
Introduction

Alginic acid (Halg) is a linear polysaccharide extracted

from brown seaweeds with several applications e.g. food

and pharmaceutical industries [1–3]. The polymeric chain

is composed of α-L-guluronic (G) and β-D-

mannuronic (M) acid units, and can exist in different ar-

rangements, joined with 1–4 glycosidic bonds [4]. A rep-

resentative structure of the Halg is presented below, with

x mannuronic (M) and y guluronic (G) acid units.

Due to the presence of the carboxylic groups in

the polymeric chain, Halg can form alginate salts with

some cations and amines [2, 5, 6]. The presence of

different cations can change the properties of the

alginates, depending on their charges, size and nature,

defining the applicability of the salts [4–6].

Thermal analysis and the properties of alginate

fibres have been recently published in [7].

Ethanolamines have great importance and a wide

scale of application in pharmaceutical, chemical and

cosmetic industries [8]. However, with regard to the

interaction of these compounds with Halg [9], only

few of them are known and to understand the nature

of such interaction may possibly serve as a model for

more complex problems, such as controlled drug re-

lease and the removal of organic pollutants from

contaminated water.

In this work the thermal behaviour of ammo-

nium (NH4alg), mono- (MEAalg), di- (DEAalg) and

triethanolammonium (TEAalg) salts of alginic acid

were investigated using thermogravimetry (TG) and

differential scanning calorimetry (DSC) in order to

compare the thermal stability and the changes in their

decomposition pathways.

Experimental

All the reagents were of analytical grade and used

without further purification unless described. Water

was distilled twice in a quartz distiller before use.

Preparation of the ammonium, MEA, DEA and TEA

alginates

Initially a desired amount of alginic acid (Aldrich)

was dissolved with a suitable volume

0.5 mol L
–1

NaOH and stirred for 3 h at room temper-

ature. After then 0.5 mol L
–1

HCl was added until

reaching pH=2.5 in the supernatant. The resulting

solid was filtered in quantitative paper and washed

with water until neutral pH and negative test to chlo-
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ride ions. Then the Halg was lyophilized for 24 h and

kept in a desiccator over silica gel under reduced

pressure.

Alginates were prepared by direct reaction be-

tween alginic acid (purified see above) and stoichio-

metric amounts of ammonium hydroxide, mono-, di- or

triethanolamine. For that, a desired amount of previ-

ously purified Halg was suspended under stirring in

water for three hours at room temperature in a reac-

tion vessel. Then, an appropriate amount of amine

was added to this suspension and the mixture was

stirred for 24 h at room temperature. After that the

salts were precipitated in 0% (v/v) ethanol:water 50%

and filtered then washed with cold ethanol until neu-

tral pH. Finally the alginates were lyophilized for 24 h

and kept in desiccator under silica gel.

Methods

The resulting salts were characterized by elemental

analysis (C, N, H) performed in an EA-1110 CHNS-O

CE Instruments apparatus and Fourier transform in-

frared absorption spectra (FTIR) obtained in the

4000–400 cm
–1

region using a Nicolet 5SXC Infrared

Spectrophotometer with 4 cm
–1

resolution. Samples

were analysed in KBr pellets. In order to minimize the

water absorption during sample-handling, a 100 W

incandescent lamp was used over the bench at

ca. 50 cm far from the sample.

TG/DTG, DTA and DSC measurements

TG/DTG and DTA curves were recorded using an

SDT-Q600 simultaneous TG-DTA thermal analyzer,

TA Instruments. ca. 7 mg of initial sample masses in

an Al2O3 sample holder at 10°C min
–1

heating rate

from 25 to 1000°C under dynamic air and N2 atmo-

spheres (100 mL min
–1

). DSC curves were recorded

on a Q-10 Differential Scanning Calorimeter, TA In-

struments, in hermetically closed aluminium sample

holder. ca. 3 mg of initial sample mass and

10°C min
–1

heating rate, from –50 to 150°C min
–1

and

50 mL min
–1

dynamic N2 atmosphere.

All the thermoanalytical experiments were car-

ried out under atmospheric pressure.

