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TEMPERATURE RANGE

Abstract

The purpose of this study was to explain the reason of the FID signal intensity change for soil samples in the positive
temperature range (0-40°C). According to the reference data the main cause is the presence of the paramagnetic ions in
soil. The experiment conducted on 4 cohesive soils showed that the main reason of FID changing could be the change of
the water s heat of the vaporization, decreasing as the temperature increases. NMR Spectrometry method was used in the

research and Statistica 9.1 software was used for statistical analysis.
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1. Introduction

Free Induction Decay (FID) is a parameter
used in H'-NMR researches for the determination
of the amount of liquid water in a sample. Based
on the FID signal intensity we can also calculate
the water content of the soil samples with the
known mass [1]. This parameter changes with
temperature. In the negative temperature range,
FID signal intensity decreases from the beginning
of the freezing, what is associated with decreasing
of the unfrozen water content [2, 3]. FID reduction
is also observed in the positive temperature range
as the temperature increases [4, 5]. According to
the reference data [5], the main cause of the FID
variability observed in positive temperatures is
the presence of paramagnetic ions. The authors’
research showed a relationship between the mass of
the water in the sample and the heat of vaporization
of water, decreasing with temperature increase. This
relationship may indicate another reason for the
increase of FID signal intensity. In turn, the adoption
of the thesis that paramagnetic ions don’t have a
significant effect on the FID signal intensity will

allow the optimization of research methodology and
analysis in the case of the research using soils with
different content of paramagnetic ions.

2. Experiment and Materials

The experiment was conducted by the use of the
Bruker Minispec mq 20 spectrometer. The mass of
the water in each soil sample was determined at the
following temperatures: 0°C, 10°C, 20°C, 30°C,
40°C. The amount of the water evaporated from each
soil sample and temperatures was compared to the
water’s heat of vaporization, which decreases as the
temperature increases (Table 1) [6].

Table 1. The dependence between the water’s heat of
vaporization and temperature [6]

Temperature [°C] He:ft :,fa::: [\:(aﬁ:;ljz]ation
0 2500.8
10 24773
20 2453.5
30 2430
40 2406
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Experiments were performed on the 11 samples of
four different cohesive soils because of that, the size
distribution of the soil has no effect on the FID signal
intensity [7]. Research material consisted of three
model soils: SWy-2 (Wyoming bentonite), KGa-1b
and KGa-2 (kaolins from Georgia) and one natural
silty sand saSi (according to PN EN ISO 14688-
1: 2006) derived from the Beczkow near Kielce.
Physico-mechanical parameters of the soils are
presented in Table 2.

Table 2. Physico- mechanical parameters of the soils

SWy-2 KGa-1b KGa-2 saSi
Plastic limits, wp [%] 35 26 30 8
Liquid limits, wl [%] 519 40 51 15
Theaveragemassof | 10000 | 12351 | 1372 | 8416
water in soils [mg]

3. Results and Analysis

A decrease of the FID signal intensity with
temperature increasing (0-40°C) was observed.
Masses of the water in the soil samples in the different
temperatures were successively calculated on the
base of the FID signal intensity. Statistical analysis
showed that the mass of evaporated water in each soil
sample at given temperature is proportional to the
change of the temperature (Fig. 1, Table 3).
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Fig. 1. The increase in the amount of the water evaporated
from the soil as the temperature increases

Table 3. Analysis of variance for the influence of the
temperature on the mass of evaporated water in soil samples

SS df Ms F p
Intercept 20278.33 | 1 | 20278.33 | 823.6123 | 0.000000
Mass of evaporated water | 4227.56 | 16 | 264.22 | 10.7315 | 0.000001
Error 54167 | 22| 2462
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The correlation coefficient of the mass of the
evaporated water with the temperature was high and
amounted to 0.9. A similar correlation was obtained for
the same correlation with the heat of the vaporization
of water (r = -0.9) (Fig. 2), which may indirectly
evidence the significant influence of the water’s heat
of vaporization on the FID signal intensity.
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Fig. 2. The decrease in the mass of water evaporated from
the soil with an increase in heat of vaporization of water

A significant correlation between the heat of the
evaporation of water and the mass of evaporated water
at specified temperatures for testing of soil samples
was confirmed by analysis of variance (Table 4).

Table 4. Analysis of variance for the influence of the heat
of vaporization of water on the mass of water evaporated
from the soil.

ss | df| Mms F P
Intercept 4888.163 | 1 | 4888.163 | 1062.897 | 0000000
Heatof vaporization | ., .00 | 5 | 3530 | 52954 | 0.000000
of water
Terror 160.962 | 35 4,599

4. Conclusions

— The mass of the evaporated water increases
proportionally with the increase of temperature (0-
40°C) in each sample cohesive soils.

— The change of the amount of mass of evaporated
water in each of the sample of cohesive soil has
a direct relationship with the heat of water’s
evaporation in the soil.

— The mass of evaporated water in each soil sample
in the positive temperature decreases along with
increasing of the heat vaporization of the water in the
soil. This is probably connected with the increase of
the energy required in order to evaporate the portion
of water in the soil at lower temperatures.
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— The decrease of the FID signal intensity with
temperature increase (0-40°C) in H-NMR studies
of the cohesive soils is related to the change of
the amount of evaporated water mass in each soil
sample, which depends on the heat of water’s
evaporation in the soil.

— NMR studies of the water content in soil should be
made in as low temperature as possible in order to
reduce the water evaporation in a soil sample.

