




the experimental data and calcu.lated resl1lts are 

pre'tn'bed lntabular torm as follow •• 

�i�X�2�i�~�1�m�e�n�t�.�a�l� �:�O�a�'�~�.� The experimental data are found 

in Table". It may be noted that 'the anolyteand 

J electrolytic decompGs:1t1oft, and.experlm$ntal 

relative magnitudes of these factors wet. 

the indicate that appro.ximately 75 per cent of 

cell iseaused. by the anolyte and anion 

permeable membrane. 

Table V! contain$ the data for 1)esis m.ade \is1nt 

various metral coupon.s as anodes in acetic acid and 

sod.ium acetate. 

�=�~�~�~�~�=�.�l�~�~�t�=�a�.� "he ealculated results, whtoh, 

eonstst of thecUf*f'ent effioiency for the 

anion cation pe:rm.able Bltmbranes. are presentedl1i 

Table VII. results indicate tnat'tnewaste has aft, 

;'. 
Icon;9.ic .. �i�v�l�;�u�.�a�t�i�~�~�.� The eeonomle evaluati<tn or �~� 

the recovery proo$.s is found in Tables �V�I�I�~� and :tI. 

The faoto:rs are values given by Peters(411) 
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. . .. .. .. (40) and data tJ?Qm loni os, Inc. . 

The major items in tbe ";1. ........ "'_ .... 

in the literature. 

cost are depreciation, 

membra.ne~placement$, and operAl1:;1ng lailer. Tb.etotal 

man:u.faeturing cost 1s $,0.889. T'he reqtllll'ed cap! tal 

,910, largely due to 'the 

stacks" $48,400. 



Test Catholyte Normality 

1'0 in ou.t 

1 0.0136 O.O,8S 

2 0.2876 0.3590 

.3 0.2876 0.,260 

4- 0.2876 0.61;0 

; 0.3740 1.0450 

6 0.3740 0.6180 

7 0.3140 0.;670 

8 0.3740 0.;4;6 , 0.27" 0.49'S 

10 O.279S 0.;010 

11 0.279' 0.4730 

12 0.21" 0.431.0 

Fee' rate WElL$ 6oo( 

Anol7te 

in 

.......... _-
0.$570 

0.0000 

..... ..., ........ 

G.2;SS 

0.25" 

0.2'5; 

0.2,;, 

0.1457 

0.1451 

0.1457 

0.1457 

~men!;a, Dati and Conditions fot lfh!. hemu it' Ace:t!:o Acid and Sodium HlStoSde 

from SW;bemi,tla 'WYl:e .9Z E.ecttrod1§J..re~. 

lonaality 'l1.tle .t CUlTflnt, Potential AnolJt,. CathQlyt.e Potential Drops Across Cell, volts 
Rua Volume, Volue) 

al ml 
Cation Anion 

out hr am.p volts a out in out Cathol..Jte ~.wmbrane Waite .Habrane 

....... ~ 2.' 0.115 12 .. -~ -...... 500 500 1.00 0.04 0.1; 2.8S 

0.9100 2.' 0.475 U SOO I..3S SOO 49' 2.00 0.50 0.25 ;.2, 
0.0241 2.0 0.)25 10 SOO ;00 ;00 48S 0.70 0.10 0.20 4.;0 

~--..... 7.0 0.7;0 10 ~OO 487 SOO ;00 0.70 0.,30 0.90 6.10 

0.5690 24.0 0.600 10 500 475 ;00 510 .. - ---
0.3875 8.0 0.;00 10 ;00 495 '00 so; ~~ -~ .. 
0.35)0 6.0 o.sao 10 SOO 4.9; ;00 50; 0.6; 0.27 0.S7 ............. 

0.'940 S.O 0.;00 10 ;00 SOO '00 SOO - 0.2; 

0.3'19 9.0 0.400 10 ;00 '00 ;00 500 

O.;4)S 9.0 0."0 10 ;00 -'00 500 ,00 
0.3001 9.' O.l50 10 ;00 50i) soc 409S 

0.266, 6.0 0.400 10 ;00 ;00 '00 ;00 

j I 

ml/mn, recycled fGr aU teet.s. 

!nQlyte Anol.)rte mod. 

