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Abstract

The polyelectrolyre-cnbanced ultrafiltication (PEUF) muethod, usig cationic polyctectrolyte
poly(dialtyldimethyl ammonium chlotide) with an average melecudar weight of 240,000 Daltons, can
remove arsemic) VY from aqueous solutivns, The cationie potyeiecirolyte is added to bind anionic arsenic
spectes to form polyelectrolyte-atsenate complexes, which are separated by 4 subsequent ultraliltration
operation. The Targe polyelectralyte-ursenate complexes arg retained by the membrang i the retentate
stream, while the purified water and ions which do not bind 1o the polyelectrolyte puss through the
membranc as the permeate stream. Arsenic wis 99-99.9% removed from synthetic feed water containing
100 ppb arsenic by he PEUF process, resulting in permeale arsenic concentrations [ower than 3 ppb.
Thus the technique is capable of achicving the new 10 pplr standard for arsenic in drinking water te be
cifective g 2006, Regeneration off the polyclectrolvie fro the retentate stream containing
pulyclectrolyte-avsenate complexes is camied owt by precipitation. The arsenate amons are veleased from
the polyeieceroyte usiog divalent mutal ions such as copper or barium 10 Forit cepper arsenaie or bariam

arsenite, The poly

ctrolyle can he reused

Entroduction

Arsenic is toxic 1o all living organisms, thus creating potentially serious cnvirommenial concerns.
Arsenic iy found in eatural surface water and groundwater because of release ol arseic cumpounds
lrom minerals, Arsenic oveurs inoa vanety of forms and oxidation states, The main arsenic spucies
present i ooataral waters are arsenate foos (oxidation state V) oand arscoite wons (oxidmion state Ny
tFerguson und Gavis, 972} Fhercfore, arsenic veewrs in water in dillerent forms depending upon the
pH and oxidation patential of the water HyAs0." s dommant at pH less than abour #.5, witiic 11A5005
becomes domminant above pH 6.9, HiAst and 43057 are present in extremely avidic and alkaline
conditions respectively while HiAsO; exists primanly as the unchurged species at pi less than 9
3medley and Clirford, 2002}, Studics on long-rerm human exposure show that wsenic m deinking water

soassoclited with Tiver, lung, Kidney, bladder, and skin cancers. To minimiae hese msks, the HS

Luvironmental Protection Agency imptemetiied he new 10 pdlL standard (or arsenie in drinking water
e he etfective in 2006 There e severa] methods © remove arsenic from agueons solutson mechuclmg
chermical precipitation-coagulation, adsorption, lime softenimg, ion exchange and membrane Processes
(Rartinen and Martin, 1998

Polyclectrolyte enhanced ultafiltration (PEUFY is a separation process thal van semove low
concentration oni species from aqueaus solution and s particularly etfective for multivalent ions. This
process includes the addition ol water soluble polymer lollowed by the ultrafiltration operauon, The
pulymet is 4 polvelectrolyic of upposite charge W the target ions, causing the pollutant ions 1o bind to
the polymer due fo clectrostatic atraction o form macromolcenlar compluxes. These complexes ure
retained by the membrane i the rewentate stream, while the uncomplesed ivas piss through the
membrane to the permeate stream. In previows studivs, PEUY has been applied W tbe separation of

cationie metal jons like Cu™ with antonie polymer fSasaki, ot al., 19891} o anionie ions Tike chromate



(Cr0, =) with cationie polymer (Tangyvijitsri, ot ai., 2002Y. Poteatial advantages of this method are the
low-energy requirements involved i ulirafilration and that the process can be operated n a steady-stale
mode ¢ Tabatabai, ot al,, 1995).

The PEUF process for arsenic removal involves addidon ol LI&'IliIOI'llC polvelectrolvie,
poividiallyldimethy] ammonium  chloride) or QlJAT, lo bind anionic arsemic species to fonm
polyvelectrolyic-arsenate compluxes, which are separated by a subsequent ultrafiftration vperation. The
large QUAT-arsenate compleses wee rerained by the membrane in the retentute stream, while the
purificd water and wms which do not bind w0 the polyetectrelyie pass through the membrane as the
permeate stream. Figure | shows a schetnatic diagram of PEUEF to remove anionic arsenic species from
wataer.,
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Frgure 1. Schanatic divgam of polyelectrolvte-enhanced ultraliltration (PEUF) o remove anjonic
arsenic species from water.

In this study we separated  srsenic ffom low concentratton  aguecus  solution  using

polyclecralyic-enhanced ulteafilivation and recovered polveicctrolyie from the retentate sircam.

