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MANUAL MAKING OF HYDROPHOBIC PAPER AS A PART OF 

OCCUPATIONAL THERAPY AND A METHOD FOR IMPROVING THE 

QUALITY OF LIFE OF PERSONS WITH DEVELOPMENTAL 

DISABILITIES 
 

Abstract: This paper presents the possibilities of making paper with increased water resistance as 

occupational therapy for people with developmental disabilities. Paper production using biodegradable additives was 

presented and their hydrophobicity was tested using the drop retention time method. It was found that papers 

containing an agent used for hydrophobization had a prolonged drop retention time. The efficiency of the 

functionalization of the paper structure and the hydrophobization agent was confirmed by FTIR-spectroscopy. The 

mechanical properties of all prepared samples were tested and it was determined that functionalization with rosin 

maleic anhydride sodium salt Na-(RMA) gives better results compared to sodium abietate (Na-Ab). 

Анотація: У статті представлені можливості виготовлення паперу з підвищеною водостійкістю 

як ерготерапії для людей з вадами розвитку. Було представлено виробництво паперу з використанням 

біорозкладних добавок та перевірено їхню гідрофобність за методом часу утримання краплі. Було виявлено, 

що папери, що містять агент, який використовувався для гідрофобізації, мали подовжений час утримання 

крапель. Ефективність функціоналізації структури паперу та гідрофобізатора підтверджено методом 

FTIR-спектроскопії. Механічні властивості всіх підготовлених зразків перевіряли, і було визначено, що 

функціоналізація натрієвою сіллю малеїнового ангідриду каніфолі Na-(RMA) дає кращі результати порівняно 

з абієтатом натрію (Na-Ab). 

 

1. STATEMENT OF THE PROBLEM 

There are many people in the world who live with some form of disability, and who face 

social barriers in society, such as misunderstanding, unemployment, poverty, lack of information, 

etc. A special problem is the business ability of this people. A better solution for all these people 

could be the development of a workshop where they would feel useful, through additional learning, 

empowered to increase the degree of independence and reduce isolation through social interactions 

during the work process. In Serbia, there are independent associations for the support of people 

with developmental disabilities that organize real production. they provide education and training 

in order to improve the quality of life of these persons. 

The manual production of paper for various purposes from secondary fibers which includes 

the collection and selection of secondary paper, shredding, and further preparation trough pulping 

and paper forming process is just one of the ways in which people with disabilities can be included 

in the work process. Further expansion of the range of products obtained from handmade paper 

that does not absorb water will enable the production of packaging for wet products and enable 

additional training and development of people with disabilities. 

 

2. ANALYSIS OF RECENT PUBLICATIONS 

Paper is produced from wood fibers or annual plants rich in cellulose (cotton, flax, jute, etc.). 

Waste paper has a good recycling power, but a lower fiber content, so its application is limited. 

The importance of recycling is great for preserving the environment and saving energy. Manual 

paper production has been practiced since the invention of paper. After selection, the basic raw 

material is subjected to fermentation, shredding and grinding, and the resulting paper pulp is 



2023          MODERN EDUCATION - ACCESSIBILITY, QUALITY, RECOGNITION        2023 

 

 

256 

 

poured onto hand-made sieves. In this way, individual sheets of paper are produced that differ 

from each other in terms of thickness, fiber distribution, and coloring. [1,2]. 

To improve the quality of the paper during the production process, sizing agents are added. 

Various natural and synthetic agents are used in this process, which achieves the hydrophobization 

of the paper and increases its applicative capability. The advantages of natural additives that are 

added to improve hydrophobicity over the synthetic ones are they biodegradability and they do not 

pollute the environment [1, 3]. Rosin (colophonium) is one of the additives that is most often used 

as a additive agent [4]. Rosin is a natural resin obtained from wood [4]. By distillation of this resin 

a mixture of several acid is obtained, the most abundant of which is abietinic. In order to use water-

insoluble rosin for internal sizing in the form of an aqueous solution, it is necessary to convert it 

into a form that is suitable for use. This is achieved by the action of sodium hydroxide and sodium 

carbonate, whereby a water-soluble, sodium salt of abietic acid (resinate) is created. [1-3]. 

