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A1¡stract

Open pore polyurethane foam was shown Lo act as a

sËationary phase for a nodified solvenË exËraction process.

Cupric and cadmium acetylacetonates \^iere extracted from aqueous

solution using unËreated foams. Foams pretreaËed with benzoyl-

acetone quantit.atívely absorbed copper and cadmium from aqueous

solution. Separation of a copper / cadmium system was achieved

using benzoylacetone treaËed foams.
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The Extraction anrl SeparaËíon of Copper ancl Cadrnium Chelates

by the use of Polyurethane Foam

Introduction

The use of porous polymeric material as a rígíd support 
r,:r::.:

Ín chromatography was f írst reported. in 1966 by Ìio11is 
(1) 

, rho "':r:l

used porous polystyrene beads ín gas-liquíd chromatographic

columns. Ross and Jeffer"orr(2) next prepared 'in-situt formed
l:.-:

rigid open pore polyurethane f or gas chromatograph coluurrs. This 
',.',

type of column was subsequently used for separations of compounds 
::a:,f

such as alcohols, metal chelates, and aromatics 
(3) . no"" 

(4) n""

also sËudied the effects of altering synthetic conditíons on

the separaËion properties of rigíd open pore'polyurethane Ín

gas ehromatograph columns

. Lynn, Rushneclc, and Cooper(5) h"rr" used 'in-situt

formed rigid open pore polyurethane in líquid chromatography

for the separation of díchloroanílÍnes using n-heptane or

isopropanol as solvents
/Á\ : :_:;..Bov¡en'"' tnras the first Ëo use flexíble open pore 

;'..1:i,',

polyurethane f oam as a selective absorbant f or a number of 'i,t -',.
:t'. .t,'..:

substances from clilute aqueous solutions. Flexible polyether- 
":'

based foams were found Eo absorb substances ruhich can be extracted

from äqueous solutíon usíng diethyl eËher, e.g. íodíne, benzene 
,,;,;:,:.;:;

chloroform, and phenol from \,üater; meïcury (II) and gold (III) '-t'',,'

from 0.2 M hydrochloric acid; iron (III), antímony (V), thallium

(III), molybdenum (VI), and rheníum (III) from 6 If hydrochloric $



acid; and uranium (VI) from saturated aluminum nítrate solution

Subsequently Bowen used polyureËhane foam for the extraction of

gold from mine wastes at the 0 .02 ng/kg t.rr"t(7). Recovery of the

gold was determined using radiochemical inethods. The extractíon

procedure consisted of shakíng the solution wíth the foam, which 
".,',. 

,i'
I::.:

effected a 387" recovery.

Schiller and Cook(B)h"rr. used flexible polyurethane foam

in a preconcentratíon technique for analysis of trace amounts ,.,.,

( ppb range ) of gold in naËural waters. Absorption was d,one from 
j

:.'. 
.: .-.: :.

acid solution, both 6 M and 0,2 M hydrochloric acid, followed ';',"1,",',

by actÍvatÍon analysis.

Flexible polyurethane foam has also been used for Ëhe

extracËion and recovery of polychlorinaËed bíphenyls (PCB) by

rqì
Gesser et a1'-'. PCB in the ppb range was absorbed onto the foam

from aqueous solution, and r¿as then eluËed with acetone and

. hexane, followed by gas chromatograph analysis usíng electron

capture det,ecËors. Thís method has also been applied to the

analysis of raw river \^iater for PCB and organochlorine pesticides(lO). ....,j
r11ì ',::,'.,:

Uthe, Reinke, and Gessert'-' have used porous poly- '''."
r'.r 't,tj'urethane foams coated with chromatographic grade greases for the :,1::,::1';

extractíon of organochlorine pestícides from ïraËer. Reinke,

Uthe,.and OrBrod.ovích(12) used coated foams as field monitors

for organochlorine pesticíde and PCB contents of streams. .','..':..','
:,:tt::

/1el :':.:::':

More recently, Musty and Níckless\r''J'' have compared the

abílity of six polyurethane foams of differenÈ bulk densities and

surface areas, both uncoated, and coated wíth sílicon oil, Ëo :



recover organochlorine ínsectícides and pcB frorn \,üater, uncler

varying flow rates and pIIts. ft r¿as shornm that extraction efficiencv

was related to the surface area.

Braun et al have done extensive studíes on the use of open

pore polyurethane foam as a solíd suppoït for reverse phase parti-

tíon chromatograph yQ4) .

A separation of nickel and palladium was achieved. at the 
::,..:.

rng/rnl level using trí-n-buty1 phosphate as the stationary phase ,', ,'',
: .:'.:::

and polyurethane as the so1íd support (15) . Foams loaded with tri- 
i:1,,,,,

n-butyI phosphate were atrso utilized in the separation of a 
:

palladium, bísmuth, and nickel mixËure(r0¡. The iniËiar solvenr

was 0.1 M perchloríc acíd - 32 thiourea - LT" sodíum perchlorate.

using Ëhis sblvenË, bísmuth and palladium \^rere retaíned on the

foam, while the nickel passed through. The bismuth complex \,üas

then eluted r¿íth 0.5 M perchloric acíd., and the palladíum rvas :

recovered by elutíon wíth water. Recovery of mil1ígram amounts

of metal \^¡as quanËitaEive.

Tri-n-butyl phosphate loaded foams have also been used

for the chemical enrichment and separa,tíon of the gold-thiourea

complex from acidic solutíorr"(17)(18). rt was shown E,,at Loo /g
of gold in one líter of a solution of 0.1 M perchloric acid.,

3z thiourea, and L% sodíum perchlorate could be quanLitatively

reËained by the column. rt was also possÍble to quantitatívely

separate trace amounts of gold from high concentïations of zn+2,

co*Z, Ni*2, F"*3, sbt3, cr*2, Bi*3, and pdt2. The gord was re-

covered by dissolutíon of Ëhe foam in nítríc acid.



r..l

Braun has used trí-n-buËy1 phosphate loaded. foams for the

separation of iron from copper, cobalt, and nickel in a hydro-
r10\

chloríc acid systemt--'. Iron (IIT) íons \^rere reLained on the

foam ín 4 M hydrochloric acíd, r^¡hereas at this aòíd concentration 
....,

nickel, copper, and cobalt pass through Ëhe column quantítatively. ':

The iron can then be eluted with 0.01 14 hydrochloríc acid. Mí11í-

gram amounts of iron were quantítatívely recovered.

. ..',.Foams pretTeated wíth tri-n-octylamine have been used to .,..,

.separate tTace anounts of cobalL from níckel in hydrochloríc ..,:
-j.. .: 

'

l?rl\acid solutíon. \"'/ Separation \,üas shown to be possíble when the

ratío of níckel to cobalt ranged from I to 108.. the nickel was

eluted from the column with B ì4 hydrochloríc acid, and the cobalt

with 1 M hydrochloric acid.

. Collectíon of trace amounts of silver on díthízone 
i

treated f oams has been d.one bv Braun QI) . Zínc diËhizonate was

díssolved in various plastícízets and loaded on polyurethane

foam. The foams were then used- successfully for rapíd and

quantitative collect.ion of trace amounts of sílver in batch and 
,:ì,i

column experiments. The preconcentraËíon of small amounts (0.01¡¡g) 
,'1., 

.

:...-:.

of silver from dílut,e aqueous solutions \^ras also found to be '"'
;. .possíb.le. The effects of dífferent plastícizers, pH of the

aqueous phase, and dithizone concentraËion r¿ere critically inves-

ËigaÈed. It was found that Ëhe effect of the plasticizer decreases ir"¡'..

:..:.

in the order o(-dínonylphthalate ) tri-n-butylphosphate ) di-n-

ocËylphthalate. The best pH range for extraction proved Ëo be



4.5 to 6.5. The collection rat,e of silver was found to increase
when the dithízone concentration decreabed, probably d.ue to the
corresponding increase in the plast ícízer/ ð,ithízone ratio.

A símilar study was done for the collection of mercury
Ëraces on dithizone and diethyrdÍthíocarbamate foams Qz¡ . The

effect of pH, plasti-cizer, and chelating agent concentration on
the collection rate of mercury was critically ínvestígated. The
capacity for ¡nercuïy (rr) of a tri-n-butylphosphate plastícized
zínc díthízone foam at pH 6 was found to be 2.34 ¡eq. g-1. It
was also sho¡'m thaË traces of mercury (rr) courd be collected
rapidly and quantiratívely by dÍethyldíthíocarbamare to*r(22) .

Braun has loaded foams r¿ith tetrachlorohyroquinone, and
used rhis sysrem ín redox columnsQ3)(24). ReducËion of ce (rv),
u ful, and Fe (rrr) was carri.ed our quanritarively and rapidly aË

the micro and semimicro leve's. The effects of f10w rates and.

uemperature on extraction effícÍency \,rere also determined. For 5
ml of a 0.0851 N Ce(S0O)r, the ceriumwas completely reduced aË

f10w raËes from 2 to 13 mllmin. at room Ëempeïature. The reduction
of 5 ml of 0.0853 N ammonium vanadate was only compleËe at flow
rates between 2 and. 4 m7/mín at room temperature. An increase Èo
^-o ^J) U gave complete reduction at f10w rates as high as g ml/mín.
rron (rrr) reduction at room temperature was only complete for
flow rates up to 2 mr/m.n , but at 35o c the rate could be ín-
creased to 6 mUmin.

