
Bukti Korespondensi  

 

Paper 15 

 

Cellulose nanofibers isolation and characterization from 

ramieusing a chemical-ultrasonic treatmentPengusul  

 

 

Dr. Edi Syafri, ST, M.Si 

 

 

 
 

 

 

 

 

 

 

 

 



 

1. Proses Submission 

 
 

 



 
 

 

 

 



 

 
 



From: ryszard.kozlowski@escorena.net 

To: edisyafri11@gmail.com 

CC:  

Subject: Journal of Natural Fibers - Decision on Manuscript ID WJNF-2017-0179 

Body: 15-Feb-2018 
 
Dear Mr Syafri: 
 
Your manuscript entitled "Cellulose Nanofibers Isolation and Characterization from ramie using a chemical-ultrasonic treatment", which you 
submitted to Journal of Natural Fibers, has been reviewed.  The reviewer comments are included at the bottom of this letter. 
 

The reviews are in general favourable and suggest that, subject to minor revisions, your paper could be suitable for publication.  Please consider 
these suggestions, and I look forward to receiving your revision. 
 
When you revise your manuscript please highlight the changes you make in the manuscript by using the track changes mode in MS Word or by 
using bold or colored text. 
 
To start the revision, please click on the link below: 
 
*** PLEASE NOTE: This is a two-step process. After clicking on the link, you will be directed to a webpage to confirm. *** 
 
https://mc.manuscriptcentral.com/jnf?URL_MASK=b55adf32be794268a003781320ddf249 
 

This will direct you to the first page of your revised manuscript. Please enter your responses to the comments made by the reviewer(s) in the 
space provided. You can use this space to document any changes you made to the original manuscript. Please be as specific as possible in your 
response to the reviewer(s). 
 
This link will remain active until you have submitted your revised manuscript. If you begin a revision and intend to finish it at a later time, please 
note that your draft will appear in the “Revised Manuscripts in Draft” queue in your Author Center. 
 
IMPORTANT:  Your original files are available to you when you upload your revised manuscript.  Please delete any redundant files before 
completing the submission. 
 
Because we are trying to facilitate timely publication of manuscripts submitted to Journal of Natural Fibers, your revised manuscript should be 

uploaded by 08-Mar-2018.  If it is not possible for you to submit your revision by this date, we may have to consider your paper as a new 



 

 
 

 

 

 

 

submission. 

 
Once again, thank you for submitting your manuscript to Journal of Natural Fibers and I look forward to receiving your revision. 
 
Sincerely, 
Professor Kozlowski 
Editor in Chief, Journal of Natural Fibers 
ryszard.kozlowski@escorena.net 
 
 
Reviewer(s)' Comments to Author: 
 

Reviewer: 1 
 
Comments to the Author 
in this manuscript, cellulose nanofibers was isolated from ramie (Boehmeria nivea (L.) Gaud) with the combination of  chemical method and 
ultrasonication treatment, and the characterization of the morphology and crystal structure, thermal stability and size. However, the abstract is so 
simple, and English level is bad, so please improve it. 
 
Reviewer: 2 
 
Comments to the Author 
Please, include in the text the  yield of nanocellulose obtained of this process. 
 

 
Editor's Comments to Author: 
 
Associate Editor: 1 
Comments to the Author: 
(There are no comments.) 

Date Sent: 15-Feb-2018  
 



Dari: Journal of Natural Fibers <onbehalfof@manuscriptcentral.com> 

Tanggal: 15/02/2018 14:49 (GMT+07:00) 

Ke: edisyafri11@gmail.com 

Subjek: Journal of Natural Fibers - Decision on Manuscript ID WJNF-2017-0179 

 

15-Feb-2018 

 

Dear Mr Syafri: 

 

Your manuscript entitled "Cellulose Nanofibers Isolation and Characterization from ramie using a chemical-ultrasonic treatment", which you 

submitted to Journal of Natural Fibers, has been reviewed.  The reviewer comments are included at the bottom of this letter. 

 

The reviews are in general favourable and suggest that, subject to minor revisions, your paper could be suitable for publication.  Please consider 

these suggestions, and I look forward to receiving your revision. 

