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Solvent sublation is a combined method that includes advantages of ionic flotation and
liquid extraction. This is a process in which flotation product (sublate) concentrates in a thin layer
of organic liquid, which is located on the surface of aqueous phase. There are only a few scattered
and unsystematic researches of solvent sublation for water treatment from heavy metal ions.
However, such feature of solvent sublation as possibility of metal ions concentration in little
volumes of organic solvent independently from distribution coefficient indicates perspective of this
method for the treatment of waste waters polluted by heavy metals with the opportunity of metal
regeneration. Solvent sublation of nickel ions from low concentrated (20 mg/dm3) aqueous
solutions with the use of sodium dodecylsulphate as anionic surfactant was studied. It was
discovered, that branched alcohols are better at retention of sublate than those unbranched. Thus,
isoamyl alcohol is more effective for solvent sublation than pentanol. Dependences of removal ratio
on pH of environment, on molar ratio of Ni2+:surfactant were researched. The required volume of
organic phase was determined.

The research of nickel ions removal by solvent sublation from model solutions allowed to
determine rational conditions of the process: pH 9, molar ratio of Ni2+:surfactant = 1:2, volume
of organic phase 5 cm3. Under these conditions removal ratio of nickel ions into isoamyl alcohol is
95,8%.
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Introduction

Among the widely-spread methods of waste water treatment from toxic metals there are
flotation and extraction. Extraction is effective, when concentration of toxic compounds is above 1
g/dm® and acidity of aqueous phase is high. There is no purpose to use extraction when metals
extract from more dissolved solutions because of higher consumption of valuable extragents. lonic
flotation is also highly productive and effective in processing of low concentrated solutions,
however in this case, there are usually pollution of foam product by treated solution and
contaminants. Solvent sublation is a combination of ionic flotation and solvent extraction, which
contains advantages of both methods. Solvent sublation is known as flotation process, during which
floated compound (sublate) concentrates in a thin layer of liquid that doesn’t dissolve in water and
locates on the surface of aqueous phase [1-3]. Unlike the common aqueous extraction in this
process mass transfers from aqueous to organic phase with the gas bubbles participation. Process is
carried out with a little consumption of gas that doesn’t destroy upper layer of organic liquid.
Sublate can dissolve on the surface of liquid as well as create suspended solids, which maintains
because of wetting. Although primarily solvent sublation was suggested for extraction of metal ions
by using surface active compounds. Subsequently this process was realized in other cases:
extraction of soluble organic compounds based on their surface activity, flotation of sediment and
hydrophobic liquids. Nowadays solvent sublation as a method of separation and concentration finds
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its application in waste water treatment from organic and inorganic contaminants that contain in
dissolved form and as compounds which are insoluble in water (liquids and solid compounds), also
in analytical chemistry as the way of quantitative metal trace and surface-active compounds
determination [4-7]. Primarily it was supposed that advantage of solvent sublation over common
ionic flotation is only in the lack of foam. However, nowadays there are also next advantages such
as a possibility of work with large volumes of water objects, concentration of which can easily
exceed proportion of 100:1 that allows to use solvent sublation for extraction of analyzed
compounds (metal ions, surface-active compounds) in micro- and nano- quantities for analytical
aims; active compound is extracted by gas bubbles and enters higher layer of hydrophobic liquid
without phase mixing. Thus, separation process provides higher selectivity that potentially higher
than other flotation processes. Besides, equilibrium process of compound transferring is typical for
extraction while for solvent sublation it is only possible on phase separation boundary but not in
volume. It means that solvent sublation process is nonequilibrium and doesn’t limit by distribution
constant. Therefore, extraction of elements in minor amounts can reach 100% in theory. In many
cases compound that extracts is concentrated in organic phase that significantly ease its further
extraction.

Despite all obvious advantages of solvent sublation this method nowadays doesn’t find broad
industrial application there are many experimental researches, which establish rational parameters
of process and new areas of its application [8].

