
 
  

 

Available on line at 

Association of the Chemical Engineers of Serbia AChE 

 
www.ache.org.rs/CICEQ 

  Chemical Industry & Chemical Engineering Quarterly 19 (4) 493503 (2013) CI&CEQ 

 
 

493 

SUZANA DJORDJEVIC
1 

LJUBISA NIKOLIC
1 

STANA KOVACEVIC
2 

MILENA MILJKOVIC
3 

DRAGAN DJORDJEVIC
1
 

1
University of Niš, Faculty of 

Technology, Leskovac, Serbia 
2
University of Zagreb, Faculty of 

Textile Technology, Zagreb, 

Croatia 
3
University of Niš, Faculty of 

Mathematics and Natural 

Sciences, Niš, Serbia 

SCIENTIFIC PAPER 

UDC 547.466:66.094.941:677 

DOI 10.2298/CICEQ120416085D 

  EFFECT OF VARIOUS INITIATORS ON 
MOLAR MASS DETERMINATION OF 
HYDROLYZED POTATO STARCH–ACRYL-
AMIDE GRAFT COPOLYMERS 

This study investigates the synthesis, characterization and properties of graft 

copolymer produced from hydrolyzed potato starch and acrylamide using 

various initiators (azobisisobutyronitrile, potassium persulfate and benzoyl 

peroxide). Starch hydrolysis was performed in order to reduce molecular mass. 

Acrylamide was grafted on shorter starch macromolecules creating side bran-

ches on the main chain resulting in a product that could be used in textile 

finishing more successfully. Various initiators were used, primarily to produce 

graft monomer on the starch, and also to obtain thinner or thicker packaging of 

side chains that can influence the behavior of textile yarns impregnated with 

these copolymers. Benzoyl peroxide proved to be very successful as an ini-

tiator in grafting of acrylamide on hydrolyzed starch, in terms of yield, graft per-

centage and efficiency results. Grafting in the presence of azobisisobutyro-

nitrile and potassium persulfate as initiators had slightly better monomer to 

polymer conversion values. FTIR spectra of hydrolyzed and grafted starch 

confirmed that grafting was successful. Residual amounts of monomer in copo-

lymer and molar mass distribution were determined by chromatography. The 

results show that the highest quantity of monomer is found in the sample of 

hydrolyzed starch grafted in the presence of potassium persulfate. Molar mas-

ses of hydrolysate and copolymer show differences ranging from 110
2
 to 

210
7
 g/mol. The results of sizing using grafted starch show that sized yarns 

had higher strength (tenacity) and lower elongation. Grafted hydrolyzed starch, 

as an agent for cotton yarn sizing, gave better results than non-grafted starch, 

especially regarding sizing uniformity, yarn mechanical parameters and easier 

removal in the following desizing process. 

Keywords: starch, acrylamide, grafting, HPLC, molar mass, sizing. 

 
 

Starch has remarkable properties enabling wide 

use in its native form or as a modified product. Its 

biodegradability, abundance of resources, lesser 

environmental pollution, low price, good adhesive 

capacity and ability to form layered structures should 

be highlighted. The cyclic structure and many hyd-

roxyl groups make starch materials brittle and rigid. 

Therefore, starch films are not flexible and adhesion 

to surfaces is never good enough 1,2.  
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Chemical modification offers new possibilities to 

improve starch inherent shortcomings. Currently, 

research to improve starch adhesion to fibers is fo-

cused to chemical modification. Several techniques 

are used with the aim to introduce a chemical group 

or to modify starch molecules in some way to improve 

adhesion 3,4.  

Chemical modification of starch using oxidation, 

hydrolysis, esterification, grafting and dextrinization is 

usually performed to improve starch properties and its 

use value. Among different procedures, graft poly-

merization of vinyl monomers to starch appears to be 

a very fascinating research field having unlimited 

potential for improvement of starch properties 4,5.  

The objectives of this study are the investigation 

of feasibility and efficiency of creating polymer mate-
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rials intended for specific end use, e.g. yarn sizing in 

textile industry. The study involves acid hydrolysis of 

potato starch to control molecular sizes and graft 

copolymerization of acrylamide. The final product 

designed in this way is hydrolyzed starch grafted with 

acrylamide, which can be used in the textile industry 

for finishing of textile and yarn sizing. 

