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Abstract 
Background: Cellulose is the main constituent that forms the plant cell wall. The abundant content of cellulose 

makes cellulose very potential to be developed, the widely invented is the production of 

cellulose nanocrystals (CNC). The production of small cellulose such as micro or nano allows cellulose to have 

good  stability and affinity, so that it can be used more effectively. The ideal utilization of 

cellulose nanocrystals (CNC) has spread in various sectors, such as water treatment, absorbents, cosmetic 

products, coatings, fillers, adhesives, nanocomposites, energy and electronics, biomedicine, drug additives, and 

includethe manufacture of other biomaterials. Therefore, it is necessary to summarize the results of 

cellulose nanocrystals (CNC) from various cellulose sources, especially from agriculture and industrial waste. 

So that further researchers can use this as reading material so that the research can be carried out optimally 

and efficiently by continuing what is available. 

Methods: The method in this study is a systematic review by literature searches in the form of published 

journals, proceedings,and theses. Literature searches are carried out both manually (library) and electronically 

with the help of reputable journal search sites such as Science Direct, Research Gate, Google Scholar, and 

Scopus. The literature used focuses on English and Indonesian literature with publication years between 2010 

until 2020. For journals used are Scopus and or SINTA indexed journals, with the keywords CNC, Cellulose 

Nanocrystals, nanocrystal cellulose isolation, cellulose nanocrystal agriculture. 

Results: Several studies conducted in the manufacture of CNC using strong acids such as H2SO4 and HCl, the 

summarizedresults found that there were differences in the results of CNC manufacturing based on cellulose 

sources and chemical and mechanical pretreatments. 

Conclusion: Production CNC for a mass production scale requires further research to obtain optimization for 

each type of sample and treatment. 
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I. Introduction 
Cellulose nanocrystals (CNC) is a cellulose-derived polymer with a diameter of 2-20 nm and a length 

of 100 nm to several micrometers. Cellulose nanocrystals are also part of nanocellulose. Nanocellulose consists 

of three groups, 1) cellulose nanocrystals (CNC), cellulose nanowhiskers, and microcrystalline cellulose (MCC), 

2) cellulose nano-fibrils (CNF), cellulose microfibrils (CMF), and  3) bacterial cellulose (BC), or also called 

microbial cellulose (MC)
1
. 

Since CNC is a natural material, it is found widely in various characteristics, sizes, degrees of 

crystallization, rheology, specific  surface area, solubility, and stability
1
.Crystalline groups in cellulose are 

obtained by utilizing the properties of amorphous group which have smaller density values in cellulose, this 

makes stong acidsable to separate amorphous groups from CNC
2
.The properties of these amorphous groups 

allows CNC to be obtained  chemically and enzymatically
3
. 
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Fig.1. Crystalline and amorphous groups on cellulose

3
. 

Cellulose nanocrystals (CNC) are natural material that can be applied in several different application 

fields. CNC is widely applied in the paper industry and pharmaceutical fields. Cellulose nanocrystals have been 

researched and various modifications have been made. Simple chemical modification of the cellulose  surface 

causes the  nanocellulose  to experience  dispersability in different solvents. The Cellulose  obtained from the  

isolation  process  is  then hydrolyzed  into  nanocellulose by  the  acid method using strong acids
4
. 

 

 
Fig.2.Schematic of nanocellulose extraction from lignocellulosic biomass

5
. 

 

II. Materials and Methods 
The method in this study is a systematic review with literature searches in the form of published 

journals, proceedings, and theses. Literature searches are carried out both manually (library) and electronically 

with the help of reputable journal search sites such as Science Direct, Research Gate, Google Scholar, and 

Scopus. The literature used focuses on English and Indonesian literature with publication years between 2010 

and 2020. For journals used are Scopus and or SINTA indexed journals, with the keywords CNC, Cellulose 

Nanocrystals, nanocrystal cellulose isolation, cellulose nanocrystal agriculture. 

 

III. Results 
Cellulose is an important and common natural polymer, so that cellulose occupies an important 

position in the advancement of human civilization today. Therefore, cellulose has enormous opportunities in 

various fields. With the development of science, it is very possible that cellulose can be used as the main 

material in the modern pharmaceutical industries,cosmetics, material industries, and other sectors. The main 

source of cellulose is found in plants, namely as the main constituent of plant cell walls. Cellulose derived from 

plants still binds to lignin in the form of ligonocellulose,Fig4.Main components of lignocellulosic biomass: 

cellulose, hemicellulose, and lignin
7
. 

In addition, cellulose is still covered by hemicellulose. For that we need an isolation process to get pure 

celluloseError! Reference source not found.
6
. 

 

 
Fig.3. Chemical structure of cellulose3. 

 

Cellulose Structure 
Cellulose is a natural biopolymer of glucose monomers which are abundant on earth as the main 

components of plant biomass. Cellulose is a linear homopolysaccharide with the chemical formula (C6H10O5)n 

where the degree of polymerization (DP) of wood is 10,000, while bacterial cellulose has a DP arround 8,000. 
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Cellulose polymerconsists of several D-anhydroglucopyranose units (AGU) which are bound by 

β1,4glycosidic bonds. Each Danhydroglucopyranose (AGU) has three hydroxyl groups. These hydroxyl 

groups have different alcohol groups depending on their location on the chemical structure of cellulose. The  

hydroxyl  groups  at C2 and C3 positions are secondary alcohols, while  the  C6 hydroxyl group is the primary 

alcohol positions,Fig.3. These hydroxyl groups are all possible sites for chemical modification. Meanwhile, the 

most chemically reactive hydroxyl group is at position C6
3
. 

