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Abstract; With the accelerating consumption of petrochemical resources and the increasingly serious problem of envi-
ronmental pollution, it has brought great challenges to the green and sustainable development of human society. The
preparation of new green polymer materials from natural biomass has become the important development direction in the
field of material science and technology. Cellulose, as the most abundant non-food renewable biomass raw material, has
great potential as a polymer material. The esterified derivatives of cellulose is an important method for endowing cellulose
with good processability and functionality. In this paper, the advantages and disadvantages of reactive systems including
heterogeneous systems, DMSO/TBAF, LiCl/DMAc, ionic liquid and CO, reversible solvent in esterification of cellulose
are compared and analyzed, and then the types of esterified derivatives of cellulose and their products obtained in each

system are described. As the most important cellulose
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Fig. 1  Esterification of cellulose in heterogeneous system to obtain cellulose esterification derivatives
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Fig. 2 Schematic diagram of cellulose dissolution and gelation mechanism in DMSO/TBAF system ( green circle represents I~ , black line

refers to cellulose chain and yellow circle is hydrogen bond
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Table 1

Esterified derivatives of cellulose obtained in the homogeneous system of DMSO/TBAF and LiCl/DMAc

System Raw material Catalyst

Reaction Condition Cellulose ester Ref.

Sisal cellulose, acetic anhydride

Cellulose acetate &

— — 24
& stearic anhydride stearate ester [24]
DMSO/ Cellulose & fatty vinyl ester — — Cellulose fatty acid ester [25]
TBAF Cellulose & fatty acid Acyl-1H-benzotriazole — Cellulose fatty acid ester [26]
Cellulose & lal.'ge Pyridine . Cellulose fz-my a-cid ester [27]
volume acyl halides & aromatic acid ester
Cellulose & C8~C18 fatty acid — — Cellulose fatty acid ester [32]
Cellulose & C8~ C18 fatty acid DMAP — Cellulose fatty acid ester [33]
Cellulose & lauryl chloride DMAP Microwave Cellulose laurate [34]
DMAP &
Cellulose & lauryl acid R Microwave Cellulose laurate [35]
paratoluensulfonyl chloride
LiCl/DMAc
Cellulose & fatty acid vinyl ester DBU — Cellulose fatty acid ester [36]
Cell.ulos? & fatfy acid g DMAP . Cellulose acetate f;jltty aﬁcid ester & [37]
aromatic acid acetic ahydride acetate aromatic acid ester
(?eﬂulose' & b'utyric aci'd, caproi'c Perchloric acid . Cellulose acetate butyrate, [38]
acid, lauric acid & acetic anhydride caproate & laurate
R
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Fig. 5 Products of esterified derivatives of cellulose obtained from ionic liquid[ﬂ]
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Table 2 Esterified derivatives of cellulose obtained by homogeneous systems of different ionic liquids

Tonic Liquids Raw Material Catalyst Cellulose Ester Ref.
Ethyl-3-methylimidazole actate Cellulose & vinyl acetate — Cellulose acetate [42]
1-allyl-3-methyl imidazolium chloride Microcrystalline cellulose &
DBU Cellulose acetat 43
salt/DMSO or DMF isopropenyl acetate ewose acetate [43]
1,5-diazabicyclic [4.3.0] Cellulose, isopropyl acetate , o Cellulose acetate and [44]
non-5-enoacetate vinyl acetate & vinyl propionate cellulose propionate
1-allyl-3-methyl Cellul ic anhydrid
.. a'y met‘y o Ose" a{:etlc an y rde DBU Cellulose acetate butyrate [45]
imidazolium chloride salt & propionic anhydride
1-allyl-3-methyl imidazolium .
[lulose 11 — llulose 1 3 4
“hloride sal/ DMSO Cellulose & vinyl laurate Cellulose laurate [46]
L. . Microcrystalline cellulose, cotton pulp,
1-ethyl-3-methyl imidazol
ctylammetiyl imdazotium large volume of acyl chloride Pyridine Cellulose aromatic acid ester [48]

-methoxy b t
prmefhoxy benzoate & acetyl chloride

4 CO, AI#AFIER

CO, "R HIR R JE — KA VRIL, R K
DMSO 4 IR Z , B CO, MIvE A Kt H = Az HoAg al
WE IR AR, HAETEIR AN A F R AR £ 4k R & A AT
A ARVE R AT AL TR B RAR R Y TR R
BOREIR R NI ALIR 27 4t R AR R R s i 2 7= AR AR

