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ogtudy bres of tre fecuors efrecting the
rorration of the hyéroxides of ~lum‘nur, cadnium, tri-
valent #nd hexavolent ci rom’un, cuprie correr, ferrous
and ferric irern, ond zinc in atron~ sclutions of nickel
sulicte, boric weid nd vtufiered nickel z117-te with the
obiect of detarminin-s e 277 v luen 2t vhich the hydrox-
ices teyn to rrecinitite, ond ~t +Fick trey wohre CoMme
rletoly rvemoved Trom =olution,

tatiorn of metallic

crns T s .
Jerions i studies of Tre

Q
e
3
e

wycroxides Tave teen revorted ir the litercture hut the

only jrevious extensive invecti=-sticns sinilar to the
Ltiine (3) found colorimetricelly thet ferrous

hydrexide rreciritzted f'rom ferrous sulf-te solutions

betwieen pli ©.1 and 7.2, while Patten and ilains (4) found

trte ronre to be more srecifically “etveen pll 5.5 znd 6.0,

Pickerinc (H) obuerved thivt  omplete nrecivitation cf
ferrous iron *ad occured :t tre 1l wh=re *'e golution
wes #1%cline fo 1henolthti alein,

1'i1ler (€) investi-rted the covrecition »f trhe rre-
cirftrtes Torred “ror plun aclutions uwoon @ddéition of
slikeli, & P oof 5.9 (enlorimetric) wasn -iven o8 the
vilue 1t vhich the preci- it tinn of alwiinwr rnprooches
cor - leston.,  Olum (7)) studied the vreci-itstios of clu-

-

~imua ro ornide cnd Trom orservitions "wde with rn hydro-

<
[ Y

rrecent one ~r2 thogse of Tildebrand (1) and of Iritton (:
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~en electrode and suitsble indicetors, for exemple, methyl

red, mund t'rt the rreciriteotion of aluminut hydroxide

from «luminum chloride scolutions wing ommlete whern UF

-0, 5 -
s 10792 to 10"7+9, Toffe and Melern (£) found that

in tre rprerence of sulf-te-iong tre cluminum fror & J007E

e NI N L

. colntion viee trnaformed corsl

t—

tely into the wel a2t
T 4.7 to 4.8, Towever, in #le -resence of chloride-ion
comvlate slurinum rrecirit-tion oceured ot +I0 .4
Pricerux #rd lenress (€) in studyins the nrecinit-tion

of hydrous nluninum oxide rev-ort=d vicible rreciritotion

from thre 2ulf-t~ zolution
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A, but rot until
arout ¥ 0.5 in cliloride sclution.

iile there 1g little - ircemert as Lo the exact vH
vrlues ¢t which alumintm hydroxlde str2ts to rreciritate
or #t which it is vemoved from solution, thre zbove inves-
ti-etiong are in ¢-reenent thrt yrecirit-tior from sul-
fote gselution cceurs r©t = lower i than frow the chloride.
This currorts the rcenerasl rule thet the bivelent sulfate
ion hes a craster coruletine e?fret uron yocitive

colloid tren dce tre mioneve lent chloride ion.

Tildebrrnd ~2na novvers (10) found + % zinec wro re-

C

-

moved ¢t ¢ Il of ~tont 0,5, Xolthoff

EAN)
=]

4 Xemeds (11) in
their studips ot tre hycrolysis of zinc suli-te titrated
v: 2ious moler concentr tions of
ice., They obteined (I velues of .17 ond A,42 ot which

zire 8t rto te rreci itote Trom 08N =nd (011 mince gul-

frte solutions, resvectively, Dritton (2) rerorted s pi
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Exreriment-l

Peoterdiesle rrd jprrrotugi= L stoc aclution o

nickel rul? te oo wrenaced by discolving 2970 z, of

vnkerts ‘nalyzed J.P, NiS0,*CHo0 in £ liters of distilled

woter. Uhie nolution wars divided Toto twe |~ hlons; one

wro twacted

.
ile
+

Fovoniue hydrosicoe, the obl -+ 0 Tih

1 -

codium hydroxicde solutien, arorexim-toly oI, 'mtil the

Wi o
Vel te

& Ce7 to O L, The =znlutionz were heated {for one
iour at 200C, ollowed teo stend twenty-tour hours, then
filt-red.

The metrls wers rddled ir the form of trheir sulfates,
ecent in the crce of hexevolent chromium to cive 2 metzl
content of epyroximrtely .5.-./1. Pelker's analyzed Chem-
icals weres ured for aluminun, coimium, iron and nickel
sulfrtes. The Cro(£04)-+5HaC and CrCgy were C.P. grades.
The sulfetes of coprer and zinc were rrep red from the
pure metrls, 3oric acid was Beker's C.,P, wrede, and wes
recrystallizea frorm wrter,

snalyces for cadniwm, correr, and zinc ‘iere nade
enioying & Leeds and orthrup zlectro-Chenosraph.

ez surementes of rhH were mede with o laborctory model
(G) YBeckmn Il meter,

Mathnd o aneclysinci-  For the polarorarvhis deter-
~inotion of cudniun ondé correy, the niciiel alrnia snlu-
tion anryed oo~ mirrortins electrolryte, tut since the

