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ABSTRACT:

Porous polyurethane and silicone rubber foams

vrere sho\^tn to be effective in adsorbing various metal ions

from aqueous solutions. The amounts of metal adsorbed varied

wíth the acíd and base strengt,hs, foam LreatmenL, length of

foams, volume of meËal ion solution, and concentrat,ion of

metal ion. Foams treaËed wit.h such complexing agents as sym-

diphenylcarbazíde, diphenylcarbazone, dithizone, dimethyl-

amÍnoazobenzene or S-H radicals extracted in some cases as

much as 99% of. the mercury from aqueous solutions. Various

equilibrium studies collaborated the results obtained from

Èhe flow-through method which was used for every metallic

ion studíed. Desorption from the foams may be achieved in a

variet.y of ways depending on the chemical nature of the foam

treatmenË and the metal involved.

Atornic absorption spectrophot.ometry was well

suiËed Èo the analysis ôf all Èhe elements studied.



EXTRACTION OF SOME INORGANIC POLLUTANTS
USING FLEXÏBLE PO],YMER FOAMS

INTRODUCT]ON

There is presently a great interest amongst

researchers and the public in generrl .iorrt pollutíon. Various

forms of pollution exÍst, some are not aesthetically pleasing to

the eye, while others are subtle in their nature.

Mercury was one of the first Ínorganic pollutants

to have come to Ëhe attention of the general publÍc. In Japan

(tr) several people have died and many have suffered seríous

physÍologíca1 effects which have been dírect,ly reLated to mercury

pollutíon. This incident has motivated many report,s on the

dispersion and effects of mercury in the enviro.nment (2-5). Since

the discovery of mercury as a dangerous metallic pollutant, many

other elements have come under Èhe close scruËiny of envirormenEal

agencies, and as a result many report.s (6-8) have appeared on

trace elemenÈs in wat,er, their origin, distributÍon and effecÈ.

Requírements of the human body for t,race metals and

their specifie functions wÍthÍn the body are not well defined, but

some recent reports (9r10) have appeared in this area. A report

on Èhe relationship of trace meÈals to certain chroníc diseases

(11) has appeared which stressed Ëhe exÈreme importance of t,race

èlements and trace element concentrations t,o the proper functioning

of the human body.



RecenÈly improved analytical meËhods such as

spark source mass spectromeËry (12) have made possible the

analysls of t,race elements in water down to one part, in 1011

parts of water. There are, however, problerns vlith accuracy

and the necessity of matching the standard matríx to Ëhe

sample matríx. A flameless method for aËomic absorption

specËrophotomeËers makesíÈ possible to measure down to tO-10g.

for certain elements but there are many matrix interferences

(13) associated rvith this rnethod. Some continuous pollution

nonitoring has been done using flame emissíon spectroscopy

(14), but again maËrix interferences are promínenË. AcËivation

analysis has also been applied to studies of Ërace elements

(15) but cannot be used as a routine analyËical meËhod due to

equipment cosEs. Some ion selective elecÈrodes are being used

for elemental analysis because no separations are rlecessary

and instantaneous and continuous results are possible, however,

concentration linitations and lack of suiËab1e electrodes for

all elemenÈs have hindered its universal acceptance (16-18).

Varlous other methods exist for Ëhe analysís of trace meÈals,

(19r20) but they are noË suítable for general use.

The previously mentioned methods for trace metals

all have certain limitations on accuracy and precísion aÈ low

concentratíons, so that methods are required to separale and

concenÈ,rate cerËain Ërace elements from others and also from

organic materials.



Co-precipitation methods (2L,22) are suítable

for the removal of Ërace elemenËs buË Ëhey are rather unspecific

and thus further separation methods are required before the analysis

of specÍfic t.race elements is possible.

Ion exchange (aníonie or cationic) is also a

good nethod for simple separations (23-26) of ions from solu-

tíons but the resins are expensíve and susceptible to fouling

from suspended solids generally found in industrial wasÈes.

Activated carbon adsorption has been reported

for a long tírne as a suitable method for chemical separations

(27 r28) as has disËillation, evaporation and sublimation (29,30)

although they are generally used wiËh organic compounds rather

than inorganÍc compounds.

Freeze concentration, either zone nelting or

normal freezing, has been found to be an effective method (31)

for concentraËing trace inorganics from aqueous and organic

sol-utíons.

AbsorpËive bubble separations (32) nay employ

foamíng or non-foaming separatíons. These meÈhods both work well

for sol-uble inorganíc or organic ions and concentrate as vrell as

separate, however, the fulI potenËíal of this overall nethod of

separation has not yet been exploited.

Menbrane techniques (33r34) have also been shor,m

to be useful in the separation and concenÈration of soluble

lnorganic ions from natural, t,reated, and waste r,raters. A recent
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report (35) has cited Ëhe use of cation exchange membranes for

Ëhe preeoncentration of Ërace metals before analysis.

Gas chromatography works well with volatile metal

chelates for separations and quantit,ative analysis (36r37) but

requires ext.ensive pretreaËment of samples.

A paper (38) on solvent extracÈions, using high-

molecular-weight amines for the quant,itative removal of mercury

at subnanogram and macro levels from solutions of brine and

other chlorides, has recently been published. Trace elemenËs

nay be ËreaËed wiÈh a chelatíng agent, extracted wíth another

solvent, concentrated and then analysed by spectrographic

methods (39-4L); however, thís requires extensive pretreatment

before fínal analyses are possible.

A recenË report (42) lnas shovm that agricultural

producËs and by-products are capable of adsorbing methyl mercuric

chloride and mercuric chloride quantítatively, but the technique

has not been applied to other elements or to separations as yet..

Another very recent paper (43) has shor¡m Ëhat

earbohydrates and polyarnine polymers were capable of adsorbing

mercuric chloride from aqueous solutions.

teehniques

concentrate

analytical

By usíng one or more of Ëhe various separaËion

already mentioned, it is possible t.o separate and

any desired element from any solutíon on a small

testing basis. These methods would not be suitable



for large scale operatlons such as industrial pollution

control because of the following reasons:

(1) - high cosËs involved

(2) - high efficiencY requíred

(3) - large volumes of sol-utions involved

(4) - necessity of quick slmple analysis

In 1970' a rePort (44) appeared whích studied

distribution ratios and absorption capaciËies of polyurethane

fe¡ms for a few selected inorganic ions, and ít r¡as this

reporÈ that has been used as the basis for the research

recorded in this thesis.

Previous uses of polyureËhane foaas for exËrac-

tions have included such things as cigarette filters (45,46) ,

o11 spi1l cleanups (47,48), phenol adsorption (4), and the

removal of polychlorínated biphenyls (PCB's) from water (50).

The selective absorption of polyurethane foams has been

extended to the study of specific inorganic ions as in Ëhe

separation of gold (51) from aqueous solutions. Polyamine-

polyurea resins which are very sírnílar chemÍca1ly to polyurethane

foans have been used to extract such ions as Cu (II), Ni (II),

Au (II) and Co (II) from aqueous solutions (SZ¡. From these

reports lt was Èhought that the ability of polyurethane foams,

treated with various complexing agents or untreated, to absorb

speciflc ínorganíc elements could rnake the foams a suit,able



method for separating and concentraÈing the elemenË p¡ior to ::

¿nalysis.

The present research has been devoted to the

extraction and concentraËÍon of mercgry from aqueous solutions;

as it r¿as considered to be one of the mosË ímminent and wide-

spread pollutants; wíth a brief look at various other inorganic

elemenËs.



EXPERTMENIAL

Apparatus and luÍaterials

Model 306 Perkin Elmer AtomÍc Absorption
SpectrophoÈometer (54)

Graphicorder Model 8020, òyr,.ttorric ïnstrumenÈ
Corporation

Varian Techtron Hollow Cathode Lamps

Aeration sysËem for Mercury Analysis (Fig. 1) (55)

. Glass Col-umns wÍth Tefl-on stop-cocks (fig. Z)

Vacuum gas rack with hígh voltage discharge t,ube
(Fis. 3)

soxbleÈ ExËraction Apparatus (500 ml.)

Ott Planimeter type 16, OËt, lJ. Germany

diSPo plugs (Canlab l.Iinnípeg)

SÍlicone Rubber S5370 RTV (Dow Corning)

A1I the che¡nicals used were of reagent grade. The

water used was doubly dístilled and then deionized usÍng an ion

exchanger, Research Model I, Illinois l,Iater Treatment Company.
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ProducÈion of Silicone Rubber Foam:

The silicone rubber foam was made in the labora-

Èory from a Dow Corning mix called Silastic 55370 RTV foam.

The mix consisted of a liquid base and a liquid catalyst that

were míxed together in the raÈio of 100 parts base to 6 parts
(

catalyst. ilhere has been consÍderable work done on the

development of new catalysts for the polymerizaËion of síloxones

as exemplified by a recent paper (56)ì. Glass was Ëoo cumbersome

for making foam molds in as it had to be well coated with a

detergent film or a teflon spray to prevenË t,he foam from

stícking to the same. Alternatively, the foam was made to the

appropriate díameter and length in polyeEhylene containers in

order to faciliËaÈe separating the newly formed foam from iËs

contaíne r.

