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Abstract
In this paper, functionalization of multiwall carbon nanotubes (MWCNTs) 

using phosphoric acid (H3PO4) was attempted. Based on the One Factor at a 
Time (OFAT) analysis, 8 M of H3PO4, 8 h of reflux time and 80 °C were identi-
fied as an ideal condition for the acid oxidation process. Successful functionaliza-
tion of MWCNTs using H3PO4 was revealed from Fourier Transform Infrared 
Spectroscopy (FTIR) peaks and Scanning Electron Microscope (SEM) images. 
The resulting f-MWCNTs were immobilized with cellulase via adsorption. The 
optimum temperature for free cellulase was at 50 °C and for immobilized cel-
lulase was at 60 °C. The optimum pH was at 5 for both free and immobilized 
cellulase. Higher thermal stability was achieved with immobilized cellulase in 
which 39% activity still was retained at 80 °C compared to free cellulase. Reus-
ability study of immobilized cellulase depicted 28% of remaining activity after 
5th cycle of analysis using model substrate (filter paper Whatman No. 1). These 
results suggest that H3PO4 which is a mild acid is a promising substitution for 
functionalization of MWCNTs.

Keywords
Multiwall carbon nanotubes, Phosphoric acid, Mild acid, Filter paper,  

Reusability

Introduction
The extraordinary properties of carbon nanotubes (CNTs) have attract-

ed an overwhelming interest of researchers from various fields [1]. CNTs is a 
carbon atom in tubular cylindrical form with nanometer diameter and microm-
eter length [2]. CNTs can be classified as either (i) single wall carbon nano-
tube (SWCNTs) that comprise of single tube of carbon or (ii) multiwall carbon 
nanotubes (MWCNTs) which involve multiple carbon atom cylinders. CNTs 
are acknowledged as a new player in the field of materials science as it possesses 
exceptional electrical [3], chemical [4], mechanical [5], optical [6] as well as ther-
mal properties which made it beneficial for biological application [7]. The high 
performance and light weight of CNTs are added advantages of its utilization [8]. 

Despite of the notable characteristics, dealing with CNTs could be difficult 
due to its hydrophobic behavior [9] resulting from van der Waals forces with-
in carbon atoms that promote agglomeration [8]. Uniform dispersion of CNTs 
is required [8] to enhance its material properties that usually attained through 
functionalization. Functionalization is a process of surface modification partic-
ularly CNTs to increase the repelling tendency to improve the dispersion rate. 
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Acid oxidation of MWCNTs

A weight of 1 g of MWCNTs was added into 100 ml of 
H3PO4 and subjected for 1 h sonication treatment at room 
condition prior to reflux process as shown in Figure 1. Sub-
sequently, the mixture solution was filtered using deionized 
water until the filtrate pH was neutral (pH 7). The washed 
MWCNTs were dried in an oven at 100 °C for overnight. The 
dried MWCNTs after the acid oxidation process was denoted 
as f-MWCNTs. For One Factor at a Time (OFAT) study, acid 
concentration (4 - 12 M), reflux temperature (40 °C - 120 
°C) and time (4 - 12 h) were varied for acid oxidation process 
according to the previous study [19].

Effect of acid concentration

Acid concentration was varied (4 M, 8 M, and 12 M) 
meanwhile reflux temperature and time were kept constant at 
80 °C and 8 h, respectively [21].

Effect of reflux temperature

Reflux temperature was varied (40 °C, 80 °C, and 120 °C) 
meanwhile acid concentration and reflux time were kept con-
stant at 8 M and 8 h, respectively.

Effect of reflux time

Reflux time was varied (4 h, 8 h, 12 h, and 24 h) mean-
while acid concentration and reflux temperature were kept 
constant at 8 M and 80 °C, respectively.

