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ABSTRACT 
 
Evaluated answer scripts of students should be preserved for few years as document. These answer scripts should be 
destroyed/recycled after the storage period. Periyar Maniammai University has a recycling unit to process the 
evaluated answer scripts and generate paper, cardboards and office files for its own use. We have optimized four 
types of recycling process by adding different additives in our recycling process. In this research work, we have 
produced recycled paper in first process without any additives , in second process using four additives such as 
Starch, PAC, alum and Rosin, in third process using Corn flour with added additives, in fourth process,using Cotton 
with added additives. All the four types of recycled paper surface were imaged using scanning electron microscope 
and Raman signature were measured using Raman Spectrophotometer. 
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INTRODUCTION 

 
Paper recycling is one of the vital activities for sustainable development and “waste minimization, reuse and 
recycling”[1,2].We need to consider that we are spending energy from fossil fuel [1] or other renewable source for 
paper recycling and it is vital to assess the “Life Cycle Assessments (LCAs) for the recycling process of paper and 
boards without errors [3-8]. Academic institutions and universities are having obligation of storing evaluated scripts 
for few months to years (for legal purpose). These stored evaluated scripts should be disposed after the stipulated 
time in safer way. On 10th June 2009, Periyar Technology Business Incubator has installed paper recycling unit in 
the campus to recycle Periyar Maniammai University’s (PMU) evaluated answer scripts [9]. This unit has employed 
5 women from Women Self Help Group (WSHGs) of Periyar PURA villages (Providing Urban amenities in Rural 
Areas). Our group has produced silver nanoparticles via green synthesis and impregnated silver nanoparticles on 
tissue paper to evade pathogenic microorganisms [10,11]. Our reprocessing unit produces and supplies various 
colours of recycled papers, office files, bags, cardboards and various recycled paper articles to our university and 
well as to the outside market. This unit not only aids the recycling of the evaluated answer scripts but also provides 
employment opportunity to rural women and hands on training to bachelor students through Student’s Executive 
Programme (SEP),the objective of which is to learn the process, optimize the recycling process and make innovative 
paper products for various uses. 
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EXPERIMENTAL SECTION 

 
PMU is buying the answer scripts (A3 and A4 sheets) from open market. The Controller of Examination Office will 
be storing the front page of the evaluated answer sheets till the students complete the courses. The remaining pages 
are disposed to recycling unit along with unnecessary office papers and damaged files. This paper recycling unit 
process has been mentioned in flow chart 1. 
 
Chopping Process 
Answer Scripts are chopped to reduce the size; this chopper can handle 20 kg/batch with 20-30 minutes. This 
Chopper has 3 hp motor, 1430 rpm, four blades (stainless steel) with 2.8 cm, 2.5 breadths and 0.5 cm thickness. In 
some samples, we have added 5 kg/ batch of 100 % cotton cloth to improve the fiber content in paper, this process 
time has taken 1 hour/batch to chop separately [12]. 

 
Beating Process 
In this operation, chopped papers are made into pulper liquid by grinding process. For this process, 2 hours/batch 
and 400 litres of water are required, for cotton added pulper 1 hour/batch is required . For this process, motor 
capacity of 4 hp, 940 rpm, 42 pin type blades (stainless steel), 36 cm with 1.5 cm breath and 0.5 mm thickness is 
utilized. These pins can rotate clockwise as anticlockwise directions depending upon the requirements. PMU’s 
answer script has metal pins and were removed manually. This process required man power, hence, now these metal 
pins can be removed by beating with the help of the small modification of the beater at the bottomside. Based on the 
requirements, we have optimized using 1500 gm of Rosin, 2500 gm of Alum, Caustic Soda 120 gm, 500 gm of 
Starch and 5 gm of bleaching powder per batch [12]. 
 
 VAT operation 
Based on the requirement, we convert pulping liquid into wet paper of different sizes  and thickness of GSM from 
200 to 450. Each paper can be dried within a few minutes. For this process, 150 litres of water is required for each 
batch. This equipment is made up of wooden frame size of 87 cm length and 60 cm breath with cotton cloth as 
mesh. 
 
Hydraulic press 
This process is to reduce the moisture level in wet paper, and in this process, stainless steel framed with 90 cm 
length and 75 cm breath (vertically aligned) is used. This operation is carried out manually and takes about 10 
minutes. After discharge of water, percentage of moisture level in the paper is calculated. 
 
Solar press 
The paper is dried in shade (no direct sun light), for 18 hrs and processed for calendaring. 
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Calendaring 
This process is to smoothen the surface of recycled paper and sizing the edges to get uniform structures. This 
calendaring machine with 2 hp motor has two rollers, 1400 rpm with 28 cm radius, 56 cm diameter and weight of 
250 kg. Sheet used for calendaring is 91 length, 62 cm, 10 papers with ten rotations at a time, this process takes 10 
min. 
 