 
Fig4.Main components of lignocellulosic biomass: cellulose, hemicellulose, and lignin

7
. 

 
Cellulose Nanocrystals (CNC) 

Cellulose Nanocrystals (CNC), are crystalline nanoparticle made of cellulose with a width of230 nm 

and 100 nm to several micrometers length.
3
The development and use of CNC is relevant to the development of 

environmentally friendly technologythat is developing today. Where natural and biodegradable materials are 

very important. Utilization of CNC in various fields such as chemistry, pharmacy, food, and medical devices
5
. 

Nanocellulose is cellulose with nano size. This is indicated by the increase in dispersion, 

biodegradability, crystallinity, aspect ratio and surface area. With the ability of these nanocelluloses, the 

particles of nanocellulose are used as reinforcing fillers of a polymer. Nanocellulosesare also used as additive 

for biodegradable products, membrane reinforcement, drug carriers and implants, and as a thickener for 

dispersions
8
. 

 
Source of Cellulose Nanocrystall (CNC) 

Cellulose is a very abundant polymer in nature, so it can be extracted from various sources such as 

from plants, animals, algae, fungi, bacteria and minerals. Here are some sources of cellulose nanocrystall that 

have been researched and found in the agriculture and industrial waste.  

 
Table1. Isolation of CNC from bagasse. 

Pretreatments Treatments Results 

Ref 
Methods 

Temp. 

(°C) 

Time 

(Min) 
Methods 

Temp. 

(°C) 

Time 

(Min) 

α-selulosa 

(%) 

Yields 

(%) 

CrI 

(%) 

3,5%HNO3  90 120 

50%H2SO4  45 30 - - 42,65  9 3,5%NaOCl  - 10 

17,5%NaOH  80 30 

5%NaOH  80 180 21.000 rpm 

blender 
- 10  - - 83,75 10 

H2O2 + NaOH  80 60 

5% NaOH + 55 90 11% H2SO4 60 60 40,35 36,5 - 11 
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11% H2O2 

2N KOH  80 60 
1 N HCl  80 120 - 44,5 - 12 

15% H2O2 80 60 

 
 

 

Table2. Isolation of CNC from rice straw. 

Pretreatments Treatments Results 

Ref 
Methods 

Temp. 

(°C) 

Time 

(Min) 
Methods 

Temp. 

(°C) 

Time 

(Min) 

α-selulosa 

(%) 

Yields 

(%) 

CrI 

(%) 

3,5%HNO2 90 120 

2,5 N HCl  100 60 56,39 54,54 - 13 2%NaOH + 2% NaSO4 50 60 

3,5%NaOCl+17,5%NaOH 80 30 

3,5% HNO2 90 120 

2,5 N HCl  100 15 42 36,12 78 14 2%NaOH+2%NaSO4 50 60 

3,5%NaOCl+17,5%NaOH  80 30 

7,5%NaOH  24 1440 2,5 N HCl  50 10 - - 82 15 

20% NaOH 80 120 
64%H2SO4 80 15 44,5 24 - 

16 
5% H2O2+ 40%NaOH  80 480 

20%NaOH  80 120 
2,5 N HCl 80 15 39 20,25 - 

5% H2O2 + 40%NaOH  80 480 

 
Table3. Isolation of CNC from rice husk. 

Pretreatments Treatments Results 

Ref 
Methods 

Temp. 

(°C) 

Time 

(Min) 
Methods 

Temp. 

(°C) 

Time 

(Min) 

α-selulosa 

(%) 

Yields 

(%) 

CrI 

(%) 

12%NaOH  80 180 
- - - 52,3 - 

58,7

3 
17 

2,5%NaOCl2 80 60 

4% NaOH 100 120 10 mol/L 

H2SO4 
50 40 96 - 59 18 

1,7%HClO2 100 240 

3%  H2O2 90 60 2,5 N  HCl  90 15 - 13,45 - 19 

4% NaOH  100 180 
64% H2SO4 50 40 86 48 50 20 

6,8% NaCl  100 240 

 
Table 4. Isolation of CNC from oil palm empty bunches (TKKS). 

Pretreatments Treatments Results 

Ref 
Methods 

Temp. 

(°C) 

Time 

(Min) 
Methods 

Temp. 

(°C) 

Time 

(Min) 

α-selulosa 

(%) 

Yields 

(%) 

CrI 

(%) 

17,5% NaOH  80 30 
64%H2SO4 45 45 20,8 - - 21 

10%  H2O2 80 30 

7,2%  H2O2 55 120 
64% H2SO4 40 45 - 18,35 - 22 

4%  NaOH 55 120 

10%  NaOH 150 30 
97%H2SO4 50 210 84,3 - 96 23 

1%  NaClO 80 60 

4% NaOH 80 180 
65%H2SO4 45 45 81,11 - 77,8 24 

1,7%NaCl2O 80 240 

2%NaOH 50 60 
48,84%H2SO4 45 25 42,81 24% - 25 

17,5%NaOCl2 70 30 

 
Table5.Isolation of CNC from corn waste. 

Pretreatments Treatments Results 

Ref 
Methods 

Temp. 

(°C) 

Time 

(Min) 
Methods 

Temp. 

