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3D Printing Alkaline Cellulose Gel Material

Feng Tao, Chen Jifei, Wang Chao, Chen Wengang
(College of Machinery and Transportation, Southwest Forestry University, Kunming 650224, China)

Abstract : Using epichlorohydrin as cross-linking-agent under low temperature conditions, cellulose was dissolved in sodium

hydroxide / thiourea / urea / water base system to prepare cellulose gel, and the effects of factors such as the stirring speed, test

temperature and cellulose mass fraction on the preparation of cellulose gel and its viscosity were explored. The results show that

the cellulose gel with the mass fraction of‘4.5% is best prepared at the stirring rate of 1500 r/min at —=10°C . The cellulose gel has

a special hydrophilic polymer three-dimensional network structure, and has antibacterial property and can be used as drug carrier,

so it has a broad development space.in_many-fields such as biomedicine. The 3D printing of cellulose gel materials can be realized

by using mobile laser scanning. The combination of cellulose gel materials and 3D printing technology has the advantages of wide

material sources, low cost and rapid prototyping and manufacturing, which will play an important role in the development of many

fields in the future.

Keywords : cellulose gel ; 3D printing ; laser induction ; biomedicine

UEAF A A G RG  , A ek (8 nl 4=
IR LR YRR RRIE I HalfHE 2
A1 H AR A Pl B ORI KRR = o TR AW, O
HEAHE R BA AW Rt 2 BEAR A PR A I 1A
B B TE4ER B 25 M 2 b D— ik i o 4 i
P L p-1, 4— BB K C-1 iy AR B 45 17 1
MLRIG w5 U2, 50 F RV Z AR 1)
B AR 2 AR TR RS ) B, S e e R
PRI RE BV R I T A, BRI 1 HAE Tl A2 7

HR R PR A S

TEARIRACAT T, S AL / Bk / JRER / 7K
HEUR FJRARAS AT A 20 O IR A =
=5 ~—12°CI , I T 7 A /N5 FIER 31 (B8 Y
S P22 R BT AR 1 N A3 1 ) S R
BB T3 i, TR) I R 3R BB kA 0y 605 5 AR B L
YRS A RAEM L g R ki M. 7EIRR
VTR TE BT A R BEAL , 27 4 3R BEIR I AR S K
AWM =428 E5H , BA 23R JUATEE

HEWB: EE AREAILE T H (51865053), PRl k2 “Hriist” B34 H (201928)
WHES: BRak €, Mg, 25T 7 m o AR R 3D FTED JeitdiliE AR E-mail: cjf100cjf@163.com

r#m B #5: 2020-05-13

SIAMES: B, PRAE K, T, A5 3D STENRREELF ER BERCATRL [J]. TLREHRL H, 2020, 48(8):66-70.
Feng Tao, Chen Jifei, Wang Chao, et al. 3D printing alkaline cellulose gel material[J]. Engineering Plastics Application,2020,48(8):66-70.


杨超


R, A 3D FTENALET AR RBERL AR 67

K BE s w8 B, ATAE A 25 38 A 1 ORE L K
AT 3 8 Tl 5 K T B R 4 A ), g PR I
s CEP A D TP AR 7 SRS 2 A ) R
KRz P ZRR S R IR A PR, B
IR A A I 1) T A R B 4 o I (A A B0,

3D FTENH AR VT AE S Wk & e, i FH 37 .
ANT) K B3O R LA b AN [R) ) R 2, (O Ry
AE RIS T SR S v Mt 1 T S B AT 2 2R BE 1) 3D 4T
BN O W4 R A RS 3D FTENF R MG &L 2
T B0 AU RIS R 1 7oK, HEsh TANAT
P R [ SR (0 R R IR A e AL B A A et
RIRIEER

EH T Y R AR T iR T S A e ah /
BRMK / PRE / K BRFE AR R 5 Bl 0 3 A Ab [ A b A
R R R, 45 A AN R SO E T DU AN
[ e 1 IR, 52 A T 2P 4R R BERE 1Y 3D FT N,
(] BS R AR T 018 B | S0 I B D R 4R 4 3R ot
35 A DR 2R R LAk TR s e AR T
PR 25 XoF 1 24 2% 6 e (361 £ p 780 Fg 5 i PR -, (4R 4 22
BEREATREL 3D FTEPAIRICR e fE A
1 EWES
1.1 R4t