Aluminum sulfate is added to this system, which improves the tempering and drying process, and 

the paper becomes stronger. However, care must be devoted to control quantity added, because it 

can lead to deterioration of the mechanical properties of paper sheet [3]. In recent years, nonionic 

surfactants based on rosin, used as hydrophobizing agents, was prepared [4]. 

 

3. THE AIM OF THE STUDY 

The aim of this study is to use biodegradable additives of natural origin to improve the 

hydrophobicity of hand-made paper and thus expand the range of products that can be made by 

people with disabilities within a support organization. In this connection, papers were prepared 

from recycled material (waste cigarette packs) and modified with rosin and maleinated rosin acid 

(RMA) in order to increase hydrophobicity of prepared paper. Hydrophobicity, structural and 

mechanical properties of obtained paper were tested. 

 

4. PRESENTATION OF THE MAIN RESEARCH MATERIAL 

 

Materials 

Cellulose fibers (moisture content of about 12% and an ash content of about 7%), obtained 

from waste cigarette packs, was used for production of paper. Rosin (R, abietic acid), Sodium 

hydroxide (NaOH), aluminium(III)-sulfate 18-hydrate (Al2(SO4)3·18 H2O), maleic anhydride 

(MA), ethanol, and acetic acid (AA) were provided by Sigma Aldrich, Germany.   

Preparation of sodium resinate (Na-Ab) and Aluminium sulfate solution 

The 2 g NaOH (0.05 mol) was dissolved in 25 ml of deionized water, using erlenmeyer of 

100 ml. Afterward, 2 g of R (rosin) was dissolved at 70 ºC in 35ml of ethanol by stirring at 400 

rpm. After 10 minutes, solution of NaOH was added, during 30 minutes, to resin solution  

continuing mixing for another 10 minutes. Obtained sodium resinate (Na-Ab) solution had рН = 

7,5 and used in further modifications of cellulosic fibres. This modification of rosin lead to better 

to good distribution in cellulosic fibres suspension. 

Aluminium sulfate was prepared by dissolving 1 g of Al2(SO4)3·18H2O in 100 ml of 

deionized water. 

Preparation of rosin maleic anhydride (RMA) and sodium salt of RMA (Na-RMA) solution  

Preparation of RMA was performed according to the procedure described previously [4]. 

Briefly, 100 g of rosin (R) was heated at 180 °C under a nitrogen atmosphere for 10 min. After 

that 30 g of MA was added by continuing stirring at 180 °C for 3 h, and further for 1 h at 220 °C. 

The rection mixture was cooled to room temperature, and finely grinded.  

In the next steps 20 g of RMA was dissolved in 50 ml of ethanol (96%) at 50-60°C for 30 

min, and mixed with 25 ml of sodium hydroxide solution (2 g NaOH dissolved in 25 ml of 

deionized water) which gave sodium RMA solution (Na-RMA). 

Preparation of base sheet of paper (P) without additives 
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As a raw material for paper samples preparation, cellulosic fibers from cigarette packs were 

used. Foils and printed parts was separated from unprinted paper, which was then shredded. 6 g of 

shredded material was soaked in 1000 ml water and stirred in pulper at 3300 rpm for 10 minutes. 

