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Abstract

To address the high energy consumption and high pollution issues in traditional cellulose nanocrystala
(CNFs) preparation, this study used the invasive species water hyacinth as raw material and developed
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a green process of “mild alkali treatment-mechanical grinding”. Through characterization by scan-
ning electron microscopy (ZEISS GeminiSEM 300), gas adsorption analyzer (Quantachrome Auto-
sorb), etc., the micro-structure and properties were revealed: CNFs with uniform dispersion and
diameter of 20~50 nm were successfully prepared, with a specific surface area 0f 0.043 + 0.002 m2/g,
mainly composed of mesopores. Compared with traditional methods, this process reduces chemical
reagent dosage by 60% and energy consumption by 40%, realizing the transformation of water hy-
acinth from an ecological hazard to a high-value-added material, and providing a sustainable solu-
tion for the fields of nanocomposites and environmental protection filter membranes.
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1. 5|8

HYE R YKL 4E(CNFs) LR FE(1.6 g/om®) iy i A% B (138 GPa) [ nT AW B ffRi 1%, FERR AR
SAEMEN FER TR PRI BSOS H BT 5 R[] ARAE S LA AR 6% T2 ERE
BRI, — R AKRIR . SRS A H S IR A K, SRRIZY, BERE CNFs 297742 20 Mifl 22 R, 5
e, R AL ERAERE SR T 20 35%, JEBHAE, #Zik[2].

IKEH P (Eichhornia crassipes){ENAER “AEB/NEDIF” , BHEHMR., FEREES. AMREE
RS EA[3][4], A2HI#% CNFs AR R A TR SR1, 7K 4R 4k R AIREUE &, FHED T
[F1) 368 o s S R A TR R AR, WA RSB AN A% N SR A s, ) ISR oA 8 4 A L4 g LADTC T 7

AR FH, Tanpichai 55(2019) 8 PAZK#E] il £ H 30~80 nm [#) CNFs, {HAR¥ AL ML[5];
Oksman HBA(2021) ¥ H 5 R AFRPLAE G, EARMIEIR 6], A FIHIAEKE FIEE, SR
VRN 2 <5%), 4B A EEAR R RS I R CRE . S b &G R ), EEE K P
CNFs 1 “{RAEFER &% - FLEEMRTE - MHULAL” KRG A2 A7) [8]. Bb4h, BET i%. BIH FifY
BONFLEE R T BB, (R R R 2 4R 2 5 A FLE I B A R R, A FLR ST 0 R ) &
s, S5k = HE SCHE (9]

BEXF BRI, AWEFCESLOKET T IR CTUALBE - UKLl - FLE AT SRR R,
WG FLSVERESSBED T TR A HLAFIG “CIEABALTE - =HHUITEE " T2, bl i &b
60%- REFEFEAK 40%; “15~28 nm AL + 1.4 nm FfL” 2 HEEM o ZTT M B M BETTHR AL KR
TR £ A S 180 Ju/Ml, A JE HIFE AL SR AL AT e o

2. MN57EE
2.1. SEHAAR
TULHSELT A, 2B T/KMEE 3 U, 60 CBURAFERA TR 72 /N, 47 EABREEHUBEE R < 2

mm, FH%H
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AR AR AN SR UKEERR . 2,2,6,6-VU HIEIRAE-1-50 1t 5 JR4bEN. IXETIR
BN TR CEEEERFIE N s bl KOH. TE/K Z.85(99.7%, Sigma-Aldrich). Jif 4l KBr, SE
WHRKANEETIK.

BRI S SR X (Quantachrome Autosorb Station 1, ZE[E). X HFLATHN . & B itAr#
AN AE I

2.2. SEWFE

2.2.1. THALTEGLIL

FREL 6 g FALER )5 ) KF, A% 6.7 g NaClO, [) 700 mL 2 B 7KW T, FRfRLF4ese 42 3%, %
REERRET 70 CHEEAKBS I 4 N, AR S 1 /NN 1 mL CH;COOH ¥k, 3t 3 IR Z:FRIR
YRR, RVEWRG, S8 Fdis, 287K 2 i ik 2 4 wit% KOH i ([ b (1:20
g/mL). 90°CER/KIBHERE 2 /N, KPS FILF4EUN 700 mL 6% KOH ¥, 25°C~28°C & i F &
8 /NI, B S 80°C/KIEIM#A 2 /NIF, ZBRIAMEAR BT R AL A 4E R, Z 5 100 mL 25% NaOH 12
1 0.5 /NI, fRIFFYENEL, HE 2 ERBE TG R, TKOEMK 3 K, 60CEHZ T 8/
i, 1HRALEE 2 4

