545 % 4 15 ) i Tl B Vol. 45 No. 15
2024 4 8 H Science and Technology of Food Industry Aug. 2024

AP, KT, ENES, S KGR B AR ET e FOKBERCH 8 T AL RAERE AT 0], 0l Tk B, 2024, 45(15): 203-212. doi:
10.13386/j.i1ssn1002-0306.2023080316
YU Kejin, ZHANG Ning, WANG Shengnan, et al. Optimization of Preparation Process and Properties Analysis of Soy Hull
Nanocellulose Hydrogel[J]. Science and Technology of Food Industry, 2024, 45(15): 203—-212. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2023080316

c TZHRAK-

KEFh PR R KB R & T2k &
YB3 T

£RlE, 5% T, TR, X 3,5
(Bl ¥ Rty 14230 i T4 121013)

#§ Z:X A Box-Behnken " 5 @ AL K AT LA RS e F KBGO REH & TE, FRIEL LM, £F
HESRBAE UARFHEEZRERORRE A AFRHER, 2RI EE I K@ ERALFETE; K
AME et st ek E . XA ERATH. BREFEMRE. AP RRE TS A EMfki T RII. REAK
HEFKBRAFNE T LA BREA 191 C. AKNE 102h, £K CaCly K& 7%, EfiTHuRAFLEK
BIRM R AN S R IRIEH 84.11 kPa, 53N AA 83.7 kPa i . K B Ay i 4 K 4F 4 /i B 40/ K R AL 45
(SCNFs/SA/CaCly) KEM N ZIH M =g MIREAH, HFELENG RIFHEME O Z P KRE 220%)  BRIF
AR B (83.97 kPa) . EHAFE (82%) FeFw bk (1.58S/em) , H HKREKRZT S RBARIEAP LA RATFHY
BAMER R, AIH RATFORRFH, i T RERGEAF . KAXLAHE—MEm, EH. FEFRATHN
AR FRBRRE T —#H697 %.
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Optimization of Preparation Process and Properties Analysis of Soy
Hull Nanocellulose Hydrogel

YU Kejin, ZHANG Ning, WANG Shengnan, LIU He, YANG Lina"

(College of Food Science and Engineering, Bohai University, Jinzhou 121013, China)

Abstract: The preparation process of soy hull nanocellulose hydrogel was optimized by Box-Behnken response surface.
The structure and properties of soy hull nanocellulose hydrogel were studied. On the basis of single factor experiment, the
preparation process of soy hull nanocellulose hydrogel was optimized through response surface with three factors and three
levels when the maximum stress was used as the index. The structure and properties of soy hull nanocellulose hydrogel
were characterized by Fourier transform infrared spectroscopy, X ray polycrystalline diffractometer, scanning electron
microscopy, UV spectrophotometer, etc. The optimal process parameters were as follows: gelling temperature 191 °C,
freezing time 102 h, CaCl, concentration 7%. Under this condition, the actual maximum stress of soy hull nanocellulose
hydrogel was 84.11 kPa, which was close to the predicted value of 83.7 kPa. The nanocellulose of soy hull/sodium
alginate/CaCl, (SCNFs/SA/CaCl,) hydrogel showed uniform 3D network structure, excellent tensile performance
(elongation at break was 220%), mechanical strength (83.97 kPa), transmittance (82%), and electrical conductivity
(1.58 S/cm). The SCNFs/SA/CaCl, hydrogel also had excellent mechanical strength and fatigue resistance after five cycles
of stretching, so the service life of hydrogel was increased. This study provides a new method for preparing a tough,
transparent, conductive and fatigue-resistant nanocellulose hydrogel.
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LPYE SR HER DI E R M RR T Bt
D-NH PR 78] 28 B PR M o B-1,4- W L C1 fr=idide
T AR TR i 43R A, B AL 4tk W
E SRS . AR L AR AR e R R
UL RARRMER, BEE R ROR I R R, SR YE AR
SR Tl AR, AR FRBR T4 | 48 % Y
A5, DRI £T 4k 28 M L FH ok i sz 2 AT
P EEAI

