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Fig. 1 Orientation of cellulose molecular chains with or without chemical crosslinking under hydrogen-bond shielding.
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Fig. 2 External field-driven orientation of cross—linked cellulose molecular chains.
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Fig. 3 Functional applications of aligned regenerated cellulose materials.



6 T

Fok

3.3 YRR

B[] g KB T 2 AL L ) S AR PR A8 5 HE
or ' SRR, RENS 3 PR AL S R T i e
2, NEERE S RE AT T H &L, F
F 715 A B 35 A SR B g oK od i, A
WA R ES T AT IS B AT N, R VR EE Jy 1)
RAERRITE, AR ERRS RS T
S v JEAL SR P KRR 2, A e U BRI AR
HIRIK BN T BEORAR R Je B ZE R (B & RE), A
SR O TN FRR B R R AL 1B SR g 303943-43),

AL, B R 2R 4R RHEAE OL R I B4 s 22 4L
N5 8 VR AR, AT AR TR RE S
FH, SEILAUAR I BRI S . % IRARLRE S S
IR NI, T HE I ik 22 S5 07 r Ak A%
A, AT SEBU AR B AL TR AR TE A SR A
5 1S Do,

ML) EHIE T bR
N B IR MR 251 T, IRZERAI R DL K
FEAT RS B IK 2 5] A @ S5 s it S 5 1
RN TR, a3 I ™ A 2 FL e R AR K
s TR e .
34 EYIXE

TEAEWR 2240, BN m) 45 A A () P B
AT AT N B B A SER . BA
SE RO RS 35 1R AR 21 4E 3 IR R T, BB 4K
TREHO T SR 20 Hf &0 2 o 1 % 1) e PR PO B AR AIE . 1K
TR SRR MR R AR5 T A 4RO, O LA
MRS RE AT 7] 58 DR B TR S G .

BRIk, ZEMRHEZIMaiEE . WINHZ
A A P [ 2B K ) R AR IR 2 B 3
JEILH B K B PR 77 . 24 A2 A0 ) 32 B 0
ET: EESRNBEHIAE T, TSl ef 4k
FIRL A R 5o AR R NG R 2 R A 3K
ULHC. bAb, AR BRI FEMRAT o ST LE
P RIE RN, A 1 B KA B T fe RGuk
AL
3.5 SIFERERF

BEXT AR LT YER PR — I 25 ) 2 1t REAS 2
DA K - i) [R] 4 6 K £ 38 A% a7 T 1) J=y PR, 8
i 22 R RPN Al M T 5 5 B 4
BeEE, T DAG KRR A2 = T B 2R AE J
.

— 71T, TR r] i B A R A 2 XU Bk SR S

e, FTEBE A REERSUE > THNA)T
HeH, BRI I B B 4T R T 0 R E
RAEASZ, I ] £ HA v 3 5 (7.98 MPa) 5
I (2.08 MI/m®) HX [r) 41 4 2 7K B iRS),  7s b 4%
If1) [ 14 XoF [ 4H.(0.45 MPa; 0.23 MJ/m?3)B7), iZ 1
b hREEEESAYE R, S5MES
] 5 T RBCEA L, A RMOCIR T TSR
PEGREE, 753 3 2 sk s W R AR AR
290 (5% 7 253 MPa; 41.1 MJ/m®) 55 £ 4827 (5 &
263 MPa; 80.4 MI/m?, 1% fig B 5 410 T 3E 58 IR 41 4
f£) 305 MPa; 18.5 MJ/m?), M i A2 /& 1 fit o2
TR AT, EE g2 LS, JET
BERIEA RN 1%, WA REIK T
FRAb R A, TR R B R B
FAU, AL R FE B T 2 R R 1) 5.6 £, I
T HAR R I S R e 5 R kR T, TESR
IR 2 A R R I S A T B AR I B
K]

AR B T I = R
VR 28 A6 SRS 7 A oA T A 38 48 1) 3 el (e
Rk o), BARRm %M T ol iR R i A2
AT NI G5 DL e 1) 745 58 Tk P 245 151 5 P 1) s e 4
Hil, ATHR IR ) 2 FORUASEAN B FH R 0o B R B
3.6 SMERRREIAEXTE AL SRR

GRS 5| NIRRT T AL 24k
S & e ST Rg, (HAESEBR TR R AL 72
o G IR DR IS A Ha SR AN ) B
39350 AT e R B 1) D) 8% [14) 45 KA s ot 5 12 3 ik
BAR S, {ERBABET, KT oBAggix
MBI EAR I R (R U5, 3R 5| A 45 T K %
I IREN NI gE s sh, SEMEHE %, ot
AT T A% 1) S MR AR R A N T ) 5 L 2k
%y KIAIER B A 2 (RAT L4 2008 B R A 34
APEME, LTI RE T RHE AT AN B H A 7 )
AR R B VCEC I 7 S LU A miRg
SAMRG TG R I B R NS, e
B30 S PR IR 7 W B A DA R S B 4% A
R IbAh, KIHBAE RS E e 225
AT 4 Y S A S R i R, sk
WMRLAET 5 R

