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bstract

In this study, the aminopropyl-silica (Sil-NH2) was used to adsorb a yellow- and a red-dye from aqueous solutions at pH 4.0. New data
oncerning the influence of the anionic surfactant SDS on the adsorption data was obtained. All interactions occurred below the cmc values of the
il-NH2/anionic dyes aggregates. A rise of temperature accelerates the mass transfer of the red-dye into the Sil-NH2 surface, while the yellow-dye
dsorption decreased. The presence of SDS increased the adsorption quantities in relation to the temperature increasing. The exception is observed
or the yellow-dye adsorption at 55 ◦C. So, it is suggested that the chemical structure of the dye, as well as the presence and position of its sulfonate
roups are important factors that affect the anionic dye/SDS aggregations and the adsorption quantities.
The solid-phase interactions of dyes data present good fittings to the Avrami kinetic model, where from two to four kinetic regions were found,
aking into account the variations of the contact time and temperature. The presence of several values of Avrami constants, namely kAv and n, has
een attributed to the occupation of both the surface and the internal adsorption sites of the aminopropyl-silica.

2006 Elsevier B.V. All rights reserved.
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. Introduction

The treatment of wastewater has long been a major con-
ern in the environmental field. The total dye consumption
f the textile industry worldwide is in excess of 107 kg per
ear, and an estimated 90% of this ends up on fabrics. So,
pproximately 1 million kg per year of dyes are discharged
nto water streams by the textile industry. Dye producers and
sers are interested in stability and fastness, and consequently,
re producing dyestuffs, which are more difficult to degrade
fter use [1]. Unless properly treated, the dyes present in
astewaters can affect photosynthesis activity due to reduced

ight penetration and may also be toxic to certain forms of
quatic life.

Adsorption has been shown to be the most promising option

or non-degradable dyes for the removal from aqueous streams.
ctivated carbons are the most common adsorbents for this pro-

ess due its effectiveness, versatility, and good capacity for the
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dsorption of dyes and other organic molecules. However, it
uffers from a number of disadvantages, mainly its high cost on
arge-scale uses [2–4].

Functionalized mesoporous oxides have been used as effec-
ive adsorbents [5] because of their high surface area and the
unctionalized pore channels of large diameter. Their high sur-
ace areas allow the binding of a large number of surface groups
nd the functionalized pore channels of large diameter allow an
asy reaction with adsorbates in aqueous phase. Among a great
ariety of supporting materials, silica gel is of particular interest
ue to its stability, possible reuse, and relative rapidity in reach-
ng equilibrium, high mechanical resistance, and high surface
rea. Silicas are extensively modifiable materials [6]. The mod-
fication results in products, which carry on their surface new
unctional groups, capable of interacting with various organic
ompounds [7]. For example, application of aminosilane-silica
an be found in HPLC retention of poly-aromatic-hydrocarbons
8], immobilization of electrochemical actives Ru complexes [9]

nd capillary electrochromatographic separations of tetracycline
erivatives [10]. Aminosilane-silica have also been used with
ncreasing frequency as coupling agents in pigment or organic
ye systems [11,12].

mailto:cestari@ufs.br
dx.doi.org/10.1016/j.jhazmat.2006.05.046
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The sorption of dyes onto sorbents is influenced dramatically
y the presence of surfactants. They, especially the anionic ones,
re produced and utilized in huge amounts in various industrial
ranches and emitted into wastewaters [13]. They are, therefore,
lmost ubiquitous in the environment now. However, almost
othing is known about the role of the presence of the anionic
urfactants in the kinetic modelings of the adsorption of dyes at
olid/solution interface. For this reason, some new aspects con-
erning to the kinetic modeling of the removal of anionic dyes
sing aminosilane-silica, in relation to the presence of an anionic
urfactant, the chemical structures of the dyes and adsorption
emperature, are presented in this work.

. Materials and methods

.1. Materials

Silica gel 60 (Merck), for column chromatography, pre-
enting particle size and average pore size of 60–230 mesh
nd 60 Å, respectively, was used in the present work. It was
reviously heated at 150 ◦C for 12 h in a vacuum line. All
hemicals used were reagent grade. The silylating agent 3-
trimethoxysilyl)propylamine, 99% purity (hereafter called as
pts for simplicity), from Aldrich, and dodecylbenzene sulfonic
cid, sodium salt, 97% purity (hereafter called as SDS for sim-
licity), from Sigma, were used without purification.

