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TIIZ pH alD THYE CINDITICNS FOR PRECIPITAT gN 0% SOVE
METaLLIC HYTDFONIDRS I CONCENTHATED BUFFRRECD
VTC:TiL SULFATE SCLUTICNS

A study has been mude of the factors effectins the
formation of the hydroxides of alumlinwn, cadmium, tri-
valent and hexavalent chromlum, cupric ccopper, ferrous
and ferric iron, and zinc in a sftrong solution of buffered
nickel sulfate with the object of deteranining the pH values
at which the hydroxides bezan to precipitate, and at which
they were completely re:uoved from solution.

Varicus pH studles of precipritation of metalllc hy-
droxides have b.en reported in the literature but the only
previous extensive investigations similar to the present
one are those of Eildebrand (1) and of Brittcn (2).

atkins (3) found colorimetricslly that ferrcus hydrox-
1de precipitated from ferrous sulfsate solutions between pH
5.1 and 7.6, while Patton and Mains (4) forund the range to
be mcre specifically between p!l 5.5 and 6.0. Pickering (5)
observ:d that complete precipitaticn of ferrous iron had
occurred at the pY where the solution was alkaline to
phenophthalein.

¥iller (6) investigated the composition of the precip-
itates formed from alum solutions upon addition of alkalil.
A PH of 5.5 (cclorimetric) was given as the value at which

the precipitation of aluminum approaches completicn. Elum (7)
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studied the precivitatlon of aluminum as oxide and from
observaticns mude with an hydro_en electrode and suiltable
indicators, for exanrle, methyl red, found that the precip-
itation of aluminum hydroxide from aluminum chleride solu-
tions was complete when[ﬁ‘]was 107%°% t0 10775, Jofre ana
McLean (2) fcund that in the prescnce of sulfate-icns the
aluminum from a 0.2075 li. solution wae tronsformed completely
into the gel at pd 4.7 to 4.8. Howvever, iIn the prescnce of
chlomde-ion complete aluminum precipitaticn occurred at pH
5.4. Prideaux and Henness (2) in studying the pre:iritation
of hydrous aluminum oxide revorted visi*le precipiltaticn from
the sulfate sclution at sbout pH 4, but not until about pH
¢+«5 in chloride soluticn.

Yhile there 1s little agreecment as to the exact pH
values at which sluminun hydroxide starts to vrecloitate
or at whkich 1t is removed from solution, the above inves-
tigations are in agreement that preciplitaticn from sulfste
sclution occurs at a lower pH than from the chloride.

This supports the general rule that the blvalent sulfate
1on has a greuter coagulating effect upon a positive colloid
than dee s the monovalent chloride 1lon.

Hildebrand‘and Bowers (10) found that zinc was removed
at a pH of about 6.3. Xolthoff and Kameda (11) in their
studies of the hycrolysis of zinc sulfate titrated various
mola: concentraticns of zinc with sodium hydroxide. They

obtained pH values of 6.17 and €.49 at which zinc sturts to



preciplitate from 0.05ii and 0.01l zinc sulfzte solution,
respectively. PRritton (2) reported a p¥ value of 5.2 for
the first apprearance of preclpitation frcm a 0.025M sclution.

The p¥ values given by Britton (2) (12) for the pre-
cipitation of cudmium, copper and chromium were the only
ones found in the literature.

The effect o” certain metallic impurities upon cathode
effeclen:y, type of deposit, etc., 1In nickel plating baths
has received ccnsiderable attenticn (13) (14) (15) (16); yet
definite informaticn regardlhg the pH values at which these
imrurities may be retoved is limited.

Thonipson and Thomas (24) suggested the following
precedure for the'removal of zinc from nickel baths; the
bath 13 neutrualized with nickel hydroxide or carbrnate to
pH €.7, allowed to settle, then filtered, reacidified to
pH 5.8, and electro’yzed at high current density for some
hours. Blum and Hogaboom (25) discussed the effects of
some metallic impuritles and the pH's at which they muy be
removed. Evsns (17) described a method of reuovirg chronic
acié from nickel plating solutions. In a recent publicatioen,
Pinner, Soderburg and Buaker (18) have considered methods of

removing igmpurlities from nickel baths.



Experimental

llaterlals and apparatus: - a steock sclution of
nickel sulfate was prepuared by dissoiving 2270 . of
Baker's unalyzed C. P. NiS0:°€%50 in 8 liters of dis-
tilled water. Inasriuch as both a onium hydroxide and so-
dtum hydroxide were to be used in the work to follow, this
sclution was divided inte two rorticns; cone was treated with
amunoniw: hydroxide, the other with sodium hydroxide sclu-
tion, apprcéimately 0.5, until the pH was 6.7 to GC.8. The
soluticns were heated for one hour at 90° C, allowed to
stand twenty-fours, then flltered.

