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Abstract: Garbage is a consequence of human activities, every human activity must produce waste, the amount or volume of waste is proportional to 
the level of human consumption of goods / materials used daily. Likewise, with the type of waste, it really depends on the type of material consumed, 
therefore waste management cannot be separated from the management of people's lifestyles. Waste problems have become a major topic, ranging 
from the smallest environment to the large scope, many things that cause this garbage accumulation, but certainly the individual factors are very 
influential in this. There are two types of garbage, namely organic waste (commonly referred to as wet waste) and inorganic waste (dry waste). One of 
them is inorganic waste. Telkom University, one of the educational institutions that donates paper waste is quite potential, whether it comes from former 
concepts, correspondence or ex-exams, especially semester exams which are not taken by students. The used paper contains cellulose, hemicellulose, 
lignin, pectin, wax and miscellaneous, this content makes it possible to make art paper (fancy paper). Experiments carried out were scrap paper cut 3-5 
cm in length with a cutting machine. Each batch uses 3 kg pieces of scrap paper heated in water with a ratio of 1: 7 ingredients and solutions with the 
addition of sodium hydroxide with variations of 10% and 20%, soaking time 3, 6, 9, 12 and 24 hours. Furthermore, separation of black leachate with pulp 
is carried out thoroughly. The clean pulp is ground to form fibers (fibrillation) for 15-30 minutes, then filtered to determine the size of the pulp. The results 
of the pulp grinding process are brown, if the art paper will be colored it needs to be bleached before it is colored. The pulp is mixed with water in a ratio 
of 1: 20, then 1% tapioca is added. Finally, the pulp is printed in gauze molds of 150-200 mesh to the desired size, dried and the paper is ready to be 
used to craft art paper products. Some compositions between the weight of waste paper, soaking time, NaOH concentration, hot water and grinding time 
are intended to produce quality fancy paper. The optimum process conditions chosen depend on the fancy paper specifications desired to get thick fancy 
paper using a sample A process recipe with a composition of 10% NaOH, soaked for 3 hours and ground to pulp for 30 minutes, while to get thin paper 
with physical properties good enough to use a recipe for the K sample process with a composition of 20% NaOH, soaked for 3 hours and ground to pulp 
for 15 minutes. 
 
Index Terms: Waste Management, Organic-Waste, green-manufacturing, Green Chemistry, Product development, Pulp, Fancy Paper. 

——————————      —————————— 

1 INTRODUCTION                                                                     

HE amount of waste used paper piled up in the workspace 
both concept waste paper, outdated letters and ex-test 
answers that are not taken by students or students, sometimes 
confusing how to use it. The use of appropriate technology can 
transform newspapers and also accumulated waste paper that 
can be used as unique trinkets, recycled paper and others that 
have a selling value. With a touch of creativity used paper can 
become money. Paper is a thin and even material, produced 
by compression of fibers from the pulp. The business of waste 
by making recycled paper is very interesting because this 
business can be done with small capital. Utilizing paper waste 
into recycled paper can be done with a manufacturing process 
that does not take long to utilize appropriate technology. The 
process of making fancy paper by recycling used paper can 
save natural resources, save energy, reduce greenhouse gas 
emissions and reduce final landfills. Recycled used paper with a 
little touch of creativity can turn the stack of scrap paper into 
fancy paper that has economic value, saves natural resources, 
saves energy and a touch of creativity is needed to make 
derivative products from fancy paper into creative products that 
have artistic value, have value use and usability. 

 
2 LITERATURE REVIEW 
 
2.1 Production Process 
An important decision made by the Operations Manager is to 
find the best method of production. A production or 
transformation process strategy is an organizational approach 
to transforming resources into goods and services. The 
purpose of the production process strategy is to find a way to 
produce goods and services that meet customer requirements 
and product specifications that are within other cost and 
managerial limits [1]. There are four production process 

strategies, namely focusing on the production process, 
repeating, product and focusing on Mass Customization [2]. 
 