EXPERIMENTAL 

Materials and methods 

The following chemicals and reagents were 

used: potato starch, hydrochloric acid (Centrohem, 

Serbia), ethyl alcohol (Reahem, Serbia) and sodium 

carbonate (LG Hemija, Serbia). 

The initiators for the grafting process were: 

azobisisobutyronitrile (AIBN) [2,2'-azobis(2-methyl-

propionitrile)], 99% (Sigma-Aldrich, USA), potassium 

persulfate (PP, Centrohem, Serbia) and benzoyl 

peroxide (BP, Sigma-Aldrich, USA). 

In the grafting process, the monomer used was 

acrylamide (AA, Merck, Germany). 

Working procedures 

Starch hydrolysis [4,5]. Starch hydrolysis was 

carried out in aqueous 1 M hydrochloric acid solution 

at 60 C with the addition of starch slurry. After reac-

tion time expired, reaction product was precipitated in 

100 mL ethyl alcohol and neutralized with diluted 1% 

sodium carbonate solution, washed and finally dried 

in an electric oven at 60 C for 3 h. Hydrolysis was 

carried out with vigorous stirring on a magnetic stirrer. 

The samples are denoted in the text as HS.  

Grafting copolymerization – initiators AIBN, potas-

sium persulfate, benzoyl peroxide [6-8]. 10 g of hyd-

rolyzed starch dissolved in water was heated in water 

bath at 50 C for 15 min. Then, 5 g of acrylamide, 

followed by 1% of initiator (based on starch and 

monomer mass) was added. As the solubility of AIBN 

initiator in water at 20 C is 3.6 mol/L [9], the active 

initial AIBN concentration in solution was 0.005 mol/L 

in this case. It is similar with benzoyl peroxide having 

solubility in water of 9.1 mg/L, at 25 C [10]. The 

active initial concentration of BP was 0.0035 mol/L. 

The temperature was kept at 50 C for 120 min under 

reflux with vigorous stirring on a magnetic stirrer. 

Reaction product was precipitated in 100 mL of etha-

nol. After filtration, the precipitate was washed with 10 

mL of ethanol at ambient temperature and then 3-4 

times with ethanol-water solution (80:20) [11]. Finally, 

the precipitate was dried in an electric oven at 60 C. 

The product had a white color. 

The final products are denoted in the text as: 

KHS-AIBN (grafted hydrolyzed starch – azobisiso-

butyronitrile), KHS-PP (grafted hydrolyzed starch – 

potassium persulfate) and KHS-BP (grafted hydro-

lyzed starch – benzoyl peroxide). 

Analysis 

Starch hydrolysis and acrylamide grafting effi-

ciencies [12,13] were calculated as: 

Hydrolysis yield, %:  

100W1/W0 (1) 

Graft percentage: 

100(W2–W1)/W1 (2) 

Graft yield, %: 

100W3/(W1+W3) (3) 

Graft efficiency, %: 

100(W2–W1)/ (W3–W4) (4) 

Monomer to polymer conversion, %: 

100(W3–W4)/W3 (5) 

where W1 is mass of hydrolyzed starch (g), W0 is 

mass of native starch (g), W2 is mass of grafted starch 

(g), W3 is mass of monomer used (g) and W4 is mass 

of residual monomer (g). 

Determination of average copolymer molecular 

masses and distribution of molecular masses 

Average molecular masses and their distribution 

was determined using a GPC Agilent 1100 series gel 

permeation chromatograph with a differential refracto-

meter (RID detector) 1200 series used as the detec-

tor. A Zorbax PSM 300, 250 mm6.2 mm, 5 μm column 

with nominal molar mass range of 310
3
-310

5
 g/mol 

was used. Redistilled water with flow rate of 1 mL/min 

was used as the eluent. The column was conditioned 

at 25 C and the injected volume of sample solution 

was 20 μL. The copolymer solutions in redistilled 

water with concentration of 4.5 mg/mL, filtered before 

weighing through 0.45 μm filter, were used for the 

analysis.  

In order to to quantitatively process gel-chroma-

tograms of tested starch copolymers, calibration of 

the Zorbax PSM-300 gel column was carried out 

using narrow molar mass distribution dextran samples 

(Pharmacia, Table 1). Dextran standards of known 

molar mass and the same concentrations as the 

samples were used in the same way as the samples.  