8.0 HCl titani_ 

2.5 ~S04 platillu:m 

4.' NaAc platinta 

2 •. 5 H2SO4 pia-tin_ 

- HaS04 platinum 

,. ... ~ H2SO4 platin_ 

--... H2SO4 platinum 

......... H2SO4 pla.tinum 
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VI 

J,\node. er-·als. rorUse .!u S.9d~Um 

Volts 

,0 
)0 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Ageta tr',a At:: etie Ac 

titanium. 

tantalum 

platinum 

worthite 

304-

321 SS 

34.1 

1no010y 

1neonel 

nickel 

monel 

graph1:te 
L . t 

, ~,t 

.. 1." 

gOG$ passive 

goes passi ve 

UJiattaeked 

unattacked 

unattaeked 

unattacked 

unattaeked 

unattacked 

attacked 

unattaeked 

tUlattaek:ed 

Of the above, only platinum 1$ suitable 
as an anode in dilute sulfuric acid. 



Test 

.0 
1 

2 

l 

4-

S , 
'1 

8 , 
10 

11 

12 

M!mbrM!Mt!ci!Dcd.ese&lcu.a:t~s • ti!m_eraental Data 'or-tile llecoverz 

!! Ohemicals £roaS.,ehsN:oal·W'lIte !It.$lectro4!!ll:!!1 

Cation Me.m.hrane 
Bit1e!encT 

82 

86 

92 

80 

94-

82 

89 

Anion !telabrane 
Eflle1.no7 

-
29 

44 

43 

57 

76 

81 

6; 
OS 

.. pre~arl test 

eettdchfmleal wast. 

eeml,chemical waste, new anion meutbr@.$ 

s.ichetdod waste 

lod1_ .eta,\.; neweation and an~on mem:b.rane 

semich.mcal Was\. 

semichemical wasw, rejuvenated •• bran. hom test 11 

. { 
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- - - SODIUM ACETATE SOLUTION 

SEMICHEMICAL WASTE 

0.5 

CURRENT, amperes 

1.0 

FIGURE 5. EFFECT OF THE SEMICHEMICAL WASTE 
ON THE PERMSELECTIVITY OF THE CATION 
EXCHANGE MEMBRANE. 



1. Estuna.teof, Ca.pital Reg,;Qred 

Installed Equ1~nt Coat. 
Membrane stacks (eellsa.nd spacers) 
Membrane 
Piping 
Pwaps 
Ins trumentatlon 
Electrode eystem. 

Anode. 
Cathoci8S 

Storag« tanks 
:Building 
Reetifier 
Evapora.tor 
2S ..... Plate eolumn 

Working' ca.pital. 

24 Estimate 01 Ma.n:utactw1ns Costs 

D1rec1; Coste 
Raw materials-credit 110,000 lbBaOH 
Opera.ting 1aoo1"--4000 man hours 
Power 

Separa.tion . 
Pumping" ete (100 KW) 

Indirect Costs (Product 008t--10 cents per lb) 
Supenision and clerical 
Opera:t1q supplies 
Genera.l plant overhe.a,d 
General aCbtrinistra.t1on 
Research and. development 
Distribution-sales 

Fixed. Costs 
Ka1ntenance 

200 Man. hours 
)000 eq it Anion membrane 
;00 sq It Ca.tion membrane 

Deprecia.tion 
Taxe. 
Insu:rance 

Total Manufactured Cost 

TABLE VIII 

Economq Evaluation !! the Recoveq Proceas 

48,400 
6,000 

24,200 
16,000 

S,OOO 

),12, 62, 
24,000 
14,000 

400 . 
4,160 
$,000 

1;2,'10 
1~t221 

-6,500 
8,000 

400 
1,090 
2,000 

500 
500 
'00 

400 
9,000 
1,500 

30,;82 
400 

J,·591 

16$,201 

2,,10 

4J,182 
'0,889 

Estimating 'actor 

242, .'3- compartment cella at $200 eacb 
2000 IIUl It at $) per sq 1\ 
SQ% of membrane stack cos\ 
S pumps at $200 each 
See description 

62' sq It of plat1n~plated titanium at .5 per sq, It (0.0.3 inch thick) 
62S sq it of steel at $1 per square toot (0.03 inch thick) , 
3, 10.,000 gallon tanks a.t $8000 ea.ch 
1400 sq ft at $10 per sQ.tt 
4 KW at $100 per KW 
208 sq it of heating surfaoe at $20 per sq t\ 
'200 per trq 

10%0£ capital investmen~ 

$0.05 per 11:> 
1.6 times $1.25 minimum. wage 

0.1, l.WH per Ib at $0.2 per KWH 
100 lW tor 4aOO hours 8.t$0.2 per l(WS 

5% of operating labor 
10% of maintenance 
2S% .tope~ating labor . 