PCINTT FHG AR, IF BAZ A & b T35 i) A HLE B DBU i
AL BRSO . T ., R RTE—E R RS
PR CO, By g, i i £ 4k R AT A YR 5 i 7
H Co, HE TR0 T8 L, Jy CO, Bt RHER HIER
OB

KT CO, FTIE IR R 1 4 4 UL T 2005 4, Jes-
sop S RBAEERAAMET, thA HLBR S/ o3 1 B AL



746 Hh A ki

EEEVE

B, 7E3EA 0.1 MPa B4 CO, i BI AT iy JF 2 IR 5 5%
R E R, JERAER IR R TR CO, J5 Xl k&2 5
WIERAR S TIRAS . BB R4 R0 THE T R
fiE, CO, AT 33 ¥ 744 25 A HE B0 IC S 405 4 4 R Tk k|
PR A A S A IR TR O X S Tk, IRk,
I A GXFEF e R AE CO, RIS IR 28 A i ik I B R
WAT R T 5T, WF5ER W], £ DMSO H1 /i A DBU #i
F 58 A CO, AT il 45 H [ DBUH]"-[ 0,COCH, ] DMSO ]
WES TR, ALY B BRIRAR B T AR A R h 72 24 &
Bz R (E 6), WEIR T LF4E 25 F IR SR 2%, fli2f

co,

OH
%, o PN ( pmso
%o ¢ (/N 50 C
Cellulose DBU

",
Ko

Cellulose Dissulotion

HEF IR F DMSO 1 Zhang %7 BT €O, 1k
FRAL R, R A S 0 O U 27 4 2 T e A
45 BT SE R H 44. 3 MPa (LT 4R, Li 2558 LT
AR R, DAEORIEEF e 2 0 J5URHR L 27 22 ] 4% -4 2F
PERLFYE, HBNRLF A HABOEGH  SREES R
Rk, 7E LK S B [ v e D i i B2 AT 35 5 95 MPa
Heidari 55" W ZE 1% 58 3 00 AN ) e 5 1) Al ot 27 2
F(FRITECN 10% ) MUK 2748 2 (i 50 4%) ,
M 3o L 275 2253 AR B A G R 1 2R ET 4 (P
BHAEA 1.2 pm) P EARH 500 nm A 4HEF4E

o)

(?'O_DBUH*'
\ o
1

o)
R, =H or >,O‘DBUH*

| Shen

[o}
Mdye R,=H or )I\R
2

Cellulose Ester

Bl 6 CO, T & vh2F 4 2 W7 A AL e LRS- 67

Fig. 6 Derivatization and dissolution mechanism of cellulose in CO, reversible solvent system

CO, AT R R ABPEHH FEF e R BRI A&
B, Yang %' FIFIZAR RS0 T 40T 4 2 gt B A
VLA, IS TE 80 °CTN LA LRI Ay A 3R] AT 45 A U
FE 1.78~2.89 (SR E K, Wolfs 55" L Z R £ 4
g R WAL R i 5 7 AT U B A S PR ZF E 3 . Guo 45
EFZEREALGIA 3,4-ZAF T ERS G T HEH
SEALTEYE FIBT S SRR R I AR W FE AR 2 R -3- (278 R
B NIRME . FLFAER PIRERA L, SF4ERIR G IRER AL
PN, BIANAT S A AV AR oF TR DL R s
45, Xu ZE R CO, BT Rk R T, R DBU i
TG I — R 9 B AR SR N R 4T 4E R
MR TR AEZR . CO, H B Wi Rk R AL BEHEAT
YRR IMBR v, AR & B A RAFPERE VT
HEZBEALATE DS, o, Pei 451 R R R
HFHERMEMAE, A «-4ENERIEITHRE, 55
BUREE N 0.15~2. 04 LT 4ER 2 W LR TR, 127
VeI A B PR B = Ak 72 MPa, W 2K R E ik
26. T% LT Y E Z W 2 TR % . Onwukamike 2517 0] LS
Vil R A SN, AR 3 ) TR S e SR AT 4T 4 3R R 1D R R
FI' P AR AR AG T T B DA JCIBOAR B 5 34 1,59, I

[55, 56]

