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Preparation and Characterization of Potato Starch 
Microparticles with Acrylamide by Microwave Radiation.
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Abstract

In this study on decreasing the particle size of the potato starch, ultrasound and acid hydrolysis methods 
were carried out at the same time. The starch microparticles (SMP) obtained were modified with acryl-
amide(AM) monomer by microwave irradiation, employing a small concentration of chemical initiator. It 
was found that, with a low concentration of potassium persulfate (PPS) in aqueous medium and microwave 
assistance, starch microparticles grafted with acrylamide could be prepared quickly. Native starch, starch 
microparticles and grafted copolymers were characterized by various analytical techniques. The Fourier 
transform infrared spectroscopy (FT-IR) analysis demonstrates group acrylamide attachment to starch 
microparticles chains. X-ray diffraction (XRD) and scanning electron microscopy (SEM) demonstrate an 
increased amorphous region of starch microparticles and grafted copolymers, while the thermogravimet-
ric analysis (TGA) highlighted the increase in thermal stability of the copolymers in comparison to potato 
starch microparticles.
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Resumen 

En este estudio para la disminución del tamaño de partícula del almidón de papa, se llevaron a cabo méto-
dos de hidrólisis ácida y ultrasonidos al mismo tiempo. Las micropartículas de almidón (SMP) obtenidas 
se modificaron con monómero de acrilamida (AM) mediante irradiación de microondas, empleando una 
pequeña concentración de iniciador químico. Se encontró que, con una baja concentración de persulfato 
de potasio (PPS) en medio acuoso y asistencia de microondas, las micropartículas de almidón injertadas 
con acrilamida podrían prepararse rápidamente. El almidón nativo, las micropartículas de almidón y los 
copolímeros injertados se caracterizaron por diversas técnicas analíticas. El análisis por espectroscopía 
infrarroja de transformada de Fourier (FT-IR) demuestra la unión del grupo acrilamida a las cadenas de 
micropartículas de almidón. La difracción de rayos X (XRD) y la microscopía electrónica de barrido 
(SEM) demuestran un incremento en la región amorfa de las micropartículas de almidón y copolímeros 
injertados, mientras que el análisis termogravimétrico (TGA) destacó el aumento de la estabilidad térmica 
de los copolímeros en comparación con las micropartículas de almidón de papa.

Palabras clave: Injerto, hidrólisis, microondas, micropartículas de almidón, ultrasonido.

INTRODUCTION

Starch is a natural polymer obtained from 
renewable sources that is biodegradable and 
available in abundance. In many industrial appli-
cations, the native starch has some disadvantages 
such as low solubility, rapid thermal decomposi-
tion, high retrograde and low resistance to shear. 
To overcome these disadvantages and obtain 
better properties, the starch can be modified by 
physical, chemical and enzymatic processes.[1–3] 

In recent years, the microparticles (MP) 
obtained from polysaccharides have become the 
subject of several investigations, with important 
applications in the field of microcomposites, 
packaging, cosmetics, biomedical applications, 
colloidal stabilizers and the oil industry, all of 
which can be attributed to the fact that they pro-
vide a high ratio of surface area / volume, which 
favors phenomena of mass and energy transfer, 
thereby helping to resolve a variety of problems 
in different industries. [4, 5] The starch micro-
particles SMPs have been prepared by various 
methods such as ultrasonication, [6]Field Effect 
Scanning Electron Microscopy (FE-SEM high 
pressure homogenization, emulsification, [7] acid 
hydrolysis, [8] microprecipitation, [9] extrusion, 
[10] and a combination of hydrolysis and ultra-
sonication; [5, 11] the particles obtained are under 
500 nm in size.