2.2.2. HIHWHELZ

AT TR 3 AU BE T 2] 5 K 21 4 2(CNFs), Had R N =20, AR SEIE WUAR B 29K Ak
SR RRE AR B SCRAT WO B A B AT 4 5 2B K% 1:20 (@/mL)yE A, 1 Vita-mix $i
FEHL(TNCS520)7E 37,000 rpm NACEE 2 4380, SRAFILI BRI 2P BRI IS s BT UI/E FH Sl A 4 i i) 78
DOBUGIREETEN, NG SR R B AL . B G R TR BE . 35 LR BRI S\ Microfluidizer
MF-100 & KT RTEERL, #E 1500 bar J& /7 Filid 0.25 mm [FIBR A A IERALTE 3 k. LR BOF I8
SRR A BV SRER IR, A RS ROR R SR BRI 22, 2 SEIGRA % D BR
ISR T RAAL B R S RS FALYE 100 MPa £ 77 R X B iR 2 ¥k, Lt Baib ik i R4
Ty AR 22 SRR e e b, B3 A BN 1.5+0.1 wt%[f) CNFs 237, HT 4 CAmE .
[ W2 S 2 < (NP T A A S T A € et S TUME R D S S U Tl S 11621 D S S =3 €2 by N P P = A )
JIR I 56 IR LR A A B S AR AL, BEARTERR T RERERI RIS, R T CNFs [ i i Stk — 2k

23. ZREREGR

2.3.1. fMAER TR

FE it il £ /& CNFs 2070 TaE A, 60CET TG, &Ik {X(EOLIFC-1600)%%%1 10 nm. ik
ZHRIERE 1.5 kv, TAEEES 10 mm, “RETFHE, BOREE 5000~50,000 15, Hod vl SE1k 2
AFESBENL 5 MLEF, RSD <3%.

2.3.2. FLEHRIE

FERTIALEEE 0.5 g F45 CNFs, 120°CEZEMBA 8 /s MR AT 2 A (77.3K), AHXT K F1(P/Po)
1070~0.998, AL - B4k . KM 2 &S BET JiEitHE R I (r = 0.99978), BIH #5445
Hr - 4L(2~50 nm), DFT AU EFFL(<2 nm). BET TS HZREN 79,560.465 g/m?, #JELE 1.178 x 10°
g/m?, C HHUN 68.534.

2.3.3. {FEMITIRLIMIE ST
FES & 3 BOR A BR A4 B4 . /KEH 2% CNFs % 1 mg, 5 100 mg Y14l KBr V5,
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SRR BE 2412 < 2 um, BEJ/STE 10 MPa [E /7 FORIE 3 408, JEHIRER 13 mm. EEHN 0.5
mm FEEHE A, BRSNS T E RERE S R B AR e 21 464X, 1475l 400~4000 cm ™!,
HER 4 em™, HEFEXEL32 K, LA KBr A AT ST IR IE

3. ER5118

3.1. WMEHRE e

SEM 25 B7R, [ 1(a)f1E 1(b)s& CNFs K # 1 BB (SEM)EIR, HORAEEs 18 % 100 um
Hx20 um. PEMEREZR T CNFs WA4RIREN, BA @R SCMM 1L, AL T PR RE IS4
Ao ()M 1(d)f&ifid Image T #AFS R CNFs B9K 5582040 B 7 K. JEHEM 140 B 650 4K, 56
M3 F] 9 gk, P 437.8 4K, “FIYBEEEN 5.7 92K, XKW CNFs %8 /R — @ o Bl N Eh i)
5. BURRE, CNFs MK BRI —E N8k, HA B RIS BE R 531

= 5 a9 ]
100 um EHT = 3.00kV Signal A = SE2
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Figure 1. SEM images of CNFs at x100 um and x20 pm (a), (b); Length and width distribution histogram of CNFs (c), (d)
obtained by Image J

1.CNFs B SEM Elfg, HASEHA%100 um F1x20 um (a), (b); BT Image J $1BHI CNFs KENHESE(c), (d)

3.2. FLEHIFHES FERHLE

3.2.1. ERERSFLEE
% 5 BET o#rion, /K% CNFs HERIR 0.043 £ 0.002 mYg, BARTER KM 48 KA K &
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(150~200 m%g), HEZE T RAFHLTLE0.012 + 0.001 mYg), WiE 258%, HALTF AR CNFs (0.038 +
0.002 m¥g) [1]. ZRFJRK N KOH N EE LB AR GRTER, Werge R mXEmN, Kiens
FRW PR i, [FI B =R B A SE AR iR )T, RIE SO B T AL . 534, 10.7% +0.5%5R AT &
BT YERm, W FLBR. BET J5FE C %4 68.534 (>50), £ N G4 W HEH S8, T
G R RES NWERIEN, 5 Abe %(2009)#kiE—#[2].

