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Thermogravimetry and differential thermal analysis have been applied to the study 
of peats from the main Spanish basements. 

The results obtained show that the degree of transformation of the organic matter 
increases as the depth of the peat increases. 

The intensity of the weight loss corresponding to the first exothermic effect (directly 
related to the carbohydrate content of the sample, and inversely related to the content 
of humic compounds) is, in the case of the peats with a high degree of transformation, 
strongly influenced by the nature of their humic acids. 

On the other hand, the displacement of this exothermic effect towards lower tem- 
peratures is directly related to the ash content of the samples. 

I t  is well known that thermogravimetry and differential thermal analysis are 
useful techniques in the study of minerals and organic compounds. Valuable 
information can also be obtained with these techniques in the study of the nature 
of  soil organic matter and of other materials having potential application as fuels. 

Because of the complex qualitative and quantitative compositions, soil organic 
matter undergoes pyrolytic decomposition in different stages. The characteristics 
of  the constituents can be related to the stage in which their transformation 
takes place. 

Studies b y  several authors coincide in pointing out that hygroscopic moisture 
is lost at low temperatures (around 100~ this being recognized in the curves by 
a slight weight loss and by a slight endothermic effect. 

At somewhat higher temperature (up to 300~ the destruction takes place 
of  the less condensed components, such as the polysaccharides or the more thermo- 
labile components of  the humic acids (functional groups and aliphatic com- 
pounds). Finally, at about 500 ~ , thermal effects are attributed to the pyrolysis of  
the more condensed materials, such as the aromatic components of  lignin and 
the "nuclear" region of the humic acids. Hoffman and Schnitzer [1] have 
studied humic and fulvic acids by TG, and have pointed out that the extent 
and intensity of  the first exothermic effect is inversely related to the degree of  
humifiCation of the corresponding samples. 

Stewart et al. [2] have studied different samples of peat, and observed that the 
content of  slightly transformed materials was proportionally related to the inten- 
sity of  the first exothermic effect, concluding that the degree of humification of 
the peats increased with depth in the peat profile. 
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In the present investigation, the above criteria are applied to results obtained 
by thermal techniques from several representative Spanish peats. Some of these 
peats have a high degree of decomposition (sapric type), and show organoleptic 
properties that are very homogeneous along the profile. A clear differentiation of 
the materials from the different depths could not be established either by the 
criteria of Von Post or by fibre content determination. An investigation of the 
degree of peat transformation would thus require long quantitative and quali- 
tative physicochemical determinations. We attempt to simplify the effort by means 
of thermoanalytical determinations, which preclude the need for laborious separa- 
tions and extractions. 

Materials and methods 

Materials 

The samples studied here are from different depths of three peat horizons from the 
basements of Mazag6n, Daimiel, Torreblanca and Padul. 

Samples M1, M-2 and M-3. 

Locality and situation: Peat "Las Madres". T6rmino de Moguer (Huelva, Spain). 
Altitude: 15-20 m above sea-level. 
Geological formation: Quaternary polygenic material. 
Vegetation: Cladium mariscus, Dyropteris sp., Phragmites communis, Erica sp., 
Typha sp. 
Depth in the horizon of the studied samples: M-l: 2 2 - 4 4  cm, M-2" 45 -80  cm, 
M-3" 80-100 cm. 

Samples D-l, D-2 and D-3. 

Locality and situation: Finea Zoacorta (Ojos del Guadiana). (Daimiel. Ciudad 
Real. Spain) 
Altitude: 560 m above sea-level. 
Geological formation: Pontian karstic limestones. 
Vegetation: Cladium mariscus, Phragmites communis. 
Depth in the horizon of the studied samples: D-l:  0 - 9 0  cm, D-2: 90-150 cm, 
D-3:150-200  cm. 

Samples T-l, T-2 and 7"-3. 

Locality and situation: Peat of Torreblanca. Castell6n de la Plana, Spain. 
Altitude: Sea-level. 
Geological formation: Coastal lagoon formation. 
Vegetation: Eliminated. 
Depth in the horizon of the studied samples: T-l: 0 - 5 0  cm, T-2: 50-100 cm, 
T-3 : 100- 200 cm. 