Immobilization of cellulase on f-MWCNTs

Immobilization of cellulase was performed using ad-
sorption technique on f-MWCNTs. A weight of 0.1 g of 
f-MWCNTs at each condition was added into 5 mg/ml of 
cellulase in accordance to the previous study [11]. The pre-
pared solution was incubated in an incubator shaker at 200 
rpm, 30 °C for 2.5 h [22]. After incubation, the composite 
mixture was centrifuged at 3800 rpm for 15 min. Then, the 
supernatant was carefully decanted followed by re-dispersion 
of f-MWCNTs in phosphate buffer (pH 7) for washing pur-
pose. The sequential process of centrifugation and washing 
were repeated several times (3 - 4 times) to remove unbound 
protein. Subsequently, the f-MWCNTs was dried for 24 h at 
room temperature. The highest binding efficiency of cellulase 
was calculated and chosen for further analysis. The efficiency 
of immobilization on each treated f-MWCNTs was evaluated 
using the following equation:

	 %100
activity Initial
loading Enzyme =(%) efficiency Binding ×    (1) 

Characterization of MWCNTs, f-MWCNTs and immobi-
lized cellulase on f-MWCNTs

The chemical compositions of MWCNTs, f-MWCNTs, 
and immobilized cellulase on f-MWCNTs were character-
ized by FTIR using potassium bromide (KBr) pellets with-
in frequency range (4000 - 400 cm−1). FTIR spectra for 
f-MWCNTs on each acid treatment (HNO3, HNO3:H2SO4, 
and H3PO4) at optimum condition were also conducted as for 
comparison purpose.

The process can be achieved through physical and chemical 
methods [10]. Usually, functionalization involved acid oxida-
tion process in which nitric acid (HNO3) [11], hydrochloric 
acid (HCl) [12], hydrogen peroxide (H2O2) [13] or mixture 
of nitric and sulfuric acid (H2SO4) [12] will be used. However, 
the main issue in implementing acid oxidation technique is 
the disruption of CNTs molecular framework due to breaking 
and opening thus, shortening the CNTs that affected its me-
chanical properties [14]. In addition to that, these treatments 
were reported to cause cytotoxic effect in specific applications 
involving cell lines [9]. Thus, developing an alternative acid 
treatment with less toxicity aiming to reduce the damage on 
CNTs is pivotal [15]. Recently, mild acid such as phosphoric 
acid (H3PO4) has gained much interest as an alternative acid 
oxidation medium [16, 17] in parallel with the urge for devel-
oping an eco-friendly process.

Previously, an attempt on mild acid oxidation using poly-
phosphoric acid/ phosphorus pentoxide (PPA/P2O5) has been 
reported by Lee et al. [18], revealed that, various functional-
ities could be introduced on CNTs surface using mild acid 
medium. Thus, proven the ability of mild acid as substitution 
in oxidation medium. To achieve an efficient oxidation pro-
cess, three main parameters, acid molarity, treatment time and 
temperature were considered to ensure sufficient production 
of COOH group on CNTs surface [19]. Table 1 represented 
several attempts using various acids at different parameters for 
functionalization of CNTs that has been previously published. 
However, to the best of our knowledge, no further study has 
been done for immobilization of enzyme on functionalized 
MWCNTs (f-MWCNTs) treated using mild acid as existing 
research merely on the characteristic properties of CNTs after 
oxidation process. 

Motivated from existing studies on successful functional-
ization using mild acid, the present study is focused on the acid 
oxidation of CNTs using H3PO4 by varying three influential 
parameters (acid concentration, reflux time, and temperature). 
Subsequently, the resulted f-MWCNTs was subjected for im-
mobilization of cellulase. The efficiency of  f-MWCNTs treat-
ed with H3PO4 was determined via total adsorption of cellu-
lase on it. Subsequently, the f-MWCNTs treated with H3PO4 
with highest binding of enzyme at optimum condition was 
selected for stability study by varying pH (3 - 7) and tempera-
ture (30 °C - 80 °C) to evaluate its potential as a cellulase car-
rier. Fourier Transform Infrared Spectroscopy (FTIR) anal-
ysis was performed to compare the spectra of f-MWCNTs 
treated with H3PO4 along with common acids (HNO3 and 
HNO3:H2SO4) at optimum identical conditions.

Materials and Methods
Cellulase from Aspergillus Niger (SIGMA), multiwall car-

bon nanotubes (MWCNTs) (97% pure, 2 µm in length with 
a 40 - 60 nm diameter) were purchased from Shenzhen Nan-
otechnologies Port Co, 69% nitric acid ( JT Baker), 85 % or-
tho-Phosphoric acid (Merck), 95 - 97% sulfuric acid (Merck), 
95% ethanol (HmbG), Whatman Filter Paper No.1, 0.05 M 
sodium phosphate buffer (pH 7), 0.05 M citrate buffer (pH 
4.8), deionized (DI) water and 0.1 M 3,5-dinitrosalicyclic acid 
(DNS) reagent.
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Reusability of immobilized cellulase on f-MWCNTs treated 
using H3PO4

The reusability of immobilized cellulase on f-MWCNTs 
treated using H3PO4 was assessed under optimum condition 
determined from previous stability study. The activity of the 
immobilized cellulase on the first cycle was used as the control 
and was assumed to be 100% [26].