After the base and catalyst, were mixed together

and stírred vigorously for thirty seconds, the mixÈure rose to

seven times iËs íniËial volume and was cured well enough to

handle within ten minutes. The silÍcone rubber foams were

allowed to cure f.or 24 hours, soxhleted wíth doubly distílled

deíonized water f.or 12 hours, and then air dried before using.

The density of the silícone rubber foam, which

is 0.1538 g/cc or about, six tímes as dense as Èhe polyurethane

foam, has been reported along with other physical and chemical

properties (57) of the silastic 55370 RTV foam.
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Production of Di hen lthiocarbazor.e SilÍcone Rubber Foams (Oithizone)

These and other treated silicone rubber and

polyurethane foams were prepared as reporËs (58r59) showed that

their production r^ras feasíb1e.

Dithizone treated sÍ1Ícone rubber foams were

produced in various fashions, but the besÈ met,hod devised

was to dissolve 0.1 g. of dithizone, for every 7 cc. of liquid

base, ín as little acetone as possible. ThÍs solution was Ëhen

mixed Ínto the liquid base of the silasÈic foam. The líquid

catalyst, in t.he correct proportion, lras then added to the

mixture and mixed vigorously for thirty seconds. Aft.er the mixture

rose, ít was allowed to cure for 24 hours fínally producing

a foam that was slíghtly softer, and had a smaller and more

regular pore size than Èhe plain sílicone rubber foam. Ihe

foam was soxhleted with doubly distilled, deíonized r^raËeï for B

hours and aÍr dried prior to use.

Mixing 0.1 g. of dÍthizone, for every 7 cc. of

Líquid base, directly ínËo the liquÍd base was also Ëried.

Thís mixture had the liquid caLalyst added in the correct

proportÍon; stirred for thirty seconds; then it was allowed to

cure for 24 hours after rising. The cured foam was then soxhleLed

with distilled and deionized waÈer for I hours prior to being air

dried. The foam was similar Ëo plaÍn silÍcone rubber except that,

small black centres of dithízone were visible throughout Èhe foam.



13

DÍsso-lving the 0.1 g. of dithizone, per 7 cc. of.

Líquíd base, in as little 2M sodium hydroxide as possible and then

míxÍng this solution Ínto the liquid base was tríed. The caËalysË

was added in the prescribed fashion and sËírred, buÈ the foam

refused to rÍse or cure; so Ëhis method was discarded.

Dissolving the 0.1 g. of dithizone per 7 cc. of

liquid base Ín as little 2M sodium hydroxide as possíble and then

adding 6M hydrochloríc acíd t,o neutralize the solutÍon was also

tried. The resulting solution was mixed into the liquid base and

Ëhe Liquid catalyst Ìras added. The foam rose slowly and also cured

slowly, producÍng a very rubbery-rÍgid foam with larger pores than

the plain silÍcone rubber foam.

All these dÍthizone treated silicpne rubber foams

lrere stored in sealed polyethylenebags unËi1 required.
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Production of Sym-diphenylcarbazidg gilicone Rubber Foams (SDØC).

This foam was produced by addíng a solution of

0.1 g. of sym-dÍphenylcarbazide (Analar) dissolved Ín 5 ml. of

acetone, directly Ínto each 7 cc. of the liquid base. This

mixÈure was then mixed vigorously for a minute and the liquid

catalyst was added in the prescribed proporËion. The entire

mixture was mÍxed thoroughly for thirty seconds then allowed

to rise and to cure for 24 hours in a polyeÈhylene mould. The

resultant, foam had smaller and more regular pore sizes Ëhan t,he

plaín silicone rubber foam. After soxhletÍng with distilled,

deionized vraÈer for 6 hours, the foam was aÍr dried and st,ored

fn a sealed glass cont.ainer untí1 required.

A varÍat,ion of Èhis meËhod thaË was used to

produce the firsÈ sym-diphenyLcarbazide silicone rubber foam

consisted of adding 0.1 g. of sym-díphenylcarbazíde direcËly

into the liquid base and Ëhen following the above descríbed

procedure from the addition of the liquid caÈalysË.
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Production of Polyurethane Foam.

The production of porous polyureËhane foam Ís

basically an isocyanate-amÍne condensatíon (60-63) having *any

diverse modificatíons. The possibility of making open-pore

polyurethane foam from closed-pore may be accomplished by an

electrícal díscharge ËreaËment (64), alÈhough Ëhere may be

problerns with highly toxic gases thaÈ are released by the

polyurethane foam (65) if sufficíently hígh ËemperaËures are

reached.

The open-pore polyurethane foam (diSPo brand)

that was used ín this research was not made in the laboratory,

buÈ was obtained from a local source (Canlab, Winnipeg). The

diSPo plugs were cylindrical in shape wÍth dÍameËers of 16, 22,

28,35, and 48 nrm. and all had a length of 40 mm. The diSPo plugs

were originally designed as test, tube stoppers for bíological

samples. fhe density of Èhese foams, calculated from average

weÍghts and volumes, vras 0.025 g./cc. t 0.005. A recent reporÈ (66)

has briefly examined the various chemical properties of the

poLyurethanes that are similar Ëo t,hose used in this research.
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Production of Sodium Hydroxide díSPo Foams.

Three - 22 nm. diSPo foams, .that r.rere previously

soxhleted with acetone for 6 hours and Ëhen air dríed, were

placed in a 50 ml. solution of 2M sodium hydroxÍde. The foams

vrere squeezed several times while siËËing in the solution over

a period of one-half hour. I,lhen the foams were removed from the

sodium hydroxide solut,Íon, they were squeezed to near dryness

and allowed to aír dry. There \¡ras no colour change associated

with this Ëreatment of Ëhe diSPo foams. The foams were stored

in a glass cont,ainer until required.



Production of S-H Radical diSPo Foams (S-H)

The vacuum rack (Fig. 3) wíth a high voltage

discharge tube, was specifically designed for the production

of S-H radical diSPo foams.

The enËire rack r/ras pumped down by a vacuum

pump with all sÈopcocks except 6 and 1 open. Stopcock 3

was then closed and wÍth the H2S inlet attached Èo the gas

cylinder, stopcock 1 was opened Ëo a slow hydrogen sulphíde

gas stream. The hydrogen sulphide reservoir was allowed Ëo

fill to atmospheric pressure as registered on manomeEer A.

Stopcock 1 was closed at the sarne tíme as the hydrogen

sulphide cylÍnder. l,iquíd nÍtrogen was used Ëo condense the

hydrogen sulphide ínto the trap at the botÈom of the reservoir.

Once the gas condensed into the trap, sËopcock 2 was closed and

the liquid nitrogen qras taken off. SÈopcocks 5 and 7 were

closed and 6 opened in order Èo allow the discharge chamber

Ëo come to at,mospherÍc equilibrÍum. Cap 9 was taken off to allow

. Èhree - 22 mrn. diameter diSPo foams; that \¡Iere previously

acet.one soxhleted for 6 hours and air dried; to be placed

1 cm. apart in Ëhe discharge chamber between the two electrode

entrances. Cap 9 was replaced, st,opcock 6 was closed and 7 was

opened in order to pump the chamberdoqm again. LÍquid nítrogen

was Ëhen pLaced around the hydrogen sulphide trap between stopcocks

7 and 8; sÈopcock 4 was closed; 5 was opened; 2 was opened; and

T7
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3 was partially opened to give a 5 mm. manometer dÍfference

Ín B. The variac vras turned on and up to 40 V., on a scale of

120 V., producing a blue díscharge ín the díscharge tube; reddish-

pÍnk íf the air \^ras not enËirely pumped out of the system.

The blue discharge, controlled by the varÍac, hras allowed

to continue for two and one-half minutes. SËopcocks 5, B,

3 and 2 were closed and 6 opened to allow the discharge tube

to come Èo atmospherÍc equílibrium so that cap 9 could be

removed in order to obtain the three fresh S-H diSPo foams.

Once stopcock 7 vras opened t,o release the vacuum in the H2S

trap, the liquid nítrogen *"" taken off and the Ërap was

removed t,o the fume-hood. The old Ërap was immedíately replaced

by another one to prevent hydrogen sulphÍde from escaping

into the air.

The newly produced S-H diSPo foams were then

soxhleted with doubly dÍstí1led, deíonized erater for 8 hours

and vacuum dried prior to use. These foams r¡rere stored Ín

closed polyethylene bott,les until required.
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Production of Sym-diphenylcarbazíde diSPo Foams. (SDØC)

Three - 22 nm. diSPo foams, which were previously

soxhleted with acet,one for 6 hours and then air dried, r¡rere

placed ín a 150 ml. beaker containing 50 ml. of 2.0 M. sodium

hydroxide.(lM, 0.5M, 0.2M and 0.lM sodium hydroxide solut,ions

were also used in place of the 2M solution).0.1 g. of sym-

dÍphenylcarbazide (Analar reagent) was placed in a 25 ml.

beaker and dissolved with 10 ml. of acetone. This solution

was then poured into the 2.0M sodium hydroxide solutíon,

containing the three diSPo foams, producing a dark reddish-

orange colour. The diSPo foams were squeezed several Ëimes

while remaining in t,he solution for one-half hour. The treated

foams were then taken from Ëhe soluÈíon, rinsed several times

r^rith distilled water and allowed Èo air dry, producing lÍght

pinkish-orange foams. Some of these foams were Ëhen soxhleËed

with distilled deionízed \^raËer, whereupon t,he colour of the

foams faded in the soxhleË apparaËus back Èo the original diSPo

foam colour. AlI of Ëhese treated foams r¡rere stored in a

sealed glass beaker.
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ProductÍon of Diphenylthiocarbazone diSPo Foams (Dithízone)

Three - ,r r*r. diSpo foams, previously soxhleted

with acetone for 6 hours and t,hen air dried, lárere placed in

50 ml. of a lM sodium hydroxide solut,ion in a 150 ml. beaker.

