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Effect of Low-Temperature NaOH Pretreatment on the Porous Structure of
Populus tomentosa Wood Cell Walls
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Abstract: To address the issue that the compact cell walls and low porosity of natural wood limit its
functional applications, poplar (Populus tomentosa) wood was subjected to swelling treatment with a
low-temperature NaOH aqueous solution, combined with supercritical drying to achieve in situ pore
formation within the wood cell walls, thereby tailoring the porous structure of the wood cell walls and
enhancing their specific surface area. The microstructure and chemical composition of the treated wood
were characterized by the scanning electron microscopy (SEM), Fourier transform infrared (FTIR)
spectroscopy, and "*C nuclear magnetic resonance (NMR) spectroscopy. The nitrogen adsorption method

was used to investigate the evolution of the porous structure of wood cell walls with the treated time. The
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effects of in situ pore formation in wood cell walls on their hygroscopicity and permeability were
explored using dynamic vapor sorption (DVS) and capillary rise method. The results showed that the low-
temperature NaOH treatment induced pronounced swelling of the wood cell walls, resulting in a doubled
cell wall thickness, and the formation of numerous mesopores with the diameter ranging from 3 to 10 nm.
Both the cumulative pore volume and the specific surface area showed a trend of first increasing and then
decreasing with prolonged treatment time. The specific surface area and cumulative pore volume of the
18-h-treated wood reached peak values of 110.14 m?*/g and 0.22 cm?/g, respectively, approximately 72
and 44 times those of untreated wood. Moreover, the low-temperature NaOH-treated wood showed a
significant improvement in hygroscopicity and liquid permeability over the untreated wood. This study
employed a low-cost green solvent pretreatment to achieve in situ pore formation in domestic fast-
growing poplar wood cell walls and enhanced their accessibility, providing new insights for regulating
the nanostructure of wood cell walls and advancing their functional applications.

Key words: Populus tomentosa wood; low-temperature NaOH pretreatment; wood cell wall; porous

structure; accessibility

RIHE N — T L 2 LA RE, B INZE
VLI 1 2 RALBREE R, X B FLBR S5 AR
A OSP34 ) oA i P 3 T DA K ok
PEFRE 2 5 B3 B2 BRI, RARAH 4i i
BERUONEUE, FLBR S5 M A B 4% Ho 2y A A 3,
BEL 1) 77 A 44 i B (1 RT R M K eUPE R 8 05 5 8
S)Ar AT, TAL BE R VR AR R A R BE LR 45 4
Tt Thae M o R AR I 07 B,
FH B ToAL B U7 v EAFE Y IE L AR AR
= Hop, (SRR R B b A AL R 4 KM
(I4k 2 20 5 T FLBR A5 ), LE AHMA 20 i B vh )3 K
&AL AL, 2N 5 S D e A e e AR B
%A% T IE 8 R0 S B AT R, S EALRE A T
A BT R AR S AR IR A R A A
L R A A R . st JEH M4
WEMHB, ZREEMNZRE. R, ¥k
B A7 AR A . IR BR A A A, Rk
A W B R FE— FP K A H 4% €0 B8 R 1 Ak B 5 v
o A A 4 B FL B 5 AL AT RO 4

NaOH 7K & AE R —FPIK A HAH XS BRI A U
ML EIET, EARRAgERMFETHAE S BH R
EH . WHFRRY], R HON 6%~10% ) NaOH
IKIERAEARIR T (—10~4 °C) ] LB 4T 4E K 5
THEZ (A EUsE, M K 1820 W il 24 4 R0
Chen %57 3 F A% J5 NaOH ¥ i i &b 22 42 K
(Ochroma lagopus) , 3V K A AL 4 o B v 2F 4k