Based on the obtained chromatography para-

meters, automatic analysis with GPC software and 

linear curve fitting was used for optimization and 

selection of calibration curve.  
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Table 1. GPC Calibration parameters of dextran standards 

Standard Mw / g mol
–1

 tR / min 

D1 2,000 5.220 

D2 23,000 4.436 

D3 40,000 4.402 

D4 70,000 3.980 

D5 500,000 3.235 

Determination of residual monomer in copolymer 

Residual quantities of non-reacted monomer 

were determined in the produced material using high 

pressure liquid chromatography (HPLC). About 0.2 g 

of powdered copolymer sample was taken for the 

analysis. The sample was extracted with 10 mL of 

methanol at ambient temperature for 48 h with inter-

mittent stirring with a magnetic stirrer. Extracts were 

filtered through 0.45 μm filter and used for HPLC 

analysis. Recordings were performed on HPLC Agi-

lent 1100 Series apparatus with DAD 1200 Series 

diode-array detector. Detection wavelength was 205 

nm. The column used was ZORBAX Eclipse XDB-

C18, 4.6 mm250 mm, 5 μm. Eluent was methanol 

with flow rate of 1 mL/min, column was conditioned at 

25 C and injection volume 20 μL. 

As calibration standard, the samples of acryl-

amide were used in concentrations of 1–0.005 mg/L. 

Standard monomers were prepared by weighing indi-

vidual samples in volumetric flasks and diluting them 

with mobile phase, i.e., methanol.  

To test efficiency of starch in textile processing, 

sizing i.e. impregnation of warp yarn with modified 

starch was performed. Rotor cotton yarn with length 

mass of 30 tex was used. Three different concentra-

tions of grafted hydrolyzed starch were used, 10, 15 

and 20%. Impregnation was performed on a padder 

(foulard) with subsequent air-drying. In subsequent 

process stages, it is necessary to clean textile and 

remove applied size in the process of desizing. In our 

case, desizing was carried out by classical washing 

procedure using non-ionic washing agent, Lavan NH 

(Textilcolor AG, Swiss) with 2 g/L concentration, 

liquor ratio 1:30, at 60 C for 30 min. In the end, it was 

followed by rinsing with copious water and air drying.  

To test sizing efficiency the following test me-

thods were used: 

• Sizing degree, based on mass difference. 

• Yarn breaking force and elongation, accord-

ing to ISO 2062 on Statimat M (Textechno) tensile 

tester. 

• Desizing degree, based on mass difference. 

RESULTS AND DISCUSSION 

Hydrolysis of starch was carried out to reduce its 

molecular mass. Acrylamide was then grafted on 

shorter starch molecules forming side branches on 

the main chain, resulting in a product that could be 

used more successfully in textile processing. Vari-

ation of initiators was intended, primarily, to create 

graft monomer on starch, more efficiently, and to pro-

duce various thinner or thicker, shorter or longer side 

chains. The variations have an impact on final product 

tailoring and its behavior in contact with textile. During 

copolymerization with initiators AIBN, BP and PP, the 

formed grafted branches bind to the starch backbone 

only via oxygen because graft copolymerization is 

initiated by expelling the active hydrogen atom from 

the starch hydroxyl group (Figure 1) [1]. 

Table 2 shows some efficiency parameters of 

hydrolysis and monomer grafting on starch depending 

on the initiator type.  

As an initiator, BP proved to be very successful 

in acrylamide grafting on starch, in terms of yield, 

grafting percentage and efficiency results. Grafting in 

the presence of AIBN and PP initiators has slightly 

better monomer-to-polymer conversion values (the 

difference is on first decimal), which, considering 

other parameters in Table 2, indicates that higher 

conversion can result in an unproductive reaction – 

producing more homopolymer and less graft polymer.  

Statistical analysis (OriginPro 8.6 software) of 

the results in Table 2 provides interesting conclu-

sions. We used Student’s t-test for testing the signi-

ficance of the results the process parameters used. A 

one-sample t-test can be employed to test whether or 

not the true mean of a population, is equal to or diffe-

rent than a specified test mean. Comparison is done 

in relation to the sample (KHS-BP) mean arithmetic 

values for all parameters. 