Results and discussion

Elemental analysis and the FTIR data for the prepared

salts are described in Table 1. The amounts of C, H

and N are consistent with the proposed formulas, but

it should be considered that the water content might

vary markedly during the sample handling. FTIR

spectra showed changes in the carboxyl group bands

that appeared at 1737 and 1637 cm
–1

in the Halg and

at ca. 1610 cm
–1

in the ethanolammonium and

1600 cm
–1

in the ammonium salts due to the asymmet-

rical stretching, and another at ca. 1400 cm
–1

due to

the symmetric stretching of the C–O bonds in the

carboxylate anion for all salts. These results confirm

that the salts were obtained.

Thermoanalytical results

The TG/DTG curves are presented in Fig. 1a under air

and Fig. 1b under nitrogen. DTA curves are presented

in Figs 2a and b also in air and nitrogen, respectively.
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Fig. 1 — – TG and --- – DTG curves under a – air and b – nitrogen for the compounds



The observed events in these curves are summarized

in Table 2, which contains the temperature intervals

and mass losses in air and nitrogen.

Halg

The acid presented a dehydration process in both atmo-

spheres causing approximately 3.3% of water loss. Un-

der air decomposition occurred after dehydration in

two overlapping steps leading to a carbonaceous resi-

due which burns in the sequence. Under nitrogen a

single decomposition step represented by a continuous

mass loss that extends up to the end of the experiment.

NH4alg

After dehydration a first decomposition step ap-

peared, which, according to the DTG curves splits in
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Table 1 Amount of carbon, hydrogen and nitrogen found (calculated) and main infrared absorption bands for the prepared compounds

Compound
Found (calc.)/% IR bands/cm

–1

C H N C=O COO
as

–
COO

s

–

Halg⋅1.5H2O 35.46 (35.45) 5.77 (5.47) – (–) 1737.7 1637.4 – –

NH4alg⋅1.5H2O 32.16 (32.71) 6.01 (6.42) 5.09 (6.36) – – 1602.7 1404.0

MEAalg⋅0.25H2O 38.73 (39.73) 5.57 (6.48) 5.59 (5.79) – – 1612.2 1409.7

DEAalg⋅1.5H2O 39.1 (38.93) 7.57 (7.21) 4.41 (4.54) – – 1612.2 1413.6

TEAalg⋅2.5H2O 38.7 (38.89) 7.62 (7.64) 3.48 (3.78) – – 1614.1 1405.9

Table 2 Temperature ranges and mass losses for the thermal events observed in the TG/DTG curves for the compounds

Compound Process Trange/°C Mass loss or residue/%

Under air

Halg

dehydration

decomposition

carbonaceous residue burn

residue

27.92–128.91

128.91–384.20

384.2–995.30

995.30

3.18

62.79

33.64

0.28

NH4alg

dehydration

decomposition

carbonaceous residue burn

residue

23.17–126.14

126.14–366.16

366.16–995.03

995.03

3.84

58.66

36.69

0.81

MEAalg

dehydration

decomposition

carbonaceous residue burn

residue

24.72–128.91

128.91–416.11

416.11–995.10

995.10

4.06

66.41

29.66

0

DEAalg

dehydration

decomposition

carbonaceous residue burn

residue

21.45–117.81

117.81–428.60

428.60–994.62

994.62

4.77

65.61

29.94

0

TEAalg

dehydration

decomposition

carbonaceous residue burn

residue

24.10–116.42

116.42–427.21

427.21–994.40

994.40

3.70

68.25

28.11

0

Under nitrogen

Halg

dehydration

decomposition

residue

20.51–136.11

136.11–991.90

991.90

3.53

73.22

23.23

NH4alg

dehydration

decomposition

residue

23.89–119.20

119.20–993.82

993.82

3.30

72.40

24.28

MEAalg

dehydration

decomposition

residue

26.16–134.46

134.46–991.90

991.90

3.32

77.49

19.19

DEAalg

dehydration

decomposition

residue

25.21–117.81

117.81–993.27

993.27

4.43

79.89

16.03

TEAalg

dehydration

decomposition

residue

22.50–113.65

113.65–993.88

993.88

3.05

81.46

15.48



two consecutive ones. Then a carbonaceous residue is

formed and burns slowly up to 600°C. Furthermore, a

sudden oxidation process is evidenced. Under nitro-

gen only one step is observed that is not complete up

to the end of the experiment, however, the split in the

DTG peak is observed. Heating the sample in an open

tube permitted to identify the characteristic smell of

ammonia above 100°C.

