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IR T MR L FRAPEINT I L Bl Rk JEE B L X
AR ET YR AFAR I FE R, S o [ T g v A 7 % R 3R
)BT, AR APR AR e Al 240 )
I X 1 % 75 2RI AR LT HE SR I TE S . DI Rr Ik S it A 45
FHEAT T 0 MT ARSI . 15 FE4R RS AERT Se K T 4 31 1K)
FHR, FENBEAERT ST IFA HSR I8 1 225 Hedls -

1 #MR57F%E

1.1 #Mi5EE

FEALkFTE: T SR (gl JERtb T D
WS Orrall, REEARIRF D 5 3hR (riad,
JE S EAMREAA R AT 3 TKLE G, b
AT, iR rdral, dbste ) D 5 EETK
(5% 182 MQ-em™, D .

FW-177 H 5258 e Rl R T 28 TRR I3 A3 IR 2
FD 3 JA3003A HHLFRE R (BRSBTS
HWATD 5 TGL-16C AR B LAl (i =R 22
#)) 5 101A-1ET AT ERFE (R )
HIRAFD 5 Avatar360 f#r -2 4G REA (G2 JE &
JAXEE AT ;. DImax2500pc Y X SR ATEAY (H A
P22 ANE]D) 5 JEM-1011 BUE S s (HARH PR S
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#£) ; FD-1C-80 BUA ATl (b nt B e 5 30 A 4%
HHRAHD

1.2 REHZE

1.2.1 BRIEAF oo g E R

WEACRFFoKYE, NG, HET, MerEid 80 H U,
LT Ak 46 o ARG R AR e i T AR LE 1:10
BT KT, %3 10 min, dUE. KT IERE R
WOTUE AR LG 1:10 AN ST 5> £k 3%NaOH ¥, 115
pH {EN 12, H T 80 CHIKM R 4 h, &, /Kybisd
Zrb ik FRRR TR EL 1:10 AN RSB0k 10%HCI
WG TR pHAEA 1~2, BT 60°C/KIEHE 2 he HUH
g, AKvbuE R, PR EORNALE 1:10 A RATR
By, TR ECk 10%HCI A RNE pH ik 4~5,
T 80°C/AKMBFRAWHHEFE 2 h I, 2 JE/KUEIEHE
k. HARRY B 75%0) L EER K, 76 50°C R T, B
PR e T R
1.2.2 R Rk 44 (NCC)H &

SE R IR TR F TS 3, LT IR (F%
AR IR IR KA, RN B R] AN W7 45 FF
B, Z AN KR K& N, B
10 000 r/min (13 B B0 7 B PR 2t i, A 2IFL A Gk
Y BT, I BN ENTAS T, H BB TK
ENTBOREE pH 2P, 2 JRBA RS 20 min, B4
VR85 RIS AT e K AT 4 2R oK
1.2.3 kg idiang

WREAR A Y 2 B W S AR, | 50 mL T2
E TR AR I, AE 105°C R hpk T S| i e, B
N T2 A A 30 min, SRIEFRFE, 4% FiiAa it
HARRY (%) .

y =oM% 0
m~v2
At my o TS RES SRR RS TR, g5 my I FREDH
e, gs m ALFERIERTE, 9, vi WKLY
BRI IR, mLs vy NI AOKR AT YE R BT A
F, mL.
1.2.4 SRFHFEHELEF XK

I —E SRR e ety &R, 4% 1.2.2 1 T 24
HAKRET YR, ERE R E AT RN, HAh 2
EHUKT 3 FIAHN 25, W3R 1. DIGPREF4E 5155 (V)
bR AT B R 2R A AT

®1 BEHEKBEZRKER

Table 1 Factors and its levels of single factor experiment

A I A g WORLE
Lo EREE pemay MBI o
7K Acid e Acid Nt
. Sulfuric acid . liquid to
Levels hydrolysis . hydrolysis .
temperature/C concentration/% time/min material/
P (mLg™)
1 30 56 30 8:1
2 35 58 60 10:1
3 40 60 90 12:1
4 45 62 120 14:1
5 50 64 150 16:1

