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WE . A SH&H R LN E Miscanthus floridulus, BT BRI BT EH L TR ET 4L EhRHBKR(CNC), 5+RA
EXHAEERTARBRAES K. BB AR LB EFEZYECONC ZF, BFRBEEM CNC RTeHh,
F AT B (TEM) B 72 25 R AW . B % T &R 2 #l & 2% 22 CNC, CNC sy ml ik ak 254, K E A 100~200
nm, HAZEA S5~15 nm, FEA25%~50%. 3 & KA (DLS)Fe Zeta AL R KL IL, £ = CNC FiFRigFE L
AR 4F, DLS 47 2] 69 CNC R4k A % A 42w T & TEM W42 a5 CNC K & . EXHH AN, 3 AT L A4k CNC
PR RRA . R E 5 (P=0.03), &M E (P=0.06), B 5 & &(P=0.35); xr CNC itk h ¥ ARG YR
RR . RBRRF A #(P=0.03), B o iRE(P=0.22), et (P=038), &A% £ CNCHREZEEMH: A
BR 44 (62%), BLAF R (45 min), REEA(45C). B 1 A3 A 15
REW: AMAFEHR; 2V E; B; HEFARDHR; FF; Zeta btz
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Orthogonal experiments and analysis on cellulose

nano-crystals extracted from Miscanthus floridulus
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Abstract: To make better use of the Miscanthus floridulus stalk, sulfuric acid hydrolysis was used to prepare
an M. floridulus cellulose nano-crystal (CNC). The influence of sulfuric acid mass fraction, acid hydrolysis
time, and temperature on CNC yield, suspension stability, and particle size were analyzed through orthogonal
experiments to determine the optimal reaction condition. CNC morphology and its suspension stability were
studied using transmission electron microscopy (TEM) and dynamic light scattering (DLS). Results showed M.
Sloridulus CNC had a rod-like structure 100-200 nm in length and 5-15 nm in diameter with yield ranging
from 25%-50%. Zeta potential results revealed that M. floridulus CNC suspensions were stable, and the hy-
drodynamic diameter of CNC measured with DLS was slightly shorter than that measured by TEM images. The
orthogonal analysis for CNC yield showed that the order of the effect from the three factors was sulfuric acid
mass fraction (P=0.03) >acid hydrolysis time (P=0.06) >temperature (P=0.35); for CNC particle size,
the order of the effect from the three factors was sulfuric acid mass fraction (P=0.03)>acid hydrolysis tem-
perature (P=0.22)>time (P=0.38). In summary, the optimal reaction condition for preparing M. floridulus
CNC was sulfuric acid mass fraction (62% ), hydrolysis time (45 min) and temperature (45 °C). [Ch, 1 fig.
3 tab. 15 ref. ]
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I E X YE R R E A SE, PR AR T AR AR, HH AR 5~20 nm, KEEVEHE 100 nm |
JUAHOK R LT 4E 2R A i A (cellulose nanocrystal, CNC)'', i1 7 CNC H A7 m B | mit  AIRHA
Wk 728, WAL, IRE R . AT A . RBAEW S0, BOA R ARPE IS LT 4 . R 4E . BAKE
ZJa, X —mAgamarel, gl TR E NI Iz OE Y Bk, CA MR A R RAIE Gossypium
spp.”', ARH, B Oryza Sativa #1'7', % Triticum aestivum F1*', EEFR B Cusuanjun® 25 J5OR} Fp 2 LT 4 %
JEdl & T CNC, BT B b RN R A R 5 (BR R 28 W B2 RS (B[R] 45 ) I AN T], CNC B 28 RS o A
[l o Ml oh BEER TR 25 /3 20 CNC, EARR 15 nm, KB A[GEJLROK ™ T i A A il 45 753 2 1 CNC,
HA 4K 5~10 nm, KK 100~200 nm"™', F.A5E Miscanthus floridulus 53 A3 ), A KR (K ET N
4 cm-d™), AEPRK @S t-hm?), FARAER®R ", A, MEANRAEFEKEFWH SRS, L
FIRBCR D, FHEGEMAMER G, A2 mIR . TN 2 AR R R B R 47.9% ), ]
YES il 45 CNC i —Fh 00 BT J5URE . 2 2R A8 A 1015 22 0 45 s BN R A CNC, K S 071 v 1 e ROR) 42
BEARGF T o BRI, AR GE SR T IE A 20 Wi 8 48 1 W B2 JoT 6 40 B8 . TR Sk IR J3E R s 0z I [B] % CNC 77 %
REWEEE SRS RS, LU 19525 CNC @il 45 L2 82 (I He Bl
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1.1 HRl5&E