TR LT 2 R . B oK WOk R A2< 0.2 mm, B4
k500, L iRERIAE RN A FRA 75

[N : S BTl R A Lk 2E R A R A
Al

Bk : 2 b4l [ 245 4 A Ak 2R A BRA 7] 5

PRE : sy Wirat, E 254 B0 A BRA A

IS BE: /T al, BT RL T A AL R
AR

FETK: Al

e R B RIRZEEMEARER
HABRAF
1.2 FHEEBAME

FL25 1A . DZF A AU B AL A PR
YNGR

B K UTP-313 A, 1 46 ) H 25 A7 BR 2
Al

AR ISR AL ) e 4% : DF-101S %, Ji]
ME TR R AT

AL : MARS TIA, 78 HAAKE A 7]

AR B 7 22 B0 2 L : TW=VM-II L, [ R
BEE R A PR F

WO T . AATHE 2

Ao 7 W48 (SEM) : ISM-7500F I, H A<
Jeol A #],

1.3 S F BRI &

A AR ARAE B TR T8 12 h 5, A
SR 2 -10°CR AR / Bl / IRE / KW
Hh [ B A BRGE Rn AE  BERE RS
GRS AT AR R e Ry R & 5 15 200
BRI FL A, AR R AN E R fb2eae
WG B 27 AR MO -5 CORFEYR K 4 h BIAT
b NS B [ 1 PU NS GGV 1 & 5. L O
TR DA S 27 A5 3R o i o BCR ORI 2T 4R 2R B
JREHE I AR IR 2%

1.4 HEFBBATSN

687 FH ARSI B 2T A 2% O I P R S A T kg R
JRE TR EE . RLBE U Rl 10 ~ 85°C, FHE % 3°C / min.
FHERA 3 50008 I 2 S Je R0 i1 ek, S5 I i 9 S
AR R IR SR e BE
1.5 RE-FH TR IR E ey 3D 476

3D FFENHEE A SR Al HITHEA LR T4 = ZE il
“UITRAL” J&5 , B )20 BN R, 5 Je J2 2 8 i HE AR
R =YK T A, OGRS G AN E 1 TR
TEMGIRIREE Tl HIAK AR 0 YL (K 27 4 R B e
5 TR RIEOC R S 6 B 2SR
WOCT RS TT 1 BEOR 23 S AL B A L 1 — 1
2 THT P B R 58 B #5650 BN 21 4 R e i
S SIS, AR AR A A A 7 JE B I 4
R—AEVRIZ R . )22 N e S i) =
ALERR] . FTERSE MU ] SEM AT HBE S B A2

iiﬁﬁ‘t%i% P

Al

1 ROk NG

2 HR5H®

oo A BEHELT LR VAR M PR
BEXHETUE 2 AE SURALHY / BRIR / TR / KSR R
P AT IR . P BB T , S0
W BRI R — 50T, IS AT


杨超


68 TR R

2020 4F, 45 48 ¥4 45 8

DR ML 2T 24 250 M R T AR M RE P T £F 4 R 5 1)
E— DN TSR, T BT 4 3 7 W 1Y) S5 36 Tk
FNEFYE R ot 40 B E T 47 e 3 W ) it A2 P
HEo
2.1 BEHaRE xSRI

R P A2 f U S0 IR B (0°C AUk ER KA )
FHEFERTE] (15 min) [, B8 R /B 41
A Tk T e B B (IR T, SR IR S BN AE R
W 1, G5 FRIIYIR R Th AR 4R M T o E ik
At (3%) , AN T 2 42 o I o 21 4 25 3l T LA 4 SR Vs Mt
MR R TP AR YE R 0 TR S B R i (> 7%), B
TP AT o AR dE R AR IE % R A AR
B/ BRIR / PRE / FKBESAR R TREVS 4T 4 R e
IR, AR, H2e 1RA SR AT LU R
Rl / Bk / IRE / KBBEAR R 0] 2F 4 2 HiGH
R IITIAREF AR T — Vs A 3 IR BT YRR
BHER AR P USRI H Y. SR R e
1500 r/min %3 il 2 47 4E 3= 1) S A AL / Bk /