1.2.5 kST 4HE4 45T EARE

FR P B DR 220 2 I, R IR R T o B IR I
B PRAARLEE L RCHORE L AR &, DL NCC 7328 Y A
MNAE, FIF Design-Expert #AF 511 4 PIEE 3 7K P Wi v i
A, WIGLRPE N R DEER,  RE ARSI
%2,

R2 MEESHERKFER

Table 2 Factor and its levels of response surface analysis

D g Wk
o MRS g I g of
: Sulfuric acid to . liquid
Levels hydrolysis ion/% hydrolysis ial
temperature/'C concentration/% time/min materl_al/
(mL-g™)
-1 30 56 30 8:1
0 40 60 90 12:1
1 50 64 150 16:1

1.2.6 ARSFHFEH B4 (TEM)

RS B D BGKAF 4 BT (1%) i
W b, sl N, R S R O T A AR A%
SrATtEOL, I HL s 100 KV o
1.2.7 #hRFHEEEENH

I S HLE R Tk 100 Mgk AT,
F Nano Measurer i AF-x} 1% H AR 474k 22 AT had,
B RO S A K 21 4 35 1 AR A B RS, it Origin
BAE R e IRBAEGE 4T LI
1.2.8 sk spEiaslhignz (FT-IR)

H Avatar360 #3724 (KBr H i) il %
BES L AN e, F6ETE R 4 000~400 cm™,

1.2.9 AR HFE X-HLIT4HME (XRD)

FH D/max2500pc ! X S e fir S A b AT, Cu 4,
Ka 414k, &)k 40 kV, L 250 mA, 143l 5°~40°,
AR, 2K 0.02°, FHEESE 2°/min, B EE 0.2 s,
FH 43 W24 T 5 R DX U 5 25 ot T PR T SR e 20 T AR AR
5 Ve [y Ve T AR T 545 AR Xe.

1.3 Sitoh

5K SPSS17.0. Nano Measurer. Origin 255k
HATER A S gevl T2, BLP<0.05 [¥) Duncan #7 5%
FERIAT BT

2 FER5HMh

2.1 BEZRERERS5HH
2.1.1 BRABIR AT NCC 1F R 693

PR AF L FE X NCC 7328 (1) 52 1 WL I 1a. Bt I il 5
MFHir, NCC GGG RIS, MR R R 40°C
i, NCC 73 Z0k B 5 KA 26.72% 0 3X A2 DA Ay il FE A I
PR KB S N AN TE 4y, i NCC 15 R 5%, BT (&
Fhimr, IS E] 40°CHE, TRAKME RN RS, W LME
WS TIPSR AR, ARG TR, R
JE 2 (4T e b, (HRR S A, 440 T
o BER R A KA SN A S A R, RS AR T
BERRALIO RS DO B, Rk, S80T NCC B3R T F%. %L,
FR ARy 40°C ELE A o
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2.1.2 FRBRRE 0¥ NCCIFE 697k

AN [ I T 9Bk NCC A3 R (19529 WL 1b. NCC
(1445 25 [t A5 otk 18 T 0 50110 184 AT 2 B0 5 389 K 9
A, ERER TR 2> H0h 60%I, NCC %A 3H K
fi 29.89%. IXJE A £F 4k A R M R AR RK R
I () TR S A A S I s N, M R T et 0 BRI, T
AR MRRAC, MK NAE 75, 1K g G
IR LT RSTRER, R NCC 133 5/ . 4% R i &
Sy BURE] 60%IN, R, £F4EREIKCRELS, KR
MRS, Bk NCC 13 R IE R KAl . BRI &5 £
AR RT, T AR Y R AR o KR AR T
Wi, DR NCC 35 IG, MR & /> BUA F 64%
N, ARl ™E, 450, EIERRE R 25N 60%
NI

