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A LABORATORY METHOD FOR THE DETERMINATION
OF THE CHEMICAL ACTIVITY! OF CARBONATE OF LIME
BY THE RATE OF ITS INTERACTION
WITH THE SOIL

Fertilization Department of the Institute of Soil Science
and Plant Cultivation, Pulawy

The chemical activity of lime fertilizers is one of the most important
indexes besides the chemical composition in defining their fertilization
value. This index is reflective of physicochemical and some physical
properties of the given fertilizer. The investigation of chemical activity
is significant in the selection of material used for soil liming, especially
carbonate of lime, and in determination of correct doses of lime.

The determination of chemical activity in pot and field experiments
extends over a long period of time. The various methods of computation
[4, 13, 15, 17] often vary with the nature of the lime fertilizer reaction.
These methods are gradually replaced by chemical methods which are
more convenient and rapid. Determination of the chemical activity of the
lime fertilizers is based in the latter of the definition on their solubility
in various solvents: carbonated water [10, 11] acetic acid in various con-
centrations [1, 5, 7, 12] EDTA solution [6, 8, 24], ammonium chloride
solution {16, 18, 21]. The electrodialysis method of water solution was also
used [14]. By the application of oxalic acid and oxalates of various con-
centration {2, 3, 5, 19, 21, 22] the total surface of the lime fertilizers is
determined. Mixtures of oxalic and acetic acids as well as solutions
of their various salts (usually potassium and sodium) and other
acids-phosphoric, hydrofluoric, phthalic, stearic, formic, citric, etc. —
were also applied for determination of chemical activity. All chemical
methods however are inperfect and above all not universal [18, 21, 22, 23].

I Synonymous: neutralizing efficiency, reaction rates, rates of solution, rating,
speed of reaction, reactivity, chemical reactivity.
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None of these methods is able to reflect correctly the chemical activities
of all varieties and kinds of lime fertilizers. Besides, there is for the most
part no precise correlation between the chemical activity established by
chemical methods and its values established in experiments with soil.

The most correct and universal indicatory principle for the determi-
nation of chemical activity should be the reaction of the fertilizer with
the soil. Tentative laboratory procedures were worked out for determi-
nation of chemical activity from the interaction between lime fertilizer
and water suspensions of acid soils [6, 20, 21, 23, 24]. Bul the results
obtained in this way are not always the same in replications and vary
greatly depending upon the soil used. Also the period of interaction is too
long.

The method which we want to present here is based on the volumetric
determination of the amount of CO; released during interaction between
a suspension of an acid soil in a neutral salt solution and the lime fertilizer
given in a dose according to the hydrolytic acidity of the soil. This method
is desirable for the carbonate form.

THE PROPOSED METHOD

400 g of acid mineral soil transfered to a mixing bottle (Fig. 1a) are
treated with 400 ml of 1,0 N KCI1 solution. The lime fertilizer to be tested
is added in a single dose according to the hydrolytic acidity of the soil
(after Kappen). This hermetically segled bottle is connected to the
volumenometer (Fig. 1c) and shaken on the horizontal shaking machine
(Fig. 1b) at a medium shaking rate of approximately 140 forward move-
ments a minute. Recordings on the apparatus are made after one hour.

The relative chemical activity R denotes the percentage of CaCOj;
(MgCO;) which reacted with the soil in ratio to the general amount of
CaCO; taken for the analysis. It is calculated in the following manner

a-b

R=—u—
c-4,4

where:

a — is the amount of CO, recorded on the volumenometer (ml.),

b — the specific gravity of CO, (mg./ml) at the given temperature
and air pressure (can be read from a special table),

¢ — the dose of fertilizer calculated in grams of pure CaCOs;.

The ratio (in percent) of the relative activity of the given fertilizers R
to the relative activity of the pure CaCO; — Rcaco; gives us the value of
the specific chemical activity of the given fertilizer:
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Fig. 1. Apparatus for determination of the chemical activity of lime by the
volumetric method

a — the bottles with the soil and lime in the KCI solution, b — on the shaking machine, ¢ — are
connected with the volumenometer
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A=R-100

RC&CO3

The value of the specific chemical activity of the investigated lime
fertilizer can be calculated directly from the following formula:
PR 100
Qcacoy

when pure CaCOj; and the given fertilizers are analyzed under identical
conditions. In this formula

@ — means the amount of CO, recorded on the volumenometer (ml.)
for the given fertilizer, and
@caco; — the same for pure CaCOs.