The dyes, commercially available as Reactive Yellow GR (A,
ereafter called as yellow-dye) and Reactive Red RB (B, here-
fter called as red-dye) were free gifts from The Santista Textiles
ndustries (Sergipe/Brazil), which were provided by The Dystar
yes Company and used without purification. Fig. 1 shows the

hemical structures of the dyes.

.2. Synthesis of the aminopropyl-silica
The synthesis of the aminopropyl-silica followed the proce-
ure described elsewhere [14]. Briefly, about 50 g of activated
ilica was immersed in 200 mL of dry xylene and 20 mL of
pts was added. The suspension was mechanically stirred under

Fig. 1. Chemical structures of the yellow-dye (A) and red-dye (B).
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olvent reflux for 48 h. The resulting alkoxysilane-modified
ilica gel (hereafter called as Sil-NH2 for simplicity), was fil-
ered, washed with xylene, ethanol and ethylic ether, and con-
itioned in a dark air-free flask, in order to prevent interac-
ions between the immobilized amino groups and atmospheric
O2 [15].

.3. Characterization of the silicas

The thermogravimetric analyses (TG and DTG) were made
sing about 10 mg of the unmodified silica and Sil-NH2, in sep-
rated runs, under nitrogen atmosphere at 10 ◦C min−1, from
5 to 800 ◦C, in a SDT 2960 thermoanalyser, from TA Instru-
ents. The amount of nitrogen was made by the Kjeldhal
ethod and checked by TG [16]. The surface areas determi-

ations were made in a FlowSorb 2300 surface area analyser
rom Micromeritics, from N2 adsorptions at −195 ◦C using the
ET procedure [17].

.4. Determination of the cmc of the systems
urfactant–dyes

The critical micelle concentration (cmc) values for each
urfactant–dye system in sodium ftalate/NaOH buffered solu-
ions at pH 4.0 were measured conductometrically [18] by using
Micronal model conductivimeter, having an electrode with cell
onstant of 0.93 cm−1. A pH 4.0 SDS solution at 400 mg L−1

ere progressively diluted in 100 mL of the initial dye solution
t 100 mg L−1, and the specific conductivities values at 25 ◦C
ere measured. The cmc values for each surfactant–dye system
ere determined by plotting the values of the specific conductiv-

ties against the respective surfactant concentrations in solution.
lank tests using pure water, the pH 4.0 buffered solutions with-
ut dye were also performed.

.5. Kinetics of the dyes removal

Sodium ftalate/NaOH buffered solutions at pH 4.0 were used
s solvent, because the adsorption of anionic dyes is maximized
t this pH value [19]. In addition, the silica-attached aminopropyl
olecule can be affected, even removed from the silica surface,
hen very acidic solutions (pH less than 3.5) are used [20]. The

dsorption kinetic experiments were performed by batch proce-
ures, from 25 to 55 ± 0.1 ◦C, using dyes aqueous solutions at
3.0 mg L−1. This initial dyes concentration value was chosen to
erify the performance of the Sil-NH2 to remove dyes when very
iluted dyes solutions are used. In each adsorption experiment,
0 mL of the dye solution was added to 100 mg of the Sil-NH2
n a 150 mL polyethylene flask, and stirred continuously at a
etermined temperature, as described above. At pre-determined
imes, samples were taken and the dye concentration was deter-

ined spectrophotometrically at 430 and 530 nm, for the yellow-
nd red-dye, respectively.
In order to evaluate the presence of the SDS surfactant as
possible adsorption interferent, the kinetic experiments were

lso carried-out with the presence of the SDS surfactant, using
he proportions dye/SDS of 1:1.
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The adsorbed dye quantities were calculated using the expres-
ions [21]:

t = (Ci − Ct)V

m
(1)

here qt is the fixed quantity of dye per gram of Sil-NH2 at
pre-determined time t in mg g−1, Ci the initial concentration
f dye in mg L−1, Ct the concentration of dye present at a pre-
etermined time t in mg L−1, V the volume of the solution in L
nd m the mass of Sil-NH2 in grams.

