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THE PRODUCTION OF C}TROIC ACID BY THE ELECTROLYSIS 

OF SODIUM C}!ROMATE SOLUTIONS 

INTRODUCTION 

This investigation is part of a long serles o1 

experiments to determine the cheapest and most convenient 

method of producln chroinic acid so'utions containing 

various proportions of sodium dichroxnte and chroailc acid. 

Such acid solutions are necessary as a preliminary step in 

a proposed method loi' the cointherciai production of Cr203 or 

other reduced chromium conpounds. These latter compounds 

are in great demand as solid piments, usually in various 

shades of green, and particuiiriy by the steel industry in 

the nanufacture of chrome steel. In sorne cases the chronite 

ores have been used directly to make chrome steel, but the 

Oregon chromite has a chromium-iron ratio which makes its 
use for chrome steel impossible without expensive special 

processing. In view of the present development of an 

extensive steel Industry on the est Coast, the tremendous 
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possibilities and the need for an economical and feasible 
method o1 utilizing these huge Oregon deposits are Lnied- 

lately obvious. 

anufacture of Na9CrO1. Solutions 

The material resulting from the roasting of chrome 

Qres obtainable from Oregon sands is a solid mnixture of 

chromates, aluminates, and ferrates, plus lower percentages 

of other compounds of sodium and calcium. ihe composition 

depands on the original composition of the ore and the 

materials added just previous to the roast (1, 2). The 

predominant reaction in this roast subsequent to various 

concentration processes of the original sands is as follows: 

CaO 
4FeO Cr203 + 8Na2CO3 1- 702 

11600C 
8Na2CrO4 

-1 2Fe2O3 -r 8CO2 

There have been several variations in this roasting 
process, as reported in the literature by Yushevich (3), 

VolÍ' and Popov (4), National iectrolytic Company (5), 
Losev and Tabakova (6), Bogitch (7), Sofianopoulos (8), 

Specketer (9), Voif (lO), Drefaol (11), Chirov (12, 13), 

Tarr (14), Carpenter (15), 3ozel-Laletra (16), and Udy 

(17), plus two excellent reviews by Dean (18) and Donald 

(19). 



As seen in Plates i and 2, the third step in the 

sug,eated methods for obtaining the Na2CrO4 solutions used 

in our present investigation of obromio acid production ta 

the leach process. The aqueous solution resulting contains 

a mixture of iTaAlO2, NaCrO4, NaOH, arid Na2CO3, which must 

be separated as nearly as possible and acidified. The 

TaAlO3 can easily be precipitated out by seeding and crys- 

tallization in Dorr thickeners, arid perhaps by some previ- 

ous evaporation. 

Acid Separations of the Leach Liquors 

The sulfuric acid process, as shown in Plate 1, has 

been suggested and tested but has been found to have sever- 

al inherent disadvantages. The first objection is obviously 

the most important on a coiercial scale; it i the high 

cost of concentrated H2SO4 which is added to the process in 

large quantities. Second, the pr000sses necessary to 

recover the acid from the resulting acid mixture and the 

conversion of Na2SO4 to Na2CO3 or NaOH and HSO4 are too 

difficult, expensive, and tedious. Moreover, the resulting 

solution of sodium dichromate contains objectionable sul- 

fates and double salts which cannot be eliminated below 

approximately 12 per cent Na2304. However, a few patents 

were issued on such processes, as summarized by Donald (19) 

and A. W. Hoffmann (20-p.725) in their reviewB. 
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attempts were also made to utilize HOi, but on a 

coinniercial scale this niethod was discovered to be, liie- 

wise, too difficult and costly. The best tnown patent 

using HOi as the acid medium was issued in 1883 to dotter 

and Hiins (21). 

In 1883 Neuhaus (22) introduced a process involving 

the -use of 002 gas as the source of acid, but the reaction 

ws not orly reversible, it also required a high pressure. 

Certain advantages in handling and the elimination o1 cal- 

cium as CaCO3 made it more favorable than the other acid 

separations. Along with the others it disappeared as a 

commercial possibility. 

Separation by vaporation 

nother procedure which has gained some prominence 

at infrequent intera1s 13 the method of fractional crys- 

tailization. This process requires precision control of 

the temperature arid the amount of evaporation. The Na2003, 

being the least soluble, crystallizes out first, leaving 

the Na2CrO4 plus a small aJOUflt Of I(a2CO3 in solution. On 

further evaporation the Na2CrO4 crystallizes out almost 

pure and is dried thoroughly. Concentrated H2304 is added, 
forming a mix from which the Na2$04 easily separates. 

After a second dehydration and final drying, the solid 

which is an impure Cr03 can be isolated and used directly 
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or easily reduced to Cr203 by suitable methods. It is 
evident from this brief discussion that the requirements. 

in heat energy, precision control, and costly raw materials 

male this method prohibitive in cost. 

Eloctro)..jtic Processes 

Prior to this thesis there have been very few papers 

published regarding an electrolytic method for the produc- 

tion of chromic acid solutions from Na2GrO4 solutions. The 

first irticle in this field, by 3'hcherbaov and Issin (23), 

discussed a cell contain1n a Na2GrO4 solution used in 

coijunction with a mercury cathode and a platinum anode. 

ny cells inv'olving the use of flowing mercury and platirniin 

electrodes, no matter how efficiently they may perform on a 

laboratory or even a pilot plant scale of production, are 

much too difficult to control in an industrial plant and 

considerably too costly l'or our present economic system. 

In 1937 two patents wore issued on processes util- 

izing electrolytic cells for the production of chromic 

acid. The first patent, to Pearson and Gilbert (24), 

indicates the use of a two-coiupartwent cell containing a 

dichroinate solution and a metallic chromium anode. It is 

essentially a batch process and, therefore, ineilicient. 

The British patent issued to Liebreich (5) the same year 

proposes a sulfuric acid electrolyte which again introduces 



the objectionable sulfates. 
The most proaisin work as performed by Boss (26) 

in i38. His apparetus is essentially a two-compartment 

celi with a partial solid partition between compartments. 

Four solutions of Cr03 and NaOH of varyln densities and 

puritles are necessary. It is ectremely difficult to 

assemble and violent gassing a.itated the various layers, 
causing partial mixing. These two factors necessarily 
destroyed good current efficiency. 

It Is evident, therefore, that rio very satisfactory 

uethod has yet been evolved to handle chromite ores such as 

occur in' Oregon sands. This problem Is essentially one of 

economics and lt is our aim to determine the most efricient 

and inexçenslve equipment which might compete favorably 

with eastern marets. Since A.C. current can now be pur- 
chased in the Pacific Northwest for about 2.4 mills per 

K..H., an electrolytic rocess becomes more promising. 
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In the earlier phases of the problem i.t was decided 

to perform a series oí eper1ments utllizin a two-compart- 

ment cell for a simple batch process in order to obtain a 

set of curves (transference versus time) which were useful 
In the development of moro efficient cells. 

Two-Compartaent Cell 

This first simple cell for the batch process is 

shown in Plate 3 and wa constructed from l/-In. pixie 

board and 1/4-in. bonded plywood. The overall measurements 

were 4 1/2-in. x 7 in. x 2 1/4-in. with two rectangular 

pieces of 1/2-in. thic pine board fo the two ends to give 

added strength and the other sides and bottom o1 the before- 

mentioned plywood. The inside and outside exposed surfaces 
of the coil were protected with several coats of U.S. 

rtoneware polyvinyl paiít (Tygon). This protective coating 

proved itself not only an excellent waterproofing agent 

hut also an acid and alkali resisttrtt covering. 3uch pro- 

tection was necossar for this problem, since strong acid 

and alaline solutions were continually preseut in the sane 

cell. 



The lead anode w'is made irom a slab o1 medium 

weight (approximately 1/8-in. thlc) lead plate with an 

etendin strip for the electrical connection. A piece 

of scrap iron was found suitable for the iron cathode 

with a soldered wire connection. The two electrodes 

fitted snugly into position and were both 12 square inches 

in effective area. 

In order to prevent any flow of electrolyte from 

one compartment to the other a special diaphragm was con- 

structed which proved satisfactory - at least on a small 

laboratory scale. It consisted or three layers, two of 

thicc glass cloth and one of medium weight insulatin& 

grade asbestos paper. The glass cloth was approimate1y 

0.062 inches thick and the asbestos layer was about 0.02 

to 0.03 inch thick. The top 3/4 inch of the three-layer 

diaphragm was soaked thoroughly in Tygon paint to prevent 

the flow of liquid from one compartuent to the other 

resulting from unequal liquid levels caused by unequal 

ion velocities of Na+ and CrOZ and the H20 they carried. 

Continuous Flow Cell No. 

?late 4 shows in detail the construction of the 

small, laboratory size, continuous 110w cell used primarily 

as a source of pertinent data for the construction of a 

semi-pilot plant cell of larger proportions. 



This celi ws constructed ot 3/4»1n. pine board -and 

1/4.4n. bonded PlYWOOd. L1 t X"$V1OUS Cêi1 It 

pt1nted 1th several iayer of ?yon a1nt in order to '1th- 

stthd the strong 1d nd a1*11ne so1ut1ots presaiat in the 

cell ôur1n!; oportiOn. Var1ou d1phras were tested with 

var1tion5 in the number of layers and iii the th1cnoss ad 

qu3ilty of the ter1Ua used. The top one to one and one 

half inch of each disphram was so&ed In Tyon paint to 

prevent too rapid diffîO of liquids as well as to hold a 

higher head of liquid In the middle copartent. The 

dinenIons are seU-explanatory and their choice will be 

t&çon up in detail in the discussion. 

For the iron cathode an ordinary wire scren of 

galvanized iron wa used, after cuttln to sise and cleaning 

thoroughly in a dlppin, mixture of concentrated acids. The 

cathode proved entirely atlstactory for our purpose atd 

provided adequate perforaticn and surface. For an anode a 

mediui ioiht load plate was perforated with i/8ln. holes 

spaced 1/4-In. apart. The to electrodes each had an eflec.. 

tive u'ea of about 36 to 40 square Inches and both fitted 

snugly agaInst the dIaphra as shown. ;iz aIliIeter soft 

glass tubIng was used throuhout for f lo control and, when 

necessary, Tygon coversd rubber tub1n to fit. 

The source of electrical energy for these first 

two cells was a otorenerator rated at volts 150 
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amperes Output capacity, used in conjunction with a 12- 

ampere, water-cooled resistance coil for more preciso 

control. henever the total current rose above 3 aiperes 

10-inni glass tubing bent into convenient shapes for greater 
surface exposure was used in each coinpartiiient ior cooling 

purposes. Not indicated arc the receptacles necessary to 

measure the flowing electrolyte and, niore important to the 

success of the apparatus1 the large reservoir and siphon 

which were placed above the continuous flow coil to provide 

a constant, even flow of electrolyte to the middle com- 

partment. 

Continuous !low Cell No. 2 

This cell was not radically changed in any of Its 

physical characteristics, since It is the result of all the 

previous experimental research. Its large size might clas- 

sify it as a cell Intermediate between the laboratori uode1 

and a future pilot plant process. 

The outside casing of this three-compartment cell 

was constructed of 1/2-in. resin bonded plywood joined with 

a strong waterproof glue and wire ndls. The two end coni- 

partraents were enlarged in proportion to the other dimen- 

slons from cell No. 1 in order to woric more easily inside 

the cell during the insertion of the diaphragms, which, as 

will be explained later, were somewhat difficult to handle 
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because oi their large size. /gain the inside and outside 

surfaces were protected with several layers of Tyson paint 

as a sealing agent as well as an acid-alaiine resistance 

coating. 

The cathode was taade rroxn iron wire screen, about 

4 mesh. It was cocnpletely covered, by a process given in 

detail later, with a uniform, unbroken layer 01 pure long- 

fiber asbestos which clung tightly to the screen. The 

asbestos in turn was covered on the inner surface towards 

the middle coíapartíaent with a single layer oí tine-textured 
glass cloth having a thicuiess of 0.003 inch. Two sections 
were necessary and to each section a strip of No. O copper 

wire was soldered to nake a good connection with the lead 

froiu the power generator. The edges of this cathode 

electrode-diaphragu were sealed with added strips of glass 

cloth and Tygon paint. 

The anode diaphragm consisted of three pieces, two 

layers of medium-weight glass cloth (approxiaately 0.029 in.) 
and an inside sheet of ordinary insulation-grade asbestos 

(0.063 in.). 
Referring to Plate 5, it is evident that both 

diaphragris, including the iron cathode screen itself, were 

attached to plates of single weight window glass by strips 
of thin, white, lightweight glass cloth, similar to that 

used on the cathode. The glass plates rested in 1/8-in. 
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rooves in the sides of the cell and were sealed along 

these grooves with Tygon paint. The class tubing was 

sealed in as shown through large rubber stoppers. A 40- 

liter reservoir nd a 1are siphon or iass tubing were 

placed overhead at a suitable height to provide au even, 

constant flow to the middle compartment. Coo1in coils 

of 12-mm glass tubing bent into convenient shipes were 

necessary to provide temperature control throughout the 

electrolyte at the high C.D. used in thi3 cell. 