TR OR HWNLA AL B W T 5855 vk CRR (O prall, Rk RAC AR AR A R)) ;s AR
B4(80%, BT TG0 A W) s BRER (A3 Aral, B R I5 A # G0 ) s JoK Sl (e diral, Ktk KAk
FIRHRARA ) s AE AL (s, PPtk TR A BRAH) .

fE IR % A B DE-ILCh B S 32 AR B /R L ge A IR A W) ) 5 PR /K 2 0 5 a5 58 SHZ-D (I1T) (Hh &
T oAU A RA ) s TG16G B0l (rp [ 8 p Bl B2 A AT BRA B ) 5 P 20 i py fE AL JY98-111
DN (A [ 7 58 2 A MR B AT BR A W) ) 5 ZetaPALS (32 [ Brookhaven 22w ) 5 @& #r4¢ MD44, #(# 7p
F 8 000~14 000 g-mol™, Solarbio,

1.2 FHEZHREN

FeSCHERS, 79 m b B, NI R I 4E R . FELRINT . AR 30.0 g Ty A oK T 1 000
ml BEAR T, BIAZEEK R IR B, B AHRE T AE 70 CCIE IR K12 0 2 28 08K W] i 2 s 78 4, FH 284K
VEVAIE, DL BRI ML, K TS A S 600 mL i S A AL A (0.90 mol - L) FE4MR A, TEKIG
HmAA R 90 CHFSEFE N 4 h, DIREMRLr4e R, sk, JF ARG L8 7oK uE R = IEWCy h e, 15305
EERT Y K m O FOR A B, HIJOK CRERE, W dE 4 h, BRZEEEZE, (5 Sk, il
UE IR AR B B - iR A1 000 mL S SR A W (0.15 mol - L7Y) , FE R 9 35 2 pH 3~4, £ 70 C
TOKHEES b, IR, JPHRE LS AR R E P, SR OEEER, HPRE R LR
THIARBR . ¥ R B A EATE 60 CHAF T E M B4R, REIFHA L W SLF4ER TR
N 44.7% .,

1.3 HERMKRME(CNC)FI&

FREUHE T I T 4P 4E R 2.0 g, BT 20 mL BRFRIE IR, FHIE S A0 M vk 5 SR B MR T ik 40 . PR
BFI) . BR AR IR BE X CNC P23 | TR AR IR AR @ i, IEACFULER 1. BRAFfS, Frkes A 10 £5
R EE KR, JH7E 5 000 r-min™ FE0 10 min, BEREER; KBS 30RO REE T 5
MrihaE e 2tk fefa, HTE A PO fEHLE A 15 min, 75 0715 CNC BRIl
1.4 EHBIE(TEM)NZE

M H A JEOL 23 7] JEM-1200EX 3% i} #7250 58 (TEM ) WL %¢ CNC JE 3 . 3 A& W B 18 F¢ il CNC
BIF (0.5 g L), TE SN, ] 20.0 g LY EERR XA L 4, T4 2 min, BEJS T TEM 470052,
1.5 F=EitH

PRI my g T 15 CNC ETRIR, BT 60 CHEAR b T B AE R, AR my g, tiaX(1)73 CNC B ¥
M EE ¢, FREC(2)HAG CNC 73 (x) o

c=m;, Imy, (D)
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LRI (2)H, my HERAFSFNH CNC BIFBRE T R ; my WIRE T A 4ER B i
1.6 Zeta B4R

K] ZetaPALS 1) Zeta Hi A AR AR AE CNC BRI Zeta AL, MK Z&EA 25 °C, Wik 5 MG
®, BCFEE .
1.7 FHEZMKREE(CNC)BIZ RSB R

K ZetaPALS (41 42 P AL U AL CNC BRI B9 ORI R, A5 1. 25 °C, $5 22 [A) 6 min,
M 3 e, HCFEME .