The metals were added in the form of th:ir suvlfates,
except In the case of hexavalent chromiua te Sive a metal
content of approximately 0.5 g/l. Baker's analyzed Chem-
iculs were uzed for aluminum, cadmium, iron and nickel
sulfates. ‘e Cr2(804)5‘5H20 and Cr0z wevc C. P. zrades.
The suifates of copper and zinc wers prepared from the
pure rwetids. BRoric ac'd, (Baver's C. P. grade) recrystal=-
lized from water was used as the buffer. Such lilter of
sclution contailned 37.5 gms of boric acid.

anulyses for cadmium, cecpver, and zirc were made
en:ploying a Leeds snd Northrur Llectro-Chemograrph.

leasvrements of nH were mude with a2 laboratory model
(G) Beckman pY meter.

rethod of analysis: - For the polarographic ceter-

mination of cuadmtum and coprer, buffered rickel sull.ate



solutions served us the supporting electrolyte, but s'nce
the zinc and nickel waves come &t apnrovizately the zuac
half-wave potentisl in the sulfute soluticon the zinc was
first ceparated from the nickel by the methed of Faules und
ware (19), tre sulfide was Cissolved in ccld 1l:1 tydrochlor-
1c aclZ, evaporated to dryness, taken ur in 25 ml. of «
solution, C.1I awveniun acetste and 0.0251 potassium thio-
cyenute, as su_iested by Reed and Cummings (20).

aluminua was determined hy use of surin tricarboxy-
1l%c acid (2¢).

Cr.romium and iron were determined volumetricully
using 0.02 and 0.01N potassium cdickromate with diphenyl-
.amine sodiun sulfcnute as indicator. Trivalent chrowium
was oxidized to the hexavalent state with armrmenilvm per-
sulfate, then the ‘above mentioned procedure fcllcwed.

Ferric iron was precipitated from the nickel sulfate
solutlicn by use of an excess of amnonium rydroxide, fil-
tered, dissclved in warm 1:1 hydrochloric acid und the
Zimrerman-fieinhurdt method of anulysls used. Ferrcus ircn
way f1ist oxldized to the ferric stute with hydrosen per-
cxide, tren the hydroxide precipitated with ammonium hy-
droxide.

Experimental Procedure: = Five hundred ml. of the
purified nicksl sulfute sclution was acidified tc a pE cof

2.0 - 3.0 by adéiticn oi sulfuric acid sclution. The

welghed quantity of metallic salt wus dissolved in the



solution, then three 25 ml. sarples were withirawn for
analyslis. amwtonium hydroxide (1l:4) was added dropwise

while the soluticn was being stirred vigorousliy by means

of a motor driven stirrer. A period of five minutes of
stirring was allowed after the NH,0H additions before

sa .pling. at 0.1 - 0.2 pH Intervuls two 25 ml. samples

were withdrawn and pipetted into 7" x 5/8" test tuves.

One serles of sa'rles was allowed to stand at room teuner-
ature (23° - 27° C) for 24 hours with cccaslonal shaking,
while the other was heated 1n a bolling water bath for three
hours. The test tues 1n this seccnd series were fitted with
alr condensers in order to minimize evaporation. These were
made by almost closing off in a flume one end of a six inch
riece of sc¢ven mm. tubing.

At the end of these periods observations were made as
to the ceonditlion of the solutlons, the sanirles filtered
throush No. 40 or 42 Whatman paper when the nature of the
preciritate permitted, and pH measurements again made.
analyses were run on the goluticns in the manner described
earller in the thesils.

The above procedure was repeated using 0.2N sodium
hydroxide to ralse the pH. Each metal was treated in the
manner previously described with the exception of ferrcus
iron in which case 1t was necessary to keep an inert atmos-
phere above the solution and sa-ples at all times curling the

run in order to prevent oxidation.



Nickel carbonate and calclum hydroxide wer: added to
a buffered nickel sulfate solution iIn order to deternine the
maximum pH values that could be obtalned when the samples
were thoroughly agituted at 25° C and when heated for three
hours at 100° C.

In the course of tris investizaticn the question of
obtaining the equilibrium pH values arose, since during
precirituation hydi-oxyl icns were being removed from solu-
tion, thus changings the pE. Thls precirpl tation reaction
sometimes required considerable time. Accordingly, 1t was
decided that after each additicn of base five minutes be
allowed for stirring tefore the sariples were collected and
their pH determined. The pH's of these sumrlis were again
mcusured after standing 24 hours at room temperature (22° -
23° C) in order to obtain the equilibriuvm values. MNeasure=-
ments of pH were dlso made aftecr the second series was hegted
three hcurs at 100° C. These data are recorded in the tables.

From & practicel standpoint the pH value to which the
solution must be raised in order to remove a certain amount
of impurity would be most useful. The egullibrium pI values
do not always glve this information since they are usualliy
freom 0.2 = 0.5 pH units lower than the initial values.

Thus, in plotting the graphs the initial values were

recorded.