The current source for this large celi was a 

General lectric four-bank, 500-ampere - 15 volt copper 

o1de rectifier used in conjunction with suitable trans- 

formers. 
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ANALYTIC L PROCERE 

eterinination of Hezavalent Chromium in Anolyte 

nd Catholyte (27, p. 291-2). 

The method depends upon the reduction of soluble 

chroaate by ferrous salts, the excess being deterwined by 

titration with standard dichro:nate. The diphenilaraine 

suironate indicator i usually used. 

The reactions can be illustrated by the fol1owin 

equations: 

(i) 2CrO3 + 6eO - -p-- Cr603 * 3Fe203 

(2) 2H2CrO4 -I- 6Fe04 +- 6H2504 -p--- Cr2(304)3 

+ 3Fe2(SO4)3 -i- 8H20 

Reagents: 

0.1 N C2Cr20 solution 

'u1fur1c-phosphoric mixture - 150 ml sulfuric acid 
(sp. gr. 1.4), 150 ¡nl phosphoric acid (d. 1.7), 
diluted to 1000 ml. 

sodium diDhenylamnine sulfonate - dissolve O.3 g 
bsrium dipherAyla:nine in 100 ml water. dd 0.5 ¿ 
sodiu: sulfate, six, and allow precipitate to 
settle. Decant the clear solution which is to be 
used as the indicator. 



14 

The standard K2Cr2O7 solution is inde from the 

purest grade C.P. K2Cr2O' crystals. The 1ine powder from 

the grinding process IS dried in an oven for 12 hours at 
110°C. From a desiccator this pure dried potassium 

dichroniate is weighed with an accurate aia1ytiea1 balance 

in a eihing bottle; 4.9037 g or one euiva1ent weight of 

the fine powder must be accurte1y weihec1 and later dis- 
solved in 500-750 cc of boiling distilled water. On 

coolin, this mixture is diluted and mixed in a l-liter 
volunetric flasi to the mark. If the proper care is ta.en 
the normt1ity is 0.1000 N. 

Very nearly 27.802 g of F'eSO4 7R20 or 39.214 g 

FeSO4 ' (NH2)2 SO4 . 6H20 are then dissolved in 1 liter o1 

boiling 1:9 dilute H2304, using distilled water of course. 

The best rade of C.?. crystals should be used. This sol- 
ution is calibrated against the above dichromate solution 

so its normality need be only approximately 0.1 N. ecaue 
of the subsequent deterioration of this solution it must be 

titrated against the 2Cr207 solution each day for accuracy. 

.fter determining the ratio of K2Cr207 to FeSO4 

7H20 and calculating the equivalent at the beginning of a 

run, a l-cc sample of electrolyte is removed from the cell 
and introduced into a 50-ml volumetric flask with a 1-ml 

bulb pipet. Filling the flask from a huret made it pos- 

sible to approach the mark slowly and accurately. Ten ml 
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are removed and transÍerred with a 10-ml bulb pipet to a 

50-nil Ehrlenineyer flasic. F'îe nil of a sulfuric acid- 

phosphoric acid mixture (see fleagents) are then added, 

followed with an excess vo1une o1 the approcimately 0.1 N 

ferrous sulîate solution from a buret. In most cases 

15.00 ml were sificient nd a rapid back-tîtration with 

standard potassium dichrornate solution coripiete the 

titration. The end point ior this titration is accentuated 

considerably by the addition of the sodium diphen'1anine 

suifonate indicator (see flea6ents). The end point is 

abrupt and is clearly indicated by the formation 01' a d.ar 

purple color throughout the solutIon. about 3-4 drops or 

this indicator viere used for each saiuple. It Is easier to 

observe the end point if the indicator is added near the 

equivalence point rather than at the beginning of a titPt- 

tian. The presence of the sulfuric-phosphoric acids mixture 

is always necessary for a clear, sharp change at the end 

point and also to assure the conversion of all the chromate 

ions to dichromate ions. The 1orutuia h1ch is applicable, 

after subtracting the back-titration from the iron equiva- 

lent of K2Cr207, for calculating the Cr03 in grams per 

liter is as follows: 

ml (N)(meq. wt.)(5000) 

Since the only unknown in the above equstion i the nuiner 
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of mIlliliters, esentia11y this expression can be reduced 

to the following formula: 

16.66 (ml) 

This method, as indicated by Furman (27), permits 

hack tItration with the ferrous solution ¿uìd organic sub- 

stances do not interfere as they do in potassium perman- 

ganate titratioris. ZiNC, aluminum, inananese, nickel, 

cobalt, and, of nost importance, trivalent chromium ao not 

interfere. Copper present in amounts less than i m does 

not cause difficulty; in isrger quantities lt Increases 

results, as lt assIsts oxidation of Iron by air. Trivalent 

arsenic can decrease results as it Is oxidized by Cr2O to 

the pentavalent ion. 

etermjnatjon of Trivalent Chromium 

In one run the electrolyte darkened suspiciously 

and the presence of trivalent chromium was suspected. The 

only additional step necessary is explained below. 

In this determination two samples are taken and one 

is analyzed, as abosïe, for hexavalecit chromiuixi and calcula- 

ted as Cr203. The second sample is specially treated. 

After placing the sample in a small beaker, several grams 

of Na202 are slowly added until the solution is a clear 

yellow. This solution is boiled ¿ently over a low flame 
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for an hour, then cooled. Neutralization of the added 

alkali with dilute H2804 (1:1) follows. One can calculate 

the total chromium again and report the chromium as 

Cr203. The difference between the two values of 0r203 

gives the amount of trivalent chromium present in the 

sample as 0r203. In our caso it amounted to only 1 per 

cent of the total chromium and is, therefore, not reported 

as significant. 

Determination of Free and Additional Alkali 

It was necessary to calculate the accumulation of 

alkali in the catholytes from all the experiments. In 

dealing with solutions of chromate and diobromate the 

problem of determining the end point is always a difficult 
one due to the following simultaneous reactions in the 

solutions. 

2NaOB 4- HSO4 '- Na2SO4 4- 2HO 

2Na2CrO4 4. H2804 '.- !1a20r207 + Na2804 + HO 

ITa2Cr2O7 + 2NaOH ' 2Na2CrO4 + 12O 

Before choosing a method for the determination of the alka- 

li content of the olectrolytea from our cells it was mecos- 

sary to determine whether a sharp break occurred in the 

curve when a Na2Cr2O7 solution is titrated with a standard 

NaOH solution. By referring to curvos (34), which are 
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based on actual experienta1 data, lt is evident that such 

a brea occurs at a pH or approxlnate1y 8.0. after çcr- 

calving the above fact from the uiown titration curves, the 

£o11owln procedure seeued to be the iiiost accurate and rap- 

Id. 
The orilnai Na20r04 solution to be used later s 

the feed liquor for the cells is adjusted to a pff of 8.0 by 

the addition of NaCH or Cr03 as required. One cc of the 

catholyte Is taken out with a 1-cc bulb pipet and released 

iflto a 50-1 beaker. One adds 35 il of distilled water and 

then reads the pH from the Beernat pH meter (standard nodel) 

using glass electrodes ana alntarilug good tewerature con- 

trol. From a huret an approximately 0.1 N standard solution 

of R2504 Is added untIl a pH of 8.0 is attained. 
in some cases during the last phases of the work 

whri the original solution had a pH less than 7 (sometinies 

when the final titratIon was made, the pH reuiained below 

8.0), the HSO4 solution Is added until the ori1nai pH is 

reached and reported as addit1onal ¿aOH." ¡1though an 

abrupt color chance occurs from orange-red to yellow at the 

pH 8.0, thî lilethod is to be preferred because of greater 

iccuracy and flexibility and, in addition, such a change 

between two closely related colors is dirricult to see and 

judo with precision. 
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OPRATIONAL PROCEDTRE3 

Two-Compartrneuit Cell 

The operation 01 the two-coxnpartnent cell did not 
involve any particu1r difficulties other than the usual 

probeais of foain1n, and unli.orni niixin during analysis. It 
ws essentially a batch process ¡ith sorne teaiperature con- 

trul poslb1e through the use of glass cooling coils. .hen 

the peas or the curve wets approached the anode solution 
becaua 30 concentrated that uniform distribution of the 
H2Cr2Or during analysis became difficult. It appeared as 

though i heavier, iDore concentrated layer had settled to 
the bottoni of the anolyte between the sampling periods, due 

to the settling and this solution had to be uniformly iiixed 

before an accurate curve could be obtained. Before the prob- 
len was solved the points wore erratic. These larde fluctu- 
ations. were ;reater than the error of analysis and even 

moderate ixin reduced their magnitude. A flat paddle of 

lead plìte as shown in Plate 3 made thorouh xniin possible 

when repeatedly lifted up and down in the arìoiyte. :hen 

mixing was done smooth curves and consistent values for 

Cr03 resulted. 

Foaaing was always trouhlesoiae in the cells because 



of the ever increasing concentrations of the 7alts and the 

voluminous evolution of as at both electrodes. It is well 

known that concentrated alkaline solutions similar to those 
which were produced in our cells always f oaai badly because 

of their soaplflce characteristics. In this cell the foani- 

Ing was effectively reduced to a minimum b the use of a 

thin layer of mineral oil. 
After adjusting the pH of the sodium chromate solu- 

tion containing 120-140 g CrO/l. and Introducing it into 
both compartments the current was passed through the cell. 
As the run progressed the samples were removed, one sample 

every 30 minutes. rapid decrease In the amount of Cr04 

transferred per unit time indicated when the runs should be 

ended. Ori the curves this point appears as a sudden decrease 

in the slope of the curvo. Before the excessive foaming 

was reduced an attenpt was made in one run to solve the 

problem by adding water to maintain a constant volume. Af- 

ter reducing the foaming and accompanying loss of electro- 
lyte to a minimum (In the spray produced) the liquid loss 
became too snall to affect the calculations appreciably. 

Continuous Flow Cell No. i 
The performance of this cell was further complicated 

by the addition of a third compartment and the necessity of 
a constant, slow flow of electrolyte through both the outer 
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cornpartuents. A 10-liter reservoir or electrolyte above 

the cell connected to the middle compartment by a siphon 

provided a constant, even flow of electrolyte to the cell 

during its operation. An ordinary screw clamp on a section 

of rubber tubing controlled the amount of flow. Before the 

run actually started it was always necessary to beglii the 

flow of electrolyte through the cell and regulate the volume 

and velocity from the reservoir. Screw clamps on the outlet 

tubes permitted the control of volume per unit time from 

each of the outer compartments. The difference in liquid 

level between the middle and outer compartments was impor- 

tant in regulating the flow of the electrolyte through the 

diaphragms. 

fter regulating the necessary flow of cold water 

through the cooling coils and arranging adequately sized 

beakers to receive the flowing electrolyte, the current was 

allowed to flow through the cell. The loosening of tue 

asbestos fibers from the cathode screen by the rapid evolu- 

tion of gas made it imperative to proceed in this manner at 
the beginning of each experiment with this cell. No diffi- 

culties were encountered in measuring the rate of Ilow over 

a period of an hour each time. The flow had to be watched 

carefully and adjusted occasionally, as the permeability of 

the diaphragms gradually changed. 

Analysis of the electrolytes was made at the end 
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or hour. Minute amounts of he,c.yl alcohol effectively 

reduced the persistent foaLuin. Since sorne runs rejuired 

several hours to eouiplete, lt was necessari to mix the out- 

floving electrolytes and return thea to the reservoir Lor 

repeated use. The runs ere terninated whenever repeated 

analyses or the cell contents showed a inaimuin, constant 

value for the al.aount of Cr03 per liter; in other words, 

when the original electrolyte in the outer compartments had 

been replaced by the electrolyte flowing through the 

diaphragms with the current on. 

In order that the electrolyte flowing through the 

middle compartment would be more i.rniform the rate of flow 

through the middle compartnent exceeded the flow through 

the two outer compartments by a ratio of 3 or 4 to 1. It 

was discovered that the liquid level in the middle compart- 

ment should be at least two inches above the level in the 

two outer compartments in order to elïect the rate 
1 
flow 

required for the desired concentrations of Cr03 and NaCH. 

This difference in liquid levels also produced the highest 

efficiency. 