Results and Discussion
One-factor-at-a-time on acid oxidation of MWCNTs

Effect of acid concentration

Acid concentration is acknowledged as one of the influen-
tial factors in functionalization process. To investigate the ef-
fect of acid molarity, three set of acid concentrations were pre-
pared and tested; 4 M, 8 M, and 12 M. As shown in Figure 2,  
maximum performance was recorded at 8 M in line with pre-
vious study conducted by Shamsuddin et al. [19] and Taklimi 
et al. [8]. Apparently, increase in molarity, showed a minor dec-
rement in the total adsorption of enzyme. The f-MWCNTs 
treated with 12 M H3PO4 experienced 3.6% decrement in 
total adsorption compared to f-MWCNTs treated with 8 M 
of acid (98.8%). According to Shamsuddin et al. [19] and Tak-
limi et al. [8], 8 M was the optimum condition and threshold 

For morphological characterization of f-MWCNTs and 
immobilized cellulase on f-MWCNTs treated using phos-
phoric acid, a scanning electron microscopy (SEM) was used 
at a magnification scale of 50,000x.

Determination of cellulase activity

The hydrolytic activity of cellulase was measured using fil-
ter paper assay (FPase) as according to Ghose [23].  Cellulase 
activity was estimated by following equation:

Cellulase activity (U/mL)=
0.37

[enzyme releasing 2.0 mg of glucose]        (2)

Stability of immobilized cellulase on f-MWCNTs treated 
using H3PO4

    Stability study for free and immobilized cellulase was 
conducted by varying the two parameters (temperature and 
pH) in accordance to previous study [24, 25]. For effect of 
temperature on enzyme activity, pH was kept constant at pH 
4.5 meanwhile temperatures were varied from 30 °C, 40 °C, 
50 °C, 60 °C, 70 °C until 80 °C. For effect of pH on enzyme 
activity, temperature was kept constant at 50 °C while pH 
was varied from 3 – 7. Subsequently, the enzyme activity was 
determined using FPase assay.

Figure 1: Acid oxidation route of MWCNTs to f-MWCNTs.
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time.  Further increase in reflux time showed poor adsorption 
consistent with our presumption as only 77.7% binding effi-
ciency was determined with treatment for 24 h. This outcome 
was in accordance to Shamsuddin et al. [19] and Taklimi et al. 
[20] where longer reflux time would expose the MWCNTs 
towards continuous acid attack resulting in shorter tubes. On 
the contrary, Thi Hai Moa, [14] documented that longer reflux 
time, 18 h with lower acid concentration which was 4 M could 
generate more –COOH groups on f-MWCNTs surface.

Apparently, higher –COOH group could lead to elevated 
adsorption rate as it allows for higher affinity binding between 
enzyme molecule and the surface of f-MWCNTs [30].  Anoth-
er study conducted by Buang et al. [31] also stated that 4 h of 
treatment time was sufficient in developing high density of oxy-
genated functional groups on the surface of f-MWCNTs which 
aid in the dispersion of the material. However, based on the 
experimental data and previous literature findings, 8 h was cho-
sen as an ideal condition as it provided higher adsorption rate.

Effect of reflux temperature

Reflux temperature was varied from 40 °C, 80 °C, and 
120 °C to evaluate the ideal condition for acid oxidation 
process. Figure 4 shows the total adsorption of enzyme on 
f-MWCNTs treated with H3PO4 at selected temperatures. As 
shown in Figure 4, higher enzyme adsorption up to 96.3% was 
obtained with 80 °C while 66.0% of decrement in adsorption 
rate was determined at 120 °C. According to Likodimos et 
al. [32] higher temperature process could result in degrada-
tion effects, formation of carbonaceous debris and structural 
defects. However, according to Taklimi et al. [8], 100 °C was 
an ideal condition as it produced carboxylic group peak that 
was revealed by FTIR analysis. Another study conducted by 
Yudianti et al. [33], observed that treatment of f-MWCNTs at 
both 80 °C and 100 °C showed enhancement in dispersibility 
and solubility. when the temperature was increased to 120 °C, 
lower dispersible rate was observed for f-MWCNT. Thus, 80 
°C was selected for further experimental purposes.