There are only few researches in solvent sublation application for waste water treatment from
heavy metal ions and their character is scattered and unsystematic. However, this feature of solvent
sublation as a possibility of multiple metal ions concentration in little volumes of organic solvent
regardless distribution coefficient points on perspectives of this method for waste water treatment
polluted with heavy metals with the aim of their further regeneration.

Experimental

Solvent sublation of nickel ions from low concentrated (20 mg/dm®) aqueous solutions were
studied. To research the solvent sublation process installation and methods, which are described in
our work were used [2]. Process was carried out to constant residual concentration of nickel ions,
which were determined by standard methods with the use of scanning spectrophotometer Portlab
501. The measure of pH was controlled by pH-meter Portlab 102.

Selection of collector in industrial use of ionic flotation special case of which is solvent
sublation based on neutralization of cation or anion charge by appropriate ionic surface-active
substance i.e. for cation flotation anionic surface-active substances are used and for anion flotation
— cationic when necessary. It’s important for collector to have ability of forming hardly soluble
hydrophobic compounds (sublate) with metal. Dodecyl sulfate is a surface-sactive substance of
ionic type, which was used in this work.

Selection of extragent is usually done experimentally. It is known, that necessary properties of
solvent must be some polarity, have low solubility in water, density about 0,75-0,90 g/cm?, it
mustn’t flow at room temperature, sublate accumulation ability must be at maximum. In general
case, effectiveness of process as higher as higher solubility of complex in solvent. In our researches
the best results were acquired with higher alcohols. As shown on figure 1 extension of alkali chain
increases the effectiveness of solvent sublation for all alcohols that were used (except decanol) and
correlates with their density. Density increase leads to increase of extraction ratio. Higher foam
forming, low extraction ratio and emulsion forming, which is unwanted effect were discovered
while using decanol.
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Besides, it was discovered, that branched alcohols hold sublate better than unbranched. So
isoamyl alcohol is more effective for solvent sublation than pentanol.

Results and discussion

Dependence of extraction ratio from environment pH was researched. In highly acidic
environment (pH 2 — 4) nickel exist in aqueous solution mostly in the form of Ni2+ which can’t be
extracted directly into organic phase (figure 2).
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Fig.1 — Effectiveness of nickel ions solvent extraction with different extragents.

Assumed that nickel is removed as medium salts which are formed in aqueous phase by
reactions:
Ni?* + C,,H,550; = C;,H,sSO,Ni* 1)
C12H25S04Ni™ + C12Hy550, — (C12H;550,) o Ni )

The yield of medium salt in reaction (2) is unlikely due to dimensional barrier. Extraction
ratio of nickel ions increase in pH range of 5-8 what is explained by formation of NiOH" (pH 5),
which attaches ions surface-active substance which are adsorbed on surface of gas bubble with the
formation of basic salt.

Ni(OH)* + C1,H,550, — (C12H,550,),Ni 3)

When pH equals 9 according to data of potentiometric titration Ni(OH), molecules are formed
in aqueous phase which adhere to gas bubbles due to adhesion. Thus, the role of surface-active
substance is reduced to stabilization of babbles surface and decrease of surface tension on the

boundary of phase division solution — organic layer, what eases the conversion of sublate into
organic phase.
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Fig. 2 — Dependence of nickel extraction ratio from solution pH.
Dependence of nickel ions extraction ratio from molar ratio of a surface-active substance:
Ni?* (figure 3) shows, that optimal quantity of surface-active substance, which provide maximum
removal of nickel ions (95,8 %) that corresponds to Ni®*: surface-active substance = 1:2.
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Fig. 3 — Dependence of nickel ions extraction ratio from molar ratio
of Ni?*: surface-active substance.

The volume of organic phase during solvent sublation doesn’t affect speed. This is another
important advantage of this process over extraction. However, it is important that height of organic
layer was enough to ensure integrity. When volume of organic phase has low value, phase
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separation boundary can tear, what leads to loss of process efficiency. Reverse mass transfer of
sublate from organic phase into aqueous will begin (figure
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Fig. 4 — Dependence of nickel ions extraction ratio from organic phase.