Coxtinuous Flow Cell No. 2 

Except for the complications created by the 

Increased sie of this apparatus, the operational techniques 

were very simllsr to those for cell No. 1. The s1uilarity 



in constructton explains this fact. veryhlae, was n :ì 

larger scale throughout this phase of the problem. To 

illustrate, a 40-l. crboy replaced the IO-i. reservoir 

of the previous experiment. xcessie f oaming was not a 

probleui because of the i.ïrge size of the compartment3. To 

facilitate worlc.ing inside the cell, the two outer coiapart- 

monts were much larger than necessary and the foam disin- 

tegrated as soon as formed. 

In this larger cell the difference in liquid levels 

should be between 4 to 6 inches and preferably the latter. 

Of course the level of the electrolyte in the i1dd1e com- 

parttnent should again be above the level in the two outer 

compartments in order to croate -a hydrostatic pressure 

outward through the diaphragms , in t his way maintaining a 

constant, rapid flow throuh the electrodes and increasing 

the efficiency accordingly. The rate of flow through the 

middle sectIon was at least three times that through the 

diaphragms. This assured uniform composition throughout 

the middle compartment. The rubber 5topper on the roser- 

voir had three openings, one for a large funnel, one for 

the SiphOfl, and the last for an air inlet. This made it 

possible to return electrolyte at Írejuent intervals during 

a run snd thus to economize on the original amount of 

reserve sodium chromate solution needed. Such saving was 

important 1.n this last phase hecuse of the high price of 



Cr03 and the difficulty in handling largor quantities of 

liquid. 

In this cell tho starting of the liquid flow 

through the copartnents before turning on the power was 

vital because of the violent gassing created by the high 

amperage and the fragility of the cathode diaphragm. 
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DISCITSSION 

The reserct wcr performed In 1920 on the problem 

of separating Na8O solution into n anolyte of dilute 

H2504 anc3 a NOH ctho1yte laid the aecessar roundwor 

for the problem investigtted ifl this thesis. M early 
reference by atson (28) yields data from an early experi- 
ment in which an attempt is nade to electrolyze a Na2304 

solution. He used e 40 per cent NaSO4 solution with Pt, 
Fe, and Cu cathodes and Pt, Pb, or C anodes. The coxwersion 

was not carried beyond 25 per cent although a 90 per cent 
current efficiency was attained. 

In 1932 the Russi.n authors Ruiviln and Gribanovsii 

(29) reported ecperirnents with a 2 i Na2304 solution at 60°C 

and a current density of 800 amps/rn2. Their energy require- 
ments were 4000 IÇ.W.H./ton 92 per cent NaOH with an increase 
of 84-100 g NaOH/1. in the catholyte and 150-175 g H2SO4/l. 

in the anc)iyte. They used an empty cathode chamber in a 

horizontal cell, letting the concentrated NaOH solution 

drip off a perforated iron cathode. The objections to this 
procedure are the continual clogging of the cathode dia- 

phrag and the difficulty of constructing large commercial 

cells on this principle. 



Another serles oÍ experLaents on this problem Rere 

performed In 1935 by Stender and eerak (30). They were 

the first to report a three-compartnent vertical cell using 

asbestos diaphragms, a lead anode, and a perforated steel 
cathode not unlice those used in Vorce cells today. Tir 
cell required a C.D. of 680 aps/m2, an electrolyte con- 

taining 300 g Na2SO4 per liter and a teuiperature of 50-60°C. 

They also suggested a rate of ilow countercurrentwise equal 

to or slightly greater than the mobility or the 0H and 

ions. 
Three years later Grube and Stainoff (31) carried 

out a long series of experiments on the electrolysis of 

Na2SO4 solutions using three different types of cells. The 

first phase of their wort utilized a three-compartnent, 

continuous flow cell similar to that of Stender and eera 

(30) with comparable results. It is noted here that their 
electrodes were placed only one inch or less apart and they 

required a rate of flow of 125 cm3/lOO cum2/hr. The second 

set 01 data came from a cell similar to that used by Ruivlin 

and Gribanovsicii using horizontal diaphrarns and an eupty 

cathode chamber. The same difficulties were encountered 

and reported. Their original contribution was a third cell, 
a horizontal cell with a flowing mercury cathode and one 

diaphragm. Favorable results were obtained. Such cells in 

large industrial plants are not only too e.pensive but are 
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cumbersome to build and difficult to operate. 
In the subsequent years several cells were patented 

which required a Na axnalaia and a lead anode (32). Grue 
and Stainol'f claiued an energy consumption for their aialgaai 

cell of 4.1 to 6.4 K..H. per i H2304 and 0.84 cg NaOH. 

AU of these experiments were repeated and summar- 

ized by Tyler (33, p. 36-40) in his boolc "Chemical Engin- 

eering Economics" in iich he appears to favor the three 
compartment continuous flow cell. The energy consurnption 

for his cell appeared to be 0.65 lb Na0H/XH and 0.79 lb 
H2SO4/IÇH. The resu1tin solutions had the following 

composition: 

Catholyte - 6.5, NaOH; 15 Na2SO4 

Anolyte - 1l.O H2SO4; l3 Na2604 

V 
A brief reference to the possibility of an electro- 

chemical method for the separation of a Na2CrO4 solution 

occurred in a research thesis published by G. W. Xeilholtz 

(34). In addition a few experiments had been performed by 

students under the supervision of Prof. Joseph Schulein 

which ñirther confirmed the previous contention by Keilholtz. 

The data obtained from the first series of runs 

with a small, two-comnpartunt cell were valuable in inalng 

three coiparisons upon which all the later work is based. 

First is the comparison of the efficiency of Cr03 transfer 
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at different current densities. Second, it is necessary to 

know at what concentrations of NaOM and Cr03 the curve of 

Cro3 concentration versus time begins to reach a maximum 

due to a failure of the current to be carried through t1 

diaphragm by the Na+ and Cr04 This latter phenomenon 

results from a proportional increase iii the transfer by 

and 0H ions. It was also possible to cain valuable infor- 

mation in regard to the final concentrations of H2Cr2 in 

the anolyte and NaOH plus Na2CrO4 in the catholyte. This 

problem is further complicated by the fact that, whereas 

in the electrolysis of Na2304 all the S0 transferred to 

the anolyte formed proportional amounts of H2604, in this 

cell the first GrO3 transferred took part in the following 

reaction: 

Na2GrO4 + CrO3 - Na2Cr2O7 

Until the Na2CrO4 present is all converted to the dichromate 

no chromic acid is formed in the anolyte. 

Referring to Table i (see ppendlx) it is easily 

seen that no smooth curve as possible because of the 

excessive fluctuations in the value during the run for 

the grams Cr03/l. This was due to errors inherent in the 

original analytical procedure which were elimInated In the 

next run. The catholyte analysis in "free NaOH" yielded 

more accurate results and gave a straight line. ThIs 
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would h ncpecteä 1rorii the lact thct at such a low C.D. the 

increase In concentrations of NaOH was relatively small. 

In run No. 2 (Fiures 1, 2) the C.D. was still too 

low to build up sufllcient concentration to cause a rapid 

aecrease In current efi'iciency in a reasonable 1enth of 

time. The difference in the slopes of the two lines repre- 

sentine increase of GrO3 in the anolyte in one case and 

the decrease of Cr03 in the catholyte in the other can be 

accounted Vor in the difference in voluiue of the cathode 

and anode compartments. LV this fact is introduced into 

the calculations, the two are in ba1ane satisfactorily. 

The jog in the curve for the increase of NaGH in the 

catholyte may not be so easily explained. The original pH 

or 7.17 which is on the dichromate side of the chromate- 

dichro!nate balance seems to be the most logical explanation. 

Therefore, this abrupt change in the curve may represent 

the change from dichrornate to chromate in the electrolyte. 

When the total amperage was increased to 4 amps in 

run No. 3 (Figures 3, 4), an excessive foaming and misting 

occurred, and in the middle of the run a thin layer of 

mineral oil was spread over the electrolytes in both com- 

partinents. This point Is clearly Indicated on the curves 

and the only effect, as exiected, was o decrease the slope 

of each curve. 

In run No. 4 (Figures 5, 6) at a still hiher C.D. 



the increase in Cr03 and NsOH is rapic enough so that a 

definite break occurred in the anolyte curve at the end of 

12 hours. .t this point the concentration of Cro3 per 
liter reached slightly over 200 grams. The NaOH concentra- 

tion has been increased sufficiently so that a hrea& in the 

curve is being rapidly approached but the aaximujn was not 

reached. 

An inspection of the curves at the highest current 

densities reveals the fact that a concentration of NaOH 

neceary before the efficiency decreases rapidly must be 

approximately 130-140 g/l. This maximum is attained about 

two hours later than the break in the comparable Cr03 

curves for the anolyte. The phenomenon probably is due to 

the smaller size of the Na+ ion and its somewhat slower 

mobility compared to that of the Cr04 The cause of the 
rapId decrease in current efficiency is assumed to be that, 

in the case of the catholyte, for example, the twc ions, 

Na+ and H*, are continually competing to carry the current 
from the snode to the cathode. Vahen the majority of the 

current is carried by the H, then the current efficiency 

in relation to the transfer of Na begins to drop off 
rapidly. From the curves at the higher current densities 
(FIgures 7 to 12) it cn he seen that the point at which 

the above condition appears is always the same. Only the 
period of ti-e required changes, becoming shorter s the 
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C.D. Increases. .1so there Is always a certain percentage 

of each curve that is nearly a straight lino. 

\e also perceive Irota the corresponding tables in 

the Appendix that as the concentration becomes large the 

amperage becomes excessively erratic. Incomplete mixing 

of the anolyte and also the variations in the resistance 

of the diaphragm and the electrolytes explain this erratic 

behavior. The diaphragm in this cell showed no signs of 

deterioration even at the end of the series and prevented 

practically all liquid diffusion. 

Figures 13 and 14 show clearly that, while the 

Cr03 increase in g/1 per unit time proceeds to rise contin-. 

ualiy as the C.D. is increased, the increase is not pro- 

portional to the increase in amperae. The current efli- 
ciency as shown in Figure 14 decreases rapidly at lirst 
and then tapers off to about 0.5 g CrO3 per amp-hr at 

infinity. In any commercial utilization of such a process 

there will have to he a balance between current efficiency, 
which is at its highest at a low C.D., the space require- 

monts per cell per lb of Cr03 produced, and time. 

In industry, timo and floor space cost money, and 

this cost must he added to the power requirements. In 

utilizing this process a compromise woild have to be made 

and adjustments created in order to attain the most 

economical operation, dependIng largely on the relative 
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costs of labor1 floor space, and power. 

For exanple, the power cost per lb Cr03 in run No. 

2 at 0.074 amps/in.2 is, assurnin the power cost to be 

2.4 mllis/K'Ji, appro,cinateiy 3 mills per ib, while in run 

No. 7 the cost has risen to 2.3 cents per pound. In run 

No. 2, caiculatin the tiLne required to transfer one pound 

of Cr03, we discover that it requires in thìs cell 47 hours. 

For run No. 7 at 0.88 anps/in.2 it requires only 72 hours 

per lb Cr03. Further, 1V ocie wished to transfer a pound of 

Cr03 in One hour, it would necessitate 3220 square inches 

at 0.074 amps/in.2 and only 310 square inches oL electrode 

surface area for 0.88 amps/in.2. Thus the last two consid- 

eratlons nust be balanced aalnst the cost per pound for 

power. Ultimately the whole problem in this type of research 

rests on the ¡1tl question: can one compete economically 

with other processes used in producin chrotnic acid or Cr203 

Vor chrome steel? 

For our last consideration in this phase of the 

problem it is necessary to calcui.te the concentrations of 

Na2Cr20 and CrO3 per liter of ano.Lyte at the conclusion of 

a typical run as well as the concentrations of NaOli and 

Ne2CrO4 in the catholyte. Using run No. 6 as a basis ror 

these calculations it can be determined that the catholyte 

increase in 'f ree NaOH" to 125 ¿ NaOH/l. and the Na2CrO4 
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equals 67.2 g/i. In other words, the catholyte Is about 12 

per cent NaOH and 6.5 per cent Na2CrO4. The final anolyte 

has a composition of 155 g Na2r2O7/l. or nearly 15 per cent, 

and a H2Cr2O7 concentration of 104 g H2Cr207/1. or 10 per 

cent by weight. These figures compare quite favorably with 

those given by Tyler (33) for the electrolysis of Na2804. 

The current efficiency for Cr03 transfer is 30 per cent and 

for the catholyte is 35 per cent. In contrast, the current 

efficiency in run No. 2 for the transfer of GrO3 is over 80 

per cent. 