Characterization of f-MWCNTs treated with H3PO	
, HNO3 and HNO3:H2SO4 at optimum conditions

Based from OFAT study, 8 M of acid molarity, 8 h reflux 
time and 80 °C of reflux temperature were chosen as an opti-

for reaching maximum level of enzyme binding efficiency and 
dispersion. Higher molarity of acid could lead to higher num-
ber of surface defects during functionalization as it will attack 
the C=C bond of MWCNTs thus, breaking the aromatic ring 
structure. Besides that, working with acidic condition could 
result in loss of MWCNTs weight as reported by Yang et al. 
[27]. Up to 17% and 100% weight loss of f-MWCNTs were 
observed when the material was treated with 10 M and 15 
M of H2SO4:HNO3 respectively which can be correlated with 
the strong acidic conditions. Similar finding was experienced 
by Sezer and Koc [28] upon treatment of MWCNTs with 10 
M and 15 M of HNO3 in which weight loss correspond to 
5% and 6.8%, respectively. Thus, 8 M of acid concentration 
was chosen as an ideal condition for acid oxidation aligned 
with Aftab et al. [29] finding where 8 M of acid can generate 
greater oxygenated functional group on f-MWCNTs surface 
thus lead to higher enzyme binding.

Effect of reflux time

To evaluate the effect of reflux time on f-MWCNTs, 
4 set of conditions were chosen (4 h, 8 h, 12 h, and 24 h).  
Figure 3 represents total adsorption of cellulase on f-MWCNTs 
treated at various reflux time during acid oxidation. By re-
ferring to Figure 3, 8 h reflux time was observed as an ideal 
condition with 97.7% of total adsorption while slightly lower 
binding efficiency was recorded at 4 h (94.5%) of treatment 

Figure 2: Total adsorption of cellulase on f-MWCNTs treated at various 
molarities of H3PO4 at 80 °C for 8 h.

Figure 3: Total adsorption of cellulase on f-MWCNTs treated at various 
reflux time at 8 M of H3PO4 and 80 °C reflux temperature.

Figure 4: Total adsorption of cellulase on f-MWCNTs treated at various 
reflux temperatures at 8 M of H3PO4 for 8 h.
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sponding to the detection of new peaks in the FTIR spectra 
as in Figure 6.

Scanning Electron Microscopy (SEM) Analysis

In general, SEM analysis was performed to reveal the 
physical morphology of the f-MWCNTs and immobilized 
cellulase on f-MWCNTs treated using H3PO4. In our pre-
vious finding, MWCNTs was observed to be a snake-like 
shape structure [11]. Conversely, after acid oxidation us-
ing HNO3 the f-MWCNTs tubes appeared untangled and 
distinctive from one to another similar to recent finding of 
f-MWCNTs treated using phosphoric acid as shown in  
Figure 8a and 8b provided the structural evidence of cellu-
lase immobilization on f-MWCNTs where agglomeration 
structure (red circle) was observed compared to f-MWCNTs 
in Figure 8a which was primarily due to interaction between 
amine group of cellulase enzyme and carboxylic group of 
f-MWCNTs surface. Besides that, the existence of several 
bright spots (red arrow) in Figure 8b compared to f-MWCNTs 
further supported the successful attachment of cellulase en-
zyme on f-MWCNTs surface [37]. 

mum working condition for subsequent acid oxidation process 
of MWCNTs. To further evaluate the efficiency of H3PO4 for 
functionalization of MWCNTs, commonly used acids such as 
HNO3 and the combination of HNO3:H2SO4 were used at 
identical condition and the recorded FTIR peaks were com-
pared.

Figure 5 displays FTIR spectra for f-MWCNTs treated 
with H3PO4, HNO3 and HNO3:H2SO4. From Figure 5, it can 
be concluded that, all f-MWCNTs generated similar peaks 
pattern. According to Varicca et al. [34], peaks in the range of 
3240 – 3400 cm-1 attributed to hydroxyl group (-OH). Similar 
peaks were observed with f-MWCNTs treated with HNO3 
(Figure 5a), H3PO4 (Figure 5b), and HNO3:H2SO4 (Figure 5c)  
at 3241.48 cm-1, 3225.64 cm-1, and 3230 cm-1, respectively. 
Besides that, the existence of sharp peaks for all acids con-
ditions at 1673 - 1674 cm-1 proven the formation of carboxyl 
group [35] resulting from acid oxidation process. The peaks 
identified in a range from 1373 to 1634 cm-1 indicating the 
presence of C=C that shows f-MWCNTs preserved its struc-
ture even after acid oxidation [36]. Thus, it can be concluded 
that, H3PO4 can be an alternative medium for acid oxidation 
of MWCNTs. 