 

When you revise your manuscript please highlight the changes you make in the manuscript by using the track changes mode in MS Word or by 

using bold or colored text. 

 

To start the revision, please click on the link below: 

 

*** PLEASE NOTE: This is a two-step process. After clicking on the link, you will be directed to a webpage to confirm. *** 

 

https://mc.manuscriptcentral.com/jnf?URL_MASK=b55adf32be794268a003781320ddf249 

 

This will direct you to the first page of your revised manuscript. Please enter your responses to the comments made by the reviewer(s) in the 

space provided. You can use this space to document any changes you made to the original manuscript. Please be as specific as possible in your 

response to the reviewer(s). 

 

This link will remain active until you have submitted your revised manuscript. If you begin a revision and intend to finish it at a later time, 

please note that your draft will appear in the “Revised Manuscripts in Draft” queue in your Author Center. 

 

IMPORTANT:  Your original files are available to you when you upload your revised manuscript.  Please delete any redundant files before 

completing the submission. 

mailto:onbehalfof@manuscriptcentral.com
mailto:edisyafri11@gmail.com
https://mc.manuscriptcentral.com/jnf?URL_MASK=b55adf32be794268a003781320ddf249


 

Because we are trying to facilitate timely publication of manuscripts submitted to Journal of Natural Fibers, your revised manuscript should be 

uploaded by 08-Mar-2018.  If it is not possible for you to submit your revision by this date, we may have to consider your paper as a new 

submission. 

 

Once again, thank you for submitting your manuscript to Journal of Natural Fibers and I look forward to receiving your revision. 

 

Sincerely, 

Professor Kozlowski 

Editor in Chief, Journal of Natural Fibers 

ryszard.kozlowski@escorena.net 

 

Reviewer(s)' Comments to Author: 

Reviewer: 1 

 

Comments to the Author 

in this manuscript, cellulose nanofibers was isolated from ramie (Boehmeria nivea (L.) Gaud) with the combination of  chemical method and 

ultrasonication treatment, and the characterization of the morphology and crystal structure, thermal stability and size. However, the abstract is so 

simple, and English level is bad, so please improve it. 

 

Reviewer: 2 

 

Comments to the Author 

Please, include in the text the  yield of nanocellulose obtained of this process. 

Editor's Comments to Author: 

 

Associate Editor: 1 

Comments to the Author: 

(There are no comments.) 

 

mailto:ryszard.kozlowski@escorena.net


Respon utk Reviewer 

Cellulose Nanofibers Isolation and Characterization from ramie using a chemical-

ultrasonic treatment 

Running head : Characterization of ramie (Boehmeria nivea (L.) Gaud) 

 

Abstract 

The nature of environmentally friendly, low-cost, lightweight and strengths of natural fibers 

make them an excellent choice to replace synthetic fibers. In this study, cellulose nanofibers 

was isolated from ramie (Boehmeria nivea (L.) Gaud) using chemical method–ultrasonication. 

The characterization of the morphology and crystal structure of the material were examined by 

scanning electron, transmission electron, and particle size analyzer. The results showed that 

cellulose nanofibers isolation successfully achieved with diameter of 9.9-89.1 nm and 1 μm 

length. The Fourier transform infrared spectroscopy analysis confirmed that hemicellulose and 

lignin levels decrease during the pulping and bleaching process, otherwise the cellulose levels 

increase. The X-ray powder diffraction observed that the ultrasonic treatment was increased 

the crystallization index from 62.5% to 73.65%. It is found that the ultrasonication is effective 

method in the production of nanocellulose from ramie  with 89, 35% yield. 
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INTRODUCTION 

Recently, the depletion of petroleum-based resources and serious environmental problems, 

such as climate change and global warming have lead researcher’s focus to develop the 

promising field of natural fibers. (Silitonga et al. 2016; Vignesh et al. 2016). This is largely 

owing to their biodegradability, environmental friendly, low cost, light weight and excellent 

specific strength (Wahono et al. 2018; Senthamaraikannan et al. 2016; Abral et al. 2014). 

Therefore, renewable source-based environmental has developed can be used to replace 

petroleum-based materials and conventional fibers such as glass by natural fibers in reinforced 

composites as a means of overcoming environmental problems (Manimaran et al. 2017; Cadena 

Ch et al. 2017). 