The preceding encouraging results yielded the neces- 

sary information for the later construction of a small, 
continuous flow cell. Economic considerations, such as labor 

costs, time per lb of Cr03 produced, the number of KWH per 

ton Cr03, ease of manipulation, and continuous, uninterrupted 

operation, increase the need for this type of cell and, In 

fact, make the development of a continuous process an essen- 

tial part of this research problem. Past experience in the 

electrochemical industry has repeatedly shown the desirabil- 

ity oi continuous operation from the standpoint of production 

cost as well as the equally important expense required for 

replacement of equipment. This depreciation of cell equip- 

ment often limits the feasibility 01' a batch process. 

The following recommendations, based on the data 

from previous research, were incorporated in so Lar as 
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possible in the cell utilized in the second phtse of our 

wort. 

Temperature - 25°-40°C. This temperature range was 

consi3ered desirable because Oi the wood construction neces- 

sary. In larger apparatus where Tygon-lined concrete or 
metal could be advantageously used, higher temperatures 

should be used to decrease coU. resistance and, thereby, 
redilee power costs. 

Cathode - Scrap iron or cheap iron screen seemed to 

be the most logical choice because of the lower cost and 

abundance. In the hih percentae alkaline solution that 

exists in the cathode compartment only two metals have ever 

been used industrially, namely Cu and Fe. Of these two, 

Iron Is the cheaper and just as passive as the copper. In 

addition, as large a surface as possible should be exposed 

in order to increase the output of the cell pe unit time 

and to use the space more efficiently. 
node - For use in the strong chromic acid solution 

produced at the anode the only available mater1uls cominer- 

daily, e,ccludlng the noble metals, are lead, carbon, 

graphite, and lead alloys of Ag, Sb, Te, etc. Lead was 

chosen for this cell. The ease of handling and working 

plus the low cost always justifies this choice. In our 

work a perforated electrode was required to permit free 

flow of liquid through the diaphragm and to increase the 
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surface area. 

Diaphragm - the evolution of a suitable set of 

diaphragms for this process will be discussed in detail 

later, but in passing it might be said that the diaphragms 

used in the small cell were similar to the one found suc- 

cessful in the first, two-compartment cell. The success 

attained with the three layer glass cloth-asbestos paper 

combination encouraged us to continue its use. The thick- 

ness of the diaphragms must be carefully determined in order 

to allow a reasonable rate of flow and at. the saine time 

allow only the passage of those ions transferred by the 

current. The literature had mentioned several possibilities 

but none appeared to be as satisfactory as the one wo 

finally evolved. 3oue were difficult to manufacture and 

would involve high labor costs, while the others required 

materials not readily available. 

Spacing o1 electrodes - the advantages of having 

the electrodes directly adjacent to the diaphragms and as 

close together as possbie are obvious. But in order to 

place the cooling coils, thermometer, siphon, etc. into the 

middle compart;nent there must be at least 3/4 inch between 

electrodes. The close proximity of the electrodes facili- 

tated low 'oltage, uniform ilow from top to bottom of the 

cell, and a uniform cOEnposition of the outfiowing electro- 

lytes. 
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Concentration - in order for the oriinal electro- 

lyte to be comparable to the leach liquors available for 

this process in the coneentratlon of Na2CrO4, its concen- 
tration should be about 2 mole3 of Na2CrO4 per liter of 

solution. 

C.D. - fron a study of the data obtained f ron the 

first cell it was necessary to choose a C.D. which would 

allow the final concentrations to fall on the straight line 

portions of the curves. This C.D. to be balanced against 

the other two factors which always determine the compositions 

ol' the anolyte and catholyte: (1) permeability of the 

diaphragms, and (2) concentration oí the feeder solution. 

Rate of flow - the permeability of the diaphraus 

iarely deterriines the rato of flow. It will be shown that 

the efficiency of the cells ïs at its maximum TMien the 

permeability of the diaphragms is such that a 2 to 4-inch 

head is required in the center section to produce a reason- 

able rate of flow at a moderate C.D. It must also be 

remembered that ì concentrated solution of GrO3 must be 

produced. A greater permeability requiring a partial closure 

of the outlet valve3 permits too much diffusion through the 

diaphragm in both directions. By reasonah1 flow one refers 

to a flow rate of about 125 cc/lOO cm2/hr. 
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The first n helped to straighten out the 

mechanical difficulties inherent in the operational pro- 

cedure and the weaknesses in the construction of th9 cell 
and diaphragms. Two öifficu1tes predominated: (1) the 

top edge of the diaphragms wts not sesled tightly enough 

by the Tygon paint and consequently the seal broke and 

the diaphragm collapsed, snd (2) the lack of temperature 

control caused sorne dams ge to the cell when the temporature 

rose above 400C. 

Runs 2 and 3 indicate conclusively what happens 

when the concentration of the solutions lcav1n the cell 

are allowed to rise above the straight line portion of our 

previous curves. In run No. 2, for example, at 0.5 arnp per 

q in., only 0.67 g Cr03 and 0.67 g NaOH were transferred 

per amp hi', while later, at 0.185 amp/in2, 1.18 g CrO and 

0.67 g NaOF were transferred per amp hr. In other words, 

the current efficiency increased tremendously and propor- 

tionately the nuiìber of KH required per lb CrO3 increased 

also. 
In run No. 3 another problem arose which had not 

been foreseen. The cathode diaphragm lost permeability and 

the rate of flow decreased rapidly towards the end of the 

run. Th two ecplanations possible are (1) that a film of 

oil remaining on the glass fibers after manufacture (usually 

the fibers are oiled to facilitate the wsaving process) had 



reacted iIth the electrolrte or the hydrogen as, f oring 
a guxi resin, or (2) that the glass of the 4ass cloth had 

reacted with the sikaline catholyte. The lattei seemed to 

he the more feasible, and It was decided to reoe the outer 

layer of the glass cloth. On inspection this outer layer of 

glass cloth was found to be the contaminated section of the 

diaphram. layer cf dIrty brown paste, which Was probably 

chromium chromate, had been built up on the inner surface 

and had clogged the pores of the cloth. 

Run No. 4 is a duplicate of No. 3 except for the 

removal of thiS outer layer of tIe cathode diaphragm. In 

addition the final liquor was analyzed by titration with 

standard NaOFT until a pH of .O was reached with a measured 

sample of the electrolyte. The analytical insults dave an 

anclyte analysIs as follows: 

144 g Na9Cr2O7/l. 

113 g Na2CrO4/l. 

The iidd1e compartment feed 1iuor also showed a slight 

increase in NaOH, but it was too sua11 to he significant. 

The following t'o rins were made with rio changes in 

the mechanics of operation or in the construction of the 

diaphragns. They were ánade for the purpose of determining 

the feasibility of runnIn two or more banis of cells in a 

series to obtain axirnum concentrations of NaOH and chromic 
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acid azid still retiii axiArn. ef1iclenc. In run Nc. 5 the 

same current eiicienc existed which was to be expected if 

the data troia our lirst cell was ta&en into consideration. 

lthouh the current elTiciency decreased raidl in run 

No. 6, there was a very Íavorabie shut in the HCr207/ 

Na2Cr2O7 ratio. -t the end of each run n anolyte analysis 

indicated a pH ot 2.22 Xor run Nu. 5 and 1.76 for No. L. 

L,xcesslve f oariìing in run No. 6 caused difficulty 

and was result of the hih uoncentratioiì of salts in 

conjunction with a rapid disohare or as at the electrodes. 

s stated previously, this problem Lailed to terialize in 

the rinal phase of the work. 

The most inportant factor to note here is that the 

concentration ui Jru3 and the final pH of the cathoiite vere 

approxiwiteiy the saiae as those found for the feed liquor 

of the previous run. In other words, at the cnoseri rate of 

flow, C.J., and original concentratiofl, the cathoi to from 

bani No. 2 (run No. 5) could ce used as the feed iiur in 

banc No. 3. (run No. 4) and, iikewis, the catholyta rrtn 

banc No. 3 (run N:o. 6) could be used as the feed liior from 

bank No. 2 (run No. 5). it must also be remembered that in 

a commercial cell where more durable materials of construe- 

tion can be used, the total ampera mih be doubled, 

accomplishing runs No. 4 and o. S in one operation. Here 

again the choice will depend on economic considerations 



since the current efficIency variss vith the C.D. 

It becsne apparent in the previous runs that the 

asbestos layer o the cathode diapLram as rapidly deter. 

ioratin ana that ueh n arraneuent wou.id not be practical 

in a lare cell. The neat few ruas were iaae in an attempt 

to evolve a suitable cathode d1aphrai. It had to be one 

which would be easier to anufactur and yet retain chan- 

leal strenth fer a 1on period of time. The dtaphrarn In 

run No. 7 was obviously a corplete failure. It had been 

sesteu by siiï1lar diaphra cathodes used In the modern 

e1ectrochsaical production o1 chlorine and cat.istic. In No. 

8 an attenpt to use a two-iaerd1aphraz of pure asbestos 

paper manufactured particularly for the electrochemical 

industry proved unsuccessful. In our catbolyte this pure 

asbestos paper had even less mechanicel strength than the 

ordinary filled, Insulation grade asbestos. 

Before the next run (No. 9) an iuea developed vbich 

wade the Incorporetion cu the diaphraii iron run No. 7 Into 

the celi more feasible. It was eezitiauly a uiodification 

of this dìaplirai rduoed b1 cuverin6 the asbestos filled 

screen with a layr of thin, textile rtde glass cloth 

(0.0034 in.) on the side 01' the diaphrz towards the riiddle 

cOwpartdent ìnd seaiin it around the edes with Tyon 

paint. tiex cveri the screen irA th3 beinnin tilth the 

¿isbestos .ti)er3, the 31de tu e covared ith the cloth was 
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the side away from the source or vacuum. A careful 
inspection of the diaphram was necessary to eliminate any 

small holes or thin spots in the asbestos layer. In this 

case they re filled and sealed with the Tyson paint. The 

results of run No. lo were very encouraging, so at this 
point an attempt was made to find a cheaper iiodification 

of the anode diaphragm. Results were satisfactory for the 

three-layer asbestos diaphragme but the lack of mechanical 

strength might eliminate it commercially. 

In run No. il the suggestion to eliminate one bank 
of cells by an increase in C.D. had gained our attention. 
Valuable iÍormation In regard to the use of unprotected 

asbestos paper in diaphragms and the premise that the 

current efficiency would decrease rapidly as the C.D. 

increased was obtained. "e found a decrease of 25 per cent 

in the transfer of both Na+ ions and in CrO3. The asbestos 

piper used for this ecperiment was a fine, pure grade 

asbestos which swelled badly and lacked sufficient mechanical 

strength. 

In the next run (No. 12) we reverted to the insule.'. 

tion asbestos (0.033 in.) and the results were satisfactory, 

indicating the need for a filler with the asbestos. 
Figure 15 is a study of the variation in current 

etficiency versus C.D. and shows the grams of NaCH ar Cr03 

transferred per amp-hr In relation to the amps per sq in. 



The curves coapared favorably with those for the two 

coapartment eaU. ?or example, at O2 amps/in.2 we 

transferred 1.1 Cro3 per amp4ir in the two copirtient 

cell and 1.2 /emp hr in the continuous flow cell. 

The final expori*ent for this phase of the wort 

consisted of a brief stud: 

insulation asbestos hich 

The supply of the 1tjhter 

this heavier grade became 

1are cell. 

ll data from the 
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y of the permeability of the 

had a thiokness of 0.063 inch. 

asbestos had been exhausted and 

the only Und vailabie for the 

small cells were carefully 

studied id utilized in the desia and construction of a 

larde commercial cell. series of iavestl6ations usine 

this cel]. yielded informatIon shout the durability of cell 
equ1pent, flexibility of operation, arid current efficien- 
cies. 

Two designs seemed feasible for large-scale 

operation, namely (1) a larger duplicate of the continuous 

flow cell No. 1, or (2) a circular cell similar to the 

Vorce, Gibbs, or Theeler cells in appear.cico. The materials 

available in a reasonable length of tizie tnd the difficu].- 

ties involved in the construction of a Vorce type cell 
limited us to the first possibility. 

since it was necessary to share the power from the 

eneratin equipaant with another research project dur1n 
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seera1 of the runs, the desired amperage could not always 

be obtained. Thererore the amperages used vere often a 

compromise sufficiently close to the desired current to give 

suitable results. In the construction or the iare cathode 

diaphrain it was found impossible to maintain a su1Ïlc1ent 

vacuum for the even distribution oÍ the asbestos fibers over 

the wire screen. As a result the electrode-dlaphragui was 

divided into two equal parts. F3ut with the naterials and 

equipment available to us lt became almost impossible to 

produce an even, compact layer of asbestos on the coarse 

screen. Conunercially such diaphragms are being manufactured 

for the electrochernical industry and no doubt have a thicker 
coatin, of asbestos than we could obtain. This will auto- 

matically improve the current efficiency for the catholyte. 