This was done because of the excellent results 

of this sample in terms of process parameters as well 

as later in the cotton yarn sizing. The t-values for the 

grafting yield parameter and samples KHS KHS-and 

AIBN-PP were -23.01302 and -32.9849, respectively, 

while for the same samples, p-values were 

2.6252210
-9

 and 1.0651210
-10

, respectively for 95% 

confidence level. Since the realized t-values were 

greater than the tablet limit values, t(9, 0.05) = 2.262, for 

the number of freedom degrees 9 and significance 

level 0.05, the null hypothesis is rejected as false, and 

the alternative hypothesis is accepted. 

With error p < 0.05 and statistical confidence 

P > 95%, significant differences exist at samples for 

the grafting yield parameter, probably due to the 
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influence of experimental factors. This conclusion is 

supported by very small p-values; it is known that the 

smaller the p-value is, the less probable that the null 

hypothesis is true. The negative t-value indicates that 

the experimental sample is better than a population 

according to test results for significance level α = 0.05. 

A similar phenomenon was observed in other 

studied parameters: grafting percentage (KHS-AIBN, 

t = -17.57249, p = 2.8334710
-8

; KHS-PP, t = 

= -21.18947, p = 5.451610
-9

), graft efficiency (KHS- 

–AIBN, t = -51.69903, p = 1.9035210
-12

; KHS-PP, t = 

= -62.73805; p = 3.3499110
-13

) and monomer to 

polymer conversion (KHS-AIBN, t = 2.45547, p = 

= 0.03643; KHS-PP, t = 1.56572; p = 0.15186), i.e., 

absolute value of the obtained t-values are higher 

than the limit. This means that the null hypothesis is 

rejected as false, and the alternative hypothesis is 

accepted for risk level p = 0.05 and level of statistical 

confidence P = 0.95 (95%). 

The difference is statistically significant and 

probably formed under the influence of systemic or 

experimental factors. For the sample KHS-PP, for the 

monomer to polymer conversion process parameter, 

t = 1.56572, p = 0.15186, the t-value is lower than the 

limit, and the p-value was slightly higher, suggesting 

that the null hypothesis is not rejected because the 

risk is greater than 5% (p > 0.05), i.e., there is no 

significant difference between the mean of the popul-

ation and the test sample. Positive t-value for the 

monomer conversion to polymer parameter for the 

sample KHS-PP suggests that the population was 

better than the experimental results according to the 

test sample for a significance level α = 0.05. 

 

Figure 1. Acrylamide grafting on hydrolyzed starch. 

Table 2. Some process parameters of starch hydrolysis and grafting 

Sample Hydrolysis yield, % Grafting yield, % Grafting percentage Graft efficiency, % 
Monomer to polymer  

conversion, % 

KHS-BP - 97.72 36.96 93.57 97.97 

KHS-AIBN - 93.46
a 

30.31
a 

78.09
a 

98.40
a
 

KHS-PP - 90.48
a 

30.25
a 

69.85
a 

98.36
b 

HS 96.48 - - - - 
a
At the 0.05 level, the population mean is significantly different than the test mean; 

b
at the 0.05 level, the population mean is not significantly different than 

the test mean 
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In the FTIR spectrum of hydrolyzed starch 

(Figure 2 (0)), a broad absorption band at 3400 cm
-1

 

for O-H stretching vibrations and a smaller absorption 

band at 2928 cm
-1

 attributed to C-H stretching vib-

ration are observed. Wave numbers at 1151, 1081 

and 1020 cm
-1

 describe C-O-C stretching (triplet for 

starch) and a band at 1640 cm
-1

 corresponds to water 

molecules 14.  

With acrylamide grafted starch (Figure 2 (1-3)), 

sharp peaks at about 1790 and 1560 cm
-1

 correspond 

to C-O and N-H stretching (i.e., amide I and amid II 

stretching), respectively. Furthemore, in grafted pro-

duct, one additional peak appears at about 1338 cm
-1

, 

which is attributed to C-N stretching. After the reac-

tion, absorption bands at about 576, 764 and 860 cm
-1

 

(-OH groups vibrations) in grafted starch become 

smaller, indicating that the starch OH groups have 

changed during reaction. Thus, the appearance of 

these additional peaks with grafted starch compared 

to hydrolyzed starch confirms the successful grafting 

of poly(acrylamide) chains on starch 15.  