Many researcher have isolated the highly-purified cellulose nanofibers from several 

various plant such as ramie (Lu et al. 2006), wood (Abe et al. 2007), sisal (Morán et al. 2008), 

pineapple leaf (Cherian et al. 2010), brazilian satintail (Benini et al. 2016), and Ipomoea 

staphylina (Santhanam et al. 2016). The essential common process for producing of cellulose 

nanofibers from plant fibers are pre-treatment and Nano fibrillation. There are a lot of pre-

treatment to remove non cellulosic materials such as alkali treatment (Yongvanich 2015), 

enzymatic pre-treatment (Tibolla et al. 2017), ionic liquids (Han et al. 2013), TEMPO (2,2,6,6-

tetramethylpiperidine-1-oxyl) mediated oxidation (Quintana et al. 2017) and steam explosion 

treatment (Chirayil et al. 2014). Then Nano fibrillation technologies such as grinders, and 

ultrasonic method (Khawas and Deka 2016) were used to isolated the fibrils from the purified 

cellulose fibers. 

Nano fibrillation method has a high intensity ultrasonication (HIU) is suggested as 

method to isolate micro/nanofibers (Khawas and Deka 2016). The powerful mechanical 

oscillating power and high intensive waves in ultrasound will produce implosive collapse of 

bubble in liquid. That phenomenon called acoustic cavitation that provided 10-100 kJ mol-1 

energy, which include most energy of a hydrogen bond scale. When the rapidly forming and 

collapsing microbubbles interact with and impact on the cellulose surface, they erode and 

denude the surface, which leads to fibrillation and formation of nanofibers (Kusumo et al 2017; 

Chen et al. 2011). Hence, the objective of this study aims to isolate cellulose nanofibers from 

ramie fibers by using a combination between chemical and high-intensity ultrasonication 

process to increase the efficiency of hemicellulose and lignin removal, and to reduce its size 

into Nano-order. Cellulose nanofibers produced in ramie fibers characterization and analyzed 

with SEM, TEM, XRD, FTIR, PSA and TGA. 

 

MATERIALS AND METHODS 



Materials 

The ramie plant was collected from Politeknik Pertanian Payakumbuh, Indonesia with a land 

position of about 700 meters above sea level. The ramie fiber is taken by removing the bark 

(decortication) of the main stem. The reagent used in this process are as follows: sodium 

hydroxide (NaOH, purity >98%), potassium hydroxide (KOH, purity :99%), sodium chlorite 

(NaClO2) and Acetic acid (CH 3COOH). 

Isolation 

Ramie fibers were first cut in small pieces (10 - 20mm) and dried under the sun for 3 days in 

order to reduce the water content to become 9-11%. The 500 g dried ramie fibers and 18 w/v 

% NaOH loaded into digester and cooked for 2 hours at 170 oC and 7-9 kg/cm2bar, in order to 

remove the lignin and hemicellulose (Syafri et al.  2016). Then the obtained pulp ramie fibers 

were washed with distilled water until became neutralized pH. The two stages of different 

bleaching process were performed to remove the residual lignin and hemicellulose. In the first 

stage, the obtained pulp was added  5 w/v % natrium chloride (NaClO2) and 3 ml acetic acid 

(CH3COOH) for 2 hours at 170oC until the pH value was 5. The obtained pulp remained after 

first bleaching treatment was washed using distilled water until the pH value was 7 and the 

second bleaching treatment was given using 4 w/v % potassium hydroxide (KOH) at 80oC for 

1 hours. The chemically purified cellulose ramie fibers loading with 2 w/v % of deionized 

water, and then sonicated using 1.5 cm cylindrical probe at a frequency of 22 kHz with an 

output power of 400W for 1 hours at temperature 70 oC. The details steps of chemical treatment 

combine with ultrasonication is isolated process of cellulose nanofiber from ramie are 

illustrated in Figure 1. The yield of  nanocellulose was calculated using gravimetrically Eq. (1). 