Braun has also prepared. íon-exchange foams by the dírect
and indírect introduction of funcËÍonal groups/ionogenÍc groups

'f.'-,',,



in Ëhe foamed backbone st.ïucture of the polymer(25). Commercíally

available phenol-formaldehyde foam was sulphonated to give

sulphonic acid groups bound Ëo the foam, the ion exchange capacÍty

beíng 1.85 meq/g. IndirecË introduction of the ionogenic groups

was done by carryíng out a polymer analogue reaction after

joining the foam to an easí1y transformable polymer. Styrene-

polyurethane inËerpolymer foam was thus prepared, and anion

exchange groups introduced by chloromethylation and aminatíon.

RadiaËíon grafting of open ce11 polyureËhane and closed cel1

polyurethane foams wÍth methacrylic acíd r¿as also ínvestigated Q5) 
.

Polyurethane - Varj.on KS heterogenous cation exchange

foam was then used for separatíon of Cd (II), Zn (II), Fe (III),

and Cu (II) in aqueous and alcoholÍc solutíons, and Ëhe corres-

ponding distributíon ratíos \^rere determíned and compared to values

obËained for the conventional bead exchanger Q6) . IË was found

that the cation exchange foam colurnns seem to work more effí-

ciently than the common catíon-exchange bead colunns for separ-

ation, though the exchange distributíon' coeffícients \^rere símilar.

Polyurethane foam has been used by Braun as an enert
fa-7\

supporË for ísotope exchange separatíon\'') . A very fíne

precipitate of silver sulphide was immob íLLzeð. on the foam, and

the exËraction of various concentrations of radiosilver from

0.1 M nitric acíd soluËÍon at 20 ml .rn-2 *Írr-1 flor raËes studied.

It was found that the radíosílver was quantitatively retaíned.

Braun has recently developed 'Chromofoamsr, whích consisË

of chromogenic organic reagenËs immobilized ín plastícized open

i-r: .1:



cell polyurethane foams(28).-These foams have been shovrn to have

comparable or superíor qualíties to normal spot tesËs when batch

Ëechniques are used. Foam columns can be used for Ëhe detection

and semiquanLitative determinatíon of trace arnounts of meLal íon'

as shown by the use of these foams for the detecLion of zLnc (TI) ' 
"'::""'

and lead (II) wíth díËhízone' copper (II) wíth rubeanic acíd' and

cobalt (III) wíth thiocyanate-Amberlíte LA-l'

Mazurski, Chow, and Gessêr have studíed Ëhe extractíon 
,:,.¡.,:,
.: .:'

ofmercuryfromaqueouSso1uËionusÍngsu1fide-treaÈedpo1y- '::t::

f?O\ ^--^+^J;- +Lo fn¡m'
urethane fo*'-)). Sulfhydryl groups r^rere generaËecl in the foam : : ::

by an electrÍcal discharge in a hydrogen sulfide atmosphere' IË

was shovm Èhat the adsorption of mercury (II) chloride in the

4.0 to 0.0004 ppm range, and meËhylmercury (II) chloride in

the.2.0 to 0.0004 ppm Ïange \ras generally quantítative' Recovery

of the meïcury was done by eluËíon with 2 M hydrochloric acid'

chow and Buksak 
(30) h"rr. used diphenylthiocanbazorLe

treated polyureËhane foams for the extraction of mercury and

methylmercury from aqueous solutíon. Extraction is quantitative 
,'a,.,.

over a pH range from 1 Ëo 10 for mercury concefl-traËions below .'.',
:.1:ì::

l0ppm.Theabsorbedmercurycanberecoveredbyelutionwith:1:ì:ì

acetone' This meËhod was also shor'm Ëo be acceptable for

recovery of both mercury (II) and methylmercury from domestic

\,/aËeï, ïiver rrateÏr ral^7 se\¡/age, and secondary serüage' l''l'ì
'. :.- -_t-

Polyester polyurethane foam has been found to be

suitable matïíx for the immunoadsorpËion of ce11s(3r). rr

wasfoundthatuntreatedfoamshadahighaffinityforerythro_



cytes, but Ëhat this nonspecific affinj-ty could be reduced by

pretreaËing Ëhe foam with various polyanions. Immunospecific

bíndíng was achieved by addíng anti-erythrocyte antibody Ëo a

gum arabic solution used Ëo protect the foam.

Polyurethane foam could also be used in t.he preparaÊion of

an ímmobi Lízed (ínsolubiLLzed) cholinesterase (32) (33) . The

enz)irne r¿as immobilízed by Ëhe use of a sËarch matrix, and

placed on a ureËhane foam pad. This system had the advantage

over a free enzyme sysEem of lengthening the time the enzyme

reËained íts activÍty.

Grégoire and Chow(34) h"rr. used silicone rubber foam

in a sysËem analogous to that for polyurethane foan. Dimethyl-

glyoxime treaËed sílícon foam was used in the separatíon of

platÍnum and palladíum in tO-4 ¡¿ hydrochloric acid, the palladium

beíng retained r^ihíle the platínum passed through. The palladium

could be recovered bv elutíon with B M nitric acid.

There have been rrumerous reporËs on the use.of solvent

extractíon methods on metal sysËems, as índicated by the

large number of papers, revie\^rs, æd books publíshed on Ëhe

^.i, ^^*(35) (36) (37) r_ __j ^__ _ÍÞuuJeL. -'' . In víew of the wide applicabílity of solvent

extractÍon systems, it was consídered desÍrable to determine

whether an open pore polyurethane foam system could act as a

statíonary phase fot a modified solvenË extracEion process.

The compor:nd 2,4-pentanedíone (acetylacetone) was first

used as a chelating agent by Steinbach, who sËudied the exËractíons



:l ' - '..:"

1ô

of rhe chelaËes of Cr(III), Co(III), Fe(III), Cu(II), Be, Al,

Ga, In, V, Zn, and Zr as functions of pH, íoníc strength, and
/?a\ (39) (40)temperature'""' '. A similar study on other metals,

íncluding cu(II), Bi(III), Hf(IV), Fe(IIt), Lâ, pb, pr, zft, and

Zr was done by rri"h"rr(41).

Brown Steíbach, and l,tragner have st.udíed the disËribution

of Er, Yb, IIo, Pr, Dy, ïb, Gd, Sn, and Nd ín water/aceËylacetone
( /,t\

sysLems t-"

Jaskolska, trfodkiewícz, and Minczev,/ski have used aceËyl-

aceLone as a chelatíng solvent ín the deterrninaËion of As, Sb, Cu,

Ga, Mo, Zrt, Sn, and Au trace irnpuritíes ín semiconductor

materials (4:¡ 
.

Stary and Hladkf ttav" done a systematíe study of the

extraction of Be, ì{9, Ca, Sr, Ba, Sc, La, Tí, Zt, Tln, Cr, Mo,

U, Mr., Co, Fe, IIi, Pd, Cu, Zn, Ag, Ccl , Hg, A1 , Ga, In, T1 , Sn,

Pb, and Bí by 0.100 M solutions of acetylacetone in benzene ín

rerat,íon to Ëhe pH values for extracËíonG4)(45). The exËïacËion

constants and two-phase stability consËanËs were calculated.

The use of l-phenyl-lr3-buËanedione (benzoylacetone) for

the solvent ext,ractíon of metals has also been exËensivelv

studied by Starlí. The solvent, extïaction of 30 metal systems by

0.100 M benzoylacetone solutions ín benzene as a function of pII

has been reported G5)(46). ExËraction of cádmíum by benzoyl-

aceÈone has also been reported by Rudenko and StarfGT)(48),

using 0.100 M soluËíons of benzoylaceËone in carbon Ëetrachloride
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and chloroform. It r¿as found that the pHt/Z values for 0.100 M

solut.ions of benzoylacetone in benzene, chloroform, and carbon

tetrachloríde were 8.48, 8.93, and 8.48, respectively. The values of

log K, where I( is the exËractíon constanË equal to , ,,,,,,.1 

.,i.,
-:::.:_..

lmrrl org [H]n

tMl tmllre

where lfl* i" the metal íon
: i.: : . -'

HA is Ëhe organíc reagent 
'.r':'i:

ì44_ ís the r¡ncharged chelaten
( /,Ê.\ | \7) (48)were found to be -L4.92, -15.83, and -L4.90, respectÍvely\rJ"\r

Starf has also investigated the solvent extractions of

Be, Mg, Câ, Sr, Ba, Sc, La, Tí, Zr, Tn, V, Nb, Cï, Mo, trr7, U,

Mn, Fe, Co, Ni, Pd, Cu, Ag, Cd, Hg, 41, Ga, In, T1, Pb, and Bí

with 0.100 M oxine Ín chloroform G9)(45). The effects of pH and

oxine concentration were sËudíed, and the ext.raction constants

and sËabilíty consËanËs of the rnetal complexes calculat,ed.
t.,:ta-:,:

The unpublished work ín thís laboratory on the extraction ;ii:,i:r::r

-- 1 -- .t.t,.,'and recovery of gallium by open ce11 polyurethane foam systems .::..t,,,:,

seemed to indicate that the foam could act as a solid organic

phase'for solvent extraction.