Graft copolymerization (Figure 1) is a meth-
od for modifying the properties of polymers, 

particularly when vinyl monomers are used; 
a product with better physical and chemical 
properties is obtained, in agreement with the 
nature of the monomer. Free radical grafting 
methods are the most commonly employed. [12, 
13] Microwaves were born as a potential source 
of thermal energy that constitutes a new method 
for heating materials.[14,15] Microwave-assisted 
free radical polymerization is being implemented 
as a current method in polymer science to achieve 
grafted materials with or without an initiator 
(catalyst).[15–19]”ISBN” : “0141-8130”, “ISSN”: 
“01418130”, “PMID” : “20951725”, “abstract”: 
“Polyacrylamide grafted starch (St-g-PAM The 
aim of the present article is to prepare potato 
starch microparticles by combining the hydro-
lysis and sonication methods, and to enable the 
copolymerization of acrylamide (monomer) graft 
through the chains of the potato starch micro-
particles using microwaves. Also reported are 
the physicochemical characterizations of starch, 
starch microparticles and microparticles grafted 
with acrylamide: Several analytical methods 
were employed: FTIR, SEM, XRD and TGA. 

Figure 1. Copolymerization reaction of 
acrylamide-g-starch microparticle.
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EXPERIMENTAL

Materials

The potato tubers (Solanum Tuberosum) of 
the “pastusa” variety were purchased in a local 
market in Tunja, Boyacá, Colombia. The sulfuric 
acid 98% was purchased from J.T. Baker; the 
acrylamide (monomer) was obtained from Mer-
ck, Germany; the sodium bisulfite, potassium 
persulfate and acetone were purchased from 
Sigma Aldrich and used as received.

METHODS

Extraction of potato starch and preparation 
of microparticles

Starch from the potatoes obtained (Solanum 
Tuberosum) was extracted by means of the pro-
cess described by Otárola et al.,[20] Novelo and 
Betancur.[21] The potatoes were peeled, cut into 
small slices and placed in sodium bisulfite at a 
concentration of 1500 mg/mL, at a ratio of 1: 3 (w 
/ v) for 30 min. The pieces were liquefied for 2 min 
and the mass obtained was placed in an Erlen-
meyer flask with sodium bisulfite at 1500 mg/L, 
with a ratio of 1: 1 (v / v). This starch mixture 
was filtered to remove the fiber, and the filtrate 
was allowed to stand for 8 h at 4° C. Then, the 
supernatant liquid was removed, and the starch 
suspension was washed repeatedly with distilled 
water, the last wash being centrifuged for 12 min 
at 2500 rpm to obtain the starch. Subsequently, 
the starch obtained was dried for 12 hours at 
50° C in an oven, finally packaged in a hermetic 
polyethylene bag for later use.

The starch microparticles were prepared 
following the procedure described in the work of 
Mohammad Amini and Razavi.[5] Simultaneous 
treatments of acid hydrolysis and sonication 
for the suspension of starch were carried out as 
follows: 50 mL of potato starch suspension with 

a concentration of 15% (w / w) prepared in 3.16 
mol/L sulfuric acid was immediately put through 
sonication with an ultrasonic device (Cole - Par-
mer ultrasonic processors) with a nominal power 
of 20 KHz 350 W, which was maintained at 40 ° 
C and sonicated at 80% amplitude for 30 min, af-
ter which the solutions were centrifuged at 10.000 
rpm for 10 min and were washed repeatedly with 
distilled water. The samples were lyophilized.

Preparation by microwave irradiation of 
acrylamide grafted to starch microparticles 
(SMP-g-PAM), employing potassium 
persulfate (PPS) as free radical generator. 

The SMP-g-PAM copolymers were obtained 
by coupling the method reported in the study of 
Singh et al.,[22] 0.1 g of starch microparticles 
being dissolved in 5 mL of distilled water. The 
required amount of acrylamide (0.2-0.7 g) was 
solubilized in 1.5 mL of water and added to the 
starch microparticle solution, stirred well and 
transferred to the reaction tube (10 mL) and an 
amount of potassium persulfate (PPS) (0.01-
0.040g) was added. The tube was inserted into 
a microwave oven (CEM, Discovery Synthesis) 
and the microwave oven was activated at ~ 3 
W, to maintain a constant temperature of 50° C 
during the reaction time (1-7 min). After com-
pleting the reaction, the vessel was transferred 
to an ice water bath and the gel remaining in the 
reaction vessel was placed in sufficient acetone. 
The precipitate obtained was taken and dried at 
60° C for 12 h. The percentage of grafting i.e the 
percent increase in weight of starch microparti-
cles upon grafting after complete removal of the 
to be grafted acrylamide monomer. The success 
of a grafting is usually measured in terms of the 
grafting efficiency the fraction of the monomer 
that is grafted onto the polymer vs. that which is 
either unchanged or is consumed in side reactions 
such as homopolymerisation. By means of the 
following equations (1 and 2) the percentage and 
efficiency of the graft were calculated respectively
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SEM characterization 

