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Evolution of Water Molecular Structure during Moisture Absorption
in Corn Stover Based on Near-infrared Spectroscopy

Xue Junjie' Tian Honggian' Zhao Qi' Gao Hongyan' Wang Rui' Dong Changqing' Wang Jinxing’
(1. College of New Energy, North China Electric Power University, Beijing 102206, China
2. College of Civil and Architectural Engineering, North China University of Science and Technology, Tangshan 063210, China)

Abstract: The microscopic mechanisms and molecular-level changes governing moisture absorption in
crop straw were not fully understood. To clarify the relationship between macroscopic moisture variation
and microscopic water structure, near-infrared ( NIR) spectroscopy was employed to investigate moisture
absorption kinetics and the evolution of water retention forms in corn stover with different particle sizes.
As the particle size was reduced, the specific surface area was increased, the internal pore structure was
reorganized, and capillary condensation was consequently enhanced. As a result, the initial water uptake
rate was accelerated, the time required to reach moisture equilibrium was shortened, and the equilibrium
moisture content was increased. During moisture absorption, the hydrogen-bond network of water
molecules was continuously reorganized. Weakly bound water containing 1 ~ 3 hydrogen bonds was
gradually transformed into larger and more ordered strongly bound water structures characterized by four
hydrogen bonds. Solvation-layer water was not detected during the initial wetting stage but was observed
after 2 h of moisture absorption, mainly because of the hydration of inorganic salt ions. Its proportion was
subsequently reduced as the local ion concentration was diluted by increasing free water. A nonlinear
relationship between particle size and water uptake capacity was also identified. At 25°C and a relative
humidity of 90% , the microporous structure was found to be damaged by excessive grinding, and water
migration pathways were obstructed. In contrast, the most favorable moisture response and greater

hydrogen-bond network stability were observed for corn stover with particle size of 0. 25 ~0. 85 mm. The
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molecular-level mechanism of water structure evolution during moisture absorption was clarified, and a

theoretical basis was provided for safe straw storage, biomass pretreatment optimization, and rapid NIR

moisture detection.

Key words: corn stover; water retention forms; hydrogen-bond network; moisture absorption kinetics;

near-infrared spectroscopy

0 3]

A T A e A0 v P AT R ffe Al I 5 )
DEARR) B 7 XU H bs 52 BRAY B 2R R
T, A AT S — o 20 ™ i, 5 B AT B A LA AR IE I
B EBENL o 1A i B v, RS AT B AL 2 £L A9 25
AT LA ) W E ), by R0 B A A T A Y
M 0 A, S O E KR T Ll i 45 A, B T G
i, I X 47 22 4y VR AE S ¢

R, 35 AT A I 9 i e 3 28 5 8l 25 2 VR BT
WA R s S R X AT gt ok
FHU TR AT S 0T . BRI R B AR R 4
iR SIEE O | G | i Sy DU
R o 5 I, A P A R SO O A, WO R
B B Hh 15 7K R0 R B B, I 301 32 FL B A6 4 K T A
R T T o Bl A2V AT S I AR R 38 R
-7 5 K AR AR O R BE A4 A8 A KL, W Bl g 27
TR O 3E— B 48 7R T WO R Y 2 R B AE T, X
ST SR ATT S R TR IO O A R T, W A AR P T A R
S5 XA BR K o R AR 4R KO E e
DX, 5 R A0t 45 K0 2 JHK L R 3 3 P ek 7, BT o
KR B R IS B AR

R A8 7 R AT WA AT O B LR, E A AT
T JZ T BR T T 7K 0 55 5 A1 4 73 18] B4 AH B A
FATTRN L SR AR RS 2 00 T K A AR
HRE WA EL AR 5K 23 3T B A2 B i A X I
HREROK > T A B AR R S A L BIK 20 )
Y B 19 2% K R | AT AR IR S B B = R ST S Y
it BT

UL LLAMJETE FOARXT & A M (0—H . C—H 4§)
P A 9055 TR AL e JRE IR, R L BE A N E 5 K
AR HURE B R AR K 73 1 SURE M9 2% 19 S5 AR 25, A
1T A 250 4 R i A rp SR S A Al R A . AR
T, Xk G AT Ik 26 52 A A8 Wy oA R 4 I 3 e A R
KA 7R K 53 W AF B 25 BE ) 0 e Ak Bk AR, BT
b, AR SCLL KRS AT SR B 58 % 4, SR T L 21 50Ot 1
HoR B 5w W R BN I TT 5 R GR 9T BOKFG
iz W o A v 5 K R K T B I 4 4 A Y B TR
A AE RLAEL, B 15 K 5 1 54 )2 1 R AL X A
AR AL BE A9 DGR, O R FF 2 2 il A7 S s 28OR

il

AL IR el
1 #¥575%

L6
A5 356 B F KA AT R 0 58 6 52, 6 8RR
WAL A B 5, SR FH b o O 0 23 th 6 AN L AR AR R
0.15.0.18.0.25.0.425 0. 85 .2 mm, it £5 £ i 55 &
JE T UK AR AT L 4G S e se e il i
1.2 EXRBEHEKEMNERE

