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ABSTRACT

	The adsorption of ions chromates H2-yA (y=1, 2, and A= CrO42-) on iron (III) hydroxide was conducted as a function of adsorbent mass, solution pH, and hydration time. The surface complexation technique, based on the examination of the chromate distribution between the solid and liquid phases, was adopted to predict the reaction mechanism. To specify stoichiometry of the predominant chromate surface complexes, the proton, and hydroxyl ion exchange was evaluated at pH range between 2-12, and the obtained values range between 0 and 2 in all cases. These species are (C10, y=1);  (C10, y=2);    (C11, y=0);   (C11, y=1),  (C11, y=2); (C12, y=0); (C12, y=1) and (C1-1). The complexing constants are calculated using the transformed curves of raw experimental data. The logarithmic values ​​of these constants are: logK10 = 1.7; logK11 = -3.3; logK12=-8.87 and logK1-1 = 8.34
The results indicate, that the adsorption of chromate on iron (III) hydroxide is of an electrostatic and chemical nature at pH≤5,5, and only of chemical nature at pH superior to 5,5.
Taking into account these considerations, iron (III) hydroxide exhibits a high adsorption capacity for ions chromates.  Therefore, this sorbent can be considered excellent and reliable for the effective removal of Cr (VI) from wastewater solutions before dumping it into the environment. 
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INTRODUCTION
Chromium is widely used in many industrial fields, such, tanning, painting, and dyeing, ceramics, wood treatment as well as by the paper industry. These Industrial activities generate substantial amounts of hazardous wastes containing high concentrations of chromium. The hexavalent chromium has been considered one of the most toxic pollutants because of its mutagenic, carcinogenic, and teratogenic properties in humans. The discharge of this element in the surface water is a serious threat for rivers, streams, and aquatic life. In fact, the presence of this metal is well controlled and the maximal concentration level of Cr (VI) allowed in drinking water, as determined by the US-Environmental Protection Agency (EPA), is 0.05 mg/L [1]. As a result, the public concerns raising environmental pollution, requires sustainable technologies for reducing the ion chromium in wastewater to an acceptable level. To meet environmental regulation, wastewater discharge of the Cr(VI) industry was largely treated using different adsorbent. However, this process and subsequent treatments have high operating costs. Accordingly, wastewater is still a managing difficulty for the Cr(VI). 
For this purpose, methods have already been developed, such, ion exchange [2], solvent extraction [3], precipitation [4], and adsorption [5-7]. These technics are usually performed using conventional or non-conventional adsorbents, especially, zeolites, and iron (III) hydroxide [8,9]. However, adsorption is a technique of choice for the removal of dissolved elements as Cr(VI) from aqueous solutions. One can note that this procedure is often carried out using activated carbon [10-13], metal-organic frameworks [14], polymeric, and biomass Materials [15-17]. Recently, a new study was conducted on hexavalent chromium adsorption and removal from the aqueous environment using chemically functionalized amorphous and mesoporous silica nanoparticles, had been published [18]. Nevertheless, iron oxyhydroxide or ferric oxyhydroxide (FeO(OH)) which is low soluble  and often poorly crystalline has a large surface area and special surface active sites.
 The relevant reported functional groups of this oxyhydroxide, rich in defects, are Fe–O, Fe–OH, and Fe–O–Fe [19]. Thus, FeO(OH) suspension develops surface charge (Q) due to the exchange of H+ or OH- ions resulting from the dissociation of hydration water molecules [20]. The contribution of this exchange phenomenon to Q is dependent on the transfer of proton to hydroxo complex interface () which is a function of the acidity of the suspension medium [21].  As discussed previously, the proton transfer reaction can be treated as acid-base equilibrium subsequent to protonation/deprotonation of  [22-24].
Taking these considerations into account, the mean objective of this study consists of surface complexation of hexavalent chromium ions on iron (III) hydroxide. For this purpose, the sorption of Cr(VI) was examined through co-precipitation experiments, from aqueous solution, as a function of contact time, the mass of adsorbent, and the equilibrium pH of chromium solution 10-5 M. The ion exchange method, which has already been successfully used in liquid-liquid extraction, was carried out, in order to examine the sorption and the complexation of ions chromates with the surface of amorphous Fe(OH)3, xH2O.

EXPERIMENTAL SECTION
Experimental procedure
The experimental study of this work was conducted in the applied Materials chemistry and environment laboratory, University Mohamed V, Faculty of science, Rabat.

Products and materials used
Chromic acid H2CrO4 (99%), Sodium hydroxide (NaOH)(99%), Potassium permanganate, iron (III) chloride (FeCl3) (99%), and Nitric acid (HNO3) (99%), were used and purchased from Sigma Aldrich were.  They are analytical in nature and have not undergone any chemical treatment before their use [25]. The high quality distilled water was used to prepare and to dilute every solution for all of the experiments. 

Operating mode
The adsorption studies were carried out by co-precipitation of Fe(OH)3, the iron (III) masses used in this case are equal to 60; 100; 300mg/L, and contact time varied in the 1h-24h range. The concentration of ions chromates in the examined media is equal to 10-5 M. The pH of the solutions is adjusted by decolar solutions of NaOH or HNO3. In fact, a volume of 100 ml of a solution of Cr(VI) (10-5 M) prepared from potassium dichromate is brought into contact with solutions of iron chloride of a different amount. After the addition of NaOH, the co-precipitation of the iron hydroxide Fe(OH)3 is carried out in a pH range between 2 and 12.
The value of the coefficient D or of the fixing percentage P is determined by comparing the content of Cr(VI) in the solution before and after adsorption.

Measuring principle of the spectrophotometer
By absorption of a photon of frequency v, an atom which initially is in the ground state of energy E1, becomes excited and passes to the state of energy E2 such that: E2-E1=hv (h is Plank constant). 
Thus, this adsorption phenomenon, if it takes place, leads to an attenuation of the intensity I of the coincident beam, which passes through the atomized cloud containing the absorbing element. This attenuation depends among other things on the concentration C of this element. The amount of radiation absorbed is given by the BEER-LAMBERT law:
log (I0 /I)= ɛ.C.l(1)

With:
ɛ: Extinction coefficient (mol-1.cm-1.L), 
C: Concentration (mol /L),
l: Thickness of the tank (cm),
I0: Intensity of the irradiation energy arriving on the sample (incident light), 
I: Intensity of the radiation that passed through the sample (transmitted light).
This analysis technique is based on the transfer of the absorbance on the calibration line A = f (C). This line is established using standard chromium (VI) solutions.