With the use of a scanning electron mi-
croscope from JEOL JSM-5900-LV (Japan), 
samples of starch, starch microparticles and the 
SMP-g-PAM (MCI-2) sample were studied for 
their morphology, the samples being covered 
beforehand with a thin layer of gold using the ion 
spray method.

Analysis of Fourier-transform infrared 
spectroscopy 

The spectra of starch, starch microparticles 
and SMP-g-PAM sample (MCI-2) were carried 
out in solid state, employing a spectrophotometer 
(FIR Spectrum 400 by Perkin-Elmer, USA) be-
tween 400 and 4000 cm−1.

X-ray diffraction 

The X-ray diffraction (XRD) studies were 
accomplished with a diffractometer (MODEL 
D8 ADVANCE DAVINCI). The starch, starch 
microparticles and SMP-g-PAM samples were 
scanned between 3° and 70°.

Thermogravimetric study (TGA)

Starch, starch microparticles and SMP-g-PAM 
(MCI-2) were carried by means of a instrument 
(TGA4000 Perkin Elmer, USA) in a nitrogen 
inert atmosphere that ranged from 20° C to 600° 
C and with a heating rate of 10°C/min.

RESULTS AND DISCUSSION

Extraction of potato starch and 
microparticles preparation

The starch weight content of the “pastusa” 
variety of potato (Solanum tuberosum) obtained 
after the extraction treatment was 15.35%, with a 
moisture content of 6.9% and an average particle 
size of 25μm determined by SEM (Figure. 5a.), a 
result similar to that reported by other authors.[23]

Regarding the appearance of the suspension 
of potato starch with 15 wt.% solid content, as 
the sonication time is increased, the transparency 
improved and the fraction of sedimentation de-
creased. After 30 min of simultaneous ultrasound 
and sulfuric acid hydrolysis treatment, the starch 
suspension became totally transparent without 
any change to the solution fluidity, which is a 
good reference of a decrease in size of the starch 
granule[6]Field Effect Scanning Electron Micros-
copy (FE-SEM. The microparticles observed by 
SEM show agglomerations, and no individual 
particles can be observed. According Moham-
mad & Razavi,[5] particles smaller than 100 nm 
can be produced with simultaneous treatments 
of ultrasound and sulfuric acid hydrolysis. The 
reduction in size was determined, placing two 
grams of lyophilized particles in 5 mL of distilled 
water at 25° C, stirring well and then passing the 
resulting solution through a Millipore filter of 
0.2μm (200nm), where it was observed that all 
the solution had passed through the filter with-
out leaving particles stuck to the filter surface, 
suggesting that the particles obtained have a size 
smaller than 200 nm.

Preparation by microwave irradiation of 
SMP-g-PAM. 

The SMP-g-PAM copolymers were prepared 
by microwave irradiation, different copolymer 
samples were prepared with various potassium 
persulfate (PPS) concentrations, acrylamide 
concentrations and reaction times. To maintain a 
constant temperature of 50° C in the reactions, 
the microwave equipment was programmed to 
~ 3W. The reaction conditions are show in Table 
1. In which it is observed that the maximum 
percentage of graft (613) is get with the use of 
the highest amount of acrylamide that was used, 
while the maximum yield or efficiency of the 
reaction (100%) was obtain with the longest 
reaction time (7 min), these results were expected 
due to the higher concentration of the monomer, 
greater grafting can be generated, and as the 
reaction time is longer, the complete conversion 
of the entire graft monomer can be reached.
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Table 1. % Grafting, % Efficiency of copolymer, reaction conditions used to prepare 
SMP-g-PAM copolymers by microwave assisted reaction at 50° C, SMP 0.1 g.

