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1,

BTECTROTYSIS OF NEUJTRAT, SOLIUTIONS OF ZnSOq.

Furpose:

The purpose of the folloawing experiments wag to abtain
informations soneerning the eharaeter of the denosits the effi.
eieney,et e.in the elactrnlysis of neutral solutions of ZnSOQ.

Apvaratus and FProeedure:

The apparatus used eonsisted nf twelve elsetrolytie
eells eomneeted in series.Eaeh eell was eapahle of holding ahout
oxe and a half liter of solutiom.During the eireulatiom of the
solutien the elscirolyte was keont &t a c¢onstant height im the
sells by means of the followimg arrangement.An opaning was made
in ths end wall of the glass jar;and a glass tube,furnished with
a stepeoek,was bent 90 degrees at the extremities, but im eppo-
gite direetions.The glass tube wag next inserted through the ope-
ring in the jar and plaeed sueh that the vertion of the tube in-
side the eell renaimed vertieal.The glass tube was held im nlaee
and lsakage was prevented by means of sealing wax.The elactirodes
eonsisted of two anodes of lead and a eathode of aluminum.The
sathode was plaeed hetween the anodes and at a distanes of 1 1/4
of an ineh from ecaeh anode surfaee.The eathode plate was held in
pesitinm by bheing elamped im an aluminum bar plaeed aeress the
edges of the eell.By having two sets of esathode plates,one plate
sould be slipped inte the clamp immediately after the vemoval eof
ene plate for the purpose of stripping.The elesetredes were madse
such that the aeilve surfaes of the electrodes remained eight
square inehes.The eells were all eonne¢ted in series and the
eurrent was ohtained through a bank of eleetrie z)obes.By means
of the =leetrie globes and & rheostat the eurrent sould he
adjusted to any desired strength,as read om the ammeter insert.
ed im the eirsuii.The drep of voltage im eaeh imdividual eell was
measured by eonneeting temporarily the anode and the eathode with
& voltmeter.A eovnper voltameter was at first eonneeted in series
with the eells,but dune to the high voltage no satisfaetory re-
sults eould he obtained,and the voltameter wae disearded.The
eurrent was kept as constant as possible by means of the rheestat.
Great diffieulties were feund due te the faet that the surrent ‘
was frem time to time furmished by two differsent pewer plants
with different voltages.This invariably eaused a shange im the
eurrent whieh #s5uld not always he immediately eompemsated for by
means of the rheostat.The current densities givem are therafoere
enly approximate and the thesretieal amounts of zine deposifed
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are caleulated from the theoretieal amount of current whieh passed
through the apnaratuas during 48 hours.

Th= cireulatinn of the elsctrolyte was obitaginad by si-
phoning the solution from glass jars(7 litar eavaeity)into the
eleetTolytie gells,Eight hours were in most eases required for
transferring the elecirolyte from the feed cells. to the electro-
lytie eells.The purpnse of the siphons was twofold.They furnish-
ed a means of eireulation and gave a plendid stirring of the so-
lut ion in the electirolytiec e2lls.From the ovarflews in the e=lls,
the electrolyte dripned intoe funnels plaesd in large glass hot-
tles.In the funnel was placed a filter paper and an alundum cone
filled with zine oxide. The alundum cone served 4wn purpnses:

It served as a containe? for the zinec oxide and prevented the de-
struetion of the filter paner due to the impaet of the drepe.

The purpnse of the zime oxide was to keep the strength of the se-
lut ion the same all the time.Tt is a matier of faet that a eertain
amount of sulfurie aeid,equivalent to the amount of zinme depnsit-
ed,is always formed.Zime oxide is insnluble in water,but any '
sulfurie acid present will dissolve the zins exide and furmish

the same amoun’t of zine sulfate as was originally deeomposed.

Te prevent any aeid from eseape coming in eonfaet with the zine
exide in the alundum cones,an amount of zine oxide was always

left @ *he botinm of the bottles in whieh the solution was eol-
leeted.When the feed e=lls beeame empiy the stepeoeks were closed
and the solutions were pouresd frem the hottles intn the feed eells
Eaeh eell had a different strength of solutiom.The selutions were
made up by dissolving ehemieally vure zine sulfate in distilled
water.In this conneetion it sheuld be mentioned that a very rapid
and quite aceurate meathed »f determining the strength of the so-
lutions may be aecomplished by means of an aeenrate set of hy-
droneters. Tables of the specifie gravities of zine sulfate solu-
tioms are given by Sehiff Kehlrauseh,and ethers.Determinations may
be mades till less than on=2 tenth ef one peresnt,All the mxperi-
sments were eondueted for 48 hours.and without imterrupting the eums
rent.The latter should be earefuly avnided as the acid formed in
the eell immediately disseolves soms of the zine deposited on the
eathode.Only the zine was weighed whieh remained on the eathode
when the lattsr was pulled out of the selution.In the weak so-
lutions the bulk of the zine invariable remains on the bottem of
the e¢ell or floats on the ssliatiom.The strength of the sslutions,
the current densities,and the results obtained are found in the
following pages.Selutien lest due to evaporation.and deeompnosi-
tion was replaeced every day.
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- en e TH e nm TR TH we Y

Nr.of cell. Voltage. Currer t. Zn depasited. Strength -

(volts) (amﬁ- t.) (g-) of soluticn,

1. 6,2 volts. 4,5 1,904. 1/4 7 7nso,.
(17 'hrs. run.) (Znf7n0)

2. 3,7 volts. 4,5. 4,283, 1/2 7 2s0,.
(17 "nrs run)

3. 3,6 volts. 4,5. 6,305, 3/4 % 7ms0,.
(17 hrs run)

4. 3,4 volts. 4,5. 4,880. 1 7 7ag0
(17 'hrs run) _ 4°

5. 3,2 volts, 4,5. 4,463, 24 Zas0,.
(v hr:.fun) '

6. " 3,1 volts 4,5. 6,927, 3 4 ZaS0 .
(17 ’hrs run). | 4

7. 3.0 volts  4,5. 7,762. " 5 %4 7aS0 .
(17 nrs run). 4

8. 2,9 volts. 4,5. 8,880, 7,5 % 7ms0 .
(17 nrs run). : 4

9. 2,83 volts. 4,5. 11,026. 10 7 7ms0,.
(17 'hrs runj.

