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INVESTIGATION OF ADSORPTION EFFECTS
ON FLOATABILITY IN SOLUTIONS
OF CARBOXYLIC ACIDS AT DIFFERENT pH

tercury floatability in =agueous solutions of carboxylic scids
{n~Cc ueca;oic, n-nonanoic, and n-octanoic) of various pH was
investigated. Hig mercury recovery was observed for soluticns
ﬁo“t*'rvn: un:onlvec molecules. Flotation results were correlated
with the adsorption of ecids at the mercury /solution interface
ené witr the mercury hydroprobization. The possibility of the
;or::»icn of ioncmoleculzr complexes in the bulk of solutior send
2% inierfeces was discussed and related to the experimental dat-.
it was concluded thet within the investigated range of acic
concentrations, the formstiorn of ascid-roap associmtes is posciuls
onlv et the mercury/solution interfeace.

Introductior
Tlotation is described by meny mutually interrelated factore. Th:
procese is ofter described by ueing model systems. To diminish the

number of factors necessary to study, we used mercury es a model of
floated meteriel [1]. Choosing mercury mey seem slightly controversiel
beczuse the resulis cf studies connot be applied directly in practice.
Thie choice has, hewever, various advantages for fundamental studies,
Pirst, it allows the eliminetion of meny factors difficult to determine
erd interpret, such ss, for example, a "history" of semples, the
heterogeneity of iheir size, surface, shape and chemical reactivity.
Second, the wettebility and physical edsorpiion on mercury droplets mey
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be easily investigated in conditions comparable with those of model
flotation. Moreover, the surface potentisl of droplets in solutions,
after their detachment from the capillarj, may be ccntrolled by'the
definite composition of the bulk of flotation mixiures (using potentisel
determining systems). This enabled us to investigate the relationship
between floatability and electrocapillarity as well, '

Results and discussgion

We heve gtudied the relation between the activity of wesk ionic
collectors at mercury surface and their effectiveness es flotation
agents in solutions of different pH values [2-5]. At extreme pHs,
golutions of weak electrolytes contain either neutral molecules or ioms.
At pHs close to pE-vslue, bot} forms are present in solutions. At a
sufficiently high concentration of an organic electrolyte the solutions
may also contain complexes formed of one ion and one molecule. In the
cese of carboxylic acids they are called "acld-soaps®.

The role in flotation of various specles present in solutions of
carboxylic acids of various pH has been the subject of lengthy
discussion. Oxide flotation recovery attains the maximum at pH values
corresponding to the region of the highest bulk comcentration of
ionomolecular complexes consisting of one acid molecule and one
carooxylate ion or one amine molecule and one aminium ion [7-10].

The idea of the predominant role played by these complexes in the
flotation process also originated from the fact that in the seme pH
region the surface tension of solutions sttains a minimum.

Beunen, Mitchell and White [11] showed for the first time that the
minimum in surface tension vs, pH relationship sppeared at the solubility
edze of carboxylic acids. They inferred that the most probable reason
is the precipitatiorn of the neutrel acid.

Qur calculations [4] as well as the above-mentioned'paper [11]
show that the occurrence of the minimum in surface tension curves is
not necessarily.connected either witha complex formation or with anp
increase in the mutual interaction of ions and molecules. However, this
minimum alweys appears in ‘he cese of a limited solubility of the
investigated ionic surfactant in a ceritain pH range. L

Surface complex formation at the air-solution interface over =z
range of concentrations, where the formation of acid-sorp in the bulk is

dodecenoic acid De].
Our results for the chosen carboxylic acids showed that within the
studied range of acid corncentration, that is, from 8110’4 ¥ %o 10"3 ¥
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for octanoic, from 10™2 4o 5x10~% ¥ for nonanoic end from 5%107° 1 to
_,10'5 forvdodeéanoic'acid concentration, there is practicaliy no complex
formation in the bulk solutioms of all acids, whereas the complex may
form at the sir-sclution interface, but only in solutions of dodecanoic
acid 12 .
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Fig. 1. Model flotetion apparatus

Mercury floatebility in solutions of carboxylic acids wes stucied
in & model apperatus (shown in Fig. 1) under standard conditioms:
volume of solution 1300 cem, mitrogen gas flow rate 16,6 cem/s,
capillary efficiency 3 mg Hg/s, time of flotation & min. .