It Ís recognized that the "soIvent" effect of a poly-

urethane foam sysLem for meËal chelaËes wíl1 be different than

that. for benzene, carbon tetrachlorÍde, or ether, but ít was

believed that some parallel trends would occur íf the foam acËed

j-n an analogous fashion Èo an organic phase in solvenË exËracËion.
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Polyurethanes are produced by the step gro\^rth polymer-

ízatiorr of polyisocyanaËes and polyo1s. The mode of propagaËion

involves the addítion of a hydroxyl group to an isocyanate to

yield a substituted arnide ester of carboníc acid, i.e. poly-

urethane.

Equatíon 1)

a
R* NCO + R- OI{ U _K

It was thought thaË the polyester or polyether backbone

mÍghË edribít similar propertíes to free esËers or eËhers ín 
:

soluËíon, and thus acË as a solid organie phase for a metal

chelate extraction process.

HOrtl
R-N_ C_
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Experimental:

Apparatus an_d Reagents

Model 306 Perkin Elmer Atomic Absorption SpectrophoËometer
. ,...4.--..., ..

:'-.1,4.'r .''Varian Techt.ron Hollow Cathode Lamps

Fisher Accumet Model 520 Dígital pH Meter

Varian E-3 Electron Paramagnetíc Resonance SpectrophoËometer

Unicam SP 500 Series 2 U'.V. and Visíble Spectrophotometer ," "'

Fisher Scientific Certified Buffer Solutions " "
.t:-.:-::.r

Benzoylaeetone, J.T. Baker Chemical Company

B-hydroxyquinoline, May and Baker LËd., Dagenham, England

cupric acetylaceËonate, MacKenzie chemical trlorks, Inc., New York

.Cadmium 
acetylacetonate, Research Organic/Inorganic Chem' Co'

Gallíum meËal, 99,9999%, Research Inorganic Chemical Co'

Beryllíum sulphate 4H20, Analar (British Drug Houses LËd.)

Silver nit.rate, J.T. Baker Chemical Co.

Foams were obËained from the B.F. Goodrích Company, Canada, in 
,.,,1',i,.'

Ëhe form of 2-índn thick sheeËs, code number 1338, densíty : .:,.:

,.'.'.'L.20 - 1.35 Lb/cu. ft. :'

,,dispo,,plugs were obtained from canlab, l,Iinnipeg, and wexe 2.2 cm.

long and 4.0 cm. ín diameter.

Pyrex columns, 40 mm. outsíde diameter and 50 cm. in lengÈh were ,lt,i:it:]rl,
:

made, and fitted wíth teflon stopcocks
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All chemicals used were of reagenË grade unless other-

wi.se specified. The \^Iater was doubly-distilled, and passed through

an ion exchanger; Research Model I , Illinois !üater TreaËment

Company.

Preparation of Standard and Sample Solutíons

A 1169 ppm C.r2t sLo.k solutíon \^Ias prepared by

díssolving coppeï wíre, 99.9 % A.C.S. (Ifatheson, Coleman, and Be1l)

in nitric acid, evaporaËing to dryness, Ëhen dissolving the

residue in 0.1 lvi hydrochloric acid.

A 1000 ppm Cd2f stock solution r¡Ias prepared by

dissolving cadmium metal, gg.g 7. (J.T. Baker) ín a minimum

amount of hydroehloric acid, then makíng Ëhe solution to volume

using 0.1 M hydrochloric acid.

Sample solutions v¡ere brought Ëo the desired pH wiËh

potassíum hydroxíde solution or hydrochloric acíd as required.

The pH values given are accuraËe to f O.OZ pl{ units



15

General Procedure

Foam plugs, 40 rnrn. j-n diameter and 50 mm. in length,
¿

aveïage weight I.4590: 0.0095 gm.' T¡lere cut from the foam

.:.:.. sheets. Prior Ëo use, the plugs were soxhleË extracted uíth
_ta-: )

acetone for six hours, Ëhen air dried.

AcetylaceËone \,74s purified according to the procedure

/?R\
.; used by Steinbach and Freiser \"""f. Two hundred ml. of acetyl-

.:.
ì':':i acetone T¡Ias shaken wíth 100 ml . of diluËe 1:10 ammonia,

:,,.: followed by ËÌ^ro successive 100 ml . portions of dístilled I'iater.
..:::

The acetylaceËone was then distílled, and the portion which

came off at 135-137o C was collected.

Experiments rnrere done by placing the foams at Ëhe

bottom of the column, addíng t,he trial solutíon, then compressing

. ;":,.:ï:,"., :::":.:"":"i:::.,'":.^1,:":::"':,,.::.":"
expand to their normal size.

For sËatic system experíments, 50.0 ml. of metal

::'.,:, solution was usedrno,rmally eiËher 3.51 pprn. copper or 2.50 ppm.

;,:,, cadmíum. The fluid capacíEy of a single foam was about 60 rnl .,

foam. Contact time rn/as two hours, aft.er which the column was

squeezed drY.

'r:; The amount of metal extracted was'usually determined

by measuring the concentration of the meËal solution before and
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after exposure to the foam. fn cases vühere very dilute metal
solutions were used, the original concentration Ì,üas determined
by dilution of a solution of known concentration. EoluËions
were analyzed under standard conditions as listed in the perkin
Elmer Handbook (50). 

A two second ínt.egration mode was normalry
used' and Ëhe average of three or more of such instrumental
readíngs reported..trnlhere d.evíations are reporËed, the d.eviation
is an average of three or more separate soluËions. Matrix
maÈching between standard. and sample soluËíorì.s \,/as done when_
ever necessary.

Fl0w-through sysËems consisted of r¿etting the foam wi.Ëh
\^/ater aË the desired pH, then passing 50.0 ml . of triar solution
through Ëhe foam, foll0wed by a pH adjusted T,rater sorution again.
o'ne hundred ml . alÍquots of effluenË .h/ere colrected and analyze.
until no more metal was detected in the solution.

Metal recovery from the foam was norrnally done using the
fo110wíng procedure: The metal was first absorbed. by the system,
using either a fl0v¡-through or st,atic process, and Ëhe foam
squeezed as dry as possible, using a glass rod. The amount of
solut'on left on the foam was calculated by measuring the amoun.
which could be recovered by squeezing the foam. The amount lef.
woult be the difference between trre amount put on an. the amou.t
reco'ered. The neÈal conce'tra.ion of Ëhe solution ie¡t. on the
ir-4' r¡:s ass'.=ed Èo be ih.e s¡-e es the Fetal sc.iutio:r thac oassed
--i:'r':Sl th¡ ic¡¡r s).sls-*. F:ìi:S riÌ.. .ri 1.. i ìl ìirr\r*r\\+t i¡ ilt r.\
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\^ras then placed in contact with the foam for two hours, in a

static system, after which the foam was again squeezed dry. The

total volume of acid was then calculaËed to be the 50.0 rnl. of

acid added plus whatever amounË of original solution that had : ,.-,::,;:,

remained on Ëhe foam. The acid remainíng on the column was '':"i:''':i

assumed to have Ëhe same concenËration of metal as Ëhe acid

which came off the column. The toËal amount of metal recovered 
:::.::...,,:.,..1

was calculated by using the concentration of the metal in the "', , ,'

acÍdr and the Ëotal volume of Ëhe acid. 
,'¡,Ì,..-.,. .'
I:._..'..

Pretreatment of the foams wiËh ligand was achieved by

soaking Ëhe foams in an acetone soluËion of lÍgand, draining

Ëhem, and then drying under vacuum.
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Part I : T'he Extraction of CoÞper and Cadmíum AcetylacetonaEes t:rli':.:':-:l:

1) ExËractÍon of Copper and Cadmíum Acetylacetonates by Untreated
Polvurethane Foam

fntroduction 
. ,.. ,,..j'. ,.

Varíous metal aceËylacetonates in aqueous solution \47eïe :":."'i'::1:

passed through foam plugs in an attempt to deËermíne rrhích' íf

any, would be extracted by the foam. Metals sËudied were Fe(III),
:; r . ..

' :: ,.:. ,. -. ...-Fe (rr) , co (rr) , Al (Irr) , Zn (Ir) , Zr (rv) , I,ln (rr) , and Ni (Ir) ,r,,ì1,i;',;:',: ,

It r^ras found that copper, ferric, cadmium, aluminum, and possibly 
,:¡,..',:;,t.'1,,..''..".ì': .: :

zinc acetylacetonates r^rere parËialIy absorbed by the f,oam. 0f

these, copper and cadmíum \,Iere studíed more extensively, as

exËraction seemed Ëo be more effective for these two.

Experimental

A saturaËed solution of copper acetylacetonate, (Cu(acac)r),

r,üas prepared by allowíng disËílled \^rater Ëo stand over excess

Cu(acac) , f.or 48 hours, afËer which the soluËion was fíltered

Ëhrough I^Ihatman ll42 f.iLter paper, and Ëhe pH adjusted. The copper

concentration was determíned by atomíc absorption analysis to be

2.32 ppm.

