UNIVERSITY OF DEBRECEN
CENTRE OF AGRICULTURAL SCIENCES
FACULTY OF AGRICULTURE
DEPARTMENT OF AGROCHEMISTRY AND SOIL SCIENCE

DOCTORAL (PhD) SCHOOL OF CROP PRODUCTION AND
HORTICULTURE

Leader of doctoral school:

Dr. Gyéri Zoltan
DSc

upervisors:

Dr. Filep Gyorgy T
DSc

Dr. Csubéak Méria
CSc

Dr. Katai Janos
CSc

EVALUATION OF SOILS ACID-BASE SUSCEPTIBILTY

Author:
Rékasi Mark

DEBRECEN
2007.



1. INTRODUCTION

The soil is a component of the natural environmpatt of the biosphere together
with air and water. On the other hand it is theia@dfure’s most important mean of
production, conditionally renewable natural soutftat constitutes 1/5 of our national
wealth. The survival and development of modernetgdis directly connected to the
soil and its functions:

-The supply of the population with food in adeguaiount and quality;

-Provide clean water and air;

-Provide pleasant environment, living conditionsKADAR, 1998;
VARALLYAY, 2005).

These functions may damage if the soil becomesicatidcause of natural or
anthropogenic causes. The soil acidification arel amelioration of acidic soils is a
worldwide problem. Acidic soils cover 30% of the ndds ice free land area. The
handling of this issue is important in both envir@ntal and agricultural point of view:
one part is the protection of natural ecosystentsthe other is sustainability of the
production of agricultural areas.

In Hungary this problem has great importance bexal®¥o of the agricultural
area is susceptible for acidification and on 13%haf area the liming is absolutely
necessary. Thus more than the half of our agrialltuarea is concerned
(VARALLYAY et al., 1980).

The better knowledge of soils acid-base bufferiagacity and susceptibility is
important because of their amelioration and pratectThe buffering capacity has great
importance in both — acidic and alkali — pH ran@ke acid buffering capacity plays
role in the neutralization of acidic precipitatioagcidic fertilizers, etc. The base
neutralization capacity has great significance ha tetermination of lime dose for
acidic soils amelioration. There are numerous naghior the measurement of soils
acid-base buffering capacity. But their relatioasthie soil characteristics and to each
other are not elucidated in details.

The aim of this work was to investigate the backgibof parameters describing
soil acid-base buffering capacity and its relatioreach other and to the soil properties.



The relationship between soil properties and tmeties of buffer reactions was also
studied with pH-stat titrations.

2. LITERATURE REVIEW

The soil is able to buffer the impacts of the eowiment. One part of this attribute
is the acid-base buffer capacity (FILEP - FULEK®99).

The amount of strong acid required to reduce th@pilsystem to a reference pH
value is termed acid buffering or neutralizing aapa(VAN BREEMEN et al., 1983).
The susceptibility is the reciprocal of bufferingpacity.

The fate of the acid load in soil can be the folluyv

- neutralization by free bases (Cas;8aCOs)

- the acidic solil solution can leak to the grountbran soils that have low cation

exchange capacity

- acid ions enter into cation exchange reactiorik wations already present on the

soil cation exchange complex (MC FEE et al., 1977).

The most important buffer reactions are (FILEP DRENE, 1988):

1. protonation and deprotonation of organic andganic colloids

2. development and decomposition of easily weatlgeminerals and organo-
mineral complexes

3. transformations of Al-hydroxide polymers and Ab-hydroxocomplexes

4. CaCQ - Ca(HCQ), — CQ, system.

The dominating acid-base buffer systems of soésfanctioning at different pH
values because of the behaviour of permanent andbla (pH-dependent) charges
(FILEP - REDLYNE, 1988; ULRICH, 1981).

The easiest way to characterize acid-base buffecapacity of soils is the
potentiometric titration (FILEP, 1991). From thé&dtion curves different parameters
can be calculated that gives information aboubiligering capacity.

The area under the titration curve or the diffeeebetween the area under the
titration curve and the reference curve (titratisthout soil) is suitable for



characterization of soil buffering capacity. Howevihese parameters are only
qualitative (MURANY!I, 1987; FILEP, 1991).
For quantitative estimation the equation suggedigdFILEP (1991) can be

appropriate:

pHx = pHo — K (my)® and pH = pHy + K (my)° /1

Where: pH is the equilibrium pH after the addition of givamount alkali (rg) or
acid (m). pHo is the pH of the suspension at the beginning eftitration, K is the
initial pH change after the addition of one unikad or acid and Q is a constant
showing the tendency of pH change.