In Fig. 2, the relationship between mercury recovery end pH is-
shown for 2::‘10"4 ¥ octenoic acid (!@(.6.),'7::10'5 M nonsnoic acid (PA) and
2.51:10"5 M dodecmnoic acid (LA) solutions im 0.1 M KCl. The
concentrations were chosen in such s wgy that the surface activity of
the solutions under investigetion should have been comparable.

For all acids studied, the yield of mercury flotation is relatively
high in acidic solutions, and decreases steadily with an increase in pI,
for pH renging from 2.5 for octanoic acid, through 4.5 for nonanoic acid,
to 5 for dodecanocic acid. ¢

At low pH, flotation recovery in dodecanoic acid solutions
decreases with the scidity of solutions. We ascribed this effect to the
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foaming up of the precipitated
dodecanoic scid. As the kinetics
of its dissolution are relatively
low, the bulk concenfration of
the acid decreases during thé
flotation process. This change
in the concentration results in
the formation of gas bubbles of
greater size than the bubbles
formed from the same gas volume
in other systeus. This obviously
diminishes the flotation -
TEoOVery.

Qur hypothesis was confirmed
when s small smount of propancl
acting ss & frother was =added
to the investigated dodecanoic
solutions (2.5x10'5 M) of pEH< 5
end the flotation recovery
increased rapidly to a level
comparable with the maximuxm of
the curve. o

The low fiotation recoveries
observed for alkalire 0.7 ¥ XCI
solutions were due to ai least
two fectors: & low mercury
hydrophobization end the
formation of gms bubbles of

m

very emall glze.
Looking st Pig. 2, we may

cbeserve that the ran
floatability byeo
chain length ¢

ze of nigh

o

increases. To ¢

taehed to s teflon holder) st the moment ¢f contact vrask-uc
i by 2 slow rise of the holder was also measured.

ig. 3, the results of the contact anéle neaguremsnis {upper
' omd the meximal distances needed to bresk up the drop/bubble
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of deodecanoic acid at Hg/solution interfsce was also suggested by
orzechowska and Matysik [19].
7e investigated adsorption at the Hg—solutzon interface from mixed

golutions of the undissociated scids and their ions at ¢1fferent pHs.

The results of the measurements of dodecancic acid adsorption on
the mercury surface were published in Coll. Polym. Sci. in 1984 [20}.
An enslysis of the capacity/potential and the capacity/time curves
showed that the meximum of sdsorption occured at pH~ 5. The surface
coverage of mercury at that pH value exceeds the monclayer adsorption.
The surface area calculated for one adsorbed molecule at pH 5 1s nearly
. wo times smaller than the area calculated at pH 10,5 (assuming the
horizontal orientation of molecules). Since ne reorientation of
molecules was noticed on the bases of polarogrephic experiments, the
authors suggested either the possibility of ion-molecule associates or
the condensed film formstion on the mercury surface (similerly to the
case of nonasnoic scid [14]). :

For a complete comparison of the flotation and adsorption results,
we performed s polarogrsphic investigation for cctanoic gcid. Fig. 4
shows some selected differential capacity curves of the electrical
double layer as a function of polarization potentiel (measured vs. SCE)
for n-octanocic acid of pH = 2. The potential of maximal adsorption
found on the basis of these curves equals -C.4 V; and, as expectéd, is
lower then the one in solutions of octanocate salts. Capacity curves
for octanoic acid show only one pesk
of desorption, while for dodecanoic
acid there are two peaks. The lack of
the second peak indicates that, as

Cos opposed to dodecanoic acid, neither
;:? _— the condensed film nor the formstion of
3:=2-1074M premicelar states occurs in octaroice
&=5107"M scid solutions. '
5:7.5:107"M With the decrease of the pH value,

the peak occurs at a lower concentra-
tion of the acid and is more
pronounced.
In the case of octanoic acid, a

change in the direction of polarization

‘ did not cause hysteresis in the ,
002 &6 ‘ lb ) 1A - capacity-potential curve as it did in

E, VI(SCE) the case of nonancic acid [14]. This

Piz. 4. Tensemmetric curves in fact alsc indicates that in solutions
solutions of octanoiec acid of octancic acid only monolayer
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sdsorption takes place. :

