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Abstract 

An experimental investigation of the simultaneous determination of trace levels of cobalt and nickel in fresh wa
ter based on prec ipitate flotation with hydrated iron(lll) oxide is presented. All important parameters necessary 
for the successful pre cipitate flotation (optimal mass of collector, pH of the medium , induction time) were inves
tigated. In the optimal pH range of 9.5 - 10 establi shed by recommended proc edure , cobalt was separated 
quantitatively (99.7%) with Fe(lIl) as the constitutive element of the collector used . Nickel was separated quanti
tatively (96.2%) with Fe(lll) in the pH interval 9 - 10. The possibility to use electrothermal atomic absorption 
spectrome try after separation and preconcentration was studied. The electrothermal atomic absorption spec
trometry detection limit for cobalt is 0.15119/1 , and for nickel it is O.24119/1. The proposed method is simple , rapid 
and appli cable to the cobalt and nickel separation at fl9/llevels from a large volume of water. 
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There a re publi sh ed methods of pr ecipitate flota Introduction 
.' tion of cobalt and ni ckel using hydrated metal ox 

In th ese days of concern over environmental ides as collectors in comb ination w ith flam e 
pollution, th ere is an increasing need for a simple, r ~ atomic absorption spectrometry (fAAS) [4 . 5], in
rapid and preci se method for determination /lg/l ductively coupled pl asma - at omic emission spec
levels of cobalt and nickel in fresh water. Atomic trom etry(lCP-AES) [6] . The app ly ing of the pre

absorp t io n spectrometry (A AS) provides high sen cipit ate flotation for c o b a l t an d n ick el in co m 
s it iv i ty and rapid measurement for a number of bination' with ,electrothermal at omic abso rp tio n " 
heavy metal s. However, for low ug/l levels of sp ectrometry (ET AAS) using hydrated metal ox 
the se metals in fresh water, a prec ise direct deter ides as collectors is scan ty [7] . Thi s pap er is the 
mination is impracticable even by this method . first at temp t touse ETAAS for co balt an d nickel 
Among the various techniques for separation of . 'determination after their con centration with 
tr ace cobalt and nickel from large volumes of di F e20 J.xI-:f20:~sprecipitatingcollector. T he re sults 
lute aqueous solutions, the flota tion procedures obtained by this instrumental m ethod were com
turned out to be very simple compared with classi p ared with the results obtain ed by ICP-AES as 
cal separation methods such as liquid-liquid ex comparative independent in strumental m ethod . 
tra ction , ion-exchange , coprecipitation, etc. [1-3]. The proposed method is s im ple , rapid and appl ica-
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ble to cobalt and nic kel separa tion 'at ~t g /I level s 
from a lar ge volume of water , similar to so lid 
phase extracti on meth od for metal concentration 
[8- 10]. 

Experimental 

Apparatus 

Th e apparatus employed in this work has been 
previousl y described [I I]. The Per kin Elmer hal
low ca thode lamp s were used as light sources. In
strume ntal paramet ers (temperature land time) for 
ETAA S were cs tablishcd by cx tcnsivc testing and 
these arc given in Table l. Induct ively coupled 
plasm a - atomic emiss ion spec trometry wa s per
forme d by Varian TCP-AES spec trometer mod el 
Liberty 110. The flotation cell used to carry out the 
prc con ceruration was a glass cylinder (4 x 105 em) 
with a s intcred glass di sk (porosity ~~ 4) at the 
bottom to generate air bubbl in z. . . ~ ~ 

Reagents 

All reag ent s used were of anal ytical-reagent 
grade exce pt for ten s ides sodium dcdcc y] sulfate 
(Na DDS) and sod ium oleate (NaOL) : Aqu eou s so
lution s were prepared in deion ized redistilled wa
ter. Stock so lutions of co ba lt and nickel, re spcc
livel y, were mad e from CoCl j.SH20 and 
N iC I).8 H,O as I ma/ rn l so lut ions.vbefore ea ch 