Data and Discussicn of Results

Buffered Nickel Sulfite Solution Treated with Amsonium or

—— | — — — ——— GE——— at—

“oom Temperatnre (23° - 26° C): - In figures one to four

inclusive a single set of conditions 1s represented on each
graphe. Each metal which has been studled under a given set
cf conditions 1s represented by a curve on the appropriate
graph.

from figures one to four inclusive the pH range in which
a given metallic hydroxide will previritate.is srovn and one
can compare directly that range with the rance in which the
other metals studied corie out of solution. By coiparing
figures ore gnd two and figures tiiree and four it I1s shown
that more rapid precipitation is favered at a lower nH in
the heated soluticns. 1In the case of the ferric Iron curves
in figures one and two 1t 1s snown that precipitaticn of
ferric hydroxide beginsg at a lower p’ *n the hot sclutlons
than in the cold ones. It may further be observed, however,
that at pH 3.5 abcut the suane ancunt of iron hus been re-
mcved in both cases. Of cairse, the case of heating rcn-
siderarle time s suved.

Sinilar counpariscns may be made far the other metals

shown in figures one through four.
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Table 1

Cencentration of wluminum, cadmium, chremivm (hexa-
valent), chromiun (trivalent), corper, ferric iron,
and zinc in buffered niczel sulfate solution treat-
ed with ammonlun hydroxide an? heated three rours
at 1>0°C.

aetal Inittal pX Filnal pit L oetul/d
Al (ori-. soln.)  =---- 4392
3e42 3.13 492
3.28 3e14 497
3.23 3.18 475
2.23 3.13 £45
4,07 2.75 22
4.22 2.51 Z3
4e33 2.€2 25
4.49 2.71 21
4.72 2.32 20
4,53 2.26 10
3 (orig. scin.)  ==--- 32
5.25 5.72 4€2
5.97 5.73 443
€.17 5.82 £59
Je 30 5.87 445
6.42 5.93 433
6.5 6.02 421
©.70 ©.15 413
6.79 €.24 08
.37 €33 410
dexau- (Irig. soln.)  ====-- 155
valent .02 S5.11 455
Cr 3e40 5.32 443
5.63 £.53 424
5.90 5.407 320
C.0D 5.30 246
6.10 Do 202
6.20 5.83 266
6.39 5.20 154
€.50 6.02 103
€.08 €.23 el
6.708 . €37 42
7.00 6.51 28
Trival-(Ciric.scln.) . mm——- 524
ent 242 2.¢2 524
Cr 3.73 2.65 471
4.25 2.€% 214
4.50 2.63 113
4.70 .93 34
4,90 .82 5
5.30 4.90 2
5.C0 S5.30 0]




Teble #1, Sent'dl.
etal Tritial 8 Final pi o lletal/1
Cu (erige soln.)  =------ 4725
te 3D .10 435
4.G2 4.1°2 424
4,29 4.32 415
4,297 4.35 341
5.10 TR 201
S.27 4,85 127
5.44 44,72 3¥5]
5.63 5.13 37
5.2¢0 5.56 41
.00 S5.63 27
6.19 5.32 9 -
6.41 5.97 3
6.02 6.07 11
Ferric (orig. soln.)  -=----- 480
Iron 1.C56 l.62 455
l.67 1.2 249
1.73 1.G63 €2
.39 1.73 273
2,01 1.783 71
2.14 1.85 49
2.27 1.92 €9
.63 2.04 42
2.20 2.10 29
2.93 2.13 39
3.03 2.13 20
3.04 43 23
3.10 2.74 2
3.45 2.95 23
3455 3400 25
Zn (ortgs soln.,)  ==--- 432
5.55 5e45 403
5.94 5.61 244
6.03 5.65 221
6.23 1) 67
6.42 5.92 39
6.33 €.329 3
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Table #2

Concentraticn =of alu-iruwn, cadniur, chremifum (hexa-
valent), chro-tusn (trivalert), ccprer, ferric iron,
and zinc in tuffered nickel s»lfzte solution treat-
ed with & woniun hydrcxicde and hcuted £: hours &t
23 to 26° C.

sebul Tritial pi Ttnul 3 g wetal/1
al (oriz. sola.) -—— 435
3e33 325 425
320 3.23 425
1.01 4,05 435
4,12 4.13 431
4433 e 2 79
4,43 4,45 03
4,70 4,72 20
4.833 4.24 c6
cd (ortg. soln.) -—- 459
6.17 Ce2D 435
6.30 6.40 415
6.42 6.42 430
6.53 6.E5 353
6.72 6.60 362
6.79 6.7 359
.27 6.79 330
Eexa- (orig. soln.) - 454
valent 5.90 5.37 454
Cr 6.20 6,20 449
6.50 6.47 423
6.25 6435 372
7.00 7.02 232
Tri- (orig. scln.) -—- 523
valent 4435 4.00 515
Cr 4,50 4.16 361
4.790 4.46 1Zo
4,90 4.72 7
5.20 .23 33
5.00 5.62 34
5.75 5.78 a7
Cu (oriz. soln.) - 485
4,80 4.2 491
4,97 4,33 434
5.10 5.02 464
S5.27 5.2 482
5.50 5.23 453

