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Introduction                                                                

Aerogels are nano-porous materials with 
low bulk density, high surface area, continuous 
porosity and high crosslinking structure [1, 2]. 
Aerogels are widely used in thermal insulation, 
nuclear particle detection, light guides, and 
electronic devices [3,4]. Organic aerogels 
have most frequently been obtained by sol-gel 
polymerization of formaldehyde (the simplest 
aldehyde HCHO with chemical structure shown in 
Fig. 1a) and another reactive phenolicmonomer. 
Among phenolic compounds (Phenol, p-Methyl 
phenol, o-Methyl phenol, m-Cresol, 3, 
5-Dimethyl phenol, and Resorcinol), resorcinol is 
the most comparative reactor with formaldehyde 
[5, 6]. Resorcinol (also known as 1, 3-dihydroxy 
benzene) has two hydroxyl groups located at the 
1- and 3-positions in the benzene ring as shown in 
Fig. 1b [7]. The 4- and 6- positions are located at 
either “ortho” (adjacent) or “para” (opposite) to 

A SERIES of resorcinol formaldehyde aerogels (RF aerogels) composite with nanoparticles 
of copper has been prepared by the sol-gel method. Four samples of pure RF aerogels 

were prepared at different concentrations of NaOH as a catalyst (0.015, 0.017, 0.022 and 0.024 
wt. %) and four samples of composite RF aerogels doped with Cu were prepared at different 
concentration of Cu (7.8×10-5, 1.56×10-4, 2.34×10-4, and 3.11×10-4 wt. %; NaOH concentration = 
0.015 wt. %). UV-visible spectrum of Cu colloidal showes an absorbance peak at 608 nm, while 
UV-visible spectra of pure and composite RF aerogels show a steep decrease of absorption after 
500 nm making RF aerogel color reddish brown. Results of FTIR spectra of pure and composite 
RF aerogels show the existence of six absorption bands ensuring the formation of RF aerogels. 
FTIR results ensured also that Cu particles do not affect the aerogel network. SEM images 
of pure and composite RF aerogels show that the textural arrangement of RF aerogels can be 
described as densely packed small nodules.The particle size analyzer ensured that the average 
particle size for Cu-RF aerogel composite increases with increasing the copper content. 

Keywords: RF Aerogels, Nano-composite, Supercritical drying, Cu nanoparticle. 

the two hydroxyl groups, while the 2-position of 
resorcinol is located in between the two hydroxyl 
groups, and only ortho to the hydroxyl groups. 
The chemical reaction with resorcinol occurs 
at 2-, 4- and 6- positions. During the aqueous- 
polycondensation of resorcinol with formaldehyde 
(at molar ratio 1:2), resorcinol (as a trifunctional 
monomer) is capable of adding formaldehyde at 
2-, 4- , and/or 6- ring positions. The reactions 
include: formation of hydroxymethyl (–CH2OH) 
derivatives of resorcinol, condensation of 
hydroxymethyl derivatives to form methylene 
(–CH2–) and methylene ether (–CH2OCH2–) 
bridged compounds, and disproportionate of 
methylene ether bridges to form methylene 
bridges plus formaldehyde as a byproduct [7-9]. 
Figure 2 illustrates the molecular polymerization 
of resorcinol with formaldehyde. The substituted 
resorcinol rings condense with each other to 
form nanometer-sized clusters in solution. The 
size of the clusters is regulated by the catalyst 
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concentration (e.g., NaOH) in the resorcinol-
formaldehyde mixture. Eventually, the clusters 
crosslink through their surface groups (e.g. 

-CH2OH) to form a gel. RF gels and RF aerogels 
are dark red in color as a result of oxidation 
products formed during the polymerization.

Fig. 1. Chemical structure of resorcinol and formaldehyde.
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Fig. 2. Molecular presentation of the polymerization mechanism of resorcinol with formaldehyde [8, 9].