1% ()t total product oost; 
1% ,of total product cost: 
l$ of total product oost,. 

1.6 tiDles minimum wage ot,1.2; Dr 
., per square toot ' 
$3 per squre foot 
20'; in&talled. equipment 

,% operating labor 
1% installed equipment 



,nCQme and R!'tf.~t,* .. !! tement .. for 

t4e. f!rPCEl88 

"M .$ 

Produet: Acetic acid 

Dasisl &80.0qolJ;!ace,t1e ~qid 
year 

Direct production costs 

'ixed charges \ 

overhead. 

factory manui;aetunng eGs' 

Total income 

Fixed investment , 

Work1ngeapital 

Total capital inv&stme,nt 

Gross loss 

Labor rate: 

Tons pulp milliQn gallons or 'waste 

Qostor treatment per 

.10 

per hr 

, 2,510 

43,;a9 

!:t.220 
$. ,0.889 

t 18,000 

$1.52.910 

1.2,2·21 

$,16g,201 

lb 
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Sam 

following are examples of the calculations 

tront the txperimental data shown in Table V, 

53. 

C!rrrellt . EttiQi en$x-'~rad~tz ts Law. 

efficiency • 
(I'lOl11> ... rfin) (ntoo)' 

It 

where: 

Iln, lout = normality. equivalent/liter, 
. entering and exiting streams, 

respectively 

, • total electrolyte volume 

F # Faradayfs~onstant, 96,'00 coulombs/ 
equivalent 

I .. current, amperes 

t= time. secouds. 

The folloWing eXaDlple is for run number 10 and. 

'tcbe cation membrane: 

effie1eney := 

soo 
(0. ;010-.0 .• 279S) (1000)96, ;00. . . 

·1,· . I· . x 100 
0*:; ;( 9) (3600)· 
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eurrent density == 1 -

1 == current, amperes 

area := 0.25 square feet of effecti". membrane 
area\one side). . 

is run number 8: 

current d$.natty ill ~ 

0.2; 

•• 2 .. 0 amperes per square foot • 



where: 

· ( (F) 
'I - J 

(t)(x) 

I 

I 1#, current required. 

I' c number of gram 'equivalents to be removed 

r = Faradayts constant, 96,500 coulombs per 
equ1vs.leBt 

t -= time, aecondl 

x =: current efficiency. 

fhe.tollow1ng example 

semiehemieal waste at 60 

hours of opEn~·ation. 

cent efficiency in 4800 

(;0;0)( 0.7;) (96 t 500) 454 

( 4(00)( 3600) '( o. 60) 

., 9660 amperes. 



IV • DXSCUSSION 

The following .is a discussiQn 

experimental work and resu.lts. 

The work of' Holladay(22) , 'Itoger$( ;4), and 

Noloerg(21) preceded thialnvestlB;ation at Virginia 

Polytechnic Institu.te, In each case, the pri.or 

investigators llsed. Amberplex membranes" manufactured 

by Robrn and Haas. operated the eells under 

polarised conditions and, con8equen~lYt found. low 

eurrtntett1clencles. This investigation 

undertaken to cietermine the feasibility ot the recovery 

proeess witb polar1aation ot the cell eliminated and 

to a. preliminary economicevaluatiQnot the 

process.. Sinee Amberplexmembra.n<is are no longer 

manufactured., memb~an.smanufactured by the 

Permutit Co. t Inc.:, were used. in this investigation. 



Dlscuss1on.of rimental Work 

There are certain limita:t1ons illpGsedon the results 

of this investigation due to the method of the 

investigation, 

Current .S'Q2R1X'" The sourceQt direct eurJ"ent 

available· this tnvest1gationwalsuttieient.to give 

a lIembrane current densitY' of two ampere.s paz-square 

toot.. ~rhe 'results indicate ~hat this is not the 

max1lium value ot current density for this system. The 

limiting eurrent density-could not be determined 

the low ca.paci.ty or ,the availa.ble lXHfer 

source. 

llsrttJrminatiqn. of •• brans .Effielegcx. It soon 

beeameapparent tha\tthewElste had a dele\ariou$ effect 

on membrane efficiency, particularly the anion membrane·. 

the cat.ion membranet.cation mertiturane efficiency 

determined using sodium aceta.te the teed solution 

new membranes was apprQx1mately ten per cent higher 

than the ef£ic1eney obtained na1ag tbe same membranes 

with semichemlcal waste .. 

