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Nine alumina samples of various modification techniques were subjected to thermal analysis via
thermogravimetric analysis (TGA) and differential thermal analysis (DTA), in order to estimate their
applicability as solid stationary phases or solid support in gas chromatography. The modifications of alumina
sorbents performed in this investigation single or multi-treatments includes: Calcination, hydrothermal
treatment, alkali metal treatment, coating with polyethylene glycol, and bonding with polyethylene glycol.
These modifications to obtain different deactivation degrees of alumina surfaces to covet most separation
problems. The modified alumina samples are more thermally stable compared with parent and coated alumina.
The parent alumina exhibits an exothermic peak around 500 °C which may indicate a phase change
corresponding to the transition from pseudo-boehmite into y-Al,Os.Modification, any of the modification
methods applied is associated with a pronounced increase in the thermal stability compared with parent alumina.
This study is important reflecting the degree of application of alumina surfaces in many fields depending on the
thermal stability of these compounds.
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INTRODUCTION provides data on the transformations that have

Solid adsorbents such as molecular sieves, porous occurred, such as glass transitions, crystallization,

polymer beads, graphitized carbon black, alumina melting and sublimation.

and silica gel and others are used as solid stationary

phases in gas chromatography (GC). Stationary phase EXPERIMENTAL

is the main driver for GC. Alumina (Al,O3) is known Preparation of Alumina (De Boer 1971)

as a good adsorbent for gas-solid chromatography  Alumina (aluminum hydroxide gel) was precipitated

But practical uses of alumina are restricted because of from a solution of 25% wt/v Aly(SO4)3.18H,0 with

its large adsorption capacity. However, this capacity =~ the same method of de Bore. The dried alumina

can be controlled by introducing an organic group sample was then crushed and sieved to 60-80 mesh.

into the alumina surface. It is known that some The concentration of OH™ is decided by the pH value

organic groups can be easily fixed chemically on the of the precipitation reagent, which is adjusted by

alumina surface (Naito et al 1986). The investigation ammonia water.

of physicochemical properties for the prepared,

modified, coated and bonded alumina samples to The properties of alumina depends to a great extent

estimate their applicability as stationary phases in gas on the precursor wused in their preparation,

chromatography (Faramawy et al 1997, El-Fadly et al precipitating agent, condition of preparation, drying,

1997, El-Naggar and Turky 2001) was achieved via  calcinations temperature and many others. For this

TGA and DTA. In TGA the changes in physical and reason, one alumina batch was only used throughout

chemical properties of materials are measured as a this investigation.

function of increasing temperature, or as a function of

time (Coats and Redfern 1963). TGA is commonly MODIFICATION METHODS

used to determine selected characteristics of materials Calcination (El-naggar et al 2013)

that exhibit either mass loss or gain due to Alumina samples were calcined in a muffle furnace at

decomposition, oxidation, or loss of moisture. 500 °C for 16hr and at 1000 °C for 5h to stabilize the
number and type of active sites.

In DTA, the material under study and an inert Hydrothermal Treatment (El-naggar et al 2013)

reference are made to undergo identical thermal The hydrothermal treatment was carried out for

cycles, while recording any temperature difference parent and calcined Samples according to the EI-

between sample and reference (Bhadeshia 2002). naggar 2013 (El-naggar et al 2013). The

This differential temperature is then plotted against hydrothermally treated silica was subjected to acid

time, or against temperature. Changes in the sample, washing by HCI to remove any trace cations which

either exothermic or endothermic, can be detected may be occluded on the surface of silica.

relative to the inert reference. Thus, a DTA curve
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Treating with Alkali Metal

The modification of the surface properties of alumina
with alkali metal chloride (NaCl) is described for
parent and calcined samples dependence on a 10%
salt loading. This was performed by evaporating
30ml of a solution containing 15g of the alumina
samples and 1.67g of NaCl on a water-bath with
occasional stirring. This salt-coated alumina was
dried for 3h at 120°C and then post heated at 750°C
for 2h (Fukazawa et al 1984).

Treatment with Polymers

Coating with polyethyleneglycol (PEG) (EI-Naggar
and Turky 2001):

A stationary phase used for this purpose was
Carbowax 20M (polyethyleneglycol) having high
molecular weight. Parent and 1000°C calcined silica
samples were coated with loading 25 and 10% of the
stationary phase respectively, while both parent and
1000°C calcined alumina were coated with loading
10%. The polymer was dissolved in a proper amount
of chloroform and added to the sample. The mixture
was heated in rotary evaporator till the complete
evaporation of the chloroform. The coated sample
was then dried at 120°C for 24h.