(°C) 

Time 

(Min) 

α-selulosa 

(%) 

Yields 

(%) 

CrI 

(%) 

Corn Husk 

2%NaOH  60 300 
10%H2SO4 80 360 24,87 25,9 - 26 

2% NaOCl 80 240 

4% NaOH 80 120 
64% H2SO4 45 60 97,6 - 68,33 27 

  1,7% NaCl 80 240 

5% NaOH 50 120 TEMPO 

oxidation 
25 60 42,5  - 63,3 28 

12% NaClO 25 120 

5%  NaOH 28 120 
60%H2SO4 45 120 35,3 - 92 29 

24% H2O2 45 120 

2% NaOH 80 120 2%H2SO4 45 45 21,8 15,61 51,7 30 
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1,7% NaOCl2 80 120 

NaClO + HCl 22 4320 

64%H2SO4 45 90 - - 83,51 

31 
TEMPO  60 300 - - 72,33 

Ultrasonoficatt

ion 800w  
 30 - - 53,47 

 

Corncob 

- - - 55%H2SO4 - - 41 14,95 - 32 

NaOH 60 300 
10%H2SO4 80 360 32,6 29,6 - 26 

NaCl  80 240 

Corn Stover (Straw) 

2% NaOH  60 300 
10%H2SO4 80 360 - 39,32 91,26 26 

2% NaOCl  80 240 

1,5 g Ca(ClO)2 

+ 10 tts AcOH  
70 60 30% H2SO4 45 120 

- - - 33 
24% H2O2 + 4% 

NaOH  
50 120 Ultrasound   8 

12% NaOH  - - 

64% H2SO4 45 45 - 32,4 65,2 34 Ca(ClO)2 + 

H2O2 
- - 

NaClO2 75 60 
60% H2SO4 60 60 -  69,3 35 

8% NaOH  80 120 

2% NaOH  80 240 
55% H2SO4  50 15 - 62,1 43 36 

1,7%NaClO2  80 360 

 
Table6.Isolation of CNC from sawdust. 

Pretreatments Treatments Results 

Ref 
Methods 

Temp. 

(°C) 

Time 

(Min) 
Methods 

Temp. 

(°C) 

Time 

(Min) 

α-selulosa 

(%) 

Yield 

(%) 

CrI 

(%) 

3% H2O2 90 60 HCl 2,5 N 90 15 - 22,75  19 

3,8% NaOCl2 50 120 
80% Ethanol + 

Milling 200 rpm 

- 
120 

 
- - 77 37 10% 

NaOH+10% 

KOH 

50 120 
24 kHz 

Ultrasonication  

1,0 M NaOH  80 120 60% H2SO4 + 

sonikasi 
60 60 - 15 90 38 

2,5% NaCl 100 60 

 
Table7.Isolation of  CNC from pineapple. 

Pretreatments Treatments Results 

Ref 
Methods 

Temp. 

(°C) 

Time 

(Min) 
Methods 

Temp. 

(°C) 

Time 

(Min) 

α-selulosa 

(%) 

Yield 

(%) 

CrI 

(%) 

2% NaOH 100 240 
64% H2SO4  45 30 - 65 73 39 

1,7%  NaOCl 80 240 

4%  NaOH + 30%H2O2 70 240 50%H2SO4 50 60 

- 67,7 92,13 40 
4% KOH  80 60 

20Hz 

Sonication  
- 3 

27% NaOH + 

78,8%CH3COOH + 

30%NaClO  

120 60 
11% H2C2O4  

+ KMnO4 
120 15 76 69 - 41 

5%NaOH  90 60 
60% H2SO4 45 60 - - 73 42 

16%H2O2 +  5% NaOH  55 90 

 
Table 8. Isolation of CNC from paper. 

Pretreatments Treatments Results 

Ref 
Methods 

Temp. 

(°C) 

Time 

(Min) 
Methods 

Temp. 

(°C) 

Time 

(Min) 

α-selulosa 

(%) 

Yield 

(%) 

CrI 

(%) 

5% NaOH  28 1440 30%H2SO4 45 90 - - 36,35 43 

- - - 64%H2SO4, 45 90 - - 79,8  44 

4% NaOH  125 120 
45% H2SO4 40 20 - 45 - 45 

1,7% NaClO2 125 240 
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5% NaOH  125 120 
60% H2SO4 45 90 88 64,3 94,8 46 

2% NaClO 125 120 

5% NaOH 125 120 
65% H2SO4 45 60 98,7 54,6 90,15 47 

2% NaClO2 125 120 

2% NaOH 50 60 
40% H2SO4 50 60 69.9±4,3 31 75,9 

48 

34% H2O2+4%NaOH 50 60 

92%  CH3COOH+ 

1,4% H2SO4 
80 180 

40% H2SO4 50 60 64,2±5,6 24 66,9 
34% H2O2  + 

45%NaOH  
50 60 

NaOH 2% 100 180 
64% H2SO4 45 45 97,45 - 80,15 49 

NaClO 2% 70 60 

 
Table 9. Isolation of  CNC from cotton. 

Pretreatments Treatments Results 

Ref 
Methods 

Temp. 

(°C) 

Time 

(Min) 
Methods 

Temp. 