Concentration of AA monomer is calculated from 

the peak area in the HPLC chromatogram using a 

linear equation (y = ax + b), obtained calibrating rela-

tionship between absorption peak area and monomer 

concentration in eluted sample. The AA monomer 

retention time is 2.51 min. From Figure 3 it can be 

observed that linear relationship ranges to AA con-

centration of 0.1 mg/mL, i.e., up to the peak area of 

8660 mAU s. For the linear part of the relationship 

between peak area and AA monomer concentration 

the following equation is applicable: y = 87973.35x + 

0, where: x (mg/mL) is acryl amide concentration; y 

(mAU s) is the peak area with retention time Rt = 2.51 

min. Since zero is the origin of the calibration curve, 

there is no ordinate intercept.  

High linearity is confirmed by statistical para-

meters, coefficient of determination R2
 of 0.99579. 

The coefficient of determination is a relative measure 

of representativeness of regression line or measure of 

usefulness of calibration model. In cases when R2
 = 1 

the total variance is equal to explained variance. The 

relation is functional or linear, i.e., all data values in 

the plot lie on the regression line. 

The quantities of residual monomer in copoly-

mer samples after acrylamide grafting on hydrolyzed 

starch are summarized in Table 3. The highest amount 

of monomer was found in the KHS-PP sample, i.e., 

using potassium persulfate initiator in monomer graft-

ing on starch.  

After chromatography of appropriate starch 

copolymer sample, depending on the detector used 

(RID), ChemStation software produces a correspond-

ing chromatogram with chromatographic parameters. 

The program is able to activate GPC software and 

transfer data in order to process chromatograms and 

to analyze molecular masses of each separated frac-

tion of analyzed polymer. 

 

Figure 2. FTIR Spectra of hydrolyzed (0) and acrylamide grafted starch in the presence of PP (1), AIBN (2) and BP (3) initiators. 
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Figure 4 shows an HPLC chromatogram (RID 

signal) of an aqueous extract of synthesized starch 

copolymer sample depending on the type of initiator 

used, indicating that, with the given conditions and 

used initiators, the corresponding response of copoly-

mer chromatograph signal appeared. It can be observed 

that grafting in the presence of benzoyl peroxide ini-

tiator produces a starch-AA copolymer, which shows 

the highest intensity in chromatogram, the highest 

area and narrower distribution of macromolecules in 

the appropriate range of molecular masses. Chroma-

togram details for copolymer samples are given in 

Table 4. 

Figures 5 and 6 show individual differential 

curves of molecular mass distribution in relation to 

sample type. Molar mass values are located in a nar-

row range of 110
5
 to 110

7
 g/mol (Figure 5) and 

110
2
 to 110

4
 g/mol (Figure 6). The second interval 

shows the highest intensity peak, i.e., in this mole-

cular mass range the highest number of copolymer 

molecules appeared. The rather lower intensity shows 

the first interval consisting of copolymer macromole-

cules with highest molar masses. The determination 

of molar mass values (molar mass distribution) is of 

great importance because most of the physical, che-

mical and application characteristics of the polymer 

depend on these values. 

Hydrolyzed starch, HS, shows a slightly broader 

molar mass distribution with lower intensity of charac-

teristic band. Its lower values of individual molar 

masses compared to the grafted samples (Table 6) 

are the consequence of the nonexistence of side 

grafted chains of poly(acrylamide). 

The differential curve of molecular mass distri-

bution of a polymer is presented as a relationship 

between mass portions of macromolecules and their 

molecular masses. It has been proven experimentally 

that, besides mass, the mass distribution essentially 

influences almost all polymer characteristics in solu-

tion, molten or solid state. Molecular mass and mole-

cular mass distribution is a consequence of the poly-

mer forming mechanism and reaction conditions.  

Tables 5 and 6 show the details of various molar 

mass types of copolymer samples and polydispersity 

index calculated from the distribution curve. Higher 

values for Mn, Mw and Mz molar masses are a result 

of higher fraction of higher molar masses.  

These results are consistent with the known 

facts that natural polymer molecules, for example 

polysaccharides, and practically all synthetic poly-

mers have different sizes. These polymers are non-

uniform or polydisperse. In our case, the sample of 

hydrolyzed starch, grafted with acrylamide in the 

presence of benzoyl peroxide initiator, show the high-
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Figure 3. Calibration curve for determination of monomer concentration in extracted copolymer samples using HPLC method: 

a) full concentration range and b) linear part only. 