Bonding with polyethyleneglycol (PEG) (Wray and
Robert 1987):

The above mentioned coated samples were
transferred to a 50 ml volumetric pipette containing a
glass wool plug at the restricted end. The pipette was
hold at a flow of nitrogen 200ml min™ for at least 30
min and reduced to 5ml min™. Then the temperature
was raised to 270°C over a period of about 2h and
maintained at that temperature for 20 h before
cooling to room temperature. The supports were then
transferred to a Soxhlet and successively extracted
with dichloromethane and methanol for three weeks
to remove all unbound polymer.

The prepared and all modified alumina samples were
given in Table 1.

Table (1): Notation of the prepared samples

Notation Treatments
Al Parent alumina (60-80 mesh)
Alcsoo Alumina calcined at 500°C
Alc Alumina calcined at 1000°C
Alyr Hydrothermally treated alumina
Alcur Hydrothermally treated pre calcined alumina
Alumina coating with NaCl and then calcined at
Alar0% 700°C
Al Calcined alumina coating with NaCl and then
CNal0% | calcined at 700°C
Alccoton Calcined alumina coating by 10% of
® | polyethyleneglycol
Alcsoross Calcined alumina bonding by 10% of
° | polyethyleneglycol

THERMAL ANALYSIS

Thermal analysis (TGA & DTA) was carried out in
the temperature range ambient - 1000°C at a heating
rate of 10°C /min and under a flow of Ar using
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Rigaku Thermo Plus 2 TG-DTA TG8120 to trace the
structural changes brought about by the thermal
treatment.

RESULTS AND DISCUSSIONS

The thermal stability of modified and unmodified
alumina samples either as solid stationary phases or
solid supports is studied via differential thermal
analysis (DTA) and thermal gravimetric analysis
(TGA) from ambient up to 800°C, in order to assess
the maximum recommended temperature for the gas
chromatographic analysis. On the other hand, the
surface of parent alumina adsorbent acts in a very
active way with water molecules and is defined as
polar or hydrophilic surface. It is highly energetic
solid and possesses great adsorption capacity (Everett
1993). Water molecules adsorbed on this solid make
an energetic barrier in the interface separation
processes. For this reason, in gas chromatographic
analysis the adsorbents must be activated above water
desorption temperature elucidated from TGA
(Staszczuk 1998).

The thermal analysis of the stationary phase is of
prime one importance to understand how
modification of alumina surfaces is related to the
changes in temperature properties and also to the
change in the performance of these material as
stationary phase in gas chromatography.

Figure 1(a-d) illustrates the differential thermal
analysis and thermal gravimetric profiles of parent
and modified alumina samples; Al, Alcsg, Alyr and
Alcyr. The TGA & DTA analysis of Al sample is
shown in Fig. (1-a) The curves can be divided into
several regions. Between ambient temperature and
210°C, both TG and DTA, indicate the release of free
bound water. Between 230 and 480°C, TGA and
DTA show pronounced change; these changes have
been reported to be related to the release of
crystallization water (Kloprogge et al 2002). The
endotherm centered on 400°C is well developed and
covers a wide range of temperature region. An
exothermic peak around 500°C is also shown in Fig.
(1-a) which may indicate a phase change
corresponding to the transition from pseudo-boehmite
into y-Al,O;, which occurs through partial
dehydroxylation (Yang et al 2007). TGA curve for
Alcso (Fig. 1-b), show only desorption of physical
adsorbed water. It is not surprising to the author to
find no thermal change upon heating alumina
precalcined at 1000°C. This particular sample is of
extremely low surface and pore volume as well as
water sorption center-free surface. Fig. 1 (c, d),
shows TGA/DTA of Alyr and Alcyr. Two main
processes could be identified. The first takes place
blow 85°C and is absent for Alcyr. This process is
related to the removal of physisorbed and specifically
sorbed water expected for Alyr but not for Alcyt. The
second process is shown by a well developed sharp
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endotherm located around 350 and 500°C for Alyr
and Alcyr, respectively, this endothermic effect may
account for the loss of crystallization water with Alyt
and for completedehydroxylation with Alcyr.