7ire “nd niciel vrves ¢ome L octrowive o1t

LN
o1

B

Tene

ﬂ';_‘f—'

e votenticsl v o the anlfete colution e zire

N



Tired cevaretod frow tha niclkel bty %he ethod of Falen
nd tere (19}, the =ultide 'wnr dincolved in enld 1:1
hycéroctloric rcid, eviporcted to dryness, taken a; in

70 ml, of 2 rzelution .17 awwonium scetate and JO2ON pot-

oedum thio

Yeres e
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e suzsested by
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arterniined Ly uce

ol

“eed nnd Cummincs (20).
aurin tricarboxy-

Shrovzium ond on ders detsrmiined vnl""eJT <11y
uring JO0 and JOLT 1ot aeium dighrorste th diphenyl-
rorine focium mulfeorete aa indicotor, Wrivelent 27 rom-
i vno oxidized o tle hewrvilant of +a itk aaenmium
tersultate, then tre rhove mentioned wmrocedure Tollowd,

Perric iran v creciritnted frer tle nieckel sulfat
colution vy wre ol o eve of -~ oniw: hydroxide, fil-
tered, discolved din weprm 1il hycorochlorie ncid rnd the
Cimmermin-=Relinhordt method of ~nelycois weed,  Jerrous

iron o Tirst oxidized to i~ “orric cirte igh Lydro-
or ceroxide, Shen the Lyaro meel itoteo it
soniany hycreXide

wrarimantel Proe-adurer~  FHive huant! ced ml, nf the
Tu i fied nio 2]l enlicte oolhion wne neialtied to oo Il
nf T.0=3.0 Yy ndditier ~ endlTurinc rcid ooalutien,  the
wei hed cusntity of metsllic s lt wine discolved in the
crinton, tlen tFree 00 ~1, ooovies vera withoram lov
nelynic, mrtoe hesdraxide (1id) weoo nddeld dremuvine
viile tle solution o ~ivo ~tirrad vioorously by nmesns
o v ~otor criven stirver. .. pericc o8 five uinutes of
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stirrin.: wus sllowed rfter Lhe 17M[,0H zdlitions bvefare
scapling. 2% 0.1-C.8 il intervels two £5 ml. se1-12s
were withdr:wm «na pivetted into 7"x 5/8" test tubes,
Cne ceries of srmnles wae cllowed to ctiné at roonm
tenperature (£30-2%0C) for £4 hours with occasional
shnkino, while the other wor rers2d in a dboilinge water
beth for Chreee "oure,  The test tubes in tris second
series vore Titted wwith =ir condensers in order %o
nininize eveorerntion, These wrere m=de hy alimost closing
off in a flave one erd »7 ¢ six inch niece of seven wm,
tubins

At the end of these veriods observitions were made
ar to the condition of the colutions, the scmules fil-
tered throush o. 40 or 47 Whotmen roper when the nature

(3

o1 the wreciritete pernitted, =znd P mezsurcments azein

medée, .anelyses were run on the colutions in the manner

2]

cdeceribed earlier in tie tlesis,
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r
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The above jprocedure 1o rereated uning 0.20 sodiunm

(o)

hydiroxide to rrice *the 1i, WFeceh metel -mms treo~ted in
the menrer treviousnly deccribed with tre excepntion of
ferrous irer in which cnce it wes necessery to ¥eern an
inert atmosphere chrove the zolution and scmrles at =11

t.imes durins tie Tun in order to prevent oxidotion.

"

In 2 toric ncid sma ruffered nicrel sulf-te

n

arics the splutions contine’ 7.5 ./1. nf neric =cid.

v nickel suli te solutlen contoining the following

[

-

metols - clw-inum, c¢:oaium, coy:er ron, masnesiuwr, snd
b ’ ? ’
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zire in concentritions of 0.5 3./1. wro tra-ted with
sodiwa hydroxide and rrocedure alrsady described followed.
The znclyces were made syectrosr:phically. The run was
reveated uvsing armonium hycroxide,

Tickel corbonate ~nd coleium hiydroxide were zdded
to burtered snc unbuffered nickel sulfete solutions in
orrer to “fetermnine the maximum i values trhat could be
obt ined when the zrmrles were thoroushly azitated st

o

25%5 end when hected feor 5 hours ot 1000C,

In tre course of this investigestion tie uuestion of
ottcining the ecuilidbrium pil velues srose, since during
precivitation hydroxyl icng wers beins removed from sol-
ution, trus chenting the pll. This rreciritation reac-
tion sonetimes recuired considerable tine. liccordingly,

it wae decided tret ocfter each sddition of brse five

-~y

e
3

utes e 21llowed {or «tirrin: tefore the somples were

.

ccllected ¢rd treir 1H determined, The pli's of tlece
armrles were oocin measured after stending £4 hours ot
roon temuersture (££-23°C) in order tc cbtein the erui-
livriun velues, Mesourernents of pl were alco made after
the second scries was hented 3 honrs 2t 100°C. Threcse
ant: =re recorded in the toblecs,

biie @ vilue to which

L

t' o melution muot be roised in ordéex to rTenove a certzin

crmount of imvmrity would b oot useful, PThe ecuilitriun



(2)

oIl velues do not clweys <ive thic infornmetion siice they
are usuclly from 0,2-0,5 il units lower then the initisl

vrlues, Thus, in tlotting the ~rerhs the initisl values

o -

~

were recordad.,
~luninum:i~  Initisl eprerrance o turtidity uron s#ddition
of eitrer ormoniunm or sodium hydroxide to buffered or un-