Sample AA (g) AA 
(mol) PPS (g) PPS 

(mol)

Time of 
irradiation 

(min)

Grafting 
(%)

Efficiency
 (%)

MCI-1 0.2 2.8x10-3 0.025 9.2x10-5 3 78 39
MCI-2 0.3 4.2x10-3 0.025 9.2x10-5 3 239 80
MCI-3 0.4 5.6x10-3 0.025 9.2x10-5 3 309 77
MCI-4 0.5 7.0x10-3 0.025 9.2x10-5 3 416 83
MCI-5 0.6 8.4x10-3 0.025 9.2x10-5 3 512 85
MCI-6 0.7 9.8x10-3 0.025 9.2x10-5 3 613 88
MCI-7 0.3 4.2x10-3 0.010 3.7x10-4 3 146 49
MCI-8 0.3 4.2x10-3 0.015 5.5x10-4 3 198 66
MCI-9 0.3 4.2x10-3 0.020 7.4x10-4 3 214 71
MCI-10 0.3 4.2x10-3 0.030 1.1x10-3 3 243 81
MCI-11 0.3 4.2x10-3 0.035 1.3x10-3 3 273 91
MCI-12 0.3 4.2x10-3 0.040 1.5x10-3 3 268 89
MCI-13 0.3 4.2x10-3 0.025 9.2x10-5 1 91 30
MCI-14 0.3 4.2x10-3 0.025 9.2x10-5 2 184 61
MCI-15 0.3 4.2x10-3 0.025 9.2x10-5 4 261 87
MCI-16 0.3 4.2x10-3 0.025 9.2x10-5 5 277 92
MCI-17 0.3 4.2x10-3 0.025 9.2x10-5 6 293 98
MCI-18 0.3 4.2x10-3 0.025 9.2x10-5 7 315 100

AA: Acrylamide; PPS: potassium persulfate; SMP: Starch Microparticles

Effect of monomer concentration. 

The effect of the concentration of acrylamide 
(monomer) on the % grafting was analyzed in the 
amounts of 0.2-0.7 g with 0.025 g of potassium 
persulfate and 0.1 g of SMP. Increasing the con-
centration of monomer led to an increase in the % 
efficiency and % grafting. With a chosen concen-
tration of 0.3 g, at a variable power (~ 3 W), an ir-
radiation exposure time of 3.0 min and a constant 
temperature 50° C, an efficiency of 79.3% was 
observed, which is almost twice as high as that 
obtained when 0.2 g of acrylamide were used; for 
other concentrations of acrylamide, little increase 
in % efficiency of the reaction was observed. The 
increase in % graft is due to the higher availabil-
ity of acrylamide in reaction medium, Figure 2.

 

Figure 2. Effect of acrylamide concentration on 
% G and % E using 0.025 g of PPS, 0.1 g of SMP, 

temperature 50° C, microwaves exposure time 3 min.



Lina M. Rodríguez - Pineda et. al.

154

Initiator concentration K2S2O8 effect.

In a concentration range of 0.010-0.040 g of 
initiator, 0.3 g of fixed acrylamide and 0.1 g of 
SMP, the effect of the variation of the initiator 
was evaluated. It was observed that the percent-
age of graft and the efficiency increased with 
the increase in the concentration of the initiator 
up to 0.035 g; at a higher concentration there is 
a decrease in the % graft, which is due to the 
accumulation of free radicals, which implies 
the rapid termination of the growing chains and 
hence of the graft. This is an indication that, with 
the use of small amounts of initiator and longer 
reaction time, high percentages of grafting can 
be obtained, as can be seen in Figure 3. This fact 
can also be explained as due to the formation of 
polyacrylamide homopolymer.

 

Figure 3. Effect of PPS concentration on % G and% E 
using 0.3 g of acrylamide, 0.1 g of SMP, temperature 

50° C, microwaves exposure time 3 min.

Effect of microwaves reaction exposure 
time.