 

Yield (%)  =   (Weight of nanocellulose/Initial weight of native cellulose)×100                  (1) 



 

Characterization 

The chemical composition of the raw ramie (RR), after pulping treatment ramie (PP) and after 

bleaching ramie (BR) fibers was measured in accordance with the standards of the ASTM D 

1104-56 (hemicellulose), TAPPI Standard T9M-54 (cellulose) and TAPPI Standard T3M-54 

(lignin). The FT-IR analysis was performed by a Perkin Elmer FT-IR spectrometer frontier in 

the range of 400 - 4,000 cm-1. Crystallinity  was  obtained with an PANalytical's X-ray 

diffractometers using Cu Kα radiation (λ=1.5406 A) at 40 kV and 30 mA, over the angular 2θ 

range 2-100o and a step time of 20o/min.  The crystallinity index (CI) was calculated from the 

heights of the 200 peaks (I200, 2ϴ = 22.6o) and the intensity minimum between the 200 and 

110 peaks (Iam, 2h = 18o) using the Segal method (Gopinath et al. 2016;Segal 1959), as shown 

in  Eq. 1, I002 represents both crystalline and amorphous material, whereas Iam represents the 

amorphous material. 

𝐶𝐼(%) = (
𝐼002−𝐼𝑎𝑚

𝐼002
) 𝑥100   (2) 

Thermal degradation characteristic of CNFR was evaluated using Thermogravimetric Analysis 

(TGA4000, Perkin Elmer, USA) with a heating rate of 10oC/min in range 50-500 oC under a 

flow of 60 mL/min of nitrogen gas. The surface morphology of the ramie fibers was observed 

using scanning electron microscopy (SEM, HITACHI 3400N) at 20 kV. The SEM specimens 

are prepared by placing a hemp fibers particle that has undergone some chemical treatment 

over a double-sided tape carbon in high vacuum mode. The surface morphology of the ramie 

fibers was observed using scanning electron microscopy (SEM, HITACHI 3400N) at 20 kV. 

The SEM specimens are prepared by placing a hemp fibers particle that has undergone some 

chemical treatment over a double-sided tape carbon in high vacuum mode. TEM (Transmission 

Electron Microscope) JEOL 1400 was used to evaluate the morphology of the cellulose 



nanofiber. The specimens were prepared by taking a few drops of an ultrasonified cellulose 

nanofibers suspension. The suspension is then placed on a thin carbon-coated copper housing. 

The CNFR cellulose suspension is allowed to dry above the container at room temperature then 

observed at 80 kV voltage acceleration. Beckman Coulter DelsaNano C instrument was 

performed to measure to cellulose ramie particles. Photon Correlation Spectroscopy (PCS) was 

used to determine the particle size by measuring the degree of fluctuation in the intensity of the 

laser beam spread by particles that spread through the liquid. The sample was measure at 25oC, 

viscosity 0.88 cP, scattering intensity; 9581 cps, with refractive index; 1.3332 for 2 min.  

DelsaNano software used to process the particle measurement data.  

RESULT AND DISCUSSIONS 

Chemical analysis of ramie fibers 

The chemically purified cellulose content successfully extracted by removal of lignin, 

hemicellulose and other impurities from raw ramie (RR) fibers using a chemically method 

(pulping and bleaching). The degradation of chemical composition of raw ramie (RR) fibers, 

pulping ramie (PR) fibers and bleaching ramie (BR) fibers were presented in Table 1.  From 

table 1, it showed that the pulping and bleaching treatment increase 17.16% of cellulose content 

from 79.45% (RR), to 93.09 % (RB), whereas hemicellulose and lignin decreased 50 % from 

9.63 % to 6.42 %. It is obviously evidence that NaClO2, CH3COOH, and KOH were found 

efficiently in removing most of lignin and hemicellulose in the fibers. This is due to the bond 

damage to the cell wall structure in pulping process. (C.S et al. 2016). Due to when the lignin 

reacts with NaClO2will form a soluble lignin chloride compound (Chirayil et al. 2014), the 

remaining hemicellulose and lignin removed by NaClO2and KOH in bleaching process. The 

content of lignin, hemicellulose and cellulose after bleaching process was 1.76 wt%, 6.42 wt% 

and 86.69 wt%, respectively. 