The current efficiency of the anicnmembrane can 

he seen. trom 'table V. page 53. to be less tha11 thatot 



cation membrane in all eases. This 1$ a property 

of the ion exchange materials used in the membranes. 

Cell.Resiitanc.~ Preliminary tes"s and test 

number one were made \u,ing acetic acid. as the an{)lyte. 

The conduetanee of the acetic acid was net great enou.gh 

to get mot-ethan 0.1'7, arnperes through the cell~ All 

other tests used sulfur1e acid as the anolytt,$xcept 

number three where $Odium acetate anolytewtla used. 

ThefQllow!ng is a dis.eussiQl1 of the results of 

the ,tudy to determine the practical and economic 

feasibility or recovering acetic acid. and.odium. 

h1d:roxidet~om sem1ehem1e~1 pulp mill waste, 

M.mbrane~ft:~q1'i$!X. Pri;aulry in determinin,g the 

eoonoin1c teasib11i ty of the r~ct)very of acetic acid and 

sodium.hydroxide fro~ the stmichemical waite is tae 

determination of the membraneett1clenc1es. The ~esults 

indicate that tor, r-elat1vely unu,ed m.mbranes the 

ertic1ency is 60 and. 85 per cent forth. anion and the 

cation. permeable membTanes. respeeti vely.. The 

efficienoy of .the &llion membrane deereases rapidly 

with use because ot the adsorption of comple.x organi' 

anions. The complexorga.nic anions exhibit a very 



thereby d1fficult; to remove 

from thememb.rane, resu.lt in decreased charge density 

and. corre8pond1nglYt lower efficienoy .tor thememarane. 

FQr'tlli$par~icular application. that is, the 

semicbemieal .waste, the cation permful.ble membrane 1s 
. , 

, , 

not exposed to deleterious ions 'maintains an 
errieteney ot abaut 8; eent, several tilles longer 

than' the u$$tu1 lite of the permeable membrane. 

)I!m~rane Lit! •. The only apparent harmful "effectot 

the sem..1ehemiealwaste'is 'uptake of the complex 

organic anions by 

unattected. 

It 1nterestingto n()te that although the anion· 

lose almost all its 

pen:useleCl,i Vi t1. the mEunb~al1e w111 nat the 

color of the waste, 

During the eour,eof the investigation, the 

pO$sibi11ty otrejuY.nat~agtbean1on .emor$.nee was 

Gxplo red. 'lhe el1~:re.nt ( 0.1 ampere) wasreversedQn a 

membrane used in t,st 11 tor 18 hours ina-aetic acid. 

'1the membranes were then uised ~i~"",U. 

no iliprovement in efficieney_ At 

in tes~ 12 and showed 

same time they 

were no less efficient than before. If. thedecr(tase 



in membrane efficiency 

is caused by the·uptaksQfcomplex organic anions which 

Sh0W very high exchangepotetltia.l. then the procedure 

'used to:r rejuvenation is inefleetlv.. A PQssible 

alternate proeedurefor rejuvenating m •• brane1s 

exposure of the membrane wa high potential()O volts) 

in sod.ium chloride. 

The useful lite the cation membrane in the waste 

shou.ld be two years while the useful lite of the·anion 

membrane is probably three months without any treatment, 

It a su.eeesstul 'treatment to rem&ve the complex organic 

anions is tou.nd,tne·usetul life of the anion membrane 

a.Boula be comparable to tn.lilt or the'ca.tion memb.rane. 

electrod1alysiscell use~ :1n thls··irrvesti/iat1on was 

similar to the cell used by Holberg(21) with the 

toUowing exeept;ionsl 

1. The cell was made rectangular· 

better u'tillse·the membrane. 

,2 t The feed chamber was baffled to promote 

turbulence prevent polarization of the·eell. 

3. The semiohemical waste was pumped t.hroughthe 

fe$d ehamberat approximately one liter per minute and 



continuously recycled lor,the du.ra.tion of ~e test. 

PUlIp1ng wastethrou.gh the cell'alds'1n the 

polarimat.ion by promc}'tinl turbulence.' 

Dlt£1cultyW8.S experieneed in mak1ngtb.e cell 

leak-proof. It mar conceiTf1hly be diffioult toprQperly 

gasket a la.rger eell. A solution to the problem might 

be construct the cell as an&pen trough with the 

m.embranes in frames as d1vlde:rs. It would then be 

possible to replaoe the melibran$' in the cell without . . 

dis,assembling theeell. 