Measuring the parameters of the sharing system
The dosage of chromium in solution aqueous is carried out by the spectrophotometric technique. 0.2 ml of the de-phenylcarbazide complexing agent is introduced into the 5 ml sample taken and acidified with 4 ml of a sulfuric acid solution. 
The co-precipitation of ions chromium by the iron hydroxide Fe(OH)3 is examined according to contact time, the pH of the suspension solution, and the mass of the iron hydroxide. The Cr (VI) partition between the solution and the solid phase is characterized by the distribution coefficient “D” defined by the ratio of equilibrium chromium concentrations between two phases. The results obtained are plotted as curves logD=f(pH). 
The sorption of Cr(VI) by the iron (III) hydroxide is described by the following equation:

            logD=log Kap + logm + npH                                   (2)

D= |Cr(VI)|Φs                                                                           (3)
        |Cr(VI)|
|Cr(VI) |Φs=amount  of Cr(VI) adsorbed by the iron hydroxide.
|Cr(VI)|=amount of Cr(VI) in solution after a given contact time.
If P denotes the percentage of chromium fixation on the solid phase then we have:

	P= |Cr(VI)|Φs                                                               (4)
                    | Cr(VI)|0
With:
|Cr(VI) |0 = |Cr(VI) |Φs + |Cr(VI)| ; | Cr(VI) |0 =10-5 M.

So that: 
                                                                                    (5)

RESULTS AND DISCUSSION
Study of variations log(D)=f (pH) 
The experimental results of the adsorption of ions chromates on iron (III) hydroxide are given in figure 1, as logarithmic variation of D with pH for iron contents equal to 60; 100 and 300mgL-1 at contact times (tct =1; 2; 3; 4 and 26h). These curves were examined in purpose to define the mechanism of chromium adsorption by the iron hydroxide. 
	




Figure 1.  logD versus pH for m=60; 100 and 300mg/l and contact times tct=1; 2; 3; 4 and 26h

As illustrated in figure1, all examined solutions exhibit similar behavior, logD increases with pH up to a maximum in the range 5<pH<6. As the pH continues to increase, logD decreases. The maximum values ​​of logD are obtained practically for pHmax between 5 and 6. In acidic media, the variations logD=f(pH) vary linearly until reaching a maximum at pHmax, then decrease rapidly when the pH continues to rise. It appears that under all the conditions explored, pHmax depends on the contact time. It should also be noted that the values ​​of the slopes δlogD/δpH for a given m, vary with the duration of hydration. This indicates the absence of a predominant reaction, and testifies to the complexity of the absorption phenomenon taken advantage of in this case, and which seems to involve several reactions of fixation of Cr (VI) by iron hydroxide. The variations in the retention of chromium (VI) according to the acidity of the suspension medium are due to the phenomenon of protonation/deprotonation of the surface groups  of the sorbent, and of the acid H2CrO4 whose first and second acidity constants are respectively pKa1 = 0.75 and pKa2 = 6.45 [26, 27]. According to the predominance diagram, Cr (VI) exists mainly as hydrogenochromate HCrO4- at pH≤5.0 (≥95%), chromate CrO42- for pH≥7.6 (95%), and as a mixture of these two species between pH 5.0 and 7.6.
Moreover, the electrostatic and chemical sorption mechanisms can be very fast, so that the kinetics cannot be used to differentiate between these two processes [28]. The maximum adsorption conditions are exhibited when the surface charge of the sorbent is opposite that of the sorbate. Thus, the binding of weak acids is maximum at pH values ​​close to the pKa of these acids or the PZC of the materials absorbent surface [26, 29]. Taking these considerations into account, the species H2CrO4, whose first acidity is high, must be completely fixed by iron (III) hydroxide, the surface of which is positive up to around pH 7, which is not often the case. Indeed, it emerges from previous studies that the adsorption of Cr (VI) is in general maximum at pH values ​​lower than 4 for various absorbents such as certain metal (oxy) hydroxides [30-32], natural biosorbents such as larch bark  [33, 34], boiled tea leaves  [35] and activated charcoal [36].
Studies of the variation of the adsorption of hexavalent chromium with the pH are carried out for other adsorbents such as clays [37], sands covered with oxides [37], zeolite [338,39], and hydroxyapatite. The optimal adsorption conditions are obtained in this case, in the pH range between 5 and 7. The interpretation of these results considers that the interaction of the sites  is much greater with H+ ions than with sorbate, which thus leads to low retention of Cr(VI) in acidic media. When the pH is greater than pHmax͕, Cr (VI) exhibits a typically anionic sorption behavior and the adsorption decreases with increasing pH, as is the case with the retention of anions on iron oxides [40, 41]. This adsorption behavior involves the phenomena of protonation of the hydroxylated sites, and the hydrolysis of chromium (VI) [40-42]. Thus, when the pH becomes higher than pHmax, the retention of Cr (VI) takes advantage of the interaction of HCrO4- and / or CrO42- with surface groups of type  rather than with groups   which predominate at pH below pHmax [42]. The ∂logD/ꝺpH slopes of the logD=f(pH) variations obtained in slightly acidic or basic media vary significantly with the adsorption of the CrO42- species. The different slopes obtained under these conditions indicate that chromium is fixed in the form of various species according to various reaction mechanisms [43].

Variation n=f(pH) 
Generally, adsorption involves mechanisms that vary with pH, and lead to logD=f(pH) curves which are most often non-linear. This is why we proceeded to smooth the curves considered in various pH regions, by polynomial equations of order 3.
In order to define the adsorption mechanism of chromate ions, we examined the variations of  for m = 60, 100 and 300 mg/L at contact times tct=0.5h; 1, 2; 3; 4 and 26hours. The variations n=f(pH) obtained are shown in Figure 2.
	