VS D 5 il 25 B S B = 3k 478 MPa, 24K R 2
H35% . TR F1K 22 MPa (I Bao 251 1)1 IR
PI%E . TR RN LA e 3 Al o il o, A el
135 3 Fher 4 R ik PR R AL AT A W M g5 22 g, T I A
MBI G5 22 R IL Y 22, WO B L 0. 07 Pa -s
f, ATl R DN . TR S RA Y,

53E ¥4k & . DMSO/TBAF, LiCl/DMAc DA K% &
TR MR R AL, CO, AT R R BA A &
ik, AT BFHE = SR CO, SEMRH, [RIFF T ZE s A, A%
SN IAEAR T 258 T 6 B A i 75 1 BB 19 £F 4k R ik
oAy, #E T 28O0 R S il (B T7)
ARk, U ENAMERIFH CO, Rl Ik R & e 4
BRALATAE Y T AT T — 0%, (A4 R AT 4 R IR
MIFRE TR S 52 CO, URBERCHE RN, I HAAEA
ML B R Ak 6] 2 T2 BRI 7= ) 2 [l 8, A it — 2D F
5%, M CO, PIEFEF{A Z8 mT 52 B o] Fi A A 4 o 0% U &1
AR o AL 4L RIS BRI A MBI Ak, XT4F
AR EIn TR A ERE L, RN KRR
FSAE T T il 25 27 2 R R AL AT AR W B AL T LA A s



FLERSE . 2P 4ER AL 747

Co,

DBU

C

UV light
365nm

3.Stretch Film

~ 5¢C D™
g
cllulose

Cellulose Solution

Cellulose Based Material

2. Wet Spining
Cellulose Fibers

1.Esterification

7 CO, Ml RIE R I T RBRIL . OGRS e &%

Fig.7 CO, reversible solvent system used for the preparation of cellulose esterification, fluorescent film and fiber

5 & i&

A RBRACANEL D) T MALGEAE B R 2 B g A A
AWK, BT L AR BRAAT A E AT — ]
BT 22 1) W] 45 ) 5 1956 S . B DMSO/TBAF | LiCl/
DMAc, B 7SI AR &R J2 CO, nl i il ik & 1y %
&, AHERNBRCAIER ARG BB ALY, 4R R
REY RIS AN | PERE W AL, £F 4k R A Wi
PRBE S A AR AN LN T Ay e, 3 T 38 oV VR e
AR5 221075 38 21 4 3 T A AT A 0 o) e A BE A o
IR THET 4R R AW A R 3 B PR RE XS I RE T .
WIS IRAE = 2 T RHEOR SUS AL A, A %
A LBEIINFE , D IREETS 0L, eSS 0 T FR 22
e | BEAR A RR” . fEAFRHUE, a g [#
™ R DA DAy ST AR T A 7 Bl e i R AL (1 S
EARSRUERA AT IR RS S5 HOR B

SE Xt References

[1] LYND L R, CUSHMAN J H, NICHOLS R J, et al. Science[]J],
1991, 251(4999) : 1318-1323.

[2] LYND LR, LASER M S, BRANSBY D, et al. Nature Biotechnology
[J], 2008, 26(2);: 169-172.

[3] HAN X, DING L, TIAN Z, et al. Industrial Crops and Products[J],
2021, 173 114103.

[4] GOPINATH V, KAMATH S M, PRIYADARSHINI S, ef al. Biomedi-
cine & Pharmacotherapy[ J], 2022, 146, 112492.

[5] ZWAWI M. Molecules[]], 2021, 26(2) : 404.

(6] JA&T, HRitk, skifn. hEBE: (2], 2012, 42(5) : 591~
605.
ZHOU ] P, GAN W P, ZHANG L N. Scientia Sinica Chimica[J],
2012, 42(5) ; 591-605.

[7] WANG S, LU A, ZHANG L N. Progress in Polymer Science[]],
2016, 53. 169-206.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

PSR, THE, BB, ALTHERELT], 2015, 34(3) : 767-773.

LUO C C, WANG H, CHEN Y. Chemical Industry and Engineering
Progress[J], 2015, 34(3) . 767-773.

THER, e, RN, S RIET[], 2012, 39(15) : 17-19.
YIN C, WEL X Y, LI J H, et al. Guangdong Chemical Industry[J],
2012, 39(15): 17-19.

Wh—%%, Tfl. FOELSRLI], 2018, 32(19) : 3478-3488.