Pra Several 

problems were encount.ered dur-in& tibe operation the 

cell. The difficulty in mak.ing eell leak-proof'!s 

a design problem 

inv$stigatlon are finding a.su1table anod..material, 

the rapid loss of efficiency or the anion permeable 

membran., the high reSistance of "the cell Over . the 

anion membrane the anolyte chamber. 

In attem.pt to find a. su1tabl. anod~ material 

tor in acetic acid vax-1aus metals such as.tainiess 

steel )04. 310. 321, 

lnconel, 1ron,tantulum, titanium, platinum,and 

'graphite' tested. or theabove t platinum, 
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stainless steel 11<?, 321, incoloYJ monel wer$ 

v.'i;olI."'''',""W,!,U; became found to be suitable. Tantulum and t 

Two not tested bu." should be 

suitable as anod.~ acetic acid and 

platinum .... plated 

The rapid 108aof eftieieacy in permeable 

membrana is an unsolved problem. It is fairly certain 

that the membrane', efficiency lGssa.ris$s from the 

:rea.aon.1 discussed Io6Aa;"',""WA !t.Membran.e L1te. 1t The 

rejuvenation were not attempted suggest~d 

in this investigat1on. 

The obmi·cresistane& of the membFane amollllted 

to 60 per cent ott-he total resistance 20 ohm. in 

most r!tlJ the tests. The resistance altha anolyte 

chamber to 25 per cento£the total resistance 

of 20 ohms.. high resistance is presumably eaului:d 

by the low conductivity ot acetic aCid, both in the 

anion membrane the anolyte:compartment. 

Add:i.ng a better electrolyte such as sulfur1c aoid to 

theanolyte alleviates the low conduc:tivi"y problem but 

leads to aot find1ngsu1table anode materials. 
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acid. platinum suitable sulfu.ric ac1d~ 

ftowever, plati.n'Wl-plated titanium should be suitable. 

magnit;u.de, of th$ resistance of the anion 

membrane indicates the membrane showsah1,h 

exchange potential tor certa1nan1ons) proba.bly cOllplex . 

organic anions. These iOlll shows su.ch a h1gh exchange 

potential th.at they ese,antially preo,ipitated attne 

exchange site • 

...................... ;;;.;.;.;......~~l'I_a.M8 ..... t_.. An attempt was made to show 

the ef'£eet the waste on the me:mbrane efficiency by 

treating sodium acetate solution as 

by the ssmiohemical waste. 

soditmt acetate 11 

, the efficiency 

10 per cent less 

feed stream, 

indicate 

the cation membxi>ane 

in a solution or 

decrea.ses continuously with time, unuil it behaves like 

a non-aelectiV's membrane., serving only to separa.te the 

products of electrolysis. 

Components of' the w~ste whioh may be toul1ng the 

raaniD.rar1eS are ferric l<.nl) in the ease of the eation 

membrane, and complex organic an10ns tr in case of 

the anion metn.b:rane. present effect or the waste 

(')n membranes seems irreversible, that 1s, the 

membranea (iaMot be rejuvenated. 



The "1aste conceivably could 

and centrifuged to remove insoluble organic calcium 

50me the suspended sQlids. is possible 

the organic anions foul the anion membrane 

are a enough \~eigirt their calcitUI 

salts are insoluble in waste. 

Oft. 

A brie£descr1ption the proposed process will 

clarity the assumptions involved in making the economic 

. evaluation of the process tor recovering sodium 

hydroxide a.cetic aoid from aemichemicalpaper 

mill by electrodialysis. 

The proposed process iii deSigned to remove five 

percent of all the removable acetates frOll1 one ,million 

galloD:s per of semichemical waste containing three 

we1ghtcent sodium acetate. 

Yhe proQes$ will Oierat~te 16 hours a day for 300 days 

and require man sh1ttot hours. 

The experimentally determined values of current 

ef'ti(lieney the a:nion cation permeable membranes 

and an current density on the membranes 

of ten amperes squarefGot compl$'te restrictions 

on process. 



In order to calculate the menibrane area required, 

the nunlber of equivalerrb:s to transferred and th*.!t 

of' eU:r;T$nt required must D.S determined. 

million gallons .waste oonta.ining three weight 

per cent sodi'tllll is equivalent to 000 pou.nds 

pound equivalents $odiwn 

acetate, sodium ions, or ionsti ·'he current 

required remove cent of the JOSS pound 

equivalents of aeetateions 1n.4800 hour~of op$~at:1Qn 

at 60 cent current efficiency, Faraday's law; 

will be amperes. 

