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Several important fuel properties of peat were rapidly determined by FT-
IR spectroscopy, using the multlcomponent analysis program CIRCOM.
The following correlations (r2) were found between FT-IR data and data
obtained by traditional analytical methods, for 16 standard peat samples:
calorific value 0.93, carbon content 0.95, volatiles 0.92 and nitrogen con-
tent 0.98. Deterrmnatlons of hydrogen and ash contents in peat did not
give satisfactory results (12 = < 0.7).
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INTRODUCTION

Infrared spectroscopy makes possible a
rapid determination of important fuel
properties of dried and milled peat, with
only slightly lower precision than by tra-
ditional methods. The accuracy is high
enough to allow comparison of the sam-
ples although it is insufficient for tasks
such as the calculation of the efficiency of
a specific power plant.

A multicomponent analysis program
CIRCOM (computerized infrared charac-
terization of materials) for obtaining
quantitative data from infrared spectra of
coals was developed at Broken Hill Pro-
prientary Co. Ltd in Australia. Quantita-
tive results are obtained by a statistical ap-
proach which identifies those character-

istics of the spectra that are correlated
with specific properties of the samples,
and separates them from those that are
not. The procedure starts with a represen-
tative set of preanalysed samples, whose
spectra form a learning set from which the
program finds correlations of interest.
The program extracts a maximum amount
of information from the infrared spectra
with the aid of factor analysis followed by
multiple linear regression.

CIRCOM has been applied successfully
for the analysis of many important pro-
perties of coal (Fredericks et al. 1985a, b,
Fredericks et al. 1985, Verheyen et al.
1987). The following properties of brown
coal were analysed with a higher corre-
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lation than 0.9 (r2): ash content (0.93),
carbon content (0.94), specific energy
(0.93) and oxygen content (0.95). In addi-
tion, a study of samples from individual
brown coal fields gave good correlations
for volatiles (0.97), moisture content
(0.94) and the contents of Al,O3 and sev-
eral functional groups (Verheyen et al
1987).

Fourier-transform infrared spectro-
scopy has also been used for the rapid
characterization of peat. Intensity values
from selected wavenumber regions of the
infrared spectra of Swedish peats were
correlated with calorific value, degree of
decomposition, carbon content, nitrogen
content and content of amino acids and
amino sugars, with the use of partial least-
squares modelling with latent variables
(PLS). The correlations (r2) obtained with
40 peat samples were as follows: calorific
value 0.86, degree of decomposition 0.73,
nitrogen content 0.94, carbon content
0.84, galactose amine content 0.95 and
glutamic acid content 0.98 (Holmgren and
Norden 1988).

The fuel properties of peat have also
been analysed rapidly by near infrared
spectroscopy, with PLS used to calculate
the water content and calorific value from
the n.i.r. spectra. (Johansson et al. 1987).

In this work the multicomponent analy-
sis program CIRCOM was used for the ra-
pid determination of important fuel pro-
perties of peat.

MATERIAL AND METHODS

Selected fuel properties of 16 peat samples
collected in central Finland (Sphagnum-
and Carex-based peats) and northern Fin-
land (peats containing Bryales-peat) were
analysed by traditional methods and, after
drying (105°C, 24 h) and milling, by FT-
IR technique. Determinations by tradi-
tional methods were as follows: calorific
value by DIN 51900, volatiles by DIN
51720, ash content by DIN 51719 and the

contents of carbon, hydrogen and nitrogen
by Carlo Erba elemental analyser.

The infrared spectra were obtained us-
ing KBr pellet technique with the sample
amount of 2.0 mg in 200 mg KBr. The
spectra obtained by this technique were
slightly better than those obtained by dif-
fuse reflectance. Spectra were recorded
with a Perkin-Elmer 1760 instrument
equipped with a CIRCOM multicompo-
nent analysis program. The combined
spectral regions used were 4 000-2 500
and 2 000450 cm~!. The range 2 500-
2000 cm~! was excluded because of pos-
sible disturbances due to CO, in the air.
The number of data points was 1 525 per
one standard.

Three analytically determined values
which correlated poorly with the calculat-
ed values of nitrogen content, calorific va-
lue and carbon content were excluded
(two of these values were the properties of
SC H 3-peat with a very high ash content
and the third value was the very low ni-
trogen content in LS H 8-9 peat, Table 1).

RESULTS AND DISCUSSION

Table 1 shows the results of fuel analysis
of the peats obtained by traditional meth-
ods. There are some exceptions to the gen-
eral rule that, for a single type of peat,
carbon content and calorific value in-
crease with degree of humification. Pro-
bably the discrepancies are due to varia-
tion in the content of inorganic material.
Nitrogen contents are higher in Carex-
and Bryales-peats than in Sphagnum-
peats.

Figs. 1-4 show the correlation between
the analytically determined and the calcu-
lated values of the studied fuel properties.
The correlations (r2) were as follows:
calorific value 0.93, volatiles 0.92, carbon
content 0.95 and nitrogen content 0.98.
The correlation between analysed and cal-
culated data was poor (< 0.7) for hydro-
gen and ash.
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Fig. 1. The correlation between the calorific val-
ues of the samples analysed by DIN 51900 and
the values calculated from FT-IR spectra by the
multicomponent analysis program CIRCOM.

Kuva 1. DIN-normin 51900 mukaisesti mddritet-
tyjenkalorimetristenldmpéarvojen korrelointi FT-
IR spektreistd moniyhdiste-analyysiohjelma CIR-
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Fig. 2. The correlation between the contents of
volatiles determined by DIN 51720 and those
calculated by CIRCOM.