2 HERE5T®

21 HAEEMKRAE(CNC)EHEME

K 1A E R A L2250 R il 409 CNC 1y TEM B, Hor, 18] Ta (9 020 25 A S B BR o = 7351 62%
45 °C, 45 min, CNC KJ¥ %) 180 nm, FifeH 5~15 nm; [& 1b B T2 &0 A 5B B /3 5 62%, 50 °C,
60 min, CNC K% 160 nm, HE N 5~15 nm; & lc MR HE & 7045 65%, 45 C, 60 min, CNC K )&
£590 nm, HAEK 5~10 nm, Hy B 1 ATED: G R R A 125 T DN TS 5 b s il 4% CNC, il 1539 CNC 2y
WIPE R ZE 4, T HIE 30 RS ik ZURORSE T 1 22 251 (IR o o 70 45 . TR Ak Uk 238 AN 1] ) o

200 nm

a: 62%fi R, 45°C, 45min b: 62%R R, 50 °C, 60 min c: 65%Mi IR, 45°C, 60 min

B 1 ZFEL%THRBACNC)HEHBERH
Figure 1 TEM photographs of Miscanthus floridulus CNC

22 HHEZRMAKEME(CNC)==%

1 IR B R T i o . IR IS ) B IR BE X CNC P2 S IEAZ o A 4 2R iR 1 Al . CNC = %5k
25%~50% . HRAEML 25 (R) B9 R/, Bt BR R e 125 1 4% L1512 CNC iy 3 A>T 20 S B0 7 28 1 5% i 4 I
OBRER TR SR BRI . PRARURLEE . MRS 22000, BRER TR M AL . PRGN R FRARELEE 0 P A5
512k 0.03, 0.06 F1 0.35, FW]. BLMR T340 BRI )RR i I B2 X CNC ™ 28 /) 52w 43 ) o8 8 3%
ANEFEMARE, WNEFEE) PRV, A IR 83, CNC ST @ REIK, £ 62%
ik B e KA, T TR R R A 0 B A N 2T 4 2R S8 4 TR AR R BRG IBR 5 A R I AT 4k 2 0 0
JERRE SRR . Jish, SERETR RN YRR R B L 70%, Wt 4E M kA kA, Toik IS
CNC, ZEKFRFFEIE], =3 B BT = SRR, dedEmd E] Jy 45 min, 32 B2 5T PR g B 1R 9% A 3ok i 24 &
Y Z G B4 348 CNC, [HIb, BREAFAE S B w1 o 24 5 by if fa) /0 T e tE Rt ], R A e 4, 7%
AN BN B R A A AR ), DU R A AL, AR R R ARt S 5, CNC =R, BRI TR
JETF i 5 R A B R AE K 8, AR AE e S N TR E , ER B = R s A, Rk, CNC ™= f &
A= T2ER: BRI /4L 62%, FRMRATIH] 45 min, ERfFIREE 45 °C, CNC 4330 51.17% ., MLIEAS
TR 5 5 R T SR A A AT 4 21 A CNC ORI 3 B A =5 i 45 CNC 25 RIEA W &, # 2 i
Fi% 5 5t 43 FO6 CNC A5 2810 52 Je R, G S A 2 PR R0 7 8 1 200 ol 2 7 T R 2 bl 1 2 4 22 Dt 1 S [ I i
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23 FHEMKSRE(CNC)ETRMBEEY F1 EHEFEEMNKRE(CNC)FEREDR
Zeta W1 £ 7T 1 F V40 B VR WO B 2 HE L Zeta 1y I 4 B