%% H F AR e GB/T 28733—2012( [# {4 4 ¥y &
FRBEA K 30 3 T 5 ), SR 105 °C -1 2k I oK
Fli FEAE ot ) 55 7K 38, AN O R 28 B0 R 0 ) A 72 11
H P KUHE AR (RR X, 7895 101 — AB) | I B 5 LN

1.1

10 ~250°C A HF R0 0. 1°C , FKRITHE A
%7[21
my —m,
S = x 100 % (1)
m,

A S—FKE, %

m,—— TR BT i, g

m,—— TR B, g
1.3 EARBEFHERBELE

AT 5T KA R A W T8 S 6 R P e R A YR A
MR, B BRI R

(1) WEFFREL(1.000 +0.005) g [IFE S, Y75
FHTEEREN 9 cm MILESIEFRILT , B L) 1 mm
JE R DUAR IR R RS FEAE IR 35 50

(2) 35 77 ML B A F0 3% Sk 25°C A X i B2
90% HYPEIRTEIRAR o A B 2] (¢ = 0) FF 1, 4%
9 5 B[] 1] g (0. 16 ,0.83 ,1.5.2.3.4.3.5.3.6.3,
8.3.10.3 .27 h) Pl B iR AE 5, 45 2R A AR 11
Ao BWHC S 57 BE R R FR Il sk i T
e, T R e e A Ak 2k O

(3) 3% 2 P IR WKW 5 FR & 228 £k /N F 0. 005 g
A, A0 Ay 3k 3 O - A
1.4 EXRBEHEMEERESRERE

RAE K FE AR S O T RO, R M
Micro NIRS 1700 # {5 #5 203r 21 48 A 3% X, S 3% 75 [
908 ~ 1676 nm KA [a] i 8 B 2210 B A o DACTE IR
T AR B 5 T Sk b, 37 B AE 3R T
AT OCIE I, B I B 20 R S 00 6 3 3 R A2
4 R, VA FE S OR B S PR R 1 1% 225 0 B AN i



%21

BERAN 45 HET AT LLAM G A 5 KA AT W 2 72 7K 23 1 45 4 18 A8 ML F 50 153

W RTE 30 s N SERL, LA A 5 Ah B ER S A A B
YER o B4 2 i A7 i 0] Be A [ kL AR 1 Ot 3 3t
264 &1

Sh T R UL S5 RE S RIPR 5 IR iR 22 R
SCRFH 9 16 3% 11 Ak B0 7 32k Oy K A I AT Savitzky —
Golay V-3 4b B, LA 25 2% B Bt 42 B2 7% 1 Bl AL IR 75
FIA Origin 4k} Peak Analyzer £ 3k 3k 47 /3 W A4k 3
R T PR AR (2 X B UE LS I R =0.95,
PT84 2% oK ) |, 38 5 HE e M fe /s — 3R U5 ik BT
A AR T A IR TEAE ST

2 HFRE5IHR

2.1 EXBERHERBRHAZESNT

15 25°C HXFIRE 90% 1) = i A5 T ,6 SR
[F) 4045 (0. 15.0.18.,0.25,0.425.0.85.2 mm) £ K
TRAT 1R A2 382 30 2 pil DR o 2 B L TR 1 PR |-
Fh—22 18 #4357 S RARAE (& 1), AR i
AR AL, AR I I AR R 2> S P B B BT S h
Sy PR W R B B, R AT K o BB O W 3 R i
RE R 55 ~ 27 h O S48 - 15 Bir B, B AF K
R W W] S 2%, BRI R OK S AE R A N Y 4
g 7 HE B 5 A PR 22 ) Bh 25 OF- g (s

30F
o —n
< st //./——"‘
% g
41 2 mm
201 / 0.85 mm
y 0.425 mm
; 0.25 mm
15+ 0.18 mm
{ 0.15 mm

0 5 10 15 20 25 30
it ]/
NS PR

Fig.1 Moisture absorption kinetic curves
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