Allowing a current density-oilO amperes square 

foot, as stated.before, will therefore require 966 

square 0·£ each type of membrane. 

Assuming the. cell will be two by tlflO$quare 

feet aross sectl()llal. area, since ,the lonexe.llange 

m~mbranes not larg,r than tW? to three teet 

:tn width .at preaent t calle will CQns1st ot. 242 

three~compartment cells joined back to back 1~ ord~r 

to use sides electrodes. 

A use~t'ul life five years the,equipme.nt 

will a:rbit:rar,11y chosen during .,""'''' ... ~ ........ ''' time anion 

permeable membranes 

the cation membranes cha.nged every two years~ 



Since the cross sectional area of the cell is ,fo\1:r 

10 ,amperes per square J a rectifier to supply 40 

amperes at approximately volts, or four kilowatts. 

1s required.. 

'Because ra~1dtlo'wover the membrane lurface ts 

required and. s'll1ce there 1. a high pressure drt!tp throu.gh 

the proposedoell. ollepump tor every other three ... 

compartment' eell w111propll.bly be necessary,. 

"The mini-mum :ln$truments:tlon will' consist of a pH 

meterjavoltmeter._ ammeter tormon1toring 

'effluent produ.ct streams, drops through the 

ceil. and current the cell, reapect1vely. 

'The cho1ce or to u.se tor a.nodes 1s 

rather limited., depend.lng on whether or not an 

electrolyte i8 added to' 

increase the anolyte conductivity", For instance J 

,sulfuric acid could added but this would ,greatly 

limit the choioe of Jl:i:i.f/ia.'",,,,,,,,, suitable as eleetrodes. 

lJCIiJfiQ. cell will be &ssumedto be anodes tor the 

platinum-plated 

stainless steel. 

the cathodes,type JOlt. 

»;co.nomiQ Feaslb~1~tz. The determination economic 

feasibility is based oncost data supplied by Ioaics, 

Ino.(40) f"orwater desalinization.Jo ttstandard tf ' 



electrodialysis equipment 1$ bein.g manufactured. at 

present so that oell construction would necessaril.y be 

d-One Dythe individual investor. Ionle'stlgure for 

the cost of the cell itseli might. theretore, be of 

little valu.e. 

:t;he figure for the current density. 10 ampere$ per 

square foot. 1s 2 • ., times tne,maxilD'WB valueo£ curt'ent 

density used in this investigation.. but may yet be a low 

estimate of the limiting eurrentdenalty. The limiting 
, ' 

current dens1tytor the cell is a critical qua.ntity 

s~nce from' the 11m1 ting current density and membrane 

efficiencies the required membrane area. is 'immediately 

deterillined. 

The cell used,tor this investigation would be low 

in coat but difficult' to operate whereas the cell 

recommended tor future work as mentioned in neall'Des1gn ft 

would be more costly to buil,d'but mllcb.mo:re e&s11..y 

op.rated. 

Operating eJtpanaes were determined assuming' that 

4000 man' hours per year (per u.nit) an required to keep 

the cell in operation 300 da.ys a year, 16 hour. a day. 

routine 

adjustments,cheek1ngcell r$siatance. and replaeing 
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membranes when necessary. 'the required salary would he 

two dollars an hou.r. 

Membrane replacements would require roar complete 

changes of anion membranes per and;O per cent 

total,aat~oIl memoranes year unless the al1ion 

i.n'tbia membrane can be rajuvenated.· 

1nvestigat1oncost three dollars square toot. 

A simple method tor rejuvenating the anion 

densitywou,ld tend to ma.ke this'recovery p:roeess more 

lnte~st1n, 'from th,e economic: point 

tht'major factor, eccnoml,eally, lathe 

view. , However. 

first, Q()j't: 

andd,epreciat1on ofth. elec.trodialysis equ1pntent. 

Calcu.lations ba,$edon a menibranectlrTen<\jdensi\l 

ol100 amperes pe,r $qu;a~ toot,ave,rryh1gh Qu~rent 

density compared to the 20 amp.re per 8quare toot 

maxtmumforcommerelal water demlneralilers, 1ndte,te 

that the caplta11nvestmen:t would be about ISO"OOO. 

Even in ea.se the would 10S8 per ton,ot 

, pulp 'yar year 4i' 

, An alternate p.roeess wn:+ch migbt be feasible would. 

be to recover Qnly sodium. from the waste by 

electJ'Odialysis, recovering the a.oetate as aoetic 

acid tbe effluent waste by already establlshed. 



liquid-liquid extraction methods. This alte'rnate 

would least el.imina.te ,the (lost or replacing 

anion m.embranes tou.r times per year t. and would 

eliminate the cost of sulfuric acid needed in the 

extraction process. The alkali reeove.redcould be 

reused, providing an additiollalsav1ng in alkali costs. 

