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Ifl10PtPtl91 

Tanning •terial.• are obtained trm lea•••• bark, wood, and 

roots ot a mamber ot plan.ta. In 1939 the tanning extract induatr;y urket.ed 

rwg}ll.7 three mUlion gallons ot tanning extract. Although the induatr, 

1• not a large one 1 it hae problems ot waate diapoaal and utilisation. 

Two pneral atepe are necessary to obtain ta.a.ning material.a 1 

the extraction proper, and concentration ot the resulting thin liquor ex-

tract. Problema encountered pertondng th••• OYerall atepa ares dispo-

aition ot the apant chipa b7 burning in with epecial grate aur-

ta.cea J aeparation ot non-tannin insoluble conatit.uenta .rroa tannin aolu-

tion•J d:lapoaal ot large YOlwnea ot T&por condeneate during conoent.raUon 

ot the extract. The oond.enaate contain• rou.ghl,y 0.02-0.,i acetic acid 

and repraenu a reco•erable wute. iem.oYal of the acid trom the con-

denaat.e would permit the uae or the •ter elaewhere in t.he manu.tac\uring 

proc•••• In the condeneat.e minute amounta of p,rollgneous acid, tar17 

oils, and creoaotea are also preaent. The nature ot the condenaate a 

whole i• a clear to pale yellow eolution with ver., 11 ttle suspended 

matter. 

Ada.tu and Holaea in 1934 were eucceeaful in Ntmoving acetic acid 

trom dilut.e e olutiom by emplo7i-ng reain ion exchange material.a,, 

but. no quantitative results were obtained. Other att•pt• have been made 



to reco••r acetic acid by liquid-liquid extraction, a.zeot.ropic d.1atil-

lation, and at.her method• not deacribed but theee methoda have bMn 

impractical when handling low concentrationa due to coeta involved. 

The purpoae ot this investigation is to recover acetic acid 

troa th• waet.ea or the tanning extract induet.r,. Primary conaiderat.ion 

will be given proceaae• dealing with ion exchange mater.Lala. 



II. R.&YIEW OF LITERATURE 

A. IAN.Ill§ 

Probably the moet comprehensive study of tannine to date has 

bffn made b7 Harve7(ll) in 1921. According to him, tannins are a group 

ot similar aetringent aubatancea occurring in various parla ot plant•• 

i.e., leaves, bark, wood, :roota, etc. The classification of tannins for 

technical purpoaea ia baaed on the decomposition product• formed by th• 

action ot heat. In the main, one of two aubetancea ie formed, pyrogallol 

or cateohol: 

--OH --OH 
-OH - OH 

-OH 

Pyrogallol Catechol 

§o&cg. The catechol tannins are obtained from birch bark• oak 

bark• quebracho, mangrove, ulmo, gambler, .mimoaa bark, hanlock, mallet 

bark, lentuco, and pine bark. The pyrogal.lol tannins are obtained fro• 

Jll71"0balau, valonia, algarabilla, oakwood, gal.la, cheetnut wood, willow 

bark, aumach, and babool. Chestnut wood, producing the p)'TOgallol tannin, 

ie moat trequently ueed in this region and aubeequent diacuaaion will be 



tooueed u5nl.7 on cheat.nut wood extraot. 

Yul!! !&QQiga. !annina are used extenaiYely in the manufacture 

ot l•ther tna hid... It 18 oft.en deairable to prepare tanning eolut.iona 

coneiating of mixed tannins in order to produce l.eathera of Y&rying t.7Pu, 

po1ae1aing dif'terent qualitie1 ot aottneaa, tiniah, and color. Other· 

l••• import.ant. ue1<9), f'roa the atandpoint. ot tanrd.n Tolwae coneuaed, 

include protective colloida, photogra}>b7, dyee, intermediates, medicinu, 

and anal.7t.ical reagent.a. 

Tamd.ng extract 11 manufactured at a number of plants all OYer 

the cou.nt.17'{8). Plant ait.u are chosen pr.1m&ril7 on the ot a large 

eu.pply or suitable material• tor extraction and on the baaia ot an iron-

tree auppl7 or water{ll). Sof't water is adn.ntageoua and nwaeroua method• 

are employed to treat raw waten to Nm.OYe hardn••• 

Mtmot.109. Before the tannin can be extracted, the •terial 

muat tint be reduced to t.he proper aize ••••ntial tor thorough extraction, 

and. tor thie pu.rpoee, cruahen, chippers, etc., are cplo7ed according to 

the nature of the raw material (ll). Thia procea,, in the ca.ea of cheetnut 

'wood, conaiata of reducing the S-toot logs to chipa in rota17, aalt.iblade, 

chipping aaebiDSa • Th• idea of chipping 1a to open t.he end• ot t.be 

aat.erial (ll). Th• cheatm1t chip.1 are pe.aaecl thr011gh a awing4lmamer mill, 

or ot.ber device ot 11.milar act.ion, to ahred the cbipa allowing tor 

greater penetration ot the ohip1 b7 the extracting solvent.. The finer the 

material, the better the extraction, although too tine mat.erial auat. be 

&YOidecl to pnvent clogging of the leachen(11). 



The extract.ion ot the tannin t~m the ground material r,ay be 

carried out by a nwn.ber of processes<11), thus, 

(1) Open vat extra.ction 

(2) Rotary ayatem 

(3) Pressure au.t.oclavea 

(4) Oven vat with A:rchimedian screw 

(;) Vacuum extract.ion {Nance proceae) 

( 6) Roller extraction 

(7) Gae lift agitation met.hod 

Ex.traotion(ll) of chipped chestnut wood is made either in open 

of wood or copper, or under pressure in autoclavu, and although JHDT 

tact.orie• uae the latter proceea, the open vat ayatem. ie considered the 

better ot the two. Under pressure, more non-tannin subat.ancea are extracted 

and a certain loss of tannin occurs; thll8 1 although the total 7ield of ex-

tract ia greater, the quality ie inferior to that mad~ b7 open vat ex-

In ,ither open vat extraction or pressure autoclaves, the ex-

traction is uaually carried out by oountercurrent now, 1.e", the solvent 

entering the eystem first passes into the vat or autoclave which is moat 

nearly spent and pasaea through successively richer chips until it leave• 

t.he syatem. from the charge which ha• been leached the least. Water 1s 

univeraall7 used as the solTent. Upon lea.Ying the a.traction vat.a, the 

liquor should contain up to 10-ll percent or dissolved solids, the t&Min 

content., ot course, varying with the compoaition of the raw material (ll), 

9l:!nfication and Deooloration. The weak liquor from the ex-

tractora muet be clarified, and if decolorizH. The liquor ia 



pumped into large sett.ling tanka and there decolorized by cui.mical Marus, 

and then filtered. A fn ot the decolorizing agenta are the followings 

GX&lic acid, gelatinous alwd.na, &l'bumin-containing 1ubetancu (e.g. ox 

blood), and lead carbonai.. followed b7 lead eulphate(ll). 

Filt.rat.ion can be done by an.y one ot the following proceaeeas 

(1) Simple ffdimentation 

(2) Wit.h filter clothe over wooden .tram.ea 

(3) By filter preaan 

(4) By centrifuging 

Sedimentation ia sometimes accelerated b7 concentration ot the 

weak liquor to a specific gre.rlty ot l.06 in naporatora, then allowing it 

to stand. 

l'!awa\109. The liquor, after claritication, ia Ulen concen-

trated in order to NJDOV'e the greater part ot the •ter. Uee ot open 

pane for concentration 18 not ad'rlaable due to high tem.paratur9e cauing 

decompoeition of the tannin in aolution(ll). In order to aecure a low 

temperature at the correct stage of the evaporation process, vacuwa. 

evaporator• are adopted. The aingle ettect. evaporator may be used but aore 

economical operation ia obtained using a mlt.iple e!tect. evaporator(ll). 

The product 1a uaual17 concentrated to 25 or 35 percent tannin. 

Some leather manu.tacturen prefer powdered extract, in which cue 

the 35 peroent. tannin aolutione are dried on heated roll• {1300,.) under 

vacuum condition•• The time neceaaaey tor drying to a moiat.ure content of 

.) percent ia 7 to 8 aecond8(l9). No damage to the extract occurs in t.hia 

abort time at l.)O°F.(l9). 

During evaporation, the vapors driven ott &1'9 largel7 c ompoeed 

ot water but snall amounts of acetic acid are present. Oonzale1C8) 1tatu 



that the wat.er driven ott during concentration ot the extract. cont.ainll 

•tram one-halt to t.wo percent acetic acid"• Thie .appear. to be high 1ince 

two tannin extraot manutacturera, Leu & llcYit.t;y, Inc.(29), ot Salem, 

Virginia, and the Jlead Corporation<2S), Tannin ktraot Didaion, ot 

~chburg, Virginia, concur in report.1.ng 0.03 penent total acid• expreeaed 

u acetic acid. 

C. 12! llQIANGI 

Ion exchange 1a becoad.ng increasingly important in ind11at17 and 

t.heretore 1a reoehing inc:reaaing attention u a subject ot laboratory 

study. J1an7 inYestigationa have been made of the yar:toua pbaeea of ion 

exchange but. aurpriaingly few unquestionable tact.a have been extended. 

WaltonC28) define• ion exchange u a •reversible interchange ot 

iorus between a liquid pha1e and a aolld body' which d.oea not involve &D.f 

:radical change in the solid at.ruct.ure.• When the exchange inYolv .. 

poaitivel.J' charged iona (cations) it is called bue-exch&nge or cation u-

ohange. Exchange between negatively charged ions (aniorus) 1a known aa 

anion exchange. 

Even au.ch a cletinit.ion •• Walton give, above, while quite broad, 

ia not abwe attack aince the term •ion exchange" is al.ao applied. t.o ad-

aorption of whole noleculea from 1olut.ione aa in the caae of tree aciu. 

Thia acid. adeorbing propert7 of ion exchange material.8 make• it wort.h-

whlle to inYeatigate the poaaibillt.1ea of utilising tha to nco"t'er acetic 

acid tram waatea ot tanning extract. manufacture. 
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Hiat.orz. The phenomena ot base-exchange waa first observed b7 

Way(lS), in 18,01 when he ps.aeed a aolution of potaeaium chloride through 

a bed ol soil, and found tb&t all potaaaium waa removed from the solution 

and replaced by an equivalent amount of calcium and a odium from the eoil. 

Eichorn (lS) discovered t.ha t bases were mutually exchangeable. I.ember, 

Eichorn, and Gana atudied the mineral exchangers exhauat1•el.T, and later 

Gana made the tint commercial applications or zeollt.ea to aottening water. 

In l9JS, Adam.a and Holmea(l) discovend that phenol-form.aldehyde reains 

exhibited ion exchange properties, eepecially anion exchange when certain 

deri:vativu were used, and in ao doing open~ a new era in the ohemiatr;y 

of a7nthetie reeina and applications of the ion exchange principle. The 

fu.rther developnent. ot synthetic resins aa ion-exchangers baa been inveat1-

gat9d in the laboratories of the I.G. Farbenindustrle a.nd the Reainoua 

Product.a and Chemical Company, •ho are llcen•••• under the Holme,(l) 

patents in Eu.rope and in the United Statea reaptictively. The Penmtit 

C0111p&D7 haa alao conducted extenaive research concerning ion «xehange. 

Claaaification 2! Ion l!!han&•rt• No general claaaiticat.ion ot 

exchange adaorbenta appears to have been made. However, the following has 

been auggested(lS) 1 

I. Cation-Ex:oha.nge Adsorbents 

A. Inorganic 

l. Natural origin 

a. Unmodified (example, natural greenaand) 

b. Modified {example, fortified greena&nd) 

2. Synthetic (example, s,nthetic gel zeolites) 



B. Organic 

l. Natural origin 

a. Ul1lll0dified (axamplea, peat, lignite) 

b. Modified (uaaple, eultona\ecl coal) 

2. S711thet.ic (chud.cal oou\ltut.ion fairly well defined.) 

a. Tarmin-torm&l.dehyde :reaina 

II. Anion-exchange Adsorbent• 

A. Inorganic 

l. liat.ural origin (example,·dolomite) 

2. S711thet.ic (example, heavy ... t.al ailicatea) 

B. Organic 

l. Natural origln 

a. Unmodified (exaaplee, horn, woo•.l) 

b. Koditied (example, alkali-treated aapbalt) 

2. S711thetic (example, aine-torm.aldeh)rde reain) 

l'ZE!. ieact.1091. The tund&aent.al ion exchange react1ona are tn 

and a1mple( 26). Cation ex.change ,.., be carried out accoMi.ng to the •1alt, 

qcle• in 'Which one metallic or organic cat.ion 1a replac4td b7 another1 

++ lleaction 
ea + ~z* 

Degeneration 
21i+c.z 

* Z reP,reaente Cat.ion exohanger. 

or according to the •b3drogen cycle" in which all metallic or organic 
' cations 1n aol11tion an replaced by h,ydrogen iona provided b7 an acid-

regenerated cation exchapgera 
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a.action 
2 Ha+ + ~z ----- 2 H+ + 1"21 

Begen.rat.ion 

The reactions(.3) ot the cation exohanpra being true equilibria 

react.iom, ·contorm to the Law ot .lua Action, and an increase in conoen-

t,ration oft.he products will ettect a reversal of the equ1llbrlW1l. 