0.1 g. of díthizone (Analar reagent) was mixed directly into

the soluÈion untí1 all the dithizone rnras dÍssolved, which

produced a dark orange solution. The diSPo foams were

squeezed several times while remaíning ín the solution for

one-half hour. The dark brown dithízone treaÈed diSPo foams

were then taken out of the solution, rinsed several Èimes in

distÍlled deionized T¡rater and then soxhleted for B hours in

disÈi1led deionízed vrater, finally producing pale ye1low

foams. These foams once air dríed, r^rere st,ored in a large

covered beaker until requíred.
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Three - ,, ^ . diSpo foams, previously soxhlet,ed

with acetone for 6 hours and air dried, were placed in 50 ml.

of a 0.2M sodíum hydroxide solution Ín a 150 ml. beaker. 0.1 g.

of diphenyLcarbazone (Analar reagent) was praced in a 25 ml.

beaker and dissolved with 10 ml. of acetone. This solutíon

was then added to the three dispo foams in the 0.2M sodium

hydroxide solution producing a reddish coloured solution.

The disPo foams \¡rere squeezed several Èimes while in the solution

for one-half hour. The díphenylcarbazone treaËed dispo foams

were then rinsed several times in distílled water and aÍr
dried finally producing light pink coloured foams. These

disPo foams faded wiÈh waËer in the soxhret apparatus, back

to the orÍginal dísPo foam colour. A large beaker was used for
sÈorage of these foams unt.i1 they were required.

A variat,ion ín the production method for these

foams r^¡as also used. rt consisted of neutralizing the 0.2M

sodium hydroxide with a 6M hydrochloric acid soluÈion after the

diphenylcarbazone had been added to the sodium hydroxide

solutÍon. îhe procedure for squeezing the foams while in this

solut.ion for one-half hour remained t,he same as in the above

described method of treat.ment.
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Production of Dimeth laminoazobenzene diSPo Foams (DMAAB)

hree - 22 mr.;.. diSPo foams, previously acet,one

soxhleted tor 6 hours and aír dried, were placed in 50 ml.

of 0.2M sodium hydroxide solution in a I5O ml. beaker. 0.1 g.

of dimethylaminoazobenzene (Fisher ïeagent) was placed in a

25 rnl. beaker and 15 ml. of acetone were added. A brown

solution with a yellow precipiÈate, which formed on mÍxíng,

was then compleËely transferred from the 25 mL. beaker to

the 150 ml. beaker wiÈh the three dispo foams in the sodium

hydroxide solution. The dísPo foams were squeezed several times

while in the mixture for one-half hour. The dimethylamino-

azobenzene ËreaÈed disPo foams were then removed from t.he

mÍxture and rinsed several times wiÈh disÈí1led r¡/ater.

These foams were Èhen soxhleted 'nriËh dísÈi1red deionized

waÈer f.ot 24 hours producing dark yellow coloured foams

when air dried' These foams vrere st,ored in a large covered

beaker until required.
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Procedure:

The procedure for all the flow-through studies

was basically the same in every case unless otherwÍse specified.

100 ml. of a specific metal íon standard solutíon were poured

through Èhe foam, whích was Ín a column, at a flow rate of

40 ml/min.

Standard sËock solut,ions were made up for t,he

elements Ëo be studied using the reagents specíf.ied (67). these

stock solutions were diluted with the required aqueous solution

Èo the appropriate concent,rations thaË were in the optimum

analytical range of t,he atomic absorpt.ion spectrophoÈomet,er.

An 18 mm. O.D. glass column (rig. 2) was used

to hold Ëhe variously Èreated 22 mm. diamet,er polyuret,hane

foams at, their normal length of 40 mm. IÈ must be noted

that for the oËher diameter foams, the column diameter musË

be such thaË the foam lnside the column is close fittÍng, but

not too tÍght, in order to allow the solutíon to flow through

the foam uniformly and not between Ëhe foam and Ëhe wall of the

column.

The flow raËe Ìras controlled by the teflon

stopcock at the boÈtom of the column.

The foams were vret with small volumes of distilled

deionized water passed through them to eliminate any possible

aÍr bubbles prior to passíng through the desired elemental solution.



24

A slíght air pressure l'ras used to force any

residual solution left in the foam into the sample bottle.

125 ml. polyeÈhylen-e sample botÈles were used

for all the elements in Ëhe flow-Èhrough and equilibrium

studÍes, excepË in t,he case of gofa ana mercury, where 4 Fl. Oz.

glass sample bottles were used.

For the study of chromium soluËions, a specÍal

poLyethylene column along with the polyethylene sample boÈËles,

\Áras used as chromíum was known Ëo adhere t,o glass surfaces.

Tf more than one pass of a standard solution

Èhrough Èhe foam was required, them anot,her 100 ml. aliquot

of the same metal íon standard soluËion would be poured through

the same foam in the column at the same flow rate.

The solut,ions were all aspiraÊed directly into Ëhe

air-aceÈylene flame, excepË the soluËions of aluminum and

zirconíum which required the nitrous oxide-acetylene flame. Each

unknor^m concentration was deÈermined by comparison to several

knor^m standards of that specific element.

The concentration dífference between the standards

and the sample soluËÍons Ëhat were run through the foam was

aÈtributed entirely to the adsorptíon of thaÈ element by the foam.

The absorbance values for the varÍous solutions,

including standards, vrere recorded from the spectrophotomet.er

10 second inÈegraËed absorbance readout. A sËandard deviaËion

was calculated from t,he four recorded absorbance readings Èhat,
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were taken for each solution. This standard deviation was

expressed as a plus and minus percentage of t.he mean

absorbance of the sËandards run through the foam. rt was

this percenËage that was reported as the experimental error
for the results in Tables I and II.

various equilibrium studies were done Ëo confirm

the results obtaíned in the flow-through studies. For the

equilibrium tests 100 ml. aliquots of the elemental standard

soluËíon had the variously treated foams placed in them to

equilibriate for certain periods of time. I,lhile in the solution,

the foams were squeezed several times and the enLire sorut,Íon

was agit,aËed with a magnetíc sÈirrer over t,he equilibrium

period.
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RESULTS

Initial Survey

Untreated polyurethane and silÍcone rubber foams

erere tested for Ëheir effective remova.l of some 23 metal ions

from various aqueous solutions ranging from 6M acid to 2M base.

The results of thís survey are summarized in

tables I and II

The silicone rubber foams ( 35 mm. X 35 mm.) were

only t,ested for the distilled deionized r,rater solutions of the

elements as a comparison to the plain polyurethane foams.

A new acetone soxhleted foam was used for

each element and for each sample solution.

Generally, the results showed thät both types of

foams adsorbed elements with greaËer frequency when in a chlorÍde

solution than in a nit,rate one, but this may also be due to the

choÍce of saIt.

In neut,ral solutions, Ëhe silicone rubber foam was

more effective ín removing nickel, magnesium, bismuth, palladium,

. silver, gold, molybdenum, mercury and chromium Ëhan t.he poly-

urethane foam. Some of this effect may be atÈributed t.o t,he

greater volume of silicone rubber foam used, buÈ Èhis could noË

accounË for the total effect.

Three of the noble metals, gold, silver, and

platÍnum showed signifícanÈ adsorption onÈo the poly.rrethane

foam from a wide range of acid and base strengths.

There vras no adsorption by the polyurethãne foam
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of lithium, calcium, potassium or sodium wiÈhin the acid and

base molarÍËy rangesexamined.

These results suggest that the foams may be

selecÈive for one or more elements at a cerÈain acid or base

strength as many of the elemental solutions r^rere not adsorbed.

Following the resulÈs of this ínitial survey,

ít was decided Ëo intensively study mercury, which was

considered a dangerous pollut,anÈ, usíng varíously treated

and untreated silicone rubber and polyureËhane foams. These

treated foams were thought to be necessary as from table II,

mercury adsorption r,üas negligible for the unËreated foam over

a wide range of acid and base solution strengths.
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Analysis of Mercury at Low Concentrations

The analyses of both mercuric chloride and methyl

mercuric chloride, aË low concentrations, nere diffícult in that

pretreatmenË of the samples and standards r¡ras necessary prior

to anaLysÍs.

The methyl mercuric chloride was obtained from

EnvironmenË canada, Freshwater fnstitute at a concenËration of

500 ppm meËhyl mercury in an eËhyl acetate solution. This

solution was diluÈed down in doubly disËi1led, deionized r¡rater to

a concentration range from 2.0 to 0.0004 ppm methyl mercury

(unless otherwíse specifÍed) for testing purposes with each type

of foam.

A stock solution of 1000 ppm meïcury as mercuric

chLoride in a 2M HCI solution was diluted down with doubly

distil"led, deionized water to a concentratíon range from 4.0 t,o

0.0004 ppm mercury for tesËÍng purposes with each type of foam.

The aeration system (fig. l) (68) was used Ëo

analyse both types of mercury oveï their respect.ive concentra-

tion ranges.

