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FABRICATION AND PERFORMANCE EVALUATION
OF BINDER-FREE STRAW FIBERBOARD

ABSTRACT

Straw, as a common agricultural byproduct, has a huge annual output. However,
in China, straw i1s burned or discarded, resulting in resource waste and
environmental pollution. Developing a non adhesive straw based fiberboard based
on environmental protection concepts, using self-adhesive preparation to avoid
harmful adhesives widely used in traditional plywood, while improving the
mechanical properties and water resistance of the board. To address the hazards
associated with the use of traditional adhesives, this study employed low melting
solvent (DES) treatment, freeze activation treatment, and lignin modification
treatment to modify the surface of straw fibers. Different non adhesive straw
based fiber boards were prepared, and the modified straw fiber boards were
characterized using instruments such as scanning electron microscopy, Fourier
transform infrared spectroscopy, and computer-controlled electronic universal
testing machine to investigate their physical and chemical properties. Obtained
some conclusions:

(1) The activation treatment using DES enhanced the hydrogen bond network,
promoting the self-adhesion capability of the fibers and enabling the preparation

of adhesive-free straw fiberboard. Mechanical performance testing and surface
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chemical group analysis revealed that DES-treated straw fibers, under optimized
hot-pressing conditions (180°C, 40% moisture content), exhibited significantly
improved mechanical properties. Specifically, the tensile strength, flexural
strength, and internal bonding strength of the fiberboard reached 6.7 MPa, 13.5
MPa, and 0.15 MPa, representing increases of 224%, 320%, and 280%,
respectively, compared to untreated fiberboards. These findings indicate that DES
modification significantly enhances the exposure of hydroxyl (-OH) groups on
the fiber surface, strengthens the hydrogen bond network, and ultimately
improves the mechanical properties of the fiberboard.

(2) The freeze activation method, involving low-temperature freezing (-15°C, 1 h)
combined with a composite activator consisting of urea and polyethylene glycol,
was employed to fabricate adhesive-free straw-based fiberboards with superior
mechanical properties. Mechanical testing results demonstrated that the
fiberboard exhibited optimal performance when the activator content was 20%,
achieving a tensile strength of 8.25 MPa, flexural strength of 18.46 MPa, internal
bonding strength of 0.23 MPa, and a contact angle of 82.37°. SEM and XRD
analyses revealed that the freeze activation treatment increased the enrichment of
SiO:2 on the fiber surface and improved the crystallinity of cellulose, thereby
enhancing the mechanical stability of the fiberboard. The use of the activator
facilitated the directional arrangement of hydroxyl groups on the fiber surface,
strengthening hydrogen bonds and van der Waals forces. The modification of fiber
surface structure and chemical composition further enhanced the mechanical

strength of the fiberboard.
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(3) The lignin modification method involved hydrophobic treatment of modified
lignin and surface crosslinking of the fibers, resulting in adhesive-free straw-
based fiberboards with excellent mechanical properties and water resistance that
met national standards. Through mechanical testing, the optimal experimental
conditions for fiberboard fabrication were determined. When the modified lignin
activator was added at 40%, the tensile strength, flexural strength, and internal
bonding strength of the fiberboard reached 11.8 MPa, 25 MPa, and 0.32 MPa,
respectively. Water resistance testing showed that the water absorption rate and
thickness swelling rate of the fiberboard were 20% and 8%, respectively, fully
meeting the national standard for outdoor panel applications. FTIR and XPS
analyses indicated that the introduction of lignin reduced the hydrophilic
functional groups (-OH and C=0) on the fiber surface while increasing the content
of C-H bonds, thereby improving the hydrophobicity and interfacial bonding
strength of the fiberboard. Consequently, the mechanical properties and water
resistance of the fiberboard were further enhanced compared to those obtained
through the freeze activation method.
KAN Chenguang(Material and Chemical)
Supervised by RUAN Fangtao
KEY WORDS: adhesive-free fiberboard, DES surface modification, freeze

activation method, modified lignin, mechanical properties, water resistance.
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Fig. 1-1 Application fields of non adhesive fiber board
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ehdeim A B A, & 1-5 SR URBER R BT R . XA IR R AN R
6



TRCTRER 2 S

B AR P SR N T SN AL, TR R KRR EVEE. MR
REER LT ERGR R AFHIR LR, IR HI AR, 70 T B IR ARTUR RS 6.