J. Thermal Anal. 24, 1982 



A L M E N D R O S  et al.: STUDY OF SEVERAL SPANISH PEATS 177 

Samples P-I, P-2 and P-3. 
Locality and situation: Peat  o f  Padu l  ( G r a n a d a ,  Spain).  
Altitude: 760 m above  sea level. 
Geological formation: Neogenic  bas in  tha t  underwent  s t rong subsidence.  
Vegetation: Eliminated .  
Depth in the horizon of the studied samples: P - l :  1 0 - 5 0  era, P-2:  5 0 - 1 0 0  cm, 
P-3:  1 0 0 -  140 cm. 

Methods 

Deriva t ive  the rmograv imet r i c  curves and differential  t he rmal  analysis  curves 
were ob ta ined  on  a C H Y O  the rmoba l ance  mode l  T R D A H ~  with  a recorder  incor-  
pora ted .  200 mg o f  sample  was di lu ted  at  12.5 % into ca lc ined A1208, the  la t te r  
being used as a reference for  D T A .  At  a hea t ing  ra te  o f  10e/rain, the  sensit ivity 
o f  the  r ecorde r  was set at  5 mg/min  for  D T G  and at  250/~V for  D T A .  

Results and discussion 

Analy t i ca l  character is t ics  o f  the  peats  which may  be  o f  interest  for in terpre ta-  
t ion  o f  the  results  f r om the rma l  analysis  a re  given in  Table  1. 

F igures  1 to  4 show D T G  and D T A  curves f rom the pea t  samples ,  and  Tab le  2 
gives the  percentages  cor respond ing  to each significant effect. 

Table 1 

General analytical characteristics of the peats 

Sample Fiber content, ~ C  C/N ~ ash ~ 1st THE, F /H C. H 
weigth eft. H A  ~ C  %C 

M-1 66.74 45.51 24.33 22.2 61.5 49.63 0.17 3.24 
M-2 52.49 47.37 26.17 18.4 45.5 62.21 0.22 3.19 
M-3 6.96 20.69 19.52 63.2 26.3 70.66 0.38 1.55 
D-1 68.91 46.67 33,34 30.7 45.5 35.55 0.49 5.80 
D-2 57.68 35.66 32.42 33.3 44.5 38.05 0.50 1.80 
D-3 55.77 31.85 24.50 32.7 43,9 58.90 0.30 2.08 
T-1 15.47 36.69 20.38 28.1 45.0 54.57 0,32 2.43 
T-2 16.32 35.09 19.49 27.1 37,9 60,48 0,33 3.38 
T-3 17.02 44.25 24.58 19.2 43,2 64,04 0.46 4.88 
P-1 5.37 43.60 21.40 22.2 44,4 73,62 0.53 1.41 
P-2 1.82 47.20 27.30 16.7 40.0 53.63 0,55 1.60 
P-3 1.32 47.50 22.11 11.3 35.4 51.50 0,73 2.01 

%lst eft HA: area of the first exothermic effect in the humic acids (%) THE: Total humic 
extract (% respective to total C); F/H: Fulvic acids/humic acids ratio; C.H.: Percentage of 
carbohydrates in respect to the weight of peat 
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Fig.  1. T G  and D T A  curves f rom samples  taken at different depths.  Peat f rom M a z a g 6 n  
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Fig.  2. T G  a n d  D T A  curves f r o m  samples taken at  di f ferent depths.  Peat  f r o m  D a i m i e l  
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Fig. 3. T G  and D T A  curves f rom samples  taken at different depths.  Peat from Torreblanca 
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Fig.  4. T O  and D T A  curves from samples  taken at different depths.  Peat from Padul  
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Table 2 

Percentages representing the different significant thermal effects in DTG and DTA curves 

_ ~ OrA 50.0 50.0 
DTG 36.2 63.8 

M - 2 OTA 45.1 54 9 
DTG 38.0 62.0 
DTA 29.4 70.6 M-3 DTG 26.9 731 
DTA 64.0 20,0 16.0 D-1 
OTG 5~,6 24.4 2q.O 
DTA 62.7 156 z~7 

D - 2 DTG 522 ~ 

O - 3 OTA 54.5 30.3 15.2 
OTG 47.1 ~ 17i7 
DTA 55.0 45.0 T - 1  DTG 42,.9 57.1 
DTA 52.4 47.6 T - 2  DTG 4B'T3 
DTA 51,4 48J5 T - 3  DTG 3 ~  