According to VAN SLYKE (1922) buffering capacity rcabe calculated by

differentiation of titration curves:

B=d myd pH, or —d ngd pH /2

Where:[ is buffering capacity, gis the amount of added alkalis s the amount
of added acid. This means tiflais the pH change caused by the added acid or.dlisal
measure: meq Okbr H/100g soil/1 unit pH change.

The buffer capacity can be also described by theuat of acid or alkali
requirement of soil to reach a given pH value (YUANAVKULICH, 1995).

The rate of chemical reactions in soil — includimgfer reactions — may differ in
order of magnitude. Chemical processes can lassdoonds, minutes, hours and even
thousand years (FILEP - FULEKY, 1999). The ratereéction is the amount of
transformed material during a given time periode Téaction rate may depend only on
one reactant concentration. This is called firsteorreaction. In second order reaction
the rate is dependent on either concentration efrdactants or the square of one
reactants concentration (BREUER, 1995). The rebearconcerning the kinetics of
buffer reactions proved that the proton transfeactiens on soil surfaces can be
considered as a pseudo first order reactions (ARINERI - PARDINI, 1983, 1985;
FILEP - CSUBAK 1997). If the amount of reactants @t OH entering to the soil) is



small compared to the other components of buffactren (active groups on soil
surface: its amount is constant) the reaction canldscribed by a first order reaction
equation.

Many measurements proved that the reactions hagesteps: one faster and a
slower process (ARINGHIERI - PARDINI, 1983, 1985ILEP - CSUBAK 1997;
ROSSEL - MC BRATNEY, 2003; ONODA - DE BRUYN, 1966)he faster process
takes place on readily accessible soil surfaceewvine slower process occurs mostly on

the inner surface of soil particles.

3. MATERIALS AND METHODS

For the investigations 25 soil samples from Hungeeye used. The upper limit of
plasticity index according to Arany g and the clay + silt % were determined. The pH
of samples were measured in 1:2.5 soil : water B@db soil : 1 M KCI solution
suspensions after 24 hours equilibration. Orgaratten content (OM%) was measured
by the method of Tyurin. Hydrolytic acidity (HAL values were determined by the
alkali titration of 1:2.5 soil : Ca-acetate (pH 2Bsuspension after one hour shaking
(KAPPEN, 1929).

The actual cation exchange capacity (GEGnd exchangeable cation content
measurement was performed by the modified methodsihfLMAN (1979), the
potential cation exchange capacity (G&C and exchangeable cation content
measurement by the modified method of BASCOMB (Q46&EMMINGHOFF, 2000).

The acid-base titrations were performed in 1:20 sowater or 1 M KCI
suspensions. For 5¢g part of each soil samples @2 @il M NaOH or HCI| was added
in increasing amounts: 0; 1; 2; 4; 6; 8; 10; 12; 1&; 20; 24; 28 meq #100g soil or
OH/100g soil. After acid and alkali addition the seispions were completed to 100
cm® with water or 1 M KCI solution. The titration cues were obtained by plotting the
equilibrium pH values against the added base @lialk

The pH-stat titrations were carried out with equgmindesigned for this purpose
(CZINKOTA et al., 2000). For the measurement 1:di0 :s1 M KCI solution was used.
The pH of continuously stirred soil suspension wasasured with a pH-selective

electrode. Signals from the pH electrode were farsplified then digitised to provide



input for the computer, where they were transforrteegpH values using preliminary
calibration. The pH measurement was made in evexrgrgl. The measurement system
was built using Radelkis OP-0808P pH electrode p&chitronic 96 automatic burette,
ALTAIR BT AAD2816S amplifier and analogue digitabrverter and an 1486 pc.