Figure 2. Variations of n=f(pH) obtained for m=60; 100 and 300mg/L at contact times tct= 0.5; 1; 2; 3; 4; and 26h.

The results obtained show that "n" depends on the surface coverage. The parameter "n" varies between -1 and 1 for m = 60 and 300mg/L and between -1 and 2 for m=100mg/L. Also, in all cases examined the slopes of the variations n=f(pH) exhibits a similar behavior, which vary with pH and contact time. Therefore, the protonation/deprotonation phenomenon predominates during the adsorption of chromium by iron hydroxide, in all suspended media studied. The maximum ion exchange, H3O+/OH-, corresponds to a decimal number, characterized by 0.9 <| n | <1.4 occurs in the pH range between 2.5 and 8. This suggests that fixation chromium on adsorbent is according to different mechanisms.   The combination of these mechanisms leads to the predominance to surface complexes (Cln), whose nature depends on the acidity of the aqueous medium. These species are Cl0, C11, C1-1, and C12.
Taking these considerations into account, the predominant complexation reactions involved in this case are:
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	        ↔  
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Chromium (VI) Adsorption mechanism and stability constants
In general, the process of adsorption of ion metal with hydrated oxyhydroxides is described by a complexation reaction of ion metal with active sites . The acid-base properties of the surface of the adsorbents considered are attributed to the protonation/deprotonation reactions which take place on the surface of the sorbent and which can be expressed by:
                          K+          (4)
                       K-            (5)

The highlighted species belong to the solid phase, so K+ and K- refer to the stability constants for iron (III) hydroxide. 
The symbols H-1 and H1 respectively denote the H atoms and the OH group. This leads therefore to:                   
                                                                         (6)

The surface complexation of ions chromium HiCrO4i-2 by Iron hydroxide can be described by the Sillen notation, generally adopted in complexing reactions in aqueous phase.


    l>+ HiA(i-2)+       <=>	 + nH+	 Kln      
With:                   l= 1; 2;      i=0; 1; 2;      -1<n<2      and  A=CrO42-

Taking into account the expression of “D” given by:
The extraction constant for equilibrium is: 
Kln=                                                                        (8)

Kln==                          where   |>|=m       (9)       

logKln= log D - l log m –npH                                                         (10)

So that:  
 
                logD= log Kln + l log m + npH                                    (11)

According to expressions mentioned below, the study of the variation in the value of the distribution coefficient D as a function of pH makes it possible to verify the supposed binding mechanism involved ‘’l’’, to define the nature ‘’n’’ of the adsorbed species and to calculate the Kln constants.

  

Study of variations Aln= l logm + logKln=f(n)  
The surface complexation equilibrium constants are obtained from the line segments of the logD=f(pH) curves. The slope of these segments leads to the value of "n" while the y-intercept leads to the value of Aln = logKln + llogm.
Figure 3 represents the variations Aln=f(n) for the successive contents 60;  100 and 300mg/L.








	




Figure. 3. Variations of Aln=f (n) obtained for m= 60; 100 and 300mg/l

As shown in figure 3, these variations are linear throughout the range of “n” explored. They allow the calculation of Al1; Al0 and Al-1 relating to the various iron tenants. So that, the curve equation can be written in the form log(Aln)=log(Al0)+nlog(An-Al0). This equation can be obtained thermodynamically by considering that |n| also presents the fraction of the 1H+ or 1OH- exchange reaction which contributes to the overall adsorption reaction.
 
Study of the order “l” complexes
The ordinate at the origin of the variations logD=f(pH) is equal to Aln=llogm+logKln. The exam of the variations Aln=f(n) for n=1; 0 and -1 make it possible to determine “l “ and logKln. The values A11; Al0 and  Al-1 are obtained in figure 4.


	




Fig. 4. Variations of Aln=f(logm) obtained for n=-1; 0 and 1  for different m.

Figure 4 illustrates the Variations Aln=f(logm) obtained for n=-1; 0 and 1  for different m. These curves are linear whose slope values correspond to the “l” values. 
          n>0
and 
         
Furthermore, the logKl1 and logKl-1 values obtained from the value at the origin of these variations are equal to logK11=-3,33 and logK1-1=8,34.
Moreover, the variations Al0=f(logm) is a constant and does not depend on m and therefore does not allow to obtain the “l” value for the intrinsic reaction. But since Al1=f (logm) and Al-1 = f (logm) intersect at the same point on either side of the value n = 0. This allows us to conclude that the value of “l” under these conditions can only be equal to 1. We, therefore, considered that the intrinsic reaction is characterized by l = 1, which allowed us to obtain the value Kl0 = 1.7.

Figure 13: Variations logK1n=f(n) obtained from m=60, 100 and 300mgL-1

Table1. Surface complexation and stability constants for Cr(VI) sorption onto Iron(III) Hydroxide
	
(l,n)
	
Surface Complexation Reaction 
	
logKln
	
pH

	
(1,0)
	
 +H2-yA(y-2)

	
1.8068
	
pH≤5.5

	
(1,1)
	
 + H2-yA(y-2)

	
-3.5344
	
pH≤5.5

	
(1,2)
	
 + H2-yA(y-2)

	
-8.8756
	
pH≤5.5

	
(1,-1)
	
