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bstract

Al-containing CaO–SiO2–H2O phases were prepared by hydrothermal treatment of mixtures of paper sludge ash (PSA) with various silica
nd calcia sources and their properties were determined with particular reference to the simultaneous uptake of ammonium and phosphate ions,
hich are implicated in the eutrophication of lakes and ponds. After examination of various silica and calcia sources, Ca(OH)2 and SiO2 sol
ere selected as the most appropriate starting materials. Dry milling was found to be superior to wet milling in avoiding contamination from

he milling media during mixing. Nine samples with three different Ca/Si ratios and Al2O3 contents were prepared with various mass ratios
f Ca(OH)2, PSA and SiO2. The chemical compositions of the hydrothermal products of these mixtures moved towards the tieline of CaSiO3-
SA, with respect to the starting compositions. The major phase formed in all samples was poorly crystalline C–S–H(I), with hydroxysodalite
lso formed in the Al-containing mixtures. All the products showed a capacity for the simultaneous uptake of ammonium and phosphate ions.

he saturated sorption capacities calculated from the Langmuir equation ranged from 0.9 to 2.4 mmol/g for the ammonium ion and from 3.3 to
.2 mmol/g for the phosphate ion. Since the sorption capacities for both ions increased with increasing Ca contents of the product, substitution of
a2+ for NH4

+ and the formation of calcium phosphate phases such as apatite and brushite by precipitation are thought to be the main sorption
echanisms.
2006 Elsevier B.V. All rights reserved.
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. Introduction

The vast amount of paper used in everyday life generates
large amount of waste, 50–60% of which is recycled. The

nrecycled waste is heat-treated and the ash buried in landfills.
he main constituents of paper sludge waste are cellulose fibers

[C6H10O5]n) and the ceramic powders used as fillers and coat-
ng materials. The latter are mainly kaolinite (Al2Si2O5(OH)4),
alcite (CaCO3) and talc (Mg3Si4O10(OH)2). As one possible

ethod for re-using this waste, we have produced activated car-

on from old paper by chemical and physical activation methods
1]. The resulting chemically activated products show excellent

∗ Corresponding author. Tel.: +81 3 5734 2524; fax: +81 3 5734 3355.
E-mail address: kokada@ceram.titech.ac.jp (K. Okada).

1 Present address: Asahi Kasei Chemicals, Yako, Kawasaki, Kanagawa 210-
863, Japan.
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orption capability, and the physically activated products retain
he original paper shape even after activation [2,3].

The main chemical constituents of PSA are CaO, Al2O3 and
iO2. Since these are combinations of basic, amphoteric and
cidic components, paper sludge is expected to have multi-
unctional sorption properties after it has been appropriately
eat-treated to develop an active phase for sorption. We have
reviously found that amorphous CaAl2Si2O8 prepared by cal-
ining 1:1 mixtures of kaolinite and calcite shows high and
elective uptake properties for heavy metal ions [4]. This obser-
ation led us to heat-treat paper sludge at 500–1000 ◦C and
xamine its sorption of heavy metal ions [5]. The amorphous
aO–Al2O3–SiO2 (CAS) prepared by calcining paper sludge at
00–800 ◦C was found to show good sorption capacity for both

hosphate ions and heavy metal ions [6].

The CaO–SiO2–H2O system contains many different cal-
ium silicate hydrates which can be synthesized by hydrothermal
reatment [7]. Tobermorite (Ca5Si6H2O18·4H2O), one of the

mailto:kokada@ceram.titech.ac.jp
dx.doi.org/10.1016/j.jhazmat.2006.07.017
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etter-known calcium silicate hydrates, exists with a range of
a/Si ratios from 0.8 to 1.0 due to its chemically flexible layer

tructure. Al substitution for Si is also known to occur in tober-
orite. Ma et al. [8] prepared Al-substituted tobermorite from

oal fly ash under mild hydrothermal conditions and reported
hat the Al substitution conferred excellent selective uptake
roperties for Cs and Sr. Recently, Coleman [9] prepared a sim-
lar phase from stoichiometrically adjusted mixtures of recycled
ewsprint waste, sodium silicate and calcia under hydrother-
al conditions at 100 ◦C. Changing the Ca/Si ratio from the

deal value of 5/6 and/or increasing the degree of Al-substitution
owers the crystallinity of the tobermorite, which is then better
escribed as CaO–SiO2–H2O gel (C–S–H). In terms of the appli-
ations of these materials as adsorbents, C–S–H gel is probably
referable to tobermorite because of its higher specific surface
rea and its formation with a wider range of Ca/Si ratios and
l-substitution.
We therefore consider that the synthesis of Al-substituted