buffaered nieckel sulfrte colution crrtoininz eluminum

Ay Y . . . R - 2 -
culfcte wne ohcerved =t pit 4,

s

£ 0,1 2lthoush ruffler

P

~rction

=

vos encountered ¢t pH 4,0, The sclutions rapidly
tecome very turbid uvon further sddition of base =nd at
T L,6-4,7 corguleticn of the hydrous slwaninum oxide was
noted., &8s seen from Tebles I (c¢) ané (&) the concentra-
ti~n of the aluminum was narkedly reduced at pH 4.4 uyon
stendine for 24 Pouirs, Heoting the scmples produced
hervy precipitetion at 0,3-C.4 ph units lower; however,
the slwiinun was not completely renoved et pH 4.9. It
ey 2lso be obrserved that in the case of the heated
ermrles @ consider:snle drop in the pll occured even where

no visitle 1reci itztion +es in evidence, indieceting

hydrolysis hed trlen plece,

Lome ¢iffilculty wes encounteredl in the use of aurin
tricertoxylic aci ' for low concentrations of sluminun,
In order to h=ve sufficient aluminum (C.1-0.8mg.) for

re sralysis 20ml, srmrles were taken, “he hir» nickel
sultiete content crusec coasulstion anc settlin. of tLie
cize so trat it was necessary to shate the cclorineter

tutes Trecuentl, while mrkin: check re=-ding

o
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Rem~vrel of Aluminua from

TS Y.
T aliel

Teble I (a)

Trootmant,

Removel of Aluminu.:

»

tE ~fter
treat1ont

4.1%
31 R :;) E
‘(:" . (1'6

d .07

.08
.08
Oeld
B5.00
Ce0l

«: tg)
e /A’J

from

S1lf-te Zolution

e/l AL
in soln

Buffered lickel Sultate solution

Teble I (b)

Treoestiment

none
74 hrs
st 050C

1"

14

1

"

14]

"

"

¢

S hrs

at 100°C
7"

"

"

T
1"
"

1"

PH after
tre:r trent

Se85
C.935
4,05
4,13
4,32
4,45
.72

4,84

.
MOS0
SIS RN IS 1 ¢ S IR0

NP RS B IR BN AR AV WY

mg/1l Al
in soln

485

482
485
485
431
79
13
a0
€6

495
ABT
49¢
415

a9

58

e
£l
20
1¢



Temovel of fluminum £oeom
Rufferrd Minkel Sult te Snl ti-~n

Terle T (e

£l o fpor Moo tmant, vH r Tter mg/l. Al
ntditi~n .- trestment in =~ln
of WN~Q1”
(crig snln) none - 47
4 hrs
“oLQr ~t 2500 DL RE -
4,00 "o R 3 272
1,09 " 4 06 472
1,0 " 4,1 AT
t.08 i fotE "m0
4,00 " 1R 77
Y " A,.60 79
;.‘;\.5 " lA.\‘:,F: 7X\

e
[
O
SR
@]
ps)
ot}
>y

* hrs

‘58 1, 1000C .17 270
%78 " 7,19 A
L .87 " 7.1P A13%
.90 " %, 17 288
2,00 " 2,17 ATH
.00 " 2.9 107
A0 " c L 6P 7
& P8 " Y 44
1,49 " cL.OP 30
/.65 " o 75 ra

(o} K
PRt " .80 pa



owimary of Deta on Alvurinum
Table I (e)

rppecrence of Tur idity

Lolution rfter addition| After 04 hrs st| After 3 hrs et
nf hove cea 700 1009C
NeQll " 4 6)21 NaQBE WH A 0H NaOH NH4O} i
Sede ) 4,44 A.3= | 2,0= ? 348-
Mis0, 4,8 4,5 1.4 4,4 3.9
“ufferead Al A, 5= 4,05 14,0~ Bolim S e 9=
7'15,4 4.5 4,4 4,15 4,1 5.9 4.0

Ueuvy Precirftrosion

Zolrtion ' fter =daition | “fter 24 hre ot | after 3 hrz at
of tree £4-£990 1000C

N&OI: NH 4OH NaQOll 1, OH N=Ohk NH, 0l

~hove abtove shove |leatove ahove above

Nisoé rH 4.2 piH 4.5 v 4.5 4.4 pE 4.5 pll 4.3

Puffer=d thove above cbove |#bove sbove above

NiSO! ph 4.2} vl 4.9 vH 4.0l 4.4 ph 4.0 ! 4.1
L

Remaval ~f .. luminum

Solution After 74 hrs at £P-270(0 After 3 hrs &t 1000C

MaQi N, O NaOrIl M, 0If

trace ot troce o% " trace st trnoce ot
vF 4.9 il 5.0¢ o 4,9 rH 4,53
171504 troce £t abs. 2t

oH 5.57 phi 5.06

7€ /1 re- | A6 m~/1 re- | ¥0 /1 re- 25 me/1 re-

uffered |msin o7 4.4 fredin vF 4,9 | main pH 4,4 medin pH 4.4
iS04 £0 m-/1 re- £4 rm~/1 re- 19 nc/1 re-

T

wrin = 5.1 main v 4,051 medin pH 4.8




Cedniiume:=  Cadmium wes not appreciably rermoved from a
nickel sulf-te rolution with @~ onium hydroxide up to
ol of 7,0, even upon hestin~ far 2 nra =t 100°C,
tbove pH 7.7 - 7.3 there was some removed (see Table
ITI (a)), but at the same time the nickel content of the
solution was gpresatly reduced, so thet the cadmium may
have been curried down with tha nickel hydroxide.
sodium hycroxide wos nov used as & recivitont in

tirie ¢ se sin

(e}

e ruch & larze volune of hydroxide solu-

tion would hav

o}

been recuired to zttain the desired pH!
v-luas that the concerntration of tne crnomiur would heve
been rectly loweres merely by Ailution.

