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UTILIZATION OF SYNTHETIC PHILLIPSITE AS A MEANS FOR DECREASING THE
CONCENTRATION OF AMMONIUM IONS IN WASTE WATERS
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The application of synthetic phillipsite prepared by hydrothermal alteration of power plant ashes to decreasing
the concentration of ammonium ions in waste waters were followed. Final concentrations lower than 1 mg
NHy* /1 were reached in batch arrangement. Sorption capacity of synthetic phillipsite was significantly higher

than that of the natural Slovakian clinoptilolite.

INTRODUCTION

45 different zeolites were found and described
in the nature but only 7 of them occur in de-
posits large enough to allow industrial exploitation:
analcime, clinoptilolite, phillipsite, erionite, ferrierite,
chabazite, and mordenite. The most important de-
posits of zeolites were found in the USA, Japan,
Ukrainia, and Georgia. On the territory of the Czech
Republic, some zeolites were found as accessory min-
erals in volcanic rocks of the Central Bohemian High-
lands and of the Doupov Mts. but no exploitable de-
posits have been discovered. Slovakia has larger de-
posits of sedimentary clinoptilolite at Nizny Hrabovec
and BartoSova Lehotka.

Ion-exchanging properties of zeolites depend
strongly on the Si/Al ratio in their structure. The
most mined clinoptilolites belong to the group of ze-
olites with a rather higher SiO; content which has
its negative consequence in the rather lower values of
their ion — exchanging capacity. Zeolites with a lower
Si/Al ratio can be prepared from solid products of
the combustion of coal, i. e. flying ashes, ashes or slags
(Kolousek & al. [1]). This preparation — hydrothermal
alteration — is based on the reaction of ashes with
alakline aqueous solutions under elevated tempera-
tures and pressures. This alteration yields the zeolite
phillipsite, a synthetic form of a zeolite with one of
the highest ion-exchanging capacities found amond
natural zeolites.

Many authors have studied possibilities of the sep-
aration of the ammonium ion from drinking water
and from waste waters by zeolites (e. g. Hagivara
& Uchida [2], Colella & Aiello [3], Ciambelli & al.
(4], Dzhunko {5]). It is the aim of this study to com-
pare sorption properties of natural clinoptilolite and
of synthetic philipsite with respect to their capabili-
ties of binding NH4% ions.

EXPERIMENTAL

Sorption capacities of samples of synthetic phillip-
site were determined in the following way. Hydrother-
mally altered ashes from the power station in Dét-
marovice were used as a basic material for all mea-
surements. The solid product of the alteration was
dried at 105°C. The concentrations of sodium and
potassium ions in aqueous eluates obtained from such
preparates (1 part of synthetic zeolite per 10 parts of
distilled water) were rather high and so were their
pH values. After the products of alteration had been
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Fig. 1. Dependence of the decrease of the concentration of
ammonium tons on the amount of synthetic phillipsite as
synthetized added to the solution.
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Fig. 2. Dependence of the decrease of the concentration of
ammonium ions on the amount of neutralized and washed
synthetic phillipsite added to the solution.
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Fig. 8. Dependence of the decrease of the concentration
of ammonium ions on the amount of natural clinoptilolite
(Nizny Hrabovec) added to the solution.

washed with diluted hydrochloric acid and with dis-
tilled water, the pH value of the ealuates dropped
to pH=5.5 and their Kt and Nat contents de-
creased from 230 to 30 mg K*/l and from 1100 to
120 mg Nat/l. Some measurements were also done
with natural clinoptilolite from the deposit at Nizny

ammonium chloride containing approx. 40 and 80
mg NHyt /1 resp. The weighed amount of zeolite was
shaken with 250 ml of the NH4CI solution for 60 mi-
nutes. The suspension was filtered afterwards and the
concentration of the NH4* ion in the filtrate was de-
termined by NH4t ion-selective electrode. Results of
these measurements are plotted in figs. 1-3.

Further experiments were done to verify the effect
of the addition of small amounts of zeolite to already
partially purified solutions. 4g of zeolite were added
to 2000 ml of the NH4Cl solution containing 80 mg
NH4* /L. The suspension was stirred for 15 minutes
and filtered. The NH4t concentration in the filtrate
was determined, a further portion of the zeolite was
added to the filtrate, and the whole process was re-
peated. The obtained resuts are plotted in fig. 4.