DRI, AR 50 5 AE 4R RE AR L )
DhRes e S at -, 3 bR A R E KB
WL~ TSR A S DA R B2 B G I 4 ) i 5 5



VFIRUASE: B/ RAE R A AR L 4E AR I B 4% . SRAE S PR BEAL AT T it fe 7

W, T RS TE AR A7 4E 2 M R 5 2% 3 2R3
Berb A R A AR A A s SRR E Mk S R AT
Eu
4  FI2 R ARH B BRI S5 A9 7
w5t

2R R 0 P AR R I R A B S R
Je ek I A AR [ S W N A 3, R L e
P25 EHENE T RO 25 0 1A P R BE 5 2 77 43 A
RE ARG R R i 5 v B R BRI
REJJRRK, HSZ BR T Bk (AL B 5 A 7™ 567 B A
v B SR, X DA SIS AR A Sl 6 A 5 AR
RERESE. SR . X —Hki, FIHE
T & UGB TCA . S B HER S,
BT —F G S- MM TR R, 8
i 3 A L R AR W PR AR (B JJ/AHAR) S 5 FE (%
FEE /8 ) S Am AR R M (I m] 5, K V72 ) D 1
PN B E A 5 0 AT o FREMERPIRAS
J L7135 55 nT ARG B, SEBI T 0 £ 4 2 1)
% K IR A RE A JEA I I (] 4).
4.1 HEMER5RE

iz 2 A 9 T R A 2R () AR A R AT AR
WEE A3 3 AT AU RETHE J Y3 HE ) 2 FE 1)
KEIRG. fEWFH 7 5B TT I, FH
C—N. C=0 %5 E B e [+ 2 0& 11 F5 8UFF 7+
P, R T ARG S AE AN LLIX 3 [ 57 e Al Bl ik

&
Stacking density

)

Ionic crosslinking

S A IR, DS T AR RS
MOREA L 4 SR L AP AT R R S B8 1 A8 BRI
&S TR RS, BRI T A8 BRRITE S A4
R 3 AR AIERO3048), FE AN AL 5 I N3 J1 507
[, HeT RN ARG EREA R ER, R T
I IA) oy HER A SR S A IR AR, BERE S
PR - AR AR, 25 B RS0 Je Al KR 1 {4
1 R B REREB. AN, BT e TS e ) R AR
BYIBRLEN, ISR 2 E S R S Y R R
WEERIG M OGRS T 23 (A HERD) 5 20 A7 U
J7iE, KSHERRAT T S Sh A A ML) BT MR s
AT R POV AL BSR P J5 AR AR5 3041521,
4.2 RiRhi2

b SHARFIH T 448255 T 89R3) 77 )
5 NSO J7 17 2 [0 e B R S N, N
PR ) e Fe e i 1 E AL . I RS
WIS CHRIWIRTT ), R G B BURGEA
[F i A P R IR fm L, B REE At 4 T
B RHEA B . S 4h, R AR EAS H
IR 25, AT AGerh5 A R e VAN AR 4E R
WA, NI A4 Z MR T2 se e
#ﬁf”ﬁ[ﬂ,}l].
43 HSIEN

$7 S RFAE VAL I N RS 2 38 7 A RHROW 7
AR LB R R FEHOVLE 1 RBARE, B
o T RE A 7 M DA B 32 v AL R AIE (1) 1 8t

<\
/

L

N

Regeneration

Intensity

/ﬁ m Frequency

Chemical crosslinking

Polarized Raman

%

o O

o § ?~J \\ °
Peak ‘\ o T—c ;rf .
position ;—1 = ? (>

Dynamic release

TN
. / \ ' X

Chain deformation

= ;”;»';;_“‘;75
rientation

Fig. 4 Raman imaging-guided microstructural analysis and design of regenerated cellulose materials.
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Abstract High-performance regenerated cellulose materials rely on the precise regulation of aggregate structures,
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particularly the long-range ordered alignment of molecular chains. However, conventional regeneration is generally
hindered by cellulose chains’ strong tendency toward disordered aggregation, making it difficult to achieve
directional assembly of microstructures. The alkali/urea aqueous system provides an ideal precursor for alignment
via dynamic inclusion complexes, enabling the low-temperature non-derivatizing dissolution of cellulose and
thereby offering an ideal homogeneous precursor for the construction of ordered structures. Recently, an “oriented
crosslinked network” strategy has been established based on this system under hydrogen-bond shielding. In this
strategy, cellulose chains remain dissolved via dynamic inclusion complexes, while intra- and intermolecular
hydrogen-bond interactions are temporarily screened. Chemical crosslinking is then used to construct a covalent
topological network, transforming the deformation mechanism from the random motion of individual chains to
the cooperative deformation of the network. Subsequently, external fields are employed to induce orientation,
followed by the permanent locking of the aligned structure via hydrogen bond reconstruction triggered by the
dissociation of inclusion complexes. This review summarizes the mechanisms by which crosslinked network
topology regulates molecular-chain conformation and discusses orientation-induction methods, including flow
fields, mechanical stretching, and microfluidic techniques. Particular emphasis is placed on how highly oriented
structures can overcome the strength—toughness trade-off and improve functional properties. In addition, recent
advances in micro-Raman imaging for in situ characterization of multiscale orientation distribution and microscopic
stress transfer are highlighted, underscoring its unique advantages in elucidating structure-property relationships.
Finally, future prospects in this field are discussed.

Keywords Cellulose; Alkali/urea system; Crosslinked network orientation; Raman imaging; High performance