R4S AT 30.00 mV, FWKZR LR SE, Zeta Table I Results of the Miscanthus floridulus CNC yield through
R 20X (K, TR R BB . A R 9T 3 e R R orthogonal experiments
4 I t2 CNC, fERBRET, AR ERM e mmBEs  mesE/, Vg NG 5%/
23 SRR S A R R AR 1 251, CNC R A = /% min e %
HLE, BTONGE G Zeta BADLHSAMH . RIE T2 &0EE 1 62 30 40 39.93
F| ONC BRI Zeta 09 F 322, 2 mm. 2 62 45 45 5117
T2 ONC ) Zeta L BHEA 23000 mV DI, 2 @ " » no
AR k-54.55 mV, EWmmAsm oNe 2w ¢ @ % 45 986
R, PRUMTES 3 A TLA R RRE o . o
PRSI R B . R AT 3 TESE o % % 2604
LR P 1) 52 W AR Ry B TR ST A L TR g B ] A 8 65 45 40 34.66
SN Hirp, CNC B R8 e 1 Bl 3 i R o et 49 50 9 65 60 45 25.60
Th . R S R SE KRN Sz N g R TR R e, X k, 4338 3528 36.85
RGN  , MRE R, SRR, R 39.08 4241 38.88
SRR EE BRE , CNC A i po i R S 1A & ity 28.77 33.53 35.50
SR . CNC 2P ke R B s &tk vmme © 140 589 338

P 0.03 0.06 0.35

[t 73 B 65%, RS E] 60 min, SR S0 C.
24 HAEZRMAK&EME(CNC)R~F

) 256 U 1 (DLS) Al 5 23 BT WA b MORL A IR )2 AR, BAAANRE B 4a il CNC i sE K
JE, EHEURAE NI CNC ROT RN A BEZ B K G . 2 3 45 1 il DLS I 5E 19 4 41 CNC iR Iy 2
HAt. 5 TEM 2] (45 KA L8, w & BH DLS 73 219 CNC K EEm /N T TEM BOEEER . 734, i
PR R i 12 1) 3 CNC /Y 3 A>T S RO FL A g 27 AR 0057 WE) MR U A B I Jo i S0 S o7 i J3E R R i
Bl ok AEFR]: BRI > 0SS BOW IR 8GR, CNC R Ty 22 EARBUD s BRI ] X CNC RS B 52 i

*2 ETTECNC BiFR&H Zeta BALIERIN *3 EFECNCRENZFEREXRKBER
s e Table 3 Results of the Miscanthus floridulus CNC hydrodynamic
Table 2 Results of the Miscanthus floridulus CNC suspensions diameter through orthogonal experiment

Zata potential through orthogonal experiment

I BRRBTE S RRET RNLREE Zata LA/ K GRS BRI ROSLIRE/ WK AR
E52 /% [8]/h C mV R52 /% []/h C nm
1 62 30 40 -39.22 1 62 30 40 162.5
2 62 45 45 -42.30 2 62 45 45 163.8
3 62 60 50 -35.74 3 62 60 50 159.7
4 60 30 45 -27.84 4 60 30 45 229.5
5 60 45 50 -47.15 5 60 45 50 330.4
6 60 60 40 -38.64 6 60 60 40 234.8
7 65 30 50 -44.87 7 65 30 50 128.8
8 65 45 40 -43.64 8 65 45 40 87.2
9 65 60 45 -54.55 9 65 60 45 72.6
ky -39.09 -37.31 -40.50 ky 162.00 173.60 161.50
ks -37.88 -43.36 -41.56 ks 264.90 193.80 155.30
ks -47.69 -42.98 -42.59 ks 96.20 155.70 206.30
R 9.81 7.05 2.09 R 168.70 38.10 51.00

P 0.52 0.69 0.96

~

0.03 0.38 0.22
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BN, PAHZFRW . BR800 CNC RT3 i 2, SO iR -5 R A Bisf () % CNCRUSF 52 AN i 3
3 ik

FHBIL TR TR 7t 35 ] 45 T 1y 22 2P E R K i R (CNC) . HOB W WIPE IR 454, CNC B ik A
SE, TR 2R WA CNC B SRS .

IEAZSL R B 3 AL H0t CNC 7™ A 152 Wi AR U Oy B IR 5T 70 B (P=0.03) , RS I} [7)
(P=0.06), JNidJE (P=0.35); X CNC iRy 2 AR IR W MK UCR BURR 5 1 70 X (P=0.03) , Bz it
(P=0.22) FIFERSFMS ] (P=0.38); X} CNC & ¥# A E P A 520 3 A 835 .
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