Figure (2) shows weight loss curves for parent and
modified alumina samples. From this figure and the
data presented in Table (2). Parent alumina exhibits
the lowest stability. Modification by any of the
methods applied is associated with a pronounced
increase in the thermal stability. Parent alumina is

characterized by high surface area, high porosity and
OH groups-rich surface. Modifications decreased the
weight loss, this decrease depending on the
modification process. TGA of Alccoigw and Alcgoros
are shown in Fig. (3), together with that of parent
alumina for the subject of comparison, for Alccoron
there is only weight loss at =~ 220°C which may be
due to polymer bleeding. For Alcgoios the polymer
bleeding appears at = 250°C.

Table (2): Weight loss% of parent and modified alumina samples

Weight loss %

Temp. °C Al Alesoo Alc Alur Aleyr Al Alena
100 7.195 4377 - 1.994 0.45 13 2.05
200 11.657 9.454 - 2.862 0.6 2.8 2.8
300 14.786 11.366 - 3.448 0.97 33 3.1
400 20.634 1247 - 6.17 2 45 3.2
500 25.387 13.287 - 16.955 1222 46 3.8
600 26.328 13.872 - 17.896 14.763 46 3.8
700 26.875 14392 - 18.384 15.348 46 3.8
800 27.422 14.828 - 18677 15571 46 3.8

From the data illustrated in Table (3), we can
conclude that Alcgyio iS more stable than Alccoion
this may be attributed to the release of excess
polymer on the surface leaving thus the bonded layer.
During our systematic studies, we found that most
modified samples show high thermal stability
compared to the parent one. Generally, the bonded
phase is more stable than the coated one.

Table (3): Weight loss% of coated and bonded
alumina samples

Temp.°C Weight loss %
Alccoron Alcgoios

100 0.6 0

200 1.8 05
300 4.9 1.8
400 6.6 2.9
500 7.1 34
600 7.1 3.6
700 7.1 36
800 7.1 3.6
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Figure (2): Weight loss curves of parent and modified
alumina samples
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alumina samples

CONCLUSIONS

TGA and DTA profiles of alumina (Al) indicate
the existence of several thermal processes:
release of free water from ambient up to 210°C,
release of water of crystallization between 230
and 480°C. The exothermic effect at 500°C
correspond phase change to pseudo-boehmite-y-
Al,O;3 transition which occurs through partial
dehydroxylation. On the other hand, most
modified alumina proved to be more thermally
stable compared to the parent one.

K2
o

%+ The thermal stability of the coated alumina with
poly ethylene glycol reflect the maximum
recommended temperature of poly ethylene
glycol which is about 220 °C. Generally, the
alumina bonded with poly ethylene glycol high
thermal stability than that coated with the same
polymer.

% The study of the thermal analysis of alumina
materials aimed at increasing their performance
as solid stationary phases in gas chromatography
and increasing their working life time.

REFERENCES

Bhadeshia H.K.D.H. “Thermal analyses techniques.
Differential thermal analysis”.  University of
Cambridge, Material Science and Metallurgy.
www.msm.cam.ac.uk/phase-trans/2002/Thermall.pdf

Coats, A. W.; Redfern, J. P. "Thermogravimetric
Analysis: A Review" Analyst 88 (1963) 906-924.

De Boer J. H.: Farady Discussion 52 (1971) 1009.



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 5(1):30-34 (ISSN: 2141-7016)

El-Fadly A. M., Faramawy S., EI-Naggar A. Y. and
Youssef A. M.. Sep. Sc. Tech., 32(18), (1997) 2993-
3005.

El-Naggar A. Y. and Turky G.M.. J. Applied Polymer
Science, 82 (2001) 1709-1717.

El-naggar A. Y., Elfadly A. M., Ebaid M. A,
International Journal of Modern Organic Chemistry, ,
2(1) (2013) 1-10.

El-Naggar A. Y. and Turky G.. Internat. J. Polym.
Mater. 50, (2001) 129.

Everett D.H.: Langmuir 9 (1993) 2586.

Fukazawa A., Moriguchi S., Naito K. and Takel S.: J.
Chromatogr. A 295 (1984) 63.

Faramawy S., El-Fadly A. M., EI-Naggar A. Y.and.
Youssef A. M, Sur. Coat. Tech., 90 (1997) 53-63.

Kloprogge J.T., Ruan H.D. and Frost R.L.: J. Mater.
Sci. 37 (2002) 1121.

Naito K., Sumiya S., Imamura K. and Takei S.: Anal.
Sci. 2 (1986) 375.

Staszczuk P.: Thermochim. Acta 308 (1998) 147.

Wray L.W. and Robert F.M.: J. Chromatogr. A 153
(1978) 409.

Yang X., Sun Z., Wang D. and Forsling W.: J.
Colloid and Interface Sci. 308 (2007) 395.

34