A simíIar procedure was followed for preparatíon of a

saËuraËed cadmium acetylaceLonaËe solution, except that the concen-

tration of the filtered solutíon was diluted to 2.65 ppm in cadmium.

The solutions were placed on Éhe foam using a static

system, wÍth results shown ín Fígure I.

';:. : , .-:.'-
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Results and Discussion

Figure I indicates that absorption of acetylacetonates

onto the foam ís a pH dependent phenomena. The curves for both

the copper and cadmium systems seen to reach a maximum at pH

10.0. The equilibriurn reaitíons in solutíon aïe: ::;;',,:",:t;,'

Equation 2) crlz + ("cac)-l ì* cu(acac)*t 
'o* 

Kl(20") a'sr(sr)

Equation 3) cu(acac)*I + ("cac)-l ì* cu (acac), 1oB Kr(20") 6'85(52) 
, .,,.,,: .

EquaËion 4) (aca")-l + U* -* acetylacerone log K (20? ) g .O2$2) '." ,

Increasing the pll would tend to favour the formation of (a"".)-1, ,"tt't,'' ,','

Equation 4, by decreasing the I'.* "ot.urrtraËion. 
This in turn

would shift the equilibriun Í-n Equation 3 in favour of cu(acac),

formation.

The results indi-cate that the species retained by the

foam ís Ëhe metal acetylacetonate, rather than the metal ítself.

A comparÍson with the solvent extraction systens 
(44) (45)

for the extracËion of copper and cadnium by aeetylacetone in

benzene indicates that, in the case of cadmíum acetylacetonate'

extraction is much great,er for the foam system. Extractíon of

copper acetylacetonate, on Ëhe other hand, has a Ïeverse trend.

Extraction has decreased for the foam system, compared Lo the

solvent. extraction sysËem. Extractíon Seens to start at approx-

imately the same pH for both, but Ëhe foam system has a smaller

amount of extraction at its optimum PH, and has a much higher

opËimum pH.



Figure I

?he pH Dependent Curves for Extraction of Copper and Cadmíum
AcetylacetonaËes into Polyurethane Foam Compared to the
Corresponding Solvent ExËraction Systems
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/) Extraction of Copper and Cadmium by Untreated Polyurethane
Foam

rnËroduction 
::': : :

The absorption of copper and cadmium in aqueous 
,:;..r.,,,'¡..i,

soluËíon by unËreated foam \¡ras run as a check to deËermíne

wheËher Ëhe reËention of the metal by the foam was due to

interacËion between Ëhe foam and the met.al íon, or íf the ligand . .

:'.:t..:_._-:.:

was the factor causing retenË]-on 
:::r":'-'' '

Exoerimental

Copper and cadmíum standard solutíons vrere made up,

3.51 ppm. Cu and 2-.50 ppm. Cd, and the pHrs adjusted. StaËic

absorption condítions I¡Iere used, with resulËs shor,¡n in Fígure 2.

Results and Discussion

Copper and cadmíum pH dependenË extracËion curves

\^rere somer{hat similar Lo Ëhose obtained for the acetylacetonaËe
-:.,. ..:_,1. .,

systems, Figure l. The copper aceËylacetonaËe curve does have ":::':1'':1::':: -i"': :-.':

;: : : ':
.::'-:.:.. .:..a higher maximum Ëhan the curve for eopper ions, as well as ;,:.i'::'::'.:
: :...; .r. _._:...:

starting aË a lower pH, indicating some lígand effect. The " '

cadmium extraction curves are aLnosË ídentical, suggesting

that absorption in this case is. not deËermined by Ëhe same 
...,f.-.,ì,¡:

facËors affecËing coPper absorption. AbsorpËion in Ëhis case seems

to be due Ëo a facËor ínherent in the foam ítself, ra¡her than

reËention of a meËal chelaËe



Fisure 2

The pli DependenË Curves for ExËracËíon of
Ions by Untreated Polyurethane Foam

Copper and Cadmíum



i Amount Extracted (i4)

i^
.v
.ÕNJ

o. H

'rJ
o

s.

u
c)
tlj
o"

H

zz



, ::.:: -: - - :: --: - - r':,

Introduction

As previously indícaËed, the species retained by the

foam seems to be the copper acetylaceEofLate, rather than the

metal ion. As verification, experiments were done using copper

acetylacetonat,e soluËions wiEh excess acetylaceËone PÏesentt

and also copper solutions to r¿hich aceËylaceËone \¡ias added '

Absorption should be consistent \^/íth equilíbrium shifts

Experímental

AcetylacetoneinvariousconeentrationswasaddedEo

soluËions of Cu(acac)2, 2.34 ppm' in copper' A flow-through

system, tate 2 ml ./min., r¡ras used, with results shor,rn in Table *.

VaríousconcentÏationsofacetylacetonewereaddedto

dilute solutions of copper,'O.LL7 PPm', and the solutions

allowed to stand for Ëwo hours to equilibrate. One hundred ml'

of soluËion r¡ras Ëhen passed through the foam, using a flow-

.Ëhrough system v¡íËh a flow rate of 2 mL./urin. Results are

tabulated in Table 2.

Results ar.td Discussion

Data from Table I shows Ëhat as the concentration of

acetylaceLone increases, absorptíon of coPper decreases' A

Large excess of acetylaceËone resulLs in no detectable absor-

Ëion of copper. Addition of even a small amount of acetylacetone

23

::i

I

bv Untreated Poll¡urethane Foam
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decreases absorption from rshat would be expected at that pH. A

possible explanatíon is thaË the acetylaceËone in solution is

competíng for siËes On Èhe foam with Ëhe metal acetylacetonate'

This is consistent with the ídea Ëhat it is the ligand which is

responsible for copper retention

Table 2 illustrates the effect of addíng acetylaceËone to

copper solutions. AbsorpËion of copper ions would be expected

from Ëhe results iniFlgure 2, bu:- addítion of small amounts of

acgÈylacetone does íncrease copper absorption. This is probably

due to chelate'formation in sol-uËion. Absorption in the presence

, of a síx - fold excess of acetylacetone gives Ëhe greatesË

absorptíon of Ëhe concentrations of acetylacetone studied. As the

concentïaËion of acetylacetone increases, there is a decrease in

absorptionr most noticeable when a síxty -'fold excess was used.

At Ëhis concenËration, copper absorption is l.ess than that for

only copper ions ín solution. It appears that at even these low

concentraËions of ligand, there is competítion for bínding sites

on the foam between the free ligand and Ëhe metal chelaËe.



27

4) Extraction of Acetylacetone By Polvurethane Foam

Int.roductíon

The decrease in copper absorption ín the presence of

excess acetylacetone \^ras thought to be caused by competition for

binding sites on the foam beËween the free ligand and the meËal

chelate. In order to justify this assumpËion, the absorption of

acetylacetone onto polyurethane foam was studied to determine if

Èhe foam did show an affínity for the ligand.

Experimental

Fifty rnl of a solutíon of acetylacetone in water , 9 '75

-5x 10-J M, was allowed to sËand on the foams for two hours, after

which the foams \,Ieïe squeezed dry. Duplicate samples \nleTe Tun' at

piits 4.25 and, 7.:-:9, and values corïected against \^rater blanks.

The absorbance maximum for a solution of aceËylacetone in \,/ater

was found to be 275 my, and all absorbance readings \^7ere taken at

this value.

Results and Discussion

It was found that the foam did retaín acetylacetone to

-r- +
some.extenË, absorbing 1.00 x I0-'moles at pII 7.19 Q0.5':2.47"),

and 0.96 ! 0.06 x 10-6 moles at pH 4.35 (Lg.l ! t.zz). The pH

value did not seem Ëo affect absorbance to any great degree'

These results show that acetylaceËone is retained by the

foam, independent of any metal beíng present. Inlhen compared to
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the values shoum in Table 2 it can be seen that the amounÈ of

copper bound Ëo the foam ís less Ëhan the amount of acetylacetone

which can be bound, approximately 0.15 x 10-6 moles of copper
a

eompared Èo 1.00 x 10-o moles of acetylaceEone. Despíte this,

the coppeï v/as at best onLy 87% extracted, probably due to the

six - fold stoíchÍomeËríc ra¡io of acetyJ-aceËone Ëo copper, Èhe

excess aeeËylacetone inhíbiting copper absorption by competítion

for binding sítes on Ëhe foam.



5) Extraction and Recoverv of Copper AcetylacetonaËe From
Polvurethane Foam

Introduction

The use of rhe foam as a preconcentrator for Ërace

analysis would only be feasable íf the metal in solution \¡las

both quantitatívely absorbed onto the foam, and quanÈíËatively

recovered from the foam. The pII dependent extraction curves

Índícated that extraction decreased as the pII was lowered, so

acid eluËion of the foam seemed possíble.

Experímental

Copper vras first exËracted by the foams from copper

acetylacetonate solutíons. Recovery of the copper from the foarns

was iníËia11y done by elution wíËh T¡Iater, using different PHts,

or by elution wiËh hydrochloric acid aË different normaliÈies.

Flor¿-through sysËems \^Ieïe used, wÍth a flow raËe of 4 mUmin

(Table 3).