PRZ / IKEH -
1 AARBEERFEZRESBNBHEER
Tl / LY R T / %
(r- min™) 3 4 5 6 7

500 peag i Kl KRR KRR ORER
1000 peag i i KR R ORB#®
1500 peasiid peasiid ey K REm
2000 i fift AR i a3l KV it

2.2 BERAUEZEZTAERALT RN A

AR WA AR M RR e T — 25
TSR A, i AR R B S 06 T B AT 4 2R
MY AR R o A A T T AT 4 2 1 o
BR G Tk X LR AR R B 5 0 5 42 1) R B 4R 9T £
Yk 2R Jor it 43 B A AR R 1 S

] 2 AR A2 28 o i S B AT 4 R T ZE
FESREZRMXRM . HE 20T IEH, 24
R ELEEAE 10 ~ 25°C IR B X [a] P i 25 15 T

or \
T \ )
20 5%

e 4%
51 TV vyvervyvvvey3%
10 15 20 25
I / C

/ (x 10°mPa - s)

S

B

K2 LTYERERERIE - RIECHR

oG 1T T 3 5 21 48 3R T 0 0By, R 2
MR, DR H 7 22 [ AL S g sl A = i A v
T Z T TR ST HE R B R A R X G
JEBIRA

K3 WTEH IR T (20°C) 4 RGBS 547
YER i B e AR 2. BT 3 R, R N R
TP T A 2 i o RO, RO BEBOR i
ROEETELTAER B /340 5% J BT, BEEEXTH
VRO R REAT B, DRI Tl 275 22 1 57 i 2
LFAE R BEI S 3D FT BN R 5 i i /0 4
BRMLFAER IR -

45k
©
[a
£ 30-
o
—
X
N~ 15,
N
&
0 | | | |
3 4 5 6
T8 / %

3 I FEPA R AL - SRR TR EOCR
2.3 RERGhF A ENIE R @

WAt A AS AT, BB T A 4 R A A A A
/WK / DRER / KA EER 28 v  E R TR 5
LR RSN G S AT G B
vy 2 2o AP T A R A A A T v VLB 1
NRFTETAE R VA MBI AL AR AL, LR TP BRk
I A 4 e 2R A A (R 2T 2 2 o R
VERCBE IS s IR, S R B 2°C / min B
Thm s 4 2RI 4. thIE 4 ATR AP RIA R
SR il R 5 TR 0 MR R ), S AR YR R Ty
BRI, e AL P s 2RI B, 2 EF 4R
it RO N, BRI A B L A

70}

o 60F

~

& 50

m

i;é 40 - ~otn

) \

20|
1 1 1 1 1
4 5 6 7 8
SR %

Bl 4 SR 4 2B IRIRIE — bk A8
2.4 HHRFEFH AT BB 3D 4T
FRAE LA B #T, 5 BRI g % 4 T S Ak n /


杨超


R, A 3D FTENALET AR RBERL AR 69

BNK / PRER / KR R T REVA i £ 4 R Y fiE

R AR 2 R 0T 53 BCH 4.5% (4 £F 4 280 W 75 4F
HER B 1], R S S R L ILIEL 5, 5 L
FURHE BESE AR S B IE A, JLIBR I 3 o 17 A B
HLBEI T (/MR

400

200 -

Fh¥ / (x 102mPa - s)

o
T

1
5 25 45 65 85
Rz / C

F5  LTUEBEI IR — IR

FEARR T B FH K S 4 o e (0 R R T e (4
JRCESER V- 6 (RO G S S AP R BEIR — 482
T A LA, BEED 1) S50 & AL CURBEIE , I HI )
PR E SO I A — A= R A e A2,
JZZ B NS ILET YR B 9 3D FTEN . 4T E i L]
JUPAREE R ILIE 6. HEOLTS S b f 25 4 % 5k
JEE S B 3D FTED R £ 4k R BRI B IO T A 2 RlLn]
PR RCEARIEAR . 274 ZR B I B B R AT R
IKBIRE ST, T LI Ry 25 Y 28 L BLATARE ) =
Y AR A R LA AR 2 PSS S B )i