For effective process flow it is enough of 5 cm® of isoamyl alcohol. Further increase of
organic phase amount doesn’t lead to significant change of nickel ions extraction ratio.

Concolusions

Waste water treatment is a significant issue for chemical technologies. The use of such
processes as solvent sublation is less expensive and more effective alternative for treatment of
systems, which include hydrophobic compounds with limited solubility. Thus, solvent sublation
doesn’t require devices for mixing and separation of solutions, which are necessary for extraction
processes.

On the other hand, possibility of metal concentration in trace amounts makes solvent
sublation quite perspective for their accurate determination in natural or waste waters. Removal and
processing of trace metals is a very important aspect for the future creation of water processing
schemes, which are practically wasteless.

The researches of Ni** solvent sublation from model solutions shows the importance not only
in correct choice of surfactant and organic solvent but also in their selection according to each case.
The possibility to theoretically predict the presence and character of interaction between surfactant
and metal doesn’t always exist. Solvent sublation of Ni’* with the concentration of 20 mg/dm? in
aqueous solutions were researched. It appears, that isoamyl alcohol and octanol show high
efficiency during solvent sublation of nickel sublate. Butanol is almost ineffective and it makes
difficulties for sampling as it significantly dissolves in water. Decanol is also an ineffective solvent
for this process.

Conducted researches of solvent sublation for nickel ions removal from modeling solutions
allow to determine the rational conditions of process which are pH equals to 9, molar ratio of Ni?* :
surface-active substance is 1 : 2, volume of organic phase equals to 5 cm?®. By using this conditions
nickel ions removal ratio into isoamyl alcohol was 95,8%.
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Dromoskcmparyus — KOMOUHUPOBAHHBIL Memoo, couemarnwuil 6 cebe 00CMOUHCEA
UOHHOU ¢hromayuu U HCUOKOCMHOU IKCMPAaKyuu. Dmo mMakou npoyecc, Hpu KOMopom
cpnomuposantoe geujecmeo (cybnam) KOHYEHMpUpyemcs 6 MOHKOM Cloe Op2aHUu4ecKoll
HCUOKOCMU, HAXOOAWENCs, HA NOBEPXHOCMU B00HOU pazvl. Hccrnedosanus no npumeHeHuro
@nomoskempakyuy 051 OUUCMKU CIMOYHBIX 800 OM UOHO8 MANCENbIX MEMAanlo8 MALOYUCTEHHb] U
HOCAIM  pA3PO3HEHHbIU  HecucmemamuyHvli — xapakmep. (OOuwako  maxas  0COOEHHOCMb
@romoskecmpakyuy, Kax 603MONCHOCMb MHO2OKPAMHOU KOHYEHmpayuu UOHO8 Memdllo8 8
HeOONbUUX 00beMax OpeaHUYecKo20 pACmEopUmens 6He 3A8UCUMOCMU Om Kodduyuenma
pacnpeoenieHus, yKasvieaem HaA NePCReKmU8HOCHb 2M020 Memooa OJisi OYUCMKU CMOYHBIX 600,
3G2PA3HEHHLIX MANCENbIMU MEeMmAaliamu, ¢ yeivlo nociedyroweu ux pezenepayuu. Hzyuena
@romoskcmpakyus UOHO8 HUKEIS U3 HUSKOKOHYEeHmpuposanHuvlx (20 MZ/OMS) B00HbBIX PACMBOPOE C
npumenenuem anuonnozo IIAB — oOodeyuncyrvgpama nampus. buviio  ycmanoenieno, umo
paszéemeieHnbvle CRUpMbL JIyyule yoepaicugarom cyonam, yem HepazeemseieHuvle. Tax uzoamunossiii
cnupm 6onee 3¢ppexmusnulil 05t hrOMOIKCMpaxkyuu, yem newmaroi. Mcciedosana 3a8ucumocno
cmenenu uzeneuenus uonos nukers om pH cpedwl, om monspnozo coomnowenus Ni* : ITAB.
Onpeoener HeobX00UMbLL 00beM OpeaHu4ecKoll (ha3zol.