K2 Fh gl >k £F 4E 2= ( Nanocellulose of soy
hull, SCNFs) J&—Ff M BEM AT B-AE 9 - 4 22 vl i
T 7K i b Tk i DS R 4T 4 22 vh T e T X i A9 21 19 B4R
S 1~100 nm. K E LT ZILE PR RIPERRIR SR
G EAMHERLFYER A R AP PERE,
EIRIE RS R P ST AL S C VN IDNES N E T AN N
SREGIPIREE R | SRR EIE e . TR | PR e
PRI TS SN T 4SS . SCNFs fY R A7 7E K%
e, BRI AR 5 ) U, T VR e T EF4E R 45
FRAEPERE S, 2R 4EZR IR RST ROV A HAPHA Ttk
PIMLICERE, AT LIE SR 4 AR iR, T 354
FEER GBS ETE . JI2Em B KIS
PRI, DT A o i B o RS e M A v T 2E PR R
H A T 52 & kB, Millon 2561 % SCNFs & it ik
5R ZIFEE(PV A BRR A, Hil45 T SCNFs/PVA &2
G KEERE, HAGI 6 U hLAfrE GE I 2s SR 22 01,
SCNFs M ATRT DA i 3% 8 PVA ZKEE RS A5 1 A
MIEE . Wang S50 filf FH BH BS 7 R G Fh B2 oK £F 4 2=
(CCNC) 43 #l/Fa s A B2 AH A A ik (g-C3N,) |, TE Bk
CCNC-g-C;N, BLEY, RHEA, 3 R -G T 200
£ T — P BE R P A T F K BRI, 1K EE
Jis S s HH e SRR, BRASAS I AN SE T I8 A,
Wei 5101 SR ISR KNS AR LS G 00 7 2 45
T ) R R i AN K AT A 2K EEE (SADC) o %
IKEEREAE LN AT 500 124 R RE, FR4s Fid
i 2544 F B ALK B 7 43 31 A (21.0+3.1) MPa I
(7.2+0.5) MPa, i A [F] S5 14 0% Wy 2L T 53 51 Sy
(2.6+£0.4)MJI/m?® F1(5.7£0.3)MJ/m>, Zhang %' Jj
LY R AR TR L4 (CNF) 3R 10 19353551 PVA 85 -
¥4 5L o S A BAE A A T CNF/TS M g HH e
(MA) -PVA /K BEHE . I 451 3R ] 2 CNF
MA-PVA W53 528 5 mg #1500 mg I+, 27K
e EL A B 4 WO Wi 24 1 77 (490 kPa) 1T 24 i AR
(73%), I HAE 50% MINAE i ad 4 2200 N Ek -1 2%
TEIR 46 300 RIS RIRBEIR o8 3 IR . Spol-
jaric ZEU2 3 i SRS BRIRIR B PIK T 4E 3 (NFC) |
R IEEE(PVA) FIb il 25 T 7K BEKE, SR H] NFC Sk
AR PVA FIINRS A 2R S AE A1 4 7h A sh 4
P, K EEREAEARN, ) N RO AR, OF H BAT R4
WA RE ). WFIFERY, IE I INZT 40% 11 NFC

T HEG 0 B D e BT, AT LA R v K BE B Y R 4 T e
PVA. THRCEC &) (S0 FI S AR A B F 4 Tk &t
JBERIRUAPERE . B T A KRET 4R L T /K BRI A R
AZ BRI IR T KB i I 48 4440, DRI, 24 NFC ¥
BEE T 40% B, KBRS 2SI HERE R BRI