-..;. '-- , , 

invcs t i zario n, standard so lu tions of these colli
'- ' • l 

geu ds were freshl y prepared by diluting thecorre
spe nding stock solutions . Iront l ll ) stoc k solu tion 
(3a mg/ml) was prepared by disso Iving high -puri ry 
iron metal in cone. HNO o. Seri es of standard sclu

.' 
t ions with mass concentrati ons of iron (YFc) ' rang
ing 1'1'0111 2.5 to 100 mg /mJ were obtained bydi lu
tion of th is Fef ll l) sto ck solution. . The di luted 

Table 1. Optimal instrumental p ararne ter s it or AAS 

Parameter Co . Ni 

W ave len g th 240.7 nm 232.0 'nrr: 
Spe ctral s li t OJ nm 0:7 nm 
Lamp current 30 rnA 25 mA 
Dr y ing 120 °C, 30 s 90 ~~, 30 s 
Cha rri ng 1300·C, 30 5 1 2 00 ~C, 30 s 
Atomiz.ati on 2600 °C . 5 s 2400 ' C, 5 5 

Cl eaning 2650'C, 5 s 2650·C , 5 5 
Purge gas Argo n Ar gon : 

----------------'----- 

standard solutions of cob alt, nickel and iron serve 
to investigate the optimal conditions for perform
ing the flotation procedure and for the method of 
standard additi ons of the natural water analysis. The 
0.5% solutions of tensides used were prepared by 
dissol ving appropriate amounts of NaDD S and 
NaOL in 95% ethanol. The pH was regulated by di

) llted HN01 (0.1 1110lll) and KOH( 2 .5 ~·;) and 10°,.{»). 
Satur ated solution of KNO , (e = 2.78 molil) was 

J 

used to adjust the ionic strength. 

Procedure for flotation 

The pr esented method ur i lises clear and un

contaminated fre sh water . The samples investi

gated we re tap water from the city of Skopje (from
 
the source Ras ce) and source water fr0111 St.
 
Pantelejmon. Th e water was not filtered Immedi

ately after the sampling, to pr event the possible
 
hydrol ytic precipitation of so me min eral salts, a
 
few millilitres of cone. HNOo had to be add ed to I
 

J 

I of natural water. The pH bad to be ca. 2. .8 - 3. 
The water sample (1 l) wa s placed in a I I 

beaker. After adding 6 ml of saturated so lution of 
KNO } and suitab le mass of Fet ll l) , the pH was 
carefully adjusted to 9 - 9.5 by KOH solution 
(2 .5% or 10%). Th e system with the red-bro wn 
precipitate was stirred for )5 min (induction 
time) . Afterwards , tens ide soluti ons (1 ml Na DDS 
a nd 1 ml NaOL ethanolic solutions) were add ed 
and the conten t of th e beaker was tran sferred int o 
the cell with a small port ion of 0.1 mol i! NH4N0

3 
so lution. Air (50 ml/min) was pa ssed through the 
perforated bottom of the cell for 2 - 3 min . Then, a 
glass pipe tte -tube was immersed into the cel l 
trough the foam layer and the water phase was 
sucked off. The foam layer remained in tile cell. 
Hot 4 mol/I HN03 solution was added into the cell 
to destroy the scum. The solution was sucked off 
and collected in a volumetri c flask (2.5 ml), which . " 
was filled up to the mark with 4 mol /l HN0 3 solu
tion and the sample was ready for AAS measure
ment. 