The time of measurements was at least 8 hourslifitevalue was pH = 8.2 and
pH = 3. For the titration 0.1 M NaOH and HCI| wadsIn case of 16 samples the

titration to pH = 8.2 was also performed ip &mosphere.
4. RESULTS AND DISCUSSION

Based on correlations between different soil properone can state that the
examined parameters were not independent. The witflisgreater clay + silt fraction
had greater organic matter content. Thus these pamrameters theoretically can be
considered as “colloid content” of the soil. Th&atence between potential and actual
cation exchange capacity shows the amount’dbdiinded by variable charge and also
the amount of variable charge. Since variable asakgere protonated (because of the
acidic pH of the samples) exchangeable basic catiare adsorbed only by permanent
charges. Thus actual CEC and partly the sum of axgdable basic cations (mostly
Cd") showed the amount of permanent charges of thestigated soils. The organic
matter content and clay + silt % correlated bettggh potential CEC than with actual.
This means that both clay and organic matter hgmifsiant amount of variable charge.
The hydrolytic acidity and exchangeable®’Alvas in reverse order with soil pH but its

value increased in function of colloid content.
4. 1. Buffer capacity parameters

The soil acid-base buffering capacity was investigawith titration curves
(Figure 1). From titration curves five buffer capppparameters were calculated.

The first evaluation method was the fitting of ameo function (suggested by
FILEP, 1991) on titration curve:

pHx = pHo — K (my)? and pH = pHy + K (my)°

Where: pH is the equilibrium pH after the addition of givamount alkali () or
acid (m). pHo is the pH of the suspension at the beginning eftitration. K is the



initial pH change after the addition of one unkaii or acid ApH / 1 meq F/100g or
OH/100g) and Q is a constant showing the tendencyhdfchange that is the
percentage of pH change caused by 1 % acid orn &bkl increment&%pH /A% meq
H* or OH / 100g soil).

11
H u
p . _;.
o
/_/",' —u— Nyirgelse clay+silt% = 8
,,,.f——r-"-"";;i'i:‘, 1| —*— Kocsord clay+silt% = 34
st 21 Putnok clay+silt% = 69
2 2 10 o 1 2 3
HCI meq/100g NaOH

Figure 1. Titration curves of soils with differeeiture (background: 1 M KCI)

The function was fitted to the first and the secqadlt of the curve separately
(Figure 2). Based on the parameters obtained dirfiteoart one can state that the acid
buffering capacity of the investigated soils wa® tinnes greater than base buffering
capacity. If the titration was carried out in 1 MCKthe difference was threefold.
According to the results of the stepwise linear@sgions in the first part of the titration
curve the initial pH change (K) was determined lg tlay + silt content of the soil at
either acidic or alkali loads. The Q value showednection with CEC in case of acid
load and with clay + silt content at alkali load.

In case of the second part of titration curves@and K parameters did not show
any relation with the investigated soil properties.

The Q and K parameters describing the first patheftitration curve correlated.
The regression between them could be describedobyvar function.

The second examined buffer capacity parameter asrmount of acid or alkali
requirement of soil to reach a given pH value (pB and pH = 8.2). According to this

parameter tha base buffering capacity was detedninyethe clay + silt and organic



matter content and exchangeable®*Alln case of acid buffering the amount of
exchangeable basic cations and exchangeabfé Were the most important soil

parameters.
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Figure 2. The two parts of the titration curve.@ws show the end between the two

parts. Downward arrows belong to the titrationdémonised water.

The soil components that play role in acid-basefeloufeactions are active at
different pH values. Therefore the relationshipswieen buffer capacity and soil
properties were analysed at different acid andlialeads as well as pH values. For
these investigations the buffer capacity charazterby the difference between the area
under the titration curve and the reference cuf)elfy the area under the curve of pH-
change (A2) and by the derivative of titration ar{d) were used. The relations
between these parameters and soil properties weatysead by stepwise linear
regressions.

In case of alkali loads the A value was mostlytezlao clay + silt, organic matter
and exchangeable &lcontent (Table 1). If the soil was treated witlidate A value
correlated better with exchangeable basic catiors GEC. This means that the acid
buffering capacity is mostly connected to the peremd charges while base buffer
capacity is determined by variable charges an@mesaitausing acidity.

The area under the curve of pH-change (the ingttdlvalue of the titration was
subtracted from each pH value at the different$padlated to the clay + silt content in
case of alkali loads. Against acid treatments tlg e silt content was also the most
important buffer component between the loads of @& H/100g. Over 6 meq



H*/100g load HAG, pH and potential CEC showed the closest coroelatiith A2. The
A2 value was in reverse order with every soil propbut soil pH. The A2 values were
in inverse proportion with buffering capacity (Ahus they can be called susceptibility
parameters.