The effect of microwaves reaction exposure 
time on grafting was studied in a time range from 
1-7 min with fixed concentrations of SMP (0.1 
g), acrylamide (0.3g) and persulfate (0.025g) at a 
constant temperature, observable in Figure 4. The 
% G increased with the time of exposure to the 
microwaves, which is due to a greater availability 
of energy, resulting in a greater generation of free 
radicals in the SMP chains; similarly, there was 
an increase in the percentage of efficiency. During 
3 min reaction time, the efficiency percentage 
increased linearly, hence the increase was slower, 
reaching a maximum of 100% efficiency at 7 min. 
The percentage of grafting presented the same 

behavior as the efficiency, the maximum percent-
age obtained was 315% at 7 min of reaction.

These results present a higher degree of graft 
than those reported by Singh et al,[22] which may 
be due to the different type of starch being used; 
furthermore, being in the form of microparticles, 
the starch has a greater surface area to interact 
with the reagents and yield a higher graft percent-
age. Microwaves benefit the percentage increase 
of the grafted monomers and diminish the reac-
tion times. [24, 25]

Figure 4. Effect of reaction time on % G 
and% E using 0.3 g of monomer, 0.1 g of SMP, 

0.0250 g of PPS, temperature 50 °C.

SEM characterization. 

The micrographs of native starch (a), starch 
microparticles (b) and SMP-g-PAM (MCI-2) co-
polymer sample were observed in the figure 5. The 
native starch particles evidently show a smooth 
surface and round shape, with sizes ranging from 
9 to 100 µm. SEM observations showed that the 
treatments of acid hydrolysis and ultrasound in-
duced granule disturbance of the starch are due to 
chemical and mechanical changes to the granule 
surface, showing a destruction of the crystalline 
zones. Figure 5b shows the micrograph of the 
particles resulting from the effects of sonication 
and acid. Moreover, the mechanical effect and / or 
the hot spots of the ultrasound increase the action 
of the acid, providing open conduits, disrupting 
the growth of the crystalline rings and the hilum 
of the granules. The SMP-g-PAM (MCI-2) copo-
lymer sample shows morphological changes as 
a result of the grafting of PAM chains in starch 
microparticles. Therefore, the morphology of the 
starch microparticles is lost after grafting and is 
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transformed into particles with well-defined mor-
phology. The micrograph of copolymer shows 
an increase in particle size and the formation 

of porous cavities, craters on the surface of the 
starch microparticles attributable to the success-
ful grafting of the acrylamide chains.

Figure 5. SEM micrograph of (a) potato starch (500x), (b) starch microparticles (100x) and (c) SMP-g-PAM (150 and 500x).

Analysis of Fourier-transform infrared 
spectroscopy. 

Figure 6 displays the Fourier transform infra-
red spectra of native starch (a), starch micropar-
ticles (b) and grafted copolymer (MCI-2) (c). The 
native starch and starch microparticles register 
a band at 3321 cm−1 attributed to the stretching 
vibrations of hydroxyl group (O–H), a reduced 
band at 2924 cm−1 due to the C–H stretching 
vibrations. The peaks at 1021 cm−1 and 1151 cm−1 
registered stretching vibrations of C–O–C. For 
SMP-g-PAM (Figure 4c.) showed a band at 3334 
cm−1 and a shoulder peak at 3189cm−1 attributed 
the O–H stretching band of the hydroxyl group of 
starches and N–H stretching band of the amide 
group of acrylamides that overlay each other. A 
small band at 2939 cm−1 is assigned to the C–H 
stretching vibration; the appearance of strong ab-
sorption bands at 1657 cm−1 and 1613corresponds 
to C=O and N-H amide stretching vibrations re-
spectively. The grafted product showed one more 
additional peak at 1413 cm−1, which is due to the 
C–N stretching. In comparison to the sample of 
starch microparticles, the appearance of these 
new bands in grafted starch microparticles evi-
dence the successful grafting of PAM chains onto 

the chains of potato starch microparticles. These 
peak positions were similar to those reported for 
grafted potato starch, corn starch, Phaseolus aco-
nitifolius starch, maize starch and cassava starch.
[17, 19, 25–27]acrylamide could be efficiently 
grafted onto potato starch under microwave irra-
diation and for the grafting 02 removal from the 
reaction vessel was not required. Under optimal 
conditions, grafting and efficiency observedwere 
160% and 89%, respectively. Grafted starch was 
characterized by using Fourier transform infrared 
spectroscopy (FTIR 

Figure 6. Fourier transform infrared spectra of starch 
(a), Starch microparticles (b), SMP - g-PAM (c).
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XR diffraction study.