2imilarly, In the coue of buffered nickel sultate
snlutiong & number of trecivitstion stucdies were carried
out uging only amri~nium hydroxide since the volume of
dilute sodiwm hylroxide reguires to titrate e boric
acid would heve introduceG & consilerable dilution factor,

The importance of the metsl concentration uvon the

[N

pll «t which irec

ritertion occurs is brousht out in Teble
IT (7). It rill be rotec tret in ¢ boric zcid colution

with « ecadmium content of 500 me./l., no preacivtitetion

occured uy to - P of 7.1 upon addition of awnonium hyd-

roxide, ond =t thre end of 24 “ours ot ZE9C trers was

Tl

. 4 213 - 3- oL g A )
only ¢ wvery “oint turbidity ot the corme vH, wharesco,
> i

with = solution, the oricincl codmiu~ content of which

vus 1400 mo. /1., preci—itrtion stortrd hetveen th 5.7



(10)

Noteworthy rlso are differences in Tebles I1I (a),
(¢) #md (f). In the cace of the hested samylec there
wes very little rrecicitotion of c¢c~dmium from nickel
sulfrte below pll 7, whereac in the boric ncid sclution
hervy preciritrtion started petween 7H 6.0 anéd $.3 and
the cadnium concentration wac raduced to approximately

e

40 nm3./1. et P 7, In a buffer~dé nicrel gulfrte solu-

O

tion the crdmium wec reduced only by 50 . /l. st pif
3.07 after 3 hours =t 100°C,

“hile makinz the run with c2dmiun in buffered
nickel sulfrte solution it = observed that betueen
2nd 6.5 the solution veceme very turbid and ¢bove
5.3 & lurce quantity of Ni(CH), wes procipitated. This
wes =~bout 0.6 pll unit lover than the v~lue at vwhich

nickel hydroxide storted to preci

o4

“itcte in an unbuffered
snlution, S run wee then made in wrich the pH ol a buf-
fered nickel sulfate snlution was raised with ammonium
hvdroxide. <The results are showm in Tatle II (h) end
in is. i

In view of tle hesvy vrecivitotion of nickel hydrox-
i¢e abtove I 6,3, the removal of cadmiun from the huffered
nickel sulfr-te solution n nrot be zttributed to the in-
fluence of tie boric acid since it is entirely rrobable
tiath core ot tre crdamiuc was adsorted Irom colution by
t'e nickel hydroxide,

It is evident wlsco tlhat sny vieu=l observ:ticn as

b}

to the pll vilues at wiich metzllic hycroxides core dovm
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Fiy. © - Caduium in boric acid, nickel sultete, and buffered nickel
sulfate solutions at different pH vrlues: 1, porie acid solution
after NHeOH treatwent, 3 Lrs at 10U%C.; 2, soric ecid solution after
ih Ol treetuent, 24 hrs at 249C,; 3, Nickel sulfete solution after
IH4UH trectuent, 3 hra et 100°C,; 4, Nickel aulfete solution after
1,0l trect.ent, 24 nrs et 279C.; S, Buffered nickel sulfate solution
rfter ;1 OV trest.uent, 3 hrs et 100°C.; 6, buffered niciael sulfate
molation sfter NH,OF treetient, 24 hrs nt o30c,
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Fig.2A - Nickel content of buffered niexel sulfrte snlution nt Aiffep-
ent pH velues: 1, MH.OH treetuent, 3 hira et 10007, . 2, HE40Y trert ent
24 hra at 25°C,
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pH after
aldition
of NI4O0I

(oriz scln)

6.5
6407
7.18

T el

.85
6.97
7.18

. AR
FAPE R

i «fter
addition
of NaCH

(oris soln)

6.95
7.09

voo
(s

7 .40

Removal of Cadmium from
Hickel Sulfnte Solution

Table II (a)

Trestment

oH after
treatient

C.82
697
7.15
7447

5.75
3.75
6.82
7.02

Removal of Cadnmium from

Boric ..cid Solution

Tcble ITI (c)

Treatment

none
24 hrs
at £40¢C

7"

pH after
treatment

6,93
7.13
7.52
7 .47

mg/1l . Cd
in soln,

485

485
470
4907
4€0

478
478
470

[»pX 2l
4-6.1

me/l. Cd
in soln.