2.2 Waste Paper 
The paper is made from tree base material, to meet the human 
need for paper, thousands of trees are cut every year resulting 
in damage to the forest which is the lungs of the world and 
also causes scarcity of flora and fauna. Excessive use of 
paper results in increased production of paper waste in the 
surrounding environment. Although made from organic 
material that can be decomposed, but still often found piles of 
waste consisting of paper, this is certainly an uncomfortable 
sight and is also a source of disease [3]. Paper that can be 
recycled is very diverse, but is grouped into three categories 
including paper mill waste paper. waste paper before 
consumer use and paper that consumers have used. Paper 
waste has unexpected benefits because it can be recycled into 
art paper / fancy paper and can be used to make handicrafts 
such as greeting cards, cardboard surface coatings, bags, 
lamp shades, etc., so with these innovations from paper 
processing materials this is expected to minimize the 
occurrence of environmental pollution and can open new jobs. 
 
2.3 Paper / Fancy Paper 
Recycled paper making using natural materials is an 
implementation of environmentally friendly technology or what 
is known as Green Chemistry. Green Chemistry is an 
approach in the synthesis, processing, and use of chemicals 
that can reduce the risk posed to humans and the 
environment, so this technology is an important way of 
preventing pollution [4]. The concept needed in the application 
of Green Chemistry follows the 3R concept, namely Reduce, 
Reuse, and Recycle. Reduce means reducing the use of 
materials that are not environmentally friendly so as to prevent 
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the increase in damage caused to the environment. Reuse 
means the reuse of items that can be used more than once, so 
they can save. Recycle is the process of reusing goods by 
recycling. Paper recycling is the reprocessing of waste paper 
fibers into paper products that can be reused. The processing 
of waste paper into art paper (fancy paper) will contribute to 
the reduction of pollution which has an impact on 
environmental damage if the technology used is not 
environmentally friendly. The process of recycling paper by 
using natural ingredients that do not cause pollution is a good 
alternative in the application of Green Chemistry. The paper 
recycling process includes simple steps, namely paper 
immersion, paper pulp making, mixing with glue and dyes, 
mixed molding and pulp milling, paper sheet making, and 
paper drying. 

 

3 DISCUSSION AND RESULT 
Testing of art paper made from waste paper is done with the 
composition of the paper making material, as shown in Table 
1. 

TABLE 1 
COMPOSITION OF ART PAPER MAKING MATERIALS 

No. 
Sampl

e 
Code 

Used 
Paper 
Weight 

(kg) 

Soak 
time 

(hours) 

NaOH 
Concent

ration  
(%) 

Hot Water 
(Liter) 

Milling 
Time 

(mnts) 

1. A 3 3 10 21 30 

2. B 1 3 20 7 30 

3. C 1 6 10 7 15 

4. D 1 6 20 7 15 

5. E 1 9 10 7 30 

6. F 1 9 20 7 30 

7. G 1 12 10 7 30 

8. H 1 12 20 7 30 

9. I 1 24 10 7 15 

10. J 1 24 20 7 15 

11. K 1 3 20 7 15 

12. L 1 3 20 9 20 

 
Note: Sample Code: A – L is a code for the sample of art 
paper.  
 
The test results on the 10 sample compositions tested can be 
seen in Table 2. (see appendix). Several testing procedures 
are conduct to create a better result for paper composition 
[5][6]: 
 
3.1 Grammage Testing 
The grammage value indicates the thickness of the paper, the 
higher the value of the paper gram, and the thicker [7][8]. 
Grammage test results can be seen in Figure I. 

 
Fig. 1. Relationship Between Grammage Testing and 

Sodium Hydroxide Immersion Time 
 

In Figure 1, it can be seen that the higher the sodium 
hydroxide concentration and the longer the immersion time, 

the thinner the paper obtained will be. This is because the 
presence of sodium hydroxide pulping process is more 
perfect, namely the occurrence of fat and wax. Besides that, 
there is also the presence of sodium hydroxide during the 
pulping process, the pigment, lignin and pectin will react to 
black liquor. Therefore, the higher the use of sodium hydroxide 
and the longer the immersion process, the pulping process 
becomes more perfect, the cellulose content is higher, when 
the grinding process of cellulose fiber fibrillation becomes 
more perfect, the fibers become smoother, so that when 
printing paper can form thinner paper. 
 