 +A2- +H2O +       OH-
	
7.148
	
pH≥5.5




CONCLUSION
The adsorption of hexavalent chromium Cr (VI) on iron (III) hydroxide was thoroughly investigated. A method was developed for studying the surface complexation of this metal with this hydroxide. For this purpose, the partition of this element between the solid and liquid phases was examined as a function of the mass of the sorbent, the contact time, and the solution pH. The proton and hydroxyl ion exchange was evaluated to define the adsorption reaction.
The treatment of log=f(pH) experimental data (D=distribution coefficient = ratio of chromium in the solid and liquid phases), pointed out that the adsorption of Cr(VI)  on iron (III) hydroxide was greater than 90% in  all cases, for pH values ringing between 4 and 6. Furthermore, the obtained results were used to specify the predominant chromium surface complexes and allow the identification and formulation of surface complexes according to the acidity of the environments explored. These species are  (C10, y=1);  (C10, y=2);   (C11, y=0); (C11, y=1),  (C11, y=2); (C12, y=0); (C12, y=1) and (C1-1). The complexing constants are calculated using the transformed curves of raw experimental data. The logarithmic values ​​of these constants are: logK10 = 1.7; logK11 = -3.3; logK12=-8.87 andlogK1-1 = 8.34.	Comment by Dell1: 
Taking into account these considerations, iron (III) hydroxide exhibits a high adsorption capacity for hexavalent chromium.  Therefore, this sorbent can be considered as excellent and reliable for the effective removal of Cr(VI) from wastewater solutions before dumping it into the environment. 
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m=300mg/L
t=30min	2.4	2.6	2.8	3.03	3.5	3.8	3.9	4.2	4.5	5.0999999999999996	5.5	6.6	6.8	7.3	7.4	8.3000000000000007	9.02	9.8000000000000007	10.1	10.4	11	11.1	11.3	11.9	-4.0280752502349679E-2	-0.11532642659891443	-0.28298131549204902	-5.7106261468383682E-4	-3.5311236386506045E-2	1.9272518801057487E-2	-5.0228022901137696E-2	0.40302981629858825	0.72764547567788385	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.84000265478279101	6.4026011396005916E-2	-7.0164750894496336E-2	-6.5174465899494202E-2	0.15481090695411295	-0.2236293258152533	-0.10021549064449727	-3.0344029708166E-2	t=1h	2.4	2.6	2.8	3.05	3.5	4.0999999999999996	4.3	4.9000000000000004	5.2	5.5	5.9	6.1	6.7	6.9	7.2	7.3	7.7	7.9	8.7000000000000011	8.9	9.1	9.7000000000000011	10.06	11.07	11.2	11.7	11.9	9.3495081421969672E-3	1.431054657583691E-2	0.134414561367213	0.5270258887361553	0.66539134028365599	0.82887145659556349	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.7562946639645477	0.7562946639645477	0.84000265478279101	0.33791058937377549	0.5270258887361553	-4.5252905259698578E-2	0.16507140945579926	-9.0175536845653825E-2	-0.10524531718857859	-0.10524531718857859	-0.12037842100213909	-0.12543852144580428	-3.0344029708166E-2	t=2heure	2.5	2.9	3.1	3.7	4.0999999999999996	4.2	4.5999999999999996	5.0199999999999996	5.6	6.2	6.5	6.8	7.4	7.8	8.3000000000000007	9.3000000000000007	9.4	9.6	9.8000000000000007	10.02	10.1	10.8	10.9	11.03	11.7	11.9	-0.30518518266120115	-0.2236293258152533	-0.24494947898004582	0.74659843558865835	0.8179479308540325	0.69134984978584624	0.84000265478279101	0.84000265478279101	0.7863349987536925	0.5703284653301135	0.37294148889364603	0.25988117626358997	4.3890796243551897E-3	0.10912173690022402	9.3495081421969672E-3	-5.5312420998648668E-3	9.4036615931340176E-2	0.15993564087837359	7.9007796902656094E-2	-5.7106261468383682E-4	-2.5378806171669654E-2	t=3heure	2.5	2.8	3.2	3.8	4.2	4.5999999999999996	4.7	5.01	5.6	6.1	6.9	7.01	7.6	8.1	8.5	9.4	9.5	9.7000000000000011	9.9	10.050000000000002	10.5	10.7	10.8	11.6	11.7	0.1394990238337892	9.4036615931340176E-2	0.84000265478279101	0.82887145659556349	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.64039618938230292	0.84000265478279101	0.51310344237278438	0.44674652991114211	0.40915547577041894	-1.545300710795835E-2	0.18573282556605794	0.17021860865468516	0.16507140945579926	-6.018847178831891E-2	-4.0280752502349679E-2	-0.2236293258152533	t=4heure	2.6	2.8	3.7	4.2	4.9000000000000004	5.0199999999999996	5.5	5.9	6.3	6.8	7.2	7.7	7.9	8.2000000000000011	8.7000000000000011	8.8000000000000007	9.0300000000000011	9.3000000000000007	9.7000000000000011	10.5	10.6	11.6	11.7	0.134414561367213	-4.5252905259698578E-2	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.82887145659556349	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.50623031582811673	0.64862680146444762	9.9058270545485952E-2	-5.7106261468383682E-4	-9.5192346748305012E-2	-0.1817414325590605	-0.16625558782396635	-2.5378806171669654E-2	t=26heure	2.5	2.9	3.3	3.4	4.0599999999999996	4.4000000000000004	4.8	5.0999999999999996	5.7	6.07	6.8	7.02	7.3	7.5	7.7	7.9	8	8.09	8.2000000000000011	8.3000000000000007	8.4	8.5	8.9	9.1	10.6	0.20660342070246207	0.54837549399518493	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.25988117626358997	0.36114177677350578	8.4011723431445334E-2	0.29831634720014377	4.9082160993665358E-2	4.3890796243551897E-3	0.18573282556605794	-0.13050709176874156	-0.135584499336488	-0.12543852144580428	pH