2 AR - B SRR ZE, BT IVALSRIR L, EANE I 71 (p/po) i X 1B (p/po > 0.8)W Fff &
SUR BT, BB S5 BB SCAEAE B R S ER, REAMRL R A FLAE I (2~50 nm) . i ER RSB T e i
FLIIJUATTEAR, 56 M 2R AEHE M A B a8 B fL, X b FLAE M 5 L T 41 4 R B G oR A B2 WU AR 25 B AL 25

A ERJE T PE[10]
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Figure 2. BJH mesopore distribution curve of water hyacinth-based CNFs

B 2. N2 IRFfS — B PR S sk

322. B MEZRLEN

WK 3 fion, FLARA A 2R (1 3)3& B, M 1 nm ZE{HZE 80 nm [ 38 1% 50 A7 £ LLZY 20 nm Ab R IgAE,
FEG A FL(2~50 nm) N =, FREAEKAL. X2 A ALIE AT A B 272 o 1R B 5 o) o a2 o R j i) 222 00
RRILE TTER, AR TV R ECS AR R OGN BORE L T BUORRA), RTREH  fEfas B EaSE
87 FH S A R o

3.3. BEMTRAINIESTHT

KA HE CNFs 1 B AR e 20 0 i B OCHE B e [T AR b €] 4 B, 1750 em! AT 1250 em™! (1)
WEEAFL 0T I T A SR 2R R £ 4 35 P R (C=0) a4k 5l LA OK R 3R 05 & Bk 1) C-O-C k3l 1E
1030 em! FRF RSO U DR T ML R EAAE 42 C-O 4. £ 3337 em™ #1630 em™ HIMR I 53 ) 5 £F
Y25 O-H R R 45 025 MRS . B, 2923 em™! FIWEAE AT N T C-H SRR . (A5 VEE
A& 1750 e Kb HVEL T —NEAMO TR . X2 T TEMPO AL BT NIFRIEATEL, RALF4ER T C6 &
B R B 1 DG O B — NN, R — [Nk EEVE AL T C6 Mgt .
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Figure 3. BJH mesopore distribution curve of water hyacinth-based CNFs
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Figure 4. FTIR transmittances of CNFs
4. CNFs B FTIR

34. TZXEE S
G ARME CNFs T 20k 1 fios, K P2k T 24kt i 5 250 A0 35 4 25 2 67 FH = sk
60%- ACEER A ZE%E 75% REREFRAR 40% JRBHRAPEK 91%.
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Table 1. Comparison of key process indicators between water hyacinth-based and traditional wood-based CNFs

F 1. KEFEESEGARME CNFs TZXEIEMRITEL

T 248 FEGAMETZ KT b2
2R & 500 + 20 kg/Mi CNFs 200 + 10 kg/™ CNFs 160%
AL T ] 48~72h 12+1h 175%
fie 200 + 15 kWh/lili 120 + 8 kWh/Iif; 140%
R A 2000 + 150 75/ 180 =+ 10 7o/l 191%

T ARG T ZHIRRIET (YRGB SR T (2022), XFLEEET 1 W CNFs 7 &,

4. ERERE
4.1. Z51p

P2 N R DR 2R 89.3% + 1.2%, F4EZRIREHE 76.5% + 0.8%. LAMAE “4 wt% KOH Bkt
H(90°C, 2h, 2R)+ ZHHMAFEE” T2, BIhHl% EAZ 20~50 nm [17K# 7 5 CNFs, A2 M Fr %
89.3%, LFYHEFRIRHE R 76.5%, BALG T 20D 60%AF . PRAK 40%BEHE. Z544 - PEREMLA & CNFs B

“15.72~28.05 nm A fL + 1.416 nm #fL” ZHLEM . BARSPINHE 1, AL 5HBEAG .

4.2. RE

N ALIRef 2 i8I APTES 2564k BoRIREFR I, ENFLRIGIANEGILR], Bz Cr?'. Pb?
W B2 B HE T A 100 mg/g PA b, PR IREL > 5 IR FLATRE 2R R BIG I CO. T1EHAR(40°C, 10 MPa)
WO FLESH, BARN LA ZE R 18~25nm, AL 12%, A IEEFEMEGIERE R >99.95%)5
HAMEEEE(70 MPa). brifE 5 N AR RS 1T P2 Hl e K e P 5 CNFs ik, T2, MR T Ils
e SN EEHOREESETE <50 cm?/(m>24h-atm)). VG EIRAHZETE > 95%)4i8 .
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