3.2 Tearing Strength Testing 
The proposed tearing test is convenient especially for imaging 
techniques such as thermography, and can help give new 
insights into the tearing process of paper [9]. The results of 
tear strength testing can be seen in Figure II below. 

 
Fig. 2. Relationship between Tear Strength Test and 

Sodium Hydroxide Immersion Time 
 
In Figure II, it can be seen that the higher the sodium 
hydroxide concentration and the immersion time, the longer it 
is seen that the paper tear strength test results are getting 
lower. The presence of sodium hydroxide and the presence of 
oxidation from the air damage cellulose fibers. The occurrence 
of cellulose oxy resulting in the breakdown of the cellulose 
molecular chain so that when given a transverse load will 
easily tear, the tear strength of the paper tends to decrease 
with increasing immersion time. In addition to the low sodium 
hydroxide concentration and longer soaking time at pulping 
time, sodium silicate levels, lignin and pectin are still high, so 
the paper has a tear resistance. 
 
3.3 Tensile Strength Testing 
The most fundamental and informative physical evaluation for 
paper is probably that of the tensile test. tensile testing is 
routinely used in manufacturing operations for quality control 
[10]. The results of tensile strength testing can be seen in 
Figure III. 
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Fig. 3. Relationship between Tensil Strength Test and 

Sodium Hydroxide Immersion Time 
 

In Figure III shows that the higher the concentration of sodium 
hydroxide and the longer the immersion time it turns out that 
tensile strength tends to increase. This is because sodium 
hydroxide will cause cellulose fibers to expand, the fiber 
section becomes increasingly rounded, the degree of 
orientation and degree of crystallinity of the fiber is higher, so 
as a result hydrogen bonds on the primary OH group will be 
more effective, so that the attractiveness of the fiber when 
drawn towards the fiber is increasingly compact and stronger. 
In addition to this at low sodium hydroxyde concentrations, the 
content of fiber impurities is higher, the presence of sodium 
silicate, lignin, pectin will cause brittle fibers when pulled so 
that they break easily. 
 
3.4 Broken Resistant Testing 
The result of broken resistance test can be seen in Figure IV 
below. 

 
Fig. 4. Relationship Between Broken Resistance Test And 

Sodium Hydroxide Immersion Time 
 

In Figure IV, it can be seen that the higher the sodium 
hydroxide concentration and the longer the immersion time, it 
turns out that the breaking strength tends to increase. As in 
the results of tensile strength testing, sodium hydroxide will 
cause the fibers to expand, the cross-section of fiber fibers 
becomes more rounded, the degree of orientation and degree 
of crystallinity of the fiber is higher, consequently the hydrogen 
bonding on the primary OH group will be more effective, the 
fibers become more compact and higher, paper breaking 
power is getting higher. In addition to this at low sodium 
hydroxide concentrations, it means that the fiber impurities 
content is getting higher, because sapping and dissolving 
impurities are getting smaller. Due to the presence of lignin, 
pectin will cause brittle fibers so that the fiber breakdown 
power is lower. 
 
3.5 Porosity Testing 
Porosity test results can be seen in Figure V. 

 

 
Fig. 5. Relationship between Prosity Testing and Soaking 

Time of Sodium Hydroxide 
 

In principle, if the value of roughness is greater, the paper 
pores are getting bigger, the water that can penetrate more. 
Figure V shows that the higher the sodium hydroxide 
concentration and the longer the immersion time during 
pulping process, the porosity value tends to be smaller, the 
less translucent water means paper pores tend to be more 
closed, that shows its ability to absorb paper against liquid 
fluid [11]. This is because the paper fiber has a high silicate 
content, the presence of silicate as sodium silicate, meta Na2 
SiO3 or Na2SiO3. 9H20 in the presence of NaOH will form 
sodium silicate ortho with the following chemical reactions: 
 

Na2SiO3+ 2 NaOH               Na4SiO4 + 2H+         (1) 
 
Ortho sodium silicate has a larger molecule, so it is more likely 
to close the paper pores, resulting in a decrease in porosity 
value with increasing use of sodium hydroxide and soaking 
time. 
 