For methyl mercuric chlorÍde analysis, every

100 ml. aliquot of the standard that, was passed through the

foams and collected in 150 ml. beakers had 1 rnl. of 1:4

sul.phurÍc acid and I ml. of.4% potassium permanganate added. (69)

I,Iatch glasses r.¡ere then placed over the beakers; the samples ín
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the beakers !ìrere heated to the boiling poinÈ; allowed to cool

Èo room temperature and then placed in 4 f.I. oz. glass sample

bottles. Before analysis, 8 drops of hydroxylamine hydrochloric

(ttitrOtt:IICI) were added ro each 100 m1., of sample to be analyzed,

shaken weI1, and t.hen 4 ml. of st.annous chloride solutíon

were added just before the sample solut.ion r¡ras to be placed

Ínto the aerat.ion system for analysis.

BrÍefly, the potassium permanganate was added t,o

the sample to oxidize the methyl mercuric chlorÍde to the

mercuric ion. The hydroxylamine hydrochloric neuËralized the

excess permanganate Ín Èhe sample, while Èhe stannous chloríde

reduced the mercuric ion t,o mercury metal whÍch was vapöurízed

by air bubbles emanating from a sinËer€d glass bubbler in Èhe

sample bottle of the aeraËion system. Compressed air that had

its pressure regulated to a consËant fl,ow, which produced an entíre

mercury sÈandard peak in the order of 5 mÍnut,es, vras used.

The volat,ilized mercury flowed through the overflow

bottle, through t,he magnesium perchloraËe drying Ëube and into

the 10 cm. quartz windowed glass adsorpÈion cell that was placed

in the beam of the mercury lamp in Èhe atomÍc absorption

spectrophotometer. The mercury atoms in the vapour in the cell

were excited by Ëhe lamp beam and gave an absorbance readÍng

on Ëhe readout and on the recorder príntout. Finally, Ëhe mercury

vapour passed out of the cell and Ínto a dithÍzone complexing

solut.ion.
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For mercuric chloride samples only 4 ml. of

stannous chloride solution per 100 ml. of sample had to be

added prior to Ëhe sample being placed into the aeratÍon

system for analysís.

Blank solutions of doubly ðisÈilled, deionized

water, símilarly treated as their respect,ive samples and

standards, rnrere run in all cases.

Before every use of the aeration system, the

moisture laden magnesium perchlorate \^ras replaced in the

drying tube. The sample botE.les and the aeration sample

bottles were rinsed in aqua-regia and distilled water

prior to each seÈ of tests. The glass bubbler was soaked

in aqua-regia for aË leasË one-half hour and t.hen thoroughry

rinsed with dÍstilled water at Èhe sËart of each day of

analysis.

The recorder printout \^ras used in the analysis

of the mercury solutÍons. The varÍous peaks recorded for the

standards, blanks and samples had the areas under them

measured with the ott PlanimeËer. These areas were then used

to calculate the mercury concentraËion of Ëhe unknown samples

and the percent of the meïcury removed by the foam used.

standard deviatíons r4/ere calculated from t.he areas

under the peaks of several mercury standards Ëhat were run for

each set of tests. These st.andard deviaËions, expressed as plus

and minus percentages of the mean standard areas, were used as the
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experímental errors for the percentages of mercury adsorbed

by the various foams as reported in the tables t,o follour.
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The Effects of Polyethylene Sample Bottles on Equilíbrium StudÍes
for Mercury AdsorpËion

I'ltren the initial equilibrium studies for mercury

adsorption by the foarns were performed using 125 ml. polyethylene

sample bott. les, irregular results .t./ere obtained. For example,

when a single diSPo foam Èreated hTith SDøC, acetone and 2M

sodium hydroxide (p.19) was placed in 100 ml. of a 0.04 ppm

mercuric chloride solution held in a 125 ml. polyethylene

sample bottle for a 20 hour tesË, it was found that 52 !3% of

the total mercury was adsorbed. This equilibrium test was repeat,ed

t$ro more t.imes with similarly t,reaÈed diSPo foams and ner¿

polyethylene boËtles. These t,esÈs gave mercury adsorption values

of 63 f 3% and 75 + 3%. These irregular results led to the

Èestíng of the polyethylene bottles Ëhemselves, for Ëhe adsorption

of mercury.

The bottles were rinsed several times with tap vraËer,

then wÍth aqua regia and disLilled vraËer prior to use.

A freshly cleaned polyeEhylene bottle r^ras used for

each of the results surffnarized in Table IIT. The results

showed some relatíonship bet,ween the amount of mercury adsorbed

and the equilibrium time.

A timely reporÈ (70) simultaneously verifÍed the fact

that the polyethylene bottles were adsorbing mercury.

. Glass sample bottles ( 4 f.I. oz.) were used for all

t,he mercury st,udies reported in thÍs t.hesis.
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Table TII - ADSORPTION gF MERCURIC CHLORIDE BY 125 ML. POLYETHYLENE
SAMPLE BOTTLES

Mercury Concentration was 0.04 ppm.

EQUILIBRIUM T]ME (sOUnS) MERCURy REMOVED (%)

24

4B

72

?tL
B+1
I2Xt

26!2
37+2
L5*,2

37X2
57+2
77t2

54t2
46+2
4B*2
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Adsorption of Mercury by Silícone Rubber Foam

From table II, it was noted that an untreated

silicone rubber foam adsorbed 29 + r%.of the mercuric chloride

from a 100 nl. aqueous solution of 88 ppm mercury Èhat, was

poured through the foam. This result, showed Ëhat a single

untreated silÍcone rubber foam could adsorb as much as

0.0026 g. of mercury.

For the ÍnÈensive study of mercury, various

lengths of untreaËed silicone rubber foam and varíous

repetiÈíons of passing 100 ml. aliquoËs of Ëhe sÈandard

soluÈions through each foam were used. The results of Ëhese

studies are sunmarized in t.ables IV and V.

Decreasing Ehe concentratíon of mercuric chloride

passed through the foams from 0.04 ppm to 0.004 ppm, decreased

Èhe percentage of mercury adsorbed. This effect r¡ras thought to

be due to a shift Ín the equilibrium from Ëhe foam to Ëhe solvent,.

For meÈhyl mercuric chloride, very high adsorption

percentages r¡rere recorded at the 0.04 ppm level, but as Ëhe con-

centraËion of mercury increased, the percentage of adsorption

decreased.

Studies were also done on passing Ëhe same aliquot

of standard several times Ëhrough the same silicone rubber foam

prior Èo analysis. The resulÈs of these tesÈs ere summarized in

table vr. They showed the foams to be efficient for mercury removal

using this meLhod.
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TAble ]V - ADSORPTION OF MERCUR]C CI1LORTDE BY STLTCONE RUBBER FOAMS

NIIMBER OF PASSrffi rõn¡{ãl
roel¿ srzn (mm) coNcENTRATToN MERguRy nauovnt (z)

õF MERcûRVG-pg)

1

1

1

2
3
4
5

1

2
3

1

2
3

35X35

35X35

58X35

58X35

58X35

0.04.

0.04

0.04

0.004

0.004

51å3

51+3

80+2
78*2
68+2
72+2
77+2

6L+2
44+2
38X2

60+2
44t2
38+2

(a) each number represents a fresh solution passing through the
foam.



Table V - ADSORPIION OF METHYL MERCURIC CHLORIDE BY SILICONE
RUBBER FOAMS

NIJMBER OF PASS FOAM SIZE (mm)

THR0UGH FOAM (a)
CONCENTRATTON
õF MERcuRIGp*)

MERCURY RH'{OVED (7")

2.0L

2
3

1

2
3

1

2
3
4
5

I
2
3
4
5

58X35

58X35

63X35

63X35

0.4

0.04

0.04

69+2
67+2
55+2

62+5
50+5
4s*5

97+L
97*L
89*1
85+L
81+1

88+2
93+2
84+2
87L2
87+2

Table vr - ADSORPTTON oF METHYL MERcuRrc ÛHLORTDE By oNE srlrcoNE
RUBB

VOLUME OF STANDARD NUI'fBER OF FOAM SIZE (mm) coNcntrrnerron MERcURY
?ASSED THROUGH FOAMffi ?ASSES OF MERCURY

@)-
REMOVED
--¿¡-(5 )

100
200
200

3
3
5

63X3s 0.04 95*1
88+1
91+1

(a)

(b)

each number represents a fresh solution passing through the
foam.
% mercury removed that was initÍa1ly presenÈ in the solution
analysed after n number of passes.
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Adsorption of Mercury by DiËhizone TreaËed SilÍcone Rubber Foam.

As described in Ehe product,ion of díthizone

t,reated sílicone rubber foam (p.L2), dithÍzone was incorporated

inÈo t.he foam using various procedures. Table VII summarízes

these various procedures and Èhe results obËaíned, when 100 mI.

alÍquots of a 0.04 ppm mercuric chloríde standard solution

were passed through the foams.