Ge.neral.17, an appl'5c!.able exceae ot regeaerant. 11 used, and a relat.ivel.7 

high conoentration i• employed ao that revi:vdication ot the exchanger 

wUl'be ••ent.ial.ly' complete. 

Anion exchangers m.&1 be used to oarr,- out tne anion exchange 

naot.ione ot the types 

804 - + l(l3HH)Cl 
Regeneration 

Reaction 

* 1)1 represent.a tree anion eubanger. 

Anion exchange :material& also effect. acid removals 

( 2,IB)OOCCR:3 

in which caae the anion exchanger ia reaenerated 'by treatment with a 

aolution of an alkalia 

Schwartz, Edwude, and Boudreaux contend that in uid. ND10Y&l b7 

ion excb&Dge •thode bot;h true anion ex.change, ametime1 reternct \o u 

"•alt formation", and whole molecule adsorption oocur 11raultaneouaqC23). 

Nachod and Wood(20) haYe found that reactions ot anion exchange 

are 400 to 4(J(XJ t.imea elo•r than cation exchange react.ions. 

12a §ltchagae llater1f:l•• Walton(28) describe• the Yarioua 

material.a showing ion exchange. He atatea, •among the minerals in which 

ion exchange 1a most marked are alumino-ailicatea such aa the seolltee, 
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montmorillonit.e and so• other clay minerals, ultramarine, gl.&uconite, and 

th• chabazit.ea. A amallar degree of ion exchange i• found in the teldapa.rs 

and kaolinite. ill of these minerals contain alkali or alkaline earth 

metal :io.aa, and it is theae iom which will a.change wit.h ions in aolut.iona. 

The seolite family oonaiat.a of hydrated a.lwnino-ellicat• that contain 

eaail,1 exchangeable ions au.ch aa sodiwn or potaaaiwa(24) • · The baa..-.x-

eha.nge aubet.ancu mq be represented b7 the general tol'lllUla N~0.Al20.3. 

nSi02.~o, where n represent.a 5 or more, and x repreaent.a varying amount.a 

ot water of hydration(24)(28)(JO). 

Among t.he natural organic compounds which have ion exchange 

propertie• are the hwrdc acids and the proteina. The latter can exchange 

both cations and anions, wherea1 hwnic acids exchange only cationa<28) • 

The anion exchange material.a are not as numerous ae baae-exchaoge 

aubatanoea. The main anion exchange materials arei apatite, aromatic 

amine resins and aliphatic amine reaine. Many others have been 1uggeated 

and. uaed with limited succees(lS): barium carbonate, iron oxide and 

alwninWll oxide gela, sine and other metallic oxide~ basic dolcmite, 

chlorl.Mted coa.11 activated carbon, alkali-treated aephalt., horn, silk, 

wool and leather scrap. 

Applications 2! !2Q kch&ngf. Removal ot tmdeai rable 1 onic 

impurit.iee from aolutiona is the mast common proceea in which ion exchana-

18 eraplo,ed<26). water softening proe•••• u.1ng ion exchange material.a 

have been given a gr•t deal of attention in the literatureCl)(3)(ll){l8) 
(24)(27) • 

Ion exchange proc•••• are frequently wied for the recover.r ot 

valuable subatancea from eolutione(26). For example, 1pecitic metal.a or 
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poapa ot metal• h&Ye bean abaorbed on cation uohangera tor ana.l.7tioal 

p,irpo••• • cat.ion euhange hae been ueed abroad tor the NOOY8J7 ot oopper 

from oupnmmonia ra,yon •••t• llquon(aa). lon-met.alllo catione an alao 

recOYeNd in thia unner in two wid•l.1' ued &D&l.7ti0.&l prooeduna I the 

t.hiooh:roa.e aaaq tor Vitamin Bi, (l2) and the rolin met.hod tor amonia nitro-

gen(.a&). The NCOYer, ot nicotine, quinine, and other alkaloida b7 cat,ion 

exchange aftboda baa been reported and 1• being further dneloped. 

Valuable anions My be recoYered by the uae of anion exohangen. 

Ma,chett(l5) d.ffeloped au.ch a proc••• tor the reoonry ot tartrat .. hOll 

grape wut.ea. 

JD.glia and F1eaaC7) eta~• that -1.hd.nation ot t.he acid and 

mineral conatit.u.enta trm artichoke extract. b7 ion u:changer• produced a 

airup or iaproved qu.alit.7 and fiayor.- Buck and Jlot.tem(5) used an ion 

euhange atage in the treatment ot apple airup to remove malic acid and 

thua prnented t.h• t ormation of calcium JIIJ.at.e during the liming proceaa 

producing a aweet.er airup. 

In addition t.o true anion exchange, T&luable aoide aay be re-

coTered by ad.aorption on alkali-regenerated anion u.chan,ere<2). In 1om.e 

caaea acid• ma., be prNent. •• impurit.1••• Such is t.l"Ue in the cue ot 

formaldehyde made by the oatalytic oxidation ot methanol. The tonial.4ehJd• 

_,. oontain aa much ae o.o, to 0.08 percent formic aeid. Aaberlit• 

IB-41, an anion •change a711t.h«.ic ruin, -,- be uaed to ntmove the acid 

11'1\hotat. a&l.t. oontamination(2). Thi• retwence atated1 •In t.hia particular 

example the acidic conatituen\ remoftd waa an impurit.71 but b7 the ••• 

prooeaa 't'&luable acidic uteriale including amino acid.I, and certain 

pbarmaceut.icala aa, be recovered eaeily I etticient.ly, and economically b7 

adsorption on Alllberlit• IR-4!3.• 
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Vie(S) developed an apparatus tor waeh1ng the vapora in the con-

centration ot chestnut extract which permits recoYe17 ot 13 .,2 ld.lograu ot 

acetic acid from 11000 kilograma ot 25° Ba. extract. Recove17 waa effected 

either in the torm Na0.lc.l.5H~ or Ca(0Ac)2. Vie found that the cost ot 

apparatus waa large, corrosion wu great, and the product.a were often 

colored. Depaaee<6)(B), in a oriticilJll ot Vi••• work aaid that the proc••• 

could be made profitable it the apparatus ware properly conetructed and 

ued. No detail.a a.a to the nature ot the equipment were given. 

Othmer(2.2) proposed a method tor the a eparation ot water troa 

acetic a.eid bf azeotropic dietillation but the procua appea.ra to be con-

fined to liquor• containing an initial concentration of at leut 6 percent 

acetic acid due to economical reuons. Fulthel'!llOre, Othmer indicated that, 

in the proceae large quantitiea ot water cont.ain1ng frcn 0.02 to 0.10 pez-

cent. acetic acid wen paaaed off ae ••"• 

In 1941 Gonzal.es(8) atttmpted the removal ot acetic acid from an 

acetic acid-water vapor mixture by a.beorption in 5 percent potuaium hy-

droxide aolution 1n a packed tower. Hie wol'k wu carried out using acetic 

aoid aolution concentrations of 0.,1 to s.o percent. The degree of abaorpt.ion 

ranged from 64.5 to 9;.; percent. wit, h the greatest abeo:rpt.ion obtained wrum 

the acetic acid concentration was O.l percent or leas. Gonzalez used a 

copper absorption tower and the product obtained was impure and highl7 

colored, being contaminated with copper aalta. Corrosion of the copper 

tower was very noticeable. 
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III. W!llMPtAL 

The J>lll"P088 of thia inveatiption 1• to recoYer acetic acid tram. 

the wutee ot the, tannin extract ind.uet17. Pr1.mar, conaideratiou will be 

given proce1aea dealing with ion exchange materials. 

The general plan ot procedure in thie irrreet.igat.ion 1• •• 

tollowes 

l. Preli ad e•!Z IPI••t.1eU:91l• 
a. B.ertew ot the Literature. 

2. De1ign tml gopatruc~i29 2', L!1>9ajoq lppapty tor Req9UJ7 2'. AceY,e 

Acid L!u Wu\e Liquor !?z ,\piog lffha:M• ltlW• 
RecOYery ot acetic acid t:rom waete conderuia.te liquor will be 

attempted by the uae or a single ion exchange column. The ion ex-

ohange material to be utilized tor this purpoae will be De-Acidi te, a 

aynthetic anion exchange ruin poaaeasing high acid-binding capaci t7 

and long lite. 

The colwnn will be of 2S mm. Pyrex glaae tubing 1utticientl7 

long to eontain 200 ml. ot anion exchange resin with beadepaoe anU-

able tor 100% bed expanaion. Below t.he bed within the c olW!lll will be 
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placed a supporting lqer ot crushed and sized porcelain. Glaee wool 

will be ueed to prevent lose of eolide in the column throu.gh the out.let 

tube at the bot tom ot the column. Inlet and outlet tubes to the colwan 

will be inserted through ntbber stoppen sealing the top and bot.ten ot 

the column. The apparatus will be constructed in au.ch a. manner that 

liquids will not come in contact with any met.ala. 

In down.flow operation, the column will be fed from open g.l.aaa 

conatant-hee.d tanks above the column. AU liquids to be paaeed through 

the column will be paeaed. into the conatant-head tanks from aepirator 

bottle reservoirs by gravity now. Rates ot now through the colwm 

will be controlled by capillar,- tubea inserted in the outlet tube at 

the bottom or the column. 

Backwaeh operationa will utilize compressed air to force diatilled 

water through the column rrom the bottom to an overflow exit at the top 

of the column. 

3. Det.ensnatism Bt- ~-Binding Qapacitz al. J!••is• 
a. Xot:!,1. Acid-Binding Capacity 

A batch operation will be carried. out to expose 200 ml. ot the 

ion ex.change resin to a known volume o! et.amard acetic acid solution. 

The re&ction will be allowed to pn,gress u.ntil maximum adsorption of 

the acid by the resin ha.a taken place. During the courae of the re-

action intermittent sampleo ot the acid eolution will be llithdrawn and 

teated to determine when equilibrium has been reached. The total acid• 

binding capacity ot the resin will be determined b7 anal7sing the tin.al 

acid aolution and taking into account the acid removed in the . sampl••• 



-16 -

b. Aoid-BS.ndig Capaci\7 !i i£Wt,hroup is Q!WHPP Opm.t~pn. 

Dilute eolut.iona of aoet.ie acid will be ueed to part.iall.J uhauet 

the ion exchange resin 1n colwm operation. By 1188118 ot colorimetric 

teat• ot the column effluent it ia intended to determine the break-

throu,h point of unadaorbed acetic acid. 

Vaeying rates of t'low in aucceeding experimental rune will be 

used to ascertain an optimum rate tor •ximum acid adaorption at break-

through. Capillary tubes ineert.ed in the ettluent ouUet at the bale 

of the column will be used to mntrol ot now ot the effluent. 

f ran the column. 

4. Rt9ovm 91.. Acetic from Waete ¼49,uor. 

It ia well t.o recall that. the waste liquor under consideration 

haa1 in addition to acetic acid, smaller amount.a ot other organic 

acida. In exposing t.he waste liquor to acid-binding reains 1 it ie ex-

pected that the acids removed will be largely, but not entirely, acetic 

acid. Anal,aia of treated and. untreated liquor will be total acidity 

expreased u acetic acid as recamzaended by Gritfin(lo). Henceforth, 

"acetic acid•, so written, will denote the aoid mixture. 

a. ft:!!9Y!l st.. "Acetic ~• 2t I2n M9han&! l.95n. 
The waste liquor will be passed downflow at the optimum rate aa 

detendned 1n 3b. abOYe to determine breakthrough capacity. When t.he 

breakthrough point. is Naohed, the influent to the column will be shut 

off. 

b. Baokwa1h. 