The buffering capacity characterized by the denreatf titration curvesfl) is
suitable to investigate the buffer capacity in fiim of pH (Table 2). At strongly acidic
and acidic pH the buffering capacity was predidigdCEC. The slope of regression
curve decreases in function of pH. Therefore ahéigpH the difference between soil’s

buffering capacities become smaller in functiorC&C.

Table 1. Equations describing the connection beatwseil properties and buffer

capacity (A) at different load levels. (Backgrouddyl KCI)

Load
(meq H" or Equation R®
OH /100g)
Titration with HCI
0-1 A =0.39pH-1.31 0.56%**
1-2 A =-0.72Al,,+0.03Ca,+0.56 0.76%**
2-4 A =0.09Ca,,+0.49 0.58***
4-6 A =0.09Ca,,+0.27 0.72%**
6-8 A =0.08Ca,+0.16 0.71%**
8-10 A =0.07Ca,+0.09 0.69%**
10-12 A =0.06Ca,+0.06 0.66***
12-14 A =0.04CEC,;+0.02 0.61%**
14-16 A =0.04CEC,;-0.02 0.62%**
16-20 A =0.07CEC,;-0.04 0.63***
20-24 A =0.06CEC,.-0.08 0.53%**
24-28 A =0.06CEC,-0.16 0.48%**
Titration with NaOH
0-1 A =-0.9pH+0.008clay+silt%+7.2 0.90%**
1-2 A =-0.9pH+0.02clay+silt%+8.1 0.87***
2-4 A =0.07clay+silt%+1.1Al+5.5 0.88***
4-6 A =0.08clay+silt%+1.4Al ¢ +3.4 0.89%**
6-8 A =0.08clay+silt%+1.4Al 5 +2 0.90%**
8-10 A =0.08clay+silt%+1.2Al+1.1 0.92%**
10-12 A =0.08clay+silt%+0.9Al,,+0.6 0.94***
12-14 A =0.07clay+silt%+0.7Al 5+0.3 0.95%**
14-16 A =0.06clay+silt%+0.6Al+0.1 0.95%**
16-20 A =0.11clay+silt%+1Al,-0.14 0.95%**
20-24 A =0.09clay+silt%+0.75Al 4-0.4 0.94***
24-28 A =0.08clay+silt%+0.6Al -0.38 0.91%**

From pH = 6 to 8-8.5 mostly soil’s clay+silt contefiom pH = 8.5 to 9.5 organic
matter and CEC showed the strongest correlatioh titffer capacity. At higher pH
(10<pH<11) clay+silt content determined buffer capethe most.



These results show that the soil properties werdiffarent relations with buffer
capacity and susceptibility at different acid deadil loads and pH values.

The investigations showed that the connection batwae given soil property and
buffer capacity parameter was not always lineasdme cases, a power function result
in better correlation coefficients between themb{&e3). In function of organic matter
and - in most cases - clay+silt content the buifgrcapacity changed by a power
function because by the growth of colloid contdme surfaces that are involved in

buffer reactions may increase by higher rate.

Table 2. Equations describing the connection betveed properties and buffer

capacity B) at different pH values. (Background: 1 M KCI)

‘ pH ‘ Equation | R’ |
2 B =1.4CEC,,+31 0.82%**
25 B =0.61CEC,+12.7 0.37*
3 B =0.17CEC,+5.6 0.65***
35 B =0.16CEC,+2.6 0.80***
4 B =0.12CEC,+1.4 0.86***
4.5 B =0.08CEC,;+0.08HAC,+0.82 0.97***
5 3 =0.550M%+0.64 0.71%**
55 B =0.01clay+silt%-0.17Al,. +0.87 0.78***
6 3 =0.02clay+silt%+0.89 0.76%**
6.2 3 =0.02clay+silt%+0.83 0.80***
6.5 3 =0.02clay+silt%+0.93 0.73***
7 3 =0.02clay+silt%+0.90 0.78***
7.5 3 =0.03clay+silt%+0.92 0.84***
8 3 =0.03clay+silt%+0.94 0.90***
8.5 3 =0.05clay+silt%+0.94 0.92***
9 B =0.2CEC,-0.98 0.86***
9.5 B =0.05clay+silt%+0.1CEC,+1.15 0.89%**
10 3 =0.09clay+silt%+1.77 0.91%**
10.5 B =2.40M%+0.15CEC,,+1.4 0.84***

