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The properties of Oslsorb DETA, a scleclivc ion cxchniigrr biiscd on modilird brad crllulose with chemi- 
cally bonded dielhylcnclriamine functional groups, were studied, and its applicability to the preconcenlra- 
tion of trace amounts of lead from nqucous solutions was verified. The coiiditions of the prrconcentration 
procedure in  the column and batch modes wcrc optimized for this purpose. l l ic rcsulls obtained were 
applied to the determination of lead in phosphoric acid. 

Sorbents COlit~iIiilig coiiiplcxiiig f ~ ~ i c t i ~ ~ i i ~ l  groups can bc c~iiploycd for the 
preconcentration, isolatiori and purification of sm;ill quiintitics of inorganic 
substances'". Most frcquciitly used tire ch~liititig ion C X C I I ~ I I ~ ~ ~ : ~ S ,  which are sorbents 
niodificd with groups capblc  of foriiiing chcli~ti~ig bonds wilh sonic ions, giving thus 
stable cyclic coniylcxcs. Thcrc cxist IIiiiliy organic cornpouirds which cxhibit this 
property and ciiii be boiidcd to thc surfa'ncc of ti support. Thc support is usually a poly- 
nieric niateri;il based on the styrciic-divi~iylbciizclle copoly~iicr~, polyurethanes, 
dextrad, or c ~ l l u l o s e ~ ~ ~ ;  iiiodificd silica gcl illid ghss bc;ids have ~ I I S O  bcen used'. The 
sorption process ciin be conducted i n  the convcntion;il coluiiin (dynaniic) arrangenicnt 
or i n  the batch (static) arraingenicnt; ~iiillcrii~l~ in  tlic form of iiiciiibraiics (filtcrs) nirde 
of c c l l ~ l o s e ' ~  or the styrc~ic-divi~iylbc~ilzcllc copolynicr" iiiodificd with a suitable 
chela t i ng group a Is0 li nd pri~c t ica I il pp1 icii I io 11. 

The Czcchoslovak sclcctive cellulosc sorbcnts Ostsorb arc prcparcd by chemical 
modification of sphcrical bead ccllulosc. Owing to thcir high porosity, perfect 
hydrophilic nature and a high inner surfiice arcii, they exhibit very good ion exchange 
kinetics and the coiiiplcxing cquilibria establish rilpidly12. 

The applicability of Ostsorb DETA, ~phcriciil bcad ccllulosc wilh chcniically bonded 
diclhylciietriaiiiiiic function;iI groups i n  the ccllulosc sidc chitin, to thc prcconcentration 
of trace aniounts of 1c;id was studied i n  tlic present work. 
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TIIEORhTICAL 

The amount of active groups contitilied by the ion Cxchitligcr is cxprcsscd quantitatively 
by its exchange capacity, which can be defiiicd i n  severit1 ways13. 

T/ieoreficuf muss exchange cquacity Q, is the total aiiiount of the active functional 
groups, in niilliniolcs or millicquivalcnts, bondcd to a graiiinie of thc ion exchanger in  
the given foriii. 

Analytical muss excliunge cupucity Q, is thc total aiiiount of ions, in millimoles, 
exchangeable by a graiiiiiie of the dry exchanger undcr the givcii coiiditions. 

Ereukt/iroug/i capacity Qb is the aiiiount of iotls, i n  iiiilliiiiolcs or riiilligranls, retai- 
ned by a graiiinie of the dry ion exchiiiigcr i n  the column through which the solutions 
of these ions are passed undcr the given expcriiiicnt;il condition.., t i l l  the moment their 
first traces appear i n  thc cluitte lcaviiig the colutiin. 

Brenkfliroiigli ciirves arc plots of co~icentrittiolc; of the sorbed substances i n  the elua- 
te leaving the colu~rin i n  dcpciideiice on the voluiiie of solutioii passed through the 
COIU 11111~~. 

Definitions of quantitics chamctcrizing physical propertics of ion exchangers such as 
the particle size, density, watcr coiitctit, voluiiic and niass swelling capacity, specific 
weight and specific voluiiie, porosity, ctc., citti bc found i n  the l i t e r a tu r~~~ .  

EXPERIMENTAL 

Chemicals 

All chemicals were of reagent grade purity (Lachcma, Urno). Buffers wcrc p r~pa rcd '~  from sodium acetate 
and acetic acid (acetate buffer), potassium hydrogcn plitliiilate, hydrochloric acid and sodium hydroxide 
(biphthalate buffer), boric acid, potassiuni chloride and sodium hydroxide (boratc buffer according to Clark 
and Lubs). 