Kuva 2. DIN-normin 51720 mukaisesti mddritet-
tyjen haihtuvien aineiden mddrien korrelointi FT-
IR spektreistd CIRCOM-ohjelmalla saatuihin ar-
voihin.

COM'lla saatuihin arvoihin

Table 1. The important fuel properties of the peat samples analysed by traditional methods. S = Sphag-
num, C = Carex, B = Bryales, Er = Eriophorum, L = Woody peat, H= degree of humification, by von

Post's method, * = value not used in calculations due to poor correlation.

Taulukko 1.Turvendytteiden tirkedt polttoaineominaisuudet perinteisilld menetelmilld analysoituna. S =
rahkaturve, C = saraturve, B = ruskosammalturve, Er = tupasvillaturve, L = puuturve H = maatumisaste
von Postin menetelmdlld analysoituna, * = arvoa ei ole kdytetty laskuihin huonon korrelaation takia.

Peat — Turve Cal. value — Lampéarvo Volatiles — Haihtuvat C H N  Ash —Tuhka
Mg %
S H2-3 20.0 739 51.6 519 1.06 29
ErS H3-4 20.5 729 52.6 529 110 1.9
ErS H8-9 23.7 68.3 57.8 577 146 29
ErS H6-7 23.1 68.1 56.6 541 091 2.0
ErS H2 20.6 72.7 52.4 543  1.02 2.1
ErS H4 23.8 69.4 56.9 620 148 35
ErS H6 219 65.9 549 548 146 3.0
LS HS 224 61.9 53.9 567 178 8.8
S H3 22.5 69.5 55.0 6.19 131 4.6
SC H6 20.7 67.6 51.9 539 2.88 8.3
C HS 21.8 63.4 529 566 199 79
LS H89 222 66.5 55.0 537 0.67* 49
B H4 209 69.9 50.4 595 3.16 6.3
S HI=2 19.9 73.7 50.5 540 0.86 1.5
BC H4 20.7 71.1 50.9 560 292 5.1
SC H3 20.1 65.3* 502*% 572  1.62 11.2
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Fig. 3. The correlation between the carbon con-
tents determined by elemental analyser and those
calculated by CIRCOM.

Kuva3.Alkuaineanalysaattorillaanalysoitujen hii-
lipitoisuuksien korrelointi CIRCOM-ohjelmalla
saatuihin arvoihin.

CONCLUSIONS

The correlations between FT-IR data and
measured values obtained by traditional
analytical methods are shown to be good
(r2 > 0.9) in the analysis of carbon con-
tent, calorific value and volatile content,
and excellent in the analysis of nitrogen
(r2 = 0.98). The rapid analysis is uncertain
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Fig. 4. The correlation between the nitrogen con-
tents determined by elemental analyser and those
calculated by CIRCOM.

Kuva 4. Alkuaineanalysaattorilla analysoitujen
typpipitoisuuksien korrelointi CIRCOM-ohjelmal-
la saatuihin arvoihin.

for peats of exceptionally high ash content
(> 9%) or low nitrogen content (< 0.8%).
Holmgren and Norden (1988) -earlier
found a good correlation between analy-
tically determined and calculated nitrogen
concentrations (r2 = 0.94) when using the
diffuse reflectance technique in conjunc-
tion with the PLS regression method.
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TURPEEN TARKEIDEN POLTTOAINEOMINAISUUKSIEN NOPEA ANALY-
SOINTI FT-IR SPEKTROSKOPIAN AVULLA

Tyossd tutkittiin  kuinka tarkasti FT-IR
spektrometrilla, joka on varustettu moni-
yhdiste-analyysiohjelmalla  (CIRCOM)
voidaan analysoida nopeasti turpeen tir-
keitd polttoaineominaisuuksia. Tarkastel-
lut ominaisuudet (kalorimetrinen 14mpo-
arvo, haihtuvien aineiden pitoisuus, hiili-,
typpi-, vety- ja tuhkapitoisuus) mééritet-
tiin ensin perinteisilld menetelmilld kuu-
destatoista turvendytteestd. Tamén jalkeen
ndytteistd ajettiin infrapunaspektrit ja ana-
lysoidut tulokset syotettiin spektrien ohel-
la CIRCOM-ohjelman késiteltdvéksi. Hyva
korrelaatio spektrien ja analyysitulosten
vililli (r2 > 0.9) saatiin limpoarvolle
(0.93), haihtuvien aineiden siséllolle

(0.92) ja hiilipitoisuudelle (0.95). Typpi-
pitoisuudet korreloivat erittdin hyvin IR-
spektrien kanssa (r2 = 0.98). Tuhka- ja ve-
typitoisuuksien korrelaatiot IR-spektrei-
hin olivat huonot (12 < 0.7).

Tulokset osoittivat, ettd turpeen kalori-
metrinen ldmpoarvo, haihtuvien aineiden
pitoisuus, hiilipitoisuus ja typpipitoisuus
voidaan mairittdd suhteellisen hyvalla
tarkkuudella ja nopeasti CIRCOM-ohjel-
malla varustetulla FT-IR spektrometrilla.
Turpeen suuri tuhkapitoisuus (> 9% kui-
vapainosta) aiheuttaa epitarkkuutta. Jos
typpipitoisuus on hyvin pieni (< 0.8%),
saatu tulos saattaa myos olla epitarkka.
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