Once it. was determined that an acíd wash could be used

for recovery of the copper, a system cornbíníng quanËiÈatíve

retention of copper from diluËe solutÍons plus quantítative

ïecovery was attempted. Dilute solutions of copper aceËyl-

acetonaLe \,üere passed through the foam, usÍng flow-through

systems at different flor,r rates. Recovery of the copper vras

achieved by elution wíËh 1.5 M hydrochloríc, using either flow-

through or staËic sysËems (Tables 4 and 5).

;:j-.-:j-ì::::,1.:.:ì:j:.¡,.1'j:':-;:1li':''"":i,:::,:i..)!'-::J:j::::::ìì:ì:

ô^z>
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ResulËs and Discussion

Elutíon of the foams with r¿ater at a 1ow pH did not

give quantitative recovery of the copper. If the elution curve \^ras

the reverse of Ëhe extraction curve, one would have expected a 
.,.,,.

quantitative recovery aË pH 1.86, as this pII is Ëoo 1ow for ':"'''

copper absorptíon to occur ( see Fígure 1 ). Recovery was

achieved, but was noË quantítative until 1.0 M hydrochloric
,,-,t.,

acid was used. ,,, .

The percentage of copper absorbed, using the 0.23 ppm 
,,.-:'

coppeï soluËion ( Table 4 ) was not consistent, indicatíng that 
l

extractíon condíËions \¡/ere not optímízed. Extraction also was

not quantítaËive, but Lras more consísËent.

Condít.ions for quantítaËÍve absorption and. recovery of

dilute copper aceËylacetonate solutions r¿ere deËermined Ëo be

Lhe followíng: a flow rate of 2 mL/mj:n. r¿íth a pH of 10.2, for

absorption, followed by a statíc acíd wash system usíng 1.5 M

hydrochloric acid. At fasËer flow raËes absorption was not

guantítatíve, as shov,¡n in Table 4. The sËatic acid wash,system vras ':',,.',1.

also more effectíve Ëhan the flow-through syster$, as shom by ,:.: :,

,a,'.t,,

a comparíson of the recovery efficiencies ín Tables 4 and 5. , 
,

Table 5 indicates ËhaË, under opËimum conditions,

quantÍtative preconcentraËíon and ïecovery of Ërace amounLs of
¡..,,.

copper acetylacetonate Ís possíble. l:':,
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6 ) Determínatíon of Copper Species Absorbed bv Polyurethane Foam

Introductíon

The mechanism for retention of metals, or metal chelates

by untreated polyurethane foam is not fully understood. got.rr(6)

has suggested that the absorpËion process may be ion-exchange,

chelaËíon by oxygen atoms in the polymer, or a combínation of

the two effects, or something entirely different. In order to

determine Ëhe species of copper present when copper acetSrl-

acetonate was absorbed by the foam, E.S.R. Spectra r¡Iere run.

By comparíson of specEra for copper in a copper acetylaceLonatef

acetylacet.one solutíon, it was hoped to determine whether or not

the copper on the foam was sËill in the form of Cu(acac) 2, or Lf

the copper r^ias nor¿ bound to the foam, possibly coordinaLed to

the amide ester linkage of the polyurethane.

ExperimenËal, Results. and Discussion

SpecËra vlere fírsË obtained from clean foams. This was

done by shredding the foam into small bits, and packing them

in a quartz tube, ou¡side díameter 11 mm. No peaks were observed.

It was also noted thaE Ehe mícrowave signal in the cavity was

absorbed by the foam if the tube was packed too tightly. This

factor restricted the amount of foam which could be used Ëo

generate a signal.

A specËrum of copper aceËylacetonate was also run, usíng

a solution of copper acetylacetonaËe in acetylacetone and

,l:: :::: :.::.1 :.:1.1 1-l-: r-':":"



benzene. Four Peaks hTere noted.

Foams were then used to extract copper from a solution

of copper acetylacetoriaËe, a sËock solution of copper, and a

solution of copper and acetylacetone, all approximately 2 pp*' ;:|,'¡lt:¡:

in copper. The foams were dried, and then shredded and placed

intheqlJartztubeandspectrarun.Nopeakswereobserved.

The lack of peaks was probably due to too 1or,¡ a ', , . ,,.,.,

concenÈration of copper on the foamsr even though Èhe maximum 
"'""""'

-rt,t.,r'-r,t.t,,.i,,.

amounË.of copper \Á/as put on the foams in each case. Again, : :'-:'::':"::'

the amounË of foam in the E.s.R. cavity could not be increased

due to sígnal absorption. DeËection would also be dífficult

due to a probable broadening of the sígnal peaks, which would

make it difficult to separaËe t.he signal from Ëhe background

noise.Reis.ults were inconclusive. The copper specíes may have

been alËered by absorpËion on the foam, but deËection of any

kínd of signal was impossible under Ëhe conditions present.

35



7) Determination of the Active Sites on Polvurethane Foam

fntroduction

Th'e binding site of the ligand on the foam was assumed ,,. ¡,'
'1.- ',:

to be the amide ester linkage of the polyurethane. In order Ëo

test this Ëheory, atËempËs ïrere made to put blocking groups

on the foam at this site, and to study the effecË Ëhis would
.l. ". tt

have on the absorption of meËals

Experimental

AcylaËion, meËhylaËion, and silanizaL|on r¡/ere atËempted.

The procedure for acylatÍ-on consisted of making a solution of

50 rnl. of acetyl chloride ín 450 rnl. of dry toluene, and soakÍng

the foams for 24 hours. Methylatíon \.^las done using a modíf ícation
/-^\

of the procedure used by lcke, trIisegarver, and Alles t)J'. The

foams were placed in 200 nl. of formic acid, and then 100 ml. of

377. formaldehyde solution r"rere added, and the reactíon allowed Ëo

stand aË room ËemperaËure for 24 hours

The foams from Ëhese t\,üo react.ions were washed fírst

with toluene, then ace¡one, and Ëhen with disËilled ü7ater. fìu

distilled water wash was continued until the pH of the I^later

did not change aft,er contact r¡¡ith Ëhe foam.

Sílanízation rnras done using a modificaËion of the

procedure described by corey and venkaËeswarku 
('4). 

orr"

hundred and fifty ml. of dry (over molecular sieve) benzene was



used to dÍssolve 0.75 gm of t-butyl dimethylchlorosílane.

The scavenger used was 1.4 m1. of dry (over KOH) triethylamine.

ContacË time'h7as 20 hours, after which the foams were washed

\^iiËh chloroform, then acetone, and t.hen dístilled \^rater. The 
,,,1..1.,;,,.,

h/aËerwashwasagaincontinuedunËilËhepHofthewaËerdid

noË change afËer contact wiËh Èhe foam.

Cadmium solutj-ons in statj-c adsorption systems \^lere ; : ::

used to determine the effect of pretreatmenË :::: 
:r: ::r..

:.::,ì:'t: ..-:

: ..::: :.'

Results and DíscussÍon

Cadmíum absorption r¡las, used to determine if Ëhe pre-

treaËmenË of the foam was successful, as cadmíum was prevíously

extracted by unËreaLed foams. If the active site on the foam

vras Ëhe amide ester linkage, and if the pretTeatment \.{as

successful, a decrease in cadmium absorptíon r¿ould be expected.

However, pretreaËment did not seem to affect Ëhe retentíve

properties of the foam.

Thís may mean that the preËreaËment vlas unsuccessful , ,,,,,',;,n:.,,

and Ëhe blockíng group r¡ras not puË on Ëhe f oam, or t.hat the 
.,i;,,,,,,¡,

group hras puË on Ëhe foam but noË at a site responsible for '';1 :'

absorption, ie. Ëhe amide ester linkage v/as not responsible

for absorption or the blocking group attacked at a díf f erent 
_:..:..:-:

síte. Infrared spectra could be used to determíne if the :..''::',ì','

blocking groups l¡Iere presenË on the foam, and possíbly the

binding sÍte, but this sËudy T.ùas noË done.



Part If : Extraction o
Treated Polvurethane Foam

l) ExËraction of er Benzovlacetonat Untreated Pol
Foam

Introduction

The extraction of copper benzoylaceËonate by unËreated

polyurethane foam was studied to determine íf Ëhis chelate acted

in an analogous fashion to the aceËlyacetonate.

ExperÍnrental

Copper benzoyLacetonate T^las prepared according to Berg

/R()'. 
The nítrate salt was made up as a 5 weíght 7"and Truemper \-"'

solution and buffered irnmediately before use by adding five

grans of sodíum acetate for every 100 ml . of solution. Tl-re

buffered meËal ion solution was shaken with an alcoholic soluËion

of the ligand unÈil the reaction appeared complete. After

precipítatíon the chelate was collected by filtration, and

recrystalLized twice from ethanol/waËer solutions. The meltíng

point of the product was 196.5 - L97.5, and the literature value

was 195 - Lg6"C (56).

A saturated solution of the benzoylacetonate in water

s/as prepared by puËting excess chelate in waËer, and allowing

Ëhe solution to sËand overnight.. The solu¿ion was then filtered

through inlhatman lf42 papex, and the copper concentration

deEermined. The amount of copper in solution \,Ias found to be

less than whaË could be determined by atomic absorpLion, ie.