Standard lead solution was prcparcd by dissolving 3.1971 g of lead nitrate i n  dcionized water acidified 
with IM-HNO, to p1-I 4 - 5 and diluting to a litre. Thc mass conccniration of lcad in this solution was 
2 g I-'. Stock solution of iron a t  a mass concentration of 1 g I-' was prcparcd by dissolving 1 g of iron 
powder in 15 ml of ~M-HCI containing 3 ml of 30% I-I,Oz, diluting to approximatcly 100 ml with deio- 
nized water, boiling, and diluting to a litre. 

The selective ion exchanger Ostsorb DETA (Spolck pro chcmickou a hutni vfrobu, h i  nad Labem) 
possesses, according to the manufacturer's spccification. a thcorctical niass exchange capacity Qo of at 
least 1.5 mmol g-l, porosity of the unniodificd support 90% (v/v), carlronyl group content of the dry mate- 
rial lower than 0.02 mmol g-'. The physical propertics of the ion exchanger as cstablishcd by the authors 
are given i n  Table 1. The ion cxchanger was used in  the I.l'-form, which was obtained by washing the 
swelled exchanger in a glass column with 0.2~41CI i n  amounts of 25 nil of thc acid per ml of exchanger 
and by subsequent washing with dcionizcd watcr to a ncutriil reaction. 

Apparatus 

Lead and iron i n  solutions were dclcrniined with a n  Atonispck H 1550 single-bcam atomic absorption 
spectrophotometer (Ililgcr and Watts, U.K.). The solution pl-l was nicasurcd with an OP-8083 combined 
glass electrode intcrfaced to an OP-205/1 pll-mctcr (Rndclkis. Iluiigary). For ilie sorption experiments in 
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the static mode, the solutions of lead were shaken with the ion exchanger on an LT 1 horizontal shaking 
machine (Kavalier, Czechoslovakia). I n  the column mode, a 315-type peristaltic pump (Zalimp, Poland) 
and a 100 x 25 mm glass column fitted with a ground-in outflow stopcock were used. The ion exchanger 
was dried in an M2 laboratory oven (Elektro Bad, Germany), its grain size was measured with an MP3 
projection microscope (PZO, Poland). 

Calibration Plots for the Determination of Lead and Iron 

Calibration solutions of lead and iron were prepared by diluting the stock solutions of the salts to 1 - 5 mg I-' 
at pH c 6, and their relative absorbances were measured at 217.5 nm (Pb) and 386.4 nm (Fe) in  an acety- 
lene-air flame. The pH was adjusted with several drops of 5M-11cI. l l ie correlation coefficients for the 
calibration straight lines were higher than 0.9990. 

Sorption of Lead by the Ion Exchanger i n  the Column Mode 

Dependence ofthe breakthrough capacity oti pl l .  Two grams of tlie swelled ion exchanger were placed 
i n  a glass column and washed with approximately 25 mi of a buffer at the drsircd pl l .  A solution of lead 
at a mass concentration of 10 mg I-', prepared by diluting the stork solulion willi biphlhalnte buffer at pH 
4.0 - 7.5, was pumped on tlie column by means of the peristaltic pump. The flow rate was adjusted to 1.5 
ml min-'. The eluate was collected in 5 - 25 ml fractions, made acidic with 5M-iiC1, and submitted for 
AAS analysis. The results were used to plot the lead breakthrough curve at the given pH. 

Effect offlow rate on the sorptiotr process. The column was prepared as above, and a lead solution i n  
biphthalate buffer at a lead mass concentration of 10 mg I-' and ptl 7.0 was pumped through i t  at flow 
rates of 0.5 to 2.5 ml min-'. Lead was determined i n  tlie fractions by AAS after acidification. 

Effect of iron on the sorptiorr of l a d .  Two gl:iss coluiiins containing 4 g of tlie swelled ion exchanger 
each were washed with 40 nil of borate buffer at p l l  8. Solutions i n  this buffer containing lead in a mass 
concentration of 0.2 mg I-' and iron in  mass concentrations of 0.2 and 2 mg I-', respectively, were pumped 
through the column at a flow rate of 2 nil min-I; their volume passed through the column was 500 ml i n  
either case. After washing the ion exchanger in  the columns with approximately 10 ml of buffer, the 
sorbent was shaken in  the closed columns for 2 h with 10 ml of O.~M-IICI, the extract was drawn off, and 
the desorption was repeated with 10 mi of the acid for another 2 h. Lead and iron were determined by 
AAS i n  the combined extracts from each column. 