EXPERIMENTAL STUDIES

This method is the result of a series of investigations. It was necessary
to solve a number of technical factors and to choose the best conditions

for determination with this method. We also had to test the value of the
chosen procedure.

THE REACTION SOLUTION

Tests with distilled water showed very low solubility of carbonate of
lime in this suspension and only slight differentiation in chemical activity
values, obtained for those materials (Tab. 1). To increase the solubility
of lime by raising potential acidity and diminishing the pH of the soil
solution we applied a 1 N neutral salt solution.

The results (Tab. 1) show the reaction between the soil and lime in
the KCI solution on a fuller scale than in the CaCl, solution. A fuller
reaction gives fewer errors and shorter reaction time. As to the suitable-
ness of the application of KCI solution the results also prove more
stable [9]. Besides the applicdtion of KCIl solution to determinate the
chemical activity of lime allows the simultaneous pH determination of
the KCl extract, characterizing also to a large degree the interaction
between the fertilizer and the soil and makes possible in case of need

a comparison with the dynamics of such a process in the soil in pot and
field experiments.

LIME FERTILIZER DOSES

The application of a constant dose makes the values of the obtained
results strongly dependent upon the properties and above all upon the
potential acidity of the soil used for determination (Tab. 2). Single doses
according to the hydrolytic acidity gave higher and more stable results
of relative chemical activity than the double ones. The instability of the



Table 1
Values of the relative chemical activity of CaC0z in dependence on the applied doses of CaC03, solution and shaking time
. ) 2 5 10 20 | 30 4 50 1 | 1ne.| 2 3 6
The epplied solution and dose of 03003 min. min. | min. min. | min. min. min. bhr. |30 min,| hrs. hrs. hrs.
1.0 N KCl solution with a double dose 7.6 11.3 13.8 16.0 | 18.6 20.8 22.1 | 24.7 26.8 - - -
1.0 N KCl1 solution with a single dose 7.5 16.6 20.8 24.4 | 28.3 32.4 36.9 | 40.3 49.2 56.2 67.7 75.5
1.0 N KCl solution with a single dose without soil 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 - - -
1.0N Caclz solution with a single dose 4.0 9.0 15.8 20.8 | 24.5 28.9 32.8 | 37.9 48.1 54,2 65.3 -
1.0 N CaCl, solution with a single dose without soil| 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 - - - -
H0 with a single dose - 14.6 15.5 17.2 | 17.2 18.1 19.0 | 19.8 - - - -
Table 2

Dependence of the results obtained with the volumetric method on the kind of soil used in analysis (with the application of constant amounts
and single doses of Ca(:o3 according to the hydrolytic acidity of the soil)

Potential acidit; The relative chemical activity of 03003 (in %) with the
e /100 g. soi application of:
Soil pﬂxcl
) constant emounts smgle doses of CaCQ accordmg to the
hydrolytic |exchangeable (1 g.lot of CaCO3) (in. {r:g%et;ctg21§931lag{onseof‘otl;:elst
results from standard soil, Osiny 1
Arable podsolic sandy soil, Osiny Ex. Station 4.70 2.30 0.40 23.1 40.4

Arable podsolic sandy soil, Osiny Ex. Station 4.50 2.20 0.42 21.2 42,7 (+2.3)
Podsolic sandy forest soil 3.90 4.00 0.98 33.0 40.9 (+0.5)
Arable brown loamy soil 4.70 3.80 0.16 37.3 40.7 (+0.3)
Loess, Antopol Ex. Station 6.50 1.65 - 10.1 34.9 (-5.5)
“Mursh" soil 6.20 2.25 - - 26.3 (-14.7)
Peat soil 5.10 (15.00) 0.79 - 9.0 (-31.4)
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double doses to some degree approaches that of the constant ones (Tab. 2).
Taking all this into consideration and also the fact that in agricultural
practice we apply at most a single dose of lime according to the hydrolytic
acidity, we consider the application of a single dose according to the
hydrolytic acidity as more suitable for this method.