-"‘;""""‘"'-"f‘-"'-"--dﬁh'wd-c--‘t._;--_-u.--g._--_-.._....... -------------------------------

10. 2,79 volts. 4,5. 9 'rov. 12,5 % 73304
(17 hrs run).

11. 2 75 volta. 4,5. e 520. 15 % zns0,.
(17’ hrs run).

12, 2, ,71 volts. 4,5. 9,616, 20 7 7mS0,.

(17 nrs run).
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Nr. Theoretieal Effieienay. Ac*ion in esll.
ambun+ of Zna. ﬂ
1- ‘ l‘i 64 f,c 13,00 ;;(;o Qtronb evnl‘ltiﬁn ﬂf gas’A

foaming and budbbling.

s, 14 A4 . g. 29,25.%. Quiet aetionm.
3. 14,54.8. 43,07 ﬂ/,. Quiet aetion.
4. 14,64.5. 33,19 4. Ouiet ac*ion.
5. 14,R4.5. 30 49”:. Quiet aetion.
6. 14,5 4.2 47,31.4%. Quiat aetion.
7. 14 64.3. 53 02.9. Quiet aetinn.,
8. 14,64.g. 60 65.%. Quiet aetion.
e. 14,64.g. 75 Sl.ﬂ. Quiet aetion.
10. 14 64.g. 56 ,30.9. Quiet aetion.
1. 14,64.¢. 58,20.%, qQuiet aetien.

9. Quiet aetion.
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Nr. charaeter of deposit.

i?fw Black, slimy and very'porous nuss of zine whieh partly floats en
top of tne soiwiioa and partly sinks to the bettiom and eolleet
in a heap belew the cathode.?n exesedingly voluminous while in
eell.When dewatered a black slime is left.Strong formation of
7m0 takes plaee.The 7m0 forms a white,fiaxy edver ¢ver the solw
tiem.Some of the 7m0 sinks te {he bottom and intermingle with
the slimy Zn in the ecell.Much ZnO0 adheres to the eathode,ecpe-
elally at the edges and at the l1ine of contaet between the sur-

" face of the solutiion znd the+ cathods.Titile metallle Zn found
on the cathode.Deposit in eell did not seem to dissnlve rapidly

2. Execédingly moasy and scongy Zm.The soleor lighter than that of
the 7Zn in eell 1.Spongy mass tYormed whieh conneets the anode
with the eathode and the e¢athode with the hottom of the cell.
The zine adheres so loosely 'that the evolution of gas makes
the mossy Zn swing to and fro.Zn accumulated at bottom of eell.
No ZnO formnd.&pparently Iittle resolution.

3. Fime mossy deposit. Depoeit more stable and aprouts shorter than
in cell 2.7n oan bottom of eell.Mossy material covar entire eathd
de.Light gray color.Little resolution.

4, Measy material and long sprouts.The mass is more stable and
not disturbed by the formation of gas.Tess mossy material
around adges than in ecll 3.Zn on boitom of e¢ell.Tight gray eo-
lor.Little resoclutinn.Deposit ean be removed very easily.

5. Spongy and mossy around =2dg2s.0mnly ene shoru sprout.Bulk
of Zn at edges.’’n on bottom of eell.The Zn looks granular and
passes into solution rapidlv.

6. Mossy snd spongy depoait 3pecia’]y around -dges.Bulk of depo-
sit ut edgea.Deposit on th@ bottom of the e¢21ll is very muen
1lxe Ltnat in ¢2ll 5,but it does not seem to pass into saluien
80 rapidly.Gray color y1lttle lighter than that of the Zn in

eell 5.Earger sprouts than in eell 5.

7. Mossy deposit. Almost total depesit at edges.No "traes"
Deposit at bottom of ¢ell dimsolvs rapidly.Light gray celor.

8. Mossy dcposit ezpccially at edges.Light gray eoclor at edg!s.
Thea d~pesi onn the bottom ot the c¢cll did not seem to alssolve
“i luyauLJ a® o Qopo8ic 1A eell 7 aid.

9. Mossy deposit,but not so mueh around edges.Edges of a very light
gray color.Deposit quite songeet.Devosit on vettom ef e=ll,

10/ Measy deposit,sspecially around edges.Deposit on bottom of eell
dissolved rwpidly. Light gray eolox

11. Mosgy deposit,espeeially around edges.Stromg resolution.

had ol o XL R R R

W e G e BT B B SN e G G S AT SR PN BN G B S wt G BV MR Y N B T G e B G G BR W T O Ga Ge S O TP G T fw T r Ov G O B SN N GC G0 TR G o6 we

W SV dm P AT BE SR N S aw S SR S R GE N PO e ED G U G4 e e S PR Tw e S GE S P G e e B O G G B6 T BN B B e S W W G 49 N DO

12. Messy at edges.Quite large sprouts.Strong resolution,
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Table 2.

Nr. of eell. Voltage. Current 7n deponsi+ed. St
(vo1ts). (amp. aq,-,.) g tion.

1. | 5,8. 9,0 0,805, 1/4 % x,n‘704.
(15 hrs.run)

- 7 T T T g 6 8 % N T~ TE TS S YH M5 M8 8 T TE TR TR 7% MR TE TR ITE A e S8 TR TR E TR T T TS N TR TR TN T TS T e B B W "8 mw e e 4 Fm D3 Im Om as e TR

2. 3,8. 9,0. 3,509, 1/2 4 7nso .
{15 hrs.run). 4

- - T v G U Gl P TR W Y T G W YIS N T SN A B VR S TE TR TR TR NG WV b AP FN TS W TN TS e 42 M WA TN ST A e S T T O S R D e s M e PR 8 ek el G B D M O G D O P

3. 3,7. 9,0. 5,452, 3/4 7 zns0,.
(15 nrs. run).

R ERER OR G I VS N T T W R P GBI S0 e TS A QI O O et G 8 I S SE M AN TY WS TR T T T TE I 4 e WS S A % @i C% B TW T TD M8 SV A U8 FW RS PR AW OB MR OU FB OB W e el

4. 3,65, 9,0. 5,936, 1% nS0, .
(15 hrs.run).