IIpogedennvie uccredosanusi HromMoIKCMPAKYUOHHO20 YOANeHUs UOHO8 HUKelsd U3
MOOENbHBIX PACMBOPO8 NO3GONUIU ONPEOeNUmMb PAYUOHATbHbIE YC08us npoyecca: pH 9, monapnoe
coomnowenue Ni** : I[IAP = 1 : 2, 06vem opeanuyeckoul gazvi 5 on’ Ilpu smux ycnosusx cmenens
VOaeHus UOHO8 HUKeJS 8 U30amuosulil cnupm cocmasuia 95,8%.

Knwouesvie cnoea: nuxenv, romoskcmpaxyus, cmenenvb uzeieyeHusi, 000eyuicyivgham
Hampus,cyonam.
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Dnomoekcmpakyis — KOMOIHOBAHUL MemOO, W0 BKIIUAE nepesazu i0HHOI Gromayii ma
piounnoi  excmpakyii. Lle maxuii npoyec, npu saKomy cgromosana peuoguna (cybaam)
KOHYEHMPYEMbCS Y MOHKOMY WAPi OP2aHIYHOT PIOUHU, WO 3HAXOOUMbCA HA NOBEPXHI 800HOI (ha3u.
Hocniooicennsn y 3acmocysanti ¢promoekcmpaxyii 0 OYUWeHHs: CIMIYHUX 800 GI0 [OHI8 8ANCKUX
Memanie Manouucenvhi i HOCAMb po3pisHeHull ma Hecucmemamuynuil xapakmep. Oouwax maka
ocobnusicms (hromoeKCmpaxyii K MOACIUBICMb 6a2amoKpamuoi KoHyenmpayii ioHie memania y
HeBenuKUx 00’ emMax opeaHiuHO20 PO3UUHHUKA HE3ANeHCHO 8i0 Koeiyienmy po3nooiny, 6Ka3ye Ha
nepCneKmMueHICms Yb020 Memooy 0 OUUUJEHHSA CMIYHUX 800, 3A0PYOHEHUX 8AHCKUMU MEMANIaMU 3
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Memoto  ix nodanvuioi  pecenepayii. Bueueno  ¢nomoexcmpakyilo  i0OHi6  HiKenro 3
HU3bKOKOHYermposanux (20 MZ/OMS) B0OHUX PO3YUHIE 3 BUKOPUCMAHHAM aHiOHHO20 [IAP —
oooeyuacynvgpamy Hampiro. byno ecmanoeneno, wo poseanyiceni cnupmu Kpauje Ympumyrombs
cybnam, Hidic Hepozeanyxceri. Tax i3oaminosuil cnupm Oinbut eghekmusrull 01 aromoexcmpaxyii,
Hidic nenmarnoa. Jocniodicena 3anedxcHicms cmynenio suoaients ionie Hikenio 6i0 pH cepedosuwa,
8I0 MOJISIPHO20 CNiBBIOHOUIEHHS Ni** :TITAP. Busnaueno neobxionuii 06’ em opeaniunoi gasu.

IIpogedeni Oocniddcents PromoeKcmpakyitiHo2o0 6UOAIeHHs [IOHI8 HIKell0 3 MOOENbHUX
PO3UUHIE 00360UNU BUBHAYUMU pPAYIOHANLHI Yymoeu npoyecy: pH 9, monsapue cniggionouwierHs
Ni%*:IIAP = 1 : 2, 06 em opeaHiynoi pazu 5 em®. 3a yux VMO8 CIMYNiHb 8UOANIEHHS IOHI8 HIKeNIO 8
i3oaminosuti cnupm cxkaana 95,85%.

Knwuosi cnosa: Hixkenv, ¢romoekcmpakyis, Ccmyninb 6UOANeHHs, 000eyuicyrbgham
Hampito, cyonam.
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