Ana1ltical Proeedurca. Analysis of the products of 

the electrolysis 1ss1mple, requiring only titration 

to a phenolphthalein endpoint,. However, determining 

the total equ1valents transferred requires measuring 

the total volumes 'Of eatholyte and·!tftolyte b$fore and 

after electrodialysis. 'three major processes which 

affeot the volume measurement are taking place, water 

transport. deeOmp(l)8ition ot water by electrolys1s.and 

losses to leakage it B'ecause of the inaccurac1e.in 

draining the solutions from t.he cell, it is questionable 

whether the tota.l equivalents transferred should be 

based on the remaining volume, instead Qr on the 

original volume only. 

Water transport is negligible ,at low 

concentrations. The losses by electrolysis ot 

water are probably equivalent to the water gained 

through membra.ne leakage and water tra.nsport. The 

lE)sses through cell leakage andpoo.r drainage of the 



'cellare then the major problem. i$suIts indicate 

tha.t loss from leakage 11 usually variable. the 

,u1l_.",,"'"·~1i/l,_ gain in volume five milliliters the 

maximum loss of solu.tion being 6; millill"tiers. The 

five-milliliter gain. probably, is the result of water 

transport~ The oS-milliliter 10S8 is the result or 
poor technique. It probably better to base the 

calculatiQnsfor total equivalents transterred through 

the respective membra.nes on the orlg1nalvolume of 

electrolyte. 



The following recommend.atiQns developed during· 

the course of the investigation. 

Pretreatment of the Waste. Pretreatntent of the 1 ... . , 

wast,ewith111neand .entr1£ug1ng may remove SOBle of 

the complex anions which might foul the anion 

permeable membrane. 

Meilhran! . Ret1uven~tloD. A simple method tor 

rejuvenating ion exchange membranes which have lost 

permselectivity due to uptake of complex ions should 

be developed. 

Since the cation 

membrane seems largely unatrected by the waste, it 

is recommended that only sodium bereeovered. trQmt,he 

waste 'by electrodialysis. the acetate\)eing removed 

as acetic acid by already esta.blished liquid extraot1on 

methods. 

1.1111 tin, .Ourren;' . ntnsitI- A study sbould. be made 

to d.etermine the effect of current density on membrane 

ef£1cienoy and eell operation. 



L1I4ittatlons 
I 

the following lim1tatiotls a.pplytothenfJults of 

this investigation. 

Semtcb$~i~al' \fas~e.' Thecempositionof the waste 

will vary from process to proeee$. The results of this 

investigation were ebtained from treatment of lullite 

semichemical waste" containing 1; per e,ent t.otal solids. ' 

Pe.l('m.aalectl Vf.t The results are further 

limited by the type'otpennseleetive membranes used: 

anion permeable membrane 314$ and cation permeable 

m.embrane' 3142) m$.r1Uractured. by the Permuti t Company, 

Inc. Theee membranes are 'both highly ionised types. 

Anollte. Sulfuric ac.id was used as the anolyte 

throughout most of this investigat.1on because of,the 

poor conductivity ot acetic acid.. 'this would rtqu1re. 

sepa.rationin an actualproc8ls. 

The membrane current density 

for tb1$ investigation ranged from 0.7 ampere per 

square foot to .3 .. 0 amperes per square foot It Wa.ter' 

d.em1neralisers opera;;'. f~m 2.~; to 20.0 amperes per 

s qllare root. 

TemeeratH.!re. All tests were mad. a.t 

approximately 2; ·0 (room tempera.ture). 



V.CONOLUSIONS 

The following conclusions wet'e made as a result 

of the investigation t.Qdete:rmine the economic and 

practical feasibility-of recovering acetic acid and 

$od1um hydroxide tromsemiche~ical pulp millwa.ste. 

A three-compartment el~ctrod1aly$1s cell was opera~ed 

with the limitations' 3iven on the preceding page. 

1. Aee~ic a.oid sodlurnhydrox1de were 

recovered frolll the aem.1chemieal waste by' electrodialysis 

using ion permeable membranes. 

2. The average eu:rrent err101encyof the anion 

and oat:ion, permeable membranes was about 60 and 8S 

cent, respectively. 