13

Egypt.J.Phy. Vol. 45 (2017)

CHARACTERIZATION OF PURE AND COMPOSITE RESORCINOL FORMALDEHYDE AEROGELS 

The resorcinol/ catalyst ratio, R/C ratio, plays 
an important role in the microstructure of dry 
aerogels. R/C ratio determines the size of the 
clusters and the morphology of the structure of 
the dried RF gels. During the first stage of the 
polymerization each cluster grows individually 
and their number is determined by the amount of 
catalyst. Subsequently they aggregate to form an 
interconnected structure. T. Yamamoto et al. [10] 
found that at low value of R/C ratio, i.e., high 
catalyst concentration, the density of the nucleation 
centers are high and the size of the clusters is 
small, while, Tamon et al. [11] found that,as R/C 
ratio increases, the average pore size of the aerogel 
increases. On the other hand, Li et al. [12] found 
that decreasing the R/C ratio makes the structure 
of dry aerogels predominantly micro-porous. 
Also, Mathieuetal [13] found that R/C ratio has no 
significant influence on the apparent surface area 
and the micro-pore volume. 

Metal-aerogel composite can be synthesized 
by mixing the desired metal (in the form of its 
salt) with the sol-gel mixture [14]. An alternative 
method for preparing metal-aerogel composite 
involves replacement of resorcinol by its derivative 
containing an ion-exchange moiety [15].

Cu nanoparticles can be prepared by various 
processes such as chemical reduction, sono-
chemical reduction, thermal reduction, γ-radiation, 
ultra-visible light irradiation, laser ablation, etc. 
[16, 17]. Synthesis of metal nanoparticles (except 
silver and gold) is often difficult due to possibility 
of surface oxidation of metal particles. Surface 
oxidation can be prevented by protecting the outer 
surface by using a suitable surfactant. The surfactant 
would also control nucleation of particles and thus 
act as a particle growth terminator [18].

The aim of this work is to synthesis copper-
aerogel composite. We present an investigation 
on the synthesis and characterization of pure 
and composite RF aerogel doped with copper 
nanoparticles. 

Experimental Methods                                          

Materials
Pure RF aerogels
The details of the synthesis method of pure 

RF aerogels are as follows: Resorcinol and 
formaldehyde were mixed together in molar 
ratio 1:2, with the addition of sodium hydroxide  

(NaOH) as a catalyst at different concentrations 
(0.015, 0.017, 0.022, and 0.024 wt. %). After 
stirring the mixture for 30 min using magnetic 
stirrer, the mixture was poured into glass tube, 
which was sealed by high temperature flame. 
After the sealing process, the samples were 
stored in oven at 85°C for seven days. During 
the preparation period, the solution progressively 
changes color from clear to yellow to orange to 
deep reddish brown as a function of the reaction 
time. In general, the solution gel in 12-16 hr but 
the extended cure is necessary to complete cross 
linking as much as possible.  After heat treatment, 
the hydro-gels were placed within acetone bath to 
exchange water with acetone. The final step was 
the supercritical drying of the gel. The supercritical 
dryer type–Quorum Technologies E3100 Series 
was used in order to get rid of any solvent for 
all the studied samples. In supercritical drying, 
gels are placed in a pressure vessel filled with 
liquefied CO2 at 15°C and pressure 900 psi. After 
a suitable time (one hour for each 1mm thickness) 
the system was closed and the temperature was 
raised to 40°C, where it was left for about 10 min. 
Then the chamber was allowed to bleed slowly to 
atmospheric pressure. The dry RF aerogels were 
held in front of a high intensity light to ensure that 
they are transparent and that the drying process 
was successful.

Copper colloidal nanoparticles
Coppercolloidal nanoparticles were 

synthesized in the same way followed by Khannaa 
et al [19]. The details of the synthesis method 
of Cu colloidal nanoparticles are as follows: 5g 
of poly (vinyl alcohol) was dissolved in 125 ml 
distilled water to prepare a viscous solution. At 
the same time 1g of copper salt (CuCl2·2H2O) was 
dissolved in 25 ml distilled water. After mixing 
the two solutions with each other and stirring for 
10 min at room temperature, a diluted hydrazine 
hydrate HH (1:1) was added to the mixture with 
rapid stirring at room temperature for 30 min. 
The color of the mixture was initially blue, then 
turned to green that later turned colorless which 
eventually afforded a brown mixture.The steps of 
the synthesis of nano-particles of Cu are illustrated 
in the following scheme (Fig. 3).