logD


m=60mg/L
Tct=30mn	3	3.1	3.3	3.5	3.9	4.4000000000000004	4.8	5.6	6.2	6.7	7.6	8.4	8.5	8.7000000000000011	8.9	9.02	9.6	9.8000000000000007	10.4	11.05	11.2	11.5	0.6584000000000001	0.63361299999999998	0.58495700000000017	0.53752500000000003	0.44633299999999992	0.33922799999999997	0.25905200000000006	0.11338800000000003	1.6992000000000122E-2	-5.4923000000000291E-2	-0.16509199999999979	-0.24221199999999993	-0.250475	-0.26608299999999996	-0.28046699999999991	-0.28850988	-0.32117199999999996	-0.33004799999999979	-0.34933200000000003	-0.35779175000000002	-0.357908	-0.35607499999999959	tct=1h	2.8	2.9	3.05	3.2	4.09	4.7	4.8	5.5	5.9	6.1	6.5	6.6	6.7	7.1	7.2	7.5	7.6	7.8	8.4	8.8000000000000007	9	9.07	9.9	10.7	0.74093199999999992	0.69458299999999973	0.6268707499999997	0.56133199999999961	0.21717523000000008	2.5486999999999597E-2	-2.5080000000001776E-3	-0.17142499999999974	-0.24669700000000064	-0.27853700000000087	-0.33062500000000045	-0.34123200000000065	-0.35087300000000049	-0.37977700000000031	-0.38458800000000087	-0.39322500000000066	-0.3941720000000003	-0.39316800000000074	-0.36697200000000102	-0.3301880000000007	-0.30600000000000099	-0.29662133000000029	-0.14933700000000052	tct=2h	3	3.2	3.6	3.9	4.5999999999999996	4.7	5.2	5.5	5.9	6.1	6.2	6.3	6.4	6.6	7.2	7.3	7.7	8.06	8.1	9.3000000000000007	9.6	10.050000000000002	10.4	10.8	1.1254999999999995	1.0016119999999995	0.76938799999999963	0.60882799999999992	0.27954800000000019	0.23769199999999915	4.7851999999998909E-2	-5.0500000000000884E-2	-0.16349200000000066	-0.21221200000000054	-0.23462800000000028	-0.25574800000000092	-0.27557200000000082	-0.31133200000000111	-0.38750800000000091	-0.39566800000000063	-0.41534800000000166	-0.41533072000000099	-0.41429200000000144	-0.28670800000000002	-0.22565200000000107	-0.11219800000000024	tct=3h	2.9	3.5	3.6	4.5	5.3	5.4	5.9	6.07	6.1	6.4	6.5	6.6	6.7	7.2	7.3	7.6	7.8	8	8.7000000000000011	8.9	9.02	9.1	9.4	9.9	10.06	10.3	1.129459	0.75827499999999981	0.70130399999999982	0.25147499999999939	-5.3308999999999621E-2	-8.5116000000000649E-2	-0.22318099999999985	-0.26216149	-0.26862100000000044	-0.32629600000000064	-0.34272500000000017	-0.35775599999999985	-0.37138900000000075	-0.41858400000000012	-0.42382900000000051	-0.431175999999999	-0.42908399999999969	-0.42140000000000027	-0.35046900000000131	-0.3176210000000001	-0.29522804000000047	-0.27918099999999957	-0.21103599999999914	-6.9501000000001603E-2	tct=4h	2.7	2.9	3.4	3.6	5.3	5.5	5.7	6	6.5	6.7	6.8	7	7.5	7.7	8.3000000000000007	8.9	9.6	10.3	10.5	10.7	11.08	0.80196999999999952	0.71028999999999953	0.49683999999999989	0.41775999999999996	-0.10907000000000046	-0.15395000000000006	-0.19523000000000046	-0.2504000000000004	-0.32435000000000042	-0.34763000000000055	-0.35792000000000052	-0.37580000000000041	-0.40475000000000083	-0.41003000000000034	-0.4042700000000008	-0.36611000000000005	-0.28064000000000044	-0.15107000000000026	-0.10595000000000043	tct=26h	2.9	4.3	4.7	5.0999999999999996	5.4	5.6	5.7	5.9	6.2	6.3	6.4	6.7	6.8	6.9	7.02	7.1	7.2	7.3	7.5	7.6	8.0300000000000011	8.09	8.6	8.8000000000000007	9.01	9.3000000000000007	9.8000000000000007	10.031000000000001	1.0901110000000003	0.25167900000000065	6.7639000000000241E-2	-9.1728999999999089E-2	-0.1950639999999999	-0.25624399999999931	-0.28452099999999947	-0.33644899999999972	-0.40277599999999986	-0.42180099999999998	-0.43928400000000034	-0.48248099999999966	-0.49379599999999935	-0.50356899999999916	-0.51326116000000022	-0.5184889999999992	-0.52363599999999932	-0.52724099999999863	-0.52982499999999932	-0.52880399999999861	-0.50684260999999919	-0.50151148999999806	-0.43378399999999895	-0.39627599999999996	-0.3502542899999993	-0.27552100000000002	-0.11621600000000011	pH

n



m=100mg/L
tct=26h	4.8	5.5	5.7	6.2	6.8	6.9	7.07	7.3	7.5	7.6	8.0300000000000011	8.4	0.51640000000000252	-7.6499999999997584E-2	-0.21889999999999793	-0.52239999999999931	-0.78759999999999941	-0.82129999999999903	-0.87170499999999684	-0.92609999999999648	-0.96049999999999613	-0.97319999999999862	-0.99362499999999621	-0.96679999999999755	tct=4H	4.0999999999999996	4.9000000000000004	5.3	5.4	5.7	6.7	6.9	7.1	7.4	8	8.5	8.6	8.8000000000000007	9.07	0.33951999999999993	-2.0480000000000945E-2	-0.1659199999999999	-0.19868000000000038	-0.28832000000000024	-0.49352000000000068	-0.51727999999999996	-0.53528000000000053	-0.55148000000000108	-0.54500000000000048	-0.49999999999999967	-0.48668000000000028	-0.45571999999999996	-0.40478720000000085	tct=3h	3.1	4.0999999999999996	4.8	5.2	5.3	5.8	6.7	6.9	7.3	7.9	8	8.9	9.1	9.4	9.6	10.4	10.9	1.2699499999999999	0.58194999999999997	0.18960000000000043	-1.599999999999824E-3	-4.5650000000000183E-2	-0.24339999999999942	-0.50485000000000024	-0.5464500000000001	-0.61164999999999925	-0.66444999999999865	-0.66799999999999948	-0.63244999999999862	-0.60804999999999865	-0.56019999999999914	-0.5207999999999996	-0.30319999999999864	-0.11844999999999926	tct=2h	3.1	4.08	4.8	4.9000000000000004	5.4	5.9	6.8	7.05	7.1	7.7	8.3000000000000007	9.2000000000000011	9.3000000000000007	9.8000000000000007	9.9	11.2	1.6422699999999999	0.83539679999999972	0.34908000000000078	0.28866999999999987	1.2719999999999839E-2	-0.21973000000000023	-0.52851999999999932	-0.58928249999999838	-0.60012999999999928	-0.69636999999999893	-0.72997000000000078	-0.66291999999999884	-0.6467699999999984	-0.53991999999999851	-0.51332999999999973	-9.3199999999971118E-3	tct=1h	3.2	4.09	4.7	5.0999999999999996	5.4	5.9	6.9	7.2	7.5	7.8	8.8000000000000007	9.4	9.7000000000000011	10.200000000000001	10.040000000000001	10.8	1.1934800000000001	0.61576320000000084	0.28568000000000021	9.8320000000001087E-2	-2.7079999999998886E-2	-0.20727999999999905	-0.45967999999999976	-0.50731999999999899	-0.54199999999999893	-0.56371999999999911	-0.54251999999999867	-0.46068000000000003	-0.40031999999999901	-0.27091999999999861	-0.31624479999999894	-6.8119999999997752E-2	tct=30min	3.2	3.9	4.5999999999999996	5.0999999999999996	5.4	6	6.8	7.09	7.6	9.1	9.6	9.9	10	10.3	11.04	0.43580000000000002	0.16944999999999993	-5.2799999999999972E-2	-0.18454999999999983	-0.25279999999999975	-0.36499999999999938	-0.4642	-0.4859354999999993	-0.50579999999999981	-0.42854999999999965	-0.35780000000000017	-0.30454999999999993	-0.2850000000000002	-0.22094999999999934	-2.8328000000000131E-2	pH