(°C) 

Time 

(Min) 

α-selulosa 

(%) 

Yield 

(%) 

CrI 

(%) 

- - - 64%, H2SO4 45 90 - - 79,8  44 

25% NaOH  70 60 

10% H2SO4 70 60 - 28,74 90 50 3% NaOH + 

1,5% H2O2 
70 60 

5% NaOH  80 300 

60% H2SO4 28 5 

- 72 82 51 9000rpm 

ltrasonification 350W  
 5 

4% NaOH  70 120 65% H2SO4 55 150 

60 54,5 98 52 0,25% 

NaClO2 
70 120 

9000rpm 

Ultrasonification42kHz  
 15 

5% NaOH 70 60 

64%  H2SO4 50 60 92 89 75 53 24% H2O2 + 

4% NaOH 
50 60 

0,1% NaClO 80 240 40%  H2SO4 28 120 - - 77,92 54 

20% NaOH 50 240 

60% H2SO4 60 480 

- 45 - 55 10000 rpm 

Sonification  
- 30 

 

IV. Discussion 
Cellulose is distributed throughout nature, found in plants, plants, animals, algae, fungi, bacteria and 

minerals. However, the main source of cellulose is plant fiber
4
.Cellulose is a polymer which is abundant in 

nature, especially in plants. Cellulose is the  main  component  of  plantcellwalls
56

.In  the  plant  cell wall,  there  

are  36  single  cellulose  chains  connected by hydrogen bonds that connect to form basic fibers or 

nanocellulose. These further combine to form microfibrils 5–50 nm in diameter and several micro meters (μm) 

in length. These microfibrils consist of regular parts (crystalline) and irregular parts (amorphous), as shown 

inFig.1
57

. 

Cellulose in nature is never found in pure form, but is always bound to other polysaccharides such as 

lignin, pectin, hemicellulose, wax, ash and xylan. Therefore, to obtain pure cellulose, several methods are 

needed. Some of the methods used are mechanical methods (ultrasonic and high pressure), chemical methods 

(strong acid hydrolysis, organosolv, alkaline solvent, oxidation and ionic liquids) and biological method 

(enzymatic)
19

. 

Cellulose is a glucose polymerlinked by β 1,4 glucoside bonds in a straight chain,Fig.3. Chemical 

structure of cellulose
3
. 

Cellulose contains about 5090% crystalline parts and the rest amorphous parts. The β 1,4 glucoside 

bonds in  cellulose  can be  broken byacid or enzymatic hydrolysis. Complete hydrolysis of cellulose will form 

cellulose monomer products, namelyglucose, while incomplete hydrolysis of cellulose will produce disaccharide 

products from cellulose, namely cellobiose
6
. 

Cellulose obtained from different sources will have different polymer chain lengths. The difference in  

the polymer chain length will indicate different degrees of polymerization. The degree of polymerization is not only 

determined by the length of the polymer chain but is also influenced by the method and process of isolation. The  

reactivity of cellulose can be seen from the three positions of hydroxine groups on anhydroglucopyranose. The 

hydroxylcellulosegroupsare in the primary position and the secondary position. The hydroxylgroup in the 

amorphous region is more reactive so it is  very easy to react. The hydroxylgroup also determines the solubility of 

cellulose. The presence of a hydroxyl group makes cellulose insoluble in common organic solvents and water 
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because itformsintra and intermolecular hydrogen bonds. Cellulose can dissolve if the hydrogen bond network is 

broken. Cellulosecontains D-anhydroglucopyranose units (AGU)through βglycosidic bonds which are easily 

broken in the presence of acid. Cellulose is semiflexible, rigid, has a high viscosity in solutions, and the ability to 

form fibric strands. Cellulose is solid because its structureforms intramolecular hydrogen bonds and binds to 

βglucosides and the holder conformation of the Danhydropiranose cyclic
58

. 

Based on the degree of polymerization (DP) and solubility of cellulose in sodium hydroxide (NaOH) 

17,5%, cellulose can be divided into three types including:
59

 

a. α-Cellulose (Alpha cellulose) 

Cellulose is long chain cellulose, insoluble in 17.5% NaOH solution or a strong alkaline solution with DP 

6001500. αcellulose is used as an estimator and or determinant of the purity of cellulose. Cellulose with a degree 

of purity α> 92% qualifies as the main raw material for the manufacture of propellants or explosives. Meanwhile, 

low quality cellulose is used as raw material in the paper industry and fabric industry (rayon fiber). The higher 

the alpha cellulose content, the better the quality of the ingredients. 

b. β-Cellulose (Beta cellulose) 

βcellulose is a shortchain cellulose, dissolves in 17.5%  NaOH or a strong base with a polymerization 

degree of 1590, and can precipitate when neutralized. This type of cellulose dissolves easily in NaOH solution 

which contents17.5% at20ºC. 

c. γ-Cellulose (Gamma cellulose) 

γcellulose is the same as βcellulose, but the degree of polymerization is less than 15 and its main content 

is hemicellulose . This type of cellulose dissolves easily in  NaOH solution which has a  contentof  17.5%  at 20 ° C 

and will not form a precipitate after the solution isneutralized. 

 

Cellulose has good crystallinity index and elasticity value. The safe properties of cellulose makesthis 

polysaccharide is widely used in various industrial fields. The industries that most utilize thecellulosesare the textile, 

paper, medical equipment manufacturing and cosmetics industries. Many industries engaged in the health sector 

usecellulose as an absorbent material for diapers and coatings. Cellulose is alsoused in biosensors to test blood 

sugar levels. The cellulose in the biosensorsfunctions as an additional membrane forimmobilized  oxidation glucoids. 