5. 3 45. 9,0. 17,719. 2 94 7nS0 .
(15 h-s.run) 4

6. 3,37, 9,0. 16,325, 3 7 7nS0,.
(15 nrs.run ).

Ry T AR WP TE R N S TN S TS B GD N TS 4 WE WD W WD SW A E TS T T "W O O IR T OR TH TR wl T TS O T s e ST CH M TS G S SR ST WD PV S R MR AP S IS LS M A NS A A PO PR i

‘70 5,370 ,9’00 25,505. 5 % ZnSO4.
(15 hrs.run). .

8. 3,50, 9,0. 25 570. 7,5 % 2ns0 .
(15 nrs. ran). 4

WD TR T TR MR S W R R WG NS G TR TE TS T ST O TS SH T T e TR T r T W T R G W T S P R I S W D e S RS T A e e e -.-—--- o e T e " " .

9' 3 17. 9’0. .9'7 1050 10 c’v Jngo [ ]
(15 hrs.run)

T TR T MM G CIUR TR BN — W U T M U NS S TN re AP i e A BN S T 3 S S e T D D ~p B S G S T T I xS au Ak Al O B0 4 e O8 S md of WD Sm ew P TN AU e N LD S WS

10. 2,80. 9,0. 25,530. 12,5 % 7nSo,.
(15 hrs.run) .

GO S T e e v e B M Y N TR W S R W MG W TS W I T T TR W Y P® Zm U e b e~ e = Y o v 8 . --al-ﬂnnn-‘nn—-nnmn-ﬂnn--—---‘

11. 2 80- . 9,0. 25 552. 15 /0 sto4.
(15 h?s.ruu) .

12. 3,00. 9,0. 26,479. 20 4 2nS0,
(15 nrs.run).
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8.

Nre. Theoretieal Efficiency. Acton in eell.
amount of 7Zna.

1. 29,28 g. 2,"5 %. Quiet zetion.
o, 29,28 g. 11,98 %, Quiet aetion.
z. 29,28 g. 18,52 4. Quiet aetion.
4. 29,28 g. 20,27 4. Quiet astion.
5. 29,28 g. 60,52 %. Quiet aetinn.
6. 29,28 g. 55,95 %. Quiet aeti on.
7. 29,28 ¢. 87,11 %. Quiet aetion.
8.. 29,28 g. 87,69 %. Quiet zetien.
9. 29,28 g. 92,55 %. Quiet aetien.
10. 29,28 g. 87,19 Z. Quiet astion.
11. 29,28 g. 87,26 %. Quiet aetion.

aetion.
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Nr. Charaetsr of deposit.

1. Mossy material which pdr+1y floats on +op of the solution and
partly sinks to the boitom and collects in a heap balow the
ecathode. Exeeedingly porous and voluminous material.Somewhat
less slimy than th2 Zn obtained in e=11 l,exp. 1l.¥»n rapid
resolution-

2 Almost en+ir~ deposit in the form of sprouts on the edges of
the cathode.The mossy deposit falls off and collects on the
vottom of the eesll.Deposit of a lighiter color and less porous
than the deposit obtained in ce11 1l.No Zn floating on the sur-
faec No rapid resolution.

3 The sprouts are not quits as modsy as in cell Z.At hottom of
cell are sprouts which have fallen off.Dark color.No resolution
Zn erumbl-s on- b-ing removed.

4. Deposit very much like tha+ obtain-d in cnll 3 but +hp deposit
is heavier of the eathode.,Sprouts on bottom of cell The color
is darker than that of the 7n in cell 3.Mo rapid resolution.Zn
erumbles on being removed.

5. Smooth depnsit and feww prouts.Tight gray color.ONly a few
sprouts have fallen off and collected on the hottom of the
¢cll.The Zn on bottom of eell dissolves rapidly.Mossy material
here and there on the eathode.

6. Deposit very much like that in eell 5,but the sprouts are 1onha'
and more stable.No Zn on bottom of eell‘Depoei+ smooth but for
a few pits and very small sprouts at the edges.

T Deposit not very even.Very 1ittle sprouting except at lower
edz=. Sprouts of mossy material.PDark rim at surfaes of solution.
Sprouts very short.Light gray c¢olor.No 7Zn 6n bottom of ecell.

8. Deposit not as smooth as the deposit in cell 7. Deposi+ not very

even.End sprouts,espeeially at lower =dges Mossy 7n near surfae

of solution.Spots of dark,mossy material on cathode.night gray
¢color ef bulk of Zn.No Zn in eell.

T S 50 St ST G e 4 S WY D SR R RGP ST GL OB G GF BT BT PP~ Gd B T G e TP BN e e e S R S G S Se Gh T P e S S W e AR T B P e SN WY SV G s B Gr Su O AR W S O age

S. Light gray e¢olor.Deposit quite smootha bu+t not even on one side.
Deposit stightly pitted.No snd sprouts exeept at lower edges
and at corners.Sproute small.Yronouneed edge of mossy at sur-
face of solution.No Zn 1 n eell.

10/ Light gray deposit.Desp vertieal furrows.Net many end snrouts'
and only at lower edges and corners.Dark rim near surfaca of so
lution.¥o Zn in cell,

11. . Deposit not very even on ens side.Vartieal furrows no% so pro-
nouneed as in eell 10.Moere sprouts than in eell 10.Light gray
eoclor,but dark line near surfaece of solution.Ne Zn in cell.

12, Deposit sven but not smooth,although the vertieal furrows are .
not well prenouncnd.At edgﬂs is found a rim of glebular spreuta
crowdsd at eorners.Light gray eoler,but a rim of mossy and dark
xtals at surfaee of gsolution.No 7n in cell.






Table 3. e

B T3 i o ol s WL p el D o o D S N

Nr.of eell. Voltage. Current. 7n denosited. Strangth of
(volts). (amp.sq/ft.) S solution.

- T M g W W VS M TS MW TV Tm Um "8 FE o6 i~ T T T TR S 7w e 7 T T T TE 8 D8 Gm D O TN OU Gn T8 TR UG TR Su He Cu OB S e TS 0w e e TE TS 08 Tw e ne me e el S8 a

1. 7,10, 13,5. 1,700, 1[4 & 7ns0,.