OTHER TECHNICAL CONDITIONS OF DETERMINATION

For technical reasons we chose a soil to solution ratio 1 : 1 as most
convenient. In this way it was possible to work with a fairly large
quantity of soil in the mixing containers on the shaking machine.

The determinations were carried out with 400 g. soil using an ordinary
volumenometer, and with 100 g. of soil using a microvolumenometer,
specially constructed for this purpose. No significant differences in data
were observed, though with 400 g. soil better replications was obtained.
For this and other technical reasons 400 g. of soil were used.

47 samples of three fractions of various lime fertilizers were tested.
In all cases it was observed that the reaction between the soii and the
lime fertilizer approaches the end within 6 hrs. Comparison of the dyna-
mics of the pH of this solution and the dynamics of the soil pH in pot
experiments after application of the mentioned 47 lime fertilizers indicates
that a reaction period of 1 hr. is most suitable for the characterization
of the chemical activity of lime fertilizers. The standard shaking time
of 1 hr. is also the half-reaction period for pure CaCOj;. The results
obtained after this time were by one half lesser than these after the
completed reaction (6 hrs.).

SHAKING SPEED

The influence of the shaking speed on results turned out to be very
significant. To obtain a wider range of shaking speeds we changed the
voltage on the shaking machine from 65 V to 100 V, getting thus up
to 160 advances per min. The value of the relative chemical activity in-
creased in this case from 28.4% to 41.8%. Several other factors must
be considered too in regard to shaking speed, for example lubrication
of the bearings and the degree of their heating. As standard speed were
taken 140 advances per minute.

THE SOIL USED FOR DETERMINATION

The influence of the soil used on the results of relative chemical
activity obtained is not very significant in the case of acid mineral soil
(Tab. 2). The application of various acid mineral soils (from the top
layer) with content << 3.0%0 organic matter causes variance in the obtained
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results, reaching 4+ 6%, but in some cases not exceeding 1%, (Tab. 2).
Also the application of various arable acid mineral soils has no very
marked influence on the results of the specific chemical activity. For
instance, the value of the specific chemical activity of chalk from Kornica
was very similar for both arable podsolic soils from the ex. st. Osiny (for
the first soil 79.6%0 and the second 79.0%b), while at the same time with
brown arable soil from ®.gczna this value for the same chalk was 85.9%o.
Peat and other organic soils however are not suitable for determination
of chemical activity with this method. As standard soil we chose arable
podsolic sand from the experimental station at Osiny, taken from the
arable layer. This soil was representative in regard to hydrolytic acidity
and reacted to the liming very well.

THE ACCURACY OF THE METHOD

The standard deviation in this method with ten replications was i.4—
2.5%.

EVALUATION OF THE METHOD

The results obtained with this method were compared with the results
obtained in pot-experiments using the same 47 lime {fertilizers on two
acid podsolic sandy soils: an arable soil with pH of approximately 4.5 and
hydrolytic acidity — 2.2 m e/100 g. soil, and a forest soil with pH 3.9 and
hydrolytic acidity — 4.0 m e/100 g. In the pot experiments carried out
in the course of one year, the chemical activity of the lime fertilizers was
determined by means of the decrease in hydrolytic acidity and increase
in pH of the soil by the investigated fertilizer in relationship to the analo-
gous effect of CaCO;. The dynamics of the pH were investigated at the
beginning every week and afterwards once a month. The changes in
hydrolytic acidity value were checked four times in the course of the
year. The coefficient of conformity, that is the relationship of the values
obtained in the pot-experiments to those obtained with this method was
0.7612,

The correlation coefficients 0.700 and 0.740 are also rather high if we
take into consideration that the correlation coefficients between the
increase of pH and the decrease of the hydrolytic acidity in the pot-expe-
riments were only 0.828 and 0.709 respectively. The critical value of the
correlation coefficient r¢ at P = 0.05 is 0.250 and at P = 0.01 is 0.345.

2 The results of comparative tests regarding the value of various methods for
determination of chemical activity are described in detail in a paper under the
title “Investigations on methods of determination of the chemical activity of lime
fertilizers” which is going to be published in , Roczniki Nauk Rolniczych” 89-A-2
(1964).



176 M. Kac-Kacas

CONCLUSIONS

The volumetric method presented here can be useful for determination
of the chemical activity of carbonate of lime fertilizers. With this method
the laboratory conditions approach natural conditions of interaction
between soil and fertilizer. There was a fairly close correlation between
the results obtained with the volumetric method and those yielded by
the pot-experiments.