RESULTS AND DISCUSSION

It is evident from figs. 1-3 that a sizable decrease
of the concentration of ammonium ions in an aqueous
NH,4CI solution can be achieved by addition of a ze-
olite. Changes in the concentration of NH4% ions in
the solution obtained in dependence on the amount
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Fig. 4. Decrease of the concentration of ammonium ions in
the solution at the stepwise addition synthetic phillipsite
(additions of 2 g of phillipsite per 1l of the solution).
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of the added zeolite indicate that phillipsite prepared
by hydrothermal alteration of power plant ashes is
a very effective sorbent of ammonium ions (2 g of
the zeolite added to 11 of the solution decreased its
content of ammonium ions to approx. 1/2 of the ori-
ginal value) but a further enhancement of the amount
of zeolite present in the solution did not lead to any
further decrease of the NH4t concentration in the
solution (see fig. 1.). This phenomenon is apparently
caused by the presence of sodium and potassium ions
migrating to the solution from the remainders of al-
tering solutions occluded on unwashed products of
hydrothermal alteration. The KT and Na* ions also
take part in ion-exchanging reactions and affect con-
sequently the sorption of NH4T ions. As a result, the
sorption efficiency of the preparate is decreased. This
assumption was confirmed by results of experiments
done with synthetic zeolite neutralized previously by
diluted hydrochloric acid and washed with distilled
water (see fig. 2). Neutralized and washed synthetic
phillipsite displays very good sorption properites to-
wards the NH4 ™ ions (an addition of 70 g of phillipsite
to 11 of the NH4Cl solution led to the decrease of the
original 80 mg NH41/l to 1 mg NH4/l and of the
original 40 mg NH4* /1 to 0.3 mg NH4% /1 resp.) The
in this way treated synthetic zeolite displays better
sorption properties towards the ammonium ions than
the natural clinoptilolite which led to a decrease of
the concentration of NH4% ions from 80 to 9.6 mg/l
and from 40 to 2.3 mg/! resp. under the same expe-
rimental conditions (see fig. 3.).

The degree of utilization of the sorption capacity
of the zeolite decreases gradually with increasing ra-
tio zeolite/NH4Cl solution because physico-chemical
equilibrium is being established in the system. Sorp-
tion measurements with the 80 mg NHy*t/l solu-
tion and neutralized and washed synthetic phillipsite
showed that 18.7 mg NH4* were sorbed per 1 g of the
zeolite when 1.2 g of phillipsite were added to Il of the
solution whereas 1.3 g NH4t were sorbed per 1 g the
zeolite when 70 g of phillipsite were added to 11 of the
solution. lon exchanges took place very quickly in case
of the synthetic zeolite so that NH4+ concentrations
established in the solution within 60 minutes after the
first contact with the zeolite could be cosidered prac-
tically equilibrial. An experiment following concen-
tration changes in a NH4Cl solution in contact with
synthetic phillipsite for 6 hrs showed that the NH4*
concentration decreased quickly at the beginning but
remained constant after 1 hr. The amount of ammo-
nium ions sorbed by the zeolite was calculated from
the mass of the zeolite, the volume of liquid phase
and the NH4* concentration determined in the solu-
tion. These experimental data were then used to the
evaluation of constants in an equation of the Lang-
muir type that describes the equilibrium distribution

of ammonium ions between the zeolite and the liquid
phase:

0.6624 cnHa

_ 06624 cnpa 1
INHA = 777670221 enpa (1)

where gnps [mg] is the amount of NHZ ions sorbed
per 1 g of zeolite and enpa [mg/]] is the equilibrium
concentration of NHJ ions in the solution. The con-
stants in equation (1) were computed from experi-
mental data obtained for neutralized and washed syn-
thetic phillipsite at 20°C and the range of concen-
trations enpsa = 0.3-70 mg NHJ /1. The dependence
espressed by the equation (1) and the respective ex-
perimental data are plotted in fig. 6.