In the following discussion a consideration of the data tor 
the anolyte md the transfer of CrOs is presented. e feel 
that if the cell is economically feasible for the manufac- 

ture of chromic acid solutions, then the transfer of NaOH 

per KÏH will also be satisfactory. The NaOH will most 

likely be converted to more Na2CC3 and used again in the 

roastin, process (see Plate 1). 

The low voltage required in run No. I further 

increased the possibilities for this process. After the 

electrolyte had been in contact with the cathode diaphra 

for a brief period of time, the permeability increased so 



greatly that only a small head was necessary in the middle 

compartment to maintain a rate of flow equal to 3 liters per 

hour. ?s indicated in the tables, the efficiency will be 

greatly improved by a less permeable cathode diaphra. A 

difference of liguid level from 4 to 6 inches seems desirable. 

Assuwìflg that power could be obtained in this 

vicinity for 2.4 mills/KWH, the power consumption and ion 

transfer for run No. 1 are: 

Cr03 transferred = 1.28 g /acp hr 
292 g /îiH 
1.55 KH /ib 

Approximate cost 3.7 mills/lb 

NaOH transferred 1.11 g /amp lu' 

253 g 1KWH 
1.79 KWH /ib 

Cost 4.3 miUs/ib 

In runs Nos. 2 and 3 we checiced the anolyte carefully 

at frequent intervals and varied the amperage and C.D. in 

order to determine current efficiencies, power consumption, 

and temperature. The temperature of the cells never rose 

above 400C and the 12-mm glass cooling coils proved entirely 

satisfactory. In run No. 3 we experienced difficulty In 

maintaining a constant difference In liquid levels, especially 

between the middle and cathode compartments. This accounts 

tor the sudden decrease in current efficiency and increase 

in power consunptIon for the transfer of NaOH. 
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Using a eed solution with a concentration and 

composition equal to that oÍ the final anolyte in run No. 

2 we ottalned a catholyte which could be added to the 

feed liquor br the proposed first banc of cells. s 

suggested previously1 the catholyte iron the first cell 
could be neutralized with CO2 and evaporated to crystal- 

lize out the NaCO to be reintroduced into the roast 

process. It might also be possible to further concentrate 
the NaOH electrolytically in a separate cell before 

neutralization with CO2. 

Runs Nos. 2 and 3 yielded the rollow1n, data: 

Run No. 2 

CrO3 transferred = 1.12 g /amp hr 
187 g /KH 

2.42 K4Wlb 
Cost 5.8 mills 

NaOH transferred 0.937 g lamp hr 
156 g /i?iH 

2.90 KWlb 
Cost = 7.0 mills 

Run o. 3 

CrO. transferred = 1.02 g /amp hr 
140 g /KWH 

3.23 IVH/lb 
Cost 7.8 nuls 

The curve for these three trials (Figure 16) shows 

clearly the decrease in Cr03 transfer with increasing C.D. 

The curve representing the transfer of NaOfl ha too much 



downward slope in coiparison 

last point on the curve may 

due to the high permeability 

fusion in both directions of 

improved diaphran the curve 

the Cr03 curve. 

to the earlier 

e in fault and 

and subsequent 

the diaphragm. 

would very uk 

curves. The 

is no doubt 

increased dif- 
.ith an 

ly parallel 

The last three trials involved the use of a feed 

solution equivalent in composition to the anolyte from a 

hypothetical second bank of cells illustrated in run No. 3. 

Data were collected using three different C.D.s and the 

curve for Figure 17 drawn. The curves are aliiiost identical 

to those from the previous ¿roup of runs. One fact must be 

mentioned, however, and that is the failure of the Cr03 

transfer to decrease as rapidly as had been predicted by 

earlier experiments. There seems to he no good explanation 

for this experimental fact. 
Again the significant data are charted below: 

Run No. 4 

Cr0 transferred 1.13 g /amp hr 
226 g /KH 

2.00 Wlb 
Cost = 4.8 nllls 

NaOH transferred = 1.10 g /amp hr 
220 g /(wH 

2.06 KWH/lb 
Cost = 5.0 mills 
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Anolyte analysis: pH at 5 /1 2.07 

H CrrC7 
2 ¿ 

Na2Cr2O7 

Run No. 5 

Cr03 transferred 0.98 g lamp hr 
128 g /1WH 

3.54 KWH/lb 
Cost = 8.5 mills 

NaOH transferred = 0.72 g lamp hr 
95 g /KWH 
4.77 KU{/lb 

Cost = 11.4 mills 

Anolyte analysis: pH at 5g/1. = 1.78 

H Cr O 
2 27l2 

Na2Cr2O7 

Run No. 6 

Cr03 transferred 

Cost 

NaCH transferred 

Cost = 

1.04 g /amp hr 
162 g /KWH 

2.80 KWH/lb 
6.7 mills 

0.83 g /amp hr 
130 g /KVH 

3.49 CWH/lb 
8.4 mills 

Anolyte analysis: pH 1.79 

EL,Cr 0v, 2 1.15 
Na2Cr2 

One suggestion that might be made in regard to a 

possible coturnercial application of this process would be a 



larger difference in liquid level between the niddle and 

outer compartments. From the original composition or the 

feed liquor and the anolyte analysis, the calculated corn- 

position of this final anolyte can be lven for run No. 5 

as follows: 

143 g Na2Cr2O7/l. 

171 g H2Cr2O7/l. 

or approcinte1y 12 per cent Na2Cr2O7 and 15 per cent 

chromic acid. The total cost for this solution per lb of 

Cr03 transferred for a series of three cells would be 

between 2.5 and 4 cents. The current efficiency for this 

representative run is about 55 per cent. 

In the batch process the current efficiencies 

varied from 30 to 80 per cent for the anolyte. In the 

above continuous flov the current efficiencies are as low 

as 55 per cent n run No. 5 to 64 per cent in run No. 1. 

It would also be suggested that, instead of glass 

plates In the upper part o1 the coli which we were forced 

to use due to the lacc of nisterials, solid slabs of Tygon be 

used. Also, the diaphragms could be extended to the top of 

the cell and the upper portion sealed with Tygon paint as in 

cells i and 2. If solid Tygon or some such plastic were 

used, the diaphragms should be joined to the plastic more 

securely and tightly than we were able to do with strips 
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of 1as cloth soalced in Tygon paint. This fragility in 

construction contributed largely to our inability to main- 

taIn the proper difference In liquid levels. 



S!T' ;y 
Two electroahealoal processes were extensively 

studied for the separation of sodiuìn chromate leach liquoz's 
obtained lrom Oregon chrornite sands into chron1c acid and 

sodium hydroxide solutions: (1) ari intermittent or batch 

process involving the use of' a two-conipartnent cell with 

a stationary lead anode and iron cathode; (2) a second 

continuous f]ow cell conta1nin, three compartments and two 

specially developed diaphragms in conjunction with a lead 

plate anode and a complex Iron wire screen cathode. Num- 

erous curves were drawn In order to clarify the data and 

results, and calculations were made of the current efficien- 

cies, power requlr6ments, composition of anolytes and 

catholytes, and power costs. 
Further study and research was necessary to evolve 

suitable diaphragms and electrodes. Low cost o1 materials 
used and durability were the two main factors considered 

in this regard. Various materials were carefully tested 

with the cells in actual operation until satisfactory 

results were obtained. 



5]. 

nethod is proposed ind 1ìter tested to produce 

chromlc &cld and caustic solutions of varying couìposltlon 

Mid strength. rooî is i.ver tor the feasibility o1 suc)i 

a method, which consists of the ro1iow1n Ideas: (i) a 

series of three ceUs whIch could be epided coercia11y 

Into three banis or tiers of these oeils, (2) a predetor- 

mined total arperae ai C.D. based on d1aphran perneabii 

itles and teed liquor composition, miicin Lt possible to 

use the catholyte rrom cell No. 2 as the teed solution ror 

eel]. o. i. and the cathoiytø fron cell No. s Xeed 

sol'ition tor eaU No. , etc., and (3) the production ot 

solid NaCO3 from the NaOF! so1ntion for use in a previous 

roast process. 

flow sheet i presented 3howin the use 01 the 

procesc in the prod'ct ion ot reduced chroin1ui compounds, 

plus the impure Na2.O ror the rostth process, trom 

chromite ore. 

rower costs were determined and round to be not 

prohibitive il the A.C. current necessary can be purchased 

at the rates now provsilin in the PacifIc Vorthest. 
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TLE i 
WTN NO. i - CELL NO. i 

Catholyte: 460 mi leach liquor Cathode = iron sheet 
Anolyte : 400 ml leach liqur Anode Pb sheet 
C.D. - 0.037 acnps./in. Temp. = 25°C 
Voltage = 3.1 y. Amperage . 0.5 amp. 

i ml Fe804 = 0.996 ini K2Cr207 

Anolyte 

Tizne mi FeSO4 Eq.2Cr2O7 ml K2Cr207 Net :2cr2o7 Cr03 s/i. 

0 9.31 124.3 
30 - - - - - 
60 15.00 14.94 5.57 9.37 125.0 

120 15.00 14.94 5.48 9.46 126.0 
180 i5.00 14.94 5.00 9.94 132.5 
210 i5.00 14.94 5.04 9.90 132.0 
250 15.00 i4.94 5.24 9.70 
300 15.00 14.94 5.07 9.87 131.4 
350 15.00 14.94 4.47 10.47 139.4 
395 15.00 14.94 4.68 10.26 136.8 
610 15.00 14.94 4.31 10.63 141.8 
640 15.00 14.94 4.30 10.64 142.0 
670 15.00 14.94 4.27 10.67 142.2 

Catholyte 

Time ml H2504 NaOH /1. Time ini H2SO4 NaOH g/1. 

30 0.10 0.35 385 2.95 10.22 
90 0.36 1.25 415 3.23 11.2 

120 0.98 3.40 470 3.70 12.8 
180 1.40 4.85 520 3.87 13.4 
210 1.50 5.19 590 4.30 14.9 
250 1.97 6.82 640 4.43 15.4 
300 2.14 7.42 670 4.57 15.8 
350 .78 9.63 

Suggestions: Use i ml bulb pipet ,tor sanpies. Use buret 
or vol. flasIc to neasure dilutions in 
deterni1ntions of Cr. 
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TABLE 2 

fl'TN NO. 2 - CELL JO. i 

Duplicate oÍ. Run No. i except total auips. 1.0 amp. 
Voltge : 3.6 y. 1 ini FeSO4 0.991 ¡nl 12Cr2O7 

Time ml FeSO4 

0 15.00 
30 15.00 
60 15.00 
90 15.00 

120 15.00 
150 15.00 
180 15.00 
210 15.00 
240 15.00 
270 15.00 
330 
360 15.00 
390 15.00 

Time ail H(ßO 

30 0.64 
60 1.11 
90 1.58 

120 2.09 
150 2.64 
180 3.21 

Time ml FeSO4 

45 15.00 
225 15.00 
405 15.00 

Eq.Cr20.7 

14.87 
14.87 
14.87 
14.87 
14.87 
14.87 
14.87 
14.87 
14.87 
14.87 
14 
14 87 
14.87 

NaOR /1. 

2.22 
3.50 
5.47 
7.23 
.13 

11.1 

Anolyte 

nil K2Cr207 

5,34 
5 20 
5.03 
4.97 
4.68 
4.62 
4.39 
4.40 
4.30 
4.08 
3.92 
3.82 
3.89 

Catholyte 

Eq .K2Cr207 

14.87 
14.87 
14.87 

Time 

210 
240 
270 
330 
360 
390 

ml K2Cr207 

5h30 
5.75 
5.98 

Net X2Cr2O,7 

9.53 
9.67 
9.84 
9.90 

10.19 
10.25 
10.48 
10.47 
10.57 
10.79 
10 95 
11.05 
10.98 

ml ¡12304 

3.87 
3.80 
3.98 
4.76 
5.13 
5.41 

Net i(2Cr207 

9 57 
9.12 
8.89 

Cr03 /1. 

127.0 
128.8 
1311 
131.9 
135.6 
136.5 
139.4 
139.2 
140 7 
143.7 
145.8 
147.1 
146.3 

NaON g/1. 

13.4 
13.1 
13.8 
16.4 
17.7 
18.7 

Cr03 ;/i. 

127.4 
121 4 
118.3 
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TABLE 3 

WTN NO. 3 - CELL NO. 3. 

Duplicate of Run No. 1 except total anpexae 4.0 amps. 
Voltage í.8 - 7.0 y. Temp. : 450C 

3. ml Fe504 0.997 ml 

Anolyt e 

Time ini Fe304 Eq.K2Cr2O7 ml 2Cr2O7 Net 2Cr2O7 Cr03 ¿/1. 