a. MRARIEE
a. Acid hydrolysis temperature

b. BRI 4 4L
b. Sulfuric acid concentration

A

8 10

NCC3%
Yield of NCC/%

12 14 16
R
Ratio of liquid to material/(mL-g")

c. PRI A] d. kL
¢. Acid hydrolysis time d. Ratio of liquid to material
e AR FAR T, SRR B e ATl BT 424 60%, FRAFIR
J¥40°C, [#f#E ] 90min, JRCRLEL 12:1.
Note: In each single factor test, other factors fixed at the level as follws: sulfuric
acid concentration 60%, acid hydrolysis temperature 40°C, acid hydrolysis time
90 min, ratio of liquid to material 12:1.

B1 ¥REEMHAHRTYFE NCCHRENH A
Fig.1 Effect of factors conditions on yield of nanocrystalline
cellulose NCC

2.1.3 BRfEAFIE 3T NCC 1 F ¢ 8k

P fig s A6 NCC %158 m DLl 1c. NCC 452%
Wi A T i B ) (0] S 2 T R S 38 S o N a3, i
FEINFIA] 24 90 min 1), NCC 15314 21| 5 K H 30.09%. 1% 2
DA R PR R 1) TR AL, 21 4k 3R SR LA 8 4y, KRR
NARSES:, TR A K, 15 2] NCC #F—
W R AR KR S T AR S B o 2R b, PR A I ()
90 min ELiGIE & .
2.1.4 @bkt NCC 3£ 89 %6

OB NCC 1328 (1) 5% M UL ] 1d o A 0k} EL 1) 3
I, NCC 133 W 38K, 4kt 12:1 iF, NCC 13
A BB KA 25.33%, MiBCRHLAR RN RS, NCC 132
B2 T o 3X 2 KBk LI /NI, T b 47 4
R, MR AN, L4 2 5T K 42K
fif B2 N (P FH Aise /b, DA ZK A e AN 7845, NCC
RHEAR . IR LR, T RRE A B2,

IR AP B NI R, A 2T 4 20 BEAK AR e st A B, A1k,
NCC K. % b, MRt 12:1 BRI S .
2.2 MmEERLREERS ST
2.2.1 KEELER

HE L b o R 28 45 3L, FH Design-Expert #44F,
K] Box-Behnken i M AT 4 I 3 ACTlE:,
vk g RN 3.

F 3 MRNEHEREIEITRIREER
Table 3 Design and results of response surface methodology

experiment
FSES NCC #4%
Factors Yield of NCC/%
A gy R WO
RIS wamn it P ‘
o ORBRRIE T R Ratioof  pop e
€] Acid Sulfuri Acid liauid SERRAE TRINME
No.  hydrolysis ufturic . Uil Actual Predictive
acid hydrolysis  to material
temperature . . N value value
X,/ C concentration  time Xs/min Xal .
X% (mL-g7)
1 40 60 90 12 31.48 3135
2 50 60 30 12 24.45 24.01
3 30 60 30 12 20.76 20.48
4 40 64 90 16 20.88 20.75
5 40 64 30 12 22.24 22.77
6 40 56 30 12 18.61 18.68
7 50 56 90 12 23.55 23.62
8 40 64 150 12 16.10 16.02
9 40 56 150 12 21.01 20.47
10 50 60 150 12 21.75 22.09
1 40 60 30 8 19.83 20.12
12 30 60 90 8 16.65 16.37
13 50 64 90 12 2157 2151
14 40 60 90 12 31.62 31.35
15 50 60 90 16 22.57 22.84
16 40 60 30 16 23.43 23.27
17 50 60 90 8 24.39 24.22
18 30 60 90 16 22.37 2253
19 40 60 90 12 31.22 31.35
20 40 60 150 16 20.37 20.03
21 30 56 90 12 17.59 17.61
22 40 60 150 8 18.28 18.40
23 40 56 90 8 18.36 18.55
24 40 60 90 12 31.31 31.35
25 30 64 90 12 19.46 19.35
26 40 56 90 16 21.38 21.58
27 40 60 90 12 31.13 31.35
28 40 64 90 8 19.14 19.00
29 30 60 150 12 16.94 17.44