P - 1 DTA 38.3 51.1 10.6 
DTG 34.7~Us 14,.3 
DTA 35.6 562 7.7 P - 2  DTG 3~.7 54.6 10~7 

P - 3  DTA 34.6 26.9 27,0 11.5 
DTG 2~.a 2 6 7  ~ ~ - -  

Z00 250 300 350 400 460 500 560 600 
Ternpera~ ure  oC 

Both percentages were planimetrically evaluated from the surfaces of the corresponding 
differential curves, excluding the'moisture peaks 

In the curves of the peat from Mazagdn (Fig. 1 and Table 2) the percentage 
corresponding to the weight loss during the first effect tends to decrease as the 
depth in the horizon increases, so that for specimen M-3, having a high content 
of  extractable humic compounds (respective to total C) and a low polysaccharide 
content (sapric type), the bulk of the organic matter corresponds to compounds 
whose destruction takes place at about 400 ~ Additionally, a high ash content 
results in the intensities of both effects being lower than for specimens M-1 and 
M-2 and, possibly, the low temperatures at which these effects occur. This will 
be discussed below. 

The results are comparable in the case of the peat from Daimiel: the areas of  
the first peak are higher in the curves from the top horizons, where thermolabile 
compounds of the type of  incompletely decomposed roots predominate. The 
percentage corresponding to the effect at about 341 ~ (64 ~ )  is the highest for all 
the peats studied here, in correspondence with the polysaccharide content (Table 1), 
which is higher than in the remaining samples. 

In the peats from Torreblanca and from Padul, in contrast, the different horizons 
are difficult to differentiate at first sight: they have a rather low fibre content, that 
remains practically invariable down the profile. Even then, the results from deriv- 
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ative thermogravimetry and from differential thermal analysis show again that the 
percentages for the first thermal effect decrease with depth. Characteristic features 
in the curves from the peat from Padul (the one having the highest degree of 
decomposition) are the low values for the percentage of the first effect (28 - 34 ~ ;  
DTG) being comparable only to the value for the sapric horizon of the peat from 
Mazagdn, and also the elevated temperatures at which the two final effects take 
place, which could be attributed to the low mineral content of this sample. 

In view of the above results, it is confirmed that differential thermal analysis is 
an adequate procedure for obtaining information on the degree of humification 
of organic matter. This is so even for peats of the more pronounced sapric type, 
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Fig. 5. Increase in the weight loss at 320--360 ~ as a function of the carbohydrate content of 
the peat 

where thermostable aromatic material predominates and where the contribution 
of polysaccharide materials is of little significance (they represent less than 10 ~o, 
but in many instances no more than 3 ~ of the total C content). 

Figure 5 shows how the low content of polysaccharides is indeed related to the 
percentage representing the area of the first exothermic effect. On the other side 
(Fig. 6), the weight percent of humic substances extractable from the peat is 
inversely related to the intensity of this effect, because these substances have a 
much more thermostable character, despite the fact that a considerable amount 
of them is destroyed at about 400 ~ . 

When techniques of thermal analysis are applied to the study of the fraction of 
humic acids extracted from peats, it is observed that the percentage representing 
the first exothermic effect also shows a certain trend to decrease with depth in 
the horizon (Table 1). It appears, therefore, that in the case of highly transformed 
peats, the intensities of the different thermal effects are mainly influenced by the 
nature of the corresponding humic compounds. Independently, the influence of 
the content of humic acids (highly abundant in this type of peats), and of the low 
content of carbohydrates, must be taken into consideration. 
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On the other hand, the proportion of  cellulose and other plant residues in 
general, as well as the fibre content of the less decomposed peats (frequently 
studied by authors who collect peat from colder climates), are decisive parameters 
for recognizing the degree of transformation of these types of  peats. 

Fig. 6. Decrease in the 
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Fig. 7. Peak temperature of the first exothermic effect as a function of the mineral content of 
the peat 

The strong qualitative influence of humic acids is best manifested in the case 
of the peat from Padul, where one can observe the percentages due to the first 
effect increasing in the sense of the more superficial horizons, despite the fact 
that the polysaccharide content increases and the content of  extractable humic 
substances decreases in the deepest horizons. 