5.238 5.45 334



Teble #2, Cont'd

aetal Initial ol Ttrul pH o owetal/l
Cu 5.7 5.87 £63
(con'sd) 5.03 5.70 o0l
5.20 5.75 166
€.00 5.25 151
G.19 C.20 12
C.41 6.23 €1
6.€2 €445 €4
rerric (orig. soln.) --- 460
Iron 2.4 8¢ 2.50 415
2.93 2.62 ZE5
3.03 2.63 455
5.04 2.79 453
3.19 3.20 83
2.45 3.33 29

3458 3.59 17
347 371 17
7.92 3.88 15

on (ori=. soln.) -— 432
6.17 .20 477
©.52 Ge.C7 273
G.28 7.01 173
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Fig. 3 - Concentrat!’on of aluminum, chromium (trivalont), and ferric
iron in buffered nickel sulfate soiution treated with sodium hydroxide
and heated three hours at 107° C.



Table #73

Concentruticn of aluminunm, chromium (trivalent) and
ferric lron in tuffered nic:el sulfute solution
treated with sodium hyédrcecziie and hreated three
nours at 100°C.

.etul Inittal p- Final p¥ = Lg Letal/l
Al (oriz. soln.) --- 472
3.22 Se12 47)
3.72 3.12 473
3.3% 3.12 413 (?)
3.92 3.17 433
4000 5.13 4.‘15
4.09 2.24 1027
4,29 2.C2 77
4423 2.87 44
4,42 .62 30
.65 . 2¢7 24
4,825 « 30 pai
Trival- (crig. soln) -—- 472
ent Cr Z.89 2.955 472
3.13 Z.283 2C
3o e 2.53 £34
3.62 2. 01 259
3.82 ZeCl 21
4.0V 2.593 124
4420 2.59 159
4.32 2.61 112
4,28 Z.68 59
4074 2.51 12
4,87 3.17 9
5.02 . 3.72 2
5.30 4,33 0
Ferric (ori-. soln.) --- 455
Iron 1.43 1.80 155
1.58 1.61 49
1.72 1.€2 154
1.03 1.71 70
2.0 1.531 43
2.22 1.93 50
2.50 2.02 43
2.70 2.11 35
2.82 2.15 21
2. 28 2.19 22
3.03 2427 23
3.06 2.7%6 e
3.15 2.69 12
.43 2.95 6

3.2 3.13 12
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Fig. - 4 Concentration of aluminum, chro-ium(trivalert), und ferric
iron in buffered nickel sulfate solution treated with socdium hydroxide
and heated 24 hours at 239 C,




Concentration of aluminum, chroxium (trivalent),and
ferric iron in buffered nicizel z:1f:l. soluticn
treated »tt» sodium Rydroxide and heate” twenty four
Fours wt £3° ¢,

bet ol Tniti.l 7 Finul pol Lo wetsl/1
Al (cric. soln.) -—-- 472
4,00 223 172
1009 4.08 472
2e2D ze LT 4773
.23 4.22 359
4042 4,07 73
2. 05 4.00 we
2435 4,56 75
Z.10 2.702 ol
Trival- (oriz. soln.) --- 463
ent Cr 4. 33 4,02 4:9
4.8 4,17 340
4.53 4.27 255
4.74 4.43 120
4,87 4,87 71
5.c2 4,907 23
5.30 S.23 16
S5.42 5.45 4
Ferric (orig.soln.) - 55
Iron 2.43 2.20 259
. 2,70 2.74 419
2.82 2.85 422
2.93 2.70 292
3.04 2. €3 363
2.060 2.73 330
3,03 .25 403
3.15 3.01 72
3e43 3.20 14

3.82 3.63 2




Treatment with INicel Curb nate, Calcivm hydrexide, and

Magnesium oxlde: - Since nickel carbonate and calcium hy-

droxide are often used in purlficaricn of nickel plating baths
1t was thought decsiruble to determ*ne the maximum pH values
trat could be obtalned with buffered nickel sulfate scluvtions.
Tables a and B show the results of tris study. The data in
table A were obtulned upcn treating buffered nickel sulfate
solutions with nilclzel cuarbonate, calcium hydrexlide and
nagrnesium cxide and allowling them te stand at 22° - 270 ¢
with interrmittznt shaking.