Morphological property of chemically purified cellulose fibers analysis 

SEM images of the raw ramie (RR), after pulping treatment ramie (PP), after bleaching ramie 

(BR) and cellulose nanofibers (CNFR) from chemical treatments and ultrasonication are 

presented in Figure 2. Figure 2a showed that the original ramie fibers has a large bundle with 

diameter 70-150 µm and intact structures covered with other impurities (e.g. hemicellulose, 

lignin, pectin and waxy substances). The morphological structure of the ramie fibers after 

pulping treatment (PR) differed significantly from the RR. After 2 h processing using pulping 

method, the fiber bundles were separated into individual micro-sized fibers and amorphous 

region termination which is marked by a significant decreasing diameter from 70-150 µm into 

20-50 μm (Figure 2b). 

After bleaching treatment, the fiber was separated into individual micro-sized cellulose 

fibers, as shown in Figure 2c. The average diameter size of bleached pulp fibers was reduced 

to 1-5 μm. The surface of bleached pulp fibers also found smoother. Thus, the removal 

impurities such as lignin and hemicellulose by delignification and bleaching processes could 

reduce the diameter of fiber from 20-50 μm to 1-5 μm, as well as disintegrated the single sized 

into individual micro-sized cellulose fibers. The separation of fasciculus induced by chemical 

treatment (pulping and bleaching) is due to the removal of lignin in the middle lamella that 

cased the disintegration of the compact ramie structure. It was evident that the chemical 

treatment was efficient in defibrillation of ramie fibers. 

From the figure 2d it showed the individual long fibers entangled together forming like 

a web structure the presence of individual nanofibers (Figure 2d), it is evidence that Nano 

fibrillation force introduced by the ultrasonicated can break the hydrogen bonds and 

disintegrate microfibers into Nano fibrils in order to defibrillate the cellulose fibers which were 

obtained by the previous chemical treatment (Khawas and Deka 2016). It can be seen that 

fibrils associated with one another and formed a large aggregated bundle with a diameter of 

about 20-50 nm with 1μm length. 

Particle Size Analyzer (PSA) analysis. 

The PSA test data showed a uniform diameter of the haemoglobin diameter of CNFR with a 



diameter range between 9.9-89.1 nm, with an average diameter of 19 nm. Figure 3 shows that 

the diameter of 15.6 nm with the highest intensity number is 34.2%. This uniform distribution 

of cellulose diameter size for ramie fibers is similar with the study by Chen et al, on flax 

fibers with an ultrasonic-chemical process (Chen et al. 2011). 

 

Fourier transform infrared (FT-IR) analysis 

The FTIR spectra of the raw ramie (RR), after pulping treatment ramie (PP), after bleaching 

ramie (BR) and cellulose nanofibers (CNFR) from chemical treatments and ultrasonication are 

presented in Figure 4. The peaks at 3400-3300 cm-1represents the stretching vibration of OH 

which indicate the hydrophilic properties of the material, while the peak of 2900-2800 cm-1 is 

attributed to the asymmetric stretching caused by the C-H group (Jonoobi et al. 2009). 

The new functional group does not appear on the FTIR graph after the pulping and 

bleaching treatment. The peak 1625-1642 cm-1 is represented the bending mode of the absorbed 

water (O-H). In this study, the chemical treatment and ultrasonication was successfully 

performed to reduce the lignin and some of the hemicellulose due to the disappearance of this 

peak after treatment. In Figure 4., there is an increase in intensity at the peak of 898 cm-1 in 

ultrasonication treatment compared with chemical treatment and raw ramie. This indicates that 

the cellulose content is increased because in uptake of wave at the top position of 898 cm-1 is 

a cellulose glucose ring (Chirayil et al. 2014). 

 

X-ray diffraction (XRD) analysis 

The XRD diffraction patterns of raw ramie in every step of isolation into cellulose nanofibers 

processes were performed to investigate the crystallinity behavior of the fibers. The 

crystallinity index calculated using Equation 1. The result of the crystallinity was 55.48, 57.06, 

62.50 and 73.65%.for RR, PR, BR and CNFR respectively (Table 2). It was observed that the 

crystallinity is affected by each process. The value of crystalline index increased to 57.06% 

after pulping treatment, which might have resulted from the dispersion and removal of non-

cellulosic components including lignin and hemicelluloses that present in amorphous regions 

of raw fibers (C.S et al. 2016). After bleaching treatment, the crystalline index was increased 

to 62.50%, due to the elimination of retained lignin in the liquefied residues was complete. 