O 10.06 10.02 2.68 7.34 122.2 
30 14.98 14.92 7.02 7.90 131.7 
60 14.98 14.92 6.74 8.18 136.3 
90 15.00 14.95 6.47 6.48 141.3 

120 15.00 14.95 6.12 8.83 147.1 
180 15.05 15.00 9.42 157.0 
210 15.00 14.95 5.23 9.72 161.9 
240 15.10 15.04 4.91 10.13 1b8.8 
270 15.11 15.06 4.89 1C.17 169.2 
300 15.00 14.95 4.35 10.60 176.5 
330 15.01 14.96 4.15 10.81 18C.O 
3t;0 15.00 14.5 3.94 11.01 183.2 
390 15.05 15.00 3.83 11.17 186.0 
420 15.02 14.97 3.50 11.47 191.0 
450 17.00 16.94 5.32 11.62 194.7 
480 15.02 14.97 3.10 11.87 197.3 
540 15.00 14.95 2.79 1.16 201.0 
600 15.01 14.96 2.30 12.66 211.0 

Catholyte 

Time ml H2SO4 NaOH g/l. Time ml H2SO4 NaOli / 1. 

15 1.53 5.29 330 14.19 49.0 
30 1.85 6.40 360 15.30 52.8 
60 3.60 12.45 390 16.00 55.3 
90 5.52 19.10 420 17.30 59.7 

120 6.26 LI.? 450 18.2 63.0 
180 8.67 30.0 480 19.14 66.2 
210 9.73 33.7 540 20.78 71.8 
4O 11.10 38.4 570 21.79 75.3 
270 12.05 41.7 600 22.45 77.6 
300 13.20 45.7 
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TABLE 3 (continued) 

Time ml FoSO4 Eq.K2Cr2O.1 ml K2Cr2O7 Not K2Cr2O7 Cr03 g/1. 

45 10.00 9.97 2.84 7.13 118.9 
165 10.05 10.01 3.49 6.52 108.7 
285 10.09 10.06 3.90 6.16 102.7 
405 10.27 10.22 4.32 5.90 98.3 
555 10.00 9.97 4.42 5.55 92.4 
615 10.07 10.02 4.78 5.24 87.3 



TABLE 4 

N O. 4 - CELL NO. i 

Duplicate of Run No. 3 except a constant voiue was raaln- 
tamed with additions of distilled H20 and oil iqer to 
reduce rnisting. 

C.D. : 0.44 arup./in.2 
Voltage S y. (mcl. R) Temp. 25-300C 
mprage 6 amps. i. rai lesO4 1.0]. mi. K2Cr2O7 

noiyte 

Time ml YeSO4 Eq.IC2Cr2O'7 ml I2Cz2O? Net lCr2O7 CO3 /1. 

O 15.00 15.15 7.80 7.35 122.5 
60 15.00 15.15 6.42 &.73 145.7 

120 15.00 15.15 5.72 v.43 157.2 
210 15.00* 15.15 4.77 10.38 173.0 
270 150O 15.15 4.50 10.65 177.5 
330 14.98 lb.12 4.05 11.0? 184.2 
30 15.00* 15.15 3.69 11.46 191.0 
480 15.08 15.22 3.52 11.70 195.0 
540 15.00 15.15 3.18 11.97 199.5 
570 15.00 15.15 3.05 12.10 201.6 
600 15.02* 15.18 3.14 12.04 201.Q 
660 15.01 15.17 3.03 12.14 202.5 
b90 15.10 15.22 2.93 12.29 204.8 
720 15.13 15.28 2.97 12.31 205.0 

Cathoìyte 

Time rai }1204 NaOH gli, Time ml H2504 NaOli /l. 

30 2.48 858 420 21.05 72.8 
90 6.98 z.4.2 480 22.49 77.8 
180 fl.b7 403 540 24.95 86,4 
240 14.10 48.8 600( nil) 13.10 90.4 
300 16.67 57.6 660 13.80 95.5 
360 l.38 67.0 690 14.17 979 

*dd 10 cc 
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TA.8LE 4 (continued) 

Time ml FeSO4 Eq.K2Cr2O7 ml K2Cr0O7 Net i(2Gr2O7 rO3 g/l. 

45 10,10 10.20 2.95 7.25 120.8 
165 10.00 10.10 3.87 b.3 103.8 
285 10.03 10.12 4.57 5.5 92.5 
405 10.10 10.20 4.93 5.27 87.7 
525 10.32 10.42 5.72 4.70 78.3 
645 10.09 10.19 5.88 4.21 70.1 
705 10.00 10.10 6.00 4.10 68.3 
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TA3LE 5 

RUN NO. 5 - CELL NO. 1 

Duplicate of Run No. 4 except total amperage 8.0. 
Oil layer used to reduce misting and evaporation. 
No water added to maintain volume. 

Voltage 13.0 y. (mcl. R) Temp. - 25-30°C 
C.D. = 0.588 amp./in.2 1 ml Fe504 = 1.005 ml K2Cr2O7 

tholyte (Tepeated) 

Time ini FeSO4 Eq.K2Cr2Orj ini K2Cr2O7 Net K2Cr2O' Cr03 gli. 
O 14.99 15.07 7.53 7.54 125.8 

60 15.08 15.15 6.28 8.87 147.8 
120 15.11 15.19 5.49 9.70 ibl.7 
210 15.09 15.17 4.30 10.87 181.0 
270 15.00 15.08 3.78 11.30 188. 
330 15.07 15.13 3.52 11.61 193.4 
390 15.03 15.09 2.98 12.11 202.0 
450 15.09 15.17 2.71 12.46 207.5 
540 15.08 15.15 2.19 12.96 ¿16.0 
600 15.00 15.08 2.08 13.00 ¿16.5 
660 15.18 15.24 .32 12.92 215.0 

Catholy te 

Time ml H2604 NaOH gli. Time ml 112504 NaOR gli. 
O O O 450 13.90 92.5 

60 6.22 20.7 540 15.70 104.4 
120 11.60 38.6 600 17.42 116.0 
220w 8.68 57.8 630 17.78 118.2 
270 10.22 68.2 660 18.60 123.8 
330 11.55 76.9 690 - - 

390 12.95 86.2 720 19.15 127.5 

Time ml Fe304 q.K2Cr2O'7 ml K2Cr207 Net i2Cr207 Cr03 g/i. 

0 7.54 125.8 
600 10.00 10.05 .96 4.09 68.2 

*1/2 mi 
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TARLE 6 

UN NO. 6 - CELL NO. i 

Duplicate of Run No. 5 except total amperage 10.0 arid 
current turned off and solutions thoroughly stirred before 
taking each sample. 

Voltage : 16 V. (irici. R) Temp. 30.350C 
C.D. = 0.74 amp./in. i ini Fe204 0.998 mi I(2Cr2O' 

Tinie ml FeSO4 Eq.C2Cr2O7 

0 15.00 14.99 
60 14.88 14.86 

120 15.86 15.83 
180 14.99 14.98 
240 15.03 15.02 
300 14.99 14.98 
390 15.03 15.02 
450 15.05 15.04 
510 14.95 14.93 
570 15.00 14.99 

Time ml H SO NaOH g/l. 

30 4.17 
90 9.92 

150 14.38 
210* 9.30 
270(lmr22.00 
330* 12.95 
420 14.80 

* ml 

Time ml Fe$04 

o 
540 10.05 

Anoiy te 

ini K0CrO 

7 32 
5.97 
5.78 
4.15 
3.63 
3 21 
2 40 
2 10 
1 83 

Catholyte 

Time 

Net K2Cr2O7 

7.67 
8.89 

10.05 
10.83 
11. .39 
11.77 
12.62 
12.94 

10 
12.85 

mill 50 

CrO3 g/1. 

127.9 
148 i 
167 6 
180.5 
189.6 
19b O 
2.L0 5 
215.7 
218 O 

215.0 

NaOH g,11. 

13.93 480 15.93 106.2 
33.0 540 16.90 112.7 
47.8 600 17.99 119.8 
61.8 630 18.40 122.4 
73.3 690 18.72 124.7 
86.3 720 18.80 125.2 
98.6 

Eq.K2Cr2O7 ml K2Cr2O7 Net K2Cr2O7 GrO3 g/1. 

127.9 
10.04 5.75 4.29 71.6 

Note: Amperae became very erratic and hard to control at 
about 450 minutes arid voltage dropped to 14.0 y. 
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TBLE 7 

?TJN NO. 7 - CELL NO. i 

Duplicate of Run No. 6 except total auperae 12.0 

Voltage = 11 y, Temp. 35-40°C 
C.D. 0.88 ariip./ln.4' i rai FeSO4 : .00 ii i K2CrO7 

Anolyte 

Time ml Fe304 n]. K2Cr20 Net IÇ2Cr207 Cr03 g/i. 

o 15.00 6.50 8.50 141.5 
60 15.07 5.22 9.85 1o4.O 
90 14.67 4.09 10.58 176.0 

120 15.15 4.07 11.08 184.7 
150 1.00 3.44 11.56 192.7 
180 lb.00 .00 1.O0 200.0 
210 15.19 2.79 12.40 206.0 
240 1b.01 2.50 12.51 208.0 
270 lb.01 2.10 12.91 215.0 
360 1.11 1.40 13.71 228.0 
390 lb.28 1.19 14.09 234.0 
420 15.01 0.89 14.12 235.0 
510 lb.00 0.65 14.35 239.0 

Catholyte (1/2 ml samples) 

Time ml H2SO4 NaOH ¿/1. Time ml H2SO4 NaOH g/1. 

60 5.13 34.2 270 10.42 86.7 
90 6.19 41.2 360 12.75 106.0 

120 7.68 51.1 390 13.50 11.0 
150 8.78 5.4 480 15.30 127.1 
180* 9.91 65.9 540 16.70 139.0 
210 8.89 73.8 570 16.82 140.0 
240 9.40 78.2 

Time ml YeSO4 ml Krr7 Net Kr2O7 

o 
510 10.00 5.45 

8.50 
4.55 

CrC3 /l. 

141.5 
75 8 

*0.4 ml. 
Note: Terminal voltage increased to 13 y. and control 

became difficult at 360 mInutes. 
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TA3LE 8 

CrO PWN3FER IN CELL NO. i 

Amps. 
Q 

amps ./1n. g. Cr03/1./hr. g. Cr03/amplir. 

1.0 0.074 3.6 1.44 
4.0 0.29 8.5 0.85 
6.0 0.44 10.0 0.67 
a i 
C, s t) e .L... s ? t) . 

10.0 0.74 13.5 0.54 
12.0 0.88 15.8 0.53 



TAI3LE 9 

TNN0. l-CELLNO. 2 

Anode Pb perforated plate (40 in.2 total area 
Cathode - Fe screen (36 in.2 total area 
Voltage : 11 y. Temp. 35-45°C 

mps. : 16 C.D. 0.4 amp./tn.' 
'Iaphrans: 3 layer - 2 heavy 1ass cloth and one 

nolyte 

Time ml PeSO4 Eq.Cr2O7 ml 1Cr2O7 Net i(2Cr2O7 rO3 'i. 
O 15.23 15.23 6.48 8.75 146.0 

30 15.00 15.00 b.86 9.14 l5.2 

Ca tholy te 

Tiae al H2SO4 NaOH /1. 
o o o 

30 3.87 13.93 

Note: Diaphrams had lost perneabi1Ity tremendously 
at end of 30 minutes. Cathode diaphrain began 
to bulge and split it 30 îainites. The anode 
diaphragm hau begun to bu1e at the same time. 
Temp. in outer coips. 500C and lox' middle 
comp. 420C. 
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TAL 10 

WIN NO. 2 - CELL NO. 2 

Tup1lcate of Run No. i except tops of diaphragms were 
bolstered with supports and coo1in colis added to ali 
three COpartnent3. 

Voltage 
Temp. 

- 12 V. 
25...30°C 

íaperage 
C.t. 

20 amps. 
0.5 amp./ln.2 

Heed a 1 1/2 inches i tal Fe504 0.7 mi K2CzO'7 

Time mi FeSO4 q.(2r9O7 

0 15.00 14.95 
60 15.04 15.00 
120 15.25 15.20 
180 15.04 15.00 
240 15.18 15.12 
300 15.38 15.32 
360 15.58 15.51 
420 15.80 15.75 

Cetholyte 

Time ml H04 NeOH /1. 

o o o 
60 8.11 29.2 

120 14.42 51.9 
180 18.53 66.7 
240 21.40 77.0 
300 23.48 84.8 
3ó0 25.62 92.2 
420 26.50 95.5 

Time zu PeSO4 Eq.K2Cr207 

o is.00 14.95 
60 15.20 15.15 
420 10.31 1O.8 

Anolyte 

ml K2Cr207 Net 2Cr2O7 CrO3 /l. 