2.2.2 KEAGE T AR

FIH Design-Expert A4 3% 3 v tikse Hds 217 2
JCIASLA, BN AR . SHZER I HE4T 5 2 0
WAL, SR IE 4, B3R 4 050, RIEEAR P<
0.0001, HKHRIRIZE AR B2 R P=0.0777>0.05,
R RAEE . AR FHIE R %L R*=0.9969, 1%
IEARSE R B R2q=0.9937, i W %A A 15 S ik S 4l & 2
JERAF, IR/, B REAE AR LT o YA NCC
P32 BEAT S A RO T o



% 15 3

PRI A SEAekr ek T e s 46 L 200 A R AE 305

% 4 Box-Behnken i&it o 47
Table 4  Analysis of variance for Box-Behnken design

apn JPR w7 e e
Sources df F value P value
squares square
i Model 621.89 14 44.42 318.52 <0.0001
X1 50.06 1 50.06 358.97 <<0.0001
Xz 0.10 1 0.10 0.74 0.4053
X3 18.43 1 18.43 132.13 <<0.0001
Xa 17.16 1 17.16 123.05 <<0.0001
X1X2 3.71 1 3.71 26.57 0.0001
X1X3 0.31 1 0.31 2.25 0.1559
X1X4 14.21 1 14.21 101.91 <0.0001
XoX3 18.23 1 18.23 130.74 <<0.0001
XoX4 0.41 1 0.41 2.94 0.1086
X3Xy 0.57 1 0.57 4.09 0.0627
Xlz 140.64 1 140.64 1008.47 <0.0001
Xo? 247.45 1 247.45 1774.32 <<0.0001
X32 210.11 1 210.11 1506.60 <0.0001
Xq? 175.83 1 175.83 1260.77 <<0.0001
4% Residual 1.95 14 0.14
A Lack of fit 1.80 10 0.18 4.58 0.0777
2 Pure error 0.16 4 0.039
MIE[)H Cor total  623.84 28

a. PRI SRR TR B HAE
a. Combined effects of acid hydrolysis temperature
and sulfuric acid concentration
e AZHAEH T, FABEEE ELE 0 /K.
Note: Interaction analysis, other factors fixed 0 level.

b. MRAFIR L5 WOk LA HAE
b. Combined effects of acid hydrolysis temperature
and ratio of liquid to material

HHEE 4 [R5 R AU & PER IR v A, A X,
Xav Xav X2y Xo?v Xo%y X2y XiXas XoXs %) NCC #33%
FISEMR N 525, XoXo Tk NCC R 5 i % . M F
BT DU A P E5 NCC AR [P M T A s Xy >Xg >
Xa>Xo, HIVRRAFIGLEE > RIS TR) > 0Bk LG > B PRI L o 11
Wi =R EE R E AR AR, KBERA
b 2 DRl B J PR TR U g R

Y=31.35+2.04X;—1.24X3+1.20X4—0.96 X, X,—1.89X; X4~

2.13X,X3—4.66X,%—6.18X,°—5.69X5°—5.21X,°
2.2.3 eh R AR AT

TR O b % R # TR AS TR TR NCC 43
FKIGsgm, /EHmiN{E NCC HES5MAE L. RE
N TR S 8 T ot 0 5 R ) L g RS T = 4 245 () g 1 T
B, DL 20 AT, 7R AR B i B 1 9 T A
TERRAEL, WL W) I3 TR 5z vy ped 0 A S5 2 e /N A I 11
Y=

/N O

C. BRI 2 A R AR IN (8] A8 FLAE A
c. Combined effects of sulfuric acid concentration and
acid hydrolysis time

A2 AMEER IS NCCIFEY At w A
Fig.2 Response surface showing effects of four variables on yield of NCC