Figure 7 displays the wide-angle X-ray dif-
fractograms obtained for native starch (a), starch 
microparticles (b) and grafted copolymer (MCI-
2) (c). XRD patterns of the native starch exhibited 
define diffraction peaks at 5.8, 15.1, 17.3, 19.9, 
22.4, and 24.3, 2-theta angles, which are typical 
of the starch granules of semi-crystalline, this 
being attributed to the amylopectin fraction that 
constitutes the starch granule. Conversely, the 
SMP diffractogram (Figure 7b) shows a wide halo 
from 10° to 35°, related with amorphous com-
pound. The SMPs are totally amorphous, due to 
the starch having completely lost its crystallinity 
during the combined processes of acid hydrolysis 
and continuous sonication. These results match 
with other studies that show that ultrasonication 
disturbs the crystalline fraction of native starch 
[4, 6, 11]structural and thermal behavior of starch 
nanocrystals (SNCs The SMP-g-PAM (MCI-2) 
copolymer (Figure 7c.) also shows a halo between 
10 and 45 ° similar that of starch microparticles, 
though with a greater intensity due to microwave 
heating and grafting of acrylamide. The results 
show that the starch microparticles amorphous re-
gion increased following graft copolymerization.

Figure 7. XRD diffraction patterns of starch (a), 
Starch microparticles (b), SMP-g-PAM (c).

TGA characterization. 

Thermogravimetric analysis in an inert 
atmosphere provides a method for assessing the 
thermal stability of experimental polymers for 
their industrial applications. The TGA curves 
of native starch (a), starch microparticles (b) and 
grafted copolymer (MCI-2) (c) are present in 

Figure 8. The starch essentially shows two weight 
loss zones with a characteristic thermogram 
within 20° C and 550° C. The first weight loss 
is between 30° C and 170° C, this is attributed to 
a small quantity of water present in the sample. 
The major mass loss is found in the second region 
(250 °C -320 °C) and was due to degradation 
of the starch chains. The starch microparticles 
showed three stages of weight loss at 27 °C, 120° 
C, 170° C, the large mass loss was found in the 
temperature range from 120° C – 270° C, values 
lower than those found in native starch, this is due 
to the loss of crystallinity as a consequence of the 
treatments used to obtain them, in addition this 
fact indicates that starch microparticles have a 
high number of hydroxyl groups on their surface 
and it is through them that the thermal degrada-
tion start [28, 29]. The SMP-g-PAM presents a 
first weight loss of 11.43% around 70° C, a second 
weight loss of 21.22% at 271° C and a big loss of 
38. 5% at 370° C, a higher temperature than the 
SMP, due to the grafted PAM chain in the starch 
microparticles backbone. These results indicate 
that the grafted copolymer has a higher thermal 
stability compared to starch microparticles.

Figure 8. TGA thermograms of starch (a), 
starch microparticles (b), SMP-g-PAM (c).

CONCLUSIONS

Starch microparticles were prepared effective-
ly by simultaneous treatment with ultrasound and 
sulfuric acid hydrolysis. The starch microparti-
cles obtained were modified chemically through 
microwave irradiation synthesis, employing 
a low quantity of potassium persulfate. It was 
found that the percentage grafting was high, with 
0.7 g of monomer, 0.025 of PPS to an exposure 
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time of 3 min and 50 °C of reaction temperature. 
The starch, starch microparticles and grafted co-
polymer were characterized by various analytical 
techniques. The semi crystalline character of 
starch was disturbed by the simultaneous appli-
cation of ultrasound and sulfuric acid hydrolysis 
treatment, which was confirmed by the study of 
x-ray diffraction. On the other hand, the SMP-g-
PAM showed increased thermal stability, due to 
the grafting of acrylamide chains, the modifica-
tion of the starch microparticle backbone and was 
confirmed by means of FT-IR and TGA analysis. 
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