To thoroughl.7 recla11it1 the reein bed and to re.move an, to reign 

materials entering with the waste liquor the reain bed will be back-
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washed tor 10 minute• following each exhaustion operation. During 

backwash, expansion of the bed will be maintained at 1, percent. 

Backwash water will be eent to waate. 

5. §1,qt1qn •Acetic Ac&d" from RtAcidiH• 
Th• De-Acidite, partially saturated. with •acetic acid" from the 

waat.e liquor, may be made to give up that "acetic acid" by displacement 

with a ntlati Tely stronger acid. Su.1£uric acid in downflow operation 

will be used to accanplish elution in this caae. Concentrations will 

be varied along with rates or flow to determine an optimum combination 

of concentration and rate tor the elution. It le intended to terminate 

the elu~ion proceaa when eulfuric acid first appears in the effluent 

from the column. Bariwa chloride is to be ued aa a teat tor aultatea 

indicating breakthrough ot su.lfuric acid. 

6. Qoncentrat.ion 2! "Ace\ic ~•. 

Calcium Hych'oxide is to be added to the •acetic acid" forming 

calcium acetate in water solution. The solution will be •vaporated to 

dr,yn .. s l•'fing calcium acetate. The calcium acetate will be treated 

with aul.turic acid to form acetic acid and calcium. aultate. Simple 

distillation will be used to obtain acetic acid as the final product. 

7. Swmatipp s£,. Jx;periapnt.al T,1t1. 

a. Total capaei~z it B,1in. I 

l. Conditiona1 

Bone 

Ex. Teat lo. l 

1!2a-;Var1ang 
Tempe rat.u re: 20-,:,0°c. 
Vol. ot Beaint 200 ml. 
Vol. ot Acid Soln.s 6.o 1. 
Cone. ot Acid Soln., O.S% 
1'1me of Teat a 4 houra 
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0. IJ:!!!sthma&h g~pacit.z st 8!1w• 
l. Conditionss 

Van,nta 

Rate ot now ot 
Acetic Acid Soln. 

2 
3 
4 

0 femp•raturez 20-30 c. 
Cone. Acet. Acids o.~ 
B&t.e ot Flow ot Acetic Acid 
Solution, (gal./tt.l/min.) 

l 
:; 

' c. le9J!:l Rt. "4cetic Ac+d" .t:!32 !Yi! W:99:9£• 

1. Conditions: 

van.ant.a 

101111 

Eat. Rw1 lo. S 

d. gl.ut.109 !?z §ul(uric Acid. 

l. Condi tiona: 

J!rianta 

Cone. ~solL 
Rate or Plow ot 82S()4 
Bx. Teat Ho. Cone. H21()4 

% 

6 
7 
8 
9 

10 
11 
12 
13 
14 

4 
4 
4 

10 
10 
10 1, 
15 
15 

JJoa-Vari.Mt,1 
Temperatures 20-)<>°C. 
Compoeition of Waete Liquor 
(approx. 0.02S Acetic Acid) 
Bate ot Flow ot Influent.a 
Optimum ae determined in 

.. ;5b • 

12!1-Varia.-ita 
Temperatures 20-)0°0. 
Vol. Reairu 200 ml. 

iat.e ot Flow 
ot H2S04 

( gal/tt2 /min) 
3 
4 s 
3 
4 
5 
3 
4 
5 
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•• Copo•ntpt.ion .!t. "Acetic A!JS.•• 
1.. Fonat,ion ot calcium acetate using lim.e .. 
2. lemoval or water b7 ..,.porat.ion • 
.3.. Iona tion ot acetic acid using 1!2~1a. • . 
4. Separation of acetic acid troa caso4 b7 •imple d1aUllation.. 

Ex.. Test No. 1, 

8.. Cornlation q! Dat.a.. 

C • Jlate£1alf 

The following material• were required tor the inve1tigation ot 

recova17 ot aoetic acid tram waat•• ot tannin extract manutactures 

ID Jlaterial 
JU\!· Liquor. The waete liquor used wae condaneate from the 

aecond and third ettect.a ot a triple ettect eTaporator used b7 the 

Tanning Ix.tract Divi.1ion ot the Jlead Corporation, L,ynchburg, Virginia, to 

concentrate tannin extracted tran cheat.nut wood chipe. The ehipunt ot 

condanaate varied in concentration between 0.02 and o.os percent total 

acidity ex.preeaed aa acetic acid. The condeneate ueedwa1 clear and 

1l.1ghtl.71ellow 1n color. Twent7 gallona, received in fiTa-gallon glaaa 

bottles, were u.eed during the iDY .. tigation. 

Won lffhtp«• l!sn 
De-4c1d1te. The adeorbent uaed 1n thia work wae De-Acidite, 

obtained troa the Permutit Compazl1', lfew York, I.Y.. One pourwl ot De-

Acidit~ Sample No. 26872, wu used tor adaorption teata. 
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9hfm19W 
!ss., Ac•i12• glacial, C.P., tot. Ho. 82,6Un Jlanuf'act.ured b7 

the J.T. laker Chend.oal Compan,, Phillipabul"g, New J'ene,. Two pound• 

were wsed tor &deorpt.ion t.eeta • 

.A9Ja, Rzd£99bJ.oriq,. C.P., Sp. Gr. 1.191 Manutaotu"4 b7 the 

J.T. Baker Cheical Co., Phillipsburg, New Jerae7. Eipt7-tive ml. were 

used to prepare atan.iard solution for adjustil'lg phenolphthalein indicat.or 

aolut.ion. 

SUUW:ic, C.P., Sp. Gr. 1.84, Lot lo. 3754/3• Jfanu.-

tactured by th• J.T. Baker Chemical Co., Phillipsburg, lew Jer1e7. One 

pound ueed tor digeetion of cn.tehed porcelain to produce an inert De-

Acidite bed •upport. 

AlcohgJ., BhY;l, 95 percent t Obtained trail the Stock Room ot 

the Depart.ant ot Chemical ingineering, Virginia Polytechnic Inatitute, 

Blackaburg, Vil"gi.nia. Fitt7 mUlilltera were used tor preparation ot 

phenolphthalein indicator solution. 

DJs!. fpder, American Standard, Lot No. 221 KanutactuHd b7 

the Ke71tone Tanning and Glue Co., Ridgway, Penna7lvania. Thi.rt,7 grau 

111ed tor anal.7118 ot waate liquor tor tannin. 

HzdMS!, §odiym. C.P. Pelleta, Lot No. 71,346. llanutact.ureci 

b7 the J.T. Baker Chemical Co., Phillipaburg, lew Jerae7. ThrM poun4a 

were uNd tor anal,tical reagent and re gene rant aolutiona. 

Kaolin• Technical Grade• Pulnrizad.1 Obtained from the Stock 

lool1 ot the Department of Chemical Engineerinth Virginia Polytechnic 

Institute, Blacksburg, Virginia. Right grams uaed as filtering medium in 

a.n&1.7ei1 of ••t• liquor for tannin. 
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!19h.yl OF!91f, C.P., Powder, Lot lo. '21946t Jlanu.faet.ured b7 

t.he J.T. Baker Chemical Co., Phillipaburg, Rew Jeree7. One gnun wa1 

uaed tor preparation of one percent indicator solution. 

Ph,m,lphthal.91n, C.P., Lot lo. 42,2461 llanutactured b7 th• 

J.T. Baker Chudcal Co., Philllpeburg, N• Jenq. One gram •• uaed. tor 

preparation or one percent indicator aolut.ion. 

O\b!:l•l•, Pot.9•3zwa Acid, c.P. a Manutactured by the Colent.an 

and Bell Co., Horwood, Ohio. Ten grau nre uaed tor atandardinnc 

eodiwn h7droxi.de eolutions. 

§ultat.t, gh£9!d.91 PotyfiH!h Analytical Gradea Manu.tactured 

b7 the ll&llinekroclt Chemical Worke, lew York. Sixteen grame nre u.eecl 

in anal.yaie ot waste liquor tor tannina. 

Jat•£• Di.Ulled, Ph .5.5-7.0s Diat.illed by and obtained tna 

the Dep&rbaent ot Chemiet.17, Virginia Poi,technic Institute, Blacksburg, 

Virginia. Ueed tor all analytical, regenen.nt, backwaah, and rinse 

aolutione. 

D. Appapt.YI 

lx.periment&l teat• ma.de during the courae ot this 

gation wn carried out using apparatus constructed by the author in 

the labo:rator7. Glaaa wu used to prevent contamination ot react.ion 

material•• Jl&terials ot conat.ruction were obtained trom the Stock Boome 

of the V1rg1.nia Polytechnic Institute .Depart.mtnt of Chemj.cal Engineering 

and Depart..ment of Chemiatr,. 
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AJ1t.&tQ£, electric, Pultorn Labmotor, (Volt llS, C7clea 60 

AC): Distributed by Fisher Scientific Co., Pittaburgh, Penm1l•ania. 

Ueed t,o agitate adsorption react.ants in bat.ch operation. 

B!:lfACf• ana].,tical, ch&in0lll8t.ic, dampened, Serial No. C-77: 

Jlanu.taotured by SeedeNr Kohlbuack, Inc., Jeraey City, In Jerae7. Uaed 

tor Night deterainationB. 

Bal.yea, rough, triple-beam, Jwd.lllW!l Capacity 610 graraas 

Manutactured by the Oba.us CompanT, Newark, Hew Jersey. U1ed tor weigh-

ing acetic acid and •odium h7droxide. 

Bott.!r•!• A1pi:rat:gr, 4-liter: ·Obtained from the Stock Room of 

the Dep1.rt.ment of Chemistry, Virginia Pol.7technic Institute, Bl&ckabUl"g1 

Virg1nia. Three uaed tor liquid feed resenoira to the column. 

Bott:le, 5-gallona Obtained froa the Stock Noan of the Depart-

ment. ot Chemietry, Virginia Polytechnic Institute, Blacksburg, Virginia. 

One uaed tor preeaure baokwaah bottle in rineing and regrading 0.-

Acidite bed in column. 

Box, wood, 9"x 6•x 3"1 OonatNcted £ran etandard cigar boX. 

drilled on the ends to contain t.wo Nessler Tu.bee for colorimet.ric coa-

pariaone. 

Caplllarz Tubf!, to deliYer 20 ml./min.1 Diameter ot boN 

0.60 DD. Length 66 • .5 mm... J to deliver 60 ml./min.: Diameter of bore 

o.so mra. Length 49.0 mn,J to delinr 100 ml./min.: Diameter of bore 

l.O mm. Length 24 mm. Used to control flow through column. 

Compnaaor, Naah-Hytor, Size IW-2 L, R.P.M • .35001 Teat. lo. 

20C/71 Kanutactured b7 the Hash Engineering Co., South Norwalk, Con-

necticutt.. Ueed to furnish air presaunt tor backwash operatione and 
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a.1.r-lU't, pwnpe • 

CN1her, Jaw, Blake t1P9, (6" corrugated jaw•h Kanuf'actured 

b7 the Universal Crusher Co., Cedar Rapida, Iowa. Used tor cruehing 

3/8" porcelain grinding bal.l.a tor De-Aoidite bed support. 

FlapJ5,. l"Ound bottom, 12-liter, Pyrex: Manu..fa.ctu.red b7 the 

Corning Olaaa Co., Corning, New York. Used to contain adsorption 

reactants in batch operation. 

Mortor, iron, 9.5n high; 10.5• top diameter, 9" baee diameters 

Obtained tn>m the Stock Roan of the Department ol Chemical Engin•ering, 

Virginia Pol)"technic Institute, :alacksburg, Virginia. Used to support 

reaction naska. 

N!t•ler I!!!:?!., 50 ml., "Double-Pl.&ne"s Distributed by the 

.Fisher SCientif'ie Co., Pittsburgh., Penna7lvania. Two used. tor color-

imetrlc analysis of eftlu.ent.a from column. 

N•Pfl!t l'.12!. Ill9!4nat.or, constant intenaity, box type, ;•x 

10" white glaas lens; Light Source: two 150-watt General Electric 

l.ampsi Constructed or wood. Uaed as a light source for Nessler tube 

colorimetric comparlaons. 