Fig. % illustrates the dependence of the maximal lowefing of
cepacity values(normelized to the capacity in the supporting electrolyte)
in octanoic acid solutions of various pH. The maximal velues of +the
reletive lowering of the capacity C/CO, indicating stong adsorptioxn
of the components of the solution, occur in the ecidic region of the pH
scale. Between pH 3 and 5, the relative lowering of the cepacity
decreases sharply to attair a constant value of 0.3 in more elkeline
solutions. -

The behaviour described ébove corresponds closely to the changes
of thg undissociated octanoic acid concentration "cs" (Fig. 5).
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Fig. 5. Relative, maximsl lowering of the specific

capacity~-AC4/Co end the percentage concentration

of undissociated acid molecules, - c¢g, vs. PH values
of octanoic acid solutions:

The velues of adsorption parameters: -~ interaction coefficient “er,
equilibrium constant "B" and standerd free erthalpy of adsorption "-Al"
for acidic and alkaline solutione of octanoic scid-are collected in
Table 1;

pH a B -AG_,
| Mol-? kJ Mol
2 1.41 2460 28.8
12 1.19 30.8 18.2

The participation of ions and undissocisted molecules in the
adsorption &t the intermediate pH velues is currently under
investigation.
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Conclusions

our ansalysis of flotation experimente, contact angles and polaro-
grephic measurements shows that fhe hydrophobization of the mercury
surface is mainly csused by the adsorption of undissociated acid
molecules.

The formetion of acid-sosp associates is possible only on the
mercury/solttion interface where the density of adsorbed molecules
and ions is much higher. The acid~soap associstes mey increase mercury
hydrophobization, thus increasing flofation recovery.

The formation of surface associates can alsc explain the meximum
observed on the curve of contact angle vs pH values of nonanolc ecid,
as well es the broadening of the region of high mercury flostability
with the increassed chain leng h of carboxylic acids.
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$¢ rieci w roziworach kwaséw kerboksylowych
lowego i n-oktylowege) o rdiznych wertofcisch

derdzono wysckis wydzjnosel flotecji w roztworach zawiersjacych n
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zaateczkl kwaséw. Wyniki flotecji skorelowano 2z danyml
adsorpeji kwasdw na powlerzchni rieci i wynikami pomiardw katdw zwil-
zanis. ¥z podstswie oirzymanych rezulietdw przedyskutowano mozliwodéd
nowstawanis jono~molekulsraych agociatéw w gkebl roziworu 1 nz grani-
cach fez. Siwierdzono, ze tworzenle asocjetdw jon-crzgsteczke jest,

w zakresie badanych stezed kwasbw karboksylowych, mozliwe jedynie n»
powierzohni riteci, gdzie gestoid zesdsorbowanych czgsteczek 1 jondw
jest wigksza.
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=

Hcenenosana (UOTHDYeMOCT: PTYTY B PECTBOPEE KEDOOKCIIOBHX E¥CJIOT
/R~ORTRAOROH, H-HOHLIOBOR H H-NONSTIAOBOR/, MMEUHEYL DARIWIHHE BEJMYIHH

i, 3Zwcokre QVIOTAIMOHHHE BHXOIH IOIYYEHO B PACTBODRX, COTEDHALUY HENVC-

=

COIMUDOBAHEEe MOISKYJIH KUCJHOCT. PosyapTaTd HIOTaIMOHHEY BCCJIenoBaR

KODDEJNNTOBEHHO ¢ aycopémgedt KuCJIOT HA HOBEDXHOCTH DIVTH T BeNIMMHOT VI~
o1

Ja cvadEBaEuA. Ha OCHOBE NONYYSHHHX DPe3yABTATOB OGCYRIeH2 BOSMOTHOCTE
DOIHTKAETS HOHZOMONEEYJTDHHY 4CCOIMATOB B O0beMe DAcTBOPA I HA T'DAmT
paszena Das /acTBOP-BO3IYX ¥ paCTBOp—pTyTB/. Odcy=wpeHo, 49TC BOBEVEHO-
ReHFE MOHHOMOJEKYJISDHHX acCOIMATOR ABIAETCH /B Tpere’iax NCCAeNOBAHHHX
KOHIEHTpa Wil KapCOKCHIOBHX KACJIOT /BOBMOEHHNM JMIE HA TOBEDXHOCTH DTYFTH.
THe KOHIEHTPAIMA WOHOE ¥ MOJCKYJ -BHEE.
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