Results and Discussion 

Influence of the collector mass on co//igend flota

tion recoveries
 

Adding different mas ses of Fe(IIT) (from 2.5 to 
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Fig . 1. D ependenc e of co balt fl otation re covery (R) on 

iron(lll) ma ss concentrat ion (YFe) at a cons tan t pH (9 .5) and 

ioni c strength (Ie = 0.0 2 mol/l) 
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Fig . 2. Depende nce of nickel flotation recov er y (R ) on 

ir on(III} ma ss co nce n tra tion (YNi) a t a co ns tan t pH (9 .5) and 

ionic s tre ngth (Ie = 0.0 2 mol/I) 

100 mg) to the working so lutio ns at a constant pH 
(9.5 ) and ionic strength (ie = 0.02 mo l/I) adjus ted 
with KN0 3, series of flotation were ca rr ied ou t. 
The collector precipitate wa s obt ained from water 
solutions conta ining 2S and 50 ug cob alt and 
nickel, respectivel y. The final volume of solution 
concentrated by tlotation was 25 ml . The effects 
of the collector ma ss on the cobalt and ni ckel re
coveries as a function on the amount of iron(III) 
added as a cons titu tive element of the collector 
fc 20 3.xH20 arc presented in Figs . 1 and 2. The re
sult s sh ow that the optimal value of cobalt flota
tion recovery (94 6%) was reac hed by addition of 
30 mg Fe(III) at pH about 9.5 Th e nickel flot ation 
was quantitati ve (R = 95 .1%) by addition of 20 mg 
Fe(lIT) at pH about 9.5 . 

Influence of the medium pH on the colligend flota
tion recoveries 

The effect o f the medium pH on cobalt and 
nickel was studi ed by float ing series of solutions 
contain ing 25 and 50 ug Co and Ni . The influence 
was investigated within the pH rang e from 3 to 10. 
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Fig. 3. D ep endenc e o f the co b alt flo tation reco ver ie s (R) on 

th e medium pH : YCo = 1 uq /rnl (0); Yco = 2 !1 9/ml (0) 

The Fe(III) mass added was con stant (30 mg for 
cobalt, 20 rng for nic kel) . The ionic streng th was 
alwa ys con st ant (Ie = 0.0 2 mcl/ l), too. Fig. 3 illu s
trat es a significant effect of pH on the cobalt recov
eri es and ma ximum is achieve d w ithin the ran ge of 
9.5 to 10. Fig. 4 illustrates a significant effect of pH 
on the nickel recoveri es and maximum is ach ieved 
within the pH interval from 9 to 10. For successful 
simu ltaneous preconc cntration of both colligcnds, 
the pH of 9.5 was chosen as the working pH. 

Induction tim e 

The time necessary for incor poration of the 
colli gends in the coll ect or precipita tes is te rmed 
the inducti on time T [1]. The inv estigat ion of the 
relat ion between the cobalt and nickel reco veries 
and r , are give n in Table 2. From the results, it can 
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Fig . 4 . D epen dence of th e n ic k el fl otation re cov eries (R ) on 

the medium pH : YNi = 1 fl9 /ml (0 ); I Ni = 2 ~l g/m l (0) 
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T abl e 2. Infl u en ce of th e i nduc t ion t ime (0) on cob a lt and 

ni c k el fl o'tatio n rec ove r ie s ; YCo = 1 )l g/ m l ; INi = 1 )lg /ml 

7 (min ) 
Co 

Recov ery (%) 

Ni 

5 
10 
15 
20 

94 0 
96.3 
97. 9 
97 .1 

93 .6 
95 .0 
99. 9 
95 .8 

be co ncluded tha t the sepa rat ion of colligends (co
balt and nicke l) was qu ant itat ive wi thi n 10 - 20 
m in . In prac tice, a n in d u cti on t im e of 15 min 
W ZiS us e d . 

Det ect ion l imit 

To eva luate the detection lim i t of th e 
m et hod , t e n succ ess ive bla nk measureme nt s 
were made . T he de tec t ion li m it (L I!) w as es ti
m a ted as 3.1' , w here .I' is the stan dard de v iatio n . 
The resu lt s ar e pre sented in Table 3 . 

