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ABSTUCT. - Following previous researches on
philJipsite estimation in practically monozeolitic
samples of Neapolitan yellow tufT, a method based
on \Valer vapour desorplion is proposed for
quantitative evaluation of both phillipsite and
chabazite in more typical occurrences of the tufT.
The melhod, which appears simple, reliable and
accurate for routine estimations, contemplates a
thermal cycle including three heating steps (240,
350 and 800" Cl alternating with rwo rehydrations.
It has been shown that the warer loss at each
temperature is related to non zeolitic phases, phil.
lipsi!e and chabazite, respectively. Finally it is
emphasizt'<! thal the method is applicable to almosl
all the [ralian lufTS.

RIASSUNTO. - Facendo seguito a precedenti rkerche
sulla valutazione del tenore di phillipsite in cam·
pioni praticamente monozeolitici di tufo giallo na­
poletano, viene propoSlO un metodo, hasato sui
desorhimento di vapore d'acqua. per la valutazione
di phillipsite e cabasite nelle giaciture piu frequenti
deIJo stesso IUfo. II metodo, che appare semplice,
llflldabile e accurato per determinazioni rutinarie.
prevede un ciclo termico di riscaldamento in tre
stadi (240, 350, 800" Cl, ahernati con due rcidra­
tazioni. E stato mostrato che la perdita d'acqua a
ciascuna delle delle temperature c relazionabile a
fasi non zeoJiliche, phillipsite e cabasite, rispettiva­
mente. Viene inl1ne mcsso in cvidenza che il me­
todo proposto c applicabilc a quasi tuni i tufi
italiani.

Introduction

The most common occurrence of Italian
tuffs of commercial interest (SERSALE, 1978;
GOTTARDI and OBRADOVIC, 1978), par-

ticularly of Neapolitan yellow tuff (DE' GEN­
NARO et al., 1983), is characterized by the
joint presence of phillipsile and chabazite.
The possibility of the quantitative evaluation
of both zeolites in these tuffs is of remarkable
inlerest, in consideration of their potential
industrial applications, the most promising
of which appear at present to be the pu­
rification of wastewaters, e.g. ammonium
removal from tertiary sewages (CoLELLA et
al., 1983), and the preparation of pozzolanic
cements (SERSALE and FRIGlONE, 1983).

In a previous paper (CoLELLA et al.,
1982-83) two methods based on ion exchange
and water vapour desorption techniques have
been reported for the estimation of zeolite
content 1Il practically monozeolitk (phi 1­
lipsitic) Neapolilan tuffs. The use of the
above methods for the estimation of phi!­
lipsite and chabazite in more typical tuff
occurrences, processing the experimenlal
data through the use of simultaneous
equations, does not give reliable results. The
two zeolites, in fact, do not have sufficienlly
distinct ion-exchange capacities (they dif­
fer from each other by a few unites percent),
if compared with the error connected with
the analytical delermination (;?: 1 % 1.

The aim of Ihis paper is to test a new
estimation method of phillipsite and chaba­
zite content in Neapolitan yellow tuff, which,
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Fig. I. - General vie,,· uf Neapolitan yellow lUlf
qU3rrie.s at GrOlla del Sole (Quarto. Napolil,

taking advantage of phillipsilC thermolability
(CoLELLA et al., 1982-8.3), contemplates a
suitable thermal pre·treatment, causing phi!.
lips!te breakdown, and making it possible
to bring the analytical problem back to the
quantitative evaluation of one zeolite at
~l time.

EXJlcrimclllnl

The samples of Neapolitan yellow tuff
come from five of the seven quarries.
operating the large outcrop of Grana del
Sole (CS, Quarto, NapoJi) (fig. I). Table I
reports the listing of the samples examined
and the description of the position in every
quarry - quarries have been numbered from
I (West) to 7 (East) - from which they
were collected.

X·ray powder diffraction patterns show
that all the samples of table I consist es·
sentially of phillipsite and chabazite, with
lesser amounts of K.fcldspar, augite, and
hiorite. NOli-crystalline fractions (small pu­
mices and unzeolitized glass) are also present,
as evidenced by microscope observations.

Table 2 reports the chemical analyses of
a samples o( GS tuff (table 1, N. 2) and of
pure phillipsite, chabazite and glass, obtained
from the tuff, following suitable enrichment
processes described elsewhere (CoLELLA et
al., 1982-83). Table 3 summarizes the main
chemical and physical parameters of the
two zeolitic phases. The calculated ion
exchange capacities on the basis of the
chemical formulas arc 3.70 meqjg for phi I·

lipsite and 3.82 meq/g for ch,tbazite, both
values III good agreement with those
measured for the twO zeolites (table 3).
Phillipsite, chabazite and glass were used
(or the preparation of bimuy of ternary
mixtures to be tested for quantitative
determinations. For this purpose weighed
amounts of the two zeolites, with or without
added glass, were carefully wct-mixed in
presence of acetone. The mixtures were then
dried at 80" C for several hours and stored
at 25" C in environment at RH. = 50 %.

Ion exchange and water vapour desorption
measurements were carried out according
to techniques already reported (COLELLA et
al., 1982·83).