Characterization of MWCNTs, f-MWCNTs and immobi-
lized cellulase on f-MWCNTs functionalized using H3PO4

Subsequently, FTIR analysis were carried out using 
MWCNTs, f-MWCNTs with H3PO4 which was subjected 
for immobilization of cellulase to differentiate and identify the 
peaks in each sample in order to evaluate its potential as an 
enzyme carrier. Figure 6a represent MWCNTs, where C-Br 
stretching was found at 524.40 cm-1 indicated that MWCNTs 
was generated via CVD method [37]. Comparison between 
Figure 6b (f-MWCNTs) and Figure 6c (immobilized cellu-
lase on f-MWCNTs) revealed the presence of several addi-
tional peaks associated with enzyme binding such as at 1644 
cm-1 and 2327.64 cm-1 indicating the C=N and C≡N linkages 
which proved that immobilization was successfully done [38].

Figure 7 shows the schematic diagram of MWCNTs 
mechanism route to f-MWCNTs during acid oxidation 
using H3PO4 followed by immobilization of cellulase on 
f-MWCNTs. As shown in the schematic diagram, formation 
of new functional groups were observed at each stage corre-

Figure 5: FTIR spectra on f-MWCNTs treated with (a) HNO3, (b) 
H3PO4, and (c) HNO3:H2SO4.

Figure 6: FTIR spectra of (a) MWCNTs, (b) f-MWCNTs, and (c) 
immobilized cellulase on f-MWCNTs treated via H3PO4.

Figure 7: Mechanism route of MWCNTs, f-MWCNTs, and immobi-
lized cellulase on f-MWCNTs treated using H3PO4.

Figure 8: SEM images of (a) f-MWCNTs and (b) immobilized cellulase 
on f-MWCNTs treated via H3PO4.
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showed better stability at broader pH range compared to free 
cellulase despite of having same optima value.

Reusability of immobilized cellulase functionalized via 
H3PO4 using model substrate

In reusability study, the analysis was conducted under 
optimum working condition (60 °C, pH 5) that have been 
determined from previous section where filter paper What-
man No 1 was served as a substrate. Theoretically, the main 
aim for immobilization is to recycle the enzyme for several 
cycles of reactions. Figure 11 depicts the remaining activity 
(%) over number of reusability where it can be concluded that 
with multiple use of immobilized cellulase, the relative activity 
gradually decline. The reduced activity could be justified due 
to weak linkage of molecules that were lost during the process 
reaction, as some of the cellulases are not well bound on the 
surface of f-MWCNTs [43]. Besides, the hydrophilic proper-
ties of MWCNTs which resulting to increment of diameter 
may lead to the decrement of corresponding surface area after 
several cycles of assays [37]. In addition, Habimana et al. [44] 
claimed, the decrement on relative activity might be related to 
inactivation or denaturation of enzyme during recovery pro-
cess that lead to decrease in enzyme activity. 

Influence of temperature on free and immobilized cellulase 
performance

The optimum condition for both free and immobilized 
cellulase were examined by varying the temperature range. 
Figure 9 summarizes relative activity for both enzymes over 
temperature. Based on Figure 9, the optimum temperature 
for free cellulase was recorded at 50 °C meanwhile for im-
mobilized cellulase was at 60 °C. The shift of the optimum 
temperature for immobilized cellulase might be due to the 
conformational changes resulting from immobilization re-
stricting the flexibility of the enzyme on the carrier resulting 
better temperature tolerance [39]. The immobilized cellulase 
able to retained 39% of its activity at extreme temperature, 80 
°C compared to free cellulase. This can be associated with the 
stability and rigidity of immobilized cellulase backbone which 
led to increase of temperature working range where denatur-
ation of the catalytic activity structure become less prominent 
[40]. With the increased in temperature, free cellulase shows 
major decrement in activity due to denaturation of protein 
[37]. Similar trend was reported by Abraham et al. [41] where 
free cellulase from Trichoderma reesei showed optima tempera-
ture at 50 °C compared to 60 °C for immobilized cellulase on 
activated magnetic nanoparticles.