39

less Ëhan 0.05 ppur., indicaËing that the copper benzoylaceËonate

was relatively insoluble in rnraËer

In order to dissolve the benzoylacetonate, acetone T¡ras

added Ëo the solution príor to use. The solutions were then

fílËered and passed through Ëhe foam using a flor¡-through

system with a flow raËe of 2 rnl./nin. Data ís shown ín Table 6.

Results and Discussíon

üIhen acetone/water solutions of copper benzoylacetonaËe

were used, copper was found to be retained by the foam. This

would seem to indicate that Ëhe benzoyl chelaËe is absorbed by

the foam preferentially to remaining in solutíon. This is also

similar to absorption in the aceËylacetonate system' ímplying

a símilar mechanism of absorpt.ion.

tr{hen pure acetone was used as Ëhe solvenË, absorption

decreased sharply. In an aqueous solution' the at.tractive

abílíty of the foam Ís higher Ëhan the solvaËion properties

of the solvenË, and the chelaLe is bound preferenËially to

,the 
foam. In pure acetone, the solvation of the chelate is

greater than in aceËone/waËer systems, and absorption onEo

the foam ís not as great. An alEernative explanation could be a

decrease in absorptíon due to a change in the pH of the solution.
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2) PretreatmenË of PolvureËhane Foam \,üith BenzovlaceËone

Introduction

The relativelv ínsoluble nature of copper benzoyl-

aceËonaËe in an aqueous system suggested a different type of

exËraction procedure. Rather than have the metal chelate in

solutíon, an insoluble ligand could be puÈ on Ëhe foam, and

an aqueous solution of a meËal passed through ít'

Experimental

PreËïeaËment of Ëhe foam with benzoylacetone $/as

achieved by soaking the foams in a solution of benzoylaceÈone

in acetone, draining them, and drying under vacuum' The

Concentration of Ëhe benzoylaceËone f aceXone soluËíon normally

used was 0.00503 gm. per 100 rnl. ( SO'3 pprn' ) ' The foams

reËained Z6 ! Z nt. of this solution after draining, so that

the foams contained 0.0013 t o.ooor gm. of benzoylacetone

af.Eet Ëreatment.

To determine if the concentration of the ligand

solution changed upon cofitact with the foam, the absorbance

oeak aË 329 míIlírnÍcrons was used to det,ermíne absorbance ín-

crease or decrease. The normal concentration of ligand seluËíron

used was studied, as well "s a "ólrrtíon 
f,l25 the normal concen-

tration' before and after contacË with the foam'
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Results and Discussíon

The benzoylacetone concentTatíon of the regular soaking

solution did not noticeably differ before and after contact

with the foam. The dilute solutíon did show an increase in the

benzoyraeetone concentration, fxom 2.01 x 1O-4 gm./rooo mt.

-t!to 2.44 x l0-* grn./1000 rnl. This indicaËes ËhaË the acetone

was being absorbed into Lhe foam ( causing swelling ), but the

benzoylacetone remained aË Ëhe surface of the foam, forroÍng

a surface coating of lígand. The slighË increase in ligand

concenEraLion \,Ias considered negligible compared Ëo Ëhe normal

concentration of ligand used.

+¿
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3) Extraction and Recovery of Copper and Cadmium by Benzoyl-
Acetone TreaËed Polvuretlrene Eeam

Introductíon

BenzoylaceÈone treaËed foams hTere expected to retain

meËals by coordination of Ëhe meËa1 with the lígand on Ëhe foam.

The insoluble naËure of the lÍgand, combíned wíth an apparent

ligand-foam interaction, would prevent the complex from being

washed off the foam.

Experímental

Normal sËatie extraction procedured were used, using

3.51 pprn.copper and 2.50 pprn. cadmium solutíons. BenzoyLacet.one

Ëreated foams were used, at normal and five times normal

concentraËion of lígand. Results are shown ín Figures 3 and 4.

copper and cadmium \^Iere recovered from the treaEed foams

by elution wiËh f.5 M hydrochloric acid, using standard condi-

tions.

Trace amounts of copper \^lere recovered by passing

300 nl. of solutíon containing L7.5 rg of copper througti the

foam, using a f lor¡-through system at pH 7 .2. The acid r¿ash

recovered L7.2: 0.5 ¡g. A similar run \^'ith 300 ml' of a

solution containing 15.0 yg of cadmíum, pH 10.4, gave a

recovery of. L4.Z 1 0.3 pg



Fígure 3

The pH Dependent Curves for Extraction of Copper by Benzoyl-
AceËone Treat,ed Polyurethane Foam Compared to the Corresponding
Solvent ExËraction Process
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Figure 4

The pH Dependent Curves for the Ext,raction
Acetone TreaËed Polyurethane Foams Compared
Solvent ExtracËíon System

of Cadmiurn by Benzoyl-
Ëo the Correspondíng
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Results and Discussíon

The pH dependent extraction curves \,zere very similar to

those obtained by the use of a benzoylacetone/benzene solvent

extractiorl "y"a"*. 
(44) 

The major difference seems to be a shíft

Èo a slíghtly hígh"t pHI/2. The cadmi.urn curves obtained from

extraction by an untreated foam system (Figure 2), and the benzoyl-

acetone pretTeated foams are also símilar, Ëhe only dífference

appearing to be a slight lowering of the pH requíred for maximum

absorbance when Dretreated foams are used.

Extraction of copper is much more effÍcíent using Ëhe

benzoylacet,one pretreatmenË system, rather than the acetyl-

acetonaËe or meËal- sol-utions on untreated foam. llhen the concen-

tration of benzoylacetone on the foarns was Íncreased five-fold,

the extracËíon curve shifted closer to the solvent extractíon

curve. The pI{ at vuhich extraction began remaíned constarit, but

the pH for complete exEractÍon decreased s1ight1y.

Recovery of metals from the pretreated foams was quanti-

taËive. of 171.0 t f.1¡g copper absorbed, L72.L! t.+ /ug \ias
.L

recovered., and of 100.S I 0 .7 lg cadnium absorbed, 101.1 ! S.O

y'.tg \¡IaS reCoVered..

Recovery of trace amounts of copper and cadmíum.was also

quanËítative, suggesting that thís method may serve as a pre-

concenÈration technique for t.race analysis.



4) A Flow Rate Study on the ExtracËion of Copper and Cadmium by
Benzoylacetone TreaËed Polyurethane Foam

IntroducËion

The ext.raction of copper and cadmíum \¡ras previously done

using static systems. This technÍque would be more suitable as a

preconcenEraËion technique if flow-through systems proved to

be effieient. The effecËiveness of a flow-through system would

depend on the raËe at r¿hich the copper-ligand complex was formed.

Experimental

The dependence of absorpËion on flor¿ raËes r{as studíed

using 3.51 pprn copper arld 2.50 pprn. cadmium solutions. Standard

conditíons for a flow-Lhrough system \^lere used, with the exception

of the use of two foams per column to prevent channeling. Results

are shown in Table 7. The flow rate of 250 ml./min. was Ëhe

maximum flow rate obtainable for Ëhe sysËem.

Results and Discussíon

Relatively fast flow rates gave quantitative extraction

of metals from aqueous solution, providing the pH was optimízed.

At a less than optimum pH for copper, recovery lJas noË quanti-

Ëative. The decrease in absorption hlas proportional to the flo\'ü

raÈe, regardless of the PH.

Cadmi-um extracËion \¡ras more effective at faster flow rates

than copper extraction, but as prevíously indicated, a different

mechanism ís probably responsible for extraction'

.+l
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5) Separatíon of Copper and Cadmium bl¡ Benzoylacetone Treated
Pol vrrrethane Foam

Introduction

The pli dependent extracËion curves of copper and cadmíum

seemed Ëo be sufficienËly different Ëo enable separation of the

Ëwo by adjusting the pH of Ëhe sample solution. IË appears

Ëhat separation may be achíeved by Ëwo methods. In the first,

Ëhe absorption dífference at specific pHrs may be uËílized. A

pH may be chosen low enough so that cadmium is not absorbedr but

yet high enough for quantj-tative recovery of the copper. The

second meËhod is based on elutíon differences. Both metals may be

put on the foam, and eluted by water of too high a pH to remove

the copper, but of low enough a pll Èo wash off the cadmium.

ExoerimenËal

BoLh static and flow-Ëhrough sysËems \47ere sËudied, under

various conditions. The copper concentration I^ras normally 3.51 , ::.1 .,.

ppn. , and. Ëhe cadmíum concenËration was 3.50 ppm. ;:'i;:::

Results and DíscussÍon

Table 8 shov¡s thaÈ there is an overlap in the pH

dependenË exËractíon curves for copper and cadmium on benzoyl-

acetone treated foam. There is no pH where copper extraction is

complete and cadmium exEraction is négligible.

ExËracËion using conse'cutive foams in sËatíc condíËions
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proved to be the most effective method for separaËing a copper/

cadmium system by absorption. The system \^7as run at pH 4.86, and

after extraction of Ëhe solution viith five consecutive foam

+plugs, 99.8 : 0.2 7" of the copper r^las extracted, and less than I % .',,.,,,r.i,

of the cadmium. The original amount of metal present was L75 ¡tg

of each.