V912 40 (Sodium alginate, SA) &1 g-D-H 2%
HEHIZE L (B-D-mannuronic, M) Fll a-L- 5 #EHHIE L (a-
L-guluronic, G)#% (1—4) 8 B2 M B RER 20,
ST EA KB I-COO, YA Ca® 45 [H B T 47 1E
Bf, G B0 F /Y Na'5 i BHES 7 & 4B 5 F3c e,
G BASUHEFRIE Al 3c Bk X £ 25 44, WA T FE )i 7K B 2
SA FI1 SCNFs JE /K EERE ) 12 N FH T TR SZ
L NAEL Y/ N S I e D e S R G R R v p S R
B, FERDEAE Y AT BRI SA V7K EE
e BL A B JiE T 2 DRI LRI ARG . O HLnT 2k
YIRS 2 B ST A e, A TFIRET
Yk ZRIKBERSEARIY 124505 | AN ) i, Teik
T K BRI LRGN, IAAR BTG I r2fsim s . A
I, AR A i AR 2R SE G, P 33 Box-Behnken
Design 75 EES7ARTY, B 58 T 99K 4T 4 25K SR B fE:
fil#& 1T.25, ZJ5 Xt NCNFs/SA/CaCl, 7K BER T T
CERFRAEFN 124 MERE L B GR AN SH RT, LA
B SRERE AR ET A KB
1 #MR5RE
1.1 MRS5S

KGFPEE IR & S0 AT R ] 1 SR N

H W H LA RA A JoKEARES . 2hiig i

ali, EZ58E e FHRFIA RS 7l &8 0N Sk,
R T A AR By A BN 5 A AT A (R
B 731 4000~12000 Da) gAY R
Al YT AR B 2B oK.

Hei-PLATE % J 988 1 E /R RANAS 55
(B ABEBRAT; DW-60W151EU1 ABRIRVKEE 75
51 IR A A BN 715 TA-XT Plus BUSAAY 25
TA A UV-2700 24050000080 SR i)
B B8R AT FRZS T3 TD-3700 X HH 8 R 75X
P IABH A RS 7l KEITHLEY 2400 24 PUAR AT
FEREIIEAY ZEsa R P ED AR Hl; WIGGENS
UAO3 #H{Y 4EARFEARAEE) A BRAF]; S-4800 4
i BiMEE  HAS Hitachi 24 7; VERTEX 80 {#
2L AhAE #5654 32 @ Bruker 22 H]; Leica
DM2700 M IEBE&AHRMEE  FEE Leica 20F]
1.2 XWFHE
1.2.1 ROGF YRR KBTS T =
5 T G2t g iR I et . FRER S g KRR T
BERR P IR EBEAR TP RN 10 mL 2588 7oK CREFh
B ik=1:2), 124 24 h, FEIBEFRFELA S mL 10%



%453 55 15

Bk, S RGN SR ZR B o 2Ot B ERE T - 205 -

HC1 #EA47 1% 7, 1R A Bk i AT 3 7K v i (TR BE R
60 °C.. BF[E]2h 1.5 h) o, IFAWr il . g oe i
JETA 5 450025 88 T /K LA, (R IR 3N
IR AFE A FAE RS 40 min(4 °C, 300 W), #&
755 85,0 (4000 r/min. 15 min), B35, INA 10%
NaOH ¥R TR ZE pHT, Jo B S WOl A BT 42
(R B8 43T 4000~12000 Da) 3BT 1 d, iBHT52 K
JE PRI T B Ay i BRI K o B N oK 4T 4 3R e A
R -