Cutting 
The process is carried out with 2 hp, 1400 rpm, paper size cutting machine of 77 cm length and 54 breadth for 
making office and of 75 cm length and 45 cm breadth for making bags. Process recycled papers are made into 
different shapes using paper creaser. 
 
Recycle Paper product 
Finally, recycled papers are made into files and folders for office use, bags, bag for giving gifts and various size 
sheets. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 1 Flow chart of optimized paper recycling process 
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RESULTS AND DISCUSSION 
 

We have imaged the surface of the answer scripts (raw paper) using Scanning Electron Microscope (SEM). Fig. 1 
shows the SEM image of raw answer script, surface of the paper has uniform fibres, uniform pores and aggregates. 
SEM images of paper reveal the degree of fiber relationship and the amount of external fibrillation. SEM image 
shows the collapse of individual fibers and, sometimes, their internal fibrillation are also observed.  
 

Fig. 1 SEM image of answer script (raw material) 
 

 
 
Fig. 2 shows the SEM image of recycled paper (without any additives), surface of the paper has more pores, with 
various sizes of fibers are observed when compared to raw paper. Increase in thickness of fibers, increase in number 
of pores and rough surface is due to manual recycling process. In few places, more uneven pore structure and 
uneven surface and aggregates of fiber structures are also observed. 

 
Fig. 2 SEM image of recycled paper (without any additives) 

 

 
 
Fig. 3 shows the SEM image of recycled paper which has been prepared with additives such as Starch, Alum, PAC 
and Alum. These additives enhance the formation of uniform fibers and uniform pores. We have added starch, PAC, 
alum and rosin in recycling process and surface has been imaged [13]. In this image, we have observed uniform pore 
structure with optimized composition of additives. These results show that the presence of additives, especially 
starch has a large effect on increasing the bonding between microfibers and fibers and increase in bond strength 
improves mechanical and strength properties of paper [14]. 
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Fig. 3 SEM image of recycled paper (with additives) 
 

 
 

Fig. 4 SEM image of recycled paper (Cornflour with additives) 
 

 
 

Fig. 5 SEM image of recycled paper (Cotton with additives) 
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Fig. 4 shows the surface of recycled paper with Corn flour as one of the additives in recycling process and the 
surface has been imaged. In this image, there are many even pores and very few uneven pores on the surface. Corn 
flour gives binding power to the recycled paper, this result shows that a better retention and good runnability are 
achieved [15]. Therefore, modified starches not only improve paper qualities, but also increase productivities [15]. 
As an adhesive in surface sizing, corn flour is used to improve paper surface strengths and dimensional stability 
[15]. From this image, it is clear that this paper allows for better smoothness and gloss for high quality printing as 
cornflour provides typical binder for pigments of coating [14,15]. 
 
Fig. 5 shows the SEM image of the recycled paper with cotton shows that the paper has long fibers with increased 
strength and longevity [16]. This is due to the fact that the cotton’s cellulose chains are longer when compared with 
other additives [17]. Raman spectra can be obtained in solid samples by scattering of light by photons and molecular 
vibrations, non-destrucitve [13,18].  
 
Fig. 6 shows the Raman spectrum of answer script (raw material) at 550 cm-1 Raman band confirms the presence of 
cellulose material and other types of starch [19] 

 
Fig. 6. Raman spectrum of answer script (raw material) 

 

 
 

Fig. 7. Raman spectrum of recycled paper (without any additive) at Raman vibrations at   1500 cm-1 due to double 
bond in the aromatic ring stretching and confirms the reduction of Cellulose and other starch materials [20] 

 
Fig. 7. Raman spectrum of recycled paper (without any additive) 

 

 
 

Fig. 8. Raman spectrum of recycled paper (with additives) at 2100 cm-1 Raman band confirms the triple bond 
stretching due to the presence of added additives, reduction of Cellulose [20] 
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Fig. 8. Raman spectrum of recycled paper (with additives) 
 

 
 

Fig. 9. Raman spectrum of recycled paper (with additives and Conflour) at 1660 cm-1 Raman band confirms C=C 
stretch duet to Cornflour, Cellulose and other food materials [21] 

 
Fig. 9. Raman spectrum of recycled paper (with additives and conflour) 

 

 
 

Fig. 10. Raman spectrum of recycled paper (with additives and cotton) at 710 cm-1 Raman vibration due to the 
alkanes the stretching and confirm the presence of native cellulose and cotton material [22] 

 
Fig. 10. Raman spectrum of recycled paper (with additives and cotton) 

 

 
 

       CONCLUSION 
 

We have optimized the paper recycling process for the evaluated answer scripts with various additives. As part of 
green initiative in our campus, researchers can add appropriate available materials as additives in their recycle 
process.   
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