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ABSTRACT

ypothesis: Ball milling is an effective method for producing micro/nanofibers.
HCellulose micro/nanofibers (CMFs/CNFs) prepared from agricultural waste
(rice husk and corn stover) can be used as base materials for producing
polymer composites with enhanced properties through environmentally friendly and
mechanochemical processes. Chemical modification of these fibers with polymers is
expected to improve their thermal stability and functional performance.
Methods: Cellulose was extracted from rice husk (RH) and corn stover (CS) using
a green solvent-free method, with purity confirmed by Fourier-transform infrared
spectroscopy (FTIR) and X-ray diffraction (XRD). CMFs/CNFs were produced
via ball milling, and the effects of milling time (1-5 h) and cellulose source on
fiber diameter were investigated. The morphology of the cellulose fibers has been
investigated via scanning electron microscopy (SEM). Chemical modification of
the prepared cellulose fibers was performed using three hydrophilic polymers:
poly(acrylamide) (PAAm), poly(2-acrylamido-2-methyl-1-propanesulfonic acid)
(PAMPS), and poly(diallyldimethylammonium chloride) (PDADMAC) by in-situ

@sliless, polymerization with varying compositions. The chemical structure of the synthesized
nanofiber, microfiber, copolymers has been investigated via FTIR and proton nuclear magnetic resonance
q ("H NMR) spectroscopies. The thermal stability of the composites was assessed using
ball mill, . . .
. thermogravimetric analysis (TGA).
composite, Findings: FTIR results confirmed the successful extraction of cellulose. The
thermal stability crystallinity index of extracted cellulose was higher for corn stover (62%) than for

rice husk (55%). Nanofibaers produced from corn stover reached an average diameter
of 106 nm after 5 hours of ball milling.

FTIR and '"H NMR analyses verified the successful chemical modification of cellulose
fibers. Chemical modification with the copolymer P(AAm-co-AMPS-co-DADMAC)
enhanced the thermal stability of the cellulose fibers from 240 °C to 320 °C.
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Fig.1. Schematic representation of cellulose extraction process.
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Table 2. Molar ratio of ingredients used for synthesis of CNF polymeric composites.

Sample N-(CNF) A-PE-(CNF) C-PE-(CNF) Amph-PE-(CNF)
CNF (g) 0.1 0.1 0.1 0.1
AAm (g) 2 1.66 1.66 1.32
AAm (mmol) 28 233 233 18.4
AMPS (g) i 034 - 0.34
AMPS (mmol) - 1.6 - 1.6
DADMAC (g) i . 0.34 0.34
DADMAC (mmol) _ _ 2.1 2.1
KPS (mmol) 0.0125 0.0125 0.0125 0.0125
Namb$ (mmol) 0.0125 0.0125 0.0125 0.0125
DIW (ml) 66 66 66 66
Monomer/cellulose (g/g) 20 20 20 20
Monomer/Initiator (mol%) 112 9.96 10.16 8.84
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Table 3. Comparison of CRI percentage of cellulosic fibers

obtained from different plant sources

Source Crl (%) | Reference
Walnut shell 60 [1]
Sugarcane bagasse 6l (2]
Palmyra fruit 58 (3]
Rice bran 45 [4]
Pineapple leaf 63 [5]
Celery pulp 46 [6]
UWRH 25
Rice husk ATRH 29
BRH 55
UWCS 13 This work
Corn straw ATCS 55
BCS 62
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Fig. 8. Optical microscope pictures of eight samples: (a) UWRH, (b) WRH, (c) ATRH, (d) BRH, (¢) UWCS, (f) WCS, (g) ATCS
and (h) BCS, with 10x and 40x magnification. Four samples UWRH, WRH, UWCS and WCS are shown with 10x magnification

and the other four samples with 40x magnification.

Table 4. Experimental layout, factors and results.