FREC—E B SA THeArH, Bt EA—x&
HE AR AT HE R SR S B ToK . EbEbr e T
TEIERE IR s FEhE 1 h, SRkl o s 3 A2 L%
BRI, TR ET A —80 °C UKAR G EA A R - R
3R, TEMR S A - AR IR S BN B T ZE IR UR 4 h,
REZKEE I 58 & ff- UR )5 10 o 33 3% CaCl, R
5 24 h, RIAT 529K 4T 4 2K EER -
1.2.2 YOKEFHE KBRS L0 8K
FRANES I (1, 2, 3. 4.5 g) . YKL 4EXFTINE
(5%. 10%. 15%. 20%. 25%) . BEERSIEEE (100, 130,
160, 190, 220 °C). YR2URISHE] (24, 48,72, 96, 120 h).
To7K CaCl, HeJE (1% 3%. 5%. 7%. 9% ) XF 4K EF
HEFIREERLE I, STEIREI . TEFST I — PRI AT, LA
WFFRBRAN AN N 4 g WK ERE TN 20% ., BEIR
W 190 °C. ¥R UREE] 96 h FIJE/K CaCl, e 7%
SR BB S, AR L 60 mL #ERCHIEAE, A2
FRAT VAR B TR ISR, RS0 E R =K.
1.2.3  HREFHEZEKBER M o7 i JE TR
N 255625 5, #R9iE Box-Behnken Design(BBD) iR
BRI, ZE 525 R T BRI (A) L R TEl(B) AT
7K CaCl, ¥ (C) XY A LT 4 22 /K BRI Fe K 1 1)
FZM], ] BTG 53 AT SO 2 9 K 2T 4 22 KBRS 14 N
1, R = 2 =P T T2k, R ERTK
SR 1,

# 1 SRR

Table 1 Factors and levels of experimental design
St
S
-1 0 +1
ABEBIRE(C) 160 190 220
Bl (h) 72 96 120
CIE/KCaCL#eFE (%) 5 7 9

1.2.4 Z5MRMAE SRADG Y RIS KBRS N E
45k FHFARITIVI T, e Faifesa A |, i
30 min, {624 AN 7K BE AR A T A TS

27 Zhao 5" WS A GE . SRTFHH
T RAAEE(SEM) MEE /K BEIKE A N BB 4sFa . BV B R
RSN, SRR ORI [ E e & b, R b —
JZ4, I SEM XK BB AAETATES TS

Z7% Liu SE W55t ekt . SRS 4
AP S S CHEAL (FT-TR) X 7K BEJRE 19 A 25 S5 A R T 3

fiE. FREL 1 mg YR TAEM S 0.1 g KBr 4008 . &
Fo fiH FT-IR 7£ 4000~400 cm " 71 [El Py X A% i i
7813, A Peak Fit 4.12 P TEIEALEE

2% Zhang U RISl SR X4
KATIHL (XRD ) X 7K EERE N AR S, fm TR AE . B
VR TR, BIARE SR IRY, e A, HH
XRD 7E 10°~60° FE N XAE S FEA T4
1.2.5 PEREMIX =% Xiao RV 5K ik IF ik
Bt SRR 53 AT AT K EE I I LA P BB 2E A T 3%
HE o /K EEREYT R 30 mmx5 mmx1 mm KI5, 78
IR PP EEET RS S I TheR R B AR ML
M MRS E Ry N : 2 mm/s; M
R : 2 mm/s; MRS 3R : 10 mm/s; (3722: 100 mm;
i & J7: 10 g5 R R BUE: 10 g, AR S I
=K.

=7 Pirayesh 25PN 58 It lcdt . KRR ST
ERK 25 mmx>x5 mmx52 mm BT, FHIELRK T4
IR TR ST, WEE A A O e b, 25 1 e AE
X RE A BRSNS GG BT I R AR BEIAE S AN
¥ T @R, WSO E D JR RS
1 nm, FHHHEE 20 nm/s, FHHPIIER] 200~1000 nm.