The resulÈs obtained generally showed a 2UL

increase for the adsorption of mercury by Ëhese foams over

the unt,reaÈed sÍlicone rubber foam. There r,ras a small percentage

dífference amongst Ëhe various dithizone incorporated silicone

rubber foams for the adsorption of mercury for the fírst 100 ml.

aliquot of mercury standard passed through them, but Èhe foam

produced by dissolvíng dithízone in acetone appears Èo produce

greaÈer or more uniform Íncorport.íon of the dithizone. These

foams extract more mercury during Ëhe passage of a second 100 ml.

aliquot Èhan the foam produced by direcË mixing of dithizone into

the liquid base.
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Table vrr - ADSoRrrroN 0F MERcuRrc c,HLoRrDE BY DrrHrzoNE TREATED
S]LICONE RUBBER FOAMS

TREATMENT PROCEDURE NTIMBER OF PASS CONCENTRATTON MERCXJRY REMOVED

-

(a) (b) THROUGH FOAM OF MERC,URY (ppm) (%\
.

Dithizone dissolved 1 0.04 72+2
in acetone, then
into foam base 1 0.04 68+2

Dithizone mixed I
direcËly into the 2
liquid base

2

DÍthizone dissolved I
in 2M NaOl{ and
neuËralized with
6M HCl then into
liquid base

0.04 68j,2
53+2

68+2

0.04 72!2

(a) see p. 12(b) foam size was 35 X 35 mn. in all cases.
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AdsorptÍon of Mercury By_Sym-diphenylcarbazide treated Sílicone
Rubber Foam.

These foams were originally prepared by placing the

SDpC direcÈly into the base of the foain during the production

stage, buÈ a more homogeneous foam was produced by dissolvÍng

the SDpC in acetone prior to mÍxing it into the liquid base

of the foam (p.14).

Table VIIIshows Ëhe adsorpÈíon percenËages, using

the flow-Èhrough meÈhod, for Ëhe two types of Ëreat,ed SDøC

silicone rubber foams for a 0.04 ppm mercuric chloride solution.

Dissolving the SDpC in acetone for Èhe foam

production and increasing the length of Èhe foam used, increased

the adsorpÈion of mercury Lo over 90%; however, when this

lras compared t,o the adsorption of mercury by an unËreated

silicone rubber foam of símilar size, t,he increase in adsorpt.ion

was only 10%. This increase of 10% was attributed to dre effecË

of the sym-diphenylcarbazide complexing agent. Ihe addition of

the sym-diphenylcarbazide resulËed ín a larger effect for

adsorbing mercury in short silÍcone rubber foams than in longer

ones when compared to similar unËreated silicone rubber foams.

The effect of having Lhe solution in the foam for a longer period

of tÍme (Íe. longer foams) increased the rnercury adsorption more Ëhan

the effect of adding sym-diphenylcarbazide.



42

Table \rIIT - ADSORPTION 0F MERCURIC_CHLORIDE BY SYM-DïPHENYLCARBA-
ZIDE TREATED SILICONE RUBBER FOAMS

TREATMENT ?ROCEDURE NUMBER OF PASS FOAM STZE CONCEMRATION MERCURY

- 

mRoucn FoAM ---?nïnl- oF MERCUBY(ppm)ñullovno

SDpC directly mÍxed 1

ínto the liquid base

SDpC dissolved in 1

aceËone then into the
liquid base

1

2

35x35 0.04 68+2

63X35 0.04 9r*,2

76x35 0.04 95+1
95r1

(a) see p.14
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Adsorption of Mercury by Untreat,ed Polyurethane diSPo Foam

There was one set of equilibrÍum studies done

usÍng 100 ml" aliquots of a 0.04 ppm mercuric chloride st,andard

solution wÍËh each diSPo foam. The percentage of mercury

removed over 72 hours was 63 * 2% f.or each of the two foams

studied.

Ttre flow-Èhrough rnethod was also sEudied using

3 - 100 ml. aliquots of a standard mercury solutÍon at each

concenÈration for three unËreat.ed díSPo foams in a column.

The results of these tests are found in tables

IX and X for the mercuric chloride and methyl mercuríc chloride

solutions respectively.

For mercuric chlo.ride, there was a large decrease

in.the percenr- adsorption of mercury over successÍve passes

of the 4.0 ppm mercury standard. This suggesËed that a

saËuration effect was t,aking place in the foam; whereas, at

progressively lower concenÈrations t,he percent of mercuïy

adsorbed increased.

From Èable X the adsorpt,ion patt,ern of the

meÈhyl mercuric chloride T¡ras seen to be similar to that of the

mercurÍc chloride, although the pattern r^ras not as pronounced

from one concenlration Ëo another. I.fhen comparing the adsorpÈion

of mercury by the untreated foams for the two types of mercury

solutions, Ít was found Ëhat Èhe mercurÍc chloríde solution was
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lable IX - ADSORPTION OF MERCURIC CHLORIDE BY UNTREATED diSPo PLUGS

NUMBER OF FOAMS N1JMBER OF PASS
?ER COLIJMN (a) THROUGH FOAI'{S

CONCENTRATION MERCURY

õF ¡rnncunv-G-p*)nsMoVEp fz I

1

2
3

1

2
3

I
2
3

9+2
6+2
4+2

0.4

0.04

0.004

I8t2
r4t2
L5+2

42+2
3Gr2
t9+2

57jË2
5GJt'2

47*2

I
2
3

(a) ¿iSPo plug size was 22 rnm. in diameter X 40 mm. in lengËh for
each plug.
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Table x - ADSORPTTON oF MH|HYL.MERCgRTC cgloRrpE By UNTREATED
diSPo PLUGS

NTIMBER OF FOAMS NIIMBER OE PASS
?ER COLUT,ÍN (a) THROUGH FOAMS

CONCENTRATION MERCURY
oF MnRcuR?-?-pr*)nffi f z")

0.4

2.O

0.04

0.004

1+1
1+1
0

19È3
1B+3
16*3

15È3
L2+"
8å3

26*.3
3Gi3
22+3

(a) ¿isPo plug size was 22 nn. ín diameËer x 40 mm. in length
for each plug.
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adsorbed at least twice as effecÈively as the methyl mercuric

chloride over t,he concent,ration range examined.

DÍSPo foams were also tested for the possibility

of mercury contamination as new foams.may in some manner have

picked up mercury prior to beÍng used. This t,esË consisted of

passíng 100 ml. aliquots of dÍsti1led, deÍonized water through

three foams placed in a column. A t.otal of 200 ml . of r^rater

rúas passed through these foams and each 100 ml. aliquot was

analysed for mercury. I^IiÈh a deÈecËion limÍt of 0.05 ppb mercury

usÍng the aeration system, no mercury above Èhis level was washed

out by eíther of the 100 ml. aliquots of water.

The abilÍty of the diS?o foam to adsorb mercury

after several liÈres of water have passed through iÈ was also

tested. A single díSPo foam was placed in a column Ëhat was

direcÈly connecËed to È,he domesËic r,rater supply. A total of 560

litres of waÈer was allowed to pass through the foam before

Ít was tested for mercury adsorption by Ëhe flow-through meËhod.

Ihe results of passing three 100 ml. alÍquots of a 0.04 ppm

mercuric chloride standard soluËion through t,hÍs foam are

summarized in table XI.

The results showed Èhat running Ëhe tap r,raËer

Ëhrough the foam enhanced Ëhe adsorpËion of mercury by that

foam. Three unËreaËed diSPo foams were required Èo adsorb

42 + 2% of the mercury; whereas this single foam removed 67 t 3%

of the mercury from similar solutions.



:. : :::.it_:_:::- ::. t.:: ì..:ì, :-...: :.t::: ir r::r.i::l ;.:: :,ì :-: -1.

47

Table XI - ADSORPTION OF MERCURIC GHLORIDE BY_{SINGLE diSPo PLUG

AT'TERMAP I¡IATER PASSED ffi )

NI]MBER OF PASS CONCENIRATÏON MERCURY

THRoucH FoAM õF-ÌERCÙry(pp*) nnt'rovep fz)

1

2
3

0.04 67*3
53*3
33r3

(a) fhe tap vrater was from the domestíc supply.
(b) The single diSPo plug was untreated prior to the water being

passed through it.
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lfhile the 560 1iÈres of tap rvarer were being

passed through the foam, the foam changed colour from whiEe

to a pale yellow. It was thoughf that chlorine and other

ions were being adsorbed by the foam while the tap water wes

passing through it and these ions in turn made the foam more

conducive to mercury adsorption.
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Adsor tion of Mercuríc Chloride b Sodium H droxide Treated díSPo

Both equilibrium and flow-through sÊudíes were

done using t,hese foams. Initial equilibrium st,udies at a

concent,ration of 0.04 ppm mercury are summarized Ín table XII.

These result,s were higher Èhan those obtained for the untreated

diSPo foams

The flow-through results -are tabulated in Èab1e XIII.

The amount, of mercury adsorbed by the foam seemed to peak around

a concenËraÈion of 0.04 ppm. AË 0.4 ppm, the amount of mercury

adsorbed was higher by 30% Ëhan the untreated díSPo foam and at

0.04 ppm the ddsorption enhancement of the treatmenË was up Ëo

4V/".

these results

polyurethane foam by sodium

adsorbing efficiency of the

range examined.

showed that the ÈreatmenÈ of

hydroxide enhanced the mercury

foam by as much as 40% over t,he

Foam
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Table XII - ADSORPTTON OF MERCURIC CHLORTDE TN EQUILIBRIUM STUDIES
I.].ITH 2M SODIUM HYDROXTDE diSPo PLUGS.