TABLE I 
Physical properties of Ostsorb DETA 

Property Value 

Density, g an-' 
Specific weight, g cm-3 
Specific volume, cm3 g-' 
Mass swelling capacity, g CIzO / g 
Volume swelling capacity, cm3 g-' 
Water content, 46 
Particle size', pm 

1.11' 
0.71'' 0.54' 
1.4Ia, 1.85b 

2.70 
5.22 
9.1 

100 - 300 

' In  the swelled state; ' dried at approximately 20 'C. 
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Duorption of lead. After  finishing the sorption the ion exchanger was washed with the buffer with 
which the p H  o f  the analyzed solution had bcen adjusted, in amounts not exceeding 5 m l  per gramme of 
wet ion exchanger. n o  dwrp t ion  procedures were then tcstcd: 

a) A solution o f  0.2kl.HCI was pumped through the column at a flow rate o f  0.5 ml min-I, the eluate 
was collected in  10 ml volumetric flasks and analyzed by U S ;  

b) 10 m l  o f  0.2kl-HCI were pipetted into the column containing the washed sorbent, the column was 
clamped to the shaking machine and shaken in  the horizoniiil position for an hour. The extract was drained 
into a 10 ml volumetric flask, and the procedure was repeated. Lead was deterniined in the two desorbates. 

Sorption o f  Lead by the Ion Exchanger in the Batch Mode 

Deputdurce of /he aiia/ytica/ acliaiige capacity or1 p / / .  0.5 g portions o f  the swelled ion exchanger 
were placed in  250 ml volunietric flasks, and 100 nil volunics of lead solutions at a lead mass concentra- 
tion of 2 mg I-' and at p H  4, 5, 6, 7 (acetate buffers), 7.5, 8, or 9 (borate buffers) were added. The 
systems were agitatcd for 2 h, and the sorbent was filtered out on a porous piipcc' filter, washed with the 
corresponding b u h ,  and tmnsfcrred into 20 ml of 0.2h4-11C'I i n  a 50 ml volumetric flask, where i t  was 
shaken for 2 h. After filtering, the extract was diluted with dcionizcd water to 25 nil and analyzed by AAS. 

Measuremerit ofthe sorptioir rate. An amount o f  0.5 g of  the swelled ion exchanger was added to a 250 
ml  volumetric flask, and 100 ml of a lead solution at a lead m a w  concentration of 2 mg I-' in a borate buffer 
(pH 8) were added. The suspension was agitated, and 5 ml fractions o f  the solution wore drawn o f f  in  2, 
7, 20, 45 and 120 min, made acidic with a drop of ~ M - I I C ' I ,  and analyzcd by AM. 

Dcrorptioii of Iead. Porous paper f i l ter was used to separate the sorbcnt from the solution. The ion 
exchanger. washed with the buffer in an amount of approximately 5 ml per gramme, was transferred into 
a SO ml  volumetric flask by perforating the f i l ter and rinsing with 25 nil of O.~M-IICI. The suspension was 
shaken for an hour. The desorhte was also separated from the ion exchiinper hy filtration on a paper filter, 
diluted to 25 ml, and analyzcd. This dcsorption procscdurc was applied in tlie subsequent expcrimenu. 

Eflect ofirorr or1 /hexorptiorr of l e d  2 g portions of tlie swelled ion exchiingrr were weighed into five 500 
ml volumetric flasks, and 100 ml volumes o f  solutions of leild and iron in a burfcr at ptl 8 were added. 
The lead mass concentration was invariably 0.2 mg I -I ,  the iron mass concentrations were 0, 0.2, 2, 10 and 
20 mg 1-l. respectively. Ihe mixtures were shaken for 2 h, aftcr which the ions retained were desorbed 
and determined by N\s. 

E f l d  of E;$/PO, orr /he xorptiorc of lead. 0.5 g portions of the wet sorknt were added to 250 m l  volu- 
metric flasks, and 100 ml volumes o f  solutions containing lead in a mass concentration of 2 mg I-' and 
K2HP04 in concentrations o f  0.05 to 3.0 mol I-' were added. The systems were shaken for 2 h, after which 
the ion exchanger was washed with a buffer at p l l  8, and the lcad retained was desorbed and analyzed by 
AAS. 