6.21 8.74 145.7 
5.49 9.51 158.2 
4.14 11.06 184.2 
2.15 12.85 214. 
0.98 14.14 236. 
0.34 14.98 249. 
0.20 15.31 255. 
0.8 15.47 967. 

flate of flow (mi/hr.) 

Lime Catholyte Anolyte 

180 500 120 
240 288 144 
300 175 125 
360 140 120 
420 140 120 

sai K2Cr2O.y Net 2Cr207 Cr03 i/i. 

6.21 8.74 145.7 
8.01 7.14 119.0 
5.50 4.78 79.7 



Duplicate of Run 
36 in.2 and total 

Voltage : 7.5 V. 
Temp. 20-25°C 

i 
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TABLE il 

WTNNO.3-CELLNO. 2 

No. 2 except anode area reduced to 
amperage 6 amps. 

s O.16b amp.iln. 
Head 2 inches 

mi Fe304 C.99 nil K2Cr207 

nolyto 

Time ml FeSO4 Eq.K2Cr207 nil ¡C2Cr2O7 Net K2Cr207 Cr03 /l. 

o 15.03 14.90 6.40 8.50 141.7 

60 15.01 14.88 5.83 8.99 150.0 

120 15.02 14.90 5.30 9.60 160.0 

180 15.02 14.90 4.80 10.10 168.3 
240 15.00 14.87 3.68 11.19 187.0 

300 - - - - - 

360 15.00 15.87 3.75 11.12 186.0 

Catholyte iate 01' flow (mi/hr.) 

Time ml 1!2504 NaOH gil. Time Catholyte Anolyte 

60 3.40 12.22 60 470 170 

120 5.50 19.80 120 340 140 

180 7.70 27.80 180 155 155 

240 9.80 35.4 240 115 160 

300 11.20 40.3 300 100 150 

360 12.60 45.4 360 100 .50 

Noto: Cathode diaphragm 
obviously c1oged by 
some impurity. 

Time ml FeSO4 Eq.K2Cr207 mi K2Cr207 Net 2Cr207 Cr03 g/1. 

0 15.03 14.90 6.40 8.50 141.7 

360 9.89 9.77 3.25 6.52 105.0 



TABLE 12 

RTTN NO. 4 - CELL NO. 2 

Duplicato o1 Run No. 3 
irom cathode diaphram 
for pH and free Cr03. 

Voltage 7.0 V. 
Temp. 20-25°C 
i ml Fe504 0.987 ml 

except outer glass layer remoVed 
and anolyte analyzed at end o1 run 

n 

C.D. 0.185 ainp./in.2 
anode head a 2 inches 

K2Cr2O7 cathode head 1/16 inches 

Anolyte 

Tirxie ml FoSO4 q.K2Cr2O7 ml K2Cr2O7 Net K2Cr2O7 Cr03 g/l. 

o 15.02 14.82 6.24 8.57 143.0 
120 15.06 14.90 5.2? 9.63 161.0 
240 15.00 14.79 4.21 10.58 17.O 
300 15.01 14.80 4.09 10.71 179.0 
360 15.12 14.97 3.78 11.19 186.0 

Anolyte pH at 5 /1. 6.0 

Anolyte analysis: 144 g Na2Cr2O''/1. 

113 g Na2CrO4/1. 

Catholyte hato of 110w (mi/hr.) 

Time ml H SO NaOH g/i. Time Catholyte 4noìyte 

60 60 120 150 
120 5.30 19.10 120 125 135 
240 7.22 26.0 240 125 125 
300 9.11 32.8 300 130 135 
360 10.10 36.0 360 130 135 

Time ml FoSO4 Eq.K2Cr2O.7 mi K2Cr207 Net K2Cr207 Cro3 g/1. 

0 8.57 143.0 
360 15.02 14.81 8.41 6.40 107.0 
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TABLE 13 

WTN NO. 5 - CELL NO. 2 

Duplicate of Run No. 4 except for cone. of liq. in middle 
comp. same s last anolyte of Run No. 4. 

Voltage = 7.0 y. C.D. 0.185 arnp./in.2 
Temp. = 20-25°C anode head a 2 inches 
i ini FeSO4 0.993 ml K2Cr207 cathode head = 1/16 inches 

An o lyt o 

Time ¡nl FoSO4 Eq.K2Cr2O7 ml K2Cr2O7 Not IC2Cr2O7 CrO3 g/l. 

0 15.10 15.00 4.26 10.74 179.0 
120 15.02 14.91 2.81 12.10 2,02.0 

240 15.33 15.26 2.15 13.11 219.0 
360 15.17 15.05 1.39 13.66 228.0 

anolyte pH a 1.87; pH at 5 ¿/1. = 2.22 
H2Cr207 

anolyte analysis: : 0.24 
Na2Cr2O7 

Catholyte Rate of flow (mi/hr.) 

Time ml H9604 NaOH gli. Time Catholyte Anolyte 

120 3.75 13.50 60 145 165 
240 7.10 25.60 120 130 150 
360 10.01 36.00 180 160 160 

240 135 150 
300 180 160 
360 145 145 

Time ml Fe504 Eq.iC2Cr2O7 ml K2Cr2O7 Net K2Gr2O7 Cr03 gil. 

0 10.74 179.0 
360 15.02 14.91 6.20 8.71 145.0 



TABLE 14 

WTN NO. 6 - CELL NO. 2 

Duplicate ot Run No. 5 except the cone. of 
comp. saine as ariolyte from Run No.. 5. 

Voltage 7 V. C.D. 
Temp. = 20-25°C anode head 
1 ini Fe$04 0.994 ¡nl K2Cr2O7 cathode hea 
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1i. in middle 

: 0.185 amp./in.2 
= 2 inches 

1/16 inches 

Anolyt e 

Time ml FeSO4 Eq.K2Cr2O7 nil K2Cr2O7 Net iC2Cr2O7 GrO3 g/1. 

0 15.40 15.30 1.61 13.69 228.0 
120 15.00 14.91 0.51 14.40 240.0 
240 15.00 14.91 0.19 14.72 246.0 
360 15.90 15.82 0.88 14.94 249.0 

anolyte pH at 5.00 g/1. 1.76 

anolyte analysis: 
H2Cr207 

1.3 
NaCr2O7 

Catholyte Rate of flow (ml/hr.) 

Time ml H2504 NaOH g/1. Time Catholyte Anolyte 

120 3.50 12.60 60 200 300 
240 6.97 25.10 120 175 220 
360 10.00 36.0 180 160 165 

240 175 160 
Note: Excessive foaming 300 140 155 

on cathode side at 360 160 170 
300 mins. Cathode 
diaphragm deterior- 
ating badly at 
asbestos layer. 

Time ml FoSO4 Eq.K2Cr2O7 ¡nl K2Cr2O7 Net K2Cr2O7 GrO3 /1. 

0 13.69 228.0 
360 15.07 14.98 3.81 11.17 186.0 
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TABLE 15 

WIN NO. 7 CELL NO. 2 

Duplicate of Run No. 6 except the glass cloth-asbestos 
diaphragm on cathode sido was replaced by long fiber asbestos 
(pure) on wire screen by suction. 

Voltage = 6 y. C.D. 0.185 amp./in.2 
Temp. 20-25°C anode head 1/2 inch 
1 ml FeSO4 0.975 ml X2Cr2O7 cathode head 1/10 inch 

Time ml FoSO4 

0 15.03 
240 15.18 
360 16.32 

Anolyte 

q.K2Cr2O7 mi K2Cr2O7 

14.68 1.43 
14.75 0.24 
15.92 0.90 

Net K2Cr2O7 Cr03 g/i. 

13.25 221.0 
14.51 242.0 
15.02 251.0 

Catholyte Rate o1 flow (mi/hr.) 

Time ml HSO4 NaOH gIl. Tine Catholyte Anolyte 

240 5.40 19.40 180 215 240 
330 4.52 16.20 240 180 160 

300 185 170 

Timo ml FoSO4 Eq.i2Cr2O7 ml K2Cr2O7 Net K2Cr2O7 Cr03 gli. 

0 13.25 221.0 
330 15.00 14.65 3.26 11.39 189.8 

Note: sbestos very mushy and swollen at end o1 run with 
3 - 5 hoie5 of varying sizes but none over 1/2 in. 
in diameter. From data, holes presumably did not 
appear until after 240 minutes. 
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TA3LE 16 

RuN NO. 8 - CELL NO. 2 

Duplicate of Run No. 7 except cathode diaphragizi is a 2 layer 
asbestos supported on 4 sides. 

Voltage 7 y. C.D. 0.185 amp./in.2 
Temp. 20-25°C anode head 1 1/2 inches 
i mi FeO4 0.950 ml K2Cr207 cathode head g 1 inch 

Anolyte 

Time ml FoSO4 Eq.K2Cr2O7 ml ¡2Cr207 Net K2Cr2O7 GrO3 g/i. 

0 15.00 14.25 7.06 7.19 120.0 
240 15.07 14.30 5.41 8.89 148.2 
360 15.70 15.00 5.30 9.70 163.2 

Catholyte Bate of flow (mi/hr.) 

Time ml H2504 NaOR g/1. Time Catholyte ìo1yte 

240 7.53 27.2 60 240 145 
360 9.00 32.4 120 210 120 

180 160 120 
240 190 160 
300 200 170 
360 190 170 

Time ml FoSO4 Eq.K2Cr907 ml K2Cr207 Net K2Cr2O7 CrO3 gli. 

0 7.19 120.0 
360 14.98 14.20 8.50 5.70 95.0 

Note: Cathode diapbrain as swollen and bulged excessively 
In direction of lIq. flow. Had pushed the cathode 
almost to other side of comp. Retained practically 
no strength but disintegrated on slight handling. 
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TABLE 17 

BUN NO. 9 - CELL NO. 2 

Duplicate of Run No. 8 except the cathode diaphragm is the 
saine as in Run No. 7 with a coerin of thin porous 4ass 
cloth on niddle comp. side. 

Voltage = 6.75 y. C.D. 0.185 alilp./in.2 
Temp. 20-25°C anode head i/i& inch 
1 ml FeSO4 1.08 ml K2CrO7 cathode head 1/2 inch 

Anolyte 

Time nil Fe504 Eq.K2Cr2O7 ml 2Cr207 Net K2Cr207 GrO3 ¿/1. 

o 15.00 16.20 9.00 7.20 120.0 
120 14.93 16.17 8.20 7.97 133.0 
240 15.10 16.35 7.60 8.75 146.0 
360 15.12 16.40 7.10 9.30 155.0 

Catholyte Rate of flow (a1/hr.) 

Time ¡nl H2SO4 NaOH /l. Time Catholyte Anolyte 

120 3.80 13.70 60 160 230 
240 6.18 22.30 120 160 160 
360 8.00 29.0 180 135 170 

240 180 150 
300 150 140 
360 150 150 

Time ml Fe604 Eq.K20r207 nil K2Cr207 Net KCr207 Cr03 i/1. 

0 120.0 
360 15.05 16.25 10.13 6.12 100.0 

Note: Anode diapbraçn becom1n, nore porous and increased 
diffusion lowering efficiency and transfer of CrO3. 
Cathode diaphragm in good shape but data shows some 
decrease in efticlency. Cathode diaphragm removed 
and found to have one small hole in asbestos layer. 
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TABLE 18 

RUN NO. 10 - CELL NO. 2 

Duplicate of Run No. 9 ezcept the anode diaphragm is 
replaced by a 3 layer asbestos paper d1aphran and cathode 
diaphragm has been repaired with Tygon. 

Voltage 6.5 y. C.D. - 0.185 amp./in.2 
Temp. 20-25°C anode head a 1/8 inch 
i ml FeSO4 1.075 mi K2Cr2O7 cathode head - 1/4 inch 

Anolyte 

Tine ml FeSO4 Eq.K2Cr2O'' n1 K2Cr2O7 Net K2Cr2Ov GrOs g/i. 

O 15.01 16.13 8.84 7.9 122.0 
120 15.05 16.15 7.87 8.28 138.0 
240 14.05 15.12 6.02 9.10 151.8 
360 14.00 15.08 5.79 9.29 154.$ 

Catholyte Rate of flow (ini/hp.) 

Time ml H2804 NFtOH g/l. Time Catholyte Änoiyte 

120 4.31 15.51 60 145 145 
240 7.12 256 120 140 135 
360 9.70 35.0 180 145 145 

240 155 150 
300 135 150 
360 150 150 

Time ml Fe504 Eq.C2Cr2O7 ml X2Cr207 Net KCr207 Cr03 /l. 