Oven, electric drying, Serial lo. 180B, )fax:Jmum Temperatu.re 

180°C, (Volt US AC, '.fatta 400): Obtained trom Phippa and Bird, Inc., 

Richmond, Virginia. Used tor drying samples • 

.fs!m. Air-lilt, blown from 7 mm. soft glue tu.bing, (ae• 

Detail, Drawing No. 21 page 27.) Uaed to rec1cle oYerflow from con-

stant-head tanka to main reael"'f'oire. 
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N,dcllt, Camba G7rato171 Jlaru,t&ot.ured by the Great Weetern 

Manutacturing Co., LeaYenworth, Kania.a. U•ed to vibrate •oreena in 

aising porcelain granule•. 

§!reg, u.s. Standard; (8-inchh Jlanutactured by· Preoieion. 

scientific eo., Chicago, llllnoi1. Beat of two, •••h•• 20 Md JO. 
Uaed to eize porcelain granul••• 

§tancl, ring, .34" highi Welded contttruction ot l/2" mild at.eel 

rod and l"xl"ld/8• angle-iron. Obtained trm the Department ot Chemical 

lngineering, Virginia Polytechnic Inatitute, Bl.&ckaburg, Virginia. Ueed 

t.o support f'laak and agitator uaeabl.y'. 

'ther,mgnet.tr, mercury I O-J60°c., Manufactured by the Will 

Corporation, Rochester, New York. Used to indicate &11 temperatu.rea. 

Tipu•, electric, Precision, "Time-it" 1 (Volta llO Cyclea 

60 AC): Ka.nut actured by Preciaion Scientitic Company, Chicago, Illinoia. 

Uaed. tor all m.ea.aurementa ot time. 

JA!oellapeoya Awa:rat94u h&kera, 1000 al., and 250 ml., 3 ot 
each requiredJ bottles, 2,0 ml., screw tope, 2 required.J buchner tunnel, 

6• x 6", l required; buNtte, 1000 ml., l requiredJ buret.te, SO ml., 2 

required; Erlenme7er tlaaka 1 2SO ml., 4 requiredJ na.porating diehea, 

100 ml., 4 requ.iNdJ graduate c7llnder, 500 ml., l requiredJ tunnel, 

2-1/2" x 6•, 2 reqllired, pipett.ea, 100 ml., 50 ml., and 25 ml., l ot 
ea.oh required; volumetric tlaelar, 100 ml., 250 au., 500 ml., and 1000 

al., 2 ot each requiredJ wat,ch gla.aaea, apat.ulaa, t.ube clamps, and 

stirring rods. 
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Comtnaction Ion lphM&• AP@n\u• 

Batch Aperatu. The ion a.change appa.rataa tor batch oper-

ation wa, conetrw:ted aa shown in Drawing lo. l, Page 26. 

golyn A;ppar•k!• The apparatus for ion exchange wsing column 

operation waa oonatl"UCt.ecl u ahown in Drawing lo. 2, Pag4J 'Zf, uing 

glue tubing, rubber tubing, and. glaes Yuaele aupport.ed by a welded 

1/2• iron rod tl'UlftOrk. A wood ab.ell 37" x 12• x l" mounted on. 

1-1/4• x 1-1/4" x 1/4• welded angle-ir,on bzaokete waa con1tructed t.o 

eupport the teed' ruenoire to the colwnn. Constant-head tankl ot 35 

•• glaea \ubing were mounted to provide coutant teed ot influent ao-

lutiona to the colwm. The column wu fed thro1tgh rubber t.ubea titted 

wit.h acrew 00111.preaaion clam.pa to regulate tlow ratea. 

For backwash operationa a compreeaion -..h bottle waa ....... 

bled with rubber tube coDYe7ing •t•r to the base of t.he colUIID. A 

••pa.rate replaceable outlet tube ot glaae wu titted with rubber stopper 

tor ue at the top o! the colwnn to e&ff1 ott overflow •t.er. A. Nuh-

ff7tor c•presaor ••• installed to pronde air pressure tor baolaraab 

operationa and air-lift pumpe. 

111'-li.tt pump• wn co1111t.ructed trom 7 •• eoft gla•• tubing 

and. i1111tallecl to pump overfiow liquids troa the oonetant.-bead tanka to 

the re••"oira feeding the conatant-head t.anlal, The plll'pOe• ot the 

air-Utt. J>WllPII wu to p?'O"f'ide a cont.inuoua recycling ot oYVfiow liquid 

requiring miniawa attention and l••• frequent, refilling of t.he naer-

Yo:l:n duri.ag prolonged runa. It. •• tound through trial and error uaiq 
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S, 6, 7, and 8 •• tu.bing that the 7 •• •1•• gaTe aat eatiatacto17 

operation tor pwaping water at t,uperaturee within 20-30° Centigrade. 

Sitceea1ve reaiatance to tlow was noted in the , and 6 11111. tubing. In 

t.he 8 mm. tubing it was tound that the croH-aect.icmal area inside the 

tube was too large.. Thia reau.lted. in rupture ot the aeniacw,ea ot the 

lqen ot water ni:arated by- air in the tube leading to the reeenoir. 

The rt.lpture produced a counterourrent at.ream ot liquid retum1ng t.o 

the pwap along the interior wall or the same tube. Kax:1.mwa hldroatatic 

had acting on the pump teed at the air-Jet lffel was neceaaar,- tor 

aatietactor7 operation. To att.&in t.hie, ,0 ml. buret.t.e tubea, trcm 

which atopcock1 bad been remoyed and a glua tee tol'llled at the 25 ml. 

level, were utilized. The OYertlow trom the conatant-head tank _, 

paeaed to the pump through the tee inlet to the buret.te. llax1.mum height 

ot the overflow liquid was maintained in the burette with care taken 

not to exceed the overnaw level of the conatant.-head tank ooncemed. 

Air eupplied to the air-lift. pumpa wu pa.a•ed through a gl.ua 

wool mase tilter contained in a 250 ml. eample bottle .titted with a 

rubber stopper secured in place b7 a bakelite threaded top., Before 

aaeellbi,, the bakelite top wu drilled to aocomodate the inlet and out-

let tw,ee extending through the atopper into the bottle. The purpoee 

of the tilter wu to pnavent entrained moieture and ruat. particles from 

entering column intluent I olutions. Air activating the pwnpa waa paaaed. 

from the tilter to a camnon manitold supply. The aaaembl.7 wu arranaed. 

ao one or all three air-lift. puapa could be operated at &n7 t.uae. 
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PNp&f&t.ioa !.I: CoJ.9 

1'he column-. prepared tor operation by the following pro-

cedures 

The rubber stopper at the baae ot the colwan1 with proper 

out.let.a, W&II tightly secured. Through the top of the colwm a wad. ot 
glaa• wool 1/2" thick waa inaertecl and preaaed. into place againat. the 

bot.tom ot tJie oolwm. Granw.ated porcelain, pren.oual.7 aiaed to -20 +30 

m•h, digeetecl with boiling aw.tune acid, and rinsed t.horou&hl7 with 

diat.1.lled water, _. pound into the colwan to a depth ot 3 inch••• The 

purpoae ot t.he porcelain •• t.o prortde a heaY7 inert eupport tor t.he 

ion exchange .material. With the effluent. outlet cloaed• backwash water 

.,. forced into the column until t.he wat.er leYel and porcelain lnel 

wen the aame. Thi• point. waa marked on the out.aide ot the eolwan and 

becaae the sero point on a lin•r centimeter acale extending upward 

along the entire length of the column. 

To determine the upper leYel ot 200 al. ot 1cm •change•-

t.erlal 1n the column, 200 ml. ot at.er at 26°c. wu added t.o the content• 

ot the colwm. Thia level was obaen-eti to be 41 cm. on the acale. 

De-Aoidite ae received in Sample .No. 261 872, 1n exo••• ot 200 

ml. waa weighed and added through the top ot the column. The De-Acidit.e 

wu allowed to a tand 1-reed 1n water in the column tor 12 hou.re to 

permit. Yolwne expanaion due to wetting. The colwm waa backwuhed, at. 

'7S percent bed expansion without. loA ot aolida fl'Qll the colt.11111 and 

allowed to drain at, 11ax:iPU1 rate upon clo1W"e ot backwUh inlet.. Thia 

backwashed and drained volum waa cbse"ed to be 44.8 cm. 



llegenerat.ion of the De-Aoidite bed••• effected to 1.neure the 

ab1ence of •welling clue to part.ial ad8orption ot acida. The bed waa 

regenerated with 1,000 ml. of 1 percent. aodiwa ~• ia down.flow 

operation at a rate or approxiaately l).5 ml./min. 
Rir.aing waa accompllahed uaing downflow operation ti.rat at. a 

alow rinse rate ot 4.5 ml./min. until 300 ml. ot ettluent wen collected. 

The slow rinae was followed by a t aet rlnae ot approximately 60 ml./m1n. 

until 2,700 ml. o! rinse wat.er had puaed through the bed. Bina• pro-

cedure in t.hia caae wu u reooaaended by the Penmtit Compe.111', In 

York, •• Y., auppliera ot the De-Acidite. It. waa ob••"ed that channel-

ing in the bed during down.flow rinee pnvented e cnplet. remoY&l ot the 

axceu H&OH. rinse operations were a.ad• b7 backwaah oper-

ationa at. 75 percent bed e.x.panaion. Rinsing 1Ulder t.beae condiUona 

ineuNd t.he abeence of channel.a. Bi.nee wu carried on tor approximatel.T 

4 hou.ra at which time the overnow rinae water was teated qual1t.at.1Yel.7 

tor alkalinity. U NaOH were preaent t.he rinse woal.d be continued antil 

none wu detected. 

To adjUBt the t>e-Acidit• bed volwu t.o 200 ml., 'backwaah waa 

empl07ed at 1utticient rate to remove that port.ion ot De-Aoidite above 

the 41 cm.. lnel in the colWllB. Thia proceaa waa carried out tor :f'our 

hours with intermittent. draining to ascertain the rana:1.ning De-Aciclite 

bed Yolume in the column. Removal ot the tinea lrom the bed and clua1-

tication ot the bed ••• accompllahed aa ad.Juetaent waa performed. Tb• 

weight ot the De-Acidi te tinal.17 retained in the column ,.. determined 

b7 multiplJing the original weight. ot De-Acidite in the column b7 ~• 

traotic:m: tina.l baokwaahed and drained (B & D) height/original back-
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wuhed and drained (B & D) height.. All De-Acidite weight.a wen con-

verted t.o dry b&aie. 

G.fJ?illm ':D!bU• Capillaey tubes wre used at the base ot 

, th• column by inaertion into a rubber coMection. This means we.a uaed 

to control rate of flow ur ernuent from the column during downtlow 

operations. Various rates were po1eible hy the use of capillaey tub•• 

of various diameters ot bore and lenst,hs. The tubea used in the in-

vestigation were u • hown in Table I 1 

Table I 

§!zee !31. gapillarz Jubu !'ll.b. Ra.tu .2t !12!. 

Rate ot Flow Diameter of Bore Length or Tube 
m1./min. -· -· 20 o.6 66.S 

60 o.s 49.0 

100 1.0 24.0 

Selection ot the proper capillaey tube length wa1 made by 

passing distilled water through the column containing 200 ml. of De-

Acidite, pol'Nlain granules ard thin layer or glaaa wool. A constant 

lnel of water •• naintained iA the colwan at SO cai. height. The 

etnuent trom. the colwnn-. allowed to tlow through the capUlaey tube 

and collected. Time required for a given volume or flow wu obeened 

and. the :rate oalou.lated. In this •mer the proper length and diameter 

ot the capillary tube was tound b7 eucceaaive trial and error attempt•• 

The final size tu.bes were those which would give the coJTect. volume ot 

ettluent over a period ot at least five minutee. 
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'l'h• total acid•binding eapacit7 ot De-Ac1dite was determine« 

bJ Mnna ot a batch operation eonduc"tHl 1• the ap;mra.tua shown in Drawing 

N•• l, Page 26. The total eapao1i7 •• determined to establish a basis 

for oomp:aring breakthrough oapac1ties to be obtdaed 1a,er ia aol.Qma 

operatiou. 

'?be prooedure used In Run No. l was aa follows: Six liters 

ot 0.0980 Normal acetio acid were measured into the reaction flask. A 

moisture dete:rmin1:Uon was made l'Nl the De•Aoiclite aterial to be 11ee4. 

A weighed quutity ot De-Ac1d1'• equin.lent to the weight ot the dry 

De-Aoidite contained ia the colWllD. as described aboYe, was placed in the 

reac'Uo:a f'laalt with the ao14. Ag1taUoa was performed cont1nuoual.y. 

