run continually but when
wuter wes passed through ot the rate of two pallons
zer scuire foot per minute ulout fifty 1iters would
be passeu througn ln six wnd o nelf hourss Increuse
ing wmounts of :henol w re ccdced ent rone or ouly

& trece pessed throurh the bed until the arount wue



increeszec to 100 pe pe me It wis also noted *het
12 wer not until 10 2, p. me of »henol .:its bteing
ecced thet u £:int ‘e *e wes procuced frer the
accltion of chlorine, &nd even then the tis:c wus
so sllght that 1t conld not be cefinitely stoted
thet 1t wees & chlororhenol trcte,

If the theory of wucsorption is correct, cor-plete
remov:l of phenol is not cceomplishece There 1is
congicdcrible cisorntion bLefore enouirh thenol will
remein in so utinn to cruse & chlorovhenol tucte,
It 1s not believce thet 001 pe De me of phenol
cen be rode to pro-uce a4 faste, end 8o long os
that srount 1s not exc: eded there s*ouldéd never
be & tucte rrocuce. by the rhenol alone,

¥ore phenol 1s cectuslly adsorbad In o filter
bec when higher concentrztions of phenol ere used,
™ 31s 1= oroti:bly due to the c¢irbon in the unper

bed

purt of the/udsorting consiicrebly more phenol
then the lower pert; thet 1s, the phenol con-
certrution dirinishes us the water passes through
the ted e¢nc the eyuillitriim where the roter con-
teins consicer: ble puenoi is much nighers This
mekes such meterials pertlicvlarly scinted for
henclieng occeslonal hich p enol nccurrcences which

is the wey nhenol gererully occurse



& VEery gooc eaventuge of v activsed curton
filter bec 1s thet a cheslst 1s not necded to be
on cuty to find out when pollution sturrts and
encs. A8 soon 88 poilution strrts the ted 1s
tukirs out phenols,

The usut:l merhod of &pnlylng sctiveted
ciérton 1s by mcuns of & sulteble dry feed mache
ine eyulppec witn a weter ecuctor wnicn sucks
in the curbon end delivers the suspcension to the
point of evclicetion, The volure of wea#rr is of
no irportunce; 1t 1s merely the rcuns of insure
ing eftectlve ¢lstricution of curvon through the
weter to be treuted, s the vowdered carbon rixes
reuac¢lily with tne wut:r to produce end effectlve
suspenslon, .8 soon us ir becores wet vnd thne
pores of the curbon thoroughly fillecd wilth the
wi.ter in which it 4is held in suspencion 1t c¢on
be trangported :ny Gdlstence ceslrec without
hur 1ng 1tt's cbsorntive pronertics,

snothcr meens 1s to scd 1t to the s lum
elther ¢ry or in solutlione 1If w.ced to the
soluticen tunk, agiouticon rust be provived cure
ing the perloce of use in orcer to mave u thore

ough cdistrituticn,



ilie usual roin® of «r ‘llcution of fthe pow-
cered cerion suszension is to the weter leaving
the clstritutionr chsrbere rn?d flowing to the co-
tguli “ion Pasins, wrere thie curbon hus & rond cone-
tret perind wne settles out in the bL:slin to some
extints The siudge cerbon mwlxture does not siow
the ten . ercy to putrifuction cxhibitced by ordlinury
slucge wne consequently verlocds bet.cen busin
cleaninge cin te meterinlly lncrcouscd,

Core vlints uge split tracetrment aodplying
~ar' of the curben to ruw weter to stebilize the
slurge thet setles ouvt, The remainder to the
wuter In the sewtling basing snad 1s filtered out

on the filters, therely increesing thelr efi'l-

liency.



#7PLIC ATON CF oLCiTV. Wl G Fiedd I 7t SUTPRLLLE

Turirg 1930-1231 exrcerluents sere conducted
¢t the waterwey nurificotion plegnt ot Pahwey, Now
Jersey by lJortiior Glubons on the eflcciivencss of
tetiveted cerbon in roroving otjectionaile odors.,

It hes been effectlive on vejrtnble odors but
is c¢ifflenlt to wesh out of the filters, [oth
grevuler ond vulverized corben heve bren used., "he
regults gonersliy indierte thrt Lthe materisl is
celec:ive In i1ts texion, being rost effective
tpuinst reclieinal ocors,

"he effect of now erea cctrivite: c¢:rbon on
grnd fllters iz viorthy of concider:tion, Fillter
runs h:ive nnt Leen omnrecianly shortened except
when lurge coces of curbon, more Sran § n, p, m.,
have bcen used, A%t guch +ires filter runs hove
been roecuced s much es 50%,  The crrhon 1s not
completely wighed out of “he sund with the w:ish
stter velocity of 2l inches per minute.