O 7.29 122.0 
360 13.30 14.28 8.30 5.98 99.0 

Note: Anode diaphragm worked 5atisfactorily for first 240 
mins., cathode dlaphragn much better than before but 
not as efficient s R'in No. 3. Cathode diaphraw in 
good shape but outer layer or anode diaphragm ha 
been damaged by shifting of lead electrode. 
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TABLE 19 

PN 0. 11 - CELL NO. 2 

r)uplicate oí Run No. IO except anode d1aphram i.e one layer 
pure ast,estos :-nd one layer heavy glass cloth and total 
amperage = 12 amps. 

Voltage 9.3 v. C.D. g 0.37 ainp./in.2 
Temp. 20-25°C anode head * 1/16 Inch 
3. ml FeS0 1.07 ml K9Cr207 cathode head 1/2 Inch 

T1:Ge ml PeSO4 

0 15.05 
120 lb.74 
240 15.00 
360 15.00 

knoly te 
Eq.K2Cr207 ml K2Cr207 

16.07 8.70 
16.83 7.91 
16.12 5.02 
16.12 5.67 

Not K2Cr2O7 Cr03 g/1. 
7.35 122.8 
8.92 148.5 

10.10 1o8.2 
10.45 175.0 

Catholyte Rate oÍ 120w (mi/hr.) 
Time nil H2504 NaOH j/1. T1na Cath3lyte .no1yte 

120 .12 29.2 3 210 160 
240 12.80 46.2 120 185 165 
360 15.48 55.7 180 150 190 

40 150 160 
300 150 190 
360 160 150 

Tiras ml PeSO4 EQ.K2Cr2O' ml i(2(r207 Net 2Cr2O7 rO3 g/1. 
0 7.37 122.8 

360 12.70 13.60 8.50 5.10 85.0 

Note: Cathode diaphragm In good condition. Asbestos layer 
or anode diaphragn caìe to pieces. isbestos paper 
proved useless un1es aìequate1y protected on both 
sides by glass cloth or electrode. 
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TABLE 20 

WTN NO. 12 - CELL NO. 2 

DuplIcate 01* Run No. 11 except anode diaphrain is agaIn a 
three layer bltSS cloth-asbestos one. 

Voltage 9.3 y. C.D. 0.37 amp./in.2 
Temp. 20-25°C anode head 1 1/2 inches 
i ml FeSO4 1.067 ml K2Cr2O7 cathode head 1/2 inch 

Anolyte 

Time ini FeSO4 Eq.K2Cr2O7 ml K2Cr2O7 Net K2Cr2O7 CrO3 g/i. 

O 14.73 15.71 8.36 7.35 122.5 
120 14.61 15.57 6.01 9.56 159.0 
240 16.00 17.08 6.41 10.67 178.0 
360 15.02 16.10 4.76 11.34 189.0 

anolyte analysis: : 0.19 
N a2C r2 

Catholyte Rate 01* llow (mi/hr.) 

Time ml 12604 NaOH e;/l. Time Catholyte Anolyte 

120 8.00 28.8 60 135 130 
240 11.72 42.3 120 170 150 
360 14.00 51.0 180 160 145 

240 165 150 
300 150 175 
360 155 150 

Time ml FoSO4 Eq.K2Cr2O7 ml K2Cr207 Net K2Cr2O7 CrO3 gli. 

0 7.35 122.5 
360 14.04 14.95 9.57 5.38 89.0 

Note: Pure asbestos eliminated due to excessive swelling 
in our solutions. The cheaper, filled asbestos used 
In this run seems satisfactory. i3oth diaphragms in 
good condition. 
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TABLE 21 

RTN NO. 13 - CELL NO. 2 

Duplicate of Rtm Ho. 12 except total asps. R .O. 

Voltae 8.0 i. C.D. 0.276 
Temp. * 20-250C anode head : 2 inches 
i ini IeSO4 1.057 si]. CpO7 ctthode head z 1/2 inch 

Time ml eSO4 Eq.i2Ci'2O7 ml C2Cr20 Met K2Cr2O7 CrOs ¿/1. 

O 122.0 
120 14.58 15.40 6.12 9.28 154.7 
240 14.58 1.4O 5.15 10.25 171.0 
360 14.98 15.81 515 10.66 177.5 

Ctho1yte Rate of 11o« (al/hr.) 

TIme ml R2SO4 NaOR /1. Tiwe Catholyte Amolyts 

120 6.57 22.6 60 195 160 
240 10.19 34.9 120 140 140 
360 12.43 44.8 180 150 150 

240 155 140 
00 150 130 
360 155 150 
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TABLE 22 

RtN NO. 14 - CELL NO. 2 

A. Testing an anode diaphragm o1 two layers thin glass 
cloth and one layer thick asbestos insulation paper. 
sbestos thickness 0.063 Inch. 

Voltage 8.7 y. Total amps. 9.0 
Rate of flow a 90-100 ml/hx'. 

B. One layer thin glass cloth next to electrode and one 
layer thick asbestos insulation paper. 

Voltage 8.5 y. Total amps. : 9.0 
Rate of 110w 150 mi/hr. 



TABLE 23 

RUN NO. i - CELL NO. 3 

Anode area 544 sq.in.(approx) amperage = 35 amps. r 

Voltage 4.4 y. C.D. a 0.064 amp./in.' 
Temp. 20-30°C anode head a 1 inch 
1 uil FeSO4 a 1.019 uil K2Cr207 cathode head 1/16 inch 

Anolyte 

Time ¡nl Fe504 Eq.K2Cr2O7 ml (2Cr207 Net K2Cr2O7 GrO3 g/l. 

0 14.90 15.39 6.98 8.41 140.0 
510 14.90 15.20 5.92 9.28 155.0 
630 14.87 1.18 5.95 9.23 154.0 

O 
630 11.92 

Time ml 

510 3.75 
630 3.76 

Catholyte 

8.41 140.0 
12.15 4.39 7.76 129.0 

Rate of i.'low (1./hr.) 

NaOR gil. Time Catholyte Anolyte 

12.9 60 3.0 3.0 
13.0 120 2.5 

180 3.5 2.75 
240 - - 
300 2.75 2.75 
360 3.0 3.0 
40 3.0 3.0 
480 3.0 3.0 
540 3.0 3.0 
600 3.0 3.0 
660 3.0 3.0 
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TABLE 24 

WTN NO. 2 - CELL NO. 3 

Duplicate of Run Nc. i except totìi. amperage 80 aap. 

Voltage 5.9-6.1 y. C.D. 0.147 ainps./in.2 
Tenip. = 30-400C anode head 1/2 inch 
i ini Fe$04 1.019 mi K2Cr2O7 cathode head * 1/16 Inch 

Anolyte 

Time ini Fe304 Eq .12CrzO7 mi K2Cr2O7 Net K2Cr2O7 Cro3 g/i. 

0 140.0 
540 14.89 15.18 5.43 9.75 16..O 
600 15.07 15.40 5.30 10.10 168.0 
660 14.93 15.22 5.02 10.20 170.0 
720 15.00 15.29 5.10 10.19 169.8 

Catholyte 

o 140.0 
720 13.91 14.12 6.40 7.72 125.0 

Rate of how (1./hr.) 

Time mi H2SO4 NaON g,'i. Time Catholyte Arìolte 

720 7.28 25.0 120 3.0 3.0 
180 3.0 3.0 
240 3.0 3.0 
300 3.0 3.0 

Anolyte analysis: 360 3.0 3.0 
420 3.0 3.0 

pH 6.5 480 3.0 3.0 
540 3.0 3.0 
600 3.0 3.0 

134 g Na2Cr2Oy/1. 660 3.0 3.0 
720 3.0 3.0 

113 g Na2CrO4 
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TA3LE 25 

W1'N NO. 3 - CELL NC. 3 

Duplicate of Run No. 2 except feed composition is equal to 
that of final anolyte from Run i1o. 2. 

Voltage = 7.3 y. C.D. 0.221 amps/in.2 
Temp. 30-400C anode head = 2 inches 
Amperage 120 amps. cathode head 1/16 inch 

i mi Fe504 1.049 ml K2Cr207 

i4nolyte 

Time mi FeSO4 Eq.2Cr207 ml 2Cr207 Net K2Gr207 Cr03 e/i. 

o 15.07 15.80 5.23 10.57 175.0 
600 14.92 15.70 2.90 l.80 214.0 
660 14.90 15.63 2.70 12.93 16.0 

Catholyte 

, V 
A.t 

660 14.61 i5.32 6.65 8.67 144.0 

Rate of flow (1./hr.) 

Time ml H2504 NaOH g/1. Time Catholyte Anolyte 

660 8.00 27.4 60 3.0 3.0 
120 3.0 3.0 
180 3.0 3.0 

Anolyte analysis: 240 3.0 25 
300 3.0 3.0 

pH at 5.0 g/i. 2.38 360 3.0 

480 3.0 2.5 
}LCr007 540 3.0 2.5 _______ 0.14 600 3.0 3.0 
NaCr2O? 660 3.0 3.0 

Note: A great deal of diffusion on cathode side and result- 
ing inefilciency. A constant level difficult to 
maintain. 
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T A3LIE 26 

RTN NO. 4 - CELL NO. 3 

Duplicate of Run No. ? except the feed solution has ccposi- 
tion equivalent to last anolyte from Run No. 3. 

raperage = 40 arnps. C.D. a 0.074 anps./in.2 
Voltage : 5.1 y. anode head = 1 1/2 inches 
Temp. 25-35°C cathode head : 1/16 inch 

j Fe304 1.042 ml K2Cr2O.7 

Anolyte 

Ttrne ini ie304 I!q.Cr2O7 ml K2Cr2O7 Net KCr2O7 GrO3 /1. 

O 14.90 15.55 2.58 12.97 215.5 
540 15.00 15.66 1.87 13.79 230.0 
600 14.93 15.59 1.79 13.80 230.5 

C atholy te 

O 215.5 
600 15.49 16.10 418 11e92 198.0 

Rate of flow (1./hx'1) 

Tine in1 H04 NaOH /l. Time Catholyte Anolyte 

600 4.35 14.90 60 3.0 2.7 
i0 3.0 3.0 
180 3.0 3.0 

Anolyte analysis: 240 3.0 3.0 
300 3.0 3.0 

pH at 5.0 g/l. 2.07 360 3.0 3.0 
420 3.0 3.0 

H2Cr207 480 3.0 3.0 

Na2Cp2O.y 
540 3.0 3.0 
600 3.0 3.0 



TABLE 27 

R'N NO. 5 -CLL NO. 3 

1uplicate of un Nro. 4 except totd amperage g 130. 

Voltage 7.6 y. C.O. 0.230 amp./in.2 
Temp. 2 30-400C anode head 1 /2 inches 
1 ml FeSO4 2 1.03 ¡nl K2Cr2O7 cathode head 1/16 inch 

Anolyte 

Time ml Fe304 Eq.K2Cr2O7 nil X2Cr2O7 Net i2Cr20.7 CrO3 ¿/1. 

o 215.5 
540 16.70 17.20 1.30 15.90 
600 16.09 16.58 0.45 16.13 268.5 

Catholyte 

o 215.5 
600 12.21 12.59 1.79 10.80 180.0 

Rate of 110w (1./hr.) 

Time mi. H2304 NaOH gli. Time Catholyte no1yte 

600 .03 31.0 60 3.0 3.0 
120 3.0 2.5 
10 3.0 3.0 

Anolyte analysis; 240 3.0 3.0 
300 3.0 2.5 

pH at 5.0 /1. : 1.78 3b0 3.0 3.0 

L,Cr007 
6ì 

480 3.0 2.6 6. 

Na2Cr20. 
g 1.20 540 3.0 2.5 
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T1BLE 28 

RUN NO. 6 - CELL NO. 3 

Duplicate of Run No. 5 except total amperage = 100. 

Voltage = 6.4 y. C.D. 0.184 arnp./in.2 
Temp. 30-40°C anode head - 2 inches 
J. ml Fe304 1.028 ¡nl K2Cp2Ov7 cathode head e 1/16 Inch 

Ano lyte 
Time nl Fe504 Eq.IC2Cr2O7 ml K2Cr2O7 Net K0Cr2O7 Cr03 i/i. 

O l6.O 
705 15.94 lö.39 0.29 16.10 2b8.O 

Catholyte 

O ¿16.0 
705 14.93 15.53 4.12 11.38 190.0 

Rate oÍ ¿10w (i.,'hr.) 
Time ml R2304 NaOR ¿/1. T1&e Catholyte Anolyte 

720 8.12 27.8 60 3.0 2.5 
120 3.0 2.1 
180 3.0 2.0 

Anolyte analysis: 240 3.0 2.0 
300 3.0 2.5 

pH at 5.0 gIl. z 1.79 360 3.0 2.0 
420 3.0 ¿.5 

H0CrOv, 
A_ f = i 5 

480 
,' 3.0 2.0 

- 

N C 82 
. 

'*u Q.J r207 600 3.0 2.0 
660 3.0 2.0 
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