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Abstract

Quantitative analysis by
Thermogravimetry (TG) is very sim-
ple for single-step transitions. How-
ever, it is impossible to perform
quantitative analysis on overlapped
TG transitions, by using TG alone.
It is then investigated in this paper
to utilize TG-FTIR to perform quan-
titative analysis for overlapped TG
transitions. Formaldehyde solution
samples were utilized as the examples.
Results showed that it is possible to
obtain quantitative information of
the components in sample, after
performing calibration experiments
based on the gases evolved from
sample.

Introduction

Thermogravimetry (TG) has been
widely used as a tool for analyzing
the sample’s composition [1, 2]. One
of the problems is that when two or
more weight loss steps are over-
lapped during the TG experiment,
itis very difficult for TG to complete-
ly separate and quantitatively analyze
them. In Fourier Transform Infra-
Red Spectroscopy (FTIR), instead,
it is easy to identify different com-
ponents by looking at the FTIR
peaks at different wavenumbers.
When FTIR is used as the Evolved
Gas Analyzer (EGA) for TG, referred
to as TG-FTIR, it is then possible to
identify different evolved gas com-
ponents from one TG weight loss
step.

In FTIR, the peak characteristic, such
as peak height, is proportional to the
concentration of the gas, according
to the Lambert-Beer’s law. [3] There-
fore, with success in identifying
evolved gas components by FTIR,
it is possible to quantify the amount
of certain gas evolved from TG.
Then the amount of corresponding
component in the sample can be
obtained from calibration experi-
ments. This kind of application is
useful for quantifying compositions
of samples which have overlapped

form: Pormaldehyds solubicn sample.
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Figure 1: TG curve of unknown sample.

TG curves, caused by two or more
components. Especially for polymers,
overlapped TG curves occur very
often because of the plasticizers, ini-
tiators and terminators presented
in polymers.

Formaldehyde is an evolved gas from
the decomposition of some polymers.
Because it is toxic, it is necessary to
determine the amount evolved. Solu-
tion samples were then utilized, in
order to establish standards. The

possibility of quantitative analyzing
formaldehyde solutions by TG-FTIR
is investigated.

Experimental

Experiments were performed on a
Thermo Scientific Synergy TG-FTIR
system. Samples were heated under
N,. Temperature profile on TG was:
isotherm for 10 minutes at room
temperature, ramp to 200 °C at a
heating rate of 5 °C/min and then
isotherm for another 15 minutes.
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Figure 2: FTIR spectrum of unknown at 180 °C with library searched formaldehyde and

water vapor spectra.



Sample sizes were 1.0 ml or about
1 gram. Evolved gases passed the
heated gas cell and FTIR spectra
were collected. FTIR spectra were
collected at a resolution of 4 cm™
and sampling scan number was 64
(about 11 seconds per spectrum).
Spectra were saved continuously
during the experiments. Background
was collected at 500 scans, before the
sample was loaded. Transfer lines
and FTIR cell of TG-FTIR interface
were heated at 250 °C to prevent
evolved gases from condensation.

An unknown formaldehyde percent-
age solution (formaldehyde in water)
was used. Formaldehyde calibration
standards were prepared at concen-
trations of 0.0% (pure water),
0.5%, 0.74% and 1.15% by weight,
from formaldehyde solution (Aldrich,
37% wt.) and distilled water.

Results and Discussion
Formaldehyde has a boiling point of
96 °C, which is very close to that of
water, 100 °C. Therefore, the evo-
lution of formaldehyde and water
occur at about the same temperature
during the TG experiments, Figure 1.
It is impossible to obtain quantitative
information. By comparing FTIR
spectra of formaldehyde and water
vapors, it is found that they have
distinguishable peaks. Figure 2
shows an evolved gas FTIR spectrum
collected for the solution sample at
180 °C, with library-searched form-
aldehyde and water vapor spectra.
It is then possible to quantify the
amount of formaldehyde presented
in the sample.

The frequency windows used to ob-
tain the time-evolved IR traces for
water and formaldehyde vapors were
from 1280.00 to 1591.00 cm™', and
2650.00 to 2856.00 cm™ respectively.
The net absorbance at frequencies
of 1508.43 cm™ (water) and
2802.75 cm! (formaldehyde) were
used to construct the time-evolved
IR traces for water and formalde-
hyde vapors. Figure 3 shows the TG
curve and time-evolved IR traces for
unknown sample. FTIR spectrum
in Figure 2 is shown in Figure 4, with
expansion of the formaldehyde
peaks. From Figure 4, it can be seen
that the maximum peak height for
formaldehyde in Figure 3 is only
about 0.02. This is because of the
low concentration of formalde-
hyde in the sample.
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Figure 3: TG curve and time-evolved FTIR traces for formaldehyde sample.
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Figure 4: FTIR spectrum of unknown sample at 180 °C.
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Figure 5: Integration area of the time-evolved curve of formaldehyde in unknown
sample.
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Figure 6: Calibration curve for formaldehyde.




Whole curve was integrated, after the Sample ID Area for Formaldehyde Area for Water
baseline was corrected according to Unknown 0.176 3.49
the lowest net absorbance value. :

. . 0.0% solution (water) 0.00962 8.31
Integration curve of time-evolved 4
IR trace for formaldehyde vapor in 0.5% solution 0.0927 8.41
Figure 3 is shown in Figure 5. Inte- 0.74% solution 0.131 8.41
gration results for all the samples are 1.15% solution 0.212 8.45

listed in Table 1. Calibration curve
for formaldehyde is shown in
Figure 6. It can be seen that the inte-
gration area shows almost linear
relationship with weight percentage  Reference

of formaldehyde in samples. How- [1] Wendlandt, W. W.; Gallagher, P.

Table 1: Integration results for all solution samples.

ever, there isn’t any trend between K. Thermal Characterization of
the integration areas of water and Polymeric Materials, Turi, E. A.,
concentration. This is because the Ed., Academic Press, New York,
water vapor concentration was 1982, pp. 46-60.
saturated and the FTIR peaks of [2] Dollimore, D. Analytical
water, used to trace water, overlapped Chemistry, 1994, 66, 17R-25R.
with some formaldehyde peaks, [3] Willard, H.H.; Merrit, L.L., Jr.;
Figure 2. Dean, J.A.; Settle, EA., Jr.,
Instrumental Methods of Anal.,
From the calibration curve, the 7th Edition, Wadsworth
percentage of formaldehyde in the Publishing Comp., 1988, Ch. 25.

unknown sample is determined as
0.97 % +0.02 % wt.. This demon-
strated the ability of performing
quantitative analysis from FTIR.

Conclusions

Overlapped TG curves won’t be
able to provide any quantitative
information about each compo-
nents, by using TG alone. By using
TG-FTIR, it is then possible to quan-
titatively trace different components,
if the evolved gases have distinguish-
able peaks in FTIR.
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