–S–H gel from paper sludge ash (PSA) is a potentially use-
ul method for reusing paper waste. This work describes the
reparation of Al-substituted CSH gels from mixtures of PSA,
ilica and calcia sources under mild hydrothermal conditions and
he investigation of their ability to simultaneously sorb ammo-
ium and phosphate ions, which are implicated in environmental
utrophication problems.

. Experimental

.1. Sample preparation

PSA was supplied by the Fuji Paper Making Union, Fuji,
apan. The other chemical reagents (SiO2 gel, SiO2 sol, Ca(OH)2
nd CaCO3) were used supplied by Kanto Chemicals, Japan. The
xperimental flow chart describing the sample preparation pro-

edure is shown in Fig. 1. The starting materials were mixed in
he mass ratios CaO:PSA:SiO2 = 1:x:y, where x = 0, 1 and 2, and
= 1, 2 and 4. A total of 3.0 g of each composition was prepared.

n the preliminary experiments, four samples were prepared

Fig. 1. Experimental flow scheme for the preparation of the present samples.
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sing combinations of each of the two silica and calcia sources
o determine the most appropriate starting reagents. Mixing was
arried out under both wet and dry conditions in an Al2O3 pot
80 ml) with 300 Al2O3 balls (Ø5 mm) using a planetary ball
ill (LAPO.1, Ito, Japan), expecting some mechanochemical

eaction during the mixing.
Hydrothermal synthesis was performed in a 25 ml Teflon-

ined autoclave. 0.5 g samples were reacted in 15 ml of 4 M
aOH solution at 110 ◦C for 24 h. After reaction, the product
as washed with distilled water until the pH of the washed solu-

ion was 9. The solid was then centrifuged and dried at 110 ◦C
n an oven overnight.

.2. Simultaneous sorption experiments

The simultaneous sorption of ammonium and phosphate ions
as investigated under the following conditions; temperature:
5 ◦C, sample/solution ratio: 0.3 g/25 ml, initial concentration
f ammonium and phosphate ions (from NH4H2PO4 solution):
.01–100 mM, reaction time: 24 h. The pH values were mea-
ured immediately prior to placing the sample into the solution
recorded as the initial pH) and after the reaction (recorded as
he final pH). After the uptake experiments, the samples were
ltered, washed three times with distilled water and dried at
10 ◦C overnight. The separated solutions were chemically ana-
yzed for Ca2+, Na+, Al3+ and Si4+ by ICP-OES (Leeman Labs
nc., USA). The ammonium and phosphate ion concentrations
ere measured by ion chromatography (IA-200, DKK·TOA,

apan). Agreement in the results of triplicate measurements was
etter than 5%.

.3. Characterization

The bulk chemical composition of the samples before and
fter hydrothermal synthesis was determined by X-ray fluo-
escence (RIX2000, Rigaku, Japan). The resulting crystalline
hases were identified by powder X-ray diffraction (XRD)
sing an XRD-6100 diffractometer (Shimadzu, Japan) with
onochromated Cu K� radiation. Solid-state 29Si and 27Al
AS NMR spectra were obtained at 11.7 T using a Varian Unity

00 spectrometer and a Doty probe spun at 10–12 kHz. The 29Si
pectra were acquired using a 90◦ pulse of 60 �s and a recycle
elay time of 100 s, and were referenced to tetramethylsilane
TMS). The 27Al spectra were acquired using a 15◦ pulse of
�s and a recycle delay time of 1 s and were referenced to
l(H2O)6

3+. The specific surface area was calculated by the
ET method from the N2 isotherms determined using an auto-
atic gas adsorption instrument (Autosorb-1, Quanta Chrome,
SA). The sample was preheated at 180 ◦C for 1 day under
acuum condition before the measurement.