S 5 b pSt e bl b —F Jsu

Expt. No. | Source | Time (h) | min. fd (nm) | max. fd (nm) | avg. fd (nm) | StdDev | PDI=(StdDev/avg. fd) | S/N ratio
1 BCS 0 714 9609 3414 2.610 0.484 -70.6
2 BCS 2 47.2 394 157 0.143 0.606 -43.9
3 BCS 2.5 84.2 321 190 0.314 0.729 -45.5
4 BCS 3 334 419 129 0.244 0.790 -42.2
5 BCS 3.5 29.6 265 137 0.679 0.615 -42.7
6 BCS 4 29.8 444 116 0.668 0.574 -41.3
7 BCS 4.5 29.6 239 118 0.190 0.785 -41.4
8 BCS 5 29.8 240 106 0.164 0.781 -40.5
9 BRH 0 121 5579 972 2.644 1.206 -59.7
10 BRH 2 93.6 451 271 0.339 0.843 -48.6
11 BRH 2.5 133 539 239 0.243 0.829 -47.5
12 BRH 3 534 331 192 0.123 0.577 -45.6
13 BRH 3.5 100 334 186 0.179 0.707 -45.4
14 BRH 4 74.1 286 160 0.221 0.840 -44.1
15 BRH 4.5 46.8 262 120 0.230 0.939 -41.6
16 BRH 5 62.8 272 120 0.164 0.752 -41.6
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Fig. 9. SEM images for each of the designed experiments (SEM images a-h correspond to test numbers 1-8, respectively, and SEM

images i-p correspond to test numbers 9-16).
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Fig. 12. The reaction mechanism for preparation of CNF/
CMF composites, which the: (a) reaction shows the N-(CNF)
composite, the (b) reaction shows the A-PE-(CNF) composite,
the (c) reaction shows the C-PE-(CNF), and (d) reaction
shows the Amph-PE-(CNF).
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and milling time.
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Fig. 13. Absorption bands of FTIR spectrum for four samples
N-(CNF), A-PE-(CNF), C-PE-(CNF), and Amph-PE-(CNF).
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Figure 15. The (a) TGA and (b) DTG of the synthesized composites.

V&€ g )l 933,998 A 0)louds caiudid 9w Jlw rorly (539J9SS 9 pole (sele dlxe

o S1AUGIS lnT 9, L (6509l (5L Siloussy Sl (5 39)ghus S/ 9 3Sae (liduatine 9 du

LS8

24

Amph-PE-(CNF)

LIS

C-PE{(CMF)

80 70 60 50 40 30 20 10 00
ppm

JLECNF/CMF s 5aelS ¢5oler 'H-NMR glaceb -\ Y S

.Amph-PE-(CNF) ; N-(CNF) A-PE-(CNF) (C-PE-(CNF)
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Table 5. Molar fraction of monomers in the initial feed and the produced copolymer.

Sample foAAm FOAAm fOAMPS FOAMPS fODADMAC FODADMAC
A-PE-(CNF) 93 82 7 18 - -
C-PE-(CNF) 92 98 . - 8 2

Amph-PE-(CNF) 86 78 6 19 8 2
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Table 6. The results obtained from TGA and DTG graphs for the synthesized copolymers.

Temperature in desired reduced }
Sample | T*(°C) | T, (°C) weight percent (°C) Ma’t‘éri;?(i‘g“"“ Comce}:li‘r(% J| ket
10% | 30% | 50% | 70%
CNF 240 370 281 338 | 510 - 330 47
N-(CNF) 230 340 273 365 | 385 | 425 382 21
A-PE-(CNF) 325 375 300 370 | 400 | 602 390 32 This work
C-PE-(CNF) 240 370 255 360 | 394 | 455 389 23
Amph-PE- 320 370 304 360 | 408 | 571 331 28
(CNF)
CNF 234 - - - - - 333 10 [7]
PAAmM 155 352 - - - - 320 - [8]
PAMPS 200 - 200 - 315 | 376 - 15 [9]
PDADMAC 287 467 - - - - 435 0 [10]

@ Initial degradation temperature, ® Secondary degradation temperature.
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