513



Removal of Csdmium fronm
Boric Acié Solution

Tsbla II (&)

oH sfter Trectmant pH ~fter meg/l. Cé
#dcéition troctment in soln.
of NHAO0IT
(omig soln) none - 1400
24 hrs
SR at 260C 615 1400
5,70 n e o7 1£04
6.79 " 6.79 980
“ hrs
"o %0 at 1000C 5.%8 1400
'\505":' " '5.7-':‘4 1400
S.6°8 " 5,62 -
2,862 " 5.7° 17725
CLa " 5.78 756
6,02 " 5.55 1070
6.30 " 8,0~ 692
6,44 " ©el7 17¢&
6.70 n 3.40 756
6,79 1 .76 ~Rg

Tntle II (=)

ol r{ter Trertment oo fter mg/l. C¢

~dditien TLar tmart in soln.

of Nn0H

(o~ig <oln) none - 1370
4 hrs

6.67 =t 2(OC Oe07 1718

6.74 " €77 916

6.0 " 8.91 580

7.09 " 7.1% 358
A hra

N a0f at 100°C “ . 0% 1A

wn,7¢ " ~>,70 1150

5.98 " 5,70 oer

6.18 " 5 eQF 740

£ 483 n “ .08 518

H.67% " 6.25 179

6.7 " 5 .50 101

.90 " .5 2g

!7.('-‘9 " ,‘ QK r:r7

o v
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~
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'exavelent Chromium:- In nickel sullete solution runs

were nisde with concentrations of 500 and 1000 meg./l., of
chromium using srmonium hydroxide to reise the pH., =
comperison of curve 1 in Fiz., 4 with curve 1 in #iz. 5
shows thot the breck ocecurs epyroximutely in the ssne
pIF renze; nomely  6.5-6.6, Furthermore, a pll of 7.0 is
re-uired in 'oth c:ises to r=viove chromium =lmost com-
tletely from colution., The previous st tanent holds

true 3 wnll in the cice of chromium in hwuffered nickel

pos

V-
RS

i

el -
«11frte e I

ndiertad in "ie, B hovievoer the b

=
®
e

n
the eurve occurcs ot o lover n7, UWoteworthy n2lso is the
fret th~t rrecipit tion from buffered nickel sulfete
solution with emroniumn rydrexide (uzon hectinz) is norve
efficient than in urbuffered nickel sultfate solution
until e pil of 6.8 1s mecched, whereu,on the two curves
tend to approach one enother. The veocluminous precipi-
ttjon of nickel hydroxide in tiie buffered solution pro-
bi:bly carries dovm sove chromiuam with it. It seems
doudbtful trat t>»« boric vcid has any influence in this

nce, ¢« Tuble ITI (@) shows, hexavslent chromium

fote

cate, S
doegs not precirit:te ¢t 11 from 2 btoric ccid solution
up to ¢« pl” of 7.1 usin~s cmmonium hydroxide.

Jith sodiv hryoroxide ¢ rrecivit:nt £ am=1ll cuan-

tity AT 13t yelloy needles woe noted «t pll 7.0 szfter
the solution had bteen he ted 5 Tours -t 10002, The solu-
ticn cl.ansed vrogresasivel from an orange-red et pH 5 to

@ licht yellow s sodiwm hydroxide Wi cddecd, indiceting
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the conversion of the chromic ecid to sodium chromate.

Trivaelent Chromium:-~ Initisl apperrance of turbidity

uron addin: smrornium or sodium hydroxide to = nickel
csulfl: te relution eccenteinin~ tle chremic sulfate was
otrerved very ne:nr pi’ 4,8, This vslve 'as cuite re-

rroducible 17 the cdditions o

-t

reee were macde slowly

arc the colution vell agiteted, Uron hesting & s

D

ries

L

1

«t difTerent »i. v:lues, ircregcse in acidity of the col-
utlon e reted 2o srown in Tatles IV (a), (b)), (e),

etc, The interestinsg fact is thet vwhere tre initiesl pH

v-1uer for ricxel sulfrte solution lie in the anproximete
ranpe of 3,4-4,9 the velues after hestins foar 3 hours at

100°C ~11 drop to of ~.A ¢ 0,1. hen tle niits of the
heazteod semyples Ye~in Lo rise ahrove 7.7, the concentretion
of chromiwm decresces rapidly. Thus, only an njporoxina-
tior of the pH vilue ¢t whichi the chromdiun ig removed is
corined fro tlece mecsurcmentes,

In the crze of the sarmyles hented et 100°C there

12

was congiderle fficulty ir obtaining consictant data
concernine the minirum joint et ~which precisitetion
occurs #»Iter Z houre, s£fter five trials ursing armoniur

hydrexia

D
n
A
o]

reci-iternt tre best inforretion evailatle
i t1it the rence is nrobebly helow 77 2,0, The incone
aigtont recults ~r> tiou~rt Lo bto acencinted with rote
of hydrolysis of %%~ chromic sultrte,

Fritton ané Wescott (17) carries ont titrrtiosns of

g 1 - s ~ ;2 A ma. .- T~ o .
G, grvarie el wdith 0,077 TaCll, Tre; obrerved an



incrence i ceidity u-on hectine the nult snlution as

[ ]

shovm by the fret that o 0,0 CrClseel~C solution hed a
i of 2.85, but when hested to toiling and cocled, the
pi” hed droryved to pll 1.2,

Inspection of Teble IV () shows that in boric ncid

. - . ® . 1, . . | . . s o . .
colution cehreriun hrydrexide svorte b
v

~

y rrecicit-te -t =

Tewer 77 £bhon in Lie bulfered snd unhuifTered nicrel sul-
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Fig. 4 - Hexevelent chroamiwu in nickel sulfete solution et different
pH velues: 1, Nh4OH tre-tment, 3 hrs ot 1oo°c.é ?, NaOH trertment, 3
hrs at 1000C,.; 3, NH4OH trestmuent, 24 hrs at 23°C.; 4, NaOH treatment,
24 hrs et 22°C.
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temovrl of Hexrv=lent Chrouiwunm
from lickel “ulf{.tre Solution
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8,60