RN 2 g5 a8 I TR T7%, S i BE 1
JRAriEfL. 5% NaOH AL B LF4E AR, BT A
4 £ B o 5 5 o A R R E BRI R, (RIR
NaOH ¥ WX B WA 2T 22 33047 45 B 908 JIK 0 F 15 A
TXAP AR LT 22 (1) PRV K AE AR 40 i B vh B3 1
BIANFLEE I, AEEM R TR A S 204 mYg CN
RIRAKM )26 15D, TEFETH T A 4H i BE X 24
PEFI IS 987 (8], HARHM D ReAb et R 3Rt 7 )
AT REWL, H ARG NaOH FAL B 2T+
AR5 33 1 () A 50 AN R PR T 400 it B s X R R
T R 4 L B L (10 B 7 Tl A b A o ) P 2 Ry ik
Z o BORYNMUEERE, NaOH AW S 140 i B
i 52 3] 11 5 KA L0 SRAE OB /0N s T 0 T 400 i B A R
IARM, NaOH VT B, 55 LK A0 BE A AL
SER I TE AT e 2 BB SR S5 M 200, e AR
(1) £ B BE i K R S s LR AP R 2 57, BRI
W FEAH AT 5T

BT, A TR A TR NaOH /K % /00T [ ™
HAMMAEEAY (Populus tomentosa) ARAFHEAT
e AL B, I &5 G b I T 5 0 2k SE I A 4
BER) ARG L, T A GH M EE ] S . BRI
T NaOH Ab XS AR £4H i BE F IR 485 44 FN Ak 2% 2H s 11
SO, PR A 2 B LR 45 4% i A B B ) (1) 38
AR, I g AT AR 2 L B 5 A R A 0 IR
WE 5B EIEREm,  DUH 9 R b 48 i BE 44 K 45
R S LD Re A B FH B L H S8 B



54 1

SK/ANT3 A AR NaOH HiAk B B M ACAA 2 HLRE £LBR 45 44 B 5 00 39

1 #REE%
1.1 5K

EHEM (Populus tomentosa) : MW, HIUEH
IKELIN12%, ST %R 0.53 glem®, 535l il 4%
AL R ~F 29 10 mmx10 mmx10 mm A 8 mmx=3 mmx
50 mm (AR [ x5% )<l AL %

R SEALE (NaOH) . 4FFE. £ TK
s, BIANE
1.2 RIS

IR TEIEAS . BIG A CORARA UL . 37 & it
BB e RS R
T AR B LR A3 A AN 3l 28 7K 28 S MBI 43 A A3
B FAZ LR
1.3 Ik

KL EHRIRARM (natural wood, NW) FE
R TA4CERT/KTHFE24h, FEERKREFFEER
£ —6°C. JAmECN 7% I NaOH ¥+, Ab#E
AEEE (6 hy 12 hy 18 hy 24 h) U7, kb P J5
ZETRKRE MR EERE P, ZBRRE
2y B R R BN 0 53 B0 99.5% I L
W B 48 h, KB E T IR COo,
TARZERC 1% 8 h, FRIFKIE NaOH AL FE AT,
FIKE N 1%~3%.
1.4 {EEERAE
1.4.1  EREARMALAR A UESAE B A
Ji, AR ARFEAE 120 C R 8 h, KRAELRE
AR LB E 2 B ASORE IRE 1) L B &5 44 147 3R AIE
#R¥EBET (Brunauer-Emmett-Teller) Wit B AFA
MAFE LR A, Jf 454 BIH (Barrett-Joyner-
Halenda) VE4- WM RHIFLEE 4. BHEHRER
AR 3 AR
1.4.2  WFHR S B

D AR SR IE . B AL EERT A AR AR
FERIF B 1 40~60 H AR % FH . 2] GB/T 2677.10
—1995 CGEAVFERIZRA 4R S EMNE) T 25
RS E, S GB/T 744—2004 (45K Pt
M EY ME o-AFHhRSE: WRIBESEAERS o
ARG ERITELAHERSE; SR GB/T2677.8
—1994 CGEAVSE R ABARZR S 200 E) W E
EAAARRE S8, SHBEE R E R 3 MR

2) BReH M. R R AR A A ik
A0, 1EFEIR A IR R S IR NaOH A4b 2 Fi J5 A
PRFEEA TS, B 4 000~400 cm, 4y
PR N4 em’!, HI32K.