When using this method, the shaking conditions, especially speed and
constant temperature, must be precisely maintained during analysis.

The investigations should be carried out with one standard soil or
with soils with relatively similar physicochemical properties. As standard
soil should be used arable sand or loamy sand soil with pH <{ 5.0 and
content of organic substance <C 3.0%
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M, KAC-KACAS

BESTIMMUNGSMETHODE DER CHEMISCHEN AKTIVITAT! VON
KALKCARBONAT? AUF GRUND SEINER REAKTIONSFAHIGKEIT
MIT DEM BODEN IN LABORATORIUMVERHALTNISSEN

Dungungslaboratorium des Instituts fiir Ackerbau, Diingung und Bodenkunde in Pulawy

Zusammenfassung

Arbeitsvorschrift: 400 g eines saueren Mineralbodens wird in einer Schiit-

telflasche (Abb. 1a) mit 400 ml einer 1 n Ldsung von KCl versetzt. Dazu wird das
untersuchte Kalkcarbonat in einer der hydrolitischen Aziditit des Boden entspre-

1 Als Synonym kann auch das Wort ,,Loslichkeit” angewandt werden.
2 Kalkcarbonat — Kalkdiingemittel in Form des Carbonats.

12 Roczniki Gleboznawcze
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chender Menge (nach Kappen) hinzugegeben. Die Flasche a wird mit dem gasanaly-
tischen Apparat (Abb. 1lc) dicht verbunden und auf einem waagerechten Schiittel-
apparat (Abb. 1b) im Laufe einer Stunde mit konstanter Geschwindigkeit — 140
Verschiebungen pro Minute — geschiittelt.

Die relative chemische Aktivitat — R, d.h. das Verhiltnis der CaCO; (MgCO;)
Menge, die mit dem Boden reagiert hat, zu der fiir die Analyse abgewogenen ge-
samtmenge ces CaCO; berechnet man in Prozent aus der Formel:

a-b
R =
c-44

wo:
a — das auf der Gasbiirette abgelesene Volumen (ml) von CO,,

b — spezifisches Gewicht von CO, (mg/ml) bei der gegebenen Temperatur und
dem gegebenem Luftdruck,

¢ — die auf reines Calciumcarbonat umgerechnete abgewogene Substanzmenge
(gr) bedeutet.

Die spezifische chemische Aktivitdt des Kalkcarbonats- A berechnet man in
Perzent aus dem Verhéltnis der relativen chemischen Aktivitit des gegebenen
Kalkcarbonat R zu der relativen chemischen Aktivitdt von reinem CaCO; — RGaCOs,
die als Standard (100°%) angenommen wird:

R - 100
A=—"
Rcaco,
Die spezifische chemische Aktivitidt des Kalkcarbonats — A, kann aus einer
vereinfachten Formel
__a- 100
Qcaco,

berechnet werden, vorausgesetzt, dass die Bestimmungen fiir das Diingemittel und
fiir CaCO; unter gleichen Bedingungen (Luftdruck und Lufttemperatur) durchge-
fiihrt wurden. In der Formel bedeutet:

a — das CO,-Volumen, in ml auf der Gasbiirette fiir das untersuchte Kalkcar-
bonat abgelesen und

acaCo3z — dasselbe fiir reines Calciumcarbonat (CaCOj;).

Die dargestellte gasanalytische Methode eignet sich zur Bestimmung der che-
mischen Aktivitdt von Kalkcarbonatdiinger mit dem Boden. Der Verlauf der che-
mischen Reaktionsprozesse bei Anwendung dieser Methode steht demselben im
Boden, in natiirlichen Bedingungen, nahe. Die Ergebnisse dieser Untersuchungs-
methode stimmen verhiltnismésig gut mit den Ergebnissen der Gefdssuntersuchun-
gen iiberein.