5,80

5.40

[o] 400 800 1200
Villig»ams per Liter of Chramium
Pig. £ - Hexavelent chromium in nickel sulfezte solution at different

pH values: 1, NH,OM trertment, 3 hrs at 100°C.; 2, NH4Oh tre:tnent,
24 hra et 24°C,



Cemevil of Hevov: lert Oheonium

1rom Tickel SulTrte Solution
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Fig. € - Hexavelent chroaiw. in buffered nickel sulfate solution at
different pH velues: 1, NH4OH treetment, ® hrs at 1000C,; 2, Nh4 0K
treatment, 24 hrs at 24°C,
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NI Ty ol T ke an Mexsvelont Jhramium

Trele IIT (r)

‘rosnrine~ of Turbidity

Solution Tter zddition ATt~ £4 hre ~t]| ifter % hrs =t
~ brae

20-279C 1009¢

j§fale)a) NI, O MeOu N, OF N~ 0H NH,

500 ng/l Cr clerr 6.0 = | 6.8 - 6.5 =| 6.1 =
in ¥ 1804 ? pil 7.0 Ga7 OeS 5.0 6.5

.t

1000 we/1l or 5.9 = Aol = brlows

el~rr | cle-r clerr clor clery cleny
F.- %0 cH 7.1 pFE 7.1} oI 7.1 | gV 7.1 T 7.1 pll 7.1

rafferad
17180, - - -

'ecyy Frocinitotion

Solution ATte 2dAdition AfTter 24 hre rt | " fter * hre rt
ot b1: cear700 100:0C

e OIT T, 0L M OH NH,OH N~OIf -} MH,OH
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erle ITITI () cont,

2eroval of

shronium
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aAfter 74

Frs et 7r-£790

o

o

ATter 3 hrs et 100CC

1Te0H ME, OH NaCrl WH,O0H
500 m»/1 50 m~/1 or 17 m~/1 or 170 me/1 orlff mz/1 Cr
>r in removed renoved remain remain
Ni504 UM rH 6.08 tH 5.9 pH 6.96
100C /1 770 m~/1 16 m;/1 Cr
7r in - remain - reme in
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7.1 v 7.1 nli 7.1 pli 7.1
120 mz/1 4¢ m>/1 re-
Bufrer~d - removed - =main piH 6.85
7180, 111 7.0 24 mz/l Teo=
mein zH 7.0
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Pig. 7 - Trivelent chroziwun in nickel sulfate solution at different pH
values: 1, NaOH treetient, 3 hrs at 100°C; 2, NH40H treatusnt, 3 hrs

8t 1000C,; 3, NaOH treatment, 24 hrs at 25%C;'4, NH,OH treatment, 24
hrs rt 240C,
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Fig. 8 - Trivalent chromium in boric acid solution at different pk
values: 1, NH,OH treatment, 3 1rs at 100°C.; 2, NaOH trectment, 3 hre,
et 100°C.; 3, NHoOH treetment, 24 hrs et 740C,; 4, NeOH trertment, 4
hre at 240C.
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rig. 2 - Trivelent chromium in buffered nickel suifnte solution at
different ph velues: 1, NaOH trestment, 3 hrs at 100°C.; 2, NH:OH
treetuent, 3 hrs at 10066.; 3, NaOH trestment, 24 hrs at 2360.: 4,
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Fig. 10 - Correr in buffered end unbuffered nickel sulf:te anlutions

at different 7!t v-lues: 1, nickel sulfrte solutirn aft-or NaOE troat-
ment, 3 hrs at 160°C.; 2, nickel rulfite selution ¢ fter NelM tra tment,
24 hre ot £7°C,; %, niskel =nlf-te reolution after NH.0F tre-tment, *
hrs At 100°C.; 4, nickel sulfr~te solution ~fter MNI,0!T trostment, M4 hre
nt £59C,.; 5, buffered nickel sulfrte colutinn rfter M1, 0H trer tment,

3 hre st 100°C.; 6, buffered nickel sulfrte srlution mafter Nk.Ok trest-
ment, P4 hra st 24'C, :
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Fif. 11- Copper in boric acid sclution et different pH vrlues: 1
NaOH trertient, % hrs et 1009C.; 2, NH4OR trestment, 3 hrs st 100°C.;
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rerrous Iron:- Keering ferrouc iron in the reduced state

under tre conditions adopted for these runs was a matter
of some difficulty. i number of trials were made before
it w2c rossible to obtein feirly consistant results,

The solution wsgz placed in & one liter three neck
flask and = r&pid stream of Lycrogen from a Kip, gzgenera-
tor resced throush it while the simjplesz were bezing col-
lected. Two purificztion trains consistin: ot alkaline
ryroszallic aclda, potassium pernmensanste and distilled
wiater were pluced in series with the Kipp szenerator. as
goon as the scmples vwere withdrawn from the flask they
were ploaced in test tudbes connected In series to a tank
of nitrosen, A rerpid stresm of sos was bubbled through
tre solution for two minutes, then the rate was reduced
to cbout 7 - 3 bubbles per secnnd for the durstion of
the trestment, Yven with these rrecautions some oxida-
tion to ferric iron occured. JCurves 1 =nd & in Fig. 12,
however, show definitely thet ferrous iron is not removed
at ri 6,8 glthoush precinitation started between pll 5.0
and 5.4.

