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Abstract

The distribution of wanediom and iron ooic species (o the presence of picelinate lgand has been
cirnolated and ewalvoated ab diffecent pH waloes and wvaricus cotpesitions of the medel weste
golution, & cormpoter prograrmn wes useful For the calculation of the speciation of metal picolinate
cotmplezes, [oospite of the variations of metal concentration, there are Little differences in the shape
of distribation disgrams ooder the high-picolinate LOBMI condition i the molar catic of picolinate
bo metal 5 fized at & constant weloe &lso, for & moedel solution ooder low-picolinate LOBAL
cotdition, i is hard b find oot some sigoificent chabges in shepe of distribotion disgraos
regardless of the wariations of metal cooceatration i solotion, Hewever, the redoced atmounk of
picolinete from B times to 3 times oo the basis of wanediom concentration affects shape of
distribution  disgrams, Fer  vanadivmil[[}-picolinate complexzes, 8 peak correspending o the
vanadiom trie picelinate, V(Fic)3 ie reduced greatly, [n case of ironl([D-picolinate cormplexes, shape
of the distribotion dingram wes changed significently, [noa model solotion of low-picolinate ORI
condition, the fraction of ironfll) complex species is maintained ab & constant catic in the region
ower pH 4, Especially, the speciation of ironfl[)-picolinate compleszes is dependent upon the
concentration of lron in 8 model solution onder the low-picolinete LOM  condition, This
phenctrenct is attriboted e the shortage of picolinate ligand o scolubicn, snd origineted from the
difterence of stakility constants between vanadiomi[([}) and iron(l) species with picolinate

I. Introduction

The adjiustment of the solution pH velue cen sometimes be advantegeously emploved o the
Ereabment of westes containing metal ten complexzes in order o form an ondisscclated acid o
base, By pH decresse or incresse, the undisscciated acid of bose species 15 formed and the
complex is broken, thous providing opportunities  for focther  treakment procedures, Complex
formmbion gives a significant prokdem o weste tresbment,  There are bwo weys of solving the
problem (apart from avelding the use of complexing agents): one is to isolate the stream for
cpecial treabrment, for ezample wAith techoigues to recover the complezing sgent for reosed the
other s chemical destoockion of the cornplexing agent which eenerally nwolves cxidative o
reductive agents,



The wariaticn of the pH welue can be vsed o medify the icnic species present o the weste
gtrearn, This may affect the choice of  precipitates and the operating conditions used in the
breattnent process, [Eis easy to obtain the relative smoont of each species in solution, which can
ke calculated frem the wel-koosm eqoilibriom constants of the acids and complexzes involved, and
from the pH of the sclukion, Heweser, in recent compater medelling is being increasingly uged to
predict the ionic speciation in solotion and the effect of constituents of the weste stream oo the
solubility of other components, Koowledge of the adscrpticn bebavior of metal-ligand complezes n
tnedel svstems ey enakde better predictions of theic kehavior in practical syetems The speciation
of chelate, therefore, heas 8 strong influeoce oo metal oo optake on the ion exchange matecial
systems (1, B,

[ this stody, for the porpese of investigating the ioh exchange characteristice of metallic
cations in the spent LOBA (low cxidative-state metal ion) decontarmination solution, the comples
eguilibrivm distriboticns of wenadiom and iren lenic species o the presence of picolinate ligand
have been sitnolated and evaluated ab different pH walues and smricos compesitions of the model
LOML formulation, & corgputer program wes ased for the calculation of the speciation of metal

pleolineke complexes,

II. Calculation of complex equilibria for the vanadium-iron-picolinate
system

The equilibriom cencenfrakions of all species o molbi-metsl, molb-ligand systems can be
calcalaked by solwing o series of simoltanecos egquations, compeising of mass balance equaticns and
euilibriom constant eguaticns, from given pH value of the solution, the total conceotration of each
tmetal and esch ligand, and the relevant equilibrivm constants, Electronic cotpoter bas  been
applied successtully in this [3, 4],

Scoming that ab the final stege of the LOMM decontamination spplication all bivalent vanadiom
iohs i the selution were oxidized to toivalent state by the redoctive dissclution reacticn of iron
cxide, the tetal amouonts of wanadiom ron and picelinate can ke swritten as the summation of all
kinds of respective species contained in the decontamination solotion ks the mess balaoce,