Sample sheets were formed using laboratory sheet former (Blattbildner HAAGE, SR Germany), 

dried for 15 minutes at 95°C and pressure of 0.8 Bar and, finally dried in mechanical pess at room 

temperature and atmospheric pressure for 6 h [5]. A round sheet of paper is obtained with diameter of 205 

mm and grammage in the range 170-180 g/m2. 
Sizing of paper with Na-Ab (P-Na-Ab) 

In the 6 g of homogeneous suspension of fibers in 30 ml of water, obtained in the previous 

step, was firstly added 1.7 ml of aluminium sulfate solution and then slowly 8,3 ml of Na-Ab 

solution for 15 minutes at 50°C. The pH value of the mixture was below 5, adjusted using 9% of 

acetic acid. Sample sheets P-Na-Ab were formed using sheet former Blattbildner (Blattbildner 

HAAGE, SR Germany) under same conditions as base sheet of paper [5].  

Sizing of paper with RMA (P-Na-RMA) 

In the 6 g of homogeneous suspension of fibers in 30 ml of water, was firstly added 1.7 ml 

of aluminium sulfate solution and then slowly 8,3 ml of Na-RMA solution was stirred for 15 

minutes at 50°C. Sample sheets P-Na-Ab were formed using sheet former Blattbildner 

(Blattbildner HAAGE, SR Germany) under same conditions as one used for P production [5].  

Characterization and mechanical testing method of prepared P, P-Na-Ab and P-Na-RMA 

Fourier Transforms Infrared (FTIR) spectra were recorder using a Nicolet™ iS™ 10 FT-

IR Spectrometer (ThermoFisher SCIENTIFIC) with Smart iTR™ Attenuated Total Reflectance 

(ATR) Sampling accessories. The spectra were recorded in the range 500-4000 cm-1, at a resolution 

of 4 cm-1 and in 20 scan mode.  

The moisture content was determined according to standard ISO 638. 

Ash content was determined according to standard ISO 1762. 

Measuring the retention time of the drops of distilled water on the P, P-Na-Ab and P-NA-

RMA is done using syringe with a piston. The volume of the drop is the same for each sample, i.e. 

0.5 ml of distilled water. When applying a drop to the samples, a large drop is obtained, which 

begins to spread over the surface of the sample over time. In this test technique, the period for 

complete dissapearing of the drop, because of apsorption and evaporation is measured and 

recorded. 

Breaking length of the paper is determined using tensile testing machine. Square-shaped 

tensile test specimens with dimensions 10 mm x 150 mm were cut from the formed sheet and 

beakinfg force, F, N, was recorded. Breaking length, L, km, was calculated using equation 

 

 
 

where, B, mm, is width of specimen, G, g/m2, is grammage of paper and 102 is conversion 

factor.  

Folding strength was determined using double fold tester to determine the durability of 

paper according to BS ISO 5626. It represents the durability of paper when repeatedly folded under 

constant load, determining how many times the paper can be folded until it breaks. The test is 

primarily used for testing papers that are frequently handled such as currency (bank note) papers, 

maps and wrapping papers, but in this case it could show an influence of hidrofobizing agent on 

mechanical properties. 
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RESULTS AND DISCUSION 
 

FTIR analysis 

Structural characterization P, P-Na-Ab and P-Na-RMA was done using FTIR 

spectroscopy. Figure 1 show FTIR spectra of unmodified paper (P), rosin (R), maleic anhydride 

(MA), RMA, P-Na-Ab and P-Na-RMA.  
 

 

 
 

Figure 1 FTIR spectra of P, R, MA, RMA, P-Na-Ab and P-Na-RMA 
 

From the Figure 1 the characteristic peaks of the lignocellulose structure of unmodified 

paper was observed. Stretching and bending vibration of hydroxyl groups were observed at 3334-

3256 cm-1 region and 1645 cm-1, respectively [6,7].  Presence of the peak at 1509 cm-1 indicate on 

the presence of lignin structure [8]. Stretching and bending vibration methyl and methylene groups 

were noticed in the 2916-2846 cm-1 and 1425-1312 cm-1 regions, respectively. Bands in the region 