Le Fo Tugcer wrote of the use of scetlvated
c:rbon .t Nearert iews, Virginla, 72n wceount of
low wubter the uoter sunplvy was t: kxen by low in-

tekes from the rescrvoirs, ‘he wa*ter wis Cevnld



of oxygen, Corbon wie eprilec from a Cocn Cola

brrrel that heo gn electric hend drill with nuddles
&3 on aglictor. Crrbon is insoiunble snd ia tulen
out «t thc filters which mukes 1t & very desirechle

Fl

foucor in treouwt ent.,

Fe He “oring, Chief wnglinecer of the Ohio
Tevrrirant of Terlih writes of retivatel curbon,
It h:e been ¥nown thet ¢:rboa in o gi-nle form
1ike chur eonwl nogecseed neculier (fintty for
uwhsorbing cerisin greoons ead 1ionid forelion sube
steacees precent in w fiuta, Leolvintes enrion 1s
the "erm wpolied Do coryhon th: € hos been nroce sweed
to reonder 16 rore ilvn ugrliv setive In Lte Qe
sorntive 2nower, o stocial emmiptmont 1g neested,
only « c¢ry fe-d maehine and wet r ecductor. “nints
of cpplic tion viry, rov antev, wiying eharbirs
with cheniculs, cazgulatin bising, or influent

witer Just prior to filte: tlon,

it New Cretle, “emsrlveni: in 19%30 the re-
moval of fuec rnd odor fror the witer guamly
beorme wn unususl nroblome L fulnt misty to

voet 7 teste epreeren In the fuar end of the dice



tribution system, not cdetected 1In the plant,

Trerc:i sing the ehlorine ¢(oge atopned compliints
for &« while but w«s tre te ver:ure lowered,the
eXéCSriVe chlorine c¢ose eppravatead rotrer rhan

hel e¢ concltionse 4+ ritio of one rurt of Wi, to

3

four of five psrts of chlorine guve good results

ot the trer teent juaet conceuled testes at

T
i
the ~lurnt tvnd £:3led to control sfcsr tastes in
the cistribution svstem,

By lecemtcr 1631 1t wis eopurent thuatbt seore
other tyce of tr-ctuent wes necessurys o g:mplo
of ecctiveted cerbon bnown <8 Tuchir wes obtilned
for luroratoryr tasta, Jer to:its conteining C.5
creins per cullon of retiveted cerbon ghowed

corplete rormovel of )Y hestz ond odore, fher

03 re=

(Y]

trying differen® nointa of sprnllesntion

sults were ob*ulned,

To coantrol chloronhenol tustes Louls =,
Prerrison ¢t Bey Cilty converted +u0 sand filters
Into curbon unlts, YHydro=luireo 1s used with the
flow cowmwerd, the resulte vre coneldcred aulte
sutlisfretory., “r, PFerrison coes not aspnrove of

the ¢ry feca metrod, aulthough he usss 1t when the

tuste in the wi ter supply 1is bud. lie suys that



if coirbon i1s useéd in lurge doses 1t glives a

sulfur tcste to the weter und to get the boest

rcsulte ¢ cerbon filt-r shiould be used,

Probobly the most difficult raw watcr in

the Urlted Stutcs for frectment is st Juglinew,

vichigan, tceeruse of & very bed trade waste, &8

well us algre end sevsge vollution, ..t this

plant & s871it trestment of
curbon hus keen usce, purl

mlxing bosin where 1t ccts

powdered aetive bed
of it golng to the

to stebllize the

glucge, the orher vart boing copllied at the

set.imentution besins, Just

vefore the wcter

goes to the filters, wherebs the cuml:itive

effcct of the curbton col ecting on the filters

is muce use ofe 'fhis treactment hes reduced

the bic teste sna ocor but

with 1t sltogether,

18 not cone wwuy



pAVehIL L WO
Colutions of phiencl=1like compounds nomely:
¢i-ch:lorophenol, »nhenol, ortho c¢lechlorochenol,
tnG eresol were prenerecC,
The odor velue of wech of the sbhove solu-
tions wos found Ly the fcliowing rrocecures.
l. bBoll o yuintity of cistiliev wuter until
free from ower erne cool to rooum LeuECrature,
2. Clcen ¢ix or more 500 ml, rylemteyer flacsks
tnd recove the list truces of odnr by boil-
ing wetcr in them for 5 minutes,
7o Tlegcrrd the veter wnd cool the flnoks,
covering them with watch glisscs.
Lie l.etermine the approximate qéor as follows:
ue pPlt.ce 100 mli, of odor-f}ﬁe wviler in
cuch of two [lusks,
Yo "rrm to 70 C. and £dd to one flusls
5 nlse of the survle.
¢c. ‘huke both flosiis visorosuszly, uncover
enc cetermine wnother or not the weter
in the flusk rcceliving the samsle hes
@rr ouur wi:cn chHrmplred wiltn thut in the

f'l’ i'sk.



de If the o'or ig oresent, renest using a
cmallier somplo.

ge II mot vresent, «: o iore of the sumdle
to the =« ter 1In the flask until the
odor is nrescnt,