Copper- aerogel composite 
The details of synthesis RF aerogel doped with 

copper nanoparticle are as follows : After preparing 
nano-copper colloidal as mentioned before, it has 
been added at different concentrations (7.8×10-5, 
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1.56×10-4, 2.34×10-4, and 3.11×10-4wt.%) to the 
mixture during preparing RF aerogel (at catalyst 
concentration 0.015 wt. %). After stirring, for 
more than 30 min, the mixture was kept in 
ultrasonic path for more 30 min. Finally, the 
mixture was poured in a test tube, which sealed 
by high temperature flame. The sealed tubes 

were kept for 7 days at a temperature 85oC. Then, 
the prepared composite aerogel was cut using 
diamond saw in a disk shape. Finally the materials 
were dryingusing supercritical drying technique 
as described before. The schematic diagram of the 
preparation process is shown in Fig. 4. 
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Fig. 3. Schematic diagram of synthesis Cu colloidal nanoparticles.
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Characterization of the materials 
IR spectrometry
IR spectrometry is a type of absorption 

spectrometry in the infrared region of 
electromagnetic spectrum, at which chemical 
bonds vibrate in either a stretching or binding 
mode. The absorption frequency is determined by 
the molecular structure; therefore IR spectrum is 
used to determine functional groups in compounds. 
FTIR is an improved technique to make IR 
measurements easier and faster. FTIR spectrum is 
obtained from performing a mathematical Fourier 
Transform on the interferogram. FTIR spectra of 
the samples were recorded by Jasco FT/IR 4100 
spectrometer (with resolution 1.928 cm-1) in the 
wave number range 400 - 4400 cm-1.

UV- VIS spectrometry
The difference in energy between molecular 

bonding, non-bonding and anti-bonding orbitals 
ranges from 125 to 650 k J/mole, which corresponds 

to electromagnetic radiation in ultraviolet (UV) 
region, 200-350 nm, and visible (VIS) regions 
350-800 nm. Many molecules absorb ultraviolet 
and/or visible light. The absorption spectrum will 
show a number of absorption bands corresponding 
to structural groups within the molecule. UV- VIS 
spectrum was obtained as a function of wavelength 
by Spectrophotometer model Shimadzu UV-2450 
with resolution 0.1 nm.

Scanning electron microscopy
Scanning electron microscope SEM operates 

in reflection mode to generate an image of the 
sample surface. SEM utilizes the low energy 
secondary electrons that are reflected off the 
sample surface upon bombardment of the sample 
with a high energy electron beam. SEM is a 
valuable tool in studying the texture, topography 
and surface features of powders or solid pieces.
SEM requires a conductive sample surface, 
therefore, insulating sample surfaces are often 
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Fig. 4. Schematic diagram of synthesis Cu-Aerogel composite.
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coated with a thin layer of a conductive substance, 
such as carbon paste, or sputter coated with gold. 
In general SEM resolution varies from 0.5 µm to 
20 nm. In this research, morphology of the samples 
was performed using SEM model JEOL JSM 6360 
LA Analytical Scanning Electron Microscope. 

Particle size analyzer
Particle size distribution for RF aerogels 

composite with copper was examined by particle 
size analyzer (PSA) type-Beckman Coulter N5 
submicron particle size analyzer.

