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WE: D F AT/ Z R P AEH A 5 AR &R R E A R # kA 4 % R 4 24 (Cellulose
nanofibers, CNFs) 5 = & 8 4 4 % (Cellulose diacetate, CDA) & 4 ; ] JA #& &k 3T 42 (Fused deposition modeling,
FDM)3D 4T ¥ H K, £ T 47 5 w d b B 42 47 69 s A 3 & 4K 69 8% 2F 4k (Carbon fiber, CF) /% $LB& (Polylactic acid,
PLA) S &M L8k R A #5845 223 R4 CNFs/CDA LA K 4 4 AR T4 %R CF/PLA L #4& E,
H & T AT IDATHH A CNFs/CDA B &M ARG %K E . A A &4 5L (Transmission eletron microscopy,
TEM) . 42 # ¥ 4t (Scanning electron microscope, SEM) | M 2 v+ 4 4 & % (Fourier transform infrared
spectroscopy, FTIR) . X 4 £& & & F 4 3 (X-ray photoelectron spectroscopy, XPS) % il X # R x #f #4) 4 CNFs/
CDA L& % BEa Wb 4t 4T T A4, AWK T CNFs/CDA LA MK E &G Meg B M kee, & RAN,
% CNFs 89 i & 244 0.5 8 ,CNFs/CDA £ &% R4 4 F 34 A2 T4 (381£116) nm, HFE EE S A 44,
# it 809 49 4F 4 R~ 44 £ 200~500 nmSe. B W . 7 B, X T 3D AT P H K89 CNFs/CDA &M R EB K E
x4 F & % @ (Bovine serum albumin, BSA) LA — & 69 R M 48 /1 , & & B W& 7T ik 433.89 mg/g.
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Preparation and Characterization of CNFs/CDA Nanofibrous
Composite Membrane
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2. Military Representative Office of PLLA Positioned in 218 Factory, Beijing, 100176, China)

Abstract: Cellulose nanofibers (CNFs) and cellulose diacetate (CDA) are mixed by solvent substitution
method using dimethyl sulfoxide/trichloromethane as a new two-component solvent system. Cellular carbon
fiber (CF)/Polylactic acid (PLLA) composite supports are directly printed by fused deposition modeling
(FDM) 3D printing technology on parallel conductive plates. CNFs/CDA composite nanofibrous composite
membrane devices based on 3D printing technology are fabricated by directly depositing CNFs/CDA
composite nanofibrous composite membranes on CF/PLA composite supports using electrospinning
technology. The morphology and structure of the prepared CNFs/CDA composite nanofibrous composite
membranes are characterized by transmission electron microscope (TEM) , scanning electron microscope
(SEM) , Fourier transform infrared spectroscopy (FTIR) and X -ray photoelectron spectroscopy (XPS).
And the adsorption performance of the CNFs/CDA composite membrane devices on protein is determined.
The results show that when the content of CNFs is 0.5% (in mass) , the average diameter of the CNFs/CDA
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composite nanofibers is up to (3814-116) nm, and the diameter distribution of nanofibers is more uniform,
and the diameter of more than 80% nanofibers is in the range of 200—500 nm. In addition, the CNFs/CDA

nanofibrous composite membrane devices based on 3D printing technology have good adsorption capacity for

bovine serum albumin (BSA), with the maximum adsorption capacity of 433.89 mg/g.

Key words: electrospinning ; cellulose nanofiber; 3D printing; fibrous membrane; protein
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1.1 LIWEM