Separation \Á/as probably nore successful using consecutive :..

foams because of an equilibrium effect between the copper on the ',t','.i

foam and the copper still in solution. After each successive. ;,',:;',,,,.,,

contact wiËh the foam, the amount of copper left in the aqueous

phase decreased, so Lhat by uhe time fit¡e equilibrium disËribuËíons

have occured, most of the copPer ís absorbed in Lhe foam.

Separation by eluËion technÍques proved Ëo be less

effecËive, as shovrn in Table 9. The foam was originally loaded

wiËh 175.5 pg of copper and 165.7 pg of cadmíum, and eluted

with waËer aË various pH's. The recoveïy of cadmium off the foam

r^ras not what would be expected if Ëhe pH dependent eluLion

curve was the reverse Of the pH dependenË extraction curve. ',.",',',. .'--:.ì"

copper was beginning to come off the column before all the ead-

mium had been recovered, rnaking separation by elution impossible.

Table 10 gives the data for flow-through extracËíon

systems for copper/cadmium separatíons' run aË pll 4.84. The

facË that copper is washed off the foam again suggests Lhat the

extracLion process is an equilibrium process. At less than

opËimum extraction pH, the copper involved in chelate formaËion
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ís in equílibríum wiËh the free copper ions in solution.

Subsequent.ly, once the copper is bound to the foam, and copper-

free water passed through it, copper is lost to the aqueous

phase.

Subsequently, the best procedure for separation of

copper and cadmium by benzoylacetone treat.ed foams seems to be

successive static extractlon svsËems.
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6) EluEion of Absorbed Copper from a Benzovlacetone TreaLed Foam
Svstem bv Acetvacetone

Introduction

It was previously shown Lhat when a Large excess of

aceËyacetone \'üas present in the copper acetylacetoriate sysËem,

reËentíon of copper did not occur. This suggested that copper

may be removed from the foam by a ligand exchange processrusíng

acetylacetone in aqueous solution.

Experimental

Copper was fírst. absorbed onto benzoylaceÈone treaEed

foams at pH 8.00. An aceÈyaceËone solution, 1 rnl. per 100 ml.

solution, pH 8.00, was placed on the foams using condítíons for

an acid wash.

Results and Discussion

Of Ëhe L72.4 ! O.Z þg of copper put on Ëhe foam,
.L

L55.7 : 3.1¡¿g \^rere removed by the acetyacetone wash soluLíon-

'The pH used was a high enough pH to prevent copper from eoming

off using a simple water wash, suggesting thaL a lígand exchange

process may have occured. The copper coordinated to the benzoyl-

acet.one on the foam became bound to the aqueous acetylacetone

which remained in soluËíon. An alËernative effect may be that

the benzoylacetone became more soluble ín the aqueous phase due

to the acetyacetone, and the copper-coordinated benzoylacetone

was washed off túe foam.
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7) Determinatíon of the Capacitv of Benzoylacetqne Treafed
Po lvrrre,thane Foam

fntroduction

The use of pretreated foams for extractfon would be

Iimíted by the amount of metal rvhich could be retained by the

foam. In order to sËudy the retratíonshíp between the amount of

1igandpreSenËonEhefoam,andthecapaciËyofthefoam,a
j: 

''.::'. : .: -l: 
j.

saturation study was done :¡ ' :' :'

':.i.t..... .

:. r.:t_. : 1: : .. - .

Experímental

The capacity of the benzoylaceËone Ëreat.ed foams r¿as

determíned using a flow-through system, at a flow rate of 3

ml/rnin. A 3.51 ppm copper solution was used, pH 8.00, and foams

havíng the normal amount of Iígand, 0.0013 gm, and five times

the normal amount of ligand \¡/ere used. The copper solution was

passed through the foam until no decrease in the copper concen-

Ëration vras detectable. ResulËs vrere corrected against a foam

blank, the amount of copper retained by an untreated foam being

sqbtracted from the total amount of eopper reËaíned.

nesuits an¿ liscussþ .:.:tì¡_

UntreaËed foams r'rere found to retairr, 264 lg of copper, .:..::...:..:.i,..1

, :1:,.1t.:. ',¡, 
t,,,t-

foams having five times the regular amount of benzoylacetone

4O7 ,ug, and regular pretreated foams 38! lg of copper. The

amount of copper retained by the ligand was calculated to be

the difference in eopper absorption between pretreated foams
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and untreated foams, which gave values of IL7 ¡,9 for regular foams,

and 143 ¡tg for foams having five times the regular amount of

ligand.

The molar absorptíon ratÍo of copper /benzoyLacetone for

foams havíng the regular amount of lígand was found to be 1:5.6,

and for foams havíng five tímes Ëhe regular amount of benzoyl-

acetone, L:23.1. A ratio of 1:2 would be expect.ed for a normal

solvent extraction sysËem. A possíble explanation for the

variance may be the physical nature of Ëhe system, in thaË the

metal ion could only ínteract wíth ligand at the ligand/liquíd

int.erf ace. 
r

These results indÍcate that maxinum exEractíon capacíty

is probably 1imíted by the surface area of the foam, as absorp-

tion appears to be an interface reaction.
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B) Possible Interferences Affecting Absorbance of Copper and

Cadmium by Benzoylacetone Treated Polyurethane Foam

Introduction

The exËraction of copper and cadmium \^ias done in a

system having the mínímum of possible interferences. However,

there will be a salt effect due to the pH adjustments, and

separaËion studies could possibly be affect.ed by compeËÍtive

absorption of copper and cadmium.

Experimental

Pot.assíum chloride in various concentrat.ions was added

to copper standard soluËions to determine the salt effecË. I(Cl

was chosen as the pH adjusËments \¡¡ere accomplished by the

additíon of KOH and HC1 solutions. The origínal copper stock

solution could not be used, as the pII was too lor+, the metal

being dissolved in acid. A new sËock solution of CuC1,.4Ho0

was made up, and dilutions made from this.

cadmium and copper selective absorption effects Ttere

studied using standard solutions.

' Normal sËatíc conditions \Àiere used in all trials '

Results and Discussion

ExtracËion of copper by preËreatedr foams was shown Ëo

be slíghtly affeeted by Ëhe ionic sËrength of the solution, as

illustraËed ín Table 11, but at low concentraÊions of sa1Ë, as

could occur during pll adjustment, the effect was negligible.
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It was also found that potassium \n/as not absorbed by the foam.

The extraction of copper ín the presence of cadmium \¡Ias

relaËively unaffected ( Table L2 ). This would be expected as

Ëhe pH r¡ras too lor¿ for cadmíum extraction. CadmÍum extraction .:...: ...:'..'::. ., . __. .. .,_

\^ras affected by Ëhe presence of copper, probably due to 
:.i'r:'::r'_.' _-" 

1

competition for the lígand síËes, as copper as well as cadmium

would be expecËed to be exËracted at the pH used.

6L
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ParË 3 : Use of Dífferent Types of Polyurethane Foam for
Extraction of Copper and Cadmium

fntroduction

The use of different types of polyurethane foam was

studied Ëo check if the observed absorptíon properties were .; ,;..t'.,r,,

uni-que to the origínal polyurethane studied, or would be

characterisËíc in general to polyurethane foam as a class of

compounds . .

AsecondËypeoffoam,TypeII,I^7aSobtaínedfromthe
,a-t..'t-',,'

same source under the same specificaËions, but the physical : :"":.:-'t':

properties of the foam were found to be different. The size

was slighËly larger, t,he foams havíng a diameter of 40 mur. and

a length of 53 nm., average weighl L.6566 t O.OZSS grn. The

largersizeresu1tedinagreateramounËof1igandso1utíon

being retained, 33.2 ! L.0 ml. The.foams did not yellow with 
:

age, maintaining a whíte colour even when exposed to lighË over

long periods of time. The original foams yellowed IaLrLy

rapidly upon exposure to light 
, .,.,,,,:,,

A thírd type of polyurethane foam used was obËained in ::::'':'-"""':':'..:': ..

-.....,.,,_ 
r,r,...r.

-:-:-t--_-_.the form of " disPo " plugs, 22nn. long and 40 mrn. in diameter. .i..:,:.,:

Experímental

The foams ürere pÏetreaËed with acetone solutj-ons of 
....,,',,,:.,:.

benzoylaceËonate in a similar fashion Ëo pretreaËment of the 
:'':-1:.

oríginal foams. The pH dependenË extraction curves !/ere run

under standard conditions for a staËic sysËemr using both

Ëreated and untreated foams. Results are shown ín Fígures 5 and 6,
'- ' ' ':

and in Tables $3 and 14.
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Figure 5

The pH DependenË Curves for Ëhe ExËracLion of Copper by Type II
Polyurethane Foam, Usíng Untreated and BenzoylaceËone Treated
Systems
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Figure 6

The pH Dependent curves for the Extractíon of cadmiunr by Type II
Polyurethane Foan, Using Untreated and Benzoylacetone Treated
SvsËems
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Results and Discussíôn

The pH dependent exËraction curves for the Type II

foam were compared to the corresponding curves for the original

foam. The cadmium extraction by untreaËed foams shows a

decrease from L007. for Type I foams to close to 70"Á for Type II

foams. The chelate effect is now noticeable ín cadmium extrac-

tion, as pretreated foams stíll showed 100% extraction at the

optímr:m pH. Extraction of copper seems to díffer little betr¿een

the t\^ro Ëypes of foam, either before or after treatmenË.