necause of the difficulties involved, and hecaouse
of tl.e fact that ferrous iron is recdily oxidized com-
pletely to the ferric state and removed from solution
in this form, further experiments with ferrous iron

were abendoned,
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Ferric Iron:- 4 boric acid solution cont~ining 500 mg/l

ferric iron 2t pll 1.4-1.0 wes colorléss. £ the pl was
reised with ammonium or sodium hydroxide a lisght yellow
colorsticen fypearéd at shout 7 1,9, wrich rarpidly

chented to ceril orange as farther addit ions of hese were
made, Mo visitle turbidity was otserved however, until

2 tH of [ .,0=0,7 wac re-ched, althourh the solutions
beteen 7117 1.9 and £.,6 showed the Yyndell effect. IFurther
cdditions of #lkeli broicht abhout preciritition of hydrous
ferr?c oxide without raising the pH zppreciably until

P S T U P
e LOIBG T >

vo.o roneved.  Small cusntities of base
t'.en caucad lirge increeces in the ¥ of tre solution.
Upon henting o teries ot 10C%C coogulotion ~-f

volumineus preciritotior wes obeoeorved in 21l somples

asthove 7 1.0 ¢ fHer Tive 'nutes in the wotor beth. Over

3

the neriod of & hours the minrles helow this pli shoved
rrecipitsrtion Aovn to ¥ 1.6-1.7., ZEetween pH 1.5 snd 1.6
the =qlutions werr turbhbid, but, no settled  recipitote

wea rrerent. bt pld 1.4 the semple was cleny,

The rprerrance of the colloidrl st ge i the vurl-
fared snd untufferad nickel sulfcte soclutions wao ot &
much hi~rer volue then in the crse of beric acid alone.
e cnlutions bvecsme yellow ~reen betieen vhi 2.8 and ¢,0C.
Lbove tiiic rnge rnther lorme =cdditions of alizali served

leyr;mely to bring nore ferric silfate into the collolcal

stote without 270-ctine tie Il to ony etrrecirble extent.
"hen vH L5, =R5,% wor rerched, hervy turbidity was noted
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and furthermore, small acditions of alksli caused a
narked decresse in the reidity.

Curves 3 and 4 of Fiz. 15 a2re interesting in that
there 1s actuelly a narrow pil rmange tetween 3.0 and 3.1
in which ﬁhe colloidel hydrous Terric oxide is stable
for 26 to 48 hours. On either side of this rasnge pre-
cipitntion occured in less than 24 hours. <Colloidal hy-
drous ferric oxide in niclkcl sulfate solution did not
show this degree of stability.

In Pigs. 13, 14, and 15 it may be noted that approx-

e

imately 80- of the iron is reoroved in the hented samples
as lovw as ili £.0 - 2.13 however, in ordcr to effect com-
rlete or necrly comilete removal, the pil must be raised

well s=bove this range.
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Zinc:~- sinc was no%t arpreciaYly removed from niczel
sulfate solution with either ammonium or sodium hLydrox-
ide until a pll of 6.4 was reached, &s nay be seen from
©ig. 16, Thereupon the curves breck quite rapidly and
vwith amioniam hydroxide the zine is renmoved from solu-
tion conrzletely ot it 6,8 #fter beint heated for 3 hours

~t 100%4,

b-da

It wnc not rossitle to c-rry tre precirpitition with
sodium hydroxide to 2 Il hisher trhen 3,6 without consi-
deroble dilution of the zinc ion enncentration,

feain in the case of the buffered nickel sulfete
solution visual otservotiong were of no value, Analyses
showed thet in the hested semrles zince wﬁs pred¢dipitated
at a mwech lower pl in this solution than in nickel rul-
fate solution alone, but the possible effect of the

nr nitated nickel hydroxide must not be overlooked.

In carryins out the analysie, which wes e conblna-

o

tion of the gcepuration method of rales and Viare (19) =nd

th

®
3
O
=
3
Q
3
+3
W
o)
5
}J-
Q

rocedure of Reed anc Cuanings (20),
several voints of imnportance should he noted cnd will be
mer.tioned here: (1) In order to heve sufficlient =zinc to
work with conveniently at the lower concentrations fifty
ml, semples wer~ teozen, () In the formic mixture, the

use of either IH,Cl or (Wlg4).30,4 were rocormnended, but

na

for this crse IHCLl was found rroferable, since there
wes o lorse amount of nickel arrionian sulfete prociyitea-

ted otherwise, ac well ac some zinc zrusonlum sulidste,



(£0)

(3) It was essentiol tlhot the solution be at pd 2,0
hefore saturating with hydrogsen sulfide gas, otherwise

nickel sulfide wa. rreci:iitsted and trhe zince sulfide

[ @]

precipitation wrs inconmplete. 4 cmell emount of nickel
sulfide is not obtiectiorable since the zinc sulfide may

he dissolvad in colada 1:1 ¥C1 lesving the nickel sulfide.
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Mixture of lletallic Ions in Nickel Sulfate Solution:-

The results obtained with the mixture of metsls were not
entirely in agreement with those of the individual ions.
Ferrous iron, for examgle, wac reduced to a trace at a
pE of 5.4 using ammonium hydroxide, whereas alone it was
not removed &t a pi! of 6.8. This may be pertially ex-
plained by tre fact thst oxidetion occured, as well as
the tossibility thot some of it was adsorbed from solu-
tion by the hydrous aluminum oxide., Similarly, other
discrepencies may hc attributed to adsorption, or in-
fluence of other ions uvon any single ion. 7The fact
that results in this portion of the investigation are
expressed cualitatively makes & comperison with the
study of the individual metals difficult.