Bei Anwendung der beschriebenen Methode miissen stets dieselben Unter-
suchungsbedingungen eingehalten werden, insbesondere die Schiittelgeschwindigkeit
und konstante Temperatur. Als Standard soll immer derselbe Boden (leichter Acker-
boden mit pH < 5,0 und Humusgehalt < 3,0°%), oder BOden mit &#hnlichen
physikalisch-chemischen Eigenschaften, angewandt werden.
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METHODE DE LABORATOIRE POUR DETERMINER
L’ACTIVITE CHIMIQUE! DU CARBONATE DE CHAUX,
BASEE SUR LEUR INTERACTION AVEC LE SOL

Section de I’Engrais de l'Institute D’agriculture et de Pédologie 3 Pulawy
Resumé

Méthode d’analyse: 400 g du sol minéral acide sont transvasés dans une bouteille
a agiter (fig. la); on verse ensuite 400 ml. 1,0 n d’une solution chimique KCl en
y ajoutant le carbonate de chaux examiné en quantité correspondante a une dose
simple selon l'acidité hydrolitique du sol. La bouteille ,,a” est combinée hermetique-
ment au volumenometre (fig. 1c) et le tout est agité durant une heure dans une
agitateur horisontale (fig. 1b) a une vitesse égale de 140 mouvements par minute.
L’activité chimique relative — R cést a dire le rapport de quantité CaCO;
(MgCO;) qui a réagit avec le sol pour la quantité totale de CaCO; de la dose prise
pour l'analyse, exprimé en pourcentage, est calculé de la maniére suivante:
a-b
b-44
a désigne le volume de CO, (ml) défini sur le volumenomeétre, ol
b désigne le poids spécifique de CO, (mg/ml) en rapport & la pression de ’atmo-
sphére et de la température, ou
c désigne la dose d’engrais convertie en élément pur CaCO, (gr).
L’activité chimique spécifique des engrais A se calcule en pourcentage du rap-
port de l'activité chimique relative de l’engrais donné — R & l’activité relative du

carbonate de calcium (CaCO;) — RCaCO3, gcceptée comme standard -— 100% selon
la formule ci — dessus:

, ol

R - 100

Rcaco,

A=

Avec des conditions identiques de détermination de l’engrais examiné et de
CaCO; (la pression d’atmosphére et la temperature), on peut calculer lactivité
chimique specifique de l'engrais examiné — A directement de la formule simplifié:

a - 100
A=—""",00
Qcaco,

a désigne le volume de CO, (ml), defini sur le volumenométre pour l’engrais
examiné, et

aCaCo; la méme chose on cas du CaCO; pur.

La méthode volumetrique presentée se préte a designer l'activité chimique des
engrais dans la forme de carbonate. Les conditions de désigner a l'aide de cette
méthode sont proches aux conditions naturelles de la réaction du sol avec le car-
bonate de chaux. La correlation des resultats obtenues par cette méthode avec les
résultats des expériences en vases est plutét bonne.

En adaptant la methode volumetrique il faut respecter rigoureusement les
conditions égales de l'agitation (avant tout la vitesse) et une temperature stable
durant l'analyse. Il convient d’appliquer toujours le méme sol standarisé, plutot
un sol labourable, sableux, le pH <5 et contenante < 3% d'humus, ou les sols
relativement semblables en rapport & leurs particularités physicochimiques.

1 Synonyme: action neutralizante,

12*
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LABORATORYJNA METODA OZNACZANIA
AKTYWNOSCI CHEMICZNEJ! WEGLANOWYCH NAWOZOW WAPNIOWYCH
NA PODSTAWIE ICH WSPOEDZIAEANIA Z GLEBA

Pracownia Nawozenia Instytutu Uprawy, Nawozenia i Gleboznawstwa, Pulawy

Streszczenie

Postepowanie: 400 g kwasnej gleby mineralnej przenosi sie do butelki do wy-
trzgsania (rys. la), zalewa sie 400 ml 1,0 n roztworu KCl i dodaje sie badany nawéz
wapniowy w iloSci odpowiadajacej pojedynczej dawce wg kwasowos$ei hydroli-
tycznej gleby (wg Kappena). Butelke a lgczy sie (hermetycznie) z aparatem gazo-
metrycznym c i wytrzasa w ciggu 1 godziny na poziomej wytrzasarce b, ze stalg
szybkoscig okoto 140 posuwéw na minute. ‘

Aktywno$é chemiczng R, tj. stosunek iloci CaCO; (MgCOj;), ktéry przereagowal
z glebg, do ogdlnej iloSci CaCO; z nawazki wzietej do analizy, wyrazony w pro-
centach, wylicza sie w sposéb nastepujacy:

a-b
R=
c-44

gdzie:

a — objetos¢ CO, okre§lona na aparacie gazometrycznym w ml,

b — ciezar wtasciwy CO, (mg/ml) przy danym ci$nieniu powietrza i tempe-
raturze,

¢ — nawazka nawozu w przeliczeniu na czysty skiadnik CaCO; w g.