. Results and discussion

.1. Initial considerations

In addition to the specific characteristics of the aminated sil-
ca gels cited in Section 1, they are also useful to provide relevant
nformation of the gradual occupation of adsorption sites of the
dsorbent material in relation to the variables used in the adsorp-
ion works, since only the surface electrostatic interactions are
ssumed to occur. Other aminated adsorbent materials, mainly
rganic polymers such as chitosans present gradual opening of
he pores at the higher temperatures and lower pH values, which
an provoke physical depositions of dyes into the inner parts of
he adsorbent [22].

The TG curves of the unmodified and Sil-NH2 silicas are
hown in Fig. 2. The first mass losses steps, from about 25 to
20 ◦C, are due to the loss of physically adsorbed water on the
urfaces [21]. The second mass losses steps, from 120 to about
80 ◦C, are due to the loss of immobilized aminopropyl groups
or the Sil-NH2. The quantities of mass losses (second stages)
re 3.35 and 11.67%, for the unmodified and Sil-NH2 silicas,
espectively. However, since the silica silanization reaction use
bout 50% of the total content of the silanol groups of the silica
16], the second mass loss stage for Sil-NH2 is also attributed to

he loss of water from the condensation of the residual unreacted
ilanol groups [16]. From the TG quantitative analysis method-
logy [16] of the second stage mass loss a quantity of 5.00%
28.5 mg of N g−1 of Sil-NH2) of amine groups (error analysis

Fig. 2. TG curves of the pure silica and Sil-NH2.
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ig. 3. Schematic representation of the interaction of the anionic dyes with
il-NH2 in the presence of an anionic surfactant SDS.

f ±0.15%) was found. The Kjeldhal analysis of the Sil-NH2
howed the presence of 30.0 mg of N g−1 of Sil-NH2.

The surface area analyses were 300 and 190 m2 g−1 of mate-
ial, for the unmodified silica and Sil-NH2, respectively. The
ecrease of the surface areas reflects the occupation of small
ores of the silica by the apts molecules [16,19,20].

Surfactants are used very often to modify the surface prop-
rties of various materials, such as their surface charge or
ydrophobicity/hydrophilicity. In this way, the sorption of vari-
us substances (typically organic compounds) can be supported
coadsorption), or even the sorption of normally non-retained
pecies may be enabled (adsolubilization) [13]. However, a pre-
iction of the effects of surfactants on sorption is not easy,
s several simultaneous and competitive mechanisms may be
perating during the sorption process. In general, at low SDS
oncentrations, the dye sorption increased with increasing sur-
actant concentration. At high SDS concentrations, on the other
and, the dye sorption was suppressed steeply as a result of
he complete micelle formation and dye solubilization [23]. The
chema of the Fig. 3 represents a general view of the possible
nteractions that occur with the Sil-NH2 and the dyes (repre-
ented in a simplified manner). Since the experiments were
arried out below the cmc of the surfactant, the dyes/SDS aggre-
ates occur partially. So, the interactions of the dyes with the
il-NH2 can be represented by the “free dyes” in solution and
y the dyes/SDS aggregates, according to references [23,24].

The cmc for each dye/SDS system was determined with
he aid of electrical conductivity measurements by plotting the
pecific conductivities (κ) of dyes solutions as a function of
umulative presence of the SDS in the solutions. Reproducible
reaks were observed in each plot indicating the onset of aggre-
ation (Fig. 4). The cmc values obtained were 162.3 ± 1.0 and
23.1 ± 1.0 mg L−1, for the yellow- and red-dye/SDS aggre-
ates, respectively. Blank tests indicated that the cmc of the SDS
n the pH 4.0 buffered solutions (without dye in solution) was

3.5 mg L−1. The differences of the cmc values for the SDS/dye
nd pure SDS have been related to the quantity of interactions of
he hydrophobic microdomains of the dyes with the surfactant
ggregates [24]. In the present study, the hydrophobic interac-
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ig. 4. Specific conductance versus surfactant concentration plots at 25 ◦C for
he yellow- and red-dye.

ions of the system yellow-dye/SDS seem to be higher than the
ed-dye/SDS due to, probably, the relative small chemical struc-
ure of the yellow dye [23]. The lower affinity suggested for the
ed dye/SDS aggregates may also due to negative charge–charge
epulsions of the sulfonate groups of the red-dye chemical struc-
ure. On the other hand, the differences of the cmc values for
DS/dye systems not only may be probably due to hydrophobic

nteractions. A combination of interactions in the hydrophobic
egion of the mixed micelles and the polar micelle–water inter-
ace should also be occurring.