Influence of pH on free and immobilized cellulase  
performance

Besides temperature, pH plays a major role in enzyme per-
formance as it would affect net charge and protein dissociation 
[37]. The optimum condition for both free and immobilized 
cellulase was recorded at pH 5 (Figure 10). From Figure 10,  
it can be concluded that immobilized cellulase displayed 
higher relative activity compared to free cellulase at each pH 
indicating immobilization allowed for better pH adaptabili-
ty in aligned with findings by Yasmin et al. [11], Mubarak et 
al. [37], and Lin et al. [42] findings. Apparently, at alkaline 
condition, both enzymes demonstrated poor relative activity 
might be attributed to interaction between the charged group 
on the carrier surface and charge group present on enzyme 
molecule consequently modified the structure of both enzymes 
[39]. However, as shown in Figure 10, immobilized cellulase 

Figure 9: Relative activity of free and immobilized cellulase on 
f-MWCNTs at different temperatures at pH 4.5.

Figure 10: Reusability of immobilized cellulase on m-MWCNTs on 
pretreated paddy straw.

Figure 11: Reusability of immobilized cellulase on model substrate at pH 
5 and 60 °C.



21NanoWorld Journal | Volume 9 Issue 1, 2023

Functionalization of Multiwall Carbon Nanotubes (MWCNTS) using  
Phosphoric Acid for Immobilization of Cellulase Yasmin et al.

3.	 Gupta S, Murthy CN, Prabha CR. 2018. Recent advances in carbon 
nanotube based electrochemical biosensors. Int J Biol Macromol 108: 
687-703. https://doi.org/10.1016/j.ijbiomac.2017.12.038 

4.	 Rajeshwari P. 2016. Kinetic analysis of the non-isothermal degradation 
of high-density polyethylene filled with multi-wall carbon nanotubes. J 
Therm Anal Calorim 123: 1523-1544. https://doi.org/10.1007/s10973-
015-5021-2

5.	 Zhang W, Johnson L, Silva SRP, Lei MK. 2012. The effect of plasma 
modification on the sheet resistance of nylon fabrics coated with carbon 
nanotubes. Appl Surf Sci 258(20): 8209-8213. https://doi.org/10.1016/j.
apsusc.2012.05.023

6.	 Cardano F, Frasconi M, Giordani S. 2018. Photo-responsive graphene 
and carbon nanotubes to control and tackle biological systems. Front 
Chem 6: 102. https://doi.org/10.3389/fchem.2018.00102

7.	 Teradal NL, Jelinek R. 2017. Carbon nanomaterials in biological stud-
ies and biomedicine. Adv Healthc Mater 6(17): 1700574. https://doi.
org/10.1002/adhm.201770089

8.	 Taklimi S, Ghazinezami A, Cluff K, Askari D. 2018. Effects of reflux 
temperature and molarity of acidic solution on chemical functionaliza-
tion of helical carbon nanotubes. SAE Int J Mater Manuf 11(1): 29-36. 
https://www.jstor.org/stable/26556828

9.	 Garnica-Gutiérrez RL, Lara-Martínez LA, Palacios E, Masso F, Con-
treras A, et al. 2018. Effect of functionalized carbon nanotubes and their 
citric acid polymerization on mesenchymal stem cells in vitro.  J Nano-
mater 2018: 5206093. https://doi.org/10.1155/2018/5206093

10.	 Ma PC, Siddiqui NA, Marom G, Kim JK. 2010. Dispersion and func-
tionalization of carbon nanotubes for polymer-based nanocomposites: 
a review. Compos Part A Appl Sci Manuf 41(10): 1345-1367. https://doi.
org/10.1016/j.compositesa.2010.07.003

11.	 Yasmin HAN, Naresh S, Kunasundari B, Shuit SH. 2022. Immo-
bilization of cellulase on magnetized multiwall carbon nanotubes 
(m-MWCNTs) synthesized via eco-friendly (water-based) meth-
od.  Chem Pap 76: 453-464. https://doi.org/10.1007/s11696-021-
01874-7 