3.6 Roughness Testing 
Roughness of paper surface is an important parameter in 
paper manufacturing. Surface roughness measurement is one 
of the central measurement problems in paper industry [12]. 
Roughness test results can be seen in Figure VI. 

 
Fig. 6. Relationship between Upper Surface Roughness 

Test and Immersion Time 
 

In principle, the value of roughness is smaller, the penetration 
of air through the surface of the paper gets smaller, meaning 
the surface of the paper is getting smoother. In Figures VI and 
VII it can be seen that the higher the concentration of sodium 
hydroxide and the longer the immersion time in the pulping 
process the results of roughness testing have a downward 
tendency. This is due to the use of sodium hydroxide which 
causes oxy cellulose damage, resulting in shorter cellulose 
pollutants. 
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Fig. 7. Relationship between Lower Roughness Test and 

Natrim Hydroxide Immersion Time 
 
When the grinding process of fiber fibrillation becomes more 
perfect, so that during the process of printing the paper, the 
fiber will penetrate more perfectly. The occurrence of sodium 
silicate meta changes to sodium ortho because of the 
presence of sodium hydroxide in the pulping process on paper 
fibers. The ortho sodium silicate will coat the surface of the 
paper, so that the surface of the paper is smoother. As a result, 
the value of roughness is smaller. In Figure 6 the top 
roughness test value is smaller than the bottom roughness 
test value in Figure VII. This means that the Top roughness is 
smoother than the bottom roughness, this is due to the top 
roughness during the paper printing process using the formica 
triplex base so that the results will be smoother. 
 
3.7 Cobb 60 Water Absorption Test 
Water Absorption Testing Results can be seen in Figure VIII. 

 
Fig. 8. Relationship between Cobb 60 Water Absorption 

Test and Sodium Hydroxide Immersion Time 
 

In principle, the Cobb 60 value gets smaller, meaning that the 
water that can be absorbed by the paper gets smaller. In 
Figure VIII shows that the higher the concentration of sodium 
hydroxide and soaking time during the pulping process, the 
absorbency value tends to decrease. This has to do with the 
porosity and absorbance values of the paper, the higher the 
porosity value, the higher the absorbance value. It was 
previously explained that used paper has a high silicate 
content as sodium silicate meta and the presence of sodium 
hydroxide will form ortho sodium silicate which will coat the 
surface of the paper. The higher the concentration of sodium 
hydroxide and soaking time, the more ortho sodium silicate 
that is formed, so that the absorbency value tends to 
decrease. 
 
3.8 Selection of Effective Art Paper Making Process 

Condition 
From the results of testing the physical properties of the art 
paper results of the experiment it can be concluded that the 
optimum conditions to be selected depend on the 
specifications of the paper desired to get thick paper selected 
recipe A and for paper that is thin and still has quite good 

physical properties, recipe K is chosen. physics in selected 
conditions can be seen in Table III. (see appendix). The results 
of chemical properties testing were selected in the testing of 
recipes F, J and K can be seen in Table IV. (see appendix). 

 

4 CONCLUSION 
Although a conclusion may review the main points of the 
paper, do not replicate the abstract as the conclusion. A 
conclusion might elaborate on the importance of the work or 
suggest applications and extensions. Authors are strongly 
encouraged not to call out multiple figures or tables in the 
conclusion—these should be referenced in the body of the 
paper. 
 
The higher the sodium hydroxide concentration and the 
longer the immersion time during the pulping process, the 
test results: 

a) The thickness of the paper obtained gets thinner; 
b) Paper tear strength is lower; 
c)     Tensile strength tends to increase; 
d) Broken strength tends to increase; 
e)     The porosity value tends to be smaller; 
f)     The value of roughness has a downward tendency; 
g) Absorbency tends to decrease. 

 
The optimum condition of the process is chosen 
depending on the specifications of the desired art paper: 

a) To get thick art paper using a sample A process 
recipe with a composition of 10% NaOH, soaked for 3 
hours and ground to pulp for 30 minutes; 

b) To get thin paper with good physical properties, use a 
recipe for K sample processing with a composition of 
20% NaOH, soaked for 3 hours and ground to pulp for 
15 minutes. 
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