YAO Y J, WANG H R. Materials Reports[ J], 2018, 32(19) ; 3478-
3488.

HEREHE, L5, BRREN, %5 R TR (1], 2020, 41(10):
332-338.

HONG K J, WANG Q, CHEN J L, et al. Science and Technology of
Food Industry[J], 2020, 41(10) ; 332-338.

BENDAOUD A, KEHRBUSCH R, BARANOV A, et al. Carbohydrate
Polymers[J], 2017, 168; 163-172.

ZHANG J M, CHEN W W, FENG Y, et al. Polymer International
[J1, 2015, 64(8) : 963-970.

ZHANG J M, WU J, YU J, et al. Acta Polymerica SinicalJ ], 2017
(7): 1058-1072.

Made GHRFEMNERLERTID].
2, 2014,

YANG Y L. Synthesis of Cellulose Esters and Properties Study[ D ].

iR R RPN

Xiangtan; Xiangtan University, 2014.

i, F/L, MR, % PR TS T 2], 2008, 24
(6) ; 541-544.

FANG L, WU X L, LIN D Q, et al. Chemical Reaction Engineering
and Technology[ J], 2008, 24(6) : 541-544.

I, W, B TIRERPRILI], 2019, 50(7) : 7035-7039.
JIANG G, YANG M, TANG C. Journal of Functional Materials[J],
2019, 50(7) . 7035-7039.

e, R, CBERRRRILT[T], 2016(4) : 15-31.

SHAN W W, ZHOU Z H. Fine Chemical Industrial Raw Materials &
Intermediates[ ] ], 2016(4) . 15-31.

MALM C J, EMERSON C J, HIAIT G D. Journal of the American
Pharmaceutical Association[ J], 1951, 40(10) ;: 520-525.



748 rh A R a2

[20] REE:, DX, BRAME, % SO FARERSS TRT], 2002 [43] WAHLSTROM R M, SUUMAKKI A. Green Chemistry[J], 2015, 17
(4): 66-68. (2): 694-T714.
SONG LY, MA F G, SHAO Z Q, et al. Polymer Materials Science & [44] ZHOU Y, ZHANG X C, CHENG Y H, et al. Carbohydrate Polymers
Engineering[ J ], 2002(4) ; 66-68. [J], 2022, 286: 119301.

[21] FE#, Bk, R, 45 @ TR =S5 TR, 2020, 36 [45] CHEN M J, LI R M, RUNGE T, et al. ACS Sustainable Chemistry &
(6): 130-135. Engineering[ J ], 2019, 7(20) ; 16971-16978.
TANG Y, HOU D F, TAN H, et al. Polymer Materials Science & En- [46] HIROSE D, KUSUMA S B W, NOMURA S, et al. RSC Advances
gineering[ J ], 2020, 36(6) ; 130-135. [J7, 2019, 9(7) : 4048-4053.

[22] HOUDF, LIUZ Y, ZHOU L, et al. International Journal of Biologi- [47] WANG H H, WEN X X, ZHANG X Q, et al. Molecules[]J], 2017,
cal Macromolecules[ J], 2020, 161; 177-186. 22(9) . 1419.

[23] HOUD F, LIM L, YAN C, et al. Green Chemistry[]J], 2021, 23 [48] KAKKO T, KING A W T, KILPELAINEN 1. Cellulose[J], 2017, 24
(5): 2069-2078. (12) ; 5341-5354.

[24] OSTLUND A, LUNDBERG D, NORDSTIERNA L, et al. Biomacro- [49] CAO Y, LI H Q, ZHANG J. Industrial & Engineering Chemistry Re-
molecules[ J ], 2009, 10(9) : 2401-2407. search[ J ], 2011, 50(13) ; 7808-7814.

[25] HEINZE T, DICKE R, KOSCHELLA A, et al. Macromolecular Chem- [50] WEN X X, WANG H H, WEL Y, et al. Carbohydrate Polymers[J],
istry and Physics[J], 2000, 201(6) ; 627-631. 2017, 168 247-254.

[26] SEOUD O A E, NAWAZ H, AREAS E P G. Molecules[J], 2013, 18 [51] CHEN Z Y, ZHANG J M, XIAO P, et al. ACS Sustainable Chemistry
(1) 1270-1313. & Engineering[ J ], 2018, 6(4) : 4931-4939.