Tt will be seen that in the buffered nickel sulfate
soluticn nickel carbcnate failed to raise the pH to 6.0.
Calcium hydroxide di1d ralse the pH above 6.0 in the unheated
samples but only to pE 5.4 in tre heated sanrles. The data
indicate very definitely that the proper prccedure to attain
the maximum pH is to allow the nlckel carbonate or calcium
hydroxide to react witr the buffered solution at rcom tem-
pcerature. Thils 13 in accordance with the fact that the sol-
ubilities (27) of calcium hydroxide and nicksl carbrnate are
much less &t thé b1 _her temreratures. Tre heyted series in
table B was carried ovt by adding the nickel carbonate and
the calclum hydroxide at room temperature, then heating to
100° C for three hours. *hen the solutions were hezted to

100° C, the nickel carbonate and the calclum hydroxide adced



and the heatinz continued for three hours, the duta in

table B were obtained.
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Takble A
vPE Values cof Puffered Niciel Snlfate Sclutions Treated

with 5 g/l of nNickel Carbonute and Calcium Hycroxide.

Solutton Reasent In'ti ©H Time & Temp. Final pH

Puffered N1SOy NiCHD 2,70 6 hrs. at 25 ¢ 5.°0
4 3

Buffered Nisd,  N1CC, 2.70 3 hrs. at 100° ¢ 5.22
Buffered 183, Ca(lF)g 2.70 5 hrs. at 25° ¢ 6.30

“uffered N1s2 Ca(OH)g 2.70 3 hrs. at 100° C 5.40

Table B
This tavle gives the data collected when the solutions
were heated to 100° C, then the reagcent tdced and the

heating centinued for three hcurs at 100° c¢.

Solution Feagent Initial pH Final pH
Buffered NiSO4 NiCO3 3.00 5.12
Buffered NiSO, NiCO3 3.04 5.52



Cualitutive Effects of the Use of Urea in Ralslng the PE

of Nickel Sulfate Solutions: - Willard and Tang (23) and

Wiilard and Fogg (29) have carried out extensive investi-
gations ‘n the use of urea as an iaternel wmethod of rais-
ing the pd of un aaueous solution. TUrea in solution, upon
being heated hydrolyses to glve ammnonium hycdreoxide and
carbon dloxide. If the urea is added to the ccld soluticn
which 1s then vigorously shaken and heated the pH of that
solution will slcewly and homogenecusly be raised.

A very brief exploratory study was made in order to
observe the effects of urea on the pH of a ccncentrated
nickel suifate sclution. NWo toric acid was used in this
case. The pF of the pickel sulfute sclution was adiusted
to 1.5 with sulphuric acid. Snull quantities of the urea
gradually increased the pH. Further addition of tre salt
brought abcut precliritation. A pH of 6.6 was reached.
Further additions of urea produced no chsnrnge in pH until
the nickel concentraticn was _reuatly reducec, the ni-kel
hydroxide precipitating at pH 6.2 - 6.7,

Some quulitative runs were made with certualn metallic
ions as impurities (chiefly Fe*t*), The precipitate
formed was easily removed on the filter, leaving the nickel
sulfate solution qulte clear.

additlional tests in the presence of the chloride ion

indicated that tre results weére the same.



]
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The chief advantage in the use of urea is that tre pH
1s ralsed slowly and homogeneously throughont the entire
solution, thus aveidirg uabnormul pH changes in the vicinity

of added ;recipltant.

i



Discussicn of the Individusl Tons Stulted

alvminum: - Tnitlal arpe-rince . £ tu btat+- vnon addition

4

of eitber aumonium o sodtuwa nyiroxide to buffererd vnteuted
nickel sulfute seclinticn containing uluninum sulfuals vas
observed ut pH 4.4 * 0.1, although "aff r sction.was encoun=-
tered <t pid 4.0. The solution rapidly becams very tarhid
upon rarther wdditlon of base ard ot p¥ 4.€ - 4.7 coaurulation
of the hydrous &luriinum oxi1d: was ncted. as seen from fig-
ure 5, the concentrution cf the almmirum was maurkedly

~

reduced at p¥ 4.4 uron stindin: for £4 heurs at 257 7.

(

Flgure & fartrler s owsg trat hesing the saples three hcours
ut 100° C produce? he:vy rreciritation ut 0.3 - 0.4 pH
units lower, however, the aluminum was not completely
removed at pli 4.9. It may alsc be obs:rved that in the
case of the heuted saaples a cenziderable drop in p7 osccur-
red even where nc vislble rrecipltation toock place, incdica-
ting hydrolysis.

Sone difflculty was encountered In the use of aurin
tricarboxylic acid for low concentrutions of aluminum. In
order to have sufficient alurinum (0.1 - 0.5 mg.) for the
analysls 20 m1l. sunples were taken. Tre hizh nlekel sulfute
cecntent caused couagulatirn and settling of the lake so that
1t was necessury to shuke the colorimeter tes freguently

while umaklng check readings.
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Camium: - It may be noted in fisure € that cadrmium 1s not
appreciibly removed from a buffered nickel sulfate solution
even at a pH of 6.6. In fuct 1t apreurs trat some cadmium
returns to the scluticn ubove pH 6.7. It was found that 1n
a boric ascid solution cadnium 1s almost entirely removed
rom soluticn at pll 7.4 while in a buffered nickel sulfute
solution only 50 mg/l of cudmivm was remnved from soluticn
after 1t was heate@ three hours at 100° C.