OB e R TRV TS VR s TR R S T WD WE S T WE G5 G S AP e O M N TP SN O S SP D 8 P e %l Sl o T SR e 8 8 0 Tt R i W h R e e T & 0 ~® SO W T G 0% [Wh 2 TR T ~am

3. 4,30. 13,5. 9,773. 3/4 % 7ns0,.

/9

4.  4,40. 13,5, 9,249, 1 4 7nS0..

R ST W T W TE TS TE e M TE W TR VEM T TN TS T W A T TS TN TR R TR T W TN W B 9 T T O TIR R T 0N O T SIS TR MR T T MR T8 N O (N PO MR MG OR HS OF OB OB S5 0O TR We U he 8 vR S

s 3,30. 13,5. 37,979, 5 % 2nsS0,.

5 T TR W T T TE ME R TR TS TS TI T WS TS I W THR S TG YR Y TS I T W M Su T TS i O I8 vi T 50 P TS M 0w > AR NP T mE T WS ME We M v TR G Gn o M SR = TR e DN 4R Be DB S B S vER

8. 3,10, 13,5, 40,475, 7,5 % Zns0
9. 3,15, 13,5. 41,141. 10 9 zns0, .

TR RO MR TS L T MR SN SR M RS TR S TS TH TE I e TS T M W WA Frm i =5 Y1 B TS D B TG T S R me S WS M W D6 R TE IR YR WS T MW O TG A DI T cl S S 0% e TW SE TR TR r TR RS T SN SO

10 3,00. 13,5, 34,584, 12,5 £ 7nS0,.

TP TETH RS S A MR TH 7 T et 5 o M T T TN e ey e R 8 P TR TS T T TS TE MG TH PG 4e e TS B BE 6 WS TR B e T8 ME OB WR TS 48 8 W e T 06 Ty D A M NP AR A8 SN Ve e W v o e

11. 2,90. 13,5. ‘ 38,627. 156 % 2nS0,.
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Hr. Theoretiesl Efficiensy, Aeton in cell.
amount of 7n.
1: 42,92 g. 3,87 5. miet setion,
2. 43,92 g. 14,69 %. Quist action.
3. 43,92 g. 22,25 9. Quist aetion.
4.- 43,92 3. 21,05 4. Quiat ac*‘ion.
5. 43,92 g. 50,82 %. Quiet aetion.
6. 43,92 g. 68,43 7. Quist aetion,
n. 43,92 g. 86,47 7. Quiet aetion.
8. 43,92 g 92,16 7. Nuiet actinn.
9. 43,92 g. 93,57 4. Quiet aetinnm.
10. 43,92 g. 8,74 %. Quiet aetion.
11. 43,92 g. 87,95 %. Quiet aetion.

12. 43,92 g. 89,03 %. Quiet aetion.
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¥r. Charastsr of deposit.

1. Mossy and exesedingly porous 7Zm.The 7Zn partly floais in the so-
lution and nartly eolleeis nn the botitom 2f the eell.When de-
watered and dried the “n 2rumblea into dust.Some 7n0 with the
fine and mossy deposit on the eathode.Th=a 7n is difficult te

r-move from the cathode and much seraping is necessary.Gray
color. .

- v s b 8 8 b ot ¥ =6 M S TR TR T ST B TE TN TR W O W TR © T TS TS e M8 0w €% CH Cm Ch e N TR N TS B TH DM (W Tw 78 TW 38 08 TR M M8 e S W 30 0B 2w s e

2. Very mossy and porous 7Zn.The bulk of the 7n falls off and col-
l2ets in the 2211.Deposit on eatnrode heavier than in eell 1.
Deposit does not erumhle as easily as in eell 1.Gray color.

PG N TR TE e A T TS Ve TS TR Te N TE TN TW TS TE TW TR Tm TH M vw TR YW e e W rY e ew T S W TE T T TR SR TE TN MG R Ou Te T e T T W G e O O T TS TE MG OW WS MG Cw T WO W v sl
3. Spongy and mossy deposit.Deposit sticks hetter to the cathode anl

does not crumble 30 =asily as the denosit in cell 2,Mossy sprous
fallan off and colleetad on hottom of eell.Some 7n has a bright
metallie lustre.Gray color of the bulk of the denosit,

4. Mossy deposit of a darker eolor than that in cell 3,Sprnuts fal-
len off and colleetad on bottom of cell,

WD P R S S M W Y I T G Tul e e T G R N8 XA ONR AR R SW TR I T M TR T TR T NG M W TR TE TR S TN N TIA TW IR TW I o P e TS T e T TR e il e mE e T MG e g R T e S S B T e

5. Deposit mueh nmore eonmpact than in any of the previnus eells,
Tight gray,pitted devosit with patehes of dark,mossy 7n.Tlarge
gprouts.Sprouts fallan off and eolleeted in eell,Sprouts ars
"tree® l1ike.The rim of adge sprouts is not very pronounesd.

6. Deposit quite smeoth and with a high rim of of edge sprouts ,
erowded at corners.Syurouts at corners "tree" 1iks and gquite sta-
ble.,Some sprouts om the bottom of the eell.

Ve Light gray,stightly pitted dannsit.A few small sprouts here and
there on the cathode plate.Vertieal furrows very 1little pro-
nouneed. Edge sprnuts all around.Sprouting greater at lower edge
and enrners.Sprouts not very large.Dark rim near the surfaee of
the solution.

8. Deposit, wery pitted on the eathode plate.BEdge sprouts largesr tha
in cell 74but nnt so0 crowded at eormers.Light gray color of de-

posit.
9. Deposit very pitied,but the pits are much larger than they were

in cell B.Rim of edge sprouts not very pronounced.execept at lower
edges and at the corners.Color somewhat darker than that of the

Zn in e¢ell B.Dark rim at surfaes af solution,

10/ Very promouneed,vertieal furrows and sprouts whieh,on the eatho-
de plate,has been shaped by the assending gas bubbles.Heavy
rim of dark and light gray edge sprouts of mossy apnearance.
Celor of deposit rmuech darker than that in the previous eell.