NUMBER OF

Fõffiil¡sn-o
CONCENTRATTON MERCURY

õF MERCURTCpT) n¡r'rovsp fz)
EQU]LTBRI1JM
TIME (HOURS)

24

24

48

0.04

0.04

0.04

67+2

69+2

82+2
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Table XIII - ADSORPTION OF MERCURTC CHLORIDE BY 2M_SODIIIM
HYDROXTDE TREATED diSPo PLUGS.

NUMBER OF FOAMS NIIMBER OF PASS CONCEMRATION MERSURY

PER COLUMN THROUGH FOA.I'IS or llnncunYfupm) REMOVED (%)

0.04 82È2
74X2
74t2

75+2
64+2
62+2

0.004

I
2

3

1

2
3

1

2
3

1

2
3

4.0

0.4

9+2
6t2
4*2

5t+2
34t2
26+2
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Adsorption of Mercury by S-H Treated diS?o Foam

The flow-through method was used to int,ensively

study these S-H diS?o foams (p.17). The results obtained for Èhe

adsorpËion of mercurÍc chloríde are summarized in table KIV.

Repetitions of the various tests were shown to indicate how

reproducible the results were.

The S-H foams saturated quickly with successive

passes of the 4.0 ppm mercuric chloride standard, although

they adsorbed 8 tímes the amount of mercury thaÈ the untreated

foam adsorbed. At 0.4 ppm, the adsorption is very close to 100%,

but the value decreases after the third standard has been passed

Èhrough the foam indicat,ing the starË of saturaÈion.

At 0.04 ppm Èhe results showed Ëhat Ëhe foam was

quite capable of adsorbing over 99% of. the mercury from the first

three passes of 100 ml. aliquoËs of the mercury standard and Ëhese

results hrere very reproducíble.

The adsorption of rnercuric chloride by these t,reat,ed

foams was in every case much more efficient Ëhan the untreat.ed

foams

The effectiveness of the S-H foam does not, appear

to be dependent, on the length of storage time before the foam was

used, as freshly prepared and one month old foams gave similar

adsorptÍon values aÈ a concentration of 0.04 ppm.

The S-H foam was also tested for methyl mercuric
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lable XIV - ADSORPT]ON OF MERCURTC CHLORIDE BY S.H RADTCAL TREATED

diS?O PLUGS

N1IMBER OF FOAMS NIJMBER OF PASS

PER COL1JMN THROUGH FOAI4S

CONCENTRATION

oF-MERCUñTGp*)
MERCURY

nnnovnt rz)

1

2
3

I
2
3

1

2
3

I
2

3

1

2
3

1

2
3

1

2
3

1

2
3

4.0

4.0

o.4

0.04

0.04

0.04

0.04

0.04

0"04

69L2
46*2
23+,2

74+2
46+2
2æ2

99+1
99:t1
9B*1

99*r
99+L
99f1

99+1
99+1
99r1

99*1
99Ll
99+1

99+1
99*l
99+1

99+1
99+1
99+1

99+1
99+r
99+1

1

2

3
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Table XIV (conttd)

NIJMBER OF FOAMS N1IMBER OF PASS
PER COLUMN THROUGH FOAMS

CONCENTRATfON
oF MERCUR?GF'")

MERCURY

RE}40\i ED (%)

96å1
98+1
98+1

1

2

3

1

2

3
4
5
6

0. 004

0.0004 99+1
99+L
99+1
99+,1
99+L
99+1
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chloride adsorpÈion. These results are given in table XV.

There was a saLuration effect, aË the 2.0 and

0.4 ppm levels where percentage adsorption decreases rapidly

with successive passes of the raercury standards.

Ouerall, Ëhe S-H diS?o foam was much more

efficient for adsoruing *ercury t,han the untreated dispo foam.

SÍnce rnercury monometers ürere used in Ëhe producËion

of these foams, it_ was decided to test disÈi1led, deionized waÈer

washings of the s-H foams for any traces of mercury contaminaÈion.

This was done using 2 columns with 3 S-H foams in each. A 100 ml.

aliquot of water tras passed through one of Èhe columns and two

100 ml . aliquots of waËer lirere passed through the oËher. No mercury

above t,he aeration sysÈem detection limÍt of 0.05 ppb was found

in these washings.
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Table XV - ADSORPTION 0F METHYL MERCURIC CHLORIDE BY S-H_RADICA!
diSPo PLUGS.

N1IMBER OF FOAMS N1JMBER OF PASS

PER COLTJMN THROUGH FOAMS

CONCENTRATION MERCURY

oF MERCURYGpmI nEl,rOVng rZl

I
2

3

1

2
3

1

2
3

1

2

3

1

2
3

2.0

0.4

0.04

0. 004

0.0004

50+2
34X2
29f.2

75X2
47+2
33+,2

BÈ2
75+2
66+2

94+2
9t+2
83+2

B0+2
80t2
72L2
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Adsorptíon of Mercury by Sym-diphenylcarbazide Treated dispo Foam

Various extensive equilibrium studÍes were done

on Èhese foams using mercuric chlorÍde solutÍons. lhese resulËs

are tabulated in table XVI.

For a single SDpC treated foam, every tr^renty hours

of equÍlibrium time beÈween the 4 and 48 hour periods, doubled the

amount, of mercuric chlorÍde adsorbed.

Increasing Ëhe number of foams used for Èhe same

equiLibrium time does not gïeatly enhance the adsorpt.ion of mercury.

It was thought that there r¡ras a competition between

the foams when more Èhan one was placed in a solution to equilÍbrate

It was also thought that the equilibrium process rÁras noÈ fast

enough to show a large adsorptÍon difference in the allotted time

for dífferent numbers of foams used.

For SDpC diSPo foams equílibríated for 72 hours

Ín mercury concentrations greater than 0.04 ppm, the adsorption

Íncreased with Íncreasing mercury concenÈration, which showed

that the foams r^7ere not saturaÈed compleÈely at the 0.04 ppm

leveL afÈer 48 hours.

Tabulated ín table KTIII are Ëhe resulËs obtained

in the flow-through studies of the SDpC foam for Èhe adsorpËion

of mercuric chloride. These results showed thaÈ the most

efficient adsorpÈÍon r¡ras around the 0.4 and 0.04 ppm mercury

leve1s.
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Table XVI - ADSORPTION 0F MERCURIC CHLORIDE IN EQUïLIBRïUM STUDIES

BY SYM-DIPHENYLCARBAZIDE TREATED diSPO PLUGS.

NIIMBER OF

roe¡¡s ussD oF MERCURTGim) nulaovED (z)
EQUTLIBRÏUM
TIME (HOURS)

CONCENTRATION MERURY

4

4

4

1

1

1

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.04

0.1

1.0

18+1

18+1

1Br1

3GÌl

33+1

3a+l

32Xr

32XL

70+1

71tI

84+1

72*2

B0+1

88+1

9z*'r

1

2

3

1

3

24

24

24

24

24

4B

4B

4B

48

48

72

72
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Table XVTI - ADSORPTION 0F MERCURIC CHLORIDE BY 2M SODIUM HYDROXIDE

NT]MBER OF FOAMS NUMBER OF PASS
?ER COLUMN THROUGH FOAMS

CONCENTRAT]ON
OF MERCIJRYGp*)

MERCURY

nffiv¡T (2")

4.01

2
3

1

2
3

1

2

I
2
3

0.4

0.04

0.04

0.004

0.0004

56*2
33*2
2Lt2

95+1
94+1
94*.t

90+1
8511
83+1
83É1

90+2
92+2
87i2

76+2
64L2

683
70+3
70+3
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The SDpC foams were not as efficient as the S-H

foams over Èhe concenËrâríon range examined, but. they were

nevertheless much rnore efficÍent than Ëhe unt.reaËed diSPo foams.

The additíon of SDpC to the untreaËed.foams increased the

adsorpÈion efficiency by as much as 70%

Studies were also done usíng various sodium

hydroxide concentraÈions in the preparation of Èhe SDpC diSPo

foams (p. 19). The adsorption of mercuric chloride by these

foams v¡as tabulated ín table X\[II. The results showed lÍttle

varÍaËion in mercury adsorption excepË for the lM sodium

hydroxide SDøC diSPo foams, where Èhe adsorpÈion was as much

as 2V/" lower Èhan t,he oËher values. The 2M foams demonsÈrated

the least saturation effect and the 0.2M foams gave the híghest

adsorptÍon value for the first pass of Èhe mercury sÈandard.

From these tesÈs, it was decided Ëo study the saËuraËíon of

three, 
.0,N 

sodium hydroxíde SDøC disPo foams by passing 15-

100 ml. aliquots of a 0.04 ppm mercuríc chloríde solution

through Ëhem. These results, summarized in table XIX, showed a

steady decline in the percentage of mercury adsorbed until a

levelling off occurred. After the fifteenth pass, Ëhe foam was

still quit.e capable of adsorbing mercury efficiently if the

soluËion !,rere Èo be recycled through the foam several times.