““hile ma¥ing the run with cuadmium In the tuffered nickel
sulf.te soluticn 1t was observ-d that between pH 6.2 and 6.3
trhe solution tecune very turbid znd dtove 6.3 a large quantlty
of nickel hydroxilde was preci-itated. Thils was s&bout 2.€
pt unlt lower than the value a*t which nickel rydroxide
started to preci;itate 1n an unbuffered sclutisn (31). A
run was made In which the pH of a buffered nickel sulfate
grlnutinn was raised with amonium hydroxide. Th= results
are shown 1In figure 7.

In view of the heavy precipltation of nickel hydroxlde
above pH 6.3, the re-oval of cad~ium from the buffered
ni kel ¢vli€ite solution ca-not te atiriboted to the Influence
of the boric acid since it 1s entirely probable that some of
th: cadmiuwm was adscrbed from solution by the nickel hydrox-
1de.

It 1s evident also that any visval observaticns as to
the pH values at which metallic hydrc:ides cone down u re
worthless 1f these vulues falil within the range where rre-

ciritation of nickel hydroxide occurs. In thls ruanle a
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chemical analysis must be made to determine the cadnium

present.
Only ammonium hydroxide was used in the study of cad-
mium due to the dilutien factor that would have been en-

countered had sufficient dillute sodium hydroxide been used

to reach the deslired pH.



7.00 _

1
6.80
° 7
6.60 .
640 | o 0o
[c
2 I
6.20 é\ J |
6.00;—7 ‘i_ " _ ——

240 320 400 480
Milligrams per Liter of Cadmium

Fif. 6 - Cadmium in buffered nickel

fate solutions at different pH values:
1, Buffered nickel sulfate solution after
NH40H treatment, 3 hours at 100°c. 2,
Buffered nickel sulfate solution after
NH40H treatment, 24 hours at 23°C.



7.00

6.60

6.20

5.80

S5.40

$.00
0

20

40

60

Grams per Liter of Nickel

Fig. 7 - Nickel content of buffered nickel sulfate solution at differ-
ent pH values: 1, NH4,OH treatment, 3 hrs at 100°C.; 2, NH4OH treatment
24 hrs at 25°C,



-1"7=

Yexavalent Chromium: - 4 buffered nickel sulfate solution

containing 500 mg/l chromium was used. The pl was raised
with ammonium hydroxide. as may be seen in figure 2, the
break 1in the curve ocours at pd 5.4 in the case cof the
heated samrle and 5.8 In the cold sample. As shown in
figure 3, a pt of 7.0 1s required to remove chrcomiuvm
alunost completely from solution. It was frund that the
preclpitation from buffered nickel svlfate solutions with
anmonium hydroxide (upon heating) 1s meore efficient than
in unbuffered sclutions. A curve for the unbuffered precip-
1taticon approuches that of the buffered scluticns above

pH ©.3. The vcluminous precinitate of nickel hydroxlcde in
the buffered solution prokably car:ies down some chrom=
ium with it. It seems dovrbtful that the boric acid hus
any Iinfluence in this case since 1t was shocwn thut hexa-
va.ent chromium does not precinitate at all from a boric
acid sclution up to & pd 7.1 when arronium hydrcxide is
used as the mecipitant.

With sodium hydroxide used as the precipitant, a small
quantity of 1li;ht yellow needles was observed at pH 7.0
after the solution had been heated three hours at 103° C.
The solutlon changed progressively from an oranse-red at
PH 5 to a light yellow as sodium hydroxide was added, in-

dicating the conversion of the chremic acid to sodium chrcemate.
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Trivaient Chromium: - In studsing trivalent chromium in

the buffered nick=1l sulfate solutions it was found that
iritial turbidity, In the case o0f the heated su rles,
occurred at rH 2.8 = 2.9 vheu soc¢ium hydrcxlide wus used
and at pE 3.4 - 3.7 wvhen aumonium hydroxide was employed.
In the case of the unheated samprles turbidity was first
noticed at pH 3.4 - 3.5 for becth hy3roxides. To obtailn
reproducible datua 1t 1s necessary to sdd the hydroxide
slowly and witht constant agltaticn. It is gqulte possible
that ranld additicn of the base could cause lecalized
changces in pH such that nickel hydroxide would be precip-
itated, thereby causing turbldity due to nickel hyircxide
instead of crr miuvm hydroride. Of course, t¥is sumre line
of reasoning may be aprlied to all the mectals which start
rrecipitating in pH ranges below the pH at which nickel
hydroxlde ccmes out.

As shown by the curves on figure 9, heating the solu-
tions increuases thelr acidity, 1. e., precipitaticn begins
st a lower pi value. In the case cf the sarmries heated
«t 100° C, there was considerable difficulty in obtaining
consistunt data concerning the minimum pE point aﬁ wich
oreciritation oscurs after three hours. &after flve trials
usinz anmonium hydroxide as the rreciritunt, 1t was decided
that the precipltation probably begins at scme pH under 2.0,

It 18 probable that the incornsistent results 1s due to the



rute of hydr lysis of the chromic sulfate.