11. Light gray deposit whieh is almest smooth and whish has a rim
of large,globular edgs sprouts.

12. Deposit on cathodé plate very nuch like the deposit im eell 11.

Rim of edge sprouts is however, veary heavy and sprouts are less glo-

bular and mores like moss than they ar= ia eell 1l.Tight gray
deposit.

- .
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Tahle 4,

¥r. of eell. Voltage. Current, 7n depngited. Strength of solus

(volts.) (amp.sq/Ft. ). . tion.
——————————————————————————————————— """'"‘"""—""—-"——"'"——'“-——;,—-—————-»—--.
l. 7,0 18- 0,7480 1 4 ] ZHSO‘}.
2. 5,5. 18. 5,750. 1/2 7 7as0 .
3 5,0. 18. 7,598, 3/4 1 7nso,_.
i 5,5 18, 9,305. 17 7as0 .
5. 2,5. 18. 33,835, 2 4 7ns0 .
6. 3,5. 18. 39,610, 3 7 7ns0 .
7. 3,5- lﬂ. 41,9900 ‘5 ;}‘Z 7)13))0
8. 3,0. 18, 42,877, 7,5 4 7ns0, .
go 3,3- lplo 43,6209 10 /'J 41’1504-
10. 3, 4. 15. 34,120, 12,5 4 ZnSO4.
11.° 3,2. 18. : 44,165, 15 7 7ns0,.

12. 3,0, 18, 44,190, 20 780, .



Table 4 (ennt).

¥Nr of eell. Theoretieal Effieiency.
anmount of 7n.
1. 58,55 g. 1,28 4.
2. 58,55 g. 9,82 9.
3. 58"36 g- 12,97 /O.
4. 52,55 g. 15,89 4.
5. 58,56 (. 57,78 4,
6. 69,56 gl 6"’64 /0.
_________________________________________ P SRR L L e LD
7. 58,55 e 71,70 4.
8- 58’66 g. 73,»«? /9.
9. 58,55 G. 74,49 %,
10/ 58,56 e 61,58 4.
11. 52,565 g. 76,42 %,



Table 4(cont). 17.
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1. Very spomgy and nossy zine whie ' h floats om the solution amd eol-.
leets inm aheap below the eathede.Exeredingly volumineus.NDeposit
erumbles when being removed from the eathedse.

2. Mossy zime.Colorx 11whtor than that of the zine inm cell t.7%ine
very voluminous.Zine does not crumble wher being removed.
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3. Deposit very mieh like that inm eell 2,but is heavier.

- O e G R e R T s "G ED e Sw TS Wm S

5. Targe "trees" at eorners.Edge sprouts.Many small sprouts en ene
side of the eathede.

6. Light gray denaqit Heavy edgs sprouting .Depeslt only smooth on
en= sidse.
7. Rim of =dge sprouts.Deposit qulte smooth.

8. Rimr of =dge spreouts neoet se well prenoumsed as im eell 7.Deposit
quite smoeoth.

. 9. Edge sprouts little prenoume=d.Sprouting heaviesr on lewer edge.
Livht gray dep@sit Dep s8it quite smonth.End sprau+s globular.

10. Heavy rim of dark ¢nlared,meossy end sprouts.Depesit om eathode
slightly fuvrewed vertimally.Jibh gray and pltted deposit.

11. Heavy rim of lebular edge sprouts,esneseially at leow er edge and
at corners.Tight grax denosit.Deposit smaenth.

WD A S L TS D WS WS M WS D D s OGS S S T TR T Gm YO YD MU e T e S T T G5 G YD D RS T 40 S5 sy T N D O S0 WD R me 0N BF A FD ae U5 D U G0 Gh e w S8 e TO au B0 S S e SN SRS

12. Very prenocune=d edg= of sprouts.Tight gray desnoesit.
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Table
¥r of eell. Voltage. Current.
(volts). (amp sq/f+)
1. 16 ,0. 22 5.
2. 4,8. 22,5,
e 4,0. 22,5.
4. 3,8- 22’5.
5. 3,6 22, 5.
6. 3,0. 22, 5.
7' 3'60 22,5-
8' 3,'7¢ 22,1 *
9. 3,3, 22, 5.
10. 3,3. 22,5.
1l. 3,0. 22 5.
BSR z,0. 22,5.

19,

7n depositaed. Strength of

slutien,

EC = GE ST O e v S e - o e

0,130, 1/4 4 7ns0 .

O s . T ED G On e T T S TR G WP W R G T A D W ax T e e D SR en O n On YN

4,940, 1/2 4 7n80, .
" B,082. 3/a Z mso,.
T Twome2 1% amso,.
27,000, 24 mso,.
" Tsso00. T B
3 4 TH50,.
T Uss s, 574 7ms0,.
T se,132. Tn5 4 7ms0 .
TTas,sm. 10 % 7mso,.
T is,ans. 12,5 7 7a30 .
T ss,692. 15 7 7n50 .
" ea,ama. . 208 ;ﬁéa;'f"""
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Table 5(cont).

. A R P ot T e " B e G e R Cw T W

Nr of e=ll. Theor=tical Effiecieney.
amount of 7Zn.
1. 73,20 g. 0,18 4.
2. 73,20 z. 6,75 4.
3' ’?3’20 g- 11’01 /O-
4. 73,20 g. 14,74 4.
5. 73,20 g. 35,38 %.
5. 73,20 g. 72,40 %,
7. 73,20 g. 76,19 %.
.d—-“————--’--—"i-—_—'——--l_-—-—_’-"-—"“.--~-:~-;—/ ----------------------- —
8. 7‘3,20 g. 76,1)8 /Ig.
9, 73,20 g. 62,19 %.
10. 73,20 g. 66,22 4.
11. 73’:-40 go 76’0% /Do
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Table 5(eon*)

Nr. Conaltien of deposit.

1. Blaex,szny zine 110a+1ng in +he eell, "trong evolution of gas,

2, Messy,zpongy deposit whieh erumbles when being removed from the
cathade.Bulk of zine irn the eell.