5e¢ drowlng the eoproximeie odor, a4 more ac=-

curtcte cetzrrination 1s muacde ns follows:

8, ,¢d 100 ml, of the ocorefrce o ier to
ctuch of the seversl flesks,

b. Cover «itn wauch glesses nnd werm to 70 C.
Ce To the first five flesks rfcd Increueing
volures of the sumple, tuking in the

velue cetermined btr the wpproximete
method, For exar-lc, if “ne odor wus
founc with § wl, of the ¢ruple in the
aanroximete wmetnod, wid 3, h, 5, 6, &nd
7 wle respectively to the five fluskse.
de Theke vigorously &rc deterrline the flisk

in which tbhe odor first sonne-rs,

Culculations
ml, of ocor freec water ml, of cemole odor velue

mrl. of =:rnle

The tuste value of the so_utlons wes found

by cdiluting thenm wnd fincing the value in p. ne m.



ahcre tace teste could very fulntly be dilstine
guisiicde [llo8e ceterininucliony were corried out
it tesie~frec wulor prepurec Ly colling until
frie {rom teaste,

Various zwrounts of ecerlveted curbon, known
&8s duenar, were woeligneo out end xept in suspension

for a Jdetention gerliod of 20 minutes in 1liter

")
a

stanles of ernch of the orepired golutions, The
soiutions wers then Clltersc und tosts nrde to
goe 1L &l: the tuste wnd ocdor ned been removede

1ae ovor teste were mude Y hewting the
filtrate to 70 C. and finding ous whether any
vocor wes ail1ll lef't,

Ine tweole cefermine!lon #:8 mude by tasting
the flicrale wac comporiug 1t wiin testo=froc wanter
to sce 1If uny Lesve Itawineds,

ilicge prococures were ropotebeo until the

cu.ount of earbon wes foiné thet would remove ull

»

2C o

of the tusgie nnd odor from wiber go nollu



Lo 2ar Belunres
Compound Leor las ce Concen= Girems nct,
Fuctor Fuctor trution Curbon
DeTalfla

Ii«chloro=

phenol 23 .00 1 pepeme 01l
Phenol 500 0005 1 PePellle ‘03
Ortro cdl-
chloI'G-'h':“ 7(\1 21.0 .C’Ol 1 p.p-m. .12!‘.
Crcsol 11.0 .002 1 t.0eme 115,

One liter sumrles were uscd in eanch of the above

Geterminstionse.

Compound Concar - O-vloa ag theyp l1cse Cirbon
tretion K: t1lo DeMe o

l'1=chloro=~

pbe’.’JO]. .!. Do‘{)ﬂ‘f. OGCO].I ’)32.87
Phenol 1 DeDele «GCU03 252,18
Ortho di-
chloro-tenzol 1 pepem. .00012l 1356,90
Cresol 1 pPaDPems . 000115 1187.30



iie cost cf ihucher is tive cents & poundes
From thie preccéing recsults it we:la seem to be
very expenglve Yo rerove tuste anc ocdor due to
vhenollice comoounds by the use of cctivated
cartone. There 1z not, howcver, & ccncentrrstiion
such &8 1 p.pemis 0Of vhencls in any water suvdlye.
There 1s 1o cota avallable «s Lo how rmeh the
averege aizount of phicncl 1n polluted weters is,
TO prepere & cosv tubie +0% pepems hes bemn
selected e¢nd it 1s & Yigh erough vulue %o tule

for thne uverega plént,

Conjpouing concene Cest
tration Dellefle
vi-chlcoro=-
phicnol «0fh p.Derde w233
Phienol «05 DeDeims 63
Crtro=cie
chloro=teryel eCH DeDaiiie 3459
Cresnl «CH TDe.Dem,. 2.97



R he L GOV TON

ctivated ceron will rennve the ftnste
cznc odor of pheolelilte ccnmpounds from wuter,

‘he ¢ry feea wmebthnoc of using activuted
ceroon is ecoun-icul oniy when thers 1s suwall
emounts of phenols in tre witer guonly becuucse
lareca ewonunts ol ¢ rbon will clog the filters
cd nebe 1t necess:ry to wish them frejucntly.

“he earbon filtcr b=d scems to be *he best
erreienent for the rimsvel of tustoe and ofors
from uwiter suoplice,  ‘ine Carbon wautor ritio
is much nicher ne thus will cuuse much nigher
removel et tlmesg of Yervy nollu*tions The
ci.rbion £11ter 18 ersy to control, It 12 not
necensery for v chemist to be on duty 1l the
tire s In the cuse of dry feed to charvge the
Gosepe vt tl-es of st:rting «nd stonning of
rollution becavse when nollutlon gtirts the
filter 1s elrecdy acsorbing the phenols,

It Ja a:fe to sy thet cellve corbon in
veter frectrent bes come Lo suey, ond thut 1ts

use will frercoce reniclyr,
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