J. The li£e th.t) cation membrane in the waste 

would be about t.wo years lt while the lite of'tnean1on 

memb~ane is approximately three months, at which time 

the etfieieneyot the membranes has been reduced to 

about ;0 )0 per ':eent f f'espeetl vely .. 

4. Because of high first coat of the 

electrodialysis equipment and the low anion membrane 

etfleiency, the process forreoover1ng acetic acid 

and sodium hydroxide by electrodialysis is not 

economically profitable. 



.5., Acetic acid' is such a poor coadu(rtor that the 

anolyte conductivity may have to be increased by tbe 

addition of suIt uric acid-Jor perhaps sodium aceta:te. 

6,The major'res:lstances of the el.ctrt)d1alys1s 

cell was found to be throughthean1on permeable 

me.Drane and through the anQlyte. Using a sulfuric 

aoid anolyte, the anion membraneaceounted tor ,0 to 

60 per cent of the total re.istance~ 



The purpose of this investigation was to determine 

th.0 pra.ctical and economic feasibility of recovering 

acetic acid and sodium hydroxide from serrtienem1cal. pulp 

mill waste. 

A three-compartmellt electrodialysis cell was 

fabricated f:rom plastie. The iGll permeable membranes 

were manufactured by the Permutit Company,Inc. 

Tests were made to determine the efficiency of 

the membranes in sodium acetate solu:t1on and 1ft 

$emichemical waste~. 

A brief sea.rch was made to find materials 

suitfable for use 8,anod.f). in acetic acid and sodium 

acetate. 

Using tbe experimentally determined values of tile 

membrane efficiencies and actual operation of the cell, 

a pnl1m1nary cost estima.te for 'he recovery process 

~h,e,t<);llo\wing .1s a brletswmnary of tbe results,. 

$o,dlull hydrox1deand acetic acid were recovereq 

from sem1chemical paperm111 blow .... down liquor by 

electrodialysis. 



fhe current efficiency for reoovering a.cetate 

iOll$ was only 60 per cent and the estimated lite ot 

the anion pe:rrneablemelt\'branes was three months. 

The ourrent ett1~iencY' for re~overing sodium ions 

was 8S per cent and the estimated 11fe of thecatlon 

permeable membranes was two years. 

fthe waste was found. ta have a deleterious effect 

on the membranes ana., at present. there seems to be 

little po$$ib11ity of rejuvenating the me.brane •• 

The results of an eoonomic evalua.tion of the 

process indicate tha:t $; plant to treat the waste frQ·m 

333 tons Qf pulp would lose $)2,689 per year, largely 

because of the high cos, of mem.branes andtaerap1d 

fouling of the membranes by the waste. 
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ATRAC! 

The pUf'pose of this1nveltigation was to determ~lle 

the practical andieonom1c feasibility of recovering 

Q~.ti., ac:id and .odium hydroxide from semi,hemical pulp 

mill waste. 

A t~ee-JOlllpartment eleetrodlaly.is (1.11 

tabrl,cated from plastiC, and ion permeable mellbrans. 
, J." 

maf,tutacture(j, by tb.. Permuti t Company, Inc _, we,re 

used in the !nve$tigatlQn. 

Testa were !lade to detennine tile ct-'ulomb1c 

efficiency otthe membrane, in sodium acetate solution 

and insem1chem1cal waste·~ Tests were al.o made to 

determine suitable anode materials for us. in sodium 

aeetate and acetie acid 801ut:tons. 

Using the experiment;.lly determlatd values of 

the membranee,tticiencies and actual operation of 

the c8,11, a preliminary coatestima:te for the recovery 

process ~as made. 

The follOwing is a summary of tbe results. 

Sodium hydroxide and aC$tie acid were ~eef)Y$red 

from sa'fliehemical wastebyelectrodlalysis.-

The coulomb1c efficiency tor recovering acetate 

ions was 60 per cent and the estimated 11te.of the 



anion permeable membranes was only thr$e months 'because 

ef the uptake of complexorgani.c anions. 

The coulombie e££icis11CY .for reco'vering sodium 

was $; per cent and the estimated life of the cation 

permeabl(f membral'Ht}.s was ,two yea:rs. 

The results of the economic evaluation Gf the 

process indioate tha.t a plant to treat the waste liquQr 

trom .3Jl tons ot pulp, that is, one ln111ion gallons or 
W"dtste, would lose $32,869 per year, or $100 per ton of 

pulp, largely due to the high oost of the membranes 

and thera.pid fouling ot the membranes by the waste It 