A, the end of thirty- aiau11es twe t1tt7 milliliter samples ot the Uqa.id 

were removed tro.m. the reaction vessel ~11d an~~lyze<l by ti tr,,tion wt th 

sodium hydrox14e, using one percent phenolphthalein 1nd1omtor solution. 

Sampling was repeated a1. the ead ot the first hour and each hour there• 

after tor f1Te hours. The temperature ot tbe reaction 1U.teriala •• 
0 

ma1.Jltab.e4 at 20-30 o. 

Ae14•B1A41y 9•R!•t'l !! De-Acidite 

.!! Brea.lcthrowdl J!. Col9a OR9rat1oa 

Optlna:!! J!!!! .2£ Jl!!• To aseertaia which ot three :rates ot 

flew• 1, a, u.i & gal./f"G!/ml••• would. produce the greateet ao14-b1ad• 

1ng oapaoity- at breakthrough, ruu were Mde at eaoh rate. The procedure 

tollwed ta each run was: The aspirator bottle reservoir was tilled with 



an acetic acid solution o1 appl"Oximately 0.2 percent. concentration. TM 

teed line trom the re1ern>ir to the constant-head tank waa opened and 

the coaatant.-head overflow allowed to enter the air-lift pwnp and n-

turned to the reservoir. After inaertion of the deeired capilla17 rate 

control tube in the effluent exit trom. the column, the .feed line from 

the conatant-hea.d tank to the top or the ion exchange column wu opened. 

Simultaneoul71 the cloeure clamp on t.he ef'tluent tube •• removed. The 

rate ot teed to the column was regulated to eq1.tal the rat.e of e.ttluent 

leaving by caretul adjustment ot the screw compreasion clamp controlling 

the teed to the column until t.he liquid level remained constant in the 

column at the 50 cm. level. 

The affluent was collected in volwat.ri.c fluke and time ot 

p&11age or each volume collected was noted. Sampling ot the ettl.uent 

tor acid content was accomplished by withdrawing 50 ml. from ea.ch 150 

ml. ieauing from the column. Uaing meth,fl orange aa ar1 indicator, the 

sample was tested tor acidit)' by colorimetric comparison against a 

blank containing an equal a.mount. of methyl orange indicator. The teats 

were condu.cted in Neealer tubu mounted in a wood box excluding all 

light except that entering the tube ende and paaeing through t.he entire 

depth o! aample. A Neaaler tube lllwdnator of constant light ;nteneit7 

wae utilized to aid in maintaining conetant conditione for teating. Th• 

total a.cid-tree ettluent pasaing betore acids were det-ected in the 

aam.pl.H wae uaed to calculate the acid-binding capacity of Oe-Aciciite at 

l:>reakthrough. The capacity wu expr••••d aa grains OaCO,Jcu. rt. ot 

De-Acidite. 
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The precedu.:re t.o remove t.lw aeide trca ••t• liquor wu 1d.eat1-

oal. to that deaoribtd. ab«• for det.elllining bNakthnugh oapacit7 111 

eel.wan o,-ration with t.he exoeptione that waat.e liquor wu und. inateacl 

ot a dilute • olu1iion ot acetic acid., and aingle rate of t low wae .... 

plo7ed.. The wut.e liquor used was a aolution ot equal volua• ot 2nd 

aocl 3rd e.ttact. naporator oondenaat.e reoeivtc:l trm the Jlead. Corporation, 

Lynchburg, Virglnia. Anal79ia ot the oombined condenaata •• aade t.o 

de\ermine · the nonalit.7 aa acetic acid. 

AAN:Zli! s! IY\• Wrgu.or !2t %!PP1 n 

Tannin anal.ya•• were made on the waste liquor used in thie 

inffatigation by two methoda. The lil'llt mchod followed •• the 

Ottioial Jlethod.(2l) ot the American Leather Che11i.1t1 ueociation tor 

the analysis ot vegetable extracts containing tannin. The prooedu.re 

followed waa modified to the extent that special shaken, and naporating 

and dr,ing ~uipment called tor were not used. The second method ot 

anal.7•1s wu the Loewenthal-Proctor Jlethod tor Total Aatrlngenc7C32). 



- 35 -

Koipturg P!terminatiop 

To en&ble weight converaion of De-Acidite Sample No. 261872 to 

the dry ba1ie it •• neceaaary to make a moisture determination of th• 

wet reain. The following data and results •re obtaineds 

Table ll 

peterm.1nftion .21: !siffsun De-lt,cidite 

§&mple.J!2. 261872 
Drying Conditiona: Temperature, 95°0.J Time., 16 hours 

De- Weight Wgt. ot Weight Wgt. ot Moisture 
Acidite ot Watch of Wet De-Acidite 
Sample Watch Glass & De- and 

Glase De- Acidite watch Glue 
Acidite Sample After 

(Wet) Drying 
No. ams. nu1. JD'DI. ams. 

1 10.1140 l2.86Sl 2.7511 11.2002 60.s2 

2 10.7892 13.5410 2.7Sl8 ll.8718 60.66 

Average Moisture: 60.59 

The average moisture content. (60.59%} was used for subsequent. 

weight. converaions to dey basis • 

Tota* ~-.B:iJ!ding ~apac1t7 S?.t De-Acid.it• 

An experiment was made to determine the total acid-binding 

capacity o! De-Acidite by reaching equilibrium adsorption conditiona in 

batch operation. The data and results obtained are outlined in the 



tollowing table: 

Table III 

Total Je!s-!ind\M Q,apacit,z 9t. De-Acidite 
!Q Adlorbigs Acttic Acid 

Condit.ionas 200 ml. I>e-Aoidit.e (3S.15 gu. d:ey baf:ie) 
51925 J'Al. acetic acid, 0.0980 N 
Temperat.ure: 26°c. 
Duration ot teats 5 houra 

Time Sample Cone. ol Acetic Acetic Ad•;t Withdrawn Acetic Acid Acid t.i 
Acid Adsorbed A.daorb11d &8 

Solution milli-
mola/ gr.~ hrs. ml. H gma. gm.' t 

0 1, o.09ao 0 0 0 

1/2 2S 0.0687 10.4,3 4.9.) 19,100 

l-S 200 0.0682 10.71 5.07 19,700 

In Table III it will be nd.ed that Timee 1 through ; houn have 

been COD1bined. This was done for simplicity Ii.nee maximum adsorption 

reaohed at the end or l hour and reained conet&nt over the period remain-

inss. Fig. 1, P4ge 37, ia a graphical. repreeent.ation of the adsorption 

observed in thie experiment. 

A!:!st-Binding Capaei tz 9l. PtAcidite .!1 
BreaktJu;;ough !!l Oolwnn Qperation 

Qptinl\Ull Bate g.! llgs. Experiments were conducted using approxi-

mate re.tea ot flow through the column of l, 3, and 5 gala./.tt!/min •. meu-

ured by ob1ening the equivalents in ml./min. In the 25 mm. (inside 





diameter) eoluma 1 20, 601 and 100 Jll./Jlia. nre equivalent to 1. 3, and 

5 gals./tt!/m1a. respectively. 

The acid-binding capac1t1ea obtalaed at various rates of flow 

through the col.wan 11re compiled 111 Table IV: 

Table IV 

Break'hrough C•P!;•i t7 J!! De-Ao1d1 te !i Vartoua 

Rates .!!.!le 
OOnditiona.: Temperature et Influent: 20-30°0, 

Oonoentratioa et Wluent: 0.0319 N 
Volume ot De-Acldite: 200 JIil. 
Regeneration: 850 ml. ii Ha.OH 
Rinse: Baeknsh a1; '5% expansion until tree 

et alkalinity 

RIUla Capillary Average Breakthrough Fraotioa 
Tube Use4 Rate ot Flow Oapa.oit:y ot 

as ToM.l 

No. .m1./m1a a1../m1a • 3 Capacity 
gr.OaCOJtt. f, 

2e 20 20., 12,300 62.5 

3a, &b 60 51.9 10.650 M.l 

'• 4ta 100 '10.3 ll,080 56.2 

Rates ot flow ud oapac1t1es show». ;;bove are averages in those 

eases where two or more runs were mrde. The rate ot flow tor any g1Yea 

rua varied during the course ot the run end the aTerage r1ate ot flow was 

used. 

Ill eaoh l'Ull ude to determine the optimwa rate ot tlow lt was 

obsened tha.t the rate of flow through the col.wm dooreased as Ura• in-

oreaaecl 4uring the l'Wl due to _paotiag of •h• ion eDhuge material 1a the 

bed. Thia pheaoaeA& ts iadieated in Table IV above whea the average 
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rate o! tlow 1a compared to the rate ot now tor which the controlling 

capillary tube wu calibrated. A graphical repreaentation ot the change 

ot rate ot flow appears in Fig. 21 J, and 4 tor tlow controlled b7 20, 60, 

and 100 ml,/min. capillary tubes reapactivel7. 

l(tect. 2!. Method 2!, iinf• 2!}. C&J>!!i\l• Two runs were .made in 

the column apparatu.e after rinsing down.flow with alow and fut r.1.nee rates 

aa explained in Method of Procedur•, Page io. Although rinse etnuenta 

obtained were tree ot alkalinity when teated with phenolphthalein, higher 

capacities resulted in the subsequent adsorption testa. Data and result• 

obtained 1n runs following. rinse by downtlow are aa !ollows in Table Va 

Bun 

Vol. 

No. ml. 

2& 31, 
2b 300 

Table V 

Indicated Brealc:th:rough Capacity 

!1-!h po,ntlow Rinse 
Condit.ion1u Influent Concentn.tiona I o.0.3.34 R 

Temperature: 20-30°C 
Volume of De-.Acidite& 200 ml. 
B:1.nae: Downtlow until ettl.uen\ free 

ot alk&linit7 

Pre1>&ratory Bi.nae Influent Acid-FNe Indicated 
Slow Faat Bate ot Etnuent, Bnakthro11gh 

Rate Vol. Rate Flow Capacity 

ml./min. ml. ml./ndn. ml./min. ml. gr.CaC03"tt~ 

6.8 .3900 57.0 17.l J,790 JJ,980 

4.s 2500 ,56.5 10.1 4,225 1.5,560 









A run wu made t.o ascertain what acid-binding capacity De-Aoicli\e 

would have at breakt,hrou.gh when wute liquor waa wsed as the col.wan in-

fluent. inatead ot & dilute solution of acetic acid. The waste liquor ueed. 

tort.he teet was a solution of equal volumes of condensate from the 2nd and 

3rd etteeta of the triple effect evaporator employed by the Head Corpo-

ration, Lynchburg, Virginia. By etandardiution of the mixed condenaatea 

again.et eodium hydroxide it was found that the acidity as acetic acid waa 

0.0065 N. 

Run 

No. 

5 

The data and New.ts observed are as f ollowea 

Bpak:throu,;h CaR9:9at.;r 9I, P!-Aeidite J:a Adporp\ism 

5?£. nAceti9 !!!s." .!.£2! waete W,guor 

Conditiona, Temperature of Influent: 26°c 
Concentration ot Innuentt 0.0065 N 
Regeneration: 940 ml. U NaOH 
Rinse: Backwash at 75'1 of exp&ru1ion 

until free of alkalinity 

Total Total Average Total Breakthrough 
Acid-Free Ti.me Rate of Acid RemOYed. Capacity- ae 
.Ettluent Flow or 

Acetic 

ml. min. ml./m.1.n. gma. gr.CaC~/ttl 

].J.800 248 • .3 5.5.6 5.39 9,900 

Fraction 
of Total 
Capacit7 

% 

50.3 





Ob1•n:atiogea 
l. The clear anber colored De-Acidite turned dark brown or black 

aa the waete liquor permeated the bed. 

2. Du.ring backwuht for nclaaeitying the bed; following Bun 

No. 5 it waa d:>eened that more tinu existed than had prniol.laly been 

present &ft.er _runs unng pure acetic acid. No quantitative meaaureinenta 

were obtained however. 

3. Backwash and drained height of the De-Acidite bed waa 61 •• 

4. Regeneration of the De-J.cidite after exposure to waste liquor 

failed t.o restore the original amber color. The regenerant effluent wae 

clear but highly colored. The appearance was similar to etrong t.ea. 