B 2a A PR AR S Bt I T o 1) (10 A8 TEL A FH g 1.
1 3D K, HE 2a I3 4 WA, FRARL S B TR 4
BB 2 A HAE 5 (P<<0.0001) o H i v 1 fx
fe R RSB T A, MR R IO i 43 B 2 7 60%I, NCC
325 RIVSET S G BRI &S MR B E7E 40°CHY,
NCC 752 [FFE R BLSE T s J5 ARG . 12 R BRI
JER 0 B B R R R AL P () T v 2 I 4T 4k 22 00 1+
IR, (LR G B, RiARi/N, NCC f3%
BN, AR e PR S L 2 A 15 B A K 4T 4
FOr TR KR B T, A4 th B v R
AT 4 T RIS, PRI TS NCC 1% R 4.

Pl 2b J2 R AR E 5 Ok L TR) PR A8 B AT FH WA MY T 3D
Kl I 2b FIZe 4 a5, FRAG S5 0R b 2 T
AHAE R (P<0.0001) o 4Rk E7E 12:1 |,
NCC 32 L H ST w5 BRI 3 IR L ] e
7E 40°C I NCC 33 [FIFE B S T 3 5 BRAR (1 44 X
ST DR A JRURH B (0 385 IR R i 5 ) T v ARE T A4 R
RAEIKAR N, AH Ik R ROk bl R sk v 1l 8 S5 A 41

YR o K i A e, RLE A NCC 153 H %

Bl 2c S I T it 23 £l A AT 1) 1 28 E A FH ]2 T
3D K, il 2c R 4 wgn, BRI S RARIN ]
FHZIRIAS HAE B (P<<0.0001) o 4FRfR I 8] [ & F
90 min I, NCC 73-% S L B K5 I/ NRIHa s 4R
o3 B 5 AE 60%I, NCC 755t S 8 HH 26 19 K S5 iy
FAIRATA o I DR A 3T 24 PRI TR g I T R TR i i 7 B s (e ik
LTYEFIKIE, MIMAFBIGOKRET R, (HIR LT R K a7
A R PE TR R /KW VR 2 R ARSI A K AR S N, B S 1 1)
FEPY) AR, R S8 NCC SR TR,
2.2.4 @EAGRESFRERBEIE

ARG LA NCC 3250 HMEH bR, FIH#A: Design
expert MHATLRE 0, 192045 RN IRRHL S 42°C.
BRI (8] 83.71 min. B MR /0 % 59.97%. R LL
12.33:1, {1 NCC 4334 31.67%. # Fik K FE K
PN IR G A E AP AT IR S, 455443 3) NCC
9% %5 30.98%. 31.12%. 31.83%, “F-¥J{H 31.31%, ] I,
ORI S A TNAE b i izil, EIME R AP, 458
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RW, AR TN 45 R R A .
2.3 NCCEHBEN

[l 3 JEIEALNT ST AR LT Y 2B S LB RSl T
TR /KRl &1 NCC 2HRIREE ), Rk His,
HAAZh 10~30nm, KJEZ5°4h 150~300 nm, X2 H K
A NRRAENS A SUtK S e e e i &, il
J ke AR AOR L 2 TR RS N BNk RS . KT 3 T A
FE| NCC HHIEINS, KEFALF4ER N T 5 KRN
FRAIER], T NCC RifR ) HER /DN,  HRIAECK,
43 NCC Fi—v [ Eef i UK, RIAE NCC 23 1R
KO REEE, Bl SENCC HIL T HIZE S L.