. Results and discussion
.1. Preparation and characterization of the samples

Samples of composition CaO:PSA:SiO2 = 1:2:2 were pre-
ared using various combinations of each of the calcia and
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Table 1
Chemical compositions and specific surface areas of the starting materials and
products after hydrothermal treatment

Sample SiO2 Al2O3 CaO MgO Na2O Othersa SBET

(m2/g)

PSA 34.1 28.3 26.5 7.8 0.0 3.3 –
No. 1 (101) 48.5 0.2 50.7 0.2 0.1 0.3 –
No. 2 (111) 42.7 7.6 46.7 1.9 0.1 1.0 –
No. 3 (121) 42.0 11.7 41.3 2.8 0.2 2.0 –
No. 4 (102) 65.1 0.3 34.0 0.0 0.0 0.6 –
No. 5 (112) 59.0 5.3 33.3 1.3 0.2 0.9 –
No. 6 (122) 53.7 9.4 32.5 2.3 0.2 1.9 –
No. 7 (104) 78.1 0.4 20.5 0.2 0.3 0.7 –
No. 8 (114) 72.2 3.6 22.2 1.0 0.3 0.7 –
No. 9 (124) 67.7 6.7 22.9 1.7 0.3 0.7 –
No. 1H (101) 50.7 0.3 48.5 0.4 0.0 0.1 100
No. 2H (111) 46.0 7.7 43.5 2.0 0.2 0.6 250
No. 3H (121) 42.5 11.2 40.9 3.1 0.5 1.9 280
No. 4H (102) 56.3 0.2 43.2 0.3 0.0 0.0 240
No. 5H (112) 52.9 6.2 37.6 1.7 0.4 1.3 230
No. 6H (122) 49.8 10.4 34.3 2.8 0.7 2.0 200
No. 7H (104) 57.0 0.3 42.4 0.2 0.0 0.1 180
No. 8H (114) 53.7 7.0 35.5 1.9 0.3 1.6 240
N
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treatment of diatomite with Ca(OH)2 in NaOH solution [11].

The 29Si and 27Al MAS NMR spectra of the samples are
shown in Fig. 4(a) and (b), respectively. All the 29Si MAS
NMR spectra are quite similar and show a clear peak at −83
o. 9H (124) 52.2 10.4 30.5 2.5 0.8 3.5 170

a TiO2, Fe2O3, P2O5, and K2O.

ilica sources Ca(OH)2, CaCO3, SiO2 sol and SiO2 gel.
fter hydrothermal treatment, the phases formed in all these

amples were C–S–H(I) (the major phase) and hydroxyso-
alite (Na8Al6Si6O24(OH)2) (the minor phase). In addition,
mall amounts of katoite (Ca3Al2SiO4(OH)8) and/or gehlenite
Ca2Al2SiO7) were observed in all the samples except for that
roduced from Ca(OH)2 and SiO2 sol; this combination was
herefore used in all the subsequent experiments.

Samples containing CaO, PSA and SiO2 in the ratio of 1:0:2,
:1:2 and 1:2:2 were mixed using a planetary ball mill under
oth wet and dry conditions. Chemical analysis of the wet and
ry-milled samples showed that the Al2O3 content of the wet-
illed samples was always 3–6 mass% higher than that of the

ry-milled samples. A considerable amount of Al2O3 (about
mass%) was detected in the wet-milled samples containing no
l2O3 in the starting material, suggesting that Al2O3 contami-
ation is introduced from the milling media in the wet-milling
rocess. By contrast, only a small amount of Al2O3 (0.3 mass%)
as detected in the dry-milled samples, leading to the adoption
f dry milling as the standard process for sample preparation.

The chemical compositions of the nine samples before and
fter hydrothermal reaction are shown in Table 1 and Fig. 2. The
hemical compositions are clearly changed by the hydrother-
al reaction, moving closer to the tieline of CaSiO3-PSA. This

rend leads to especially large changes in the silica-rich samples
Nos. 7, 8 and 9), and suggests that the products of hydrothermal
ynthesis have Ca/Si ratios of approximately unity.

The XRD patterns of the hydrothermally reacted samples
re shown in Fig. 3. All the samples show diffraction peaks

f C–S–H(I) with the ideal composition Ca5Si5O15·6H2O [10].
y contrast, hydroxysodalite is also formed in the Al-containing

amples (Nos. 5H, 6H, 8H, and 9H). A small amount of calcite
lso detected in sample No. 1, which has the highest CaO con-
ig. 2. Chemical composition of the samples before and after hydrothermal
eaction. Key—open circles: before reaction; open diamonds: after reaction.

ent. The change in chemical composition after hydrothermal
ynthesis is thus attributable to the formation of C–S–H(I) as
he major phase.