3. MNossy,spongy deposit which erumbles on being removed fron the
eathod e.Bulk of zime in the eell,

- o T W Y Ba Py s D @ O O G e e G G Tx G n G G2 S S TT Gn o= G Gn G5 G- n G B e BT P G5 BT O Gt B B O g BT OF 67 €3 G1 Ge B G4 Sa e Sn Ov S G W o W S G

4. Mossy,sponygy zine.Bulk of zinc falls off when sprouting.Deposit
on eathode smooth and of a lighter eoleor than that of the zine
in previous eell.fOnly little sprouting on one side of the eahode.

5. Targe "trees" and mossy deposit at edges.Sprouts over the entire
surfaee of the eathode.Dark gray ecolor.

6. Light gray deposit.Fitted and mueh sprouting.Rim of =dge sprouts.
Clusters at corners.

7. Ome side very smooth and free from any edge spreuts.Oppoesiteside
eovered with a great number of small sprouts and has a rim of
edi;e sprouts.Depoesit thin en the smeoth side ,very heavy on the
ether side.

D S Bk G T AT GO PR T N TP Gy G e BN P OGP ON TP G SR e WP G G . P G B DS N T G B gn TR e B A G O U P o PSP O O WP S B TP O @ an B n W WD Tu B WY OF Go o> O THD
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8. Light gray depoesit.Slightly pitted.Rim of edge sprouts. .

9. Iibh* gray deposit .Omall) sprouts all ever the e athede.Rim of
edge spreouts,

10. Tight gray depnsit with a rim of mossy edge sprouts.DNeposit smooth
on one side.Spre uting on the ether s ide.

11. Heavy rim of glebularedge sprquts.tibht gray enler.Deposit quite
smooth,

12. Depnsit pitted and furrewed vertieally.Very pronnune=d edge
of sprouts.Tight gray eoler.:
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Table 5 .

tal column:-RBffe.

Horizon

uma: -Str. of sol.

col

Vertieal

80 4

70 %

60 %4

50 4

40 %

SRR

4

0

3

7

20

.P.Co.

5m}-8—]1%—1§

E

Form

Z

o ©



R3.

Table 6.
Nr of eell. Voltage Current 7n deposited Strength of
(volts) (amp sq £t) &. solution,

1. 22,0, 27. 0,240 1/4 4 7nS0
2, 5,2. 2. 4,70% 1/2 % 7nS0 .
3. 4,4. 27. 9,527, 3/4a 4 7880 .
4. 4,2, 27. 12,300, 1 % 7ZnsS0 .
5. 4,2, 27. 24,330, 2 74 7080 ,
6. 1,%. 27. 36 5?0. 39 RS0, .
7. 3,4. 27. 49,637, 5 4 ZnS0,.
8. 3,6 27. 66,570 7,5 % 7ms0 .
9. 3,0. 27. 68,870, 10 7 7w80,.
10. 3,1. 27. 58,890, 12,5 4 .Jmo .
11. 3,2. 27. 57 990 15 % 7ns0,.



Table 6{eont).

Nr.>f e¢=11l. Theorstieasl Efficieney.
amount of 7Zn,
1. 87,84 g. 0,27 %.
2. 87,84 g. 5,36 4.
3. 87,84 g. 19,84 Z%.
ER g e NS B g Mt VI R e s WE G CW NP W TR R O S e TS T S A e e e e e --——-‘-:; ———————————————————————————— - -
4. 27,84 g 14,0 0 Z,
5. 8’7,34 g' 27 ’70 ,’O.
6. 87,84 g. 41,35 4.
7. 87,34 g. 56,51 %.
8. 87,84 g. 75,79 %.
9. 87,84 g. 78,17 %.
10 . 87,84 g. 67,04 %.
e e A NS T VB WA U A an O W RS T : -------------------- ; -------------------------- - o
11. 87,84 g. 77,34 %.



Table 6(cont).

L LR R LR S R P I S e -

Kr. Charaeter of deposit.

1. Exeercdingly mossy and spongy naterial whieh ¥oats in tha cell.

2. Spongy amd mossy material.Bulk of zinec im the eell.

3. Very much like the de;osit im e~11 2 ,but the deposit on the
eathnde 1s heavier.Zine does not erumble on heing removed.

4. Light gray devnosit.Mespy sprouts on the surfaee of the cathede
Zinc doss not erumbles when heing removed from the eathods,

5. . Mueh sprouting a*t 2dges.Sprouts are mossy and fan shaped.
Light gray deposit.Deposit nn eathode iz quite smooth.

. B S e S B R BT B T s T ST W B e S A BT B G B Gk SR G6 @R W S G R BT B B S e R e Se T O Gw Gw m A W S e R Gy WS OF v e B B 7w G G g SR

6. Mueh sproubfing at ecatfiods surfaee and at edges.Targe clusters
of sprouts at eorners.Light gray deposit

7. Mueh sprouting at eorners and on the eathode surfsee,Tight
gray derosit.

8. Light gray devosit.Depoait very smoo h on oen~ side »f the
eathode.Much sprouting on the opposite side.Thin deposit om
smooth side.Heavy devosit on the onpesite side.

. TLizht gray deposit.EBdge sprouting only pronounesd at the low-
er edge.Deposit deeply pitted on one side,

10. Tigh- gr.v deposit.-Heavy rim of mossy edge sprouts.Cathods
surfaes smnoth but for a few aprouts.

11. Light gray devpnsit with heavy rim of eompaet edge sprouts.

12. Very heavy rim of ﬂompaet edge sprouts.Much sproutimg om sur-
face of eathode.
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Table 7(cont).
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Nr.of eell. Voltage. Current, 7m depssitzd. Strength of
(volts (ams q]ft). PR solution.
1. ‘ 18,0. 31,5. 1,432 g. 1/a 7 730, «
2. 4,6. 31, 5. 4,302 g. 1/2 7 7850 .
3, 4,8. 31,5. 11,200 g, 3/4 4 7ms0,.
4 4,7 31,5, 14,935 g. 1 7% 7as0 .
5. 3,6, 31,5. 38,455 g. 2 74 7as0 .
6. 3,6 31,5. 48,980 g. 34 780, .
7. 3,8. 31,5. 79,0 40 g 5 % 7nSO,.
8. 3,2, 31, 5. 84,260 g. 7,57 7aso,.
% 3,0, 31,5. 91,855 g. 10 7 7xSO,.
10. 3,0. 31,5 . 51,275 g. 12,5 % Z»S0,.
11. 3,4. 31,5. 82,070 g. 15 % 7aS0,.