BAE S YIEDK 30 mm=<10 mmx5 mm KI5, $%
A HEL [, 58 DO EL BEL 5 S0 52 A o L B,
RV ZESATRRE N R, SRR

R=Y £ (D

I

5= % £ (2

o, R AR BE(Q) s U A= e % 1) B I
R (V)5 T AP R B HL i (A s L SRR K
(cm); S MAEMHEE R E FL (cm?) ; 6 BT HEL R AN R
S/cm.
1.3 IR

Bda 34 LA +hR 22 (SD) B X 3o, i
Origin 2021 4R 425 il il £k FA R &, fi A Design-
Expert 8 S35 70 3 17 4341, {34 IBM SPSS 17.0
AL ERE R, I KRB Z2 5 LA 30 00 T i 3
PESHT(P<0.05) . FEASSZEGFESRIIHER =R .
2 HERESH
2.1 EBEREEXW
2.1.1 BN BRI X 9K £T
ALK BRI e RN ST i an &l 1 s i 1
T, B 25 T SRR NS I AR N, AN ET 4 oK BE
iR N VAN =S e NI =/ A N D) SR = & =1 PSS
HEBER AN &L, I CaCl, JE B 45t 50,
IKEEIE TR B RG>, FHRUKEERZ S Wid? . (H
S MV EERR AN I Bt 22, 2450 SR 2 HER U E
TKEERE P, B K B IE PSR A S P AR, 3Ok R
e3[R, IS 60 mL 7K EE IS I fe AR
PRENTRINE N 4 g
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TSR AN (2)
BT TR N e X AR K 2T 24 3R K BEIR I RN T 52
Fig.1 Effect of sodium alginate addition on the maximum
stress of nanocellulose hydrogel

TE: A RERR B BEPE2E 5, P<0.05; 18] 2~ 5, 4] 11
IEJC

2.1.2 YPOKEFHERINE PIRAHERFINEXT
RET A ZEOKBERE B RN T sz an & 2 R, H
&l 2 TTRN, B GRS 4EZR US I B I, oK &4
IR BENE Y B RN T S S S W N a3
B T AUREYEE B, H S5 EEIRES I R —
AL 2RSS, BUL /KB PThmRBESSRY . (H)&
YPRLFAEZR NN 22, PIRET A SRR E =4
P £ 2t A v, 023 ZKBE S I P i B I 55 00
I, #4860 mL /KEERSIE W B AEDOREF AL E N
 20%.

100

90 |-
80 | 4

ol s/\?
60 b s//_/‘.l/

50 |

40 |
30
20}
10

N7 (kPa)

5 10 15 20 25
REFP AR AR AN (%)
B2 GOREAEZR ISR X AR EFHE KB
S INIPAEEA)
Fig.2 Effect of nanocellulose addition on the maximum stress
of nanocellulose hydrogel

2.1.3 BERIRE  BERCHR XK T 4R 2R K BEIRE Y
B R RISE M AN IE 3 Firas . i &l 3 TN, Bl BE
JESURBE PRI I, AR ET A 20 /KBRS it e R 1 B B
BRI/ N IX nT BEJE T BRI AR, ikt
PRENABEFE S0 M, B0 0 ME R E BN N 740, B
PiN AT ST R VL Y2 R R (E P 3 ) S N R U
KBS P 5 RIS , 3X AT e TR mr 2 il
TREBETREN N TEE A A AL WY, P EUKBEIRE PR EETE4h
T2 B IR R, il 4 60 mL /K EERA R A
BEEHRIE A 190 °Co

2.1.4 VRURITTE] VPRI TR XN R 2T 2k 23K BEC 1
F RPN AN 4 Firzs . iiE 4 nlon, BEAE 7%

BERSRE (°C)
P 3 BEICIRLEE X AR T 4 R BRI N T 52
Fig.3 Effect of gelling temperature on the maximum stress of
nanocellulose hydrogel

IRESFTRIEE I, QR LT A 22 /KBRS 1 i N, 1 S 35
¥R G W/ X AT BRI B TR URITIR] 4,
SCNFs fl SA JE B &/ H 55, B T2 M reEey
Y55, DI KEERS P Thism B 558 . (R IERHE 1S
RIS ] A S, KBRS P BT R Bt T 4Ry 55, X AT
eSS T AT A ZE—80 °C 451k Fd R, SEBGHIE
JE TG e 2% S TS, SR AR IS P45 F AR
AR, A, 45 60 mL 7K BRI IR F AR iR VA R It
[ 96 h,