Eff;.c/ of chloride or) the sorptiort of lead. 0.5 g portions of the ion exchanger were shaken for 2 h in  
two 250 ml volumetric flasks with 100 ml volumes o f  lead solution at a lead mass concentration o f  
2 mg I-' i n  borate buffer, pH 9.5, at ionic strength I = 0.1. KC'I and KNO,, respectively, were used for 
adjusting the ionic strength in  the two flasks. The same expcrimcnt was performed with a solution which 
contained K2HP04 instead of the buffeer, its ionic strength was also 0.1. The ion exchanger was filtered 
out, rinsed, and extracted with 0.2M-IIcI; lead was detcriiiined by M S .  

Eflect ofEDTA O/I rhe sorptioir of/eud. An amount of 1 g of [lie swelled ion exchanger was shaken for 
2 h in a 500 ml volumetric flask with 250 nil of a solution of Iciid and EDTA in borate buffer at pH 8. The 
lead and EDTA concentrations were 0.2 mg I-' and 1 . mol I-I, respcctively. The lead desorbed was 
determined by AM. 

Determiiiatiori of/he lead sorptiorr isotherm. 2 g portions of the swcllcd ion exchanpcr were shaken for 
2 h in  500 ml volumetric flasks with 250 ml  volumes o f  lead solutions in borate buffer at pH 8. The 
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starting lead mass concentrations were 0.05, 0.2, 0.5, 1 and 1.5 mg I-'. The equilibrium Concentrations of 
lead i n  the solutions and retained by the ion exchanger were determined by AAS. 

Effect of medium oil the sorptiwc of lead cluriiig its ddemiiratiorr iir phosphoric acid. Phosphoric acid (5 
ml) in a beaker was diluted with approximately 300 ml of deionized water and neutralized with 21 ml of 
60% KOH while cooled and stirred. The solution was transferred into a 500 ml volumetric flask and made 
to the mark with water. A solution containing, i n  addition, 0.063 mg of lead was prepared likewise. 6 g of 
the ion exchanger were then shaken for 2 h i n  1 OOO ml volumetric flasks with 500 ml of the solutions of 
neutralized phosphoric acid at pH 9.5. The ion exchanger was filtered out, riiiscd with buffer at pH 8, and 
extracted with 2 x 12 ml of 0.2hc-HCI. 

In the column mode, 500 ml of solution of the neutralized acid was passed at a flow rate of 2 ml min-' 
through a column containing 6 g of the ion exchanger previously washed with approximately 60 ml of 
buffer at pH 8. Thereafter the column was washed with 30 ml of buffer. and the exchanger was extracted 
directly i n  the c o l u m n  with 2 x 12 ml of 0 . 2 ~ H C l .  

RESULTS AND DISCUSSION 

Dependence of the Breaklliroiigli C(ipricity oj  Ion Exchringer on pH 

The observed breakthrough capacities Qb and a~i;tlytic;il c;ip;icitics Q, of Ostsorb DETA 
for the sorption of lead ions from their solutions at  i i i m  conccnlnit ions of 10 or 2 nig I-' 
and a t  pH 4 to 9 are given i n  Table 11. Thcy indic;itc 1h;it sti~blc complcxcs of lead with 
the diethyleiietriariiiiie functional groups of the ion cxchiiligcr itrc fornicd ;it pH > 6, the 
exchange capacity bcitig highest a t  pH > 7. The lower Q, v;tlucs iis cotiipitrcd to the Qb 

values can be exphincd in teriiis of the higher cquilibrium co1iccIitrittio1is of the lead 
solutions, iniplying a higher nuiiiber of ions trapped by the ioii CXchii~iger, in  the 
coluiiin mode; this is also indicated by the sorplion isothcriii (Tiible 111). The stcric 
conditions for the coiiiplcxation of the lend ion.. by the functional groups i n  the 1 : 2 
ratio are also apparently more f;ivour;iblc i n  the coluiiiti ;irriltigCIiictit thitn i n  the stirred 
suspension. 