Qet9rminat~09 !lt., l(fegt 2', Wyte Ligsot 2Q 

Qapaei tz g£_ De-Acidite 

It wae believed that the darkened D6-Aqicl1te bed might hav• a 

ditterent capacit,- than it had prior to exposure to waate liquor. ThrM 

run• were made uaing 0.0.320 N acetic acid, 0.006.5 N waste liquor, and 

0.0320 I acetic a.cid in that order ae column influents. By thia procedure 

it wae hoped t.o leam the effect of eucceaeive expoeurea of the ion ex-

change reain to w.._te liquor a.a oanpared to previ.ows results obtained 

using dilute acetic acid aolutione. The data and results obtained are 

compiled aa t ollowa: 



Table VII 

lb.!, lftect 2t. !}.ternate l!iP9ftm ,2! wute Liguo1: s, 
Aeet.ic Ac~d 2!l ft£!P!lc\hrou.gh 9!Jpc1 g 2'. Pt::Acidi,t:f 

Conditions 1 
Temp. ot Intluents 
Cone. of Intluents 
Vol. ot De-Acidit.e a 
Rege.nerant Vol. 
iat.e ot Regenerant.s 
Rina• (Backwaah)t 

Run Ann.a• 

Run No, 6 2,oc 
0.0)20 N 
200 Ill. 
880 mi. 
12.7 ml./min. 
M&OH-tree 

Bun No. 7 a.,oe 
o.oo6s N 
200 ml. 
870 ml. 
13.9 m1../m1n. 
N&OB-tree 

Run lo, 8 
25.5°c 
0,0320 JI 
200 ml. 
86, ml. 
13 .o ml./min. 
llaOH-fNe 

Total Total Breakthrough fraction 
Rat.e ot Acid-Free Acid Removed Capacity of 
Flow r.tnuent u ... Total 

Acetic 
gr.C&C03/tt1 

Capacity 
No, ml,/min. ml. gl'l!Ull8 j 

6 76.6 2,6,0 ,.09 9,340 47.4 

7 76.; 9,100 3,;; 6,.515 33.0 
8 as.o 2_.240 4.37 s,010 40.7 

The conditiona compiled in Table VII were those arrecting t.h• 

run under which they are enumerated. The regeneration was, a• al.w&TB, 

ettect.ed wi tll l percent HaOH, The reg.iierat.ion conditions refer to the 

regene.r~n carried out preceding t.he run concerned. The rinse by b&ck-

wuh waa at 75 percent bed expansion in all ca•••• 

Renfwal s! Rt-Aciditt in Colwnn. Alter replacing the used Oe-

Acidi t.e in the column with an equal volume of new material .f'rom Sample lo. 

26.,872, three rune were macie. Th• purpose wae to determine 1t· the break-

through capacity o! the new material would exhibit the 1ame decrease 

upon exposure to wute liquor ae had previously- been the ca••. In using 

nn De-Ac1d1te the po1sibilit7 that De-Acid.it• had undergone capacity 



reduction due to repeated 07cle• ot exhallat.ion and regeneration would be 

el.1111nated. 

Th• dat.a and reault.a obtained in th1• phase ot the iu .. tigatioa 

are aa tollons 

lb! IUt!tr 2' !Mil !:4:9Mt sa 6&4-!UpdiM £Mffi&J 

Cond1t.1ou1 
Temp, ot Intlunt. 1 
Com. ot Intl11ent.s 
Vol. ot De-Ac1d1tea 
legeneran\ Vol.a 
Jl&t• of Begeneranta 
Bina• ( Backwash) I 

st lmb R1::MW:t1 
!fl lo. 9 Bt•Bc'9· lQ 26 C 2t 
O.OOSS I 0.0055 I 
200 al. 200 ml• 
8SO al. 865 ml. 
13.3 .ml./ld.n. ]3.6 al./min. 
l&OH-tne Na0H-tne 

l!,fl lo. 11 . C 
o.oo,e 1 
200 al. 
sso ml. 
l.3,4 al./mtn. 
NaOH-tne 

Bun A••raa• Toal Total Breakt.hrough Fraction 
Bate ot Acid-Free Acid Remwed Capacii7 of n. It.fluent .. u Total 

Acetie 
gr.eaco,/ru 

Capacit,' 
Jlo. ml./aln. 1111.. grams -
9 1,., 13,750 4 • .54 8,330 42.4 

10 96.9 12,4so 4,ll 7,'40 38.4 

ll 88.6 9,4,0 3.12 ,,120 29.l 

Quel'fttioy, 

1. The amber color ot t.he new De-Ac1dite t.umed black with the 

paaaage ot l••• than 1,000 al. ot waate liqaor in llaln Ro. 9, Thia con-

dition remained throughout the period reqairecl tor completion ot Bun Bo. 9 

and ti. au.baeq11ent. Rwl8 lo. 101 and 11. 

2. The regenerant. etnuen\e of all NIii were clear and allghtlT 

amber colored. 
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3. !he De-Acidite bed lnel in RWl lo. 9 increa1ect troa 41 ca. 

t.o S7 oa. (Band D). Regeneration toll.owing bn lo. 9 tailed to redu.oe 

t.he lwel t.o th• noraal 41 ca. level, but. 1netead the baokwuhed and 

rineed bed lenl waa obaened to be 44 ca.. lune Ho. 10 and 11 wre aade 

with th• ion exchange • ter.lal ocouPJing oolwm volwae up to 44 c •• 

4. Small tlaq part.iclu and ti.Ma wn exceaaive in the b&ok• 

wuh overflow following each run. Bo quan\1tat1Te •uuraent.1 nre ob-

tained to ee\abliah extent of ion anhange aaterial. loat int.he fl.nee. 

Ana]J'aia of wute liquor ued in this inTe1t.igat.ion waa aade b7 

two •thous (1) the Otticial Ket.bod(2l.) ot th• Aaerlean Leather Cbemiat.1 

Aaaociation tor the lnal.7•1• of Vegetable .Battzaota Containing Tannin, and 

(2) the Loewenth&l-Proct.or(.32) Method, The result.a obt.&ined uaing the 

Ottioial Method ot the American Leather Chemiata Aaeociat,ion were em.tic 

and no tannin content could be calculated tro.m the data obtained. 

'l'h• nsulte obtained by the Loewenthal-Proctor )(et.hod reporting 

total aatringency a• tannin are u f ollowa 1 

Tannin in o.006s I Waat.e Liquor - - - - 0.0009d 
Tannin in o.oo,, I Waat.e Liquor - - - - o.00196J 



IV• DISCU§WI 

A. Dac91ai29 2t, h1plt9 

ToW Ac1d-J!indig.e Capacitrz .91. pe-Acidit.!• Determination ot t.he 

total acid-binding capacity of De-Acidite W&a a basic pr•requiaite tor 

calculating the traction ot the total capacity attained in 1ucc•eding rune 

:made in colwnn operation. 

Since column operations wen to be performed within the range 

ot temperatures bet.ween 20-Jo0c., it waa not nceeaaary to maintain cloaer 

control of temperature in the batch operation to determine total capacity. 

Howner, temperature rea.dings were taken at the beginning of the reaction 

and eac!i. ho11r thereafter; the temperature of the acetic acid aol\ltion re-

mained at 26°c. throrghout the experiment. 

While the dara.tion ot the test waa five hours, it wu not known 

beforehand what the ax.act time would be bet ore equilibd. um condition• would 

exist. In aey caae the experiment wae to be oontinu.ed until maxiawa &fi-. 

aorption was attained. By obaen-ation ot the adaorption curve, Fig. l, 

Page J? 1 it 1a eeen that maximum adeorption waa reached. within the tint 

hour of contact. between De-Acidite and the acetic acid a olution. During 

the courae of t.h• experi.ment aam.plea weNt ta.ken at ti.meet o, l/2, 1, 21 

3, 4, S houn. It would ha,re been more aaUatact,017 from the Yiewpoint of 

obt.aining more point.a of data fra.n. which to plot a more accurate adaorption 

cu"• to have taken aamplu at S•adnut.e intervals du.ring the tirat hour ot 



the teat when the quantit.7 of acetic acid being adsorbed waa changing 

rapicll7. From the eurve obtained. it 18 eatimated that 75 percent of &ll 

adsorption occurred in the tint 5 minutes ot reaction. 

Th• total capacit.7 found b7 thia teat waa within the limiu of 

the rated oapac1t:, of De-Acidite as atated by- SUauan am llndler<26), 

"12,000 to 251 000 grai.na per 011bio toot (expr••ed a1 eaco3) dependiD& on 

auch tact.ors aa type ct anion present, concentration, regenerant doaage, 

etc.• Bo aimilar study has been located to which t.he reaw.ta ot tbia tee\ 

can be more cloeely com.pared. 

Ac3Ji-&ncli.98 CtpaCit.7 gt De...Acidit.e 
!i Bna)c$:hf05UW Ml Colwpe ORfffitiop 

Apparatua. The apparatw, uaed in this investigation wu tound 

veey aatistactor1 from the et.andpoint or permitting duplication of con-

ditione tor successive runs. sue ot operation waa of paramount importance 

aince the method ol sampling used required constant attention within 1tael.t'. 

Thu'II waa no ditlicult.7 encountered in maintaining conatant. teed to the 

column. Slight regulations in the rate ot f'Nd to the colwan NN nec .. -

1a17 t.o maintain a conata.nt level of liquid within the column at the 50 cm. 

level. Thia waa due to packing ot the eolida in the colwnn with eul>Hquent, 

reductions in the rate of flow ot liquida through the bed. Varioua d.egNu 

of channeling through the bed in the column alao affected rates ot flow 

and made neceaaa.ey corresponding ad.jultments in the rate ot .feed to the 

column. No quantitative data was obtained on channeling ettecta except u 

it pertained to d.owntlow rinse operat.ione. 
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The capillary- tubee used tor controlling the rate of flow ot 

etnuent le&Ying the column ha•• al.read7 been deaoribed along with the 

met.hod ot calibration. Howwer, in calibrating the capill.&17 tube• dis-

tilled •ter waa uaed ae t.hl fluid medium and when the tubes were employed 

in the apparatua solutions o! acetic acid or waate liquor were the tluid1 

b-1.ng controlled. It is not believed that any error was incurred in thie 

procedure aince the concentrations of both the acetic acid a olutiona and 

waat.e liquor nn •o dilute that. the Yiecoeity difference waa negligible. 

On the other hand it u quite paaaible that the degree ot packing in the 

column at. the tim.e of calibration wu not the ea.me as that packing dffeloped 

during the oourae of prolonged 1"W18. 

Qpt.ipm l!H, g,£. !la.• In t.he technical pamphlet •sugNtiona 

tor Experiment.al Uae ot Ion Jxchangera•( ~n), dietribllt.ed by the Per.rm.at.it 

CClllpU7, New York, N.Y., it i• recommended that the downtlow rate tor ex-

hauat.ing De-Acidite in column operation be 50 ml./min. Since the pamphlet 

deal.a prilaarlly with water aottening it was not known whether the rat.e ot 

;o m.1../m1n. would produce the maxium.nt capacity at brealtthrollgh when treat-

ing 11q'1ida containing acetic acid. Therefore, it was decided to use rat• 

ot 20, 601 and 100 ml./min. in an ettort to determine an optimum rate ot 

flow. The range ot rates select.ad were those equivalent to the range 

comni.only em.ployed in tilter:tng on an industrial scale. The concentration 

ot acetic acid intluenta in these teet.a as 0.2 percent. While t.bia con-

cent.r•tion waa greater than the concentration of acids in the waete liquor 

it wu aeeWl8d that the optimum rate &a determined would also be opt.imua 

tor treating the waet.• liquor. The results ot tbeae experiment• compiled 

in Table IV, Page .38, indicated that within the range or now rs.tea teated 
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no ut.•rial ct1ttennce aiet.ecl in \he breakthroqh capacit.7, 