Table 3. Residual monomer quantity in copolymer after grafting 

Sample Retention time, min Residual monomer concentration in copolymer, mg/g 

KHS-BP 2.505 4.46 

KHS-AIBN 2.507 4.53 

KHS-PP 2.509 6.14 
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est uniformity. Of course, various size molecules can 

be found in different fractions in material samples.  

Table 4. Some chromatogram parameters of copolymer samples 

Sample 
Retention time 

min 

Peak area 

mAU s 

Peak height 

mAU 

KHS-AIBN 5.199 521071.8 16214.7 

KHS-BP 5.296 633742.5 26015.8 

KHS-PP 5.112 393332.2 13030.5 

HS 5.151 611369.3 15321.5 

Table 7 shows the test results of warp yarn 

before and after sizing with benzoyl peroxide grafted 

starch, the product that showed the best charac-

teristics. After sizing, the first thing to notice is the 

mass gain due to the applied sizing agent on the yarn 

surface. 

Regarding the sizing degree, it seems that 

treatments with higher concentrations of KHS-BP 

sizes produce higher values of this parameter. Increas-

ing size concentration increases mass gain. There 

was no proportional increase of size deposit so it 

seems that the concentration of 15% is “ideal” for the 

yarn sizing process. For the highest concentration 

(20%) formulation the mass gain was only slightly 

higher than with 15% of active agent. 

The starch mass penetrates yarn interstices 

filled with air and higher concentration of starch mass 

increases its density, causing slower penetration and 

also more difficult extrusion from yarn by passing 

between padder rolls. The KHS-BP size deposit is 

hardly higher than the HS size deposit of the same 

concentration.  

The mechanical properties test results showed 

an increase in yarn breaking strength, realizing one of 

the main sizing process goals. Moreover, as a con-

sequence of sizing, yarn breaking elongation was 

reduced, probably because sizing produced a more 

brittle yarn (lower elasticity). This reduction of yarn 

breaking elongation actually presents a disadvantage 

of sizing. 

Treatment with hydrolyzed starch (HS) at a con-

centration of 15% resulted in an increase in breaking 

strength compared to the raw sample, but it was still 

lower than KHS-BP formulation of the same concen-

tration. This size resulted in the lowest yarn elasticity, 

i.e., the lowest breaking elongation. The KHS-BP 

treated sample, with concentration of 20%, showed 

the maximum breaking strength value, much higher 

than that of the raw sample but only slightly higher 

than the sample treated with 15%. 

While a satisfactory stickiness of size is required 

during sizing, an easy removal of starch is required in 

desizing to reduce energy costs and to make the sub-

sequent processes (finishing processes) easier. 

The higher the starch concentration on yarn, the 

higher the mass change will be after desizing. With 

higher starch concentrations, a thicker film on the 

yarn surface is formed and more easily removed 

during warm washing. 

 

Figure 4. HPLC Chromatogram of starch-AA copolymer. 
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 (a) (b) 

 
 (c) (d) 

Figure 5. Differential curves of molar mass distribution for starch-AA copolymer: a) KHS-AIBN, b) KHS-BP, c) KHS-PP and 

d) HS; elution volume 2.15 – 4 mL. 

 

 (a) (b) 

 
 (c) (d) 

Figure 6. Differential curves of molar mass distribution for starch-AA copolymer: a) KHS-AIBN, b) KHS-BP, c) KHS-PP and d) HS; 

elution volume 4.2–6.5 mL. 
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Table 5. Different average molar masses (g/mol) of HS and 

polymer in relation to initiator from GPC curves for elution time 

of 2.15–4 min; Mn – number average molar mass; Mw – weight 

average molar mass; Mz – Z average molar mass; D – poly-

dispersity index, D = Mw/Mn 

Sample Mn10
–5 

Mw10
–6 

Mz10
–6 

D
 

KHS-AIBN 7.19 1.54 3.06 2.15 

KHS-BP 7.59 1.24 2.32 1.64 

KHS-PP 8.45 1.60 2.78 1.89 

HS 7.31 1.34 2.64 1.83 

Table 6. Different average molar masses (g/mol) of HS and 

polymer in relation to initiator from GPC curves for elution time 

of 4.2–6.5 min; Mn – number average molar mass; Mw – weight 

average molar mass; Mz – Z average molar mass; D – poly-

dispersity index, D = Mw/Mn 

Sample Mn10
–3 

Mw10
–3 

Mz10
–3 

D
 

KHS-AIBN 2.12 3.41 4.94 1.60 

KHS-BP 1.53 2.09 2.63 1.37 

KHS-PP 2.31 3.63 4.81 1.57 

HS 1.59 3.34 5.49 2.10 

It can be observed that, in most cases, the mass 

change after desizing was lower than the change 

after sizing. Namely, less is removed than is applied 

to the yarn. The reason for this should be looked for, 

among other things, in the grafted starch molecule’s 

behavior in solution and in adhesion degree.  