The above facts indicated that it is possible to de-
crease substantially the concentration of ammonium
ions in the solution by addition of large amounts of
synthetic zeolite but for the price that its sorption ca-
pacity will be used up from a small part only. This is
why a possibility of a stepwise reduction of the con-
centration of ammonium ions by repeated small addi-
tions (2 g/1) of the zeolite was verified. The solution
was filtered before each further addition of the zeolite
so that the previously added one was removed from
the system. The experiment was realized in a stirred
vessel containing 2 1 the NHJ solution; the starting
concentration of NH} was 90 mg/l. The zeolite was
added 8 times, the total amount was 32 g.i. e. 16 g/i.
Fig. 4. shows that the concentration of NH} ions in
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Fig. 5. Amounts of NHs ions sorbed at the stepwise ad-
dition of synthetic phillipsite (additions of 2 g phillipsite
per 11 of the solution).
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Fig. 6. Equilibrium distribution of NH,* -ions between the
liquid phase and the zeolite (synthetic phillipsite neutrali-
zed with diluted hydrochloric acid and washed with distilled
water). Ezperimental data were obtained at starting con-
centrations of 40 and 90 mg NH} /I resp., the amount of
the added zeolite was changed in the range of 1.2-70 g per
11 of the solution at 20°C.

the solution could be decreased to the final approx. 14
mg/]l by the addition of synthetic phillipsite as syn-
thetized whereas the neutralized and washed one led
to the final concentration of 1 mg NH /1. This limit
was reached at a one-step addition by an amount of
zeolite (70 g/1) exceeding several times the amount
corresponding to its full sorption capacity. The degree
of utilization of the full sorption capacity of the zeo-
lite decreased rapidly with increasing amount of the
added zeolite even in the case of the stepwise addi-
tion, probably because of the equilibrium state being
established (see fig. 5.).

CONCLUSIONS

It was verified that zeolites synthetized by hy-
drothermal alteration of power plant ashes can be
used to the removal of ammonium ions from waste
waters. Because of the relatively low concentrations
of ammonium 1ons in these waters, it is necessary,
however, to reduced the concentration of sodium and
potassium ions present in water soluble forms in
the solid alteration product which might compete
with the ammonium ions at the sorption. It was
found that the sorption capacity of the this way syn-
thetized phillipsite towards the NH} ions is signifi-
cantly higher than that of the natural clinoptilolite

currently used to these purposes. The degree of uti-
lization of the sorption capacity of the synthetic ze-
olite decreases with its increasing addition and it is,
therefore, necessary to find a suitable technology of
the sorption process for its eventual industrial appli-
cation. This study dealt with the method of stepwise
addition of the zeolite to the purified solution with
the result that the same decrease of the concentra-
tion of ammonium ions was achieved with a several
times smaller total amount of zeolite than in the case
of a single-step addition.

SUMMARY

The application of synthetic phillipsite prepared by
hydrothermal alteration of power plant ashes to the
removal of NH4* ions from drinking and waste wa-
ters were studied and optimized. Experimental data
were obtained from experiments with aqueous solu-
tions of ammonium chloride containing approx. 40
and 80 mg NHJ /I resp. All experiments were realized
in batch arrangement. The as synthetized phillipsite
contained remainders of reaction solutions that re-
leased relatively large amounts of sodium and potas-
sium ions into the NH4Cl solution. These ions affected
adversely the amount of sorbed NH4*t ions and re-
duced the sorption efficiency of the preparate. This
is why the synthetized phillipsite had to be neutrali-
zed with diluted hydrochloric acid and washed with
distilled water. This operation reduced conspicuously
the content of water eluable sodium and potassium
ions in the zeolite and the pH value of the eluate. The
this way treated synthetic phillipsite turned out an
effective sorbent. Its addition to the above NH4Cl so-
lutions decreased their final NH4* contents to values
lower than 1 mg/l. Its ion-exchanging sorption was
described by an equation of the Langmuir type and
the respective constants were computed. A method
of stepwise addition of the zeolite to the solution was
suggested and verified for a fuller utilization of its
sorption capacity; the zeolite was added to the solu-
tion in repeated small portions and each previous por-
tion was filtered away before the next one was added.
In this way, the same decrease of the concentration of
ammonium was achieved with a several times lower
total amount of the zeolite than in the case of a single-
step addition. Comparative experiments with natural
clinoptilolite from Nizny Hrabovec in Slovakia showed
that the neutralized and washed synthetic phillipsite
was an approximately 2.5 times more effective sorbent
of ammonium ions than the natural clinoptilolite.
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MOZNOSTI VYUZITI SYNTETICKEHO PHILLIPSITU
PRO SNIiZENi KONCENTRACE AMONNYCH IONTU
V ODPADNICH VODACH