WA IR 27 HE R (f2E 3R b+ BE AL 2F A R ¢
R4 ) s TEMPO(98 %, BTz T 551 ) 5 I Ak 40 (3
Brat, RKEeiifaR A 2= 50 ) s &R 4k (43 A 4l
] 245 4 AT AL 27 iR A BR A | ) 5 SRR (O B At
Jba e T ) ; “EERR AR 4 R (CDA) ( Z B 3 Bt
JE=2.5, [ 244 B 2# 0 A BRA A ; H LT
B AT 40, X HEE BRE a4k T8 58 r ) 5 — S0 e
(Mo, db 5tk 1)) 5 CE/PLA 3D 4T BB £k #4
(30%CF,=(1.7540.03) mm , &3] Z LR
FHIRATD ;4178 A& (BSA, 69 kDa, db 5t 5 17
R A= D B BR S W) s B R S — B (oA 4l [ 2)
A AL 2R A BR A W) ) 5 e K R — & Ak (4 A
afi, B 25 B A2 iR AT BRA DD o
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A 15 g T0 I BT 3R 27 4 2 5 T B0 HF 2 00 1
BI5)J5 A — 5 8 (1) NaClO ¥ ¥, 3 13 A B i A
0.5 mol/L 1) NaOH ¥ W #F 5 vy 44 2 1 pH 4 il 78
10~10.57E BN o A 6 hE K 7= 9 38 Rkt ok |, It
VU 3~5 KA B AL 4 4 2, R E W Hor B &= 3¢
B K 78 300 kW R #8745 15 min i i 3 25 15 5]
CNFs; Bt J5 78 9 800 r/min F & .0 10 min 2= [ 44
J5, B il 45 45 81 CNFs B 77 (CNFs i 2 50k
0.2%), vk#i 4 CTARAE%TH
1.2.2 CNFs/CDA % £ & 04 %) %

FREL 25 g 1Y CNFs /KB 170, 1) 15 W v 2 15 0
Jn25 ¢ DMSO, i $: & B Vp il £ & IR . )5 78
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T0°CT M ESHEFHE L A~6h, B2 LR ELE T
K, #il4F CNFs-DMSO B V7 . FREL1.741 ¢ CDA
A — 2 & 1) DMSO 1, $ii #% 2 CDA 5% 4 ¥ it
Jei B A — 2 i 1) CNFs-DMSO B IF ),
PiPE 2 CNFs /@A), AE A R 2120 in 4 mL
AW B, WO T E 30 min IR 2 55 B
AR, B 5 il 45 15 8] CNFs/CDA %5 223 (CNF's Jii 2
By R 0.25 %,0.5%,0.75%,1.0%) . il %
WA 1R . 24 CNFs i &0 80T 1% i,
CDAfLBEIR BK F CNFs-DMSO i, 78 1% Wi 2 i
75 W ORL
1.2.3 CNFs/CDAWARTFET SBREE G4 &
¥ CF/PLA 4T EBZE 44 fm A FDM 3D 47 Bl L
(Z603STE , RIS IR IR B A IR A D 2 A
AT 35 T 1 06 g IR S P IR BB S B AT EN S
B FT BN IR B 220 °C L, F 5 18 B 30 °C, T Bl B

CNFs/CDA solution

i 572
Solvent
Py exchange
N
¥ YnNacio -
Bamboo
-
HOR pmso,  S—
\Ew chloroform
o —_— <= |
OR
R
ReCOCH, H
Cellulose diacetate (CDA) CDA solution

60 mm/s, )2 &= 0.2 mm, B3k B 42 0.8 mm, JH 7
R 100% , H 44T D LAY 5 5k HI CF/PLA 4 B 1T 2
2R 2 O BB S e R TE AT Yt G5 22 R 5 i
H PLA 2 —Fh gk (LR, A WA 2 M, A
Sy 58 HE RN

¥ CNFs/CDA % 22 A ¥ 0.84 mm N 12
AN R Sk 1 SRR S A s FRRE LI 2 i
O (SPLab02, R R E LA R AR |,
E 0 SR HE R B BE (1.0~1.5 mL/h) & 3k 543 kb
FE 25 (12~15 cm); % 4% i F LI & AR 4% (BGG-60
B b st AL B s B AR B A BR 2 |, I I JF
F—EHREMHEE(18~25kV) , EWIR S —ER
BE AR, #2578~ 12 h Bl 5 M 30 hR FECR
HAT— @R QR AR IR
ZB T KR 24 h, KLBREE R, 2l & 15 2
CNFs/CDA 94 K 2F 4 &2 & [, i 45 i 72 fn 1A 1
FIF7R o

CNFs/CDA nanofiber Honeycomb support

Bl 1 CNFs/CDA G2 4 52 4 5 i 4% i 7
Fig.1 Schematic diagram of CNFs/CDA nanofibrous membrane
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1.4 W B