MEAalg and DEAalg

Both compounds present very similar decomposition

pathways. Under air the first splitted decomposition

event is observed after dehydration. Then, a second

mass loss is observed followed by the burning of the

carbonaceous residue with the final sudden oxidation.

Under nitrogen the splitted decomposition is followed

by the second decomposition steps are also observed.

Finally a continuous mass loss is observed up to end

of the experiment.

TEAalg

Under air the first decomposition step appears after

dehydration. The split in this peak is very discrete

compared to the NH4alg, MEAalg and DEAalg DTG

curves. The second process represents the burning of

the carbonaceous residue. Under nitrogen a single de-

composition step was observed with a continuous

mass loss up to end of the experiment.

The mass loss value in the first decomposition step

observed after the dehydration for all the samples in-

creases in the following order: MEA<DEA<TEA salts.

DTA data recorded in air (Fig. 2a) presented a se-

ries of exothermic peaks in agreement with the TG

findings. A sudden decomposition of residual organic

matter can be observed at ca. 600°C. Under nitrogen

(Fig. 2b) only a broad exothermic event is observed,

without physical meaning related to the individual pro-

cesses in all cases. In both atmospheres small endo-

thermic peaks were observed at about 200°C for the

salts. This could be related to the smell of ammonia de-

scribed above for the NH4alg, suggesting decomposi-

tion of the NH
4

+
, MEAH

+
, DEAH

+
and TEAH

+
cation.

The DSC curves obtained from –50 to 150°C,

not presented, revealed any thermal event near to 0°C

suggesting that after lyophilization the remaining wa-

ter is probably non-freezing type (bonded water). The

curves were recorded up to 150°C, since after then the

decomposition starts (Table 2).

Conclusions

It is possible to synthesize the ammonium and the

mono-, di- and triethanolammonium alginic acid salts.

However, the compounds presented almost the same

thermal behavior and the differences in the structure of

the ammine group did not affected significantly the

thermal stability of the resulting salt, except changes in

the temperature in which the mass loss started.

The stability order of this series of compounds,

after dehydration, was:

TEAalg<DEAalg<NH4alg<Halg≈MEAalg

Labile water molecules can be removed by

lyophilization, however a certain content of non-freez-

ing water still remaining after drying according to the

DSC data, since any melting was observed in the curves.
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Fig. 2 DTA curves under a – air and b – nitrogen for the compounds



Acknowledgements

The authors acknowledge to the Brazilian agency FAPESP for

MPS fellowship (Proc. 04/12252-5) and financial support

(Proc. 02/03448-8).

References

1 I. W. Cottrell and J. K. Baird, Encyclopedia of Chemical

Technology, R. E. Kirk and D. F. Othmer, Eds,

John Wiley and Sons, New York 1980, Vol. 12, p. 45.

2 G. G. S. Dutton, Encyclopedia of Polymer Science and

Engineering, H. F. Mark and J. I. Kroschwitz, Eds,

John Wiley and Sons, New York 1988, Vol. 13, p. 87.

3 P. Gacesa, Carbohydr. Polym., 8 (1988) 161.

4 T. J. Painter, The Polysaccharides, G. O. Aspinall, Ed.,

Academic Press, New York 1983, Vol. 2, p. 195.

5 K. Nakamura; Y. Nishimura, H. Hatakeyama and

T. Hatakeyama, Thermochim. Acta, 267 (1995) 343.

6 H. Ertesvag and S. Valla, Polym. Degrad. Stab.,

59 (1998) 85.

7 G. Janowska, T. Miko�ajczyk, D. Wo�owska-Czapnik and

M. Bogu�, J. Therm. Anal. Cal., 82 (2005) 129.

8 A. E. Schweizer, R. L. Fowlkes, J. H. Mcmakin and

T. E. Whyte Jr., Encyclopedia of Chemical Technology,

R. E. Kirk and D. F. Othmer, Eds, John Wiley and Sons,

New York 1978, Vol. 2, p. 272.

9 B. Preble, Alginate salts and process of making same,

US Pat. Off. 2,158,485, San Diego, California 1939.

DOI: 10.1007/s10973-006-7753-5

J. Therm. Anal. Cal., 87, 2007 741

THERMAL ANALYSIS OF AMMONIUM ALGINATES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