Aktywno$é chemiczng wiasciwg badanego nawozu A wylicza sie w procentach
ze stosunku aktywnosci chemicznej wzglednej danego nawozu R do aktywnos$ci
chemicznej wzglednej czystego weglanu wapnia RcaCcos; pPrzyjetej za standard
— 100%,, z nastepujgcego wzoru:

R - 100

Rcaco,

A=

Przy jednakowych warunkach oznaczenia dla badanego nawozu i CaCOj; (cis-
nienie powietrza i temperatura) mozna aktywno$¢ chemiczng witasciwa badanego
nawozu A obliczyé bezposrednio z uproszczonego wzoru:

a- 100

dcacog

A =

gdzie:

a — oznacza objeto§¢ CO, w ml, okre§long na aparacie gazometrycznym dla
badanego nawozu,

acaCcosz — to samo w przypadku czystego CaCO,.

Opisana wyzej metoda wolumetryczna nadaje sie do oznaczania aktywnoS$ci
chemicznej weglanowych nawozéw wapniowych. Laboratoryjne warunki oznacza-
nia tg metodg sg bliskie do naturalnych warunkéw wspoéldziatania miedzy glebg
a nawozem wapniowym. Korelacja wynikéw otrzymanych tg metoda z wynikami
w doswiadczeniach wazonowych jest stosunkowo dobra.

1 Synonimy: rozpuszczalno§é, aktywnosé, wapien rozpuszczalny, czynny.
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Przy zastosowaniu metody wolumetrycznej muszg by¢ jak najsciSlej prze-
strzegane warunki wytrzasania (przede wszystkim szybko$¢) i jednakowa tempera-
tura w czasie analizy.

Nalezy stosowaé zawsze te samg glebe standartows, albo gleby stosunkowo
bliskie pod wzgledem fizyko-chemicznych wiasciwos$ci. Gleba uzyta do analizy ma
byé z warstwy ornej, lekka, o pH < 5,0 i zawartosci prochnicy << 3,0%.

M. KAII-KAITAC

JIABOPATOPHEIVI METOJ OIIPEIEJEHUSA XMMMUYECKOM AKTUBHOCTHU 1
KAPBOHATHBIX UM3BECTKOBBIX VAOBPEHMI HA OCHOBAHUM UX
B3AVMOJEVICTBUS C IIOYBOMN

JlabopaTopua Yao6peHua VIHCTUTYTa ArpPOTeXHMKM, VAOoGpeHusa u IlouBoBeAeHuA B IlynaBax
Pes3omMme

400 © KMCHO/I MMHEDPAJBLHOM II0YBBI MOMEILAIOT B OYTLIIKY AnA B36aiTbIBAHUA
(bur. 1-a), npuausaroT 400 ma 1 H. pactBopa KCl u pobaBismT ucciaexyemoe yno-
OpeHre B KOJMYECTBE COOTBETCTBYIOLUEM OPAMHAPHON J03€ II0 TMAPOJIMUTUUECKON Ku-
CJIOTHOCTY IIOYBbI. BYTBIIKY COEAMHAIOT TepMETMYEeCK¥ C Tra30BOJIIOMETDUYECKMM
ammaparoMm (dur. 1-c) u B36aaThIBalOT B TedyeHMe 1 waca Ha rOPU3OHTANILHOM B36ai-
ThIBaloLleM ammapare (dbur. 1-b) ¢ ogMHAKOBO CKOPOCTBIO OKO0JIO 140 mepepBuUKeHMit
B MMHYTY.