12.	 Wulan PP, Ulwani SH, Wulandari H, Purwanto WW, Mulia K. 2018. 
The effect of hydrochloric acid addition to increase carbon nanotubes 
dispersibility as drug delivery system by covalent functionalization. IOP 
Conf Ser Mater Sci Eng 316: 012013. https://doi.org/10.1088/1757-
899x/316/1/012013 

13.	 Singer G, Siedlaczek P, Sinn G, Rennhofer H, Mičušík M, et al. 2018. 
Acid free oxidation and simple dispersion method of MWCNT for 
high-performance CFRP. Nanomaterials (Basel) 8(11): 912. https://doi.
org/10.3390/nano8110912

14.	 Hao LTM. 2018. Characterization of multi-walled carbon nanotubes 
functionalized by a mixture of HNO3/H2SO4. Diam Relat Mater 89: 
43–51. https://doi.org/10.1016/j.diamond.2018.08.008 

15.	 Gojny FH, Nastalczyk J, Roslaniec Z, Schulte K. 2003. Surface mod-
ified multi-walled carbon nanotubes in CNT/epoxy-composites. 
Chem Phys Lett 370(5-6): 820–824. https://doi.org/10.1016/s0009-
2614(03)00187-8

16.	 Li N, Liu H, Zhang X. 2014. Functionalized multiwalled carbon nano-
tubes in mild polyphosphoric acid/phosphorous pentoxide/phosphoric 
acid and their composites with epoxy resin. Polym Compos 35(7): 1275-
1284. https://doi.org/10.1002/pc.22778 

17.	 Zakeri M, Abouzari-lotf E, Miyake M, Mehdipour-Ataei S, Shameli 
K. 2019. Phosphoric acid functionalized graphene oxide: a highly dis-
persible carbon-based nanocatalyst for the green synthesis of bio-active 
pyrazoles. Arab J Chem 12(2): 188-197. https://doi.org/10.1016/j.arab-
jc.2017.11.006

18.	 Lee HJ, Han SW, Kwon YD, Tan LS, Baek JB. 2008. Functionaliza-
tion of multi-walled carbon nanotubes with varies 4-substituted ben-
zoic acids in mild polyphosphoric acid/phosphorus pentoxide. Carbon 
46(14):1850-1859. https://doi.org/10.1016/j.carbon.2008.07.027

Previously, Li et al. [43] observed major decrement in 
immobilized cellulase activity after third cycles of reusability 
using carboxymethyl cellulose (CMC) (59.5%). However, in 
our study, the immobilized cellulase retained 64.8% of activity 
after third cycles using filter paper which is well-known as 
more complex substrate compared to CMC. Another study 
involving immobilization of cellulase on chemically synthe-
sized magnetic nanoparticle conducted by Desai and Pawar, 
[45] experienced 43% loss of activity after fourth cycle of 
analysis. Abraham et al. [41] reported loss of 53% of activity 
of immobilized cellulase on nanoparticles after third cycle of 
analysis.  Although the difference in the retained activity not 
significantly high, this research proved that MWCNTs treated 
with H3PO4 able to produce similar performance in compari-
son with MWCNTs treated with commonly used acid. Thus, 
H3PO4 could be a perfect substitution alternative for acid ox-
idation process.

Conclusion
In this work, the process parameters of the acid oxida-

tion treatment of MWCNTs using H3PO4 were analyzed by 
varying the molarity of acid, reflux time, and temperature. 
Based on the experimental data, 8 M, 8 h, and 80 °C were 
selected as an ideal acid oxidation condition. The f-MWCNTs 
derived from the treatment at optimum condition was im-
mobilized with cellulase. Comparison of the FTIR spec-
tra of f-MWCNTs treated with H3PO4 and common acids 
(HNO3 and HNO3:H2SO4) proved that functionalization has 
been successfully done. Stability study revealed pH 5 as an 
optimal condition for both free and immobilized cellulase on 
f-MWCNTs treated with H3PO4. However, immobilized cel-
lulase display better adaptability at broader pH range. Mean-
while ideal temperature was at 50 °C for free cellulase and 60 
°C for immobilized cellulase. Reusability of immobilized cel-
lulase at optimal condition using model substrate (filter paper 
Whatman No. 1) was determined to be 65% of its initial activ-
ity after third cycles and 28% after fifth cycle. Even though the 
reusability cycles were lower, it is important to highlight that 
H3PO4 which is a mild acid could be a perfect substitution in 
acid oxidation technique where it shows promising outcomes 
in terms of stability and reusability.
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