Wood Fiber i
, CH
1:!5 s NI CHO O0CH:
M

|
' OCH: 0
I_ O A OCH:
Cellulose
0

Hemicellulose Lignin breakdown Lignin monomer CH:0 !
= Lignin polymer free radical o

Lignin polymerization

& 1-5 I SIHLEE, ik [ B AT

Fig. 1-5 Simplify the reaction mechanism and describe free radical polymerization

A I AR AL B A A S A R R o 2R 2 4 3 A9 B S E RS AL A5 7 AR A B ) R
AN, FENRARBR, P4, ~PLr4ER IRRIE S B AL & RO -

1.5 REMARBENREAR

1.5. 1 REHARENX

FEA PR H 25 AN I8 SRS FHIG HE H A RIS R, 8 R AE RS RN JE R A
TR e — 15 S TR 3o (ELTHEN . AIAER S T AW B AR S AR R R, K
B AR AR AR 3 1) B RS 43, B BRI T R AR S S K. 23
PSR ) s, NATTR AR HERR A TR CAE DG R 2R (R A B g, R BIA S
FEGRE G BR A SEIUAMY P 7P ) S E AR AR CRA R A2 77, 4R T 4
RIRITE MRS AU A FEAT DR L YR & AT AR, A O AR MR
B 77, B AT Y S MAE AL Gl 5 KRG 7, A EE IS Y e gy . DRIt
BV TR R — PTG ET YRR A KB AL G I ] 2%, TE T 46 = Ve RE RS FT 21 4 AR A4
(YRI5 4T 4 P iRt 7 P B A TG R 4T AT 50 R 8 s
1.5. 2 REHARAE

AU G LNV R P PREFT N R, FE T30 50 B A S SR A1 4 gy AT F S5 A JR G 71
I T2 2 235 1 2 S A DATE R I 4% 5 A O 90 S, T R B AR 3 F1 2 P
RAFRI K PE . ToAE SRR 45 R B MR B REAT 4T 4t . BARTF AN BT -

(1) 25 TR FlE 71 (DES )& A2 ) 45 Jo IR R AT 27 4 b S Fo M REE 72

W 70 AL E A B R 1] 5% DES I RS FFEF 4R35 AL R R 5o m, 38 R 4% #UE 2 50fn
B B B B oK 380 A AERR P Re b AT M, 20 i I R R S 4. SKERESHL
WiEREFT 4T 4E DES WEAb A T2, K SEM. {# B2 He 2T 41 . XPS. Ffih il
AN A HERESEM 7%, W DES SRR A4 sema i, VPR B RS L
pLiE

()BT R Z AN PEG ¥ VR TG 10 2 T C50 I X6 21 4EAR M 1) 52

WA BINIRZEF PEG TENTEAT, F45 A RIRA R BRI R B HAR, SRR —

7
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T B ) T B AS AT LT AE R 1) 45 D70, X T AR AT PR REMIGE, Ut HY S ) TRUAL 2
WEAGTIREE , ARG RIS S, 18 PR TG A £ 2R 4EROM IO AL B T2 % LR 7K
PEREMOH AL, UMV UR TG LA BRET AERROR (K B fid f AT Bl i >RA) SEML, i B I AZ
BAM G . XPS. HEfil A E AN A A VERESEINATT %, WUV UR R AL AL PR AT AERR 1)
PEREAR L L .

(3)WFT DES St A5 3R ISR 2 4ERRAA 7721k BEATR /K 4k R B2 i

W7 DES elPEAR T 200 T A A LR 4EROM Ja 2 PERESRTH I IKIS2 N, AR5 300 T2 4k
RAA ERREAER], TTUMENRIRK &7 DES Sk Bb A AR5 3R RE 6 3H 78 2 A
FREFgeh AR b, IF S REE A AR R R AESCHR, ARBGRAE N R G777 K eletEA
R GIAREAT P4 rp, 3t D A AT SP4ERR K JT A R R . SR TT SOV EA o 23S Ioxt 21 4R
EREPEREMITZI, RIS BEIZIK < WRK A AR B i A S TN AR B 5 e ORI 32
RACLE; WL AT A RS TSI, R E AR S R K T A R RE s BT SEM AT
ZLAN IR B IPHT S5 SR i 0 21 4ERRAS 77 22 P REAN IR K R BE IR AR TE, &gl A
CACPE Ao 20 R AN B RIS A R AR o 3R 5 A TR T £ 48 3 MR o 3R S N (