Analysis of natural water 

The ap p lic ability of the p ropo sed procedu re 
ha s been verified by the ETAAS anal ys is of natu
ral wa ter sa mples wi th th e m eth od of s tanda rd ad
ditions. Known amounts of cobalt and n icke l were 
added to 1000 m l al iquots of spri ng and tap wate r 
samp les . Thcn the y were fl oa ted w ith 30 mg Fe 
(pH val ue of 9 .5 and io ni c s tren gth of 0. 02 mol/l) 
and tes ted by ETAAS . The rec overies of 100 .8 
103 .6% fo r cobal t (T able 4) and 96.0 - 103 .2% fo r 
ni ckel (Tab le 5) s how tha t the preconcent ration 
and se paration of th ese col ligends are sati sfactory . 
The res ul ts ob tained by ETAAS were compared with 
the resul ts ob tained by ICP- AES as an independent 
method . The samples for ICP-AES were concen
trat ed by eva pora tion (from a vo lume of 1000 ml to 
25 ml) of sp ring and tap wa ter (Tab les 4 an d 5) . 

Tabl e 3. Sta ndard dev ia ti o n (s ), r el at i v e st andar d de v ia

t io n (s ,) and d etectio n lim i t (L ) of c o bal t and ni c k el d ed 

termin ed by ETAAS 

Ele m ent S (~ lg / I ) Sr (%) 

Co 0 .05 4 .55 0 .15 
Ni 0.08 5 .45 0. 24 

Tabl e 4. Results of ETAAS determin at ion of Co in natural 

wa ter usin g the me t hod of s t an dard ad d i t ions ; DHO 
(D euts che Harte) - German degree of water hardn ess 

ETAA S ICP- AE S 
Sample 

Add ed Estimated Fou nd R Found 
(I-lg/l ) (llg 11 ) (Ilg / l) (%) (J,!g/I) 

Rasce 0 .0 0 < 0 .15 < 0 .1 
20 .26 OW 1.25 1.25 1.26 100 .8 
pH = 7 .08 2.50 2 .50 2.55 102 ,2 

St. Pantelej mon '- 0 .0 0 < 0 .15 < 0 .1 
14.9 DW 1.25 1.25 1.28 102.4 
pH = 7.6 2.5 0 2 .50 2.59 103.6 

'Tap wa ter fro m the ci ty o f Sk opje (a sp ring of Rasce) 
"Wate r from the source of St. Pantelej mon 

Table 5. Results of ETAAS determinat ion of Ni in natural 

w at er u s i ng th e m ethod of s ta n da rd add iti on s ; DHo 
(Deu tsch e Harte) - Germ an deg ree of w ater hardn es s 

ETA A S ICP- AE S 
Sa mple 

Adde d Es ti ma ted Found R Fou nd 
(Jlg/ l ) (Jl.gII ) (~l g /I ) (%) (Jl.g /l ) 

Rasce 0 .0 0 0 .7 6 0 .6 5 
20 .26 OW 1.25 2.0 1 1.98 98 .5 
pH = 7.08 2.50 3 .26 3. 13 96 .0 

-St. Pantelejmon - 0.00 0 .30 0 .32 
14 .9 DHo 1.25 1.55 1.60 10 3.2 
pH = 7 .6 2.5 0 2. 80 2.7 4 97. 9 

'Tap water from the city of Skopj e (a spring of Ra sce) 
" w ater from the source of St. Pantelejm on 

Conclusions 

The res ults p resented in this pap er co nfirm 
th at the recommended precipi ta te flo tatio n pro 
ce dure c an be ap plied as a se p ara ti on an d p re
co ncentra tio n me tho d of coba lt and ni ckel in 
fre sh w a ter be fo re their de term ina tio n by 
ETAAS . The use o f thi s pre con centration 
me thod in co m bina t ion with ETA AS as an in 
stru m e n ta l m ethod m ov es th e co ll ige nd dete c
t ion li mit to ward s lower con centrations an d im
p ro ves th e i r de term inations in th e fr esh wa ter 
samp les. C ob alt an d n icke l c an b e det ermi n ed 
sep ar a te ly o r s im u lta neo us ly in mi xt ures by 
pre l imi n ary sele ct ion an d co rre lat io n of th e ir 
optima l exper imen ta l parame ters . 
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