The DSC curves of the Sil-NH2 silica with the presence of
he dyes and dyes/SDS are shown in Fig. 5. The most significant
ifferences in the shape of the curves are observed when the
ellow-dye is adsorbed on the Sil-NH2. The DSC curves seem
o indicate the “deep penetration mechanism” (or deeper inter-
ction of the yellow dye into the SDS premicelles) [23]. The
SC curves are very different in nature, indicating the different

dsorbed species are present on the Sil-NH2 surface, before and
fter the presence of the SDS. The DSC curves for the red-dye
nteractions are more similar each other, which seem to indicate

lower formation of red-dye/SDS aggregates on the Sil-NH2
urface.

This behavior seems to confirm the preferential interaction of
he SDS with the yellow dye, as observed in the conductometric
itration results of this work.

.2. Kinetic of dyes removal

Figs. 6 and 7 show the dyes adsorption amounts on the Sil-
H2. It can be seen that the adsorption equilibria are observed

fter about 160 min of contact time. In general, the presence of
he anionic surfactant SDS increased the adsorption quantities.
he exception is observed in the yellow-dye adsorption curve
t 55 ◦C. In this case, it seems to be suggested that the yellow-

ye/SDS aggregations are not stable at 55 ◦C. In this form, both
nionic yellow dye and the anionic SDS surfactant (probably in
ts monomeric form at this temperature) compete by the proto-
ated adsorption sites of the Sil-NH2. So, at 55 ◦C, the adsorption

3

d

ig. 5. DSC curves for the interactions of the yellow-dye (upper figure) and
ed-dye (lower figure) with Sil-NH2 in the presence of the anionic surfactant
DS.

uantities of the yellow dye decrease in the presence of the SDS.
his “competition effect” seems not to be observed, in a signif-

cant extension, in the other adsorption experiments in present
tudy, where the presence of the SDS surfactant increased the
yes adsorptions amounts by the formation of premicellar struc-
ures (below the cmc of dye/SDS aggregations).

The adsorption behavior of anionic dyes is directly related to
ome important experimental factors, as pH of solution, the char-
cteristics of the adsorbent, the dimensions of the dye molecular
tructure, the amount and positioning of the sulfonate groups of
he dyes, and the adsorption temperature [25]. The adsorption
rocesses occurs taking into account two main aspects. Firstly,
he dye molecules are transferred from the solution to the adsor-
ent surface. The last stage is related to the diffusion of the
ye-adsorbed molecules within the pores of material, binding
he pores and capillary spaces. However, both mentioned adsorp-
ion processes can present different rates, which are also related
o variations of the adsorption temperature.
.2.1. Modeling of solid-phase adsorption kinetics
Traditionally, the adsorption kinetics of metal ions is

escribed following the expressions originally given by Lager-
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Fig. 6. Profiles of the interaction of the yellow-dye with Sil-NH2, in relation to the contact time, temperature and the absence (full squares) and the presence (empty
squares) of the anionic surfactant SDS.

Fig. 7. Profiles of the interaction of the red-dye with Sil-NH2, in relation to the contact time, temperature and the absence (full squares) and the presence (empty
squares) of the anionic surfactant SDS.
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ren, which are special cases for the general Langmuir rate
quation [25]. A simple kinetic analysis of adsorption is the
seudo-first-order equation in the form:

dqt

dt
= k1,s(qe − qt) (2)

here k1,s is the pseudo-first-order rate constant that relates to
he amount of dye adsorbed by the solid phase (Sil-NH2) and qe
enotes the amount of adsorption at equilibrium. After definite
ntegration and applying the initial conditions qt = 0 at t = 0 and
t = qt at t = t, Eq. (2) becomes:

n(qe − qt) = ln(qe) − k1,st (3)

n addition, a pseudo-second-order equation based on adsorption
quilibrium capacity may be expressed in the form:

dqt

dt
= k2,s(qe − qt)

2 (4)

here k2,s is the pseudo-second-order rate constant that relates
o the amount of dye adsorbed by the solid phase (Sil-NH2).
ntegrating Eq. (3) and applying the initial conditions, we have:

1

qe − qt

= 1

qe
+ k2,st (5)

r equivalently:

t

qt

= 1

k2,sq2
e

+ 1

qe
t (6)

t should be noted that, compared to Eq. (4), Eq. (5) has an
dvantage that k2,s and qe can be obtained from the intercept
nd slope of the plot of (t/qt) versus t and there is no need to

now the qe parameter (at equilibrium) beforehand [25].