A 3 NCC &4t a4ih
Fig.3 TEM photographs of NCC

2.4 NCC HIiZDHr

Kl 4 JEIFTFEANRET 4 R 10 ELAR K A I
HEI WAL, NCC HAR A maH7E 10~30 nm 2 [/], Hrp
46.28% 45 % 43 AT 7 20~25 nm I N . NCC K J it Fl e
150~300 nm 2 [f], H:H 45.86%45 % /> 4iifr 250~300 nm
TGN . Mg RS, BRER K 4 15 B e F 72
YK LT Y 2 — IR B T 9K

oL BN BN W

ol NN NN N
N N N
Q/\L’ «.}ﬁ' Q/’f"} L)/"’ /'\5& Bz /%@
s oo S & & BN

4/'\' 4/’1,

H f#Diameter/nm £ J%Length/nm

a. Hiz b. K J&
a. Diameter b. Length

B4 NCCAAFKEALSHHA
Fig.4 Distribution of diameter and length of NCC

2.5 NCC ZI4M i #h
K] 5 &I LT 4 2 NCC 20 4heit . i

A1, 3410 et BT A SR AW L, R AT 4
RO TR RRIEN O-H M4 sh BT = 45 2 900 cm™ ff i
(1 WL WAL W8 5K 7 ) 2 P PR P C-H S0 R ek 45 9 30 W AL 5
1644 cm™ Ab (R AL I SO I8 FR L C=C XU AR 4Fh 4 F 5
WCs 1164 omt BT A R DI Kk N T £ 4 22 4 T C-C
AR ZN R 1 060 em™ BRI (14 W Wi U F RV [
ST T B AL C-O M4i R B ; 895 cm™
Aab P VR 06 6T 1 A A BB LR B O-H (R 4 e 5, A2
ST 4k 2 K AT B GRS B (R A 025, o b
FEAERF LT U2 AN NCC itk BT 401, & AT ] B4 il 0 I
B RAEW B, B BRI A, B %%
TEFF T2 7 4 Z &5 50 NCC, 7EILHl & FE b e
A AR 2 G RE TRVRH SR R AR AT AR AR FR A T 4 3 4% 111
TR,

B 5 iUk usf 4 & F2 NCC sl bk A
Fig.5 FT-IR spectrum of cellulose from sunflower seed hull and
NCC

2.6 NCOX-SfZ&AiT8t 524
6 & NCC IS IR 4T 4 2% X-5T AT 1K .
800
700

tensity/cps
i (o))
(=3 (=3
=] =3

'
o
S

M A

B 6 NCCARiLAruif4e#% XRD B
Fig.6  X- ray diffraction of NCC and cellulose from sunflower
seed hull

Ik X5 2 A S P Sk a3 AT i 2R ) LA R & o P TR AR
el o, TR, SRR 4T 4E 22 F NCC [T S 16
B RAEAR, 2RIAE 20=16.26°. 22.56°4b H BT
(P, AR LT (R 2T 2 A ME AT UG, {E 22.56°5R KT 5T %
AT H IR, X BB AR 5E 27 4E 25 NCC 1) b A
RAFFEAUR, JB T AR T RIS 45/, &
B AR XA ISR PRSP, ) X- T K g5 &
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Jade BT L SEAENTF SR £T 4 A NCC R4 55, 7
WA 47.21%F1 65.85%, XS KN R /K il % NCC it
FEr, DOV, BT LLET 4 10 45 i X 3%
B2 R E IR, (U T X G5 M LU FAHE,
HY 28 Sy db N, i LA & X1 ) B P R e i ik 22 L 4
mX K, RIEAE K R NI, AR X AT e R a4 5
IS T AR T 22, T /I AR ] 26 i 2 K v M)
5t INTTTAR 4 e T 45 S 2T 4 2 15 &, R 380 NCC
(10 2 it B AT W) S P e v

3 &

1) R BRIKf 2 S5 LN e ok eF e 32, it
B IR 2R 56 A o 5 e L AS W 25 R 3R ROKTE, R A
Box-Behnken i 5 (7450t 4 BRIZE 3 ACFRSE, 5615 2
K RIZ X NCC 15 M R /NIT Hy = BRAERLIE > BRI
7] > Ok > B R T 40 B LA NCC 159500 HpnE, 15
B E AL A R ML E 42°C L FRAA N 1] 83.71 min.
T R o 43 5 59.97%. WRHEE 12.33: 1, FASH NCC
IEA 31.67%. EILAM FRIERK S NCC BEA
31.31%, KU TEMEIEARL, AL LR e gk
E R JIOHHIE S e/