T All LE 1

Localizatiol/ of the till! samples
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rhcnnal tfe,lllllellts 01 Ihe samples were
performed in oven at the programmed tem­
perature. Rehydration tests were carried out
storing the heat·activated samples at 25" C
in environment at R.H. = 50 % until
constant weight.

Results ulld discussion

THE\(MAL BEHAVIOU\( OF PHILLlPSITE,

CHABAZITE AND GLASS

Phillipsite has been shown to be a bad
heat-resistant zeolite; the maximum treat­
ment temperature, without any detectable
breakdown being recorded turned out to be
240" C (COLELLA et al., 1982-83). Figure 2,
reporting only a selection of the collected
data, shows the residual crystallinity of
phillipsite, measured from the intensity
decrease of the main reflections of the X·ray
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TABLE 2
Chemical analysis <> of cs tuB, phi//ipsite,

chaba:!.ite, and glass
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Fig. 2. _ Residu.1 trystallinilY of phillipsite as I
result of thennal trcumems al difftrnlt lempera·
lures, 15 a function of time.
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is stable up 10 about 400"C. This is confirmed
hv the data of fig. 5, where the waler vapour
rcadsorption capacily of chabazite is tested
after 2 hours of thermal treatment at tern·
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Fig. 3. - Waler vapour uplakc of phillipsite 11
room tempenuurc, u a function of time:, .fter
trcatmenl It 350" C for 3 (6), 12 (0) or 24
hours (0),

Chaha;.af! turns out to be more heat­
resistam than phillipsite, Figure 4, reponing
the residual crystallinity of t~ zeolite after
2 hours of lhermal rreatment, as a function
of temperature, shows that the framework

diffraCtion patterns, after treatment at tern·
peralures ranging between 300 and 3500 C
for various limes. Phillipsite appears 10 be
completely destroyed as a results of a 24
hours treatment at 3500 C. This is confirmed
by the data of fig. 3, referring to rehydration
processes after 3(~). 12(0) and 24 hours
(0) of thermallreatment at 3500 C, showing
Ihat phillipsite does not readsorb water any
more, when treated at thal temperature for
one day.
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Fig. ~. _ Residual cryswllinit}' of chabazite, as
:l function of the treatment temperature.

pcmlUres ranging between 300 and 4500 C.
Ch,lbazite teadsorbs in a few hours all the
lost water (dotted lines), when heat-Ireated
Ill' 10 400" C.

On the COntrary thermal tteatment at
450" C (or 2 hours causes breakdown of
zeolite and therefore cuts down its capacity
for sorbing watcr by about 25 %. Referring
to the above conditions causing a complete
breilkdown of phillipsite, fig. 6 shows, on
the contrary, that chabazite framework
remains perfectly undamaged. A chabazilc
sample which loses at 350" C its water in
14 hours, regains its original weight through
reydration in about the same time.

Glass, obtained from CS tuff, shows a
thermal behaviour analogous 10 that of the
glass obtained from the phillipslte tuff
previously studied (COLELtA et al., 1982-83).
Fig. 7 shows that glass, heat-treated for 2
hours at 240" C, loses almost all its water
content in about 2 hours. Rehydration tests
lasting up to about 10 days show that water
is definitely not readsorbable.

Note that the above temperature should
be sufficiently elevated to assure the irrever­
sible dehydration of hydrated ferric oxides
(MACKENZtE, 1957). Thermal tests on a light
fraction, coming from the zeolite enrichment

20

c
•m

5

---~~Q_:~---------------------------------------

---~QQ~C_-----------------~-~~~~~-~6__ .~.6--
--- ]QD ~Q_-~~,.-;o,......"",~'~~O=..~==~~--O-----O--:/0 -0----0

o

1, 3 5 time. h 24

Fig. 5. - Rehydratiun curves at room temperature of chabazite, activated by heating at JOO (0).
~OO (L:.) or 450" C (D). Dolled lines refer 10 water 10sI during the activation.
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Fig. 6. - Ikh)'dralion {at 3'l)-CI and rehydration
(at room lem~raturelcur"C5 of chabazite.

processes of the tuff and constituted mostly
by hydrated ferric oxides, show thal the
treatment at 240~ C for 2 hours determines
an irreversible weight loss equal to 9.5 %
of the ignition loss at 800" C. The little
water amount saved at 240~ C has 10 be

considered insi~nificalll for the successive
evaluations.

TESTS OF ZEOLITE ESTIMATtON ON
ARTIFICIAL MIXTURES

Qualllitati"e evaluation of phillipsite and
chabazitc was tested on artificial binarv and
lernary (including glass) mixtures. O~ the
basis of thermal data reported in the
preceding section, the following method 's
proposed for zeolite estimation:

I) the sample {initial weight: \YId is
heat-Ireated in oven ,\1 2-10" C for 2 hours;
this causes the definitive dehydration of Alass
(if present) and a partial water vapour
desorplion by zeolites, the frameworks of
which remain however perfectly undamllged;

II} the sample is slOred at 25" C in an
environment :It R.H. = 50 % until constllnt
weight (\V~) (mean lenght of time: 14
hours); this allows a complete rehydr!ltion
of both zeolites;

JI I) the sample is heat-treated in oven
at 350" C for 24 hours; this causes the
breakdown of phillipsite and a partial water
vapour desorption of chabazite, the frame­
work of which remains perfectly undamaged;

IV) the sample is stored al 25" C in an
environment at R. H. = 50 % until constant
"'eight (W~); this allows a complete re·
hydration of chabazite;

V) finally the sample is heat-treated in
oven up to 800"C (final weight: n'l~); Ihis
allows the complete dehydration and break­
down of chabazite.