n

m=300mg/L
tct=30min	2.4	2.6	2.8	3.03	3.5	3.8	3.9	4.2	4.5	5.0999999999999996	5.5	6.6	6.8	7.3	7.4	8.3000000000000007	9.02	9.8000000000000007	10.1	10.4	11	11.1	11.3	0.72684000000000026	0.67026000000000008	0.61548000000000014	0.55470825000000035	0.43792500000000018	0.36858000000000024	0.34636500000000031	0.28242000000000017	0.22252500000000008	0.11488500000000036	5.2125000000000421E-2	-8.3340000000000011E-2	-0.10211999999999953	-0.14119499999999996	-0.14765999999999971	-0.18559499999999998	-0.18969899999999987	-0.16781999999999966	-0.15211499999999958	-0.13236000000000048	-8.0699999999999147E-2	-7.0515000000000119E-2	-4.8794999999999492E-2	tct=1h	2.4	2.6	2.8	3.05	3.5	4.0999999999999996	4.3	4.9000000000000004	5.2	5.5	5.9	6.1	6.7	6.9	7.2	7.3	7.7	7.9	8.7000000000000011	8.9	9.1	9.7000000000000011	10.06	11.07	11.2	0.72018000000000015	0.65464000000000033	0.59137999999999991	0.51551125000000009	0.38792500000000013	0.23576500000000003	0.18960500000000027	6.4805000000000015E-2	1.0099999999999996E-2	-3.9474999999999934E-2	-9.7595000000000334E-2	-0.123235	-0.18647499999999997	-0.20299499999999984	-0.22349999999999984	-0.22919499999999984	-0.24627500000000005	-0.25139500000000004	-0.24907499999999971	-0.24279499999999993	-0.23423499999999978	-0.19487499999999988	-0.16140939999999995	-2.8084350000000091E-2	-6.7000000000005952E-3	tct=2h	2.5	2.9	3.1	3.7	4.0999999999999996	4.2	4.5999999999999996	5.0199999999999996	5.6	6.2	6.5	6.8	7.4	7.8	8.3000000000000007	9.3000000000000007	9.4	9.6	9.8000000000000007	10.02	10.1	10.8	0.94347499999999973	0.78601100000000002	0.71149100000000021	0.5047790000000002	0.38101100000000016	0.35182399999999986	0.24209599999999992	0.13897003999999979	1.6916000000000157E-2	-8.449600000000014E-2	-0.12572500000000009	-0.16063600000000022	-0.21150399999999972	-0.23137600000000047	-0.24042100000000044	-0.2058610000000001	-0.19854400000000053	-0.1818040000000001	-0.16225600000000109	-0.13750996000000093	-0.12766900000000003	-2.2396000000000534E-2	tct=3h	2.5	2.8	3.2	3.8	4.2	4.5999999999999996	4.7	5.01	5.6	6.1	6.9	7.01	7.6	8.1	8.5	9.4	9.5	9.7000000000000011	9.9	10.050000000000002	10.5	10.7	10.8	11.6	11.7	0.63580000000000003	0.55289200000000027	0.44873199999999991	0.30617200000000017	0.22025199999999989	0.14162800000000009	0.12311199999999989	6.8610280000000134E-2	-2.3011999999999807E-2	-8.8232000000000102E-2	-0.16887200000000013	-0.1776777199999999	-0.21549199999999982	-0.23511199999999999	-0.24259999999999995	-0.2327720000000002	-0.22940000000000008	-0.22128799999999993	-0.21135199999999976	-0.20270300000000011	-0.17060000000000031	-0.15336799999999998	-0.14406799999999989	-5.3252000000000084E-2	-3.9848000000000112E-2	tct=4h	2.6	2.8	3.7	4.2	4.9000000000000004	5.0199999999999996	5.5	5.9	6.3	6.8	7.2	7.7	7.9	8.2000000000000011	8.7000000000000011	8.8000000000000007	9.0300000000000011	9.3000000000000007	9.7000000000000011	10.5	10.6	11.6	11.7	0.68810799999999983	0.63381199999999993	0.40908199999999983	0.29809200000000002	0.15933799999999979	0.13749992000000003	5.5849999999999962E-2	-5.222000000000282E-3	-5.995799999999997E-2	-0.11946799999999991	-0.15994800000000026	-0.20163800000000043	-0.21554200000000037	-0.23342800000000022	-0.25531800000000038	-0.25850800000000018	-0.26434218000000015	-0.26851800000000031	-0.2693980000000003	-0.25215000000000026	-0.24821200000000057	-0.18705200000000091	-0.17875800000000022	tct=26h	2.5	2.9	3.3	3.4	4.0599999999999996	4.4000000000000004	4.8	5.0999999999999996	5.7	6.07	6.8	7.02	7.3	7.5	7.7	7.9	8	8.09	8.2000000000000011	8.3000000000000007	8.4	8.5	8.9	9.1	0.63215000000000032	0.49317400000000028	0.36552600000000035	0.33538400000000046	0.15420344000000036	7.2904000000000316E-2	-1.2263999999999609E-2	-6.8705999999999934E-2	-0.16247399999999979	-0.20759253999999985	-0.26818399999999937	-0.27904583999999982	-0.28791400000000034	-0.2908499999999995	-0.29095399999999982	-0.28822599999999904	-0.28579999999999967	-0.28301125999999904	-0.27882399999999991	-0.27427400000000018	-0.26901599999999981	-0.26304999999999984	-0.23210599999999992	-0.21238599999999996	pH