The relation between buffer capacity (A) and eamhparameter was investigated
at different acid and alkali loads. The methodhi$ assay was the following: thé R
values of the regressions between soil properties uffer capacity parameters at
different load levels were plotted against loadsisTinvestigation indicated that soil
properties could be divided into two groups acaugdio their relation with buffer
capacity (Figure 3). The two groups were the samnebdth acid and alkali titrations.
Organic matter, caly+silt %, CEC, the sum of baselenged to the same group. The

connection between buffer capacity and these ptiegdsecame stronger in function of
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loads. The second group was the pH and exchangaébleThese parameters were in
stronger correlation with buffer capacity at smalteads. This division shows that if

acid or alkali loads were small, the original spil determined the area under the
titration curve, while at larger loads the soil'sffer reactions became more important

in the determination of suspension pH.

Table 3. Type of the relation between soil progsrand buffer capacity

Type of clay

parameter titration pH (Hzo) pH (KCI) OM% +silt% HAC]_ CECpot CECact Sact Caact Alact
A bw lin - lin - [pow +[pow +| lin + | pow + | pow + lin +
bkel lin - lin - |pow +[pow +| lin + | pow + | pow + lin +
aw lin + lin + |pow +|pow +| lin - lin + lin + lin + |lin +[ lin -
akcl lin + lin + lin - lin + lin + lin + |lin + lin -
A2 bw pow + | pow + |pow -[lin- |pow -| pow - | pow - lin - lin - | pow -
bkcl pow + | pow + |pow -|lin - | pow -| pow - | pow - pow -
aw lin + lin + |pow -| lin - [pow -| pow - [ pow - lin - lin - lin -
akel pow + lin + |pow -| lin - [pow -| pow - | pow - pow -
Q bw lin - lin - [pow +|pow +|pow +| lin + pow + | lin + |lin +
bkcl lin - lin - [pow +|pow +|pow +| pow + lin +
aw pow +[pow +/pow +| pow + | pow + | pow + |lin +
akcl lin - lin - [pow +|pow +|pow +| pow + | pow + lin +
K bw pow -|pow -[pow -[ pow - | pow - lin - lin -
bkcl lin + lin + |pow -|pow -|pow -| lin - lin - lin -
aw pow -|pow -|pow -| pow - | pow - lin - lin - lin -
akel lin + lin + |pow -| lin - |pow -| lin - lin - lin -
OHpH8,2 bw lin - lin - [pow +[pow +| lin + | pow + | pow + lin +
bkel lin - lin - [pow +[pow +| lin + | pow + | pow + lin +
HpH3 aw pow +pow + lin + lin + lin + |lin +
akcl lin + lin + lin + lin + |lin +
B bw lin - lin - [pow +[pow +/pow +| pow + | pow + lin +
bkcl lin - lin - [pow +|pow +|pow +| pow + | pow + | lin + |lin +] lin +
aw pow +[pow +/pow +| pow + | lin + lin + |lin +
akcl lin - lin - [pow +|pow +|pow +| pow + | lin + lin + |lin +| lin +

(lin: linear, pow: power, +: direct ratio, -: in\sr ratio; bw: alkali titration in water, bkcl: alka
titration in 1 M KCI, aw: acid titration in wateakcl: acid titration in 1 M KCI)

The only exception of this grouping was hydrolyamdity: in case of alkali loads
its correlation with buffering capacity did not sha@ny change in function of loads
while at acid treatment it correlated only at snh@dids with acid buffer capacity.

Summarizing the investigations of the relationstdamong buffer capacity
parameters and soil properties the following stat@sican be made:

At acidic pH or acid loads in case of each buffapacity parameter the cation
exchange reactions on permanent charges were m|gorior buffering. The soill
samples were acidic therefore the variable chavge® protonated. Thus the basic
cations were all adsorbed by permanent charged.igehy the amount of permanent

charges in the investigated soils can be repredebtie the actual CEC and

11



approximately by the sum of bases and exchang&sble That explains the correlation
between these parameters and acid buffering cgp@atinst alkali loads or at alkali
pH the acidic cations (exchangeable **Al hydrolytic acidity) were in direct
proportionality with base buffering capacity. Thiseans that OHions of the alkali
loads reacted with the ‘Hderiving from the Al" hydrolysis or from variable charges.
The results showed that besides organic matterimhestigated soils clay fraction
possessed significant amount of variable charges it most cases the buffering
capacity was in significant correlation with CEGdiolytic acidity, caly+silt % and
organic matter. Thus eventually the colloid cont&ithe soil was the most important in
acid-base buffering capacity irrespectively of stil or acid and alkali loads.