Results and Discussions                                       

FTIR spectroscopy
FT-IR spectra were acquired between 500 

and 4000 cm-1  using KBr pellet to ascertain 
the structure of pure RF aerogel prepared at 
different catalyst concentrations (C.C. = 0.015, 
0.017, 0.022 and 0.024 wt. %)  and RF aerogel 
composite with different concentrations of 
copper (Cu C. = 7.8×10-5, 1.56×10-4, 2.34×10-4 and 
3.11×10-4 wt.  % at catalyst concentration, C.C. = 

0.015 wt. %).  Figure 5 shows the IR spectrum of 
pure RF aerogels fine powders at different catalyst 
concentrations.

The spectra show six absorption bands as 
follows ; ν1=3390 cm-1, ν2=2934 cm-1, ν3=1612 
cm-1, ν4=1476 cm-1, ν5=1222 cm-1, and ν6= 1092 
cm-1. The wavenumber precision of the used FTIR 
spectrometer is theoretically equal ± 0.01 cm-1.
The broadband at 3390 cm-1is characteristic of OH 
stretching vibrations in phenol. Absorption bands 
at 2934 and 1476 cm-1 are associated with CH2 
stretching. The absorption band at 1612 cm-1 was 
assigned to aromatic ring stretching vibrations. The 
bands at 1222 and 1092 cm-1 confirm the methylene 
ether C–O–C linkage stretching between two 
resorcinol molecules (phenyl rings), which is 
expected in the polycondensation reaction between 
resorcinol and formaldehyde [20, 21]. C=O 
stretching of aldehyde which show an absorption 
band at 1720 cm-1 was not detected, therefore, it 
is suggested that the sol-emulsion-gel reaction was 
completed [22- 24]. The change in transmission 
intensity can be attributed to catalyst concentration. 
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Fig. 5. IR spectra of pure RF aerogels at different catalyst concentrations.

Figure 6 shows FTIR spectra of RF aerogels-
copper composite samples. Same absorption bands 
as that of pure RF aerogels were observed but 
with different transmission intensity which can be 
attributed to the addition of copper. Therefore, the 

copper don’t affect the position of the absorption 
band of IR spectra. One may think that the copper 
particles do not interact with aerogel network, and 
they may be embedded in the pores of RF aerogel.
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UV-visible spectroscopy
UV-Vis absorbance spectra have been 

performed (with the reference beam in water) in 
the wavelength rage 200 - 800 nm for pure and 
composite aerogels. Figures 7 and 8 show UV-
Vis spectra of pure and composite RF aerogels, 
respectively. The results demonstrate the existence 
of a shoulder at around 500 nm for all samples. 
This shoulder causes the reddish cooler of RF 
aerogel [20, 21]. The absorbance peak which 
appears around 300 nm can be attributed to alone 
pair of electron in oxygen atoms while the peak 
at 250 nm is due to aromatic ring [25]. It was 
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Fig. 6. IR spectra of RF aerogel composite with copper at different concentrations.

reported that [26] Resorcinol has mainly a peak 
at 278 nm which is shifted to 250 nm (blue shift) 
in RF aerogels. This blue shift can be taken as 
indications of formation of RF aerogel [27]. On 
the other hand, Fig. 9 shows the absorption spectra 
for copper colloidal. A broad absorption beak is 
shown at 608 nm. This result is well agreed with 
literature [19].  It was reported that [28] for copper 
nanoparticles an absorption beak occurs in the 
wavelength range 550-610 nm. The broadening 
of the band is an indicative of wide particle size 
distribution of copper within the matrix [29].
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Scanning electron microscope (SEM)
Surface morphology for both pure and Cu-

doped RF aerogels was examined by SEM image. 
Figure 10 shows SEM images for pure RF aerogel 
(the sample with catalyst concentration 0.015 wt. 
%) and Cu-doped RF aerogels.  It is shown that the 
morphology of pure RF aerogel has an open cell 
structure with continuous porosity. The observed 
particles size ranges from 50 nm to about 100 nm 
and has large pore size. This result agrees well 
with literature [30-31].

For Cu- doped RF aerogels, the results show 
that the surface morphology has also an open cell 

structure with continuous porosity. The observed 
particle size ranges from 45 nm to about 200 nm.