2) RIZEARFFFEANRK A Y AT RAE, ARYERIEL R
AL PR ERE R AR, HARA 10~30 nm, K
) 150~300 nm; FAb 2= LR R AR SOR, iR BAA 4
YeR IR E G5 S5 0LER 65.85%, RZEALNTF et
YeZ A Tdem, MAREIEE RAEME, & T -2
e 1 Rgh et .
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Process optimization of nanocrystalline cellulose from sunflower seed hull
and its characterization

Chen Shanshan', Tao Hongjiang?, Wang Yajing®, Ma Zhongsu', Zhang Liping®*
(1. College of Biological & Agricultural Engineering, Jilin University, Changchun 130022, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
3. College of Food Science, Heilongjiang Bayi Agricultural University, Daging 163319, China)

Abstract: Nanosized single crystal cellulose is often called whisker. Nano-whisker or nanofibrils can be prepared from various
sources, such as natural fibers, agricultural by-products, and marine animals. Nano-whiskers are characterized by excellent
mechanical properties, high specific surface area, high length-diameter ratio, environmental friendliness, and low cost. Because
of these properties, nano-whiskers are used in many fields and attract growing attention by researchers in the world. In China,
the agricultural product processing industry yields abundant cellulose waste. Thus, it becomes meaningful to find out a better
resolution to ‘agricultural cellulose waste’. In this study, nano-cellulose was prepared by a sulphuric acid hydrolysis method
and with shells of sunflower seeds as raw material. The effects of four factors (e.g. acid hydrolysis temperature, sulfuric acid
concentration, acid hydrolysis time, and liquid to material) on nano-cellulose yield were investigated by single-factor tests. The
preliminary results showed that the optimal conditions were: acid hydrolysis temperature at 40°C; sulfuric acid concentration at
60%; hydrolysis time at 90 min; liquid to material ratio at 12:1. The results of single-factor tests showed that the
nano-crystalline cellulose (NCC) yield was maximized to 26.72% at the acid hydrolysis temperature 40°C. The yield of NCC
was maximized to 29.89% at the sulfuric acid concentration of 60%, to 30.09% at the acid hydrolysis time of 90 min, or to
25.33% at the liquid to material of 12:1. Based on the single-factor test, the process parameters were optimized by a response
surface method. A quadratic polynomial model was built, and then its effectiveness and the interactions between different
factors were analyzed. Also the microstructure of the nano-cellulose as-prepared was investigated by transmission electron
microscopy (TEM), particle size distribution, Fourier transform infrared spectroscopy (FT-IR) and X-ray diffraction (XRD).
Results showed that the importance degrees of all factors on yield of NCC rank as follows: Acid hydrolysis temperature > acid
hydrolysis time > liquid to material > sulfuric acid concentration. The optimal process conditions were as follows: acid
hydrolysis temperature at 42°C, acid hydrolysis time at 83.71 min, sulfuric acid concentration at 59.97%, and liquid to material
ratio at 12.33:1. Under these conditions, the highest yield of NCC was 31.67%, which was validated to be 31.31%. SEM and
particle size distribution analysis showed that the NCC from shells of sunflower seeds was rod-like and partially aggregated.
The diameter was measured to be 10 - 30 nm, and length was 150 - 300 nm. FT-IR showed that NCC still possessed the basic
chemical structure of cellulose and did not have functional group variation. XRD showed that NCC possess a typical cellulose
I crystal structure and their crystallinity degree was obviously higher the crystallinity degree. This study provided some
reference for the comprehensive utilization of sunflower seeds.

Key words: optimization; nano-crystalline materials; cellulose; sunflower seed hull; response surface methodology;
preparation; characterization