B WAL B (0.01 M, pH="7 B ik £h 2% nh ik =
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AN TR Gy ol B B4 A I3 AR P A IR R 2 o v
(25 °C,pH=7.2,0.01 mol/L) , 7E #& J& | ¥ ¥ W Ff}
24 h, U B A R KW WAE 9 800 r/min T 5.0
2 min, B 1" JZ 75 W H 2 56 4 66 1% 4L (Lamda3s,
2% PE 23 A)) 16 9% K 280 nm F I &2 4 115 11 & A

W B TR B T AR 4R A2 G B B AR I AR Y
W o e 30 e = (1) T 5 0 B
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o TR B (mg/mLL) 5 C A8 W B S 3 Wi b 85
R E (mg/mL) ; VIEE A FRBERAEF (mL) ;M
EE AW R (g). WP MEEARYGIKES
FE AR 1 0T W B 2 ) 06 R AE A AR R X BSA
F14) 45 1 8 Bt £k

2 FER5WiE
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K 2(a) A 0 2F 4k 3 90 K 2F 4 35 Sl B 1A .
AT E TR A Y R A e 4 5 TEMPO &
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(b) XPS narrow scanning of Na of CDA fibers and CNFs/CDA
nanofibrous composite membranes with mass fraction of
CNFs of 0.25%, 0.5%, 0.75%, and 1.0%
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Fig.5 Isothermal adsorption curves of CNFs/CDA nanofibrous composite membranes with different mass fraction of CNFs,
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mlL) PL K I 8 H 00 de R W R i (mg/g) s C 3R
N AP AR B (mg/mLL) 5 e AR P A R AR

(mL/mg).
Freundlich /2y — 2 2 B A | B ) 077 3R

log C
g (3)
n

P . 1/n F 7R Freundlich & %%, 18 21 4k 3¢ 1 % 25
JBT 149 2 FOPE 5 A 45 W BRSP4 8 B . AR 1R LR
i CNFs & i) CNFs/CDA 44 >k £F 4 il %} BSA
BY % B 250 5 Freundlich B A 47L&, R M OC &R
HOHR e B AR 4 (9 H 6 M |, Freundlich 458 70 T 35 4
Hi ik o 1 HAE 0<<1/n<<1 75 Bt B CNFs/CDA
G K 2 Y XS BSA 2 0 A7 F1) T W B, xoF 4 BT Y
WE BfF o AR B T AR AR 3 R B A A 4 SR
CNFs/CDA 4K 27 4 i %) BSA R th £ 5y F )2
A A 1) 5 1

#1 AECNFsRE5H K CNFs/ICDAKFHE S IE

3 BSA BB W% M 5 8
Tab.1 Isothermal adsorption parameters of CNFs/CDA

log Q =log ky +

nanofibrous composite membranes with different

mass fraction of CNFs on BSA

Langmuir parameter Freundlich parameter

Q./ b/ e/

Sample , ‘
(mge (mL- R’ 1/n (mL- R?
g mgh) mg ')

CDA  27.18 2.8711 0.9661 0.5951 7.0109 0.977 1
0.25% 548.75 2.657 5 0.877 8 0.591 8 149.61 0.937 2
0.5% 543.76 1.5416 0.8949 0.4995 206.85 0.9680
0.75% 697.11 3.4728 0.896 1 0.632 3 157.32 0.948 2
1.0% 481.67 1.5503 0.8051 0.5039 182.19 0.924 5

3 & it

LA DMSO/ =G e 1F i A &, R % 59
BB CNFs 5 CDA & & Fl sl AL 3D 4T
BN A T B A CF/PLA MBIk A SR R
FHE L 25 223 R ¥ CNFs/CDA & 4 48 K 25 4 TR
T 3D T B K b, il 4 5 T 3D AT ER L R 1Y
CNFs/CDA & & A K F4e e &, JF X Hait 5
PEREHEAT TR AE . 25KV, 7E DMSO/ =& W &
& 2 F , CNFs it &t 73 8t h 0.5% H} , CNFs/
CDA & & 9K &7 487 ¥ B 42 7] 35 (3814116) nm,
It 80 % Y £F 4 R R HEAE 200~500 nm ¥ B 4
Wi % CNFs 3] A ,CNFs/CDA & & 4 K &F 4 &
Xf BSA B A — & 1Y W i #8 ) 5 4 CNFs it & 43
B 0.5% BF, B X BSA & 5 W K B AT ik
433.89 mg/g.
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