TABL@ 11 
Dependence of analytical exchange capacity and breakthrough capacity on p l l  

PH 

4.0 0 0 
5.0 0 0 
6.0 0.2 0.8 
6.5 - 1.9 
7.0 0.6 10.0 
7.5 2.9 10.3 
8.0 3.1 - 
9.0 3. I - 
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The observed Qb and Q, values are several orders of iiiagnitude lower than the Q, 
value reported by the manufacturer (1.5 tiiiiiol g'), viz. Qb = 1 . lo-' niinol g l a n d  Q, 
= 3 . rnniol g-lat pH 7.5. The cause of this is probably steric effects arising due to 
the fixed localization of the functional groups on the cellulose, which hinders the 
fonnation of the complexes in the lead-to-ligand stoichioiiietric ratio of 1 : 2 which is 
predominant in  the case of diethyleiietriniiiiiie (1 : 1 coniplexes are only fonned with 
triethylenetetraniine'6). The sorption of lead a t  high pH can be also affected unfa- 
vourably by the fonnation of Stilblc hydroxo co~~~pounds.  

The shape of the breakthrough curve a t  pH 7.5 (Fig. 1) denionstrates that for determi- 
ning the Q, value in these conditions, large volumes of the solution would have to be 

TABLE I11 
Sorption isotherm of lead on 2 g of swelled Ostsorb DETA at pH 8" 

Po P C  Q. RPb 
mg I-' mg I-' g-' 96 

0.05 
0.20 
0.50 
1.00 
1.50 
2.00 

0.4 
1.9 
5.5 

13.1 
26.3 
42.4 

0.02 
0.08 
0.21 
0.40 
0.57 
0.73 

92.4 
90.4 
89.1 
86.9 
82.5 
78.9 

' PO, p. starting and equilibrium lead mass concentrations, respectively. 

FtG. 1 
Lead breakthrough curves for solutions at a lead mass 
conceeiration of 10 rng I-' and pH 6 ( 1 )  and pH 7.5 
(2). p, po lead concentrations in  eluate and in solu- 
tion entering the column, respectively; V eluate volume 
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passed through the colunin until the inlct and outlet lead concentrations level out. The 
deterniination of the breakthrough capacity, however, is of much higher practical value 
because what the analyst is niost interested i n  is the volu~iie of sample that can be 
passed through the colunin without breakthrough of the ion sorbcd. 

Lead Desorption from die Ion Exchanger 

In the case of chelating sorbents, desorption is usually accoiiiplished using a solution a t  
a pH a t  which no complexation takes place. For Ostsorb DETA, this pH is lower than 
5.  For the desorption to proceed as fast as possible and with the riiiniiiial volunie of the 
desorption solution, hydrochloric, nitric or yerchloric acids are largely employed at 
concentrations of 0.1 to 2 in01 I-', which are low enough not to cause destruction of the 
ion exchanger. In the present work, a solution of HCI a t  a concentration of 0.2 tiiol I" 
was used for the desorption of lead. 

The siiiiplest way of dcsorption in the colunin inode is continuous elution of the ions. 
However, for Ostsorb DETA a t  the working conditions applicd, this approach did not 
appear optinial. To elute out 97% of the retained lead, 1.4 tiiiies niore desorption solu- 
tion than was the initial volunie of the coiicentratcd solutioii (200 1111, pH 7.5) had to be 
passed through the column. The high water content i n  the ion exchanger and the large 
grain size of the latter apparently play a n  adverse effect in  this, and sonie nonu- 
niforniities i n  the sorbent coluiiiii niay also contribute. The adverse cffect of the slow 
diffusion of the ions i n  the sorbent pores, which is probably the kinctically controlling 
step in the process, might be partly supprcsscd by rcducing the elution solution flow 
rate, the tiriie of the experiment, however, would thus cxtcnd coiisidcri~bly. 

The most efficient and siiiiplest desorption nicthod consistcd i n  the extraction of the 
retained ions by shaking the ion exchanger with 0.2M-HCI dircctly i n  the column. The 
first 10 nil desorbcd 72.9% Pb i n  1 h of shiiking, the second 10 1111 portion contained 
23% Pb. In the conditions applied, 95.5% rccovcry was thus achicved, the degree of 
enrichiiient fE was 8. 

This approach was also successful in  the batch sorption mode. The sorbent filtered 
out on a filter paper was extracted by shaking with 0.2M-HCI; i n  this way, 0.05 ing Pb 
was passed i n  1 h froin 0.5 g of the swelled sorbent into 25 nil of the acid with a 
recovery of 95.2% (mean value of three expcriiiients). 