This is because cellulose is elastic, which has a high tensile strength and can be penetrated by air and liquid
60

. 

 

V. CNC Isolation Method 
The CNC isolation process can be divided into several types of processes, 1) mechanical, 2) chemical, 3) 

biological or enzymatic, 4) mixed. Most of the methods used are mixed methods, chemicalmechanical or 

enzymaticmechanical. The mechanical method is basically a process of changing the size of cellulose from macro 

to nano in physical size, such as 1) homogenizing, 2) cyocrhusing, 3) microfluidation, 4) grinding, and 5) 

highintensity ultrasonication. The chemical methods used include 1) acid hydrolysis, 2) alkaline hydrolysis, 3) 

oxidation, 4)organosolv, and 5) liquid ionic
61

. 

Many chemical methods are preferred because the results obtained can be controlled by variables such 

as solvent concentration, reaction time and reaction temperature. In addition, chemical methods require less 

production time. Meanwhile, the biological method uses enzymes from bacteria or bacteria . The cellulose 

produced by this method has a more regular structure, low energy consumption and a lower price
61

. 

 

 
Fig.5.Schematic of the relationship between the method and the resulting NCC5. 

 

5.1 . Preparation 
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The sample  to be used is washed using distilled water to remove the stuck dirt, then dry it in the sun 

for± 2 days. Furthermore, the dry sample was reduced in size  using a grinder and then sieved using a nano filter 

to homogenizing the size
21

. 
5.2 . Pretreatment 

The pretreatment process carried out to obtain pure cellulose from the sample is carried out by 

releasing lignin, hemicellulose and other substances from cellulose sources. The pretreatment process generally 

consists of delignification and bleaching. The compounds used for the pretreatment process can be alkaline 

compounds (NaOH, KOH, NH4OH, and hydrazine), oxydazing agents (H2O2, C2H4O3, ozone, oxygen, TEMPO, 

NaClO, and NaClO2), organic solvents (acetone, methanol, ethanol, and ethylene glycol), and ionic 

liquids
61

.Bagasse pretreatment using 5% NaOH and 11% H2O2 at 80˚C for 60 minutes produces 40,35% α-

cellulose.
11

 Another pretreatment to obtain cellulose from paper uses  5% NaOH and 2% NaClO2 for 120 

minutes at 125˚C to produce 98.7%α-cellulose
47

. 

For example,the pretreatment process carried out to obtain pure cellulose frombagasse  sample(SCB) to 

release impurities. The first process was carried out usinga 0,7% (w/v) NaCl solution (ratio of sample to solution 

1:50) at pH 4, adjusted with 5% acetic acid and buffer solution at pH 4. The samplewas boiled for 5 hours to 

remove lignin. The soaking result was washed repeatedly toneutral pHwith distilled water. Then the sample was 

boiled with 5% NaSO4 solution for 5 hours, then washed again with distilled water to remove lignin, 

hemicellulose and other impurities
62

. 

Furthermore, the sample obtained was bleachedto remove hemicellulose completely. The sample in the 

form of holocellulose, was boiled in a solution of 250 mlNaOH 17,5%(w/v) for 5 hours. The yield was then 

filltered using Micro Filter Holder Assembly (MFHA) and washed using distilled water until the filtrate was 

neutral. Then, the sample was dried in open air
62

. 

 
5.3 . Treatments 

The commonly used CNC preparation isthe acid hydrolysis method. This method is preferred because 

the results obtained can be set in according to the variables used in the treatment process. These variables are 

solvent concentration, reaction time, and reaction temperature.In addition, chemical methods require less 

production time
61

. The hydrolysis process with H2SO4 48.84% occurs the esterification process of cellulose 

hydroxyl groups with negatively charged sulfate ions on the surface of cellulose crystals. Sulfuric acid 

hydrolysis treatment does not change the functional groups of cellulose, but only discontinues the glucose 

chain
63

. 

 
Fig.6.Acid hydrolysis reaction on cellulose 22 

 

For example, about 5g of cellulose is dissolved in  100 mL of 60%  (w / v) sulfuric  acid in  a ratio of 1:20 at  

45˚C for 75 min, accompanied by stirring (500 rpm). The hydrolysis solution is added with 500 mL of water to dilute 

the acid. After that the sample was washed with aquadest for 15 minutes and stirred at 15000 rpm. The 

supernatant was removed from the sediment and the water was replaced with new aquadest. The rinsing activity 
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is carried outuntil the pH of the washing water has a pH of 7,0. Then sonification is carried out and the sample is 

dried to get crystals
64

. 

Another way to get crystals can also be done by freeze drying . The first  sample  was frozen for 24 

hours  and followed by freeze drying at 53˚C for 7 hours. The freeze drying process is intended to remove 

watercontained in nanocellulose by using the sublimation
21

. 

The hydrolysis  scheme of cellulosic acid can be  seen in Fig.6. Sulfuric  acid which is diluted with 

water will formH3O
+
 ions, which then react with H

+
 ions  with one  of the  cellulose  (1) chainsto form an OH 

(2) bond.  This reaction producesH2Othat reacts with other cellulose rings to form new OH bonds (3) and 

produce H
+
 ions

22
. 

 

VI. Cellulose Nanocrystalline Characterization 
Crystallinity Index 

Xray diffraction (XRD) is a powerful nondestructive technique for characterizing crystalline materials. 