As mentioned in Èhe experimenÈal secËion (p.23),

the diSPo foams were held Ín the columns at, theír normal length

of 40 m¡n. each. This r¿as done to keep Ëhe surface areas of the
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Table XVIII - ADSORPITON 0F MERCURIC CHLORIDE BY VARTOUS SODIUM

NI]MBER OF FOAMS

PER COLUMN

SODTUM HYDROKIDE NUMBER OF PASS
CONCENTRATiON THROUGHffiS

CONCENTRATTON MERCURY

@{z)
1

2
3

0.04

0.04

0. 04

0.04

0.04

90*2
92X2
87X2

7L+2
65+2
67+2

BB+2
76+2
74L2

95+2
90L2
84t2

92t2
87+2
B5+2

I
2
J

1M

0.51f

0.2M

0.lM

I
2
3

I
2
3

I
2
3
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Table XIX - SATURATION EFFECT OF MERCURIC CHLORIDE ADSOR?TION By
3-0.2M SODIUM HYDROXIDE SDøC diSPo PLUGS.

NIIMBER OF ?ASS MERCURY

TIIROUGH FOAMS REMOVED (%)

I
2
3

4
5
6
7

I
9
10
11
I2
13
T4
15

97+.2
94+2
86+2
83*.2
73+2
64+2
59+2
53+2
50+2
48+2
45+2
50i2
38X2
47*2
45+2
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foams as constant as possible from test, to tesÈ. HavÍng the

foams squashed ín the column would decrease the surface area

and the mercury adsorbed, if the adsorption was dependent on

surface area. This was exemplified by the resulËs obtained

when 3-2M sodíum hydroxide SDøC disPo foams r¡Iere squashed Ín

a column to a total length of 20 mm. The amount of mercury

adsorbed by these squashed foams was 13 ! 3%, B + 3%, and B * 37.

respectívely for the first Èhree 100 ml. alíquots of a 0.04 ppm

mercuric chloride solution passed Èhrough them. These results

are in.comparison t,o those of table XVIII where similarly

t,reated foams adsorbed 90 t 2% of the mercury in the first pass

of a similar solution.

lhe possibílity of reusing the diSPo foams that

were t,reaÈed and had adsorbed mercury was studied. T\vo of Èhree

SDpC foams that had had 0.04 ppm mercuric chloride solutÍons

passed through them, adsorbing 68, 73, and 68 + L% of the

mercury from each pass respecÈively, were soxhleted with acetone

for 6 hours and Èhen air dried. The two foams were treated using

the general SDpC ÈreaÈment (p.19) as if Èhey were new diSPo foams.

Once treated Ëhe foams were equilÍbrÍaËed with 100

mL. aliquots of a 0.04 ppn mercuric chloride solution for 20 hours.

The results gave a mercury adsorption of. 79 t l% Í.or each of the

reÈreated foams. These results demonstrated that. retreatmenË

enhanced.mercury adsorption when compared to the originally

treated foams.
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It, was Ëhought that washing the SDpC foams Ín

aceÈone did not entirely remove all the complex and then with

reÈreat,ment, the amount of complex on the foam was more than

the origínal treaËmenË had put on. Ih.Ís Íncrease in SDpC conÈent

was thought to be responsible for the increase in mercury

adsorption by the retreated foams.

The effecË of passing domesËic Èap ÍIaÈer through

the foam prior Ëo Ëest,ing wíËh a mercury standard was also

examined. These results are tabulated in table )O(. The results

showed thaÈ the foams r¡rere noÈ affected for mercury adsorpt,ion

by large amounts of water that had previously passed through

them.

The adsorptÍon of methyl mercuric chloríde by the

SDpC foams was also examined, wiÈh the results summarized in

table )O(I. These SDpC foams, although very effectÍve for mercuric

chloride adsorption, were not very efficient for t,he removal

of methyl mercuric chloride, except at the 2.0 ppm level where

they came wiËhin B% of the efficiency of the S-H foams.
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Table )C{ - ADSORPIION 0F MERCURTC CHLORIDE BY SDøC diSPo ?LUGS
AFTER DOMEST]C TAP I,IATER I,IAS PASSED THROUGH TTIEM

NI'MBER OF }IIJMBER OF PASS
FO¿¡IS USSD T1{ROUGH FOAMS

AMOUNI 0F I,IATER
rHnõucH-e'oe¡rili I

SODTIIM HYDROX]DE MERCURY

ffinsMOVEDrz)

1

I

1

2
3

I

1

400

400

I,484

2t4

0.2M

0.2M

7B*2

B5+2

93t2
93X2
90t2

Mercury concentrat,ion was 0.04 ppm in all cases.
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Table )Ctr - ADSOR?T]ON oF METHYL MERcuRrc cHr,oRTDE By 2M soDltrM
HYDROXIDE SDØC diSPo PLUGS.

NiIMBER OF FOAMS NIIMBER OF ?ASS
PER COLUMN THROUGH FOAMS

CONCENTRATION MERCURY

or- r"rnnctnv fãpm )nsMOVEp f z )

1

2
3

2.0

0.04

0.004

42+2
I0*,2
5+2

25+2
L3+2
I6t2

25*2
t9+2
1B+2

39*.2
1912
25+2

0.4I
2

3

I
2
3

1

2
3
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Adsorption of Mercury by Díthizone Treated díSPo Foam

These dithizone treated diSPo foams were

studied by the usual flow-through method, with the results

of the mercuríc chloríde adsorption tabulated in table XmI.

The Ëable showed that the efficiency of the dithízone foams

reached a peak around 0.04 ppm. and at hÍgher concentrations

these foams saËurated rapidly.

The dithizone foams htere also tested for theír

adsorption of methyl mercuric chloride, with Èhe results for

these Ëests summarized in table XXIII.

No pattern relating concentration to percentage

of mercury adsorption was found, but the high adsorpEion of

ureÈhyl mercuric chloride at Ëhe 0.04 ppm level was Ëhe besÈ

obtained for any of the treated diSPo foams.
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Table )c(rr - ADSORPTION 0F MERCURTC CHLORTDE BY DTTHIZONE TREATED
diSPo PLUGS

NUMBER OF FOAMS NIIMBER OF PASS
PER COLUMN

CONCENTRATION MERCURY
THROUGH FOAMS 0F MERCURY (ppm) nsMOvno (?!)

1

2
3

1

2
3

4

4.0

0. 04

0.004

25X2
I5t2
5*2

79+2
60+2
49+2
49*.2

95+2
92+,2
86+2

70L2
72*,2
80+2

0.4

I
2
3

1

2
3
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TAble XXII] . ADSORPT]ON OF METTIYL MERCUR]C CHLORIDE BY D]THIZONE
TREATED diSPo PLUGS.

NUMBER OF FOAMS NI]MBER OF PASS CONCENTRATION MERCURY
?ER COLUMN mnoucH FOAMS õF MERclJRtTpp-) neuõv¡D fZl

1

2
3

2.0

0.4

0.04

0. 004

60+2
33X2
35!2

24+3
26t3
16*3

B6+2
80+2

26+2
23+2

1

2
3
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Adsorption of Mercuríc Chloride by Diphenylcarbazone Treatejl
diSPo Foam

The results of Èhe flow-Èhrough studies for

mercurÍc chloride adsorption by these foams are sho'nm in

tabLe )OfiV. The table showed that the 4.0 ppm mercury

soluÈíon saturated the dithizone foam, but, aÈ a rate that was

slower than the sat,uration effect, on t.he unt,reated diSPo foams.

At tbe 0.04 ppm 1evel, these treated foams were not as efficienË

or as reproducible in adsorbing mercury, as Ëhe S-H foams.

A variation of these DpC foams was made and

studÍed for mercuric chloride adsorpÈion. The variation

consisËed of neut,alízíng the 0.2M sodium hydroxÍde solution

wíth 6M hydrochloric acid while the foams were soaking in

the treatment solution (p.21).

. These neutalized foams, once soxhl-eted and air

drÍed, vrere tested by the flow-through meÈhod for the adsorpÈion

of mercuric chloride at a concentrat,Íon of 0.04 pprn.

The percentages of mercury adsorbed were 91, 85,

and 80 t 2% respecÈively, for each of the fírst three - 100 ml.

aliquots of the mercury standard passed through them.

These foams saturated faster than the 0.2 M sodiurn

hydroxide DpC foams as exemplified in tabLe XXIV where Èhe

adsorption averaged 9O%.
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Table )O(IV - ADSORPTION OF MERCURIC CHLOR]DE BY Dï?HENYLCARBAZONE
TREATED diSPo PLUGS.

NUMBER OF FOAMS NUMBER OF PASS CONCENTRATÏON MERCURY

PER COL1J}4N rnnoucn FoAMS oF MERCURY(ppm) nrUOVrl (Z)

1

2
3

I
2
3

1

2

3

4.0

0.04

0.04

44+2
33+2
22+2

96+2
91l.2
BB+2

94*'2
B&+2
9L+2
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AdsorpÈíon of Mercuric Chloride by Dimethylaminoazobenzene Treated

The results from a flow-through study of Ëhese

foams at a concentration of 0.04 ppm mercury were tabulated

Ín table )il(V.

The adsorpËÍon of mercuric chloride by Èhese

foams was ncrt as effÍcÍent as that by the S-H, SDøC or DpC

treated foams, but the DMAAB foams still adsorbed a sÍgnÍficant

amount of mercury from a 100 ml. aliquot of the standard.

Recycling and increasing ihe foam length would

ímprove the result.s obt,ained for the adsorpt.ion of mercury

by these treated foams.



73

Table )Ory - ADSORPTION OF MERCURIC CH LORTDE BY D]METHYLA},IINOAZO.
BENZENE TREATED diSPo PLUGS.