3) B REILIR T B AL EE T S A AR AL R
FERIF B i 60~100 H AR 2 H o AR AZ LR 53
#r (CP/MAS “C NMR) i &% I #ii & 52 400M i
SERESIRACGHATINGE o BREERE TR 4 mm AL ES
e, R SR A8 XA K AR R, VTG
B892 ms, WEIREFAIASs, #7410 kHz.

143 MR Joxd e 2 1 it 47 ms 4 4k
HE, PR R Ak B A i AR I OW 35
AT W% . 8 Id Image J 3044 XK IR NaOH 4b 2 /i
Je GRE P A B JE R AT 8 0 o T

144 BFEENK  SRAHB4E AR HE
BTG RFERB M . KRS8 8 mmx3 mmx50 mm
(AR )< B 1)<l 1))« A [7) Ak 33 B 1) P X SR FH b
AT B LR R B, S8 & 8 R [ 7R
A — s B, ORIE R o 10 ] DA [R] B 2 i 3 R 7 ViR
o BERRAL OB, SR SR KRR TR T B R
LA 25 88 K AT Gt 2R i i T 422 find 2
GV T B FF AR R, G0 Sk PRI T R AR A
(RO B o R ZH A EE A 3 N

145 FAKERERBHNE RHZNEKE
AR PRSI 58 BRRE B K ZE SR - R TR S IR 2R . B
30 mg [ A A A RAE BONFE S AL, R A R
(relative humidity, RH) A0%-. & 5E N 25 °CHI%
PERBAT P AT AL B, RIS TR E. BEEEMh
T JEAT WP 5 00 B < TR B B B RHL EH 0% F+ &2
90%, HIGHLEE N 10%, B 90% 15 42 95%; it b
BB, RHH 95% [% % 90%, i 90% ifif £ 0%,
AR N 10%. 24 10 min P AL 5 B 2846 /N T
0.002% BIiA N FEAE % RH N ik 318 /K R P14,
HET AT RH 2R — 22 BOE A7 I

2 HR5%H
2.1 FLBRZE

R FH S B S IR NaOH T AL BEAH 1L
BREE M HEAT RAE, AN [F) T A B R P 20 B -
Bl 2R Pl 1a BT



40 AMt R EEA

40

160 @

R E/ (cm?-g")

00 02 04 06 08 1.0
3 B 77 (P/P,)

18h, (c)

0.20
12h 24h

0.151

0.051

Eial A/ (em’-g )

NW

0.004 eccoman : : :
0 20 40 60 80 100
L4 /nm

~ 0.025

£
£ 0.0201

1 10 100
FL42/nm

1201 (d)
100+ a _I_ +

b
401
201
IS

ONW) 6 12 18 24
AL Bl /h

bR EAR/ (m?2-g)

1 K& NaOH T4 32 /5 E B AR BN FLIREEH

Fig.1 Porous structure of Populus tomentosa wood samples before and after low-temperature NaOH pretreatment
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Fig.2 Chemical composition of Populus tomentosa wood samples before and after low-temperature NaOH pretreatment

FRARAAE F 18 h T4k BEA A B ) C [ 44 4%
MRS, B3 AR, H5RIAKMAL, 18h
WAL AR A 4ERRAG S1E (C1~C6) MAJTER
()75 B30 b AR FE (—OCH,) BRA5 5 g5 5 T W
B, We=172.7 213 IHE T4kt 2
T 25 (1% B3 ok AR FR K f1 i £ 5 W ot R I 35 PR IR0,
IR R A Bk A 2 o A AR A A
AN R &, 3 — PR IR IE NaOH TRAL 21
AR BB A IR oy AR e R, T AR 4R
FUAR R 2R BN

C2,C3,C5

[ RAAM
111 8h i 4k 3 A

180 160 140 120 100 80 60 40 20
(=R 2
B3 RAKRMFEIE NaOH TSR 18 h A AR
[E] A A B A e [
Fig.3 The solid-state CP/MAS “C NMR spectra of NW
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Fig.5 Effect of low-temperature NaOH pretreatment on Populus tomentosa wood permeability and hygroscopicity
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