100 ¢
90 + b ;
80 | P c
ol / T~
60 e —

50
40
30
20
10

I JJ (kPa)

24 48 72 96 120

PR VRINTE] (h)
P 4 VR URI ADoK T 4 R BRI RN T 520
Fig.4 Effect of freezing time on the maximum stress of
nanocellulose hydrogel

2.1.5 JCJK CaCl, #EE  Jo7K CaCl, & & XTI K4F
HEZIOK B B RN I HISE AN 5 fras . Il 5
I, BEAEJC/K CaCl, #RJEEAYSE N, DK ET HE 2K BE

100
90 F a

80 | VE//}\g
70 [

ol &

50
40 b
30 |
20 F
10

1. 71 (kPa)

3 s 1 9

TR BACETREE (%)
Bl5  JC/K CaCl, W EEXT AR ET Y ZK BRI IR KNI YR
Fig.5 Effect of CaCl, concentration on the maximum stress of
nanocellulose hydrogel
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W dSP NIV EESE D ve iy N =0/ RAN 0 = O o ] s =5 s
T JC7K CaCl, MYk BEAAIR, Ca® 40 Na'/b, JE R
PR PE TR ES BE S A5 0 70, IKEERE NHRTE B 4B 2820,
K EERPTHIR 5P, {HZ 24 TC/K CaCl, W
B, AREERE L om A AR ES, X Al g SR T
Ca’"id 2, 3Ufi SA TR ILATHEZETEL, NHEPEt4 32
FMEIREY, HI, #4560 mL KBRS IR B AT 7K
CaCl, #JEN 7%.

P A ) PR 28 3 9 R £ 4 22 7K B IR B oy F1 4
AL, BEBSIREE | YRURISTE]FITCZK CaCl, HeEEXTZK
LA KBRS B RN IR . R, Jo 22ma) o )
I I6 e PEEE IR | B RBTR] FIJG/K CaCl, WEAE
HIRFERIZR o RIS, 7RG S50 b, P an Ao
R DEKREFHEZR IS IN 53 9IS E R 4 g 1 20%.
2.2 Box-Behnken i

2.2.1 Box-Behnken i{I&G45EH  HLT PN S0ih 4%
B, DLEERSIREE . ¥ YRR A AN JC /K. CaCl, ¥R By A
R, DGR ET 4k ZOKBEIE E N, 1 R B AH, A TR
TGS, 459 WL 2., FI|FH Design Expert 8 44
XEHEDEA T RO RGP, A5 BIG K ET 4k 2R /K EE
KR F15 A AR e 2 [a) i R 230 B AR

K2 HOREFYEFIREEIH & T 2w N A st 545
Table 2 Response surface design and results of nanocellulose
hydrogel preparation process

N e A B C YK Y Z KGR 1 (kPa)

1 0 0 0 83.87+2.13
2 +1 0 -1 81.43£1.46
3 -1 0 +1 79.71£2.51
4 +1 ! 0 79.25+1.84
5 0 -1 -1 80.54+2.81
6 -1 +1 0 81.38+1.36
7 0 0 0 83.54+2.21
8 0 0 0 83.25+2.78
9 0 -1 +1 78.46+3.15
10 +1 0 +1 78.23+1.36
11 -1 -1 0 81.49+1.42
12 0 +1 +1 80.06+2.93
13 -1 0 -1 79.1743.38
14 0 0 0 82.91+£2.49
15 0 +1 -1 81.36+1.63
16 +1 +1 0 81.42+2.61
17 0 0 0 84.31£3.55

2.2.2 [EIIBIRIEENT K 25 RS BBD ek it
Hh, EAAL I AN E S A G A, RIS N
TRIGUR R 17 Ko RIS EE BE1 7 Z Juge v nl )4
I, A5 BN DK AT 4 KB R 122
JO R U i 3 R TR, 25 0L 3. B IR
A [ AF 5 B 22 A R A A R R O R A
B, R?=0.9591, PHHEHRE R R?,4=0.9065, R*-R’ =
0.0526<0.21, Ua A IZAR R n] {35 B FIVRS 28 i 45 v, DALt
ATIFFE FZAR T DA T 53 AN
EEAERIEA T 7 22T A I A5 IR 36 4. P=
0.0005 FE/NT 0.01 FRAZABIAIM B3, [EIHHMOR R