The fitting validity of these models is traditionally checked
y the linear plots (plots not shown) of ln(qe − qt) versus t, and
t/qt) versus t, respectively. From the slope and intersection of the

o
l
I
d

able 1
agergren second-order and Avrami kinetic parameters related to the interactions of

lower half) of the surfactant SDS

ye Temperature
(◦C)

k2 (×10−3

min−1)
Qe (mg g−1) kAv,1 (×10−3

min−1)
n1

ellow 25 8.72 5.22 12.5 0.25
35 6.24 6.09 4.39 0.41
45 17.0 5.17 60.2 1.02
55 14.3 3.83 33.3 0.63

ed 25 8.17 4.24 13.2 0.35
35 3.37 7.69 4.49 0.95
45 3.73 7.95 24.7 0.41
55 3.12 9.47 1.16 0.17

ellow 25 0.79 9.24 1.87 0.46
35 1.88 7.54 4.39 0.41
45 11.6 3.40 55.1 0.19
55 32.5 1.70 29.8 0.25

ed 25 2.29 9.82 3.49 0.26
35 2.73 11.52 7.99 0.15
45 2.78 12.11 8.73 0.25
55 2.88 11.63 5.58 0.19
s Materials B138 (2006) 133–141

traight line obtained, the corresponding constant values for the
seudo-first- and pseudo-second-order kinetic models, for each
emperature studied, provides the respective kinetic constants,
i,s (i = 1 or 2), and the qe parameters.

Despite the Lagergren kinetic equations has been used for the
ost adsorption kinetic works, determination of some specific

inetic parameters, as possible changes of the adsorption rates
n function of the contact time and temperature represent still
acks and a challenge in the kinetic adsorption modelings. In
his way, an alternative Avrami kinetic equation is also used
n this work. The adsorption should also be visualized using
he Avrami exponential function shown in Eq. (7), which was
uccessful used earlier in adsorption studies of Hg2+ on thin
hitosan membranes [26], silica-dithizone [27] and recently, in
dsorption of reactive dyes on silica/chitosan hybrid [28]:

t = qe

(
1 − exp−[kAvt]n

)
(7)

here kAv is the Avrami kinetic constant and n is another con-
tant, which is related to the adsorption mechanisms changes.
he linearized form of this equation is presented in Eq. (8):

n

(
ln

(
qe

qe − qt

))
= n ln kAv + n ln t (8)

he ln(ln(qe/qe − qt)) versus ln t plots (plots not shown) in rela-
ion to adsorption temperature provide the n and ln kAv values
rom the slopes and intersections values, respectively. In general,
he contact time ranges for the multi-linearized Avrami plots
ere 5–15, 15–60, 60–100 and 100–180 min. So, the formation
f three or four linear regions, in relation to the temperature and
he contact time, is strongly suggested and independent values

f ni(i=1–4) and kAv,i(i=1–4) should also be considered. The calcu-
ated n and kAv Avrami constants are different from 25 to 55 ◦C.
n this manner, for this temperature range, the adsorptions of the
yes seem to present both temperature and contact time depen-

the yellow- and red-dye into the Sil-NH2 in absence (upper half) and presence

kAv,2 (×10−2

min−1)
n2 kAv,3 (×10−2

min−1)
n3 kAv,4 (×10−2

min−1)
n4

22.5 0.69 1.51 1.70 – –
2.23 1.52 22.6 0.46 1.16 2.97

109.0 0.45 3.41 0.97 –
2.49 1.80 8.71 0.44 2.13 1.28

1.92 0.88 – – – –
1.74 0.28 1.11 1.05 – –
1.45 0.18 1.67 0.87 0.89 2.69
1.90 0.61 – – –

1.03 1.74 – – – –
1.37 0.87 1.18 1.79 – –
5.13 0.49 0.33 0.17 1.28 1.43
3.50 1.80 8.29 0.19 5.03 0.81