— The FID signal intensity in H-NMR tests for the
various soil samples is comparable only in this
specified positive temperature.
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Intensywnosc sygnatu (FID) w badaniach NMR
gruntow spoistych w zakresie temperatur dodatnich

1. Wprowadzenie

Free Induction Decay (FID) to parametr wykorzy-
stywany w badaniach H'-NMR do okreslenia ilo$ci
wody w stanie cieklym w probce gruntu. Na jego
podstawie mozemy réwniez obliczy¢ wilgotnosé
probki gruntu o znanej masie [1]. Intensywnos¢ sy-
gnatu FID zmienia si¢ z temperatura. W zakresie tem-
peratur ujemnych intensywnos¢ sygnatu (FID) male-
je od momentu rozpoczgcia zamarzania, co ma zwia-
zek ze zmniejszeniem ilo$ci wody niezamarznigtej
[2, 3]. Spadek FID jest rowniez obserwowany wraz
ze wzrostem temperatury w zakresie temperatur do-
datnich [4, 5]. Zrodta literaturowe [5] wskazuja, ze
gléwna przyczyna obserwowanej zmiennosci FID
w zakresie temperatur dodatnich jest obecnos¢ jo-
néw paramagnetycznych. W badaniach autorskich

zaobserwowano pewng zaleznos¢ miedzy masg wody
W probce a cieptem parowania wody malejacym wraz
ze wzrostem temperatury. Zalezno$¢ ta moze wska-
zywaC na inng przyczyn¢ wzrostu intensywnosci
sygnatu FID niz obecnos¢ paramagnetykow. Z kolei
przyjecie tezy o braku znaczacego ich wptywu na in-
tensywno$¢ sygnalu FID pozwoli na optymalizacj¢
metodyki badawczej i analizy wynikow w przypadku
badan na gruntach o réznej zawarto$ci jonoOw para-
magnetycznych.

2. Materiat i metody badawcze

Badania przeprowadzono przy uzyciu spektrome-
tru NMR minispec mq20 firmy Bruker. Mas¢ wody
w poszczeg6lnych probkach gruntéw okreslano dla
temperatur: 0°C, 10°C, 20°C, 30°C, 40°C. Ilos¢
wody wyparowanej w poszczegdlnych probkach
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gruntéw i1 temperaturach porownywano do ciepla
parowania wody, ktore maleje wraz ze wzrostem tem-
peratury (tab. 1) [6].

Z racji, iz sktad granulometryczny nie ma wptywu
na intensywnos$¢ sygnatu FID[7] eksperymenty prze-
prowadzono na 11 probkach czterech r6znych grun-
tow spoistych. Materiat badawczy stanowity 3 grunty
uznawane zamodelowe: SWy-2 (bentonitz Wyoming),
KGa-1b i KGa-2 (kaoliny z Georgia) oraz naturalny
pyt z piaskiem saSi (zgodnie z PN-EN ISO 14688-
1:2006) pochodzacy z Beczkowa koto Kielc. Para-
metry fizykomechaniczne badanych gruntéw zebrano
w tabeli 2.

3. Analiza wynikow badan

Zaobserwowano spadek intensywnosci sygna-
hu FID wraz ze wzrostem temperatury (w zakresie
0-40°C). Kolejno obliczono mas¢ wody w probkach
gruntéw w poszczegolnych temperaturach na podsta-
wie intensywnos$ci sygnatu FID. Analiza statystycz-
na wykazala, iz masa wody wyparowanej w kazdej
probee gruntu w okreslonej temperaturze jest propor-
cjonalna do zmian temperatury (rys. 1, tab. 3).

Wspotczynnik korelacji masy wody wyparowanej
z temperaturg byt wysoki 1 wyniést 0,9. Podobng za-
lezno$¢ uzyskano dla tej samej korelacji z cieplem
parowania wody (r = -0,9) (rys. 2) co moze $§wiad-
czy¢ posrednio o istotnym wptywie ciepta parowania
wody na intensywno$¢ sygnatu FID. Istotng zalez-
nos$¢ miedzy cieptem parowania wody a masg wody
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wyparowanej w okreslonych temperaturach dla bada-
nych probek gruntéw potwierdzita analiza wariancji
(tab. 4).

4. Wnioski

— Wraz ze wzrostem temperatury (w zakresie 0-40°C)
proporcjonalnie wzrasta masa wody wyparowanej
w poszczegdlnych probkach gruntéw spoistych.

— Zmiana ilosci masy wody wyparowanej w kazdej
z probek gruntow spoistych ma bezposredni
zwiazek z cieptem parowania wody w gruncie.

— Masa wody wyparowane] w poszczegdlnych
probkach gruntow w danej temperaturze dodatnie;j
spada wraz ze wzrostem ciepta parowania wody
w gruncie. Prawdopodobnie ma to zwigzek
ze wzrostem energii potrzebnej w nizszych
temperaturach do odparowania wody w gruncie.

— Spadek intensywnosci sygnalu FID wraz ze
wzrostem temperatury (w zakresie 0-40°C)
w badaniach H-NMR na gruntach spoistych ma
zwiazek ze zmiang ilo$ci masy wody wyparowanej
w poszczegdlnych probkach gruntdéw, ktora zalezy
od ciepta parowania wody w gruncie.

— Badania wody w gruntach przy uzyciu NMR
powinny by¢ wykonywane w mozliwie niskich
temperaturach dodatnich w celu ograniczenia
parowania wody w probce gruntu.

— Intensywno$¢ sygnatlu FID w badaniach H-NMR
dla réznych probek gruntéw jest poréwnywalna
tylko w danej okreslonej temperaturze dodatnie;.