A T S s M S A T S ot M o S A D WP T G N AR N MR a7 W e W Ge Fm Pm e AP M M P e AL S A e T W D A B SE PG ER T T 4R RS SU =8 e % W NS be TS W w N



Nr of eell. Theorstieal Efficieney.
amount of Zn.
1. 102,48 g. 1,39 %.
2. 102,48 g. 4,20 4,
““““““““““““““““““““““““““““““““““““““““ ‘;}"—‘—'N“u“n—-‘-—-""—--‘-—--'—'———-
3. 102,48 g. 10,93 4,
4. 102,48 g. 14,57 4.
------------------------------------- :H;-------_--—--l.“-—nnl".—- -— .
5. 102,48 g. 37,52 %,
6. 102'48 ae 4'7,80 joe
7. 102,48 g. 77,13 %,
80 102'48 g- 82,22 /00
9. 102,48 g. 89,63 %, |
10. 102,48 g. 50,03 %,
11. 102,48 g. 80,08 4.
12, 102,48 g. 84,17 %.

Table 7(¢ont).
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Table 7,

Nr. Charaeter of deposit.
1. Exee+=2dingly spengX and mossy motarial whieh floats in the

eell and colleets kelow the eathede.Deposit very voluminous
and of a dark gray eolor.Foaming and dbubblinmg,

P ot B TR S S am R E P UM e W DH T TR WS TR T TR PR e S SR T M i TN P CW TG M0 M SR W WS Cut S e TR TR S R e e 3B e TP TR YR S TS TE B WS ve we W RS B g e W W (W

2. Deposit very m uch like that in e=11l l4,but more stable and
of a lighter eoler.Deposit does not grumble so sasily wheh
being removed from the earhoede.

13, Depnsit sirsilarte the deposits in the previous e=lls,but mere
stable.Bulk of zine im cell,

4. Celar nf de magsit mmeh lisghier than im +the previous eases,
Depoait en eathode quite eompaet.Muech sprouting at edges.
Zincon bhotitom of esll.

Se Long ,mossy,and fa2rn shapesd sprouts at the s dges .Cathode
surfaes eovarsd with small sorouts.Bdge sprouts adhera very
loosely.Deposit on eathede quite enmnaet and easy to strip,

S BB T IS S YIS WS TR T WD WD TR R N W et e TP G e T ut e SO I M TR MDD TR Do e R G RS 00 OR TO WD S8 S8 TW TR s u A w T G YD ND K0 PU A PE  BR NS M O NS MR e S0

e Light gray deposit with mossy and fern 1like ~dge sprepts.
Mueh sprouting on surfae= of eathode.Edge sprouts muech more
stable than in e=ll 5.

7. Dark gray deposit.Very long mossy,and fern like edge sprouts.
Sprouts over one insh lomg.Bulk of deposit inm the form of
sprouts.Deposit on eathode vlate quite thin.

8. Light grax depogsit.Depesit quite smonth om endeside heavy
and cover=d with eonpaet,globular edge sprouts on the other
81 de.Only edg=+ sprouts on one side of the eatheds.

9. Light gray deposit.Depasit quite smooth on onme side,
eonapact and glebular spreuts om theother side.Rim of ecompaet
edg e spreuts.

10. Eptire gathodeeovered with mossy spreuts of 1ittle stabi-
1ity.Few edge sprouts.Sprouts shapad by the bubbles.

11, Tight gray depnsit.Heavy rim of glebular edge sprouts.Smaldl.
sproutcs on th= entire eathods surfaes.

12. Tight gray deposit with a very promouneed and sompact rim

of globular edge sprouts,
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Table g,
Nr of gell. Voltags. Current, 7n deposit=d.Strength of
(volts), ({amp.sg/fs). c. solution,

1. 10,0. 36. 1,825. 1/a % 7mso0,.
2. 15,0. 35. 0,607, 1/2 ¥ 2;554:
2. 7,5 . 36. 8,770. 3/a 7 2850, .
4. 7,0, 36. 12, 920. 1 4 7080, .

5. 5,2, 36. 35,035, 2 7 7ms0 .,
6. 5,0. 36 29,780, 3% 72nS0 .
7. il 5,6 36. 50,670. 5 %4 7nS0 .

a. 4,8, 36. 82,477, 7,5 % 2ns0,.
9. 3,8. 36. 93,810, 10 4 7aSO .
10/ 4,2. 36. 65,620. 12,5 % 7ns0,.
1. 3,5. 36. 85,050. 15 7 7ZmS0, .
12. 3,0. 36. 85,109, 20 % 7nSO,.
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Nr of cell.

Table 8 (ennt),

Theoretioal
amount of Zn,

Efficieney.

e O o o

ow A So B Bm Sl W T B i B B G B e S B G B T G AL B e G Th P G P e M e G Gm e G o TR RS G e A e e e S B S Si Bh G P PV W GU G Y W o v Sv o tn e e

10 117’12 ge 1’55 /9.

2. 117,12 g. 0,52 %.

3. 117,12 g. 7,49 4.

4. 117 ’12 gn 11,0" /Do

-—.——w-unw—————un-:-u: ............... . W W e W ‘} ————————————————————————— -
50 11!,- [ gc 30,00 ,"’o

6. 117,12 g. 25,43 %,

7. 117,12 g. 51/80 #.

8. 11'7,12 ot 70,4.. Ve

e P W Y N g e W @R P B O T G T B e W B Gk W S G S U B B Gn D v w e e W -;/ ———————————————————————— -~ o -
9% 117,12 g. 80,10 %.

10. 117,12 g. 56,03 .

11. 117,12 g. 72,62 %.

12.

117,12

£



Table 8. (cont). ‘ 33.

Nr. Charaeter of deposit,
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1. Mossay and spengy material whieh sollects in the eell and
fleats im the soalution.Dark color.Very voluminous.7n erumbles
when heing removed from the eathodé.Bulk of zine in eell.
Foaning and bubdbling.