Experimental

Expuerinents were pertormoed in o Millipore 400 mL hatch alteatilieation stivred eoil cquippeed
with o 1R meleeulin weyght cu-oft regenerated collilose acetate membrane. A 300 miL solution of
polyelectrolyte, arsenic in the form ol arsenate anion, and other eleetrodytes was placed 10 he stimed cell
and the pH adjusted by adding @ small ameunt off HCD or NaOH. Fxperinents were comducted w
laborutory lemperature of 298 Ko The soluten was stimed wth o evlindricat stiring bar positioned just
above the memirane rotating at 230 mm, A pressure of 314 3P 160 psigh was applied from o nitrogen
s cylinder and the permeate sobution wis colleeted as four 30 Ll aliquets in volumenic flasks,
Arsenic concentrations were determined using flow injection hydride generatiom atomic absomprion
spectromedry (FI-BG-AASY Tollowing standard methods (Stndard Methods tor the Exumination of
Water and Wastewater, 19951 Palyeleetrolyte concentrations were sheterinned with o Loen CNS2000
clemental analyzer.

Polyveleetralyte recovery experitnents were studicd on w batel seale by adding copper chlonide or
Parium chloride o solutions of the QULAT-wesenaie compueses. The polvelectrolvie adsompruon.

sedimentation e, and chemical analysis of copper arsenate or barium arsenate were investigated.
Results und Discussion

Arsenic removal by poivelectrolyvie-enhanced ultraiiitration

The ability of @ merbrane to retain a particalar specias of 4 solutan is Sharciericod by its n

B (i %), defimed as the lraction of solute relisned:

[arsenic |,

Repectionl &) :i [ - ][H}]
' |\ wrsenic L[ (

[arsenicipe and jarsenic ]y, are the arsenic coneenrations in the penneate and retentate, respectively,



The arsenic rejection i shown in Figure 2 as a function of pH at feed [QUAT]Tarsenic] rutivs of
5100, and 150, Excellent rejecttons are obseived, vreeeding 99 % for all conditions shown in Figure
3. An increase in pH from 6.3 w0 8.5 results ina slight inercase inamsenic rejection from 99 1o 99,99,
Arsenate speciation is controlled by the pH of the solution. The pia for di.\ssnpiatinn of Haasy 1w
HAstW™ is 6,98, For arsenate, the predominant Sp(_‘i.'"lt:.‘i between pH 6.5 and 8.5 are HaAsOy und
HAsL Compurisan ot arsenic rejection results at identical (nitial retehtate arsenate concentrations of
100 gl arsenie shows that higher rejoenion of arsenic s realized at pd 7.5 and pH 8.5 where
arsentic( ¥y mainly cxists in (e lonm HAsO,™ compared o pH 6.5, At the poink at which the rejection is
reported, the arsemie concentration in the retentate is 150 pab, based on an initial concentration of 100
ppb. Rejections of 99 % to 99.9 % shown in Figure 2 correspond to o permeate arsenic concentration of

42710 0.20 ppb.
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Fraure 2. Rejection of avsenate as o lunetion of pH with retentme Jarsenic] = 130 pph.
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Figore 3, Rejection of arsenic as o function of retentate [QUAT] e pH 7.5,

Thu rejections obtained at feed [QUAT) arsenie] ranes 30, 1), and 150 are shown in Figure 3
as a tunetion of relentite [QUAT] at pH 7350 As the feed ratio of [QUAT | [arsenic| increases, the
rejection inereases because of the merease in the number ot positively charged sites on the QUAT per
unit volume, mcreasing the fraction ot arsenie amon bound 1o podvelectrolyie. As the retentate [QUAT]
or [arsenate) increases at cotstant foed {QUAT | ursenic] ratios, the rejection decreases.

Polyelectrolyte recovery

Economically, the cationic poiyelectralvie, polyidiallvlidimethy! smmonium chioride} or QUAT
must be recovered from the retentae for reuse. The method ol recovery in this study was addition of the
divalent metal ions copper or barium as the chloride salt te precipiate the arsceace, The chloride fon will
reconstitute the polyelectroivte with s chloride counter ion to regencrate QUAT and copper arsenate o
bariumm arsenate can be seporated as e solid waste. Copper srsenate may be economically recovered for

use in the manufacture of arsenical wood prescrvative.
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Figure 4. Polyclectrolvic-enharced ultrafilivation with QUAT recevery using divalent metal jon
procipitation,
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