[Vl = (V5] + [WPE)L™) + (WPe)") + [W(Pic)s) + (WPL)LOH)) (1)
(Feuwwm) » [Fe™'] + [FeiPic)y') + [Fe(Pic)) + [Fe(Picks’) (2
[(Plowm) = [Pic™] + [HPic] + [V(Pic),*") + [EV(Pic):") + [3W(Pic)s] + (W {Pic){0H))

+ [Fe(Pic)y"] + [2Fe(Piclz) + [3Fe(Pic)s™) (3)

The =olution equilibtiom date for  warious  species  incloding ViID- and Felll-Flcolinate
complezes in the LOM decontamination selution can be obtalned from the literatures [6-B], [o
Takle 1, the eguilibriom ceactions and the stability constants are shown  From these egoilibriom
constants and matecial balance equations (1), (2) and (3), an equation for picolinate concentrakion
which is the seventh polyncrnials coold be derived, The fractions of ionic, metal-picolinate comples
species and the concenftration of free picolinate (Pic?) in the decontamination solution can ke



thecretically calculated by using & compater program and inpoat dake concerning the initial values
of total concentrabions such 85 Vi FRiowm Ploww 8od solobion pH value, & commpuater program ko
calculate the distribotion of the species coofained o the decontarmination solotion o the presence

of pleelinle acld was used [9)

II. Results and discussion

For the effective separation of the caticts frotmn the spent LOM decontamination scluticn, s
reguited to get informations about the comples equilibria of lons in the solution, At an eqoiliboivem
stabe, the distribotion of commplezes can ke calculated by the tobal concentrations of metal ions and
ligands, and the pH of solations, The calculations are Eairly complicated, bub the application of the
compater programs developed by Perrn and Savce (3] and b [ngri et al [10] are pacticolacly
nseful, The decowntamination selotion having s constant compesition which consists of the fized
concentrations of vanadiomi[[), iron([) and picolinic acid has a wvariety of ionic species, and it
shows different fractions of ionic species due to some changes of solotion conditions soch as pH,
Using the computer program Eor compdex equiliboia, the speciaktion of onic species according to the
wariations of solotion pH velue and its composition could be calealated conveniently, Therefore, the
distribution dingrams which simualate the relations of ionic concentration ratio with pH walue could
be obtained using the theoretical calculation results upon the vamadiom(ll) and ironfll) pleolinate

cotples equiliboa,

1, Distribution diagrams for the high-picolinate LOWMI condition
11 Model solufion of V7 Fer Pic= 1D &8 &

Distribution dingrams were obtaioed for model solotion that the amoont of dissolved iton is
estitmated mere than 0% of wenadior, snd the et of peclingte to wanediorm is B which (s the
tvpical Eorrwulation of high-picelinate LOML condition [11],

Figure 1{a) s a distribution disgram  which was  plotted  the  speciation  of
vanadivmi[[[-picolinate compleszes as a function of pH kesed on the calculation cesults for Brmbd
of vanadium solution kv using a computer poogram (listed in Appendiz) applied to the comples
equilibria, Figure 1(k) is a distribotion disgram for ronlll)-picolinate complezes as a Function of
pH in case of 4Bmbd iron conceatration

Distribation disgram of vanadium([[[)-picolinate complezes for 3mbdAd of wanadium concentration
and that of iron(l[)-picolinate  for Edmbd iron concenfration were obtained, Also, in case of the
golubion which has an (ncressed concenfrakiens of 10mbd and Bobd for wenediom and o,
recpectively, distribation dingrames wece plotted,

From these distribotion disgrams for the varistions of metal conceokration, it is found that there
are little differences in the shape of distcibotion disgrams iF the melar rakle of picclinete to metal
ig fized at & cotstart waloe,

12 Model solution of V' Fer Pic= 1" x7 &

For & seluticn having reduced concentrakion of dissolved et less than 50%% of wanadiom



cotncentration the effect of compesition change on shepe of distribotion disgram wes ezarrined,
Figure 2(a) is a distribution disgram for vanadiom([[D-picelinate o Gmbd vanadiom solution, and
that for irom[[-picolinate o 1.E8mbd iron sclution is shewn in Figo Zib), [n this cage of low
cotncentration of dissolved ifron we can see only 8 stoell wardakions o shepe of distribuotion
dingrarms,