The time dependence of the desorption is docuiiientcd by Fig. 2, showing that 
0.18 nig of lead was released from 1 g of the swellcd sorbcnt with 100 nil of 0.2M-HCI 
in 30 min. 
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Time Beliavioirr of tlie Sorption Process 

The plot of the time behaviour of the sorption of lcad by Ostsorb DETA in  the batch 
mode (Fig. 3) demonstrates that i n  the conditions iipplied, the exchange cquilibriuni 
establishes roughly in 45 niin froiii the beginning of the sorption. 

Elect of the Flow Rate Tlirorrgli tlie Column on tlie Sorption Process 

The breakthrough capacities in  the colunin niode a t  flow rates of 0.5, 1.0, 1.5, 2.0 and 
2.5 ml inin-' were (in niniol g-l) 1.1, 1.0, 0.9, 0.7 and 0.2, respectively. As 
expected, the breakthrough capacity dccreascs on increasing the flow riite, the flow rate 
of 2.0 1111 niin-' bcing roughly thc rciisonablc l inii t  abovc which the rcsistance to the 
mass transport starts to play a role and thc brcilkthrough capacity reduces significantly. 

Sorption Isotlicrm oJ Lead on Ostsorb DETA 

The sorption isolhenii of lcad in bonitc hKer is given in Table IIJ, which also includcs the starting 
lead concentrations and nican rccovcrics. To iichicvc a recovery of at I c ; d  9076, the starting lead 
mass concentration must not exceed 0.2 nig I-], which comspoixls to ill1 equilibriuni nuss 
concentration of 0.019 nig I-'. No inlcrfcring ions (see Iiitcr) tin: ;~llowcd to be prcscnt. 

Effect oJSome Ions on the Sorption oJ Lead by Ostsorb DETA 

Among ions that can be present i n  actucll sai~iplcs ;i~iilly~ed for lead are Fe3' ions. Their 
effect on the sorption of lead by the sorbcnt uiidcr study was exaniincd in  the colunin 

FIG. 2 FIG. 3 
Time course of lead desorption with 0.2M-lICI "ime course of lead sorption 
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as well as batch mode, and identical conclusions were arrived at, viz. that iron(II1) ions 
do not affect the recovery of lcad unless the suni of aniounls of substance of the two 
metals in solution exceeds the ion exchanger capacity; olhcrwise the recovery of both 
metals is lower. This was found in  the colunin mode using 500 nil of solution and 4 g 
of sorbent: when the solution contained lead and iron in niiiss concentrations of 0.2 iiig I" 
each, their recovery was 94% and 9G%, respcctivcly, whcrcas if the niass concentra- 
tions were 0.2 and 2.0 nig I-', respectively, their rccovcry was mere 41% and 42%, 
respectively. The results obtained in the batch iiiode are given i n  Table IV. Using 250 
nil of solution @H 8) and 2 g of ion exchanger and applying a shaking time of 2 h, 
interfering effect of iron was experienced a t  lead and iron niass concentrations as low 
as 0.2 nig 1-l: the recovery of lead was lower than 90% and that of iron was still lower. 

Experinients with lead solutions which coiitaincd EDTA ia a n  mount  tenfold higher 
than as necessary for the quantitative reaction of lead gave cvidcncc that the complexes 
of lead with EDTA a n  considerably niorc stitble thiin tliosc with DETA. No lead was 
retained by Oslsorb DETA from such solutions. Thus, EDTA callnot be employed to 
mask iron(II1) ions. 

TABU IV 
Dependence of the recovery of lead and iron on their starting mass concentrations in solution (pop\, = 0.2 mg I-') 

Fc 
mg I" 

Rm 
% 

RFc 
96 

0.2 
2.0 
6.0 

10.0 
20.0 

86.2 

45.1 
11.8 
8.7 

86.1 
61.5 
44.2 
18.2 
9.1 
4.8 

TAU V 
Effect of chloride on the sorption of lead from solutions at pl l  9.5" 

Property A B C 

Q,, (inlot g-' 3.1 6.9 7.0 
RFW % 43.3 96.4 97.8 

* A 
solution containing K2t1P04 (0.033 mol I-'). 

borate buffet containing KCI (0.1 mol I"), II boralc bulfcr containing KNO3 (0.1 mol I-'), C 
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To assess the recovery of lead sorbed from a solution of partly neutralized phospho- 
ric acid, the effect was exanlined of HPOZ' ions, which prcdoniinate in  such solution 
@H 8). The analytical exchange capacity and rccovery values for solutions where the 
starting lead mass concentration was 2 iiig 1" and which containcd K2HP04 in different 
concentrations are given i n  Table V. A satisfilctory recovery, viz. 97.9%, was only 
achieved with solutions where the niass concetitriition of K2HP04 was not higher than 
10.6 g I-'; at higher concentrations, both Q, and R decreased. 