The specific surface areas of the samples after hydrothermal
eaction are listed in Table 1. Most of the samples except No. 1
101) show specific surface areas of 200–300 m2/g. These values
re similar to that of C–S–H(I) synthesized by hydrothermal
Fig. 3. XRD patterns of the hydrothermally reacted materials.
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Fig. 4. 29Si (a) and 27Al (b) MAS NMR sp

o −85 ppm, irrespective of the Ca/Si ratio and Al content. A
road peak is also observed at −116 ppm in sample No. 4H,
ssigned to a framework structure. Coleman [9] reported the
ssignment of 29Si MAS NMR of Al-substituted tobermorites as
ollows: Q1 at −81.4 ppm arising from breaks in the aluminosil-
cate chains, Q2(1Al) at −83.5 ppm, assigned to the mid-chain,

2(0Al) at −86.5 ppm, assigned to the silicate tetrahedra of
he wollastonite-like alumino-silicate chains, and Q3(1Al) at

93.5 ppm, assigned to bridging silicate tetrahedra. The peaks
t −83 to −85 ppm in the present samples are therefore assigned
o the overlapping peaks of the Q2(1Al) and Q2(0Al) units. The
oor resolution of these two peaks suggests that the phase in the
amples is C–S–H(I) rather than tobermorite. The 27Al MAS
MR spectra show a clear peak at 61 ppm arising from Al in

etrahedral coordination. Sample No. 2H shows an additional
eak at 67 ppm, suggesting the presence of two slightly differ-
nt local arrangements around the AlO4 tetrahedra.

The particle shapes of the three samples, Nos. 3H, 6H and
H, are shown by SEM to all adopt a platy morphology but with
ifferent particle sizes, decreasing with increasing silica content

rom samples 9H to 6H to 3H. The edges of the particles in
ample No. 3H are curled due to the thinness of the plates. This
article shape is very different from the lath-shaped particles
bserved in Al-substituted tobermorite [8,9] (Fig. 5).

i
L
t
t

f the samples after hydrothermal reaction.

.2. Simultaneous sorption of ammonium and phosphate
ons

The ammonium and phosphate sorption isotherms for sam-
les 4H, 5H and 6H are shown in Fig. 6(a) and (b), respectively.
hese data were fitted by the least-squares method using the
angmuir (1) and Freundlich (2) equations are shown below:

e = Q0bCe

1 + bCe
(1)

e = KC1/n
e (2)

here Qe (mmol/g) and Ce (mmol/l) are the equilibrium phos-
hate adsorption and concentration, Q0 (mmol/g) the maxi-
um monolayer adsorption capacity, b the Langmuir constant

l/mmol), and K (mmol/g) and n are the Freundlich constants.
he calculated results for the nine samples are listed in Table 2,
hich also shows the correlation coefficients (r). The result-

ng r values show slightly better fits to the Freundlich equa-
ion than the Langmuir equation for the ammonium sorption

sotherms, but the phosphate isotherms are better fitted by the
angmuir equation than the Freundlich equation. The shapes of

he isotherms (Fig. 6) and the saturated sorption values suggest
hat the phosphate ion has a higher affinity for these sorbents
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Fig. 5. SEM micrographs of the

han the ammonium ion. This is reflected by the sorption energy
�G) (Table 1), determined from the equation �G = −RT ln(b),
here R is the gas constant. The �G values for the ammo-
ium ion range from −5.8 to −10.5 kJ/mol while those for the
hosphate ion range from −9.3 to −16.0 kJ/mol. The absolute
alues of the ammonium sorption energy in these samples are
f similar magnitude to energies of physical sorption (several
J/mol). The negative values of �G indicate that sorption of
mmonium and phosphate ions occurs spontaneously on these
orbents.