997 buffer capacity (A)

0.8 L L e e =
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0.7 4
] A/A

0.6 Ve

051 / —s—A
] ° —eo B

RZ 0.4—. —a-C
0.34 .
0.24 A \

] / o
N
0.1 A e

0.04
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Figure 3. The changes of the connection betweeh psoperties and buffer
capacity (A) in function of acid and alkali load#: OM%, caly+silt%, CEC, sum of
bases, exch. ¢3 Mg2+ Mn", HAC, at HCI titration; B: pH, exch. Af; C: HAC, at
NaOH titration)

The relation between acid and base buffering cépacas also investigated.
These properties were in correlation only at thyafer capacity calculation methods.
According to our results acid buffer capacity (@pausceptibility (K) values were in
direct proportion with base buffer capacity valuEse acid neutralization capacity was
three times higher than base buffer capacity, winaels the result of the acidic pH of
soil samples. The acid and base buffer capacitgrgias the difference between the
areas under the titration curve and the referenoeeqA) correlated only at the smallest

(1 meq H or OH/100g) load, because in this case the deviatissuspension pH from

12



the original pH was not significanthe acid and base susceptibility (A2) were in direc
proportionality up to 16 meq/100g loads. The A2ueatilepended mostly on the buffer
reactions and not on the original pH of the sotil.tide average pH of the soil samples
each buffer system take part in acid-base buffefiingis either alkali or acid loads were
applied the degree of pH change was similar. To apnthe above, in case of these
buffer capacity calculation methods the base and aeutralization capacity are
concluded from each other.

About the utilization of the buffer capacity parders the following statements
can be made:

The equation parameters (K, Q) suggested by FIIPR1() are related with each
other, therefore only one of them could be suffiti® describe buffering capacity and
susceptibility of soils. The initial pH change cadsby one unit of acid or alkali (K
{ApH / 1 meq H/100g or OH100g}) has more simple measure unit, thus it carthe
better one for the description of buffer capacitguosceptibility.

The areas under titration and pH-change curvesA2), show the buffering
capacity and susceptibility without measure thawlgy these parameters provide only
qualitative information. But these area valuesappropriate for investigation of buffer
capacity in function of acid or alkali loads. Thdvantage of3 value (the derivate of
titration curve) compared to the area parameteits iwell-defined measure: meq OH
or H" /100g soilA1pH.

All of five measurement methods are readily exdaetawith the appropriate
software. For detailed analysis the method of VANKE (1922) might be the most
suitable one. The easiest way to characterise fnffeapacity and susceptibility with
one number is the determination of K and Q funcparameters (FILEP, 1991). But in
case of more detailed titration curves this metwodld be also appropriate for detailed
buffer capacity analysis.

The background (1 M KCI solution or deionised watsslution influenced the
suspension pH thus buffer capacity parameters. M KCI the exchangeable Al
correlated more times with buffer capacity paramsetiean in water. The organic matter
content, clay+silt %, hydrolytic acidity and CEQIdiot show such trend. The cause of
this phenomenon is that in the suspension madeCofsKlution the K exchanged Al

and decreased the pH. The values of K and Q paeasnetre lower in KCI solution

13



than in deionised water. In case of the buffer capalefined as the amount of acid or
alkali requirement of soil to reach a given pH alihe base buffering capacity

increased, the acid neutralization capacity deexasKCl solution.

4. 2. pH-stat titration

The pH-stat titrations were carried out with equgminthat is able to keep the soll
suspension pH at a predefined value (pH = 3 andi®.addition of acid or alkali. The
proton exchange reactions were described as thestwo first order kinetic equations
on the basis of data pairs indicating the volumadded alkali or acidic solution and
the time. By extrapolating this function, to inf@itime the maximum acid or alkali
consumption at a given pH value could be calculaié@ applied formula according to
FILEP and CSUBAK (1997) was the following:

y=C+a [l-e™)+a, [L-e*) 5
Where:

C amount of base or acid to reach the given pH/b€g

y amount of fed base or acid, meq/100g

t time, sec

& base or acid consumption of faster process, még/10
& base or acid consumption of slower process, még/10
ky rate constant of faster process, s

ko rate constant of slower process, s

The measurement settings influenced the resulefitration:

The longer the measurement time was the greatdrabe and acid consumption
became in both slower and faster processes. Bekidethe rate constant showed
gradual decrease.