n

m=60mg/L
n	>	0	0.31000000000000005	0.30000000000000004	0.37000000000000005	0.44	0.22	0.35000000000000003	0	-1.32	-0.56000000000000005	-1.31	-1.54	-0.47000000000000003	-1.07	0.8	n	<	0	-0.29180000000000006	-0.27	-0.37000000000000005	-0.29000000000000004	-0.29000000000000004	0	2.63	2.23	2.86	2.27	2.4099999999999997	0.8	n

Aln



m=100mg/L
n	>	0	0.95000000000000007	0.75000000000000011	0.7400000000000001	0.65000000000000013	0	-4.05	-3	-2.92	-2.4899999999999998	0.8	n	<	0	-0.34	-0.36000000000000004	-0.41000000000000003	-0.37000000000000005	-0.34	-0.53	0	2.42	2.7800000000000002	3.27	2.94	2.52	3.82	0.8	n

Aln



m=300mg/L
n	>	0	0.34	0.30000000000000004	0.55000000000000004	0.33000000000000007	0.36000000000000004	0.33000000000000007	0	-1.0900000000000001	-0.65000000000000013	-1.75	-0.73000000000000009	-0.89	-0.52	0.8	n	<	0	-0.21000000000000002	-0.18000000000000002	-0.13	-0.18000000000000002	-0.19	-0.24000000000000002	0	2.2999999999999998	1.9000000000000001	1.52	1.9700000000000002	2.1	2.2000000000000002	0.8	n

Aln



 Al1=f(logm)
Al1- n	>	=0	-1.22	-1	-0.52280000000000004	-4.6746999999999996	-4.273600000000001	-3.8825999999999996	logm

Al1




 Al0=f(logm)
Al0-n	>	=0	-1.22	-1	-0.52280000000000004	0.76459999999999995	0.80920000000000003	0.78300000000000003	Al0-n	<	=0	-1.22	-1	-0.52280000000000004	0.79349999999999998	0.72219999999999995	0.78449999999999998	Al0

logm



logm
Al-1-n	<	0	-1.22	-1	-0.52280000000000004	6.3754999999999997	6.4646999999999997	7.2433000000000005	 Al-1=f(logm) 


Al-1



logKln=f(n)
0.30610000000000004	-0.29180000000000006	0.29480000000000006	-0.27400000000000002	0.42330000000000007	-0.37050000000000005	0.66860000000000008	-0.32530000000000003	0.22289999999999999	-0.2929000000000001	0.35380000000000006	-0.45930000000000004	0.95390000000000008	-0.4084000000000001	0.74990000000000012	-0.3645000000000001	0.74520000000000008	-0.40970000000000001	0.64640000000000009	-0.37020000000000003	-0.33740000000000009	-0.52959999999999996	0.34160000000000001	-0.21400000000000002	0.30080000000000007	-0.18280000000000002	9.7000000000000003E-3	0.55149999999999999	-0.13840000000000002	0.33390000000000009	-0.17780000000000001	0.36180000000000007	-3.0000000000000003E-4	-0.19670000000000001	0.33260000000000006	-0.24220000000000003	-0.10100000000000002	3.8528999999999995	0.66470000000000018	3.4544999999999995	-0.41910000000000003	4.0838000000000001	-1.0042	3.7736999999999998	0.74880000000000013	3.6286	0.14470000000000002	4.5541999999999989	-3.4091	3.9913999999999996	-1.9993000000000001	3.7802000000000002	-1.9152	4.2683999999999997	-1.4897999999999998	3.9364999999999997	3.5207000000000002	4.8152999999999997	-0.56820000000000004	2.8210999999999995	-0.13070000000000001	2.4266999999999994	1.3880999999999999	-1.2218999999999998	2.0751999999999997	-0.21140000000000003	2.4864999999999995	-0.36780000000000007	1.3629	2.6284000000000001	2.8999999999999998E-3	2.7301000000000002	n