To examine the simultaneous sorption mechanisms of ammo-

ium and phosphate ions on the present samples, the post-
orption samples were characterized by XRD and MAS NMR
pectroscopy. The XRD patterns of the samples after the sorp-
ion experiments (Nos. 4HU and 5HU) are shown in Fig. 7(a)

f
o
r
p

Fig. 6. Sorption isotherms of samples 4H, 5H and 6
les after hydrothermal reaction.

nd (b), respectively. Both samples show little change after sorp-
ion at initial concentrations of ammonium and phosphate ions
p to 10 mM, but hydroxyapatite (Ca5(PO4)3(OH)) is observed
n both samples at ion concentrations greater than 30 mM. At
00 mM, strong XRD peaks of brushite (CaHPO4·2H2O) are
learly observed, in addition to hydroxyapatite peaks in sam-
le No. 5HU, but no brushite peaks occur in sample No. 4HU.
ydroxyapatite is the only other phase observed in all the other

amples which do not contain PSA while brushite is clearly
bserved in all the samples containing PSA, exposed to ionic
oncentrations of 100 mM. Since there are no significant dif-

erences in the final pH or maximum adsorption of both types
f samples, the Al component appears to play an important
ole in the precipitation of calcium phosphate phases. The sam-
les in which calcium phosphates are formed show phosphate

H for (a) ammonium ions; (b) phosphate ions.
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Table 2
Langmuir and Freundlich parameters of ammonium and phosphate sorption

Sample Langmuir parameter Freundlich parameter Sorbate

Q0 (mmol/g) b (l/mmol) �G (kJ/mol) r K (mmol/g) n r

No. 1H (101) 2.02 0.013 −10.7 0.7662 0.025 1.07 0.9874 Ammonium
No. 2H (111) 2.36 0.027 −8.9 0.9591 0.030 1.01 0.9972 Ammonium
No. 3H (121) 2.14 0.063 −6.9 0.9965 0.038 1.03 0.9781 Ammonium
No. 4H (102) 2.21 0.010 −11.3 0.9868 0.026 1.15 0.9959 Ammonium
No. 5H (112) 1.84 0.021 −9.5 0.9284 0.039 1.19 0.9896 Ammonium
No. 6H (122) 1.86 0.030 −8.7 0.9403 0.058 1.30 0.9968 Ammonium
No. 7H (104) 1.05 0.030 −8.7 0.9820 0.027 1.18 0.9859 Ammonium
No. 8H (114) 0.90 0.070 −6.6 0.9873 0.054 1.45 0.9842 Ammonium
No. 9H (124) 1.47 0.042 −7.8 0.9760 0.058 1.34 0.9940 Ammonium
No. 1H (101) 5.15 0.422 −2.1 0.9880 0.560 1.59 0.7147 Phosphate
No. 2H (111) 4.91 0.539 −1.5 0.9935 1.063 1.65 0.9262 Phosphate
No. 3H (121) 4.68 0.425 −2.1 0.9724 0.504 1.59 0.9228 Phosphate
No. 4H (102) 4.61 0.502 −1.7 0.9934 0.924 1.68 0.8808 Phosphate
No. 5H (112) 4.58 0.150 −4.7 0.9943 0.689 1.67 0.9101 Phosphate
No. 6H (122) 3.34 0.458 −1.9 0.9943 0.592 1.65 0.9177 Phosphate
No. 7H (104) 4.60 0.639 −1.1 0.9942 1.085 2.20 0.9048 Phosphate
N
N

s
a
o
t
t

f

o. 8H (114) 3.44 0.644 −1.1
o. 9H (124) 3.68 0.335 −2.7

orption >2 mmol/g; this higher phosphate sorption is therefore

ttributed to the precipitation of calcium phosphate by reaction
f Ca2+ dissolved from the samples, with the phosphate in solu-
ion. By contrast, the initial stage of phosphate uptake is thought
o be due to an adsorption mechanism because the sample sur-

C
a
N
s

Fig. 7. XRD patterns of (a) sample 4H and (b) sample 5H after the sorptio
0.9967 0.746 1.93 0.9766 Phosphate
0.9961 0.581 1.73 0.9840 Phosphate

aces are positively charged at the initial pH values of 4–6. As
2+
a is dissolved from the samples, the solution pH increases

nd ammonium ion sorption occurs by substitution of Ca2+ for
H4

+ and adsorption on the negatively charged surfaces of the
amples.

n experiments carried out with various initial ionic concentrations.
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Fig. 8. (a) 29Si and (b) 27Al MAS NMR spectra of the samples after the sorption
experiment.
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Fig. 9. Relationship between the (CaO + MgO) content of the samples and the ma
Materials 141 (2007) 622–629