1.31 0.70 1.86 0.51 0.66 4.04
1.73 0.94 3.26 0.58 1.05 2.04
1.75 0.90 0.60 1.06 – –
1.77 0.76 – – – –
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Table 2
Comparative fitting data of the second-order Lagergren and Avrami model

Dye Temperature
(◦C)

With SDS, �qt (%) Without SDS, �qt (%)

Lagergren
(second-order)

Avrami Lagergren
(second-order)

Avrami

Yellow 25 6.63 5.19 19.65 3.04
35 19.48 3.90 18.66 11.54
45 17.75 2.47 10.49 1.15
55 13.54 0.25 8.04 4.61

Red 25 24.32 2.38 21.47 2.68
35 24.91 12.41 20.36 4.38
45 21.85 3.01 23.71 7.53
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have been attributed to the occupation of both the surface and
the internal adsorption sites of the aminopropyl-silica.
55 23.93 10.91 20.97 11.63

ence in relation to the adsorption kinetic parameters. Table 1
hows the numerical values of the models parameters. In gen-
ral, the kinetic constants (kAv,i) decrease when the contact time
ncreases. From both the Table 1 results and the literature consid-
rations [3,25], the first stages (n1 and kAv,1) for both dyes, in the
bsence and in the presence of SDS are relatively slow and they
re related to (mainly) the occupation of the surface adsorption
ites. The other stages are relatively fast and they are associated
ith the diffusional interaction of dyes into the adsorption sites
resent in the pores of the adsorbent. However, the extension
f the diffusion is a function of the temperature and the type
f dye. For the yellow dye, in the absence and the presence of
DS, the increasing of temperature seems to stimulate the diffu-
ion processes into the adsorption sites on the pores. However,
he presence of SDS seems to be stimulated the diffusion of the
ed-dye into the adsorption sites.

In order to quantitatively compare the applicability of each
olid-phase kinetic model, the Table 2 shows the normalized
tandard deviations (�qt), which are obtained as follows [29]:

qt (%) = 100 ×
√∑

[(qt,exp − qt,calc)/qt,exp]2

a − 1
(9)

here qt,calc are the adsorption calculated values from both
he Lagergren and the Avrami models and a is the number
f experimental points of the kinetic curves. From inspections
f the Table 2, good agreements of the experimental and cal-
ulated data were found using the Avrami model for all con-
act time evaluated (12.00 ≤ �qt (%) ≤ 0.25). Good linear fit-
ings were also detected using the pseudo-second-order kinetic

odel (r2-values at least of 0.9880). However, the experimental-
alculated confrontations produced poorer fittings in relation to
he Lagergren kinetic data, as observed in Table 2 (24.90 ≤ �qt

%) ≤ 6.60).

. Conclusions
In this study, the aminopropyl-silica (Sil-NH2) was used to
dsorb a yellow- and a red-dye from aqueous solutions at pH 4.0.
ew data concerning the influence of the anionic surfactant SDS
n the adsorption data was obtained. All interactions occurred

F
i
a

xperimental data in the absence of SDS at different temperatures. Experimental
ata are reported as points and the Avrami calculated data as curves.

elow the cmc values of the Sil-NH2/anionic dyes aggregates.
rise of temperature accelerates the mass transfer of the red-

ye into the Sil-NH2 surface, while the yellow-dye adsorption
ecreased.

The presence of SDS increased the adsorption quantities in
elation to the temperature increasing. The exception is observed
or the yellow-dye adsorption at 55 ◦C. So, it is suggested that
he chemical structure of this dye, as well as the presence and
osition of its sulfonate groups are important factors that affect
he cmc of the anionic dye/SDS aggregations and the adsorption
uantities.

The solid-phase interactions of dyes data present a good fit-
ing to the Avrami kinetic model (Figs. 8–11). From this model,
rom two to four kinetic regions were found, taking into account
he variations of the contact time and temperature. The varia-
ions of the Avrami constants, namely ni(i=1–4) and kAv,i(i=1–4),
ig. 9. Comparison of the Avrami model fitting to the red-dye adsorption exper-
mental data in the absence of SDS at different temperatures. Experimental data
re reported as points and the Avrami calculated data as curves.
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Fig. 10. Comparison of the Avrami model fitting to the yellow-dye adsorption
experimental data in the presence of SDS at different temperatures. Experimental
data are reported as points and the Avrami calculated data as curves.
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