1260-1030 cm-1 and peak at 898 cm-1 are attributed to C-O and C-O-C groups, and 1-O-4 β-

glucosidase unit, respectively [6,7]. FTIR spectrum of rosin indicate on the following bands: C-H 

bands of methyl and methylene groups at 2959-2861 cm-1 and 1455-1388 cm-1 region, C=O 

stretching vibrations of ester and carboxyl groups at 1780 and 1697 cm-1, respectively, band at 

1498 cm-1 indicate on the unsaturated structure, i.e. C=C groups, while the bending vibrations of 

C-O and =CH was observed at 1255 and 1000-690 cm-1 region. The structure of maleic anhydride 

in spectrum RMA was evidenced by two bands for C=O carbonyl groups at 1854 and 1788 cm-1 

and C-O-C at 1290 and 1233 cm-1. Also, =CH stretching and out-of-plane bending vibrations 

observed at 3120 cm-1 and in region 1058-690 cm-1. In the spectrum of P-Na-Ab broad peak at 

3362 cm-1 assigned to presence of hydrated Na-Ab.  In the spectra of P-Na-RMA the presence of 

characteristic absorption bands corresponding to the FTIR spectrum of the starting paper and 

additive/filers/hydrophobizing agent can be established. 

Measurement of the retention time 

Measurement of the retention time is usual method for determination of hydrophobicity of 

paper samples. In line with that, the measurement of the time of water drop remained on the 

unmodified paper (P), P-Na-Ab, and P-Na-RMA were performed. The obtained results, given in 

Table 1, indicate that the retention time was shorter for unmodified paper, >1 second (Table 1), 

indicating exceptional hydrophilicity of cellulose fibers-based paper sheet. This result is consistent 

with the FTIR data obtained for P (Figure 1), which confirms the lignocellulosic structure of the 

paper. Cellulosic fibers treated with either Na-Ab or Na-RMA in combination with Al2(SO4)3 
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contribute to increase of hydrophobicity compared to the reference paper. Retention times of water 

drop on both P-Na-Ab and P-Na-RMA paper samples was similar and higher than 300 minutes for 

later one (Table 1).  
 

Table 1 Results of the measurement of retention time of water drop on the paper sample 

Paper sample retention time, min 

P 0 (<1) 

P-Na-Ab 280 

P-Na-RMA 300 

 

Breaking length 

Breaking length of making paper samples are shown in Figure 2. The sample of P showed 

the best mechanical properties, while mechanical properties of the paper with Na-RMA (P-Na-

RMA) are slightly lower compaed to P, but better compared to the paper with rosin (P-Na-Ab). 

 

 
 

Figure 2 Breaking length of P, P-Na-Ab, and P-Na-RMA 

 

Folding endurance 

Results of double folding stength test of P, P-Na-Ab, and P-Na-RMA are presented in 

Figure 3. From the Figure can be see that sample P-Na-RMA show the best results. 

 
 

Figure 3 Folding endurance of P, P-Na-Ab, P-Na-RMA 
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CONCLUSIONS 

Based on the conducted research, it was determined that Na-Ab and RMA can be used as 

a means of increasing the hydrophobicity of hand-made paper. The retention time of water drop, 

which is less than 1 second on untreated paper, has been extended to 300 minutes for P-Na-RMA. 

Breaking length and resistance to double folding is better for the paper sample with Na-RMA, i.e. 

P-Na-RMA paper sheet, comapred to P-Na-Ab. The obtained results showed that using of bio-

based hydrophobic modifier, i.e. rosin acid derivatives and aluminiun sulfate, at optimal level 

incease hidrofobicity and do not deteriorate significantly mechanical properties of paper, retaining 

the biodegradability potential. (PREDLOG: Ovde jedna rečenica o tome kako bi Na-RMA mogao 

da bude od koristi za osobe sa smetnjama u razvoju - novi proizvodi, obuka za koriščenje novog 

aditiva, potencijalnoprošienje asortiana i prihoda....) 
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