Particle size
Figure 11 shows the particle size distribution 

for RF aerogels doped with copper at different 
concentrations. For the sample with Cu 
concentration Cu C. = 7.8×10-5 wt. %, the particle 
size is distributed over a wide range 20-400 nm, 
with average particle size 150 nm. As copper 
concentration increases, the average particle size 
increases as given in Table 1.  
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Fig. 10. SEM micrograph of pure RF aerogel at catalystconcentration 0.015 wt. % (1), and composite RF aerogel 
doped with copper at different concentrations [(2): 7.8 10-5 wt. %, (3): 1.56 10-4 wt. %, (4): 2.34 10-4  wt. 
%, and (5): 3.11 10-4 wt. %].
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TABLE 1. The average particle size for RF aerogel doped with Cu at different concentrations. 

Cu Concentration wt. % 7.8 × 10-5 1.56 × 10-4 2.34 × 10-4 3.11 × 10-4

Average particle size (nm) 150 170 210 290

Conclusion                                                                

Nano composite RF aerogels doped with 
copper nanoparticles were prepared by sol-
gel process. The results of FTIR spectra show 
existence of six absorption bands for pure and 
composite RF aerogels namely ν1 at 3390 cm-1, ν2 
at 2934 cm-1, ν3 at 1612 cm-1, ν4 at 1476 cm-1, ν5 at 
1222 cm-1 and ν6 at 1092 cm-1 , respectively. FTIR 
spectra show that copper particles may not interact 
with aerogel network, and may only be embedded 
within the pores of RF aerogel. UV-visible spectra 
for pure and composite RF aerogels show a steep 
decrease of absorption with wavelength after 
500 nm and the peak of aromatic ring (273 nm) 
is shifted to 250 nm in RF aerogel. The shift of 
the absorbance peak of aromatic ring can be taken 
as an indication of the formation of RF aerogel. 
UV-visible spectrum of copper nanoparticles 
shows an absorbance peak at 608 nm attributed 
to the surface plasmon excitation of copper nano 
spheres. SEM images of pure and composite RF 
aerogels show that the textural arrangement of 
RF aerogels can be described as densely packed 
small nodules. Particle size analyzer show that the 
average particle size of RF aerogels composite 
with copper increases with increase of Cu content. 
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تشخيص جيل الفورمالدهيد - الريسيرسينول النقي والمطعم بالنحاس

في هذا البحث تم تحضير مجموعة من عينات جيل الفورمالدهيد- ريسرسينول الهوائي النقي والمطعم 
بالنحاس بطريقة السول-جيل. استخدم هيدروكسيد الصوديوم كعامل حفاز عند نسب مختلفة )0.015, 
بنسب  النحاس  من  بجسيمات  الهوائي  الجيل  تطعيم  تم  ثم   ،)%.and 0.024 wt  0.022  ,0.017
مختلفة)and 3.11×10-4 wt ,10-4×2.34 ,10-4×1.56 ,10-5×7.8.%(، تم دراسة طيف الاشعة 
تحت الحمراء وكذلك طيف الاشعة المرئية وفوق البنفسجية، وقد بينت نتائج طيف الامتصاص للأشعة 
نانومتر،  عند 608  تقع  النحاس  في طيف جسيمات  امتصاص  قمة  وجود  البنفسجية  وفوق  المرئية 
كما ان طيف الامتصاص للضوء المرئي للجيل الهوائي النقي والمطعم ينقص بعد طول موجى 500 
نتائج الاشعة تحت الحمراء وجود حزم في  البنى المحمر. اظهرت  اللون  الجيل  نانومتر مما يعطى 
طيف الامتصاص تؤكد تكون الجيل الهوائي. اظهرت نتائج مطياف الماسح الإلكتروني للعينات انه 
المحلل  نتائج  اظهرت  المكتظة.  الصغيرة  بالعقيدات  الهوائي  للجيل  المكونة  التركيبات  يمكن وصف 

الحجمي للجسيمات ان حجم حبيبات العينات تزداد بزيادة نسبة النحاس.