N1IMBER OF FOAMS NUMBER OF PASS CONCENTRATTON MERCURY
?ER COLIJMN THRõUGH FOAMS OF MERCURYGT) nTT'Iov¡I (z)

1

2
3

0.04

0.04

87+1
6B+1
61+1

90+2
75+2
63+2

I
2
3
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MatrÍx EffecÈ of Sewage !üaËer on Mercury Analysis

MeÈro lJinnípeg sewage waËer was used as the medíum

for ÈesÈing maËríx effects on mercurÍc chloride analysis.

The mercury content of Ëhe sewage r.rater, Ëhe spike

t.o be added, and the spiked sewage rirater were analysed using

the methyl mercuric chloride analysis Ëreatment for the aeration

system.

The areas under the peaks recorded for the spike

and the ser^rage r^rater should equal the toËal area under the peak

obtaíned for Èhe spiked sewage r¡raËer if no maÈrix effect, was

observed. The results of this study are given in table )O(\rI.

the study showed that the matrix effect, is small

in sewage vtaËer indicatíng that neglígíble matrix int.e4ferer¡ces

occurred when analysing for mercury in distilled deionízed water

soluÈions.
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Table )CryI - MATRIX EFFECT OF SEïIAGE -I^IATER 0N MERCURY ANALYSIS

SEI^IAGE AREA S?ÏKED AREA SPIKED SEWAGE AREA (SptrnO SnWaGE ),-r(ffis +EIKE¡tzJ

0.0070 0.0443 0.0s07 98.9

0.0216 0.0227 0.042L 95.0
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Extract,iot of M"=ctr.y_fto* Foe*

Extracting the nercury from the varíous foams

tìras not studied in detail as the main objective of the research

vras to obtaín efficient adsorption of mercury by the use of foams.

However, a test, using ten - 2M sodium hydroxide

SDøC disPo foams placed in 100 ml. of a 1000 ppm mercuríc chloride

soluÈion for one hour, eras run to study a possíble method for the

re-extracËion of mercury from ÈhÍs type of Èreated foam.

The foams vrere squeezed Ëo near dryness as they

were taken from the mercury solut.ion whích, when later analysed

by the flame aÈomic absorption method, had 34.6 *. l% of. the mercury

removed from it

The foams were Ëhen squeezed in an acetone solution

for several minutes and then squeezed to near dr¡¡rness before Ëhey

Irere set asíde to dry. The acetone solution r^ras then f lash

evaporated, and as much as possible of the residue remaining was

dÍssolved in 100 ml. of 2M HCl. The 2M HCI solution was then

analysed for mercury, with the result being that 55 * 1% of the

mercury adsorbed by the foam was re-extracÈed.

It was thought that soxhleÈÍng with hydrochloric or

nit,ric acid may extracÈ the mercury from Èhe foam wiÈhout. exE,racting

the complexíng agent.

use of organic solvents t.o díssolve the complexing

agenÈ and mercury from the foam was also thought feasible.
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AdsorpÈion of Other ElemenËs by the Variously TreaËgd diSPo Foams

ChromÍum, eadmium, molybdenum and copper d.istilled,

' deionized water solutions, were each t,ested by the flow-lhrough

method for adsorption onËo the S-H, SDøC, DpC and dithizone diSPo

foams. The ËesËs were conducted at concentrations of 8.94 ppm

for cadmium, 17.8 for chromium, 78 for molybdenum, and 20 for

copper. No adsorption of these elements was deËected for any

of the foams used.

Nickel, at 20 ppm was tested for adsorption by

SDpC and dithÍzone treated foams and again no adsorption was

observed.

These results indicat.e t,hat mercury can

be separated from chromíum, cadmium, molybdenum, copper and

nÍckel in neutral aqueous solutions by usíng the variously

ÈreaÈed diSPo foams.
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DISCUSSION

The data obtained from the fLow-through st,udies

for the adsorpËion of mercury by tre.aËed and untreated poly-

urethanes is summarized in FÍgures 4 and 5. The graphs

represenË the percentage adsorption of mercury by the first

pass of the mercury standard through three foams. Ilhere more

than one study was done at a particular concenÈration for a

certaÍn Ëype of foam, the graphed percentage tras Èhe average

value.

From Ëhe graph in Figure 4, iË was seen that

the S-H foams were the most effective mercury adsorbers over

the concenËrat,íon range studíed. They were f.ollowed in efficiency

by Èhe SDøC disPo foams; the DpC diSPo foams; Èhe dithizone

diSPo foams; Èhe sodium hydroxide dÍSPo foams and finally by the

untreated diSPo foams.

Although DMAAB diSPo foams adsorbed mercury efficÍently

at the 0.04 ppm level, no test,s were run at other concentrations

to deÈ.ermÍne iÈs overall effectíveness.

The general results, as displayed fn Ffgure 4, are thcse

of one type of treaÈed foam being more adsorbant than another throughout

the entire concentration range examinedqreatmenË of the diSPo

foams by the various complexing agents increased Èhe amounÈ of

mercury adsorbed in every case.

From the graph Ín Figure 5, Èhe S-H diSPo foams
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Fig. 4 - SUMMARY OF MERCURTC CHLORIDE REMOVED (%) BY THE VARIOUS
FOAMS OVER THE CONCENTRATION RANGE EXAM]I']ED.

MERCURY

REMOVED
(%) 1 Él-----/\i+ =

/c\/i\
/ \---\\.

4.0 2.0 0. 4 0. 04 0. 004
MERcuRy coNcEMRATroN (ppm)

Foams- Untreated-o; NaOH-x; S-H-*; SDpC-.;
DØc-G; DIIAAB-ç;

Values graphed portray the first pass of the
through the various foams.

0.0004

Dithizone-*;

mercury standard
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Fíg. 5 -

MERCURY

RÐIOVEDTA

SI.]MMARY OF METHYL MERCURTC CHLOR]DE (%) REMOVED FOR THE

VART

2.O 0.4 0.04 0.004 0.0004

Fo ams - unË re aË e d - I'l-S:ril l 
tlfr'älitrtün 

Í :åii -",

Values graphed porÈray the first pass of the mercury sËandard
through Èhe varÍous foams.
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r¡rere agaín the best means for adsorbíng mercury over t,he

entire concentration range studied. The dithizone foams,

although írregular for methyl mercuríc chloride adsorption

over the concentration range examined, generally adsorbed

efficiently. The SDpC diSPo foams r¡rere not much more

efficient than the untreated diSPo foams for the adsorption

of methyl mercuric chloride.

Untreated silicone rubber foams were shown Èo

be very effecÈive for t,he removal of methyl mercuríc chloríde

at a concentraËion of 0.04 ppm. The volume of silicone rubber

used was comparabLe Ëo the volume of three diSPo foams. Generally,

the silicone rubber foams were as effective or more effective

Êhan the S-H diSPo foams for removal of methyl mercuric chloride

whÍle their removal of mercuric chl"oride was comparable t,o that,

of the SDøC disPo foarns.

For all the types of foams, increasing Ëhe amount

of time that the mercury solution is in contacÈ with the foam,

increases the percentage adsorpt,ion of mercury by the foam. This

may be accomplÍshed by using longer foams in the columns,

íncréasing the equilibrium times, recycling the mercury solut,ions

through the foam several times or decreasing the flow rate.

The overall results showed that by placing enough

silÍcone rubber and variously Èreated diSPo foams ín t,he same

columnr- the system would Ëhen be able Èo efficiently adsorb all

the mercury from r^rater soluÊions, over the concentration range
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examined.

The mercury adsorption percentages of the

various foams were reproducible making Ehe foams useful as

monitoring devices. By knowíng the amount of mercury in a foam

after a specífic volume of solution has passed Èhrough it, the

origÍna1 concentration of the solution could be determÍned. This

would be very useful aË extremely low concentrations of mercury

as Ëhe foams could concenÈrate Èhe mercury from the sample to

a leveL that could be deÈermÍned by conventÍonal analytical

meËhods. BesÍdes concentrating, t,he foams could separaÈe the

mercury from elements thac may inËerfere with the type of

analysis Èo be used.



83

CONCLUS]ON

As demonstraËed in this work, it is possible to

produce silicone rubber foams and treat, polyurethane foams

to províde a means of selectively and efficiently extracËing

mercury from mercuric chloride and methyl mercuríc chloride

solut ions .

The preparaËion and treaËment, of the foams is

simple, fast and relatively inexpensive. The foams are also

sufficiently durable t.o be ret,reated and reused several times.

Re-exÈractíon of t,he mercury may be aEt,ained by

acetone soxhleËÍng or possibly by soxhleting with dilute nitric

acid.

In the laboraËory, Ëhe foams may be used for

elimínating mercury from aqueous solut.ions and for moniËoring

trace mercury leveIs in sample soluÈions.

In addition, the foams may be useful in removing

mercury from indusÈrial vrastes, or for cleaning up existÍng

conÈaminated waters.

Ttre foams may also be useful t,o environment,al

agencÍes as monitoring devíces for rnercury levels.

The simplicity of the Èechnique for separating

and concentrating mercury from aqueous solutions will be an

irnportant, factor in Èhe future uses of Èhese foams.

The possibility of silicone rubber and polyuret,hane
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foams being combíned with other complexing agents for the

selective and efficient removal of other elements from

aqueous solutions provides a vasÈ field for future study.
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