2. Distribution diagrams for the low-picolinate LOWMI condition
21 Mode! solufion of Vo Fer Pic= 10 0& 5

BAodel solution having low picolinete concentration in which the ratio of picolinate o vanadiom
is 31 was selected for the simolation (o the specieticn of vanadiom and iron ploolinate complexzes
[6-B2], [n this model selotion the amount of picolinic acid is reduced up to approzimately B0
than that of the typical high-picolingte DO cooditicn, and the dissolved ton concentration swms
estitnated more than b0%2 of vanadim

[n Fig, 3(a), a distribution disgram of vanadiomill[)-picolinate complexes is showm for vanadium
concentration of Bmbd, and that of ironfll)-picolinate in Fig, 3(b) for dBmbd iron concentration
(B0% of wanadiumy),

& distribution  disgram  of  venadiomil[[)-picolinate  comyplexes  for  3mbd  of  vanadium
concentration, and that of ironfl[-picolinate for Edmbd ron concentration were obtained, Also, fo
the solution having an ncreased concentrabions of 10mbAd and Brobd for wanediom and oo,
respectively, distribation dingrams were plotted,

From the above distribution diagrams, model solotion ooder low-picolingte LOMI condition also
shows similar tendency for shepe of distribotion disgrams o esch other, Begardless of the
wariafions of rmetal concentrakion in seclukion, it is hard to find cob sctoe significant changes in
chape of distribuation diagrams, However, the reduced ammoont of picolinate foom B bmes to 3 titmes
it the besis  of wanediom  concentraticn  affects  shape  of  distribotion  disgrams,  For
vanadivm([[[)-picolinate complexes, a peak coresponding te vanadiom tris picolinate, V(Fic)3 is
reduced greatly, [n case of ironf{l[)-picolinate complezes, the shape of distribution disgram was
changed significantly, [n model solution of low-pleelinate LOM condition, the fraction of (rondll)

cotmpler species 5 meintained ab s constant rakic in the region over pH 4,

22 Model sclution of Vo Fer Pic= I x7 3

Considering model solution beving redoced concentration of dissolved iron less than 50% of
vanadium concentration, Fig, 4{a) 15 a distribution disgram for vapadivmil)-pleolinate in Bmbd
vanadium solotion, and that for ironfll)-picolinate in 3mbd iron solution s shewn in Fig, d(b),
Additionally, another distribotion disgrams are shown in Fig 5, [n Fig B(b), iron concentration is
Futher reduced to 1.2mbd, By compering Fig 3(b), Fig 4k, and Fig 5kl we can find difterent
distributionn disgrams it theic shepes each other, Howewer, distribotion disgrams for venadiom
gpecies  keep similar shapes, Therefore, it is concluded that speciation of iron(l[-picolinate
complezes 5 dependent vpen the concentratien of on in model soluticn onder  lew-picolinate
LOMI condition, This pheaomenct is attriboted to the shortage of piccolinate in the sclution and



originated from the difference of stability constants between vanadiomil[) and ironfll) species,

IV. Conclusions

The distributicn of wanadiom and iten ionic species (o the presence of picolinate ligand hes been
sitmolated and ewalvated abt diffecent pH waloes and warious compositions of the model weste
golubion, & cotgpoter progratn wes useful for the calcolation of the speciaticn of metal picolinate
CotpREeS,

[n spite of the variations of metal concentration, there ace litble differences in the shape of
distribution disgrams vnder the high-picclinate LOM condition iF the molar ratie of ploclinete to
trietal iz Fized at & cotstant salue, Also, for 8 medel solotion onder les—picolingte LOM condition,
it ig hard to find cut some significent changes in shape of distribution disgrams regardless of the
variations of metal concentration in solution,

Hewewer, the reduced aroount of pleclinate frotn B obmes to 3 Hoes on the basis of sanadiom
concentration affects shape of distribation disgrame, For vanadiomf[[D-picolinate complexzes, a peak
corresponding o the vanadiom  bris  picolinate, WiFic)s 15 reduced greatly, [n case  of
tronf[[I-picolinate cotmplexzes, shape of the distribution disgram was changed significantly, o oa
model solution of low-picolinate LOM condition, the fraction of ironll) comples cpecies s
maintained ab 8 constant ratio in the region ower pH 4, Especially, the speciation of
tronf[[I-picolinate complexzes is dependent upen the concentration of iron in a medel solution under
the low—picelinate LOB condition This phenotmencn is attcibated to the shoctage of picclinate
ligand in solution, and originated from the diffecence of stakility constants between vanadiom()

and ironfll) species with pleelinate
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