The symbols in Tables IX (a) and (b) are used
gecording to the following scheme: P - ion rresent in
approximately same concentration as in the original
samrle; p - ion present, dbut in & much lower concentra-
tion then the orisinsl; tr - a trace of the ion nresent;

ab - ion removed from solution,



pH

after
NH, CH
addn

4,90
5.40
.82
5.98
6.16
6.35
6.47
6.50
6.60
6,70
6,93
7.00
7.12

Mixture of Metellic Impurities in
Mickel Sulf-te Solution

Teble IX (r)

TH Fe-- Al Zn Cu
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Tatle IX (b)

pH pH Fet+ . A1 Zn
efter after 4 hrs 3 hrs 24 hrs 3 hrs 24 hrs 3 hrs
NeOH 24 Ytrs at et at at gt et
addn ot £60C £60C 10007 280C 1000C £e9C7 100°C
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Trecteent with NiCO., Ca(OH).. and Ii30:-  Gince 1i1COg and

Cn(OH)f are often used in purification of nickel nle

L: the 1t was thousht desiruhle to determine the maximun
vl velues that could be obtnined witn buffered and un-
rurfered nicirel sulfrte colutions. Teble X shows the
results of this study. The detn in Table X (a) were

obttrined wion tre: ting nickel sullrnte soluticns with

"120,, Ce(0¥): and M70 ené <llowing them to st nd ot
=7 ~270C with intermittent shexing.

Tt will be seen thet in the unbuffered solution the

-
¥, T

Towever, in the buffered nickel sulfate solution HiCO4
feiled to raise the pH to 5.0. Ca(0i), did raise the pl
above 6.0 in the unhected somrles but only to pli 5.4 in
the hezted 3-mcles. The data indicute very definitely
trat the rroper procedure to ott-in the maximum pH is to
allow the MiCO.. or Ca(0H). to rermct with the buffered
solution at room tempercture., 'This is in accordonce with
the fret thot the solubilitiec (27) of Ca(OY)? snd NiCO-
osre much less st the hicher temperatures, The heated

series in Table X (h) was carried out by adding the NiCO

fu

. O
anéd Ca(0)e &t room temper-ture, then heating to 100%0

and maintaining this temverc-ture for 3 hours., .nen the
N ) ey 2 . S AN~ T
c~lutions woere hezted to 1C00C, the 111C04 and Ca(Ci)

1

. 2 w f Y + 1+ ota
added, and tio ner Ting continued fcor ¢ rours, the da

in T~ble X (¢} were oht=ired.

¥ was rocised well above 5,0 with eitber 1TiC0z or Ca(Oﬁ)g.



pH Values of Nickel Sultate Solution (300 g/1)

tE Values of
Solutions Trected with 5
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pH bhefore
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S.18

3.00

o

.
D
~J

3,04

Ca(OH)?

i

oo
[ ] . .
oo
= To O

Treatnent
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at 1000C
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at 100°C
2 hrs

et 25°9C

3 hrs

£t 100°C

3 hrs
at 100°C

11
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Containing 1.8 g/l of NiCOz, Ca(OH)s and MgO

g0

TH

6.67
6.69
6.68

and Unbuffered MNickel Sulfate
g/l of WiCOy and Ca(OH),

pH efter
treatment

pil after
trectment
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General Conclusions: -

In general (with the notsble ex-

ception of hexsvelent chromium) initiel preciritstion,

and preciritation after hertinzg, occur at lower ti

velues from toric sicid solutions than from buffered or

unbuffered nickel sulf te solutions. PFurthermore, the
remnval of imrurities from buffered nickel sulfote
.sterts ot £ lower pil then in the crese of unbuffered nickel
sulfete for herted sclntions, s micht be exrccted,
more efficient removel of the impurities wes effected
in the snlutions thrt were herted for 3 hours at 100°C,
then in those thst were rllowed to stand rt £2-270C for
24 hours,

In the cecses of sluminum, trivelent chromium, copner
sn@é ferric iron the hydrolysis rrocess mernifest itself
in the hested semples in the form of e dror in 1} amoun-
tines to 0.3-2,5 units,

sSummary

1. The removal of aluminum, c-dnium, trivelent and hexa-
velent c¢»raomium, corver, ferrous on? ferric iron and zine
frorm buffered and unbuffered nickel sulfete have been
studied 2t 27 - £27°9C &nd at 100°C using zaovmonium hydrox-
ide rnd sodium hydroxide whenever rpocscible.
©. The removal of ccdmium, trivelent and hexavalent
chromiwa, coprer, ¢nd ferric iron from boric scic solu-
tion was sthdied at £ - 270C and ot 100°C using ammoniun

znd codium hydroxide.

]
+

)
(o7

3, The naximun Pl velues attoined when buffared



(ra)

unbuffered nickel sulfate solutions were treated with

5 &./l. of WiCOy and Ca(OH). and thoroughly stirred for

6 hours at o2 - £79C or hented for & hours at 100°C were

obtained.
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