Xray diffraction is now a common technique for studying crystal structure and atomic spacing. XRD provides  

information about the structure, phase, orientation of the dominating crystal (texture), and other structural 

parameters such as mean particle size, crystallinity, stress and crystal defects. The XRD peaks are generated by 

the constructive interference of  the monochromatic rays scattered at a certain angle from each sequence of cut 

fields in the sample. These Xrays are generated by the cathode tube, filtered to produce monochromatic 

radiation, humidifier to concentrate and directed at the sample
65

. 

The degree of crystallinity can be calculated by two methods, first with the general equation proposed 

by Wunderlich (1973), and others, as suggested by Segal et.al (1962) as follows: 
66

 

 

The Segal Equation : 

CIs =
I002 − Iam

I002

𝑥 100% 

Where :  

CIs 

I002 

Iam 

 

is the degree of crystallinity using the Segalmethod 

is the intensity of cellulose crystals (2ϴ = 22.5˚); 

is the intensity of the amorphous cellulose group (2ϴ = 18˚) 

The Wunderlich Equation: 

CIw =
𝑘Ic

Ic −  IA

𝑥 100% 

Where :  

CIw 

Ic 

IA 

K 

 

is the degree of crystallinity using the Wunderlich method 

is the area under the crystalline section reflex ; 

is the area spectrum of the amorphous region;  

is the proportionality factor, including polarization and Lorenz effect 

(Thompson–Lorenz factor), temperature correction, and the differences 

between X-ray densities of amorphous phase. 

 

XRD relates the wavelength of electromagnetic radiation to the diffraction angle and lattice distance in 

the crystal sample. These diffracted Xrays are then detected, processed and counted. With sufficient sample 

anglesin the 2ϴ angle range, all possible diffraction directions from the lattices must be achieved due to the 

random orientation of the powder material. The conversion from diffraction peaks todspacing allows compound 

identification because each compound has a uniqueset of dspacing . Usually this is achieved by comparing 

dspacing to astandard reference pattern
65

. 

 



CNC (Cellulose Nanocrystals) IsolationfromVarious Agricultureand Industrial Waste.. 

DOI: 10.9790/3008-1506034258                               www.iosrjournals.org                                  51 | Page  

  
(a)  (b)  

Fig.7. XRD patterns of CNC (a) 67 dan (b) 2 

 

FT-IR (Fourier Transform Infra-Red) 

Infrared spectrophotometer is an instrumentation that uses infrared radiation to  determine  the  

functional groups present in organic compounds. The working principle of IR spectrophotometry is the 

interaction of energy with matter. For instance, in an experiment a molecule of a complex compound is shot 

with energy from a light source causing the molecule to vibrate. The light source is a ceramics, which when 

electrified, it can emit infrared. Vibration can occur because the energy from infrared rays are not strong enough 

to cause atomization of molecule compoundsin a shot where the magnitude of the vibrational energy of each 

atom is different depending on the atoms and the strength of bonds that be connected to produce different 

frequencies
16

. Some examples of typical absorption of several functional groups can be seen in  

Table10.Typical absorption of several functional groups
16

 

 
Table10.Typical absorption of several functional groups16. 

Compound groups Absorption area (cm-1) 

C-H alkane 2850-2960, 1350-1470 

C-H alkene 3020-3080, 675-870 

C-H aromatic 3000-3100, 675-870 

C-H alkyne 3300 

C=C alkene 1640-1680 

C=C aromatic (polycyclic) 1500-1600 

C-O alcohol, carboxylic acid ether, ester 1080-1300 

C=O aldehyde, ketone, carboxylic acid, ester 1690-1760 

O-H alcohol, phenol (monometer) 3610-3640 

O-H alcohol, phenol (ikatan H) 2000-3600 (lebar) 

O-H carboxylic acid 3000-3600 (lebar) 

N-H amine 3310-3500 

C-N amine 1180-1360 

-NO2 nitro 1515-1560 
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Fig.8.Nanocellulose FT-IR a) 28 dan b) 67 

 

Surface Morphological Analysis 

Morphological analysis of the surface is generally using SEM (Scanning Electron Microscopy), AFM 

(Atomic Force Microscopy) and TEM (Transmission Electron Microscopy). Morphological testing is carried out 

to see  the  width, length and distribution. In addition, morphological analysis is used to see other thingssuch  as  

surface modification, mechanics, and optical forms of nanocellulose. Surface morphological analysis also aims to 

determine the specifications of the nanocrystal Cellulose from various sources, because it is found that the size 

and shape ofthe nanocrystalline are different based on the source
68

. 

 

VII. Preparation of Nanocrystalline Cellulose 

Sugarcane Bagasse 

From Table1. Isolation of CNC from bagasse.Isolation of CNCfrom bagasse with 5% NaOH and 

11%H2O2pretreatment for 90 minutes at 55˚C of resulted in 40,35% of α-cellulose
11

. This was greater then CNC 

production by pretreatment with H2O2 15% and NaOH 17,5% for 60 minutesat 80˚C where 20,8% of α-

cellulose
21

.The results obtained from the manufacture of CNC from bagasse were found to be greater in 

pretreatment with 15% KOH 2N and15% H2O2 at 80˚C for 60 minutes, followed by hydrolysis of 1N HCl acid 

for 120 minutes at 80˚C. The results obtained were 44.5% of the sample
12

. 