The total percent water is thus divided in
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TABLE 4

Zeol;te content in standard mixtures

M;.,••• IOOU.<e4 ,.......0

~l.l_' • • • • • •• • • "MIII""l,• • elW>o..... •... ~ ~

" " 11.19 5.U " ".. .. .... I •• t .. .... .. i.06 U ... " ..
" " •. Id 10.'1 " ".. " .. t.n 4.02 0.11 .. ".. .. " 1.10 5.fJ 0." .. ".. .. " ,.,,' J.,. I.H " ..

TABLE 5
Phi//ipsite and chaba:dte content

in CS 'ufJ samples
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The values of measured phillipsite and
chabazite show a good agreement with the
theoretical ones, evidencing the reliability
and the accuracy of the proposed method.

The phillipsitc and chaoozile amounts in
the mixtures are then calculated, correlating
W •• and \'17. to the water content of pure
zeolites (see table 2). Table 4 reports the
tests of zeolite estimation on artificial
mixtures.

three parIS: W'~, related to non zeolitic
phases (mainly glass and hydrated ferric
oxides), \V I • and W'., directly proportional
to phiIJipsilc and chahazilc contems, respecti­
vely.

WIl , \\'1. and W~ are easily calculated in
the following way:

ESTIMATION OF PHILLlPSITE AND CHAIM·
ZITE IN TUFF SAMPLES

(ne National Research
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Table 5 reports the results of quantitative
zeolite evaluations in the tuff samples of
table I, according to the method described
in the preceding so::tion.

Apart from the different distribution of
the two zcolites in the examined tuff samples,
it is interesting to note in most samples the
substantial constancy of zeolite content,
ranging around 60 %.

Conclusion

The results of both this and the prevIous
research (CoLELLA et al., 1982-83) show that
methods based on water vapour desorption
may be advantageously employed for the
quantitative evaluation of the zeolite (phi!.
lipsite and chabazitel content in the Neapo­
litan yellow tuff. The proposed method
appears easy in the execution, reliable and
sufficiently accurate for routine estimations.

The method is practically applicable to
almost 311 the Italian tuffs, owing to the
already mentioned constancy of zeolite types
occurring in them.

W~-W3

· 100;
W,

W 3 - \fI~

· 100;
W,

W,-W~

· 100.
\11,

w"

w,

w.



ESTIMATION OF ZEOLITE CONTENT IN NEAPOLITAN YELl.OW TUFf

REFERENCES

161

COLELL.... C., DE' GENN.....O /'..\., FRANCO E., AIELLO R.
(l982·8}) - ESllma/ion ollfflb/~ con/ml In N~a·

poJitan yellow luB I PhlllipslI~ in n~a"y mono­
uofitic d~poSfIS. Rend. SI/'.lP. }S, 142}·1427.

COu:u.... C., N.... STRO A., AIELLO R. f 1983) - Impiel.,o
JI luft uob/id per III ttmm;ICJne JI IImm01/lO dll
acqu~ reflu~. In: .. I M:lleriali per l'InRq;ncria ...
Ani del I" Convegno ASMI. Eds. F. Sandrolini
and A. MOlOti. Pilagorn Editrire. Bologna.
193-198.

DE' GENNARO M" CoLELLA c., F....1'oco E.. A1F.LLO R.
(1983) Ilalian Z~obtts 1. Ml1ferafo~I(Il{ Ilnd
l«hnlCllI 1~lltur~1 01 N~lIpolitlln yellow luB.
Industrial Minerals, n 186, 47·5}.

(iOTT..... lll G., On....OOvlc J. f 1978) - 5edim~nlary

~eo/lteS '" Europt. FOrlschr. Miner.. :56, 316-366.
'''I ....CKF~...'ZIE R.e. (19'J1 - Tb~ dlBer~ntilll lhermlll

/1I/l~sligll'lOn 01 claYI MincralosiC1l1 Sodely,
London. 307·311.

Sr.aS.... LF R. (1978) • O('('urr~n('n und IIUI 01
uolllel In Iluly. In .. Nalural ZeolilCS. Occur.
rence. properries. use... Eds. L.B. Sland and
F.A. l\lumplOn. Pergamon Press, Oxford. 28}·}()2.

Sns.... LE R., FIIGIONE G. (1983) . UlifiSluion 01
'1U,In)' Jusl 01 IIN Ntapo/itlln ~lIow luB lor
/ht mllnuliIClure 01 blendd U",tnlS ChimiCll e
Indumia. 6'. 479481.