2. Deposit very much like that im ¢ell 1l.Spengy and mossy ma-
terial whieh floats in the eell.Tittle zine om the cathode.
Deposit erumbles easily.Dark eolor,

3. Mossy and spongy material, bt more stable tham in any of the
previous eases.Dark eolor .Bulk of zirne in eell.

4. Celor of devnosit lighter than in previcus ease.Deposit mueh
nors stable than in e¢ell 3 and does mro%t erumble when being
removed from the eathode.Bulk »of zine in cell.

5. Spreuting over the netire eathode surfaee,Mossy and spongy
edge sprouta.Edge sprouts adhere very laeosely.

6. Sprouts on cathode surfaes very small.Targe,messy,and fern
1iXa sprouts at eorners and at the esdges.

7. Large,mossy,and fern shaped sprouts at edges and on cathede
surfaee. Sprouts adnare very 1oose1y.

8. Light gray devosit.Heavy rim of 51@bula* and eompac* edge -
sprouts.One side of the eathede ecovered with sprouis,oether
side of eathode smooth.

9. Heavy rim of eompaet and globular Pdge sprouts.TLizht gray
deposit.Deposit smooth and thin on one side,heavy and ece-
vered with sprouts on the eppeosite side.

O o P o P PR G e W G G G N G S T G G5 Sy T G S e G G ST U P P WD G S ST G 4w G B B PR PR e G G OF OF O ¥ S 00 BB S OV O OB du Gp SR T N O o W A WP &

10, Heavy sprouts at =dges and on the eathode surfaee.Sprouts
shaped by the bubbles.ﬂolor darker than that ef the zine in
cell 9.upreuts may easily be broken off,

11. TLight gray deposit.Heavy rim of large,glebular,and very eom-
paet edge sprouts.Sprouting on eathede surfaee,Surfaee alse
have traees of the gas dbubbles.

1z. Very heavy rim of large,eompaet edge sprouts.@mn= side ef the
eathode hsaavy and eovered with globular sprouts,opposite
gide smooth and thim.Tight zray eoler.
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Efficiency-surrent density ecurve.
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Stremgth of solution:-1/4 4 7nS0, .

Vertieal eolimn:-Effe.

Horizontal columan:-Amp, pr sq/ft.
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36,

o+

Effieieney-eurrent density esurve.

Stremgth of solution:-1/2 % ZnS0, .

Vertieal e2lumn:-Effe. Horizontal column:-Amp, pr sq/ft_
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4,5. 9,0. 13,5, 18,0, 22,5. 27,0. 31,5. 36,0.




Effieieney-current deneity eurve. 374
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Strength of snlut.’mn:-s/tl % 7ns0 .

Vertieal eolumn:-Effe. Horizontal eol mn:-Amn, pr aq/ft.
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Effifeieney-current densit
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Efficieney-current density eurve,

G e D T R e N G D W e NG P S S e T e e St NN Gm e P G D et e e me S S e T TS R w re e

Strensth of salutim:i-572% ZnSOa.

Vertieal 2olumn:-Effe. Horizontal eolumn:-Amp.pr sq/ft.
90 % ! T FA [ T
8a % '
78 7%k f

60 %

=~

54 %

48;%

42 Vid

36 7%

30 ;z

24 9

18 4

O /e S
4,5. 9,0, 13,5. 18,0. 22,5. 27,0, 31,5. 36,0.




42,
Efficiency-surrent density curve.
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Effieieney-surrent dans 1ty eurve.
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Efficiency-current densiiy curve.
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¥y curve,
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Comelyainna and Remarks.

It will be notiesd that in six eases out of eight the max-
irmum efficiency is obtained with a 10 % 7Zn80 . solution.The high-
ast efficiency(93,67‘%) is gottenm by using a“esurrent density of
13,5 and a 10 F ZnS0, soluytiom.The lowest effieismey is im all ezse:
but one ohtained with a 1/4 7 s2lnution.It is an almnzt universal
rules that the affielency inersases sieadily from 1/4 teo 10 4 solu-
tiona.In avery ease a drop in the effieiency 1s fonund wwhen using
a 12,5 % gnlutinn.,With still sironger solutlons the effiecleney agail

inersases.

The vary weak solutions(1/4 to 1 7 )all givs the best ex-
tractions with a current density of 4,5.amp.In regard to these so0-
lutinns we notiee 2 markakle decrease in afficieney with a enrvent
density of 9,0 amp.Then follows an 1merease,and with st111 stromg-
er eurrents the efficiency decreasss correspondingly im almost
every ease.Concsrning the weak solutioas withx much syprouting it
should b= kept im mind that the surouts adhere so loonsely that
with exactly the same conditions probably not two results could be
made to cheek eaeh othar exaetly.The eurves show, hewever a re-
markable similarity.

With solutisns of 2 ¥4 7ZnSO, and stronger we obtzim & dif-
ferent ast of curves.It is an almost®universal rule that peaks are
obtuined on the eurves with enrrent densities ranging from 9,0
to 18 amps.In every ease but one an lmereas~2 in =fficlency is ob-
tained with a current density of 13,5 amp.With still higher current

densitimrs the efficiency again deer=ases.

In eonecluding, it should b= repeated that the results give
are at the best elose approximations.The comditions were sueh that
absolute aceuraey enld not he obtained.The chief diffiendlty was,
ag already stated,found in the faet that the current fluetuated.

An accurate valus for the current used was not ohtained.In spite
of the above mentioned Aiffieultieg it is the sinesre helief of
the author that results obtained under ideal eonditions will wvary
omly slightly from those given in the previous pages.

124an2



	Electrolysis of neutral solutions of ZnSO₄
	Recommended Citation

	p0000a
	p0000b
	p0001
	p0002
	p0003
	p0004
	p0005
	p0006
	p0007
	p0008
	p0009
	p0010
	p0011
	p0012
	p0013
	p0014
	p0015
	p0016
	p0017
	p0018
	p0019
	p0020
	p0021
	p0022
	p0023
	p0024
	p0025
	p0026
	p0027
	p0028
	p0029
	p0030
	p0031
	p0032
	p0033
	p0034
	p0035
	p0036
	p0037
	p0038
	p0039
	p0040
	p0041
	p0042
	p0043
	p0044
	p0045
	p0046
	p0047