It waa obae"ecl in t.he tNt.a made tor optimwa rat.• ot flow that 

the ATerage at.• ot tl.ow tor an, gi Ten run were generall.J lue t.han the 

rate ot tloa tor which the oo&n>l.llng oapllllU"J tube wu ealibrat.N. 8ml 

llo. 2o had an ••rage rate ot flow ot20.4 ral./mn when tba 20111../min 

capil1&17 tube wu used to oont;rol the rat,e ot flow. Fig. 2, Page 401 le 

a plot ot the fl.ow during the run and indicate• the ueual deonaae 1n rat.• 

ot flow with progreseion of t.ime, TtMt oauae tor the uerage rate ot tl~ 

exceeding t.he calibrated rate ot tlow 111 Iim lo. 2c is at.tribut.ed to 

nuctuatione 1n the leTel ot liq,uid. in the ion ex.change column and failure 

of t.he uthor to maintain the le.,el coa.atant. at SO cm.. In lu.na Ro, )a and 

3b t.be &Yerage rate ol .flow waa Sl,9 ml./min. and tba 60 ml./atn capilla17 , 

t.ube waa arapl.01ed. Pig. 31 Page 41, ahowa the decreue in the rate ot flow 
/ 

111th the paaaage ot time ot dolfntlow operation 111 .Run Ro, )b. SWl.arl.T 

in auna Ho. 4 and 4a the ayerap 1&t.e ot flow was 70,3 ml,/min. when th• 

100 .ab.,/.S.n. oapillar, tube waa uaed.. Fig. 41 Page 42, is a graphioal 

Npl"Nen\ation ot the liquid tlow in lun Ho, 4. Omer t.h• oondiU.ona uecl 

it. an be nen that, the de'riation be\wen •••raga ot aotwll ra'\ea of flow 

and' calibrated rat• ot tlow ot the capllla17 tubu increased u the magni• 

\ude ot rate ot tlow increaaecl. Sttoh a condition ia to be expected 

packing within the colWln. ia more prnalent at the higher rates of flow. 

th• breakthrough capacities obtained in the teata tor opt.imwa 

rat.e ot now ranged trom 54.l to 62.S percent of tot.al capaoit7. The 

latter, 62.S percent, waa obtained at an. average rate ot 20.4 ml./min., 
the aloweat rate te1ted. It was expected that thia llk>uld be the cue 

ainoe the greateat \1.nle ot cont.act tor adeorption wae obtained at the leut 



rate ot now. The gain in adaorption capaeit7 at the low rate would be 

otteet b7 the necessity of a greater volW18 of De-Acid1te per ion exchange 

unit or more adeorpt.1.on unit• in treating a given volwne ot intluent per 

unit ol time aa ca1pared to tne.tment at the higheet rate. For turther 

experimental work in this inTestigat.ion it wu decided, tor the econ0111' of 

ti.mre, to uae the maximum rate ot flow anploying the 100 ml./min. oapillar;r 

tube. 

it(ect 2t M•thog !1£_ &\IJ!! 21! Q!ac1ty. The Permu.tit COJllP&D7(3l) 

euggeated that the rinae following regeneration ot De-Acid1te be accom-

plished using downtlow operation with first a slow rate rinee ot 4.5 ml./ 
min. until the quantity or rl!18e water thl'Ollgh the column reachea 300 Ill •• 

This ie followed b7 a tast rate rinae ot SO ml./min. until effluent alka-

llnit7 drope below a predetermined value. In t.hia 1nvutigat1on it •• 

found that 2700 ml. of fast rinse water weN auf'ticient to indicate total 

NJDOY&l. of the exceas regenerant from the De-Acidite bed. However, in 

rl.naing by this mathod atter the :regener&t.ion cord.ucted following Run Ho. 

2b, the liquid lwel in the column waa accidentallJ' allow.cl t.o drop below 

the top aYel ot De-Acid.it•. A.a a result air entered the ion exchange bed 

and adhered to the De-Acidite particles. It waa decided to correct the con-

dition b:, backwaehi.ng tor 10 minutes to dislodge t.he air. The au.thor &ltauud 

t.ha\ the backwash at thia point would not materially attect the condition ot 

the bed eince the rinae by downtlow had been completed. When the backwaah 

onrtlow was teated tor alkalinity with pMnolphthalein it waa obaerred \hat 

a deep pink coloration of the sample ruulted. Thi• indicated the preaen.ce 

ot regenerant in the ion exchange bed even after downtlow rinse ettluent 

te1ta indicated total rinsing. Apparently total removal ot t,he sodium. 
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hydroxide ngenerant wae noi being during downflow rS.na• due 

t.o channoling wit.bin th• bed. 

Two llo. 2a and. No. 2b, wen •de alter the De-Ao1d1t• bed 

wu oondit.ioned b7 onl7 downtlOlf rinae, The naulta of t.hne rune an 

in Table V, Page 39. Th• bnaktJlrough capaoit.1•• ot 1.3,980 and 

151560 graina caco3/ft1 cbtained in Rima Bo. 2a and 2b reapecUvel7 an 

oonaiderably greater than the capacit7 obtained in au.n lo. 20, amounting 

to 12,300 graina caco,ftt.~, alter t.otall)" rinaing b7 ba.cknab operation at 

7S percent bed expanaion. The high bn&kt.hrough oapac1t1•• indicated 1n 

Itwl8 lo. 2a and 2b contirm the pr•ence ot unrinaed aodiwa h7droxide in 

the ion exchange bed. The effect or clowntl01r r.lnaing, :reeulting in a bed 

onl.7 partiall7 tree ot aodiwa h7droxide, 1• the neutralisation ot 801H 

acetic acid entering the bed inatead ot adaorpt.1on ot that acid by t.ti. 

De-Aci.U,te. The indicated 'bnakthrough capacit1 under t..h••• cond1t.1ona ia 

not \he tNe breakthrough eapacit.7 but 1a high by an amount equal \o the 

amount of aoid 1utu.tnl1sed. 

It waa t.hat the ion exchange bed be in the ._ con-

dition tor each ru.n, or aa ,nearly aa poe11ble. Backwuh rinaing ._. 

adopted throughout the remainder of tbe in'f'Ntigation. 

IP9U1 st,. •Acet,io !2.if!• t1pp Wyt.1 I49W• It. ••• de•ired t.o 

know the relationabip bet. ... n bre&kt.hrough capaoit.7 ot De-Acidite wsing 

acetic acid aolut.iona aa Wluent.s and the breakthrough capacit.7 uaing a 

wute liquor influent.. Run lo. , wae conducted undes- t. he au.e conditiom 

uaed in Runs No. 4 and 4a wit,h the exception that wut.e liquor •• uaed 

ot acetic acid to obtain thia compariaon. It waa found that. the 

bn&lcthl'Of.lgb capt.city obtained. using waate liquor was 9,900 graina 
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CaCOytt? or so.3 peroent of the total eapacit7. In Buna No. 4 and 4a the 

ayerage bN&kthrough capacity wu u,oeo grains Ca00ytt1 or 56.2 percent 

of total capacity when 0.2 percent acetic acid was uee4 aa influent.. Th• 

waat,e liqu.or produoed in thia cue a breakthrough capacity 5.9 percent. 

below that experienced uaing acetic acid • olutiona. 

The eftect1 ot waate liquor on the ph,yeical appearance ot De-

Acidite were pronounced. Immadiatel.7 upon contact with the waste liquor 

the De-Acidite waa 1ubjeoted to a color change from it• nonu.l clear amber 

atate to a dark ooftee brown tranemitting conaiderabl7 less light through 

the be. Thie color change could not be attributed to the acetic acid eon-

tent of the wa•t• liquor ainca previous exhauationa by acetic acid bad not 

produced a noticeable change in the appearance of the De-Acidite. The waate 

liquor, being a condeMate, could be conaid.eNd virtually tree ot 11.etalaJ 

a substance poesibl7 present in the waete liquor would tannin. 

JH.ndler<16) ha.a atated tblt tannin-bear.lng llquora would ha.Ye a marked 

deprecatory ettect on the De-Acid.it• with rapid loae ot ca.pac1t1. llindler 

alao indicated that there existed an increase of tine• after exposure to 

waete liqu.or. 

A plot ot t.he flow of waate liquor through the column in Bun 

Ro. 5 1• shown in Fig. 5, Page 44. The plot ot volua• of et.t'luent nreua 

time wae •••n to be or a parabolic nature. An mapirioal equation wae 

toundi 

where1 

V ia the TOl.WDB or ef'tlwmt 

t ia ti.a in mi.nut•• 



Packing nu been mentioned aa a factor in decreuing the rat.• ot 

flow of liquid t.hmugh the ion exchange bed. In addition to noraal pacJdnr, 

an inherent oharaoterlatic ot l>e-Acidit.e i• expaneion upon adaorption ot 
acida. Al each indiYidual particle upanded.1 the int.eraticea bet••• 

partJ.ele• became smaller thua increaeing ruiatanoe to now~ The ettect ot 

... l.l.ing aa .moet obrloue after exhaution when the bed•• backwashed to 

aceoapllah reclaa1iticat.ion ot the particle• 8Dtl rtmOYe foreign aolicla. 

For example, the baokwaahed and drained volume of De-Acidi te in the column 

after Run No. S wae 298 ml., an increase ot 49 percent. o"r the normal 

Yolume ot 200 ml. 

Regeneration ot the De-Acid.it• bed following Run No. 5 wae 

accoapllahed with 880 ml. ot l percent hydroxide aolution. The 

regeneration failed t.o reatore tba clear amber color ot the De-Aoidite. 

The l'epnerant effluent was highly colored and rllldnd.ed the author ot 

etrong tea. Aa regeneration proceeded the ettluent becaa prognaaiveq 

l••• colored until at th9 end of regeneration a pale 7ellow effluent ex-

isted. 

.DI.. l(tec\ Alternat.t MP9!Rrlf s1 AceW, !&I, !Di l'a1t.1 Liquor 
211 R9-Acidit9. Run• Ho. 6, 7, and 8 WN concerned with tinding what. 

elt•ct alternate expoaurea ot waste liquor and acetic acid in Np&nt• 

1uoceasiYe runs would have on the breakthrough capaci t1 ot De-1c1d1te. The 

initial nm in thie waa made uaing 0.2 percent acetic acid. Blln Bo. 

7 had. ae an influent. waste liquor and Bun No, 8 repeated the use ot 0.2 

percent acetic acid. The data and reaulta of these t.eata are compiltd in 

Table VII, Page 46. Breakthrough capacities obtained in Rw1a lo. 6 and 8 

were 9340 and 8010 grain• CaOO,JtW respectively c011pared to ll,080 graim 



CaC03'tt1 obt.ained. averaging Bum lo. 4 and 4&. Bun No. 7 produo•d a 

bnakt.hl'ou.gh capacity ot 61515 gn.inl C&CO:,/tt~ u COlllpared to 9,.900 graiu 

CaCOyt"11n Ban Ro. ,. FJ'ODl the•• oreakthrough capac1t1• a •rked de-

cline 1n t.h• ettioiency of the De-Ao1d1t• is apparentJ it 11&7 be pcet.ulat.ed 

t.bat tu.rt.her expceurea to ... te liquor would reault in atill lower abllit.7 

ot the ion _exchange material t,o adaorb acid•• 

lfnlnl al De-Aci<Ust• "11 YA!. 2AA91P• The aame 200 ml, of De-

A.eidite have been uaed tor the detend.nat.ion or breakthzough capacitiu 

tor all rune in oolumn operation through Run Bo. s. In thoae runs uaing 

acetic acid •olutiona and ••t• liquor it •• t0t1lli that the wute liquor 

cauaed deterioration of the De-Ac1dit.e and a marked. decreue in it• 

ettective aoicl-binding capacity. To preclude tbe peaaibilit.7 that the 

uee~ul 111'• of the De-Acidite bad been reached du• to 13 c7clea of ex-

haustion and regeneration, aru:l to find the etfect ot waste liquor alone on 

the resin, it was decided to ake .3 NIii with treeh De-Acidit• in th• 

colWlll u.aing -.te liquor ae the influent. teed to be t,reat.ed.. 

The data and reaul\a of Rum Bo. 9, 10, and 11 are ccmpiled in 

Tabl• VIII, Page 47. The tre•h 0.-Acidite bed tumed dark brown with the 

p•aage ot 1 1000 ml. ot wute liquor in Bun lo, 9. The oapac1\iea ot 8330, 

7'40, and 5720 grains caco,/tt~ wen •.xperienced in Rune lo. 9, 10, and ll 

reapectiv&l.7, The•• figure• repreeent a decline ot 13.3 percent ot t.•tal 

oapacit,7 in three expoaur .. ot the reein to waste liquor. 

An effect experienced in Kun No. 9 not preYioual.7 encountered wu 

the tallu.re of regeneration toll.owing the run to reduce the YOlwne ot the 

expanded bed to t,he normal 200 al, The backwa1hed and drained volwae of 

. the bed aft.er regeneration following Run No. 9 waa 214 ml., and naained ao 



in the same stage ot the oycle• in Runa No. 10 and ll. Thia condition 

could not be explained. except b7 the poas1billty that the new batch ot 

wute liquor used for these three runs may have had different composition 

than that previoua]Jr used and the:n,fore resulted in the permanently ex-

panded condition of De-Acidite. Apparently, the expanded bed wu more 

pol"OU8 than the original De-Acidite bed since rates of flo• in iuns No,. 10 

and ll were 96.9 and 88,6 ml./min r .. pectively as compared to 75.3 ml./ 
min. in Run No. 9. The t\fdroetatic head within the column was maini&ined 

conat.ant at 50 cm. tor all three runs. 