logKln


m=60mg/L
t=30min	3	3.1	3.3	3.5	3.9	4.4000000000000004	4.8	5.6	6.2	6.7	7.6	8.4	8.5	8.7000000000000011	8.9	9.02	9.6	9.8000000000000007	10.4	11.05	11.2	11.5	-0.45239988366858069	-0.2401926913782029	-0.34699315136132436	-8.6685535781719572E-2	-0.11084394368700994	0.57726565772108407	0.54898068807697342	0.66938223421887755	0.36253331510726938	5.6765306136869587E-2	0.34571163929707377	7.5955447663705683E-2	3.2853034364222891E-2	-0.30861788042368699	-0.59351053071459103	-0.45239988366858069	-0.65500729685255943	t=1heure	2.8	2.9	3.05	3.2	4.09	4.7	4.8	5.5	5.9	6.1	6.5	6.6	6.7	7.1	7.2	7.5	7.6	7.8	8.4	8.8000000000000007	9	9.07	9.9	10.7	10.9	11.4	0.25450433568457859	0.30737644581265527	0.47602422913193326	0.82683979098825	0.84836249852536638	0.66122272959033535	0.85943140420308028	0.50181311437961806	0.46969596163372507	0.28598424486286633	0.25450433568457859	0.48239885292876872	9.039572899253738E-2	0.30199564058593131	-1.0088128704158983E-2	-0.50990550780062072	-0.36383419968980779	-0.22993784448639282	-0.57173903651572777	-0.5033209796994248	-0.55057990553797531	-0.63912004172194614	-0.66309167359455967	t=2heure	3	3.2	3.6	3.9	4.5999999999999996	4.7	5.2	5.5	5.9	6.1	6.2	6.3	6.4	6.6	7.2	7.3	7.7	8.06	8.1	9.3000000000000007	9.6	10.050000000000002	10.4	10.8	11.1	-0.30323188935765943	-0.18451416940422721	-0.35257881070258845	-0.25569931107979782	0.44482360975978208	0.74778214395228659	0.58450585722861381	0.49529203073971328	0.81636832841430496	0.74778214395228659	0.48882103863806281	0.42660220879729377	0.62182366548912871	0.18336665867749588	-0.26090314051338259	-0.41601406855162582	-0.36950530683668326	-0.62358883903250362	-0.51654314977943827	-0.88491636635638948	-0.7688053907719713	-0.71377506167499349	-0.72261958988657049	t=3heure	2.9	3.5	3.6	4.5	5.3	5.4	5.9	6.07	6.1	6.4	6.5	6.6	6.7	7.2	7.3	7.6	7.8	8	8.7000000000000011	8.9	9.02	9.1	9.4	9.9	10.06	-0.30323188935765943	-8.6685535781719572E-2	0.43263681072849342	0.74778214395228659	0.83750166609069254	0.68600600520370625	0.72057341527564134	0.36253331510726938	0.45097778863986915	0.48882103863806281	0.21857634529199846	0.59181759984413018	0.27015832274826745	0.17341960309874274	-0.28190575841719684	-0.41601406855162582	-0.600913193544098	-0.31945906902533022	-0.48387247338745282	-0.59351053071459103	-0.44011352226669559	-0.52323533571386971	-0.6879457596437194	t=4heure	2.7	2.9	3.4	3.6	5.3	5.5	5.7	6	6.5	6.7	6.8	7	7.5	7.7	8.3000000000000007	8.9	9.6	10.3	10.5	10.7	11.08	0.30199564058593131	0.18835785900185811	6.6352295298978348E-2	0.65316044655045635	0.85943140420308028	0.82683979098825	0.66938223421887755	0.85943140420308028	0.38537190319200937	0.45097778863986915	0.555954332153624	-0.38670090485715325	-0.41008226508756607	-0.78829296341806554	-0.58618202785338502	-0.93373992430420949	-0.67955755706876264	-0.87334734107294987	t=26heure	2.9	4.3	4.7	5.0999999999999996	5.4	5.6	5.7	5.9	6.2	6.3	6.4	6.7	6.8	6.9	7.02	7.1	7.2	7.3	-0.12055319205385549	0.64519229279818935	0.57009496472917198	0.85943140420308028	0.49529203073971328	0.85943140420308028	0.73858136529247143	0.599203003186209	0.47602422913193326	0.65316044655045635	0.39697997458774453	0.35129099668926711	0.29130007713735262	-0.11084394368700994	-0.17953216699963598	5.1977130887486088E-2	-0.35819226665124398	pH
logD


m=100mg/L
t=30min	3.2	3.9	4.5999999999999996	5.0999999999999996	5.4	6.8	7.09	7.6	8.1	9.1	9.6	9.9	10	10.3	11.04	11.3	11.5	-1.1531271773738623	0.7761564455954556	0.79668798859637824	0.84000265478279101	0.22241023533034762	0.4596214061915963	0.35528910550155229	-0.3802646224909928	-0.67591439337806258	-0.95456083476818354	-0.72979875124153981	-1.4891052822883877	-0.65889012140174963	-1.0610095463059339	-1.0958815587707647	-1.3805113935840998	t=1heure	3.2	4.09	4.7	5.0999999999999996	5.4	5.9	6.9	7.2	7.5	7.8	8.8000000000000007	9.4	9.7000000000000011	10.200000000000001	10.040000000000001	10.8	11.3	-0.77848510171881868	0.2762245867051214	0.69134984978584624	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.74659843558865835	-0.44183937574878535	-0.11028217775617558	0.18573282556605794	-0.5573021521630499	-0.63412682721064884	-1.1531271773738623	-1.0958815587707647	-0.7585489768178475	-1.3492544043898971	-1.0610095463059339	t=2heure	3.1	4.08	4.8	4.9000000000000004	5.4	5.9	6.8	7.05	7.1	7.7	8.3000000000000007	9.2000000000000011	9.3000000000000007	9.8000000000000007	9.9	11.2	-0.7585489768178475	0.2762245867051214	0.84000265478279101	0.82887145659556349	0.84000265478279101	0.84000265478279101	0.7562946639645477	0.47928886451393049	0.67393221747919907	-0.2884978671054102	-0.20256967251331548	-0.83141580396216108	-0.65053604060644854	-0.72049986736962823	-1.0610095463059339	-1.4139860293111004	t=3heure	3.1	4.0999999999999996	4.8	5.2	5.3	5.8	6.7	6.9	7.3	7.9	8	8.9	9.1	9.4	9.6	10.4	10.9	-0.52163918701229606	0.7761564455954556	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.7761564455954556	0.41531930715810683	-0.13050709176874156	-5.0228022901137696E-2	0.35528910550155229	-0.94094645205352068	-0.5573021521630499	-0.57951816342024476	-1.217788678371112	-0.73923624502811069	t=4heure	4.9000000000000004	5.3	5.4	5.7	6.7	6.9	7.1	7.4	8	8.5	8.6	8.8000000000000007	9.07	0.80722295776608111	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.72764547567788385	8.4011723431445334E-2	6.4026011396005916E-2	0.33791058937377549	-0.6102133813331988	-0.35663403153593826	-0.74881775073126233	-0.4355028263093515	-0.8204452890634778	t=26heure	4.8	5.5	5.7	6.2	6.8	6.9	7.07	7.3	7.5	7.6	8.0300000000000011	8.4	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.84000265478279101	0.42152229508948008	0.53407854037658853	0.34367425839147464	-0.11028217775617558	-0.33349332315100516	-0.15087347569615403	-0.77848510171881868	-0.8204452890634778	pH

logD