OTHOCUTEJIBHYI0 XMMUYECKYI0 aKTMBHOCTB — R, T. €. BbIpazK€HHOE B IPOILEHTaXx
cootHoureHne KoamdectBa CaCOs (MgCOg), BCTYNMBLIETO B pPEAKUMIO C II0YBOIL
n oburero konmdecrBa CaCOz B HaBeckKe yAOOpeHMsA, B3ATON AJNA aHAAN3a, BbLIYM-
CJAIOT CIeAyolMM o0pas3oMm:

a-b
R =
c-44
rae
a — o6o3Hayaer 06beM COg, YCTAHOBJEHHBII HA Tra30BOJIOMETPUYECKOM aIlma-
pare (B MJ),

b — ynenenelt Bec COp IpM JaHHOM AaBJEHMM BO3AyXa M TEMIIEpATyDe,

¢ — HaBECKA MCCIEeyeMoro ynobpeHmusa B IlepecyeTe Ha OEMCTBYIOIEE HA4aJo
(CaCOg) B T.

Y@enbpHad XMMMUYECKad aKTUMBHOCTB MCCIERyeMOoro yaobpeHms — A BbIYMCIAETCA
B NPOLIEHTaX U3 COOTHOLUEHUA OTHOCUTENBHOV XMMWYECKO! aKTMBHOCTY NAHHOTO yHO-
6peHuss — R ¥ OTHOCHMTENBHOM XMMWYECKOI aKTMBHOCTM YIJIEKMCJIOrO KaJbLNA
Rcaco,, NPUHATOM B KadecTBe cTaHZapra 3a 100%, mo caeayroweit dhopmye:

R - 100

Rcacog

IIp1 OAMHAKOBBIX YCIOBUAX ONpERENEeHMUA IJA MCCIELYEMOro yAo6peHmsa um um-
croro CaCOgz (naBieHue BO3XyXa M TEMIEPATypa), MOXKHO YHENbHYIO XMMUYECKYIO
aKTMBHOCTb MCCIERYEMOTro yAob6peHns — A BBIYMCINTL HENOCPEACTBEHHO II0 COKpa-
HieHHoi dopmyne:

1 B RayecrTBe CUHOHMMOB: OTHOCHUTE/IIbHAA CKOPOCTb M CTENEHb HeNTPaIM3UDYIOLIero meli-
CTBUSA, PaCTBOPUMOCTD.
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a- 100
Qcaco,

rge

a — obo3nauaer o6vem COz B MJ, yCTAHOBJEHHBIA NJA HaHHOrO yAobpeHMa Ha
ra30BOJIIOMETPMYECKOM amnmapare, '

@ caco, — TOXe caMoe Aas umucroro CaCOs.

IlpepnaraeMblil ra30BOJIIOMETPMYECKUI METOJ ABJIAETCA NPUTOAHBIM HJA OIpe-
fleJIeHNA XUMMYECKO) aKTMBHOCTM KapOOHATHBIX M3BECTKOBBIX yRoOpenmit. JlaGopa-
TOpHbIE YCJOBUA ONpEefeNeHUA STMM METOAOM BecbMa OJM3KM K €CTeCTBEHHBIM
YCJIOBUSAM, B KOTOPBIX IIPOTEKAaeT IpPOLeCC B3aMMOAEMCTBUA YAOOpPEHMA C IIOYBOIL.
YcraHoOBJIEHA OTHOCUTEJNBHO XODPOILAA KOPPENAMSA MEXAY pe3yilbTaTaMy, HOJydeH-
HbIMM ra30BOJIIOMETPUYECKVM METOAOM M PEe3yJbTaTaMM BEreTalMOHHBIX OINBLITOB.

IIpy mpuMeHeHMM Tra30BOJIOMETPMYECKOTr0 MeToja Heobxoammo cobiaiojaTb Oxu-
HaKOBbIE€ YCJOBMUA BCTPAXMBAHMA (B OCOGEHHOCTM CKOPOCTb) M OAMHAKOBYIO TEMIIEe-
paTypy BO BpeMdA aHaim3a. CleayeT NpUMEHATL BCErfa OfAHY M Ty K€ CTaHAAPTHYIO
Mo4yBy, AubO IMOYBLI OTHOCHTENBLHO OGiaM3KMe MexKAy coboit o cBOMM (PU3IMKO-XUMM-
yecKuM cBoiicTBaM. IlouBa, IpMMeHsaeMasd B aHaJau3e, JOJKHA GbITh IAXOTHOM, JIETKOi1
no mexaHuyeckomy cocraBy ¢ pH < 5,0 u ¢ copepmxanuem rymyca << 3,0%o.