Statistical analysis of the results shown in Table 

7 informs us about the degree of significance of ave-

rage values of the investigated parameters related to 

the processing yarn effects. For the sizing degree and 

desizing degree parameters, the comparison was 

done in relation to the arithmetic mean values of the 

sample treated with KHS-BP, 15% (chosen because 

of the excellent results of the yarn processing effects), 

while for the breaking strength and breaking elon-

gation parameters, the average of the results for 

untreated sample yarns was taken as a reference point. 

The t-values for the sizing degree (KHS-BP 

20%, t = 4.16642, p = 0.00242; KHS-BP 10%, t = 

= -3.25464, p = 0.00496; HS 15%, t = 0.94298, p = 

= 0.37031), and desizing degree (KHS-BP 20%, t = 

= 12.85512, p = 4.2749710
-7

; KHS-BP 10%, t = 

= -10.11286, p = 3.2588610
-6

; HS 15%, t = 3.10489, 

p = 0.01262) parameters indicate that they realized t-

values greater (except for the sample treated with 

15% HS for sizing degree parameter) from the limit 

tabular value, t(9, 0.05) = 2.262, for number of freedom 

degrees 9 and the significance level of 0.05. 

So, with an error p < 0.05 and confidence 

P > 95% there is a statistically significant difference, 

probably arising from the influence of experimental 

factors. This conclusion is supported by very small 

p-values less than the significance level 0.05. In the 

case of treatment with 15% HS (for sizing degree 

parameter), the t-value is less from the limit one, and 

the p-value is slightly higher, which suggests that 

there is no significant difference between the mean 

and the sample set. 

A similar phenomenon was observed in other 

studied parameters: breaking strength (KHS-BP 20%, 

t = 30.3135, p = 2.2637510
-10

; KHS-BP 15%, t = 

= 27.30895, p = 5.738610
-10

; KHS-BP 10%, t = 

= 8.45022, p = 1.4255410
-5

; HS 15 %, t = 9.46014, 

p = 5.6679910
-6

) and breaking elongation (KHS-BP 

20%, t = -5.12261, p = 6.2577810
-4

; KHS-BP 15%, 

t = -4.95488, p = 7.8602610
-4

; KHS-BP 10%, t = 

= -1.68341, p = 0.12659; HS 15%, t = -5.84693, p = 

= 2.4469410
-4

), i.e., absolute value of the obtained 

t-values were higher than the limit, except for the yarn 

sample treated with KHS-BP 10%. Taking this fact 

into consideration, it can be concluded that the null 

hypothesis is rejected as false, and the alternative 

hypothesis is accepted for the level of risk  = 0.05 

and confidence level P = 0.95 (95%). The difference 

is statistically significant and probably a result of the 

influence of systemic or experimental factors. 

CONCLUSION 

Grafting of vinyl monomers on polymers, espe-

cially on starch, acquired considerable importance in 

Table 7. The effect of sizing on some tested yarn properties 

Measured property 

Size concentration, % 

KHS-BP HS - 

10 15 20 15 0 

Sizing degree (deposit, %) 8.61
c 

11.24
 

13.89
a
 12.01

b 
- 

Breaking strength, N 357.70
a 

383.3
a 

390.30
a 

360.50
a 

345.10 

Breaking elongation, % 4.51
b 

3.78
a 

3.73
a 

3.74
a 

5.35 

Desizing degree, % 7.77
a 

10.67
 

13.64
a 

11.64
a 

- 
a
At the 0.05 level, the population mean is significantly different than the test mean; 

b
at the 0.05 level, the population mean is not significantly different than 

the test mean; 
c
at the 0.05 level, the population mean is significantly lower than the test mean 
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recent years because this is a fascinating research 

field with almost unlimited potential. In this study, 

hydrolyzed starch was used for grafting, because 

after hydrolysis starch granules are broken apart to 

lower molecular fractions, and the yield of hydrolysis 

was over 90%. 