Investigating the conditions of the measuremerd,dffiect of CQ content of the
air proved to be an important factor. The comparigbthe results of alkali titrations in
N, atmosphere and in air showed that the, @ffusing into the suspension during the
measurement could increase the base consumptiotinieS at present measurement

settings.
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Investigations of the relationships among kineticameters showed that base and
acid consumption of fast and slow processes aredaaistants are independent. The
sum of base and acid consumption values (€sawere also independent from each
other.

The relationship among soil properties and kinpicameters are shown in Table
4 and 5.

The C value (the fastest buffer reactions) at pB.2titration correlated mostly
with exchangeable AT and hydrolytic acidity and colloid content of theil, proving
the important role of ions causing acidity in ttesé buffer capacity. At pH = 3 titration
the C value was determined mostly by the sum ohamgeable basic cations and
exchangeable G4 These results proved the important role of peenarcharges in
acid buffer reactions.

The C value at pH = 3 correlated also with CEC it with colloid content of
soils. However in case of alkali titrations theloml content was in relation with buffer
reactions but CEC was not. The background of tifferdnce is that in case of acid
loads the cation exchange on permanent chargks mmain buffer reaction. That is why
the CEC is the most important parameter in bufterBut in case of alkali titration the
fastest base buffer reactions were connected tdithdesorbed from variable charges.
Further important circumstance is that the CEC ealas in permanent change during
the alkali titration and thus it did not correlatéth base consumption of the fastest

buffer reactions.

Table 4. Correlation among soil properties and tikingarameters at titration pH =

3 (Pearson correlation) Abbreviations see: eqoaio

parameters | C ‘ a ‘ ki | a | k> ‘ C+aitay
pH (H20) 0.419* -0.289  0.011 -0.054 0.011 0.138
OM% 0.123  0.453* -0.049 0437 -0.229 0.424*
clay+silt% 0.203  0.632** -0.062 0.595* -0.381 0.612*
HAC, -0.003  0.476* -0.151 0225 -0.252  0.228
CECac 0.460* 0.620* -0.277 0.773** -0.448* 0.867*
exch. Caae 0.527*  0.454*  -0.153 0.658** -0.307 0.797*
exch. Alyg -0.158  0.181  -0.276  0.081  -0.208  0.000
Sum of exch bases,,; 0.506*  0.495*  -0.177 0.695** -0.330 0.818**
CECpot 0.399 0.710* -0.295 0.805** -0.509* 0.871*
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The acid and base consumption of faster processesha@orrelations with the
same soil parameters: organic matter, clay+siltertn hydrolytic acidity, CEC and the
sum of exchangeable basic cations. In faster bufactions all of the buffer systems
present in the investigated soils were involved.

The a and a values of acid titrations correlated with the saoi properties. The
base consumption of slower process did not showr@iagion with the soil properties.

The CQ diffusion into the suspension might cause thisnph@enon.

Table 5. Correlation among soil properties and tkingarameters at titration pH =
8.2 (Pearson correlation) Abbreviations see: eqoai

parameters | C ‘ a ‘ ki | a, | Ko ‘ C+a+ay
pH (H,0) -0.803** -0.315 -0.047  -0.086 -0.301 -0.708**
OM% 0.725** 0.664** -0.303  -0.052 0.364  0.581**
clay+silt% 0.656** 0.749** -0.126  -0.061 0.596** 0.589**
HAC, 0.932** 0.730* -0.164 -0.092 0.468* 0.778**
CEC4 0.142 0.636** -0.037 -0.006 0.581** 0.227
exch. Cayg -0.218 0.473* -0.080 -0.165 0.427* -0.141
exch. Al 0.918**  0.307 -0.025 0.173 0.223  0.853*
Sum of exch bases,; -0.169  0.504* -0.090 -0.137 0.461* -0.088
CEC,ot 0.352 0.755** -0.111 0.031  0.623**  0.430*

The sum of acid consumption (asymptotic value)ealated the best with CEC (r =
0.87 ill. 0.81) and sum of exchangeable basesQ)(82). This means that acid buffering
capacity was mainly dependent on the permanentgebaThe asymptotic value of
alkali titration was in the closest relation witkceangeable Al (r = 0.86). Beside this
soil parameter the colloid content and hydrolytaddy and soil pH was in correlation
with base consumption. From these results one tae that against alkali loads the
main buffer processes were those that releaded the soil solution.