PG £FHE R 3D FTENRL
REFTERRE i v VR T 1 S5 i SEM b AT 234
GERULIE 7. WOCKASAERE S T AT L, T
A 3 PO A BRI P A AR A 0 A, i

(@) (b)
a—JCk 40 % s b—JCK 500 1%
7 ATEVRLS SEM R F

(] BTSSR A [ AR BE IR IR FE . JHOR i B9 IX I /ot
AR AN AR FABE R AR R 23 S o XA X
SRR 7R T ICHRAE i L B ) S AU A BL 2 ALY
TEARFMISE L FE vt 2 i BT X R BRI P % 8
ANE G T B A BEAS i (R AT

3 45iE

R 2T 24 22 (8T A 11 S AT M Al 5 9

figp T il 76 2T A R BEMC AR, S Tk T 21 e AR T

FC A B BOE LT AR P SR, 27 2 R BE IR AR

HAT B35 A W MSORN PR 4K 88 B AR R BE

HHEATLRIE, TREMFIA . KI5 3D 4TE]

TGS G R JE T - 4 R AR A= Py B2

SEASCT ML R ST, AR 2R T 2R 4R AR T

KM AT OIS AU R RS A E

GRS o] 64 A Ji s 1] o

S % Xk

[1] AR, sk R 4 ET AR AT T SRR 0], LT AR,
2006,57(8):1 7821 791,

Ye Daiyong, Huang Hong, Fu Heqing, et al. Advances in cellulose
chemistry[J]. Journal of Chemical Industry & Engineering,2006,
57(8):1782-1791.

[2] Tim H, Don C, Mathieu V, et al. 3D printing cellulose hydrogels
using laser induced thermal gelation[J]. Journal of Manufacturing
and Materials Processing,2018,2(3).doi:10.3390 / jmmp2030042.

[81 E, R, SO0, 4 3D STEAEY AT 4 R AT i (9. 47 4
ZRE SR, 2019,27(2):74-84.

Wang Yan, Cheng Ting, Lu Wanli, et al. Progress in 3D printing
of plants-derived cellulose[J]. Journal of Cellulose Science and
Technology,2019,27(2):74-84.

[4] B, ¥R, SRR . AT o T ——ET R ST R T T 2
[3]. B4 124 , 2020,51(1):66-86.

Duan Bo, Tu Hu, Zhang Lina. Material research progress of the
sustainable polymer——Cellulose[J]. Acta Polymerica Sinica,
2020,51(1):66-86.

[5] ZEERH . LFAERADOKET 4 / RILFRIE G AR £ 2 A 3D 41
B 1AL [D]. B - VLJR%F,2018.

Ji Chencheng. Preparation of cellulose nanofiber / polylactic acid
composite and its application on 3D printing[D]. Zhengjiang:Jiangsu
University,2018.

[6] LiR, WangsS, LuA, etal. Dissolution of cellulose from different
sources in an NaOH / urea aqueous system at low temperature[J].
Cellulose, 2015,22(1):339-349.

[71 5 &b, ok (0000 . 27 4k 3% 0 BF 90 3 R 0] & 0 T AR,


杨超


70

TSR

2020 4F, 45 48 ¥ 45 8

(8]

[]

[10]

[11]

[12]

[13]

2007(10):937-944.
Lyu Ang, Zhang Lina. Adcance in solvents of cellulose[J]. Acta
Polymerica Sinica, 2007(10):937-944.
TAGE BRI T, 2% 45 L LT HE R IR B il 45 SN AT S
EE [J]. T, 2020, 48(2):1-10.
Wen Jingyun, Qiu Xiaoyu, Li Mingfei, et al. Research progress in
preparation and application of hemicellulose-based hydrogens[J].
Journal of Materials Engineering, 2020, 48(2):1-10.
VERLSE, 5EF5HE . 3D T ENHOAR A B B A K SOk FE 52 5 B I S
U0 [3]. AP A - I AABLEAAR, 2014, 40(6):718-722.
Xu Duliang, Mo Xiumei. Scaffolds made of composite gels based
on gelatin nanoparticles by 3D printing technology[J]. Journal of
Donghua University:Natural Science,2014,40(6):718-722.
Qin X, Lu A, Zhang L. Gelation behavior of cellulose in NaOH
/ urea aqueous system via cross-linking[J]. Cellulose, 2013,
20(4):1669-1677.
Jin H, Zha C, Gu L. Direct dissolution of cellulose in NaOH /
thiourea / urea aqueous solution[J]. Carbohydrate Research, 2007,
342(6):851-858.
Cai J, Zhang L. Unique gelation behavior of cellulose in NaOH
/ urea aqueous solution[J]. Biomacromolecules;2006,7(1):183-
189.
BEOKH, IR VPR . 3D FTEN PLA/ RS S MR )2
PERBIRAL [3]. TRRMELN T, 2017,45(4):24-28.
Bi Yongbao, Yang Zhaozhe, Xu Min. Optimization for mechanical