Hydrolyzed starch grafted with acrylamide showed 

different properties depending on the used initiator 

type. Initiator benzoyl peroxide was found to be very 

successful in acrylamide grafting on hydrolyzed starch, 

in terms of yield, graft percentage and efficiency. 

Grafting in the presence of azobisisobutyronitrile and 

potassium persulfate initiators had slightly better 

monomer to polymer conversion values. FTIR spectra 

of hydrolyzed and grafted starch featuring character-

istic absorption bands confirmed that the grafting of 

the monomer was successful. 

The quantity of residual monomer in copolymer 

and molar mass distribution was determined by chro-

matography. The results showed that the highest 

level of monomer was found in the sample of hydro-

lyzed starch grafted with potassium persulfate. Molar 

masses of tested hydrolysate and copolymer samples 

showed a difference and higher variation in the range 

of 110
2
 to 210

7
 g/mol. 

Higher values of polydispersity index could 

mean the presence of higher content of lower molar 

mass chains with consequently higher mobility 

required for further use, e.g., in yarn sizing process. 

The investigation of sizing effects showed that 

both hydrolyzed and acryl amide grafted starches can 

be used as sizing agents for cotton yarn. The treat-

ment with grafted hydrolyzed starch (KHS-BP 15%) 

showed the best results regarding side effects and 

properties achieved. 
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NAUČNI RAD 

  UTICAJ RAZLIČITIH INICIJATORA NA 
DETERMINISANJE MOLARNE MASE KALEM 
KOPOLIMERA OD HIDROLIZOVANOG 
KROMPIROVOG SKROBA I AKRILAMIDA 

Rad se bavi sintezom, karakterizacijom i svojstvima kalem kopolimera dobijenog od 

hidrolizovanog krompirovog skroba i akrilamida uz posredovanje različitih inicijatora 

(azobisizobutironitril, kalijum persulfat i benzoil peroksid). Hidroliza skroba je rađena u cilju 

smanjenja molske mase. Akrilamid je kalemljen na kraće makromolekule skroba stvarajući 

bočne grane na glavnom lancu čime se formira proizvod koji može biti uspešnije korišćen 

u obradi tekstila. Varijacija inicijatora je spovedena radi, u prvom redu, efikasnijeg stva-

ranja kalema monomera na skrobu, a onda i zbog, različitosti vezanih za ređe ili gušće, 

duže ili kraće pakovanja bočnih lanaca, što kasnije može u mnogome uticati na ponašanje 

tesktilnih pređa impregniranih ovim kopolimerima. Benzoil-peroksid, kao inicijator, pokazao 

se vrlo uspešnim u kalemljenju akrilamida na hidrolizovani skrob, s obzirom na rezultate 

prinosa, procenta i efikasnosti kalemljenja. Kalemljenja u prisustvu azobisizobutironitrila i 

kalijum persulfata, kao inicijatora, imaju tek nešto bolje vrednosti konverzije monomera u 

polimer. FTIR spektri hidrolizovanog i kalemljenog skroba, svojim karakterističnim trakama 

apsorcije potvrđuju da je kalemljenje monomera uspešno obavljeno. Hromatografski je 

određena količina zaostalog monomera u kopolimeru i raspodela molarnih masa. Rezultati 

pokazuju da najviše monomera ima u uzorku hidrolizovanog skroba kalemljenog kalijum 

persulfatom. Molarne mase istraživanih uzoraka hidrolizata i kopolimera pokazuju razli-

čitost i veće variranje, opseg 110
2
 do 210

7
 g/mol. Rezultati skrobljenja uz korišćenje 

kalemljenog skroba pokazuju da skrobljena pređa ima veću jačinu i slabije istezanje. 

Kalemljeni hidrolizovani skrob, kao agens za skrobljenje pamučne pređe, daje bolje 

rezultate od nekalemljenog skroba, naročito u pogledu uniformnosti skrobljenja, meha-

ničkih parametara pređe i lakšeg uklanjanja u narednom procesu odskrobljavanja. 

Ključne reči: skrob, akrilamid, kalemljenje, HPLC, molarna masa, skrobljenje. 

 
 