The rate constant of faster procesg (kas one order of magnitude higher than
this of slower process. According to present rastilé soil properties did not influence
the rate of the faster process. At titration pH th& rate constant of slower procesg (k
was in inverse ratio with CEC. This means that tingher is the CEC the buffer
reactions are the slower. The rate constant of eslqwvocess at alkali titration was
influenced by the C@diffusion into the suspension. That is why it didt correlate

with any soil property.
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The results of titration to pH = 8.2 were compai@the hydrolytic acidity values
measured by the method of KAPPEN (1929). The hytimhkcidity is an important
parameter in the lime requirement estimation ofliacsoils. For this comparison the
equation 3. was modified: the C constant was ehteid from the equation. By
comparing the data from this function with thoséagted using the Kappen method it
was found that the acidity released in a singleagkibn was determined by the faster
desorption process but the equilibrium values efglhocess might be twice as high as
the acidity measured using the Kappen method. tigasg the cause of this
difference it was found that an increase in acidaysed longer reaction half times, in
other words a slower reaction. This means thatigiteln acidity values the acidifying
ions are adsorbed even on the less accessiblegiatédl components. The increase in
soil humus content and to lesser extent the clajlt-ontent were responsible for the
slower desorption. The results of this researctiicoad that the longer diffusion paths
caused by the macromolecules of humus and the binding sites of the clay fraction
are mainly responsible for the decrease in thergésa rate.

Values calculated from the modified function foreemour extraction were also
compared with the acidity values obtained afteglsiextraction with Ca-acetate. It was
found that in soils having HAGralues higher than 2.5 meq / 100g the aciditgtdd in
1 hour at constant pH was 1.5 times greater thanddsorbed by calcium acetate over

the same length of time. The difference increasid avrise in acidity.

5. NEW RESULTS

1. The initial pH change after the addition of amét alkali or acid (K parameter of
the function suggested by FILEP, 1991) is suitdbtedescribing susceptibility
and the tendency of pH change (Q) can be consideyduliffer capacity. The K
and Q values were in inverse proportion. This r@hatcan be described by
power function. Because of this relation only onfe tleese parameters is
sufficient to describe soil acid-base buffer capaci

2. The slope of a regression curve between a gsah property and buffer

capacity parameter changes in function of acidadkali loads and pH values.

17



3. The connection between a given soil propertylaufter capacity parameter was
not always linear. In some cases, a power funcestribed the relation better.

4, In case of each buffer capacity parameter ati@@H or acid loads the cation
exchange reactions on permanent charges were mBjgorfor buffering.
Contrary to alkali loads or at alkali pH the acidiations (exchangeable %
hydrolytic acidity) were in direct proportionalityith base buffering capacity. In
most cases the buffering capacity was in significamrrelation with CEC,
hydrolytic acidity, caly+silt % and organic mattdihus eventually the colloid
content of the soil was the most important in dmade buffering capacity
irrespectively of soil pH or acid, alkali loads.

5. The use of 1 M KCI solution as a backgroundhef titrations influenced both
buffer capacity parameter values and the relateiwéen buffering capacity and
soil properties.

6. The kinetic study of buffer reactions showedt ttiee increase in soil humus
content and to lesser extent the clay + silt cdntlatreased the rate of the
reactions. The results of this research confirniied the longer diffusion paths
caused by the macromolecules of humus and the bindmmg sites of the clay
fraction are mainly responsible for the decreagbéndesorption rate.

7. The acidity values (HAQJ obtained in a single Ca-acetate extraction (KARPE
1929)were determined by the faster desorption procegsHestat titration but
the equilibrium values measured by this latter métmay be twice as high as

the acidity measured using the Kappen method.

6. PRACTICAL RELATIONS

1. The equipment used for pH-stat titrations istaflé for more accurate
determination of potential acidity of soils tharegent measurement methods.
Thus based on this equilibrium method lime requeetrestimation can be more
exact.

2. Based on the results of the linear regressiogtsvden buffering capacity
parameters and soil properties the buffering cépaen be estimated without

direct measurement.
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3. After the improvement of my results this workndae partly the basis of the
designation of sites for waste deposition.
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