The 29Si and 27Al MAS NMR spectra of the samples after
he uptake experiments at an initial concentration of 10 mM are
hown in Fig. 8(a) and (b), respectively. Although these sam-
les show little change in the XRD patterns after the sorption
xperiments (Fig. 7), the 29Si spectra show the appearance of a
esonance at −98 ppm corresponding to a Q3 species, by contrast
ith the spectra of the same samples before the sorption exper-

ments (Fig. 4). The new resonance is attributed to the structure
hange associated with polymerization of SiO4 tetrahedra by
artial dissolution of Ca2+ from the samples, and is seen most
learly in sample No. 4 in which there is no Al-substitution.

At the start of this study, we assumed that Al-substitution in
he calcium silicate hydrate phases would enhance the sorption
apability because of the presence of locally unbalanced elec-
rostatic charges. However, no clear relationship was observed
etween the Al2O3 content of the samples and the sorption
f ammonium and phosphate ions. By contrast, a clear trend
f increasing sorption of ammonium and phosphate ions with
ncreasing (CaO + MgO) content was found (Fig. 9). It is there-
ore concluded that dissolution of Ca2+ from the samples is an
mportant factor in the uptake of ammonium ions by adsorp-
ion and ion-replacement mechanisms, whereas adsorption and
alcium precipitation are the predominant mechanisms for phos-
hate ion uptake from solution.

The capability of various materials for simultaneous sorp-
ion of ammonium and phosphate ions [6,12–15] is summa-
ized in Fig. 10. The previously reported data, lying in the
ange shown by the straight lines, represent a trade-off; mate-
ials showing high ammonium sorption, e.g. sepiolite [15] and
l2O3/potassium aluminosilicate (KAS) [12] show rather low
hosphate sorption while those showing high phosphate sorp-
ion, e.g. PSA [6] and steel making slag (SMS) [13] show low
mmonium sorption. By contrast, the present materials show
igher phosphate sorption than SMS, in addition to usefully

igh ammonium sorption. It is therefore clear that the present
aterials have much better simultaneous sorption capability for

mmonium and phosphate than any previously reported mate-
ials. Of the present nine samples, Nos. 1–5 show particularly

ximum sorption capacities for (a) ammonium ions and (b) phosphate ions.
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Fig. 10. Comparison of simultaneous sorption capacity for ammonium and
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hosphate ions of the present samples with the previously reported materials
PSA [6], Al2O3/KAS [12], SMS [13], zeolite [14] and sepiolite [15]).

romising sorption properties. Although the sorption abilities
f the present samples are considered to be influenced by co-
resenting various cations and anions in the water, the effects
ere found to be less strong in the compounds having similar
ptake mechanisms with the present samples than in the ion-
xchange type compounds, e.g. zeolites [4]. Thus, we think that
he present samples with higher sorption abilities are suitable

aterials for simultaneous uptake of ammonium and phosphate
ons in sewage.

. Conclusion

Poorly crystalline CaO–SiO2–H2O (C–S–H) and Al-
ontaining C–S–H phases were hydrothermally synthesized
rom mixtures of paper sludge ash, calcia and silica in NaOH
olution, and their simultaneous sorption of the eutrophication-
elated ions, ammonium and phosphate, was investigated. The
ollowing results were obtained:

1) Ca(OH)2, SiO2 sol and PSA are the best starting materials
to synthesize monophasic Al-containing C–S–H.

2) The main product is C–S–H(I), with the ideal chemical
composition Ca5Si5O15·6H2O. The resulting particles had a

fine, platy shape and specific surface area of 200–300 m2/g.

3) All the samples showed excellent simultaneous sorption
abilities for ammonium and phosphate ions. The isotherms
were best fitted by the Freundlich equation for ammonium

[

[

Materials 141 (2007) 622–629 629

ion adsorption but the Langmuir equation gave the best fit
for phosphate ion adsorption.

4) The saturated sorption amounts of ammonium and phos-
phate ions ranged from 0.9 to 2.4 mmol/g and from 3.3 to
5.2 mmol/g, respectively. The sorption ability increases with
increasing (CaO + MgO) content of the samples.

5) The simultaneous sorption abilities for ammonium and
phosphate ions in the present materials are much better than
for previously reported materials.
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