Interesting results were obtaincd in  experiiiicnts ainied a t  seeking whether the forma- 
tion of lead coiiiplexes with the diethyleiietriaiiiiiie groups is affected by the chloride 
ions present in the borate buffer. Experinients where KCl was replaced with KNOj at 
the same ionic strength, I = 0.1 (Table V), revealed thiit in the presence of KCI in the 
buffer the sorption of lead is appreciably lowcr than in the prescnre of KNO, (or in the 
medium of K2HP04 at the sanie ionic strength). Froiii this it can be deduced that the 
exchange capacities of the sorbent found in  the bonite buffer COlitilining KCl are lower 
than as corresponds to the pH used. This fact must also be taken into account when 
evaluating the recovery of lcad aftcr its sorption froiii this buffcr. 

Eflect of Medium on the Sorption of Leiid by die Ion Exclrcinger during its 
Determination in Plrosplioric Acid 

Among sources of pollution of sonie phosphoric fertilizers and fccding salts with lead 
can be extraction phosphoric acid uscd for thcir production. Thcrcfore, experinients 
were performed to estilblish whcther the Ostsorb DETA ion exchanger can be 
employed to preconccntrate the lcad ions added lo the phosphoric acid. 

The fact was taken into account thilt if the conccntration of HP042- ion.. i n  the solu- 
tion (100 1111 Of solution colltaillillg leiid in a IllilSS conccntfillion of 2 liig I-', per 0.5 g 
of sorbcnt) exceeds 0.2 mol I-' (sce Fig. 4), thc rccovery of lcad is lowcr than 90%. For 

0 1 4 moll* 3 

FIG. 4 
k p c n d e n c e  of lead recovery on the concentration of 
K~111'0, in solution 
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attaining higher recoveries, the aniount of sorbcnt - for the same voluiiie of solution - 
must be increased while the mass concentration of lcad iiiust not exceed 2 nig 1-l. 

The results of preconcentration of lead addcd to phosphoric acid of reagent grade 
purity are virtually identical in the colunin and batch modes. I n  either case, a twenty- 
fold preconcentration was achieved, and the iiican recovery froiii four parallel determi- 
nations was 81.5% in  the colunin mode and 81.7% in the batch mode. The recoveries 
lower than the expected 90% were probably due to losses of lcad during desorption, 
because the 6 g of swelled ion exchanger retain apprcciable amounts of solution with 
the desorbed lead which cannot be eluted quantitatively with 2 x 10 nil of 0.2M-HCI. 
No lead was detected in  the starting saiiiple of the neutriilizcd acid alone. With regard 
to the recoveries and enrichnient factors found i n  this work as well as to the detection 
limit of atoniic absorption spectronictry for lcad (which is 0.02 to 0.5 riig I-' according 
to the quality of the spcctronieter), it can be concludcd that the riiininiuni aiiiount of 
lead detectable in  phosphoric acid is on the orders of lo-' to % (ni/ni). 

Conclusions 

With respect to the recovery of lead, the colunin and biitch preconcentnition niodes are 
equivalent; the foriiier is niore time consuiiiing (time of anillysis about 5 h as against 
2 h in  the batch mode) but less tcdious. I n  eithcr nicthod, the low exchange capacity of 
the ion exchanger (of the batch used iii the cxpcri~nc~ils) is a Ii~liiti1tioli; only highly 
dilute lead solutions frce from intcrfercnts can be trciltcd. Tlic high pH at  which the ion 
exchanger capacity (or the stability of the Icad coiiiplcx) is highcst, is a drawback as 
well, because a t  pH > 8 the niajority of hcavy mctal cations including lcad form stable 
hydroxo complexes which, a t  high concentrations, scparatc from the solution as preci- 
pitates; this has a n  adverse effect on the quan1it;itivcncss of thcir sorption and recovery. 
Although applicable i n  sonic particular cases while rcspcctiny the above facts, Ostsorb 
DETA is not generally suitable for the preconcentriltion of trace amounts of lead. 
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