During ultrasonication  the crystalline index  increase to 73.64%. This is showed that the 

ultrasonication contribute to homogenize and remove part of amorphous portion of CNFR 

(Wen Shuai Chen et al.  2011). The result can be shown by the FTIR analysis and it is similar 

with the study on cellulose nanofibers from wood which reported by Chen et al (Chen et al. 

2011). 

Figure 5 illustrates the X-ray diffractogram of raw fibers, pulp, bleached pulp, and 

cellulose nanofibers of ramie. The peak of 2ϴ: 15.710, 22.340, 32.00 for RR represent the 

typical cellulose I structure (Liu et al. 2007). According to JCPDS (Join Committee on Powder 

Diffraction Standards) it is seen that the resulting cellulose has a monoclinic crystal structure 

as follows: a = 6.74 (Å): b = 5.93 (Å): and c = 10.36(Å), angle γ:810. After chemical and 

ultrasonication treatment, angel 2 ϴ changed to be 12.010, 19.830, and 21.960 represent the 



typical cellulose II structure. It observed obviously that the chemical and ultrasonication 

treatment transform the cellulose of raw ramie fibers from cellulose type I to cellulose type II 

(Liu et al. 2007). According to JCPDS the cellulose has crystal structure as follows: a = 

7.87(Å):, b = 10.31 (Å): and c = 10.13(Å), angle γ: 900 . 

Thermogravimetric analysis (TGA) 

TGA  analysis of reinforcing material is important to determine their applicability for bio 

composite processing at high temperature. TGA thermograms of ramie fibers from each 

treatment process are shown in Figure 6. From the figure, it showed that the CNFR has the 

highest thermal stability follows by BR, PR and RR. It is characterized by under the higher 

temperature which ramie residual fibers mass reduced and it is applicable to the temperature 

below 350 oC. In general, the thermal decomposition of cellulosic material components is at 

temperature 200 oC - 400 oC. 

Initial decomposition for lignocellulose temperature of all cellulose nanofibers under 

various treatment levels had a little effect thermal decomposition of cellulose. The temperature 

of initial weight loss was found at range of 50-200 oC, it might be because of the evaporation 

and removal of bound water (Wang et al. 2017). The carbon residue was obtained at 500 oC of 

about 27% for RR, PR and BR, whereas for CNFR the carbon residue is less than 10%. The 

existence of the material residue is higher in the un-treatment ramie compared with the 

treatment ramie fibers due to the raw ramie contain a lots of ash, lignin which has a low 

degradation rate (Manfredi et al. 2006; Morán et al. 2008). 

 

Nanocellulose Yield 

Product yields, which were calculated gravimetrically using Eq. (1), are tabulated in Table 3. 

From Table 3 it showed that cellulose nanofibers using ultrasonic probe for 30 minutes and 60 

minutes gives cellulose nanofibers yield 83,90% and 89,35% repectively. This result is 4.35% 

greater than yield achieved by habibi et al (85%) which makes cellulose nanofibers from ramie 

using PCL-grafted method (habibi et al. 2008).  

CONCLUSION 

The study revealed that the cellulose nanofibers is successfully isolated from ramie (Boehmeria 

nivea (L.) Gaud) using chemical method – ultrasonication with average diameter of 19 nm and 

1 μm length. The chemical composition analysis showed that the hemicelluloses and lignin was 

significant decrease during the process. The FTIR analysis showed that the absorbent peak 



revealed at 897 cm-1 indicating the increasing of cellulose. From the TGA analysis, it showed 

that the cellulose nanofiber from ramie has the increasing thermal stability and the crystalline 

index was increased from 55.4 % to 73.65 %. It could be concluded that the chemical process 

(e.g. pulping followed with the two stages of different bleaching process) combined with 

ultrasonication method was successfully isolated cellulose nanofibers from ramie (Boehmeria 

nivea (L.) Gaud) with 89,39% yield. 
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