The highest value of CrI obtained at 83,75%, where the pretreatment by 5% NaOH at 80˚C for180 

minutes and H2O2 at 80˚C for 1 hour, followed by mechanical treatment under 21,000 rpm
10

. The other CrI 

values were 42,65% with pretreatment by 3,5% HNO3 at 90˚C for 120 minutes and 3,5% NaOCl for minutes, 

and treatment with hydrolyzed acid by 50% H2SO4 at 45˚C for 30 minutes
9
. 

 

  
a)  b)  

Fig.9.SEM of  CNCfrom bagasse a) 11 dan b) 64 

Rice Straw 

Isolation of crystal cellulose fromrice straw using HCl 2,5 N at 100˚C for 15, 30, 45, and 60  minutes. In 

this study, it was carried out at the time of pretreatment using various bases for delignificationandbleaching 

process. There were three treatments, namely using 3,5%HNO2, 17,5%NaOH, and 13,5% of Sodium perclorate 

(NaClO4).The results obtained by immersion in 2,5N HCl obtained the highest yields at 60 minutes of immersion, 

namely 54.54% or 96.72% of the α-celluloseobtained, compared to the immersion time  of only 15 minutes, which 
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was 33.83%  or 60%  of the total α-celluloseobtained
13

.While the treatment of rice straw with 20% of NaOH and 

H2SO4pretreatment at 80˚C for 8 hours, then immersed inH2SO4for 15 minutes at 80˚C, obtained 24% yield,higher 

than treatment with 2,5 N HCl with the same temperature and immersion time, namely 16.2%
16

see  
 

 

Table2. 

 

  
a) b)  

Fig.10.SEM of CNC from rice straw a) 15 dan b) 14 

 

Rice straw processed using 2,5 N HCl at 50˚C for 10 minutes for hydrolysis and 7.5% NaOH for the 

pretreatment process, obtained a CrI yield of 82%
15

.The CrI obtained is almost the same as the hydrolysis of 2,5 

N HCl at 100˚C for 15 minutes, which is 78%
14

. 

Rice Husk 

The highest pretreatment result from rice husk samples were obtained by delignification using 4% 

NaOHand bleaching with 1,7% HCl, with αcellulose obtained by 96%. The chemical reaction of alkaline 

NaOH was carried out by reflux method for 120 minutes. Furthermore, bleaching was carried out using 1,7% 

HCl for 4 hours and refluxed, until the samples obtained turned white
18

. 

  
a) b)  

Fig.11.SEM of CNC from rice husk a)19 dan b) 20 

 

Treatment of rice husks using hydrolysis of 2,5 N of HCl at 90˚C for 15 minutes then blanched using 

H2O2 3% 90˚C for 1 hour while stirring, showed the yield obtained was 13,45%. In this study, from 25 g of the 

sample obtained 3,35 g of cellulose
19

.see  

Table3.The highest CrI was obtained from 1,7% of HCl and 4% of NaOH pretreatment, and treatment 

with 10 mol/L H2SO4 was 59%
18

. The lowest CrI value was 50%, obtained from 4% of NaOH and 6,8% of 

NaCl pretreatment and following by 64% H2SO4 at 50˚C for 40 minutes
20

. 

 

Oil Palm Empty Bunches(TKKS) 

The highest CNC preparation was obtained by pretreatment with 10% NaOH at 150˚C for 30 minutes. 

Then, it was blended with 1% NaClO at 80˚C for 1 hour (done three times). The αcelluloseobtained from the 

sample was 81,11%. Samples obtained from pretreatment were hydrolyzed H2SO4 97% with a ratio of 1:80 to 

samples and solution. The solution was then heated at 50˚C while stirring for 3,5 hours. Furthermore, the sample 

solution was centrifugeat 10,000 rpm for 15 minutes. After that, the solution was neutralized with distilled water and 

allowedto stand, then filtered with filter paper. The XRD analysis results showed a 96% crystallinity index
23

. 
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a)  b) 

Fig.12.SEM of CNC from oil palm empty bunches  a)21 dan b)24 

 

In several studies carried out more systematically, pretreatment for delignification was carried out 

using HNO3 3,5% and NaNO2. This aims to dissolve lignin in the form of nitrogen. Furthermore, the process of 

hemicellulose removalby swelling method using 2% NaOH and Na2SO3 2%. This process removes 

hemicellulose,mineral salts, and ash by inflating the sample fibers. After that, to bleach the sample, using 17.5% 

NaOCl, in addition, 17.5% NaOCl was able to separate αcellulose from β , and γ cellulose
25

. 

Sawdust 

The treatment of wood powder usinghydrolysis  of 2.5N HCl at 90˚C in 15 minutes and then blended 

usingH2O2 3% at 90˚C for 1 hour whilestirringshowedthe yield obtained was 22.75%. In this  study, 25 g of the 

sample,5,69 g of cellulose were obtained. The wood powder treatment usinghydrolysis  of 2.5N HCl at 90˚C in 

15 minutes and then blended using H2O2 3% at 90˚C for 1 hour whilestirringshowedthe yield obtained was 22,75%. 

In this  study, 25 g of the sample, obtained 5,69 g of cellulose
19

. 