Anal.zpif 9.£. kite .L~gUQ£ tor 1'!!Yddl• Analysis of the waste 

liquora uaed in thia imrutigation for tannin content was made by tlfO 

methods: the Otticial Jlethod(2l) of the American Leather Chem.iata Aaaoci• 

at.ion, and the Loewenthal-Proctoi32 ) Method. 

'l'he results fowr.i by the Official Method of the American Leather 

Chemi.ete Association were highly erratic .aald.ng calculations of tannin con-

tent impossible. The cause of thia wu believed t.o be due to the tact that 

the tannin content of the waste liquor wa.e less than the concentration 

range over which the method applies. In the procedure for the analysis it 

wu stated that the eample should have not less than 0 • .375 gralllB ot tannin 

per 100 ml. ot sample nor more than 0.425 grams of tannin per 100 ml. ot 

sample. Since the waste liquor is a condenaate and not a. leached extract 

the tannin content would neceaaari.ly be minute. 

The result.a of the Loewenthal-Proctor Method are given on Page 

48. The valllea computed are tot.al utringenoy as tannin. 



B. B,cgmaendat4ou 

The following recQllllllenda.tiona are made for future work on thia 

subjects 

l. R,\ermigat.ion 9l.. !!!li-ftinding Capa9it1 at Pf::Acidite. 
Samples of the acid • olution used to t.otal.lf exhaust the De-Acidi te ahoulcl 

be taken at interYale ot 5 minutes du.ring t.bt tirat hour or the adaorpt.ion 

reaction. A device llhould be incorporated lfflich 110uld facilitate the with-

drawal ot eamplea without stopping the agitation within the eyatem. Th• 

react.ion vessel ahould be equipped with a thermometer tor oontinuoua indi-

cation ot reactant In thie inveetiga.tion 0.5 percent acetic 

acid aol11tion was ueed to a:hauat the De-Acidite. It ia believed that a 

0.2 percent acetic acid aolution should be used with a corresponding reduc-

tion in the quantity- of Oe-Acidite to insure an excees of acid at equi-

librium condition•. 

2. Breakthrough Q!pa.ce.t.z P,-Acidit• !!l Colwnn 029ration. 

a. Regenera\ion. In preparing the ion exchange bed between runa 

th4t ntgeneration ehould be accomplished with aodiWfl carbonate to ahorten 

the riMe period. Mindler(l3) ha.a lllggeated the uee ot aqueous ammonia tor 

Ntgeneration aa an end toward the economy a1eent:lal in wute NCOTe1'7 pro-

c•••••• 
b. &a• MeY}od. It ie recommended that rinse be b,1 backwuhing 

at. 50 to 75 percent bed ap&naion. Backwash produces the neceaaary turbu-

lence tor the elimination of channels within t.he bed •••• 

c. M1.rawa A!a .2!, !!2!.• Teate were conducted in thia atudy to 

determine the optimum rate ot now within the limit.a l to 5 gal./lt.~/min. 

No eubatantial loae ot capacity wae obaerYed at the maximum rate t.eeted.. 
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It is suggested that higher rates be teated to deterndne the maximum :rate 

of flow possible before marked reduct.ion ot capacity ocoura. 

J. Rponl g.!, "Acpt.j.c Alls!• from Jyte Liquor. 

a., W'aat9 .Y,guor• The waste liquor uaed 1hould be anal71ed tor 

the presence ot organic ot.her than tannin. An analJeia for 

tannina should be dneloped auitable for accurately deternd.ning tnae tannin 

content when in extr•ely dilute eolutiona. 

b. 1!.!--Aoiqite f&Bt•• Thia inYNtigat.ion wu carried out. with no 

qu.antit.at.1ve data obtained on the extent ot formation of fim,a by expoaure 

of the De-Aoidi te to waste liquor. Future work ehould include the det.end.-

nat.ion of the amount. of fines produced when De-Acidite ie exposed to waate 

liq11or ana. whether or not tinea continue to form with repeated exposure•• 

c. Beatorat.1 on 2!, De-Acidite. Reatora tion of De-Acidi t.e ma:, be 

accomplished. after it• normal capacity haa been blocked by contaminant• in 

the wait• liquor. Kindle/ 33) suggests treatment of the at.fected De-Acidite 

with 30 percent aulturic acid at 60°c. tor several houn r ollowed by regen-

eration with loda ash. A valuable point. brought out by Mindler wae the tact 

that el11tion ot •acetic acid." removed trom the waste liquor by •ulturic acid 

would automatically overcome the deoreue in capacity caueed by the wute 

liquor. 

d. Countercqrrent. Pro9e11. lfindler<33 ) •uggeated a proceH tor 

eoonomic&l.ly recovering acetic acid !romwaate liquor which can beat be 

stated in his Olfil worda: "The process I would augg .. t investi~ting in-

cludes taking up the acetic acid in a countercurrent manner by paeeing the 

eolution through two bede ot De-Acidite 1n aeries-the first bed being 

al.ready partially exhauated and the second bed being .freahl.T regenerated. 
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When the acetic acid breaks through the second bed, thia bed will then re-

ceive the tnah acetic acid aolution and an additional treahlf regenerated 

De-Aoidite unit would be cut into the line while the exhausted unit woulcl 

be treated tor recover7 ot the ace\1c acid. In order to reduce the chtmd.-

cal coat. ot the proceaa, •• believe it would be necuaary to wse a regen-

erant which could be recovered and reueed. Such a regenerant would be 

aqueoue ammonia. Tbue, atter the De-Acid1te bed baa been exhausted, 28% 
aqueoua ammonia would be paaeed through the bed at a alow tlow rate tora-

ing relativ-17 concentrated ammonium acetate. The tiret portion of the 

eltluent on introducing ammoniu hfdroxide would be me rely displaced. acet.io 

acid. Thia would be divert.ed t.o the raw eolution t.ank. Then, relativel.7 

concentrated, ea,- lO-l2j ammonium acetate would be recovered which would be 

diverted to a eeparate tank. The next portion or ettluent would conaiat 

of a a.mall amount. of ammonium acetate contaminated with exceH ammonium 

h)rdroxid.e which would be diverted to a 1epara.te tank tor reuse 1n the next. 

run prior to the introd11Ction of 2SS ammoniua hfdroxide. Final.17, we would 

have diluted exceea a.mmoniwn }Vdroxide solution which would be !ort1f1ed 

with treah &HIIOnia • 

The next 1tep -,uld be to deoanpoae the ammonium acetate by-

auit.able meana, recovering the ammonia for reuae and leaving the acetic 

acid tor further concentration by aelective eolvent action. I believe that 

organic aeet.ate compounds an uaetul in thie connect.ion. The prooeaa ot 

reuaing uaonium compounds for repnerating base axohanpra operat,ing in 

th• amoni.ta cycle waa diecloaed in u.s. Patent 2,391,575 •i&Jtbocl tor a.-
covering Copper Value from Dilute Solu.tiona ot Copper Sal t1• ieaued to 
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Tipr and Ooet.• April a. 1946. HOWYer, this proc .. a is d.ietinct tra 

regenerating anion exohaqen.• 



V. QONQJ.P§!PII 

Froa the naulta of Ud.a invutigatJ.on the followina concluions 

were drawns 

l. When a.hauted wit.h 0.0980 I acetic acid at 26°c. the total ca-

pacit1 ot De-Acidite ia 19,700 grains C&OOytW. 
2. lfaxhNa adaorption of 0.0980 N acetic acid by De-.lcidit• at 26°c. 

1a obtained in batch operation in one hour. 
0 3. In column operation at ternperaturea 20-.30 c. uaing average rates 

ot tlow ot 20.4, 51.9, and 70.3 ml./min. no material. ditterence in break-

through capacitiee occur when 0.0319 N acetic acid ia used to e.xhauat 

200 ml. ot De-Acidite. 

4. Down.tl.ow rinse to totall1 remove ucus 1 percent BaOH regenerant 

trom the De-Aoidite bed ia not effective under the following condition$ 

due to channelings 

a. Using di.stilled water; a alow rinse of 315 ml. at a rate ot 

6.8 al../min followed by a fut rinse of 3900 ml. at a rate 

ot S7 ml./ndn. 

b. Using diatilled •terJ a slow rinse of JOO ml. at a rate of 

4.5 ml./min followed. by a taet rimte of 2500 ml. at a rate 

ot 56.5 ml./min. 

5. The adsorption of •acetic acid" trom wute liquor in column operi-

at.ion by De-Acid.it• at 20.J0°c. producu bru.ld,hrou.gh capacit,iea of 83301 

1,1.0 and 5720 grains CaC03 per cu. ft. of De-Acidit.e when O.OOS5 H, 



0.0055 1, and 0.00,58 N waate liquor 1• used at. average rate• ot tlow ot 

75.3, 96.9, and 88.6 ml./m:tn. reapectivel7. 

6. The acl•orption ot acidJ trom waate liquor ie aecOJUpanied byt 

•• A degradation of the De-Acidite granules into flaky material.a 

and tinaa. 

b. A color change of the De-Aeidite from clear ad>er to a dark 

brown color. 

7. Quantitiee of tannin in the waat.e liquor t.oo mimrt.e to be deter-

mined by the O.tticial Method of ~he Aurican Leat.her Chemi.ats Aaaociat.ion 

tor the Analyais of Vegetable Extracts Containing Tannin, and in the order 

ot 0.00098 to 0.00196 percent total aatringency ae tannin when anal¥Hd b7 

the Loewenthal-Proctor Method, a.re auf ticient to cauae rapid depreciation 

o! the De-Acidit.• and blocking of it• effective acid-binding che.racter-

iatica. 



VI. SUMIWlY 

The t.annin extract. industry diapoeu ot large volwnea of oon-

denaate liquors evolved during concent.ration of weak leach ob-

tained b;r extraction of 1100d chipe. The liquore are highly corroaiv• due 

to acetic acid contained therein along with leaser quantities ot other 

organic aubatancea common to woody materials. Recovery of the acetic 

acid would be deeirable from two atandpointar (1) the value or the acetic 

acid, and (2) reuae of the acid-free condensate in the manutacturing 

procees. 

The purpose of t hie investigation wu to recover acetic acid 

from the wast.ea of tannin extract .manufacture. An ion exchange process 

was given prilllary coneideration to accomplish the reco,rery by adeorption 

ot Ute acetic acid from t!Mt waste liquor with subsequent elution ot the 

acid from the ion u:change material by uae ot a atronger acid. 

Testa were conducted uaing De-Acidite, a synthetic aliphatic 

amine anion exchange reain produced by the Penaut.it Comp&n7, New York, 

N.Y.. For all tests 200 ml. of the resin were used at temperature• with-

in 20-30°c. A tot.al acid-binding capacity ot 19,700 graine CaCO;yn~ waa 

toun::! when De-Acidite was expoeed t.o 0.5 percent acetic acid in batch 

operation. 

Optimum rate of flow determinations in column operation within 

the range or l to 5 gal./ft.~/m.in., were conducted. Variations ot now 

rates between these limits tailed. to produce substantial ditfeNnce1 in 

breakthrough capacities. 
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To prepare the De-Acidite bed in the ion ex.change colwan between 

rune regeneration was effected with l percent aodium hydroxide. ru.nee waa 

by downtlow operation until data W&8 obtained llh:ich indicated. ita unauita-

bility; thereatter backwash rinse was uaed and f'owxi more aatiatactoey. 

The waste liquor uaed in th.e inveetigation wu obtained from the 

2nd and 3rd ettecta ot a triple et.feet evaporator empl.07ed in the Mead 

Corporation Plant. at Lynchburg, Virginia~ S11ccenive expoeuru ot 

Acidite to the waste 11q11or r•ulted in sharp reduction ot breakthrough 

capacity, dieooloration ot the De-Acidite1 and deterioration of the resin 

with the fome.tion ot tinea. 

It was toumi that the extremely pall quantitiee ot tannin pres-

ent in the waate liquor were the cause of the rapid depreciation ot the 

De-Acidite. 
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