FRANISEK KovaNDA, DAvID KOLOUSEK®, VLASTIMIL
SEIDL*, EvA PROCHAZKOVA*, JOLANA OBSASNIKOVA®

Vyzkumnyj dstav rostlinné vyroby Praha
* Vysokd skola chemicko-technologicd, 166 28 Praha 6

Byly sledovany a optimalizoviny moznosti pouZiti syn-
tetického phillipsitu vyrobeného hydrotermalni alteraci
elektrarenského popilku k separaci iontdi NHyt z vodi-
renskych a odpadnich vod. Experimentalni data byla zis-
kidna ve vodnych roztocich chloridu amonného o pocdteén{
koncentraci pfiblizné 40 a 80 mg NHy% /1. Vsechny poku-
sy byly provedeny ve vsidkovém uspofddani. Po prida-
ni vzorku syntetického phillipsitu do vody se uvoliova-
lo pomérné znatné mnozstvi sodnych a draselnych ion-
ta, které rezultuji ze zbytkd matec¢nych louhi po synté-
ze. lonty Nat a KT vnesené takto do roztoku nepiznivée
ovliviiovaly mnozstvi sorbovanych amonnych iontd a sni-
zovaly tak icinnost preparatu. Proto byl vzorek synte-
tického philipsitu promyt roztokem HCI a destilovanou
vodou, &lmz se vyrazné snizil obsah vodou uvolnitelnych
sodnych a draselnych iontd a rovnéz poklesla hodnota
pH vodného vyluhu. Takto upraveny synteticky phillipsit
se projevil jako ucinny sorbent. Po jeho priddn{ do roz-
toku o uvedenych pocdtecnich koncenracich amonnych

iontd bylo dosazeno vyslednych koncentraci nizsich, nez
Img NH;* /1. Na zikladé experimentdlnich dat byla vy-
ménna sorpce amonnych ionti popsdna rovnici Langmui-
rova typu. Aby bylo dosazeno lepstho vyuziti sorpéni ka-
pacity pouzitého zeolitu, byl zeolit do roztoku pfidavin
postupné ve vice diavkich, piicemi pied kaidym piidav-
kem zeolitu byla odfiltrovina pfedchozi ddvka. Timto zpi-
sobem bylo dosazeno stejného sniZzeni koncentrace amon-
nych iontl s nékolikandsobné mensim celkovym mnoz-
stvim pouzitého zeolitu. Byly provedeny rovnéz srovnava-
ci experimenty s piirodnim klinoptilolitem tézenym v lo-
kalité Nizny Hrabovec. Synteticky phillipsit promyty HCI
a destilovanou vodou se projevil jako pfiblizné 2.5x iéin-
néjsi sorbent amonnych iontd nez piirodni klinoptilolit.

Obr. 1. Zdvislost snifeni koncentrace amonniyjch ionti na
mnozstul zeolitu pridaného do roztoku pro synteticky
phallipsit.

Obr. 2. Zdvislost sniZeni koncentrace amonnyc ionti na
mnoistvi zeolitu pridaného do roztoku pro synteticky
phillipsit neutralizovany HCl a promyty destilovanou
vodou.

Obr. 3. Zdvislost snizeni koncentrace amonnych iontd na
mnozstvi zeolitu pridaného do roztoku pro pfirodni kli-
noptilolit (Nizny Hrabovec).

Obr. 4. Zdvislost sniieni koncentrace amonnych ion-
td v roztoku pri postupném priddvdni syntetického
phillipsitu (piidavky éinily 2g zeolitu/l roztoku).

Obr. 5. Mnozstvi ionti NH,t sorbovanyjch zeolitem pfi po-
stupném priddvdni syntetického phillipsitu do roztoku
(pridavky ¢éinily 2g zeolitu/l roztoku).

Obr. 6. Rovnovdiné rozdéleni iontd NH,T mezi kapal-
nou fdzi a zeolitem (synteticky phillipsit neutralizova-
ny HCl a promyty destilovanou vodou). Ezperimentdl-
n? data byla ziskdna pri poédteénich koncentracich 40
a 90 mg NHy* /I, hmotnost pridaného zeolitu se mé-
nila v rozmez{ 1.2 az 70 g/l roztoku, teplota mérfent
20°C.
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