properties of PLA / wheat straw flour composites applied in 3D

(E#FE65)

[10]

[11]

[12]

JEWT I, 5k B, e, 55 . g BE TR A TR X 2P sk O A
AR B2 [J]. 25412441, 2017, 38(6):111-117.

Hu Xintong, Zhang Yujing, Meng Chuo, et al. Modeling and
influence about speed of released-yarn in braiding spindles on yarn
tension[J]. Journal of Textile Research,2017,38(6):111-117.
Zhang Y J, Meng Z, Hu X, et al. Modeling and analysis of friction
in end-face / inner-face circular braiding processes[J]. Journal of
the Textile Institute,2018:1-9.

T, PR LA A L BRET AR SR ELIE LD b T R S R ab Ak
k15347 [3]. ELiFHE 2017, 45(12):61-65.

Wang Han, Meng Chuo, Sun Yize, etal. Analysis of yarn tension
in the braiding process of yarn carrier of carbon fiber braiding

machine[J]. Wool Textile Journal ,2017,45(12):61-65.

[14]

[15]

[16]

[17]

[18]

[13]

[14]

[15]

printing[J]. Engineering Plastics Application, 2017 ,45(4):24-28.
X, JARTT kY 5 R 3D FTENEA N
SRR [3]. TR , 2017 ,45(3):130-133.

Liu Yangzijian, Xia Chunlei, Zhang Jun, et al. Application
progress and prospect of fused deposition molding 3D-printing [J].
Engineering Plastics Application,2017,45(3):130-133.

T MRAE 6, R AF OB BT 4E R Ry 3D ATENBIFSE [3].
L ER2E SHA 2020, 28(1):42-47.

Feng Tao, Chen Jifei, Wang Chao, et al. 3D printing study of
laser-cured cellulose gel[J]. Journal of Cellulose Science and
Technology, 2020, 28(1):42-47.

XNBEZE, W9 &, 75 5%, A5 . BERRZT 23R 10RF 3D FTE R Ak
3T [9]. #k}, 2017, 46(5):62-65.

Liu Xiaojun, Miao Jianfei, Xiang Shengyi, et al. Performance
analysis of cellulose acetate samples formed by 3D printing[J].
Plastics, 2017, 46(5):62-65.

Z5ES . Yoann De Rancourt De Mim, 253% . %W B4k} 3D 4TEp
AR B 7 FH i [9). %848+, 2019, 48(5):101-106.

Li Kun, Yoann De Rancourt De Mim, Guo Jia. 3D printing
technology and application progress of soft material[J]. Plastics,
2019,48(5):101-106.

A3, B SC L, A #% . 3D ATEN ISR & W Bt i [3]. 22K,
2019,48(4):127-131.

Deng Bin, Huang Wenyi, Deng Xin. Research progress of
polymer materials for 3D printing[J]. Plastics,2019,48(4):127—
131.

Xu Q, Mei S Q, Zhang Z M. Measurement method of yarn tension
based on CCD technology[J]. Advanced Materials Research,
2011,230-232:89-93.

WRIEEIE . 2GR S = 2 2 U L% 22 RGEATSE [D].
Jemt: HUBRRADTE A, 2013,

Chen Haibo. Research on fibers feeder system for 3D flexible
oriented composite forming machine[D]. Beijing:China Academy
of Machinery Science and Technology Group Co. Ltd.,2013.
AR XSRS AR R AR = RS R M. bt
BB Tl H Rt 2019.

Shan Zhongde, Liu Feng. Composites preforms digital
3-dimensional woven forming[M]. Beijing:china Machine Press,

2019.


杨超