[27] CIACCO G T, LIEBERT T F, FROLLINI E, et al. Cellulose[]], [52] ZHANG Y F, CHEN X, LI LK, et al. ACS Sustainable Chemistry &
2003, 10(2) ; 125-132. Engineering[ 1], 2019, 7(5) : 4975-4982.

[28] LIEBERT T F, HEINZE T J. Biomacromolecules[J], 2001, 2(4): (53] Wiy, Mok, MRS, 55 AL THMbLEILT], 2020, 48(3) : 50-54.
1124-1132. PAN B H, CHEN L, CHEN J, et al. New Chemical Materials[J ],

[29] NAGEL M C V, HEINZE T. Polymer Bulletin[ J], 2010, 65(9): 2020, 48(3): 50-54.
873-881. [54] JESSOP P G, HELDEBRANT D J, LI X W, et al. Nature[]J], 2003,

[30] XU D Q, LI B, COURTNEY T, et al. Cellulose[J], 2011, 18(2): 436(7054) ; 1102.
405-419. [55] CHAI Y, CHENG Q, HUANG C J, et al. Green Chemistry[J],

[31] DUPONT A L. Polymer[]], 2003, 44(15) . 4117-4126. 2020, 22(15) . 4871-4877.

[32] LIWJ, ZHANG F Y, WANG W K, et al. Cellulose[J], 2018, 25 [56] YANG Y L, XIE H B, LIU E H. Green Chemistry[J], 2014, 16(6) :
(9) ; 4955-4968. 3018-3023.

[33] HASSAN M L, MOOREFIELD C N, NEWKOME G R. Macromolecu- [57] ZHANG L H, SHI W T, SHENG H L, et al. Green Chemistry[J],
lar Rapid Communications[ J], 2010, 25(24) ; 1999-2002. 2021, 23(16) ; 5856—5865.

[34] RAMOS L. A, MORGADO D L., EL. SEOUD O A, et al. Cellulose[]J], [58] LIJL, LUS, LIUF, et al. ACS Sustainable Chemistry & Engineering
2011, 18(2) ; 385-392. (1], 2021, 9(13) ; 47444754,

[35] CREPY L, MIRI V, JOLY N, et al. Carbohydrate Polymers[J], [59] HEIDARI M, ONWUKAMIKE K N, GRAU E, et al. Cellulose[]],

[36]

[37

[

[38]

[39]

[40]

[41]

2011, 83(4): 1812-1820.

DUCHATEL-CREPY L, JOLY N, MARTIN P, et al. Carbohydrate
Polymers[ J], 2020, 234. 115912.

SATGE C, GRANET R, VERNEUIL B, et al. Comptes Rendus Chim-
ie[J], 2004, 7(2) . 135-142.

XUY Z, STARK NM, CAIZ Y, et al. International Journal of Poly-
meric Materials and Polymeric Biomaterials[ J ], 2011, 60(14) ; 1152—
1163.

DING J J, LI C G, LIU J, et al. Carbohydrate Polymers[ J], 2017,
157 1785-1793.

TANAKA S, IWATA T, IJI M. ACS Sustainable Chemistry & Engi-
neering[ J ], 2017, 5(2) ; 1485-1493.

KIM H R, NAM B U. Macromolecular Research[]J], 2014, 7(22):
773-781.

SU X X, YAN C M, ZHANG J, et al. Paint & Coatings Industry[ J ],
2020, 50(1); 76-82.

[60]

[o1]

[62]

[63]

[64]

[65]

[66]

2021, 28(11) . 6869—-6880.

YANG Y L, SONG Y C, PENG C, et al. Green Chemistry[ J], 2015,
17(5) . 2758-2763.

WOLFS J, MEIER M A R. Green Chemistry[J], 2021, 23(12):
4410-4420.

GUO Y L, LI L, GUO G, et al. Green Chemistry[J], 2021, 23(6) .
2352-2361.

XU Q, SONG L, ZHANG L, et al. Cellulose[ J], 2018, 25(1); 205—
216.

PEI M, PENG X W, SHEN Y Q, et al. Green Chemistry[ J], 2020,
22(3) . 707-717.

ONWUKAMIKE K N, GRELIER S, GRAU E, et al. ACS Sustainable
Chemistry & Engineering[ J], 2018, 6(7) ; 8826—8835.

BAO X, WANG C H, ZHANG Z Y, et al. Carbohydrate Polymer
Technologies and Applications[ J ], 2021, 2; 100099.

T