Extractíon by 'ldiSPo" plugs could be expected to be

l-ower Ëhan for the orígínal foams, due to their smaller sLze.

AbouË 10 ml of the 50 rnl of metal solution used in the static

system was not Ín dírect contact wíth the plugs, as the liquíd

capacÍty was only about 40 nl. ?retreatmenË would also result

in a less than normal auount of'ligand left on the foam, again

due to Ëhe smaller size of the foam.

Copper extraction of the treated plugs ís similar to

Ehe extraction noted in the other foam systems, suggesting

thaË the ligand is responsible for meËa1 absorptíon (Table 13).

Extractíon of cadmium does show a definite íncrease after

pretreatment \^/Íth benzoylacetone. Unt.reated "díSPo" plugs also

tend to absorb less cadmíum than the oËher types of foam

s tudied.
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3eI!_4 : ExtracËion of Ber)¡llíum. Silver. and Gallium bv
.Benzoyla-cetone Treated Poll¿ureËhane Foam.

Introduction

The extraction of metals oËher t.han copper and cadmium

by benzoylacetone Ëreated foams r,las studied Ëo determine the

applicability of this Lype of sysËem to a more generaLízed metal

extracËion process. The effect of the charge on the meËal ion

was also under study.

Experimental

Standard conditions for a static system, using 2.50 ppur.

metal solutíons, rüere used ín all cases. The sílver standard

soluËions were adjust,ed by Ëhe addition of nitric acÍd and

pot,assium hydroxÍde, rather than hydrochloric acid, to pt:event,

, formation of the insoluble si]ver salt.

Results and Discussion

Beryllium was studied, as t.his met,al is a very toxi" 
,.,,.,-,..,,,...,:

potential pollutant, even in t,race quantities. A preconcentraËion ,.,",t.'.t.'
'- 

:-. -i -:_. .Ì

technique would be useful for analysÍs. -'t.,'t"'t"

, PreËreatment of the foam with benzovlacetone did result

in an increase in absorption, but quantitaËive retentíon was

not achíeved aË Ëhe concentration of 1i-gand used. (Figure 7) ,,...: .,,.,,,.,i
-..............,: :.. .

The pH,, t, was found to be higher Èhan ín the corresponding
LIL

solvent extraction process

The extracËion of a monovalent ion, Ag+, gave a



^o

t::.:..

different type of extracËion curve (Fígure B) than previously

obtained for other metals. Absorption never decreased to zero,

buË seemed to have two maxíma, at pH's 3 and 10.5. The shape of

the curves for boËh the treated and unËreated svstems are

similar, the noticeable dífference being that absorptíon was

consistently hígher for the pretreated foam. Comparison wiËh

the solvent extractíon of a benzoylacetone ín benzene solutíonG4)

shorvs that the increased absorption at pH 10.5 tends Ëo follov¡

the curve for absorptíon for the solvent extractíon systen, even

though the rest of the curve does not

Results from the trívalent íon system, G"+3 (Fígure 9),

gave curves vaguely resembling the benzoylacetone/benzene solvent

extractíor 
"y"t.*(44). Ãg^lrn, absorption by the treated foam

increased over that by the untreated foam. The fluctuatíng

results are partially caused by ivorkíng rrear the det.ection

limit of analysís, but may also be inherent Ín the solvaËion of

the Ërívalent ion.



Figure 7

::: The pH Dependent Curves for the Extraction of Beryllium by
,,1, BenzoylaceLone Treated PolyureËhane Foams Compared to the

Corresponding Solvent Extraction System
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Figure B

The pH Dependent Curves for Ëhe ExËractíon of Silver by Benzoyl-
Acetone TreaËed Polyurethane Foams Compared Ëo the Correspondíng
Solvent Extraction System
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Figure 9

The pH DependenË Curves for the Ext,ract.íon
AceËone TreaËed Polyurethane Foams Compared
Solvent ExtracLion Syst,em

of Gallium by Benzoyl-
to the Corresponding

., 1.:: ]l
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Part 5 : Extractíon of Copper and Cadrnium bv Oxine Treated
Pnl vrrrpl. h¡ne tr'o:m

IntroducËíon

The use of foams pretreated with oxine (8-hydroxy-

quinoline) was sËudied to determine if the modified solvent

extract.ion process establíshed to this poinË could be applied

to other ligands.

Experimental

Foams \,rere Dretreated wiËh acetone solutions of oxine

ín a símilar manner used for preËreaËmenË by benzoylacetone.

The soakíng solution normally conËained 0.00318 gm oxíne per

100 ml ._of acetone solution, whích would result in 0.00086 t

0.00003 gm. of oxine being left on Ëhe foam.

10 and

and 10

The pH dependent extracËion curves are shown in Figures

11, using foams wiËh boËh the regular amounË of oxine,

tímes the regular amount.

IE was found that the oxine treat.ed foams were líght

decreased íf the foams were

preËreaËmenË. The decrease

by a slight discolourj-zation

73

:ì :.: :': . :' :.: .

sensiLive, as extractíve propertÍes

noÈ used as soon as possible afËer

in absorption was also accompanied

of the material on the foam.
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FÍgure l0

The pH Dependent Curves for the ExËraction of Copper by Oxíne
Treated Polyurethane Foam Compared to Ëhe Corresponding
Solvent Extraction Svstem
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Fisure 11

The pll Dependent curves for the ExËraction of cadmium by Oxine

Treated Polyurethane Foam Compared to the Correspondí-ng

SolvenË Extraction SYStem
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Results and Díscussion

The copper extracËion 
.curve 

for oxine treated foams has

a hígher plli-t/2 than the correspondíng solvent extraction system

usíng an oxine/chloroform solution(4g), but seems Ëo correspond 
:,;.,,,,,,,,,,r;.;,

a1mostexact1yËothecuÏVefrombenzoy1acetonetreatedfoams,

suggesËíng a símílar mechanísm of retenËion

Cadmium extract,íon seems to correspond to the extraction 
..,.....,;.. 

.

curve for cadmíum onto untreated foam, excepË in the region frOm 
".': :

pll 5 to pll 9, where absorptíon ís hígher for the oxine treaLed "':; 
',;,,

foams. trdhen foams containing ten Ëimes the regular amount of

oxíne were used, a marked change in the absorption curve occurred'

Absorption increased even more at the lower pH range, resemblÍng

the solvent extracËíon curve to a greaËer extenÈ. Absorption in

this case was probably due to lígand effects, as well as retention

of the metal bY the foam itself.

:rr;.-. 1: l
:.:-:: ::.: ;."
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Conclusíon:

This r¡ork has shorrrn that an open pore polyurethane foam

system could act as a sËationary suPporË phase for a rnodífied

solventexËractionProcessfortheextractíonofmetalchelaËes.

SoIubIe chelaËes such as copper and cadmium acetyl-

acetonates could be extracted from aqueous solution due to

retentÍon of the lígand by the foam. The actual site of retenÈion

could. noË be deËermíned, nor could Ëhe metal species present

on the foam afËer absorptíonr but evidence suggests that it is

a, lígand effect and not a meËa1 effect '

ThÍs type of system could be used as a preconcentration

Lechnique for trace analysís, by addition of the ligand Ëo

the aqueous phase prior to passing the soluËíon through the

fo¿m. However, this type of sysLem would not be particularly

adaptable to preconcentratíon of large volumes of solution'

or to fíeld analYsís

PretreaËmentofEhefoamwiËhaninsolubleligandis

a more useful technique, suitable to the preconcenÈration of

large volumes. There is probably a dual eÍ'fect lceepíng the

ligand on the foam, both Ëhe insoluble nature of the lígand'

and a lígand/foam inËeraction' Extractíon and recovery of

trace amounts of copper and cadmium utilizing this type of

system was found to be quantitative'

The separation of copper and cadmium T¡Ias proven to be

possible,thoughthesystemused'consecutivestaËicextractions,
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vrouldnotbeverypracLicalforroutineanalysis,duetoËhetime

ínvolved.

TheËechniqueofpretreatmentofthefoamr^líthaninsoluble

lígand seems to be applicable Ëo polyurethane foams as a general ' :'t"r't : "':
. ,: ;...:.:.: :.::'::r:'t

class, and ís not dependent on one specific type' though inter:

ferences from the extraction of the. meËal by the foam itself may

be a problem. ' : 1.'

The benzoylacetone sys'em was found Lo be pracËical for 
"':'t"l"t;""t:";t:"

: . ..¡:,:.:t . ..:. 
-... -:..:

copper and cadmium, but as only a límited number of other metals :"';:"'t.';

werestudied,itseemsprobablethatiËwouldalsobeapplicable

Ëo other metals.

TheanalogousbehaviouroftheoxineSystemindicaËesËhaË

oretreatmenEofthefoammayServeasageneralmeLhodforpre_

concentïation and analysis, providing the proper ligand/rnetal

svstem can be established '
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