#*3 BRENC RS
Table 3 Model summary statistics
Kl FRifEZE  R* AR TR TG AL
LM 197 0.1265-0.0750 —0.3378 77.40
2F BRS04 0.2121 -0.2607 —1.0088 116.22

TR 058 0.9591 0.9065 0.6388 20.89 ey
R 054 0.9797 0.9187 TRIETY

K4 ORI ZFOKEER A T2 N7 22 50 A
Table 4 Response surface variance analysis of nanocellulose
hydrogel preparation process

Fis BT Bl B F P WEME
s 55.49 9 617 1823 0.0005  **
A-BERSREE 0.25 1 025 075 04166 -
B-12 VR[] 2.51 1 251 742 00296 @ *
C-JC/K CaCly ik % 4.56 1 456 1348 0.0079  **
AB 1.30 1 130 3.84 0.0908 —
AC 3.50 1 3.50 10.34 0.0147
BC 0.15 1 015 045 05240 -
A? 10.52 1 1052 31.30 0.0008  **
B? 5.19 1 5.19 1535 0.0058  **
C? 23.46 1 2346 69.37 0.0001  **
B2 237 7034
AT 1.19 3 040 135 03772 -
aliiR 2 1.18 4 0.29
syl 57.85 16

;2)&65**%1/%‘%&@%, P<0.01; * H 725 B 3¥, P<0.05; —H2EF A BFH, P>
o TR TN Y=83.58—0.18A+0.56B—0.76C+
0.57AB—0.93AC+0.20BC—1.58A%-1.11B>2.36C?, #H
SKFFCH 0.9591, PaHA [ENF R ARG, Al
e i35 (P<0.01); RAUKGES, F=1.35<F,,,(3,14)=5.56,
P=0.3772 KT 0.05 R 22 A, ZIRIAXK
ZE (A, B>, C)H P AHIL/NT 0.01, XTHIREFHEZEIK
BEIC I, J s Al 3, R AT, ek BT A5ERY
1K 0.01 N HIGMARLY, Befls Sz BUEE RS IR
FE R URETR] G K CaCl, #e B 5 98 K 2T 4k 22 /K ik
JEE PR RN 7 =Z A1 e 2R, AT LA AR ARSI 43 B i Fi
M EP KT 2 32 IR BRI 1) B RO, 128k 383X HE 4%
EZFEZ M0 FAERN, WA B 2= 2Z W ey F vk,
FH3 4 nJ %0, F=13.48, Fp=7.42, F,=0.75, X L5 1
YK LT Y 2R K BRI B R 7 108 = A~ B 2R 18 FE I
R F>Fg>F,, BITC/K CaCl, ¥ >4 R Bt (0] >5E i
IR

2.2.3 ML MEASTAT AR Box-Behnken M N T ]
(E 6) PP Hriaie £ R 2R Z (|l i) 38 B, PRk gl
KEFAEF K EENL T A T2 7E Box-Behnken i [
P R ZR BRSNS, D6 HH X AR ET 4k 2K BRI B
T R, S EAEH R o 2 MR 4%
NERZ RIS EAEAN 5Tt 6 il JoK CaCl,
R T LR B A BRI, BLEAJE/K CaCl, ¥R EEXTA K&t 4
FKBERE I RN, J17A R . VRIS TRIR =, T
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o

PR LT ALK BERE
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Fig.6 Pairwise interaction surface diagram of nanocellulose hydrogel
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Fig.10 Analysis of transmittance of nanocellulose hydrogel
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Fig.11 Analysis of conductivity of nanocellulose hydrogel
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