The remaining variables studied (Table 1) show little correlation with the area 
of  the first exothermic effect. 

Finally, a certain correlation may be established between the mineral content 
of the peats and the temperature at which the different thermal effects take place. 
According to Hoffman and Schnitzer [1 ], formation of organometallic complexes 
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promotes a significant shift of the maxima towards lower temperatures, this effect 
being more pronounced as the proportion of the mineral cation forming the 
complex increases. 

Among the cases studied here, it has already been indicated that the two main 
peaks in the curves corresponding to the third horizon of the peat from Mazagdn 
lie at relatively low temperatures because the mineral content of this particular 
sample is very high. Inversely, the low ash content of the peat from Padul can be 
correlated to the fact that thermal effects take place at high temperatures. The 
relationship between the ash content and the temperature of the first exothermic 
effect (Fig. 7) may be interpreted as a decrease in the second parameter due to the 
higher possibilities of formation of certain organomineral complexes. 
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ZUSAMMENFASSUNG - -  Die  t h e r m o g r a v i m e t r i s c h e  Ana lyse  u n d  die Di f fe ren t i a l the rmoana lyse  
w u r d e n  z u m  S t u d i u m  y o n  Tor fen  aus  den  wicht igs ten  span i schen  Lagerst~itten eingesetzt .  

Die  e rha l t enen  Ergebn i sse  zeigen, dab  der  U m w a n d l u n g s g r a d  der o rgan i schen  Subs t anz  mi t  
z u n e h m e n d e r  Tiefe des  Tor fes  z u n i m m t .  

Die  Intensi t / i t  des  d e m  ers ten  e x o t h e r m e n  Effekt  e n t s p r e c h e n d e n  Gewich tsver lus tes  (welcher  
d e m  K o h l e n h y d r a t g e h a l t  der  P robe  direkt  u n d  se inem H u m i n v e r b i n d u n g s g e h a l t  u m g e k e h r t  pro-  
por t iona l  ist) wird i m  Fal le  yon  Tor fen  von  h o h e m  U m w a n d l u n g s g r a d  d u r c h  die Beschaf fen-  
heit  ihrer  H u m i n s / i u r e n  s ta rk  beeinfluBt. 

Andere r se i t s  ist die Ve r sch i ebung  dieses e x o t h e r m e n  Effekts in R i c h t u n g  der  n iedr igeren  
T e m p e r a t u r e n  d e m  Aschegeha l t  der P r o b e n  direkt  p ropor t iona l .  

Pe3ioMe - -  TepMorpaBrlMeTp~Ur ri ~i, iqb~pepemlrla2ir~rll~i~ TepMrlUeClCJ~ aHaslt,i3 6J~lJI HelioJn,- 
3oBaH ~JIa ~3yqeH~Ia Top~oB B rnaBrlblX IelClIaHClG~X IIO;lBao~ax. IIoJiy~erIm, ie pe3ynl~TaTbI iioKa- 
3a~iI, i, "-ITO crenerm npeBpan~em, cq oprarlri,~ecKoro sei~ecTBa yBeJnI~LrIBaeTca 110 Mepe yBenrluei~ 
rJIy6l, inI, I Topdoa. CTeliem~ IIOTepH Beca Ha IlepBoM 3K3OTepMrlUeCKOM melKe (IIp~MO CB~t3am-ioro c 
co~iepmaH~IeM yr2IeBoAoB II B 06paTHO~ CTelIeH~I C coAep~KaHI, IeM FyMBHOBI:,IX coe~HHeI-IHft B 06- 
pa3IIe) B COlplae TOp~OB C BblCOKOI~I cTenenblo IlpeBpalJ2eHHS, cl, ISll~rto 3aBKCHT OT IlprlpO~lbI ~IX 
FyMHHOBblX KIICTIOT. C ~pyro~  cTopolfbI, Ct,IBHF 3TOFO 3K3OTepMItqeCKOFO nrn~a x 600Iee I~rI3I~nM 
TeMiiepaTypaM naxo;l!elTC~t B npSMOft 3aBHC//IMOCTH OT co;IepxalaH~ 30JIM. 
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