Eritton and Vescctt (12) cur-ted out titrati-ns of
0.8 ki ~hremic salts with 2.0% sour hydroxide. They
observed an increase In acldit; upon heatirs the salt sol-
uticn as shown by the fact that a 0.5 i CrClS'CHZO solution
had a pi' of 2.35, but wren hezated to telling and cooled

the pH had drorped to 1l.2.
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Copper: - In the treatuent of coprer oniy anmonium hydrox-
ide was used. 1In sclutlcns whose pH was 5.0 - 5.7 imuediate-
ly after the addlition of ammcniwan hydroxice, turbidity was
ocbserved in the uvunheated sa nle at prH 5.0 - 5.1 and 1in the
heated sairle beicw 4.3. Figure 10 shows gquite clearly
trhat coprper 1s rore nearly removed from soluticn 1in the
reated sazrle. at pH of 6.€, 11 mg/l of coprer rema‘ns in
the heated solution while 64 mg/l remains in the cold sample.
Coprer 1s rercved qulte rapicdly from a boric acid solu-
ticn at rH 5.4. Fecalling that boric acid 1s used as a
buffer 1t !s underst:indable why the copper behuves as 1t

dcea in thils case.
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rerric iron: - The rexnovil of 1rcn from a buffered nickel

sulfate s0luticn 1s of 3zreat interest, ccpeclally to tre
electroplating industry. As s own on figure 11, the pre-
ciritaticn of iren from a hot soivtion begins below pH 1.5
uron the addition of elther sodium or amnonium hydrcxide.
Tre behavior of u cold soluticn is quite different. Turbicdity
beccmes evident at pH 2.8 - 2.2 when sodium hy?roxide 1s
used and at 2.6 - 2.7 when ammonium hydroxide 1s adced.

Upcn heating a series at 100° ¢ coagulation and volumin-
cus precipltation was ovbserved in all sa=ples ahove pH 1.0
ufter five minutes in the water buth. Over the period of
three hours the sarples belcw th's pH shoved preciritation
down tc pH 1.6 - 1.7. DBetween pE 1.5 and 1.6 the soluticuns
were turbld, but no settled preciritate was present. At pH
l.4 the sa ple was cleur.

From figure 11 1t may alsc be noted that in the case
of the unheated samrles there 1 s a very nmarrow pH range
(3.0 = 3.1) in which the colloidal ferric hydroxide is
quite stable. This stabllity was fcund tc persist for 36
to 43 hours; rowever, at tH near 3.5 the Iron content in all
cases is reduced by 305. In the case of the heated samrles
it is lovered by about 207 at a pH as low as 2.0 - 2.1.

The fact that iron 1s so efficiently remcved at such low
Pl values provides a very convenlent method of clearing a

Watts Lilckel plating bath of ircn impuritiles.
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zinc: - Zinc was not arprecilatly removed from the buffered

nickel sulfate soluticn with arm onium hyirecxide unt!l a

i of 6.4 was reached as shown in figure 12. At about pH
t.4 the curves breal quite raridly. No scodirm hydroxide

was used due to a céiluticn factor, therefore, the two curves
shown on firure 12 are for the use cf wunrcnium hydroxice

at 100° C and at 25° C. It may be noted that the zinc is
remcved ccrminletely from soluticn at pH €.8 in the heated
sclution. '

In this partic luar case the advantuge of the heated
prrocess over the ccld prcces: 1s especlally obviouse.

ATain in thils case, visuzl obrervaticns were of no
value. &4nalysis showed that in the heated sample gzinc was
rreclpitated 4t a mach lower pE in thls solutlcn thuan in
nicikel sulfate sclutli~n alone. The possible effects of the
rrecipitaticn of ni-ke. hydroxide must not be overlooked.

In curryins out tre analysis, whl & was a oo nbinaticn
of thc separation metrod of Fales and Wware (19) and the
polaragsrapric procedure of Reed and Cum ings (20), several
p.ints of iuportunce should be noted: (a) In order tc have
sufficient zine to work with convenirntly at the lover
concentrations fifty ml. sauples were tuken; (b) In the
formlc mixture, the use of eith:r amnonilum chlorid¢ or
amronium sul fute was reccmriended, for this case ammonium
chloride was found preferable, since there wac a large amount
of ni~kel ammonium sulfate preciplitated otherwise, as well

as some zinc @ monium sulfate; (c) It was essential thut the



soluticn be at pH 2.0 Yrefore saturaticon with hydrozgen
sulfide gus, otherwlse nicker sulfide -recipitation was
incorplete. A s-all aniount of rickel sulfide is net obiect-
icnable since the ;ine sulfide muy be A ssclved in cold 1:1

HCl, leavinz the ni-kel sulfide.
1)

Y



7.00

6.60

5.80

5.40

0] . 160 320 480
Milligrams per Liter of Zine

Fig. 12 = Zinc in buffered nickel sulfate solution at different

pH valuess 1, Buffered nickel sulfate solution after NH OH treat-
ment, 3 hours at 100°C. 2, Bufrerod nickel sulfate solution after
NH OH treatment, 24 hours at 25°C.



G-.neral Conclusiong: = In zereral the rewoval of imrurities

from buffered nickel sulfaite starts at a lower pH in heated
sclutlions than iIn the cold ones. as 7ight be expscted,
ricre efficient rencval of the 4irmpuritles was effected in
the solutions tha® were heated fcr trree hours at 100° c,
t.an in trose trut were allowed to stand at 22° - 27° fep
Z4 hours.

In the cuse of alwalnun, trivalent chromiuvr, copper
and ferric 1ron the hydrclysls process manifest 1tself in
the heuted sumrles in the form of a droep in »H anounting to
.3 = 2.5 units.

Surmurys = The reroval of alwninuzn, cadmium, trivualent and
hexavalent chrcomium, corper, ferrous and ferric iron and
zinc from buffered nickel sulfaite has been studied at 22° -
27° ¢ and at 100° ¢ using ar-onium and sodfum hydroxide
whenever possible.

The maximurt pil values attuinred when buffered nickel
sulfate solutirns were trected with 5 g/l of nickel car-
benute and calcivm hydroxide and thorou_hly stirred for
s1x hours at 22°2 - 27° C or heated for three honrs at
199° ¢ were obtained.

Urea was used as an internal a_ent for the adjustment
of pH. It was found that upon heating a nickel sulfate

soluvticn to which urea had been added, the pll increased

to G.¢ at which pecint nickel hydroxlde separated oute.



Lliterature Cilted

Hildebrand, J., J. am. Chen. Soc. 35, 347 (1713)

Pritton, H.T.5., J. Chem. Sce. 127, 2110-2156 (1925)
atking, Trans. Faraday Soc. 18, 310 (1923)

Patten and iains, J. assoc. Off. azr. Chem. 4, 233 (1220)
Pickering, S.U., J. Chem. éoc. 21, 1981 (1207)

¥iller, L.B., U.S. Public Health Kepcrts 33, 1925 (19 23)
Blum, v., J. am. Chem. So:. 33, 1202 (1216)

Joffe, J.3. and iicLean, H.C., Soll Sclence 26, 47-5°
(1923)

Prideaux, E.3.R. sand Eeness, J.R., analyst 65, 83 (124))

Hildebrand, J. and Bowers, J. am. Chem. Soc. 33, 725
19186)

nolthoff, T.... and Kumeda, T., J. am. Crem. Soc. 53,
832 (1731)

Britton, H.T.S. and "Jescott, C.B., Truans Faraday Sce.
27, 809 (1231)

“acNaughton, D.J. and Hamnond, Trans. Faraday Soc. 26,
431 (1939)

Thomas and Blurm, Trans Electrochem. Soc. 43, 69 (1225)
iadsen, Trans. Electrochem. Soc. 45, 249 (1°224)
Haring, Trans. Electrochem. Soc. 46, 107 (1924)

Evans, B.S., analyst 46, 33 (1%21)

Pinrer, V., Scderberg, G. and Baker, E.l.., Trans.
Electrochem. Soc. 80, 554=-574 (1941)

Fales, H.A. and Ware, G..l., J. An. Chem. Soc. 41, 437
(1919)

heed, J.F. and Cumiings, R."., Ind. and Eng. Chem.,
anal. pd. 12, 439 (1940)



26.

27.

23.

29.
30,

3l

Literature Cited (Con't)}

Lamb, sa.B. and Fonca, G.R., J. am. Chem. Soc. 43,
1154 (1921)

monte - liartin!, C. and Vernsacza, E., Industria
Chimica 7, 857 and 1001 (1932)

Denhan, Z., anorg. Chem. 57, 321 (1303)

Tronpson, k.R. and Thomas, C.T., Trans. am. Electro-
chem. Soc. 45, 79 (1922)

Biwn and Hogaboom, "Priaciples of LLectro lating and
Electroforming" pg 233-235 (1930)

Snell, "Colorimetric metrods of analysis™ Vole. 1, (1238)

3eidell, "3Solubilities of Inorganic unc Organtc Com-
pounds" Vol. 1

%“1llard ard Teng, Ind. Eng. Chem. Anal. Ed. 9, 357
(1227)

[STS) 4

VWilllard and Fogg, J. am. Chem. Soc. 59, 2422 (1937)

w1llard and Tang, 1bid, 59, 1190 (1937)

“lesner, H. J., (Thesis iichigan State Colleze 1943)
"lhe Colloidal State and Precipitation of Certain Letal-
lic Hydroxides 1n Concentrated Sclutions of Nickel
Sulfate",






MAY 2 4 0l




T542.6 217618
M128 MeClugiace