The highest CrIwas obtainedintreatmentusing H2SO4 60% by sonication, under 60% for 60 minutes. The 

CrI obtained was 90%. After hydrolysis, the sample liquid  is  mixed with cold aquadest to stop the  hydrolysis  

reaction.  The samples were then centrifuged at 12,000 rpm for 10 minutes. Centrifuge is carried out by 

separating the aggregate withthe solute, in this case to separate crystals and amorphous cellulose. Furthermore, 

the  aggregate contained in this  liquid  isre-sonicated. The NCC obtained was then frozendried (60 C, 0.1 

mbar, a pressure that did not damage the cellulose structure) to obtain the powder
38

. 

 

  
a)  b)  

Fig.13.SEM of CNCfrom sawdust a)19and  b)37 

Corn Waste 

Based on several studies on various sources of cellulose in several parts of the corn plant, the highest 

yield was found in the remaining corn stover, which was 62.1%. These results were obtained by pretreatment of 

2% NaOH at 80˚C for 240 minutes and a bleaching process of 1,7% NaClO2 at 80˚C for 360 minutes. 

Furthermore, the treatment was carried out using 55% H2SO4 for 15 minutes at a temperature of 50˚C. The 

hydrolysis product were then washed with water, then centrifuged three times and washed again with water until 

pH~6
36

. 
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a) b) 

 
c) 

Fig.14.SEM of CNC fromcorn waste a) corn cob 27, b) corn husk 29, dan c) corn stover 35. 

 

The highest CrI was obtained in the hydrolysis reaction of corn husk using 60% H2SO4at a 

temperatureof 40˚C for 300 minutes. Based on these studies, it was found that the CrI can bepredicted by an 

equation between reactiontime and concentration ofH2SO4/sample. Wherethe longer the hydrolysis reaction time, 

the higher the CrIvalue. It was also found that the hydrolysis reaction began to stabilize at the reaction time 

above 80 minutes with a large H2SO4/sample content of ~25 mL
29

. 

 

Pineapple 

The highest yield for CNC from pineapple leaves was obtained from pretreatment using 2% NaOH 

under 138 kPa pressure autoclave for 1 hour, followed by bleaching a mixture of 27% NaOH + CH3COOH 

78,8%+NaClO 1:3in solution, yielding 76%  αcellulose.  After that, it was reacted with 11%H2C2O4 under 138 kPa 

pressure in autoclave for 15 minutes. The results of the autoclave were reacted with KMnO4 to remove the acid. 

The yield of all these reactions gave a yield of 69%
41

. 

 

  
a)  b)  

Fig.15.SEM of CNC from pineapple a) 42 dan b) 41 

 

The  highest CrI was 92.13%. Itwas obtained by hydrolysiswith 50%H2SO4at 50˚C for 60 minutes. After 

hydrolysis  the sample was washed with water by centifugation to remove the acid. Then sonicated 20 Hz for 3 

minutes
40

. 

 

Paper 

The highest αcellulose production was obtained by pretreatment using 5% NaOH and 2% NaClO2. 

The amount of αcellulose obtained increased from 79.58% to 98.7% without and using 2% of NaClO2. The first 

pretreatment process used 5% NaOH at 125˚C for 2 hours under constant shaking. After that the samples were 



CNC (Cellulose Nanocrystals) IsolationfromVarious Agricultureand Industrial Waste.. 

DOI: 10.9790/3008-1506034258                               www.iosrjournals.org                                  56 | Page  

washed to a neutral pH. The sample was then blended using 2% NaClO2 for 2 hours at a temperature of 125˚C, 

this treatment was repeated until the white sample was  obtained
47

. 

 

  
a)  b)  

Fig.16.SEM of CNCfrom paper a)49 dan b)43 

Cotton 

One of the optimization studies for Isolation of CNC from cottonfound that the highest yield that  could  

be achieved was 72%. This experiment was carried out in various variations of acid concentration, reaction time, 

and homogenization rate. From this study, it was found that the best conditions to produce the  highest yield  

among the various acid concentrations (55, 60 and 65%) were 60%, the time (3, 5and7 minutes) were 5 minutes, 

and the homogenization speed (9000, 10500, and 12000 rpm) was 9000 rpm
51

. 

 

  
a)  b) 

Fig27. SEM NCC dari Cotton a)53 dan b)54 

VIII. Conclusions 
The isolation of CNC by strong acid hydrolysis widely uses 64% H2SO4 and 2,5 N HCl. In the 

isolation of CNC, chemical and mechanical pretreatment are very influential to increase the purity of the α-

cellulose produced. Based on several previous studies, the isolation of CNC from various sources found in 

nature has great potential as a polymer. This provides solutions for human life to expand the scope of recycling 

organic  waste  into  value-added materials. Further research is needed to see the optimal process of CNC 

cellulose isolation from various types of specific samples for a wide range of production process. 

CNC can be used in a various fields, including water treatment, absorbent, cosmetic products, coatings, 

fillers, adhesives, nanocomposites, energy and electronics, biomedicine, additive coumpound of drugs, and 

including of the manufacture of other biomaterials. The advantages of using strong acids in CNC isolation 

treatment are that they are easy to do, a short process, low cost, and the resulting CNC propertiescan be adjusted 

based on side group modifications. Meanwhile, the weakness of thestrong acid hydrolysis process is ineffective 

storage and safety. So, it is not recommended for small scalecommercial industries. However, strong acids are 

very dangerous for nature because they are toxic and can distrupt the ballance of the ecosystem in water, soil, 

and air. Further research needs to be done regarding the CNC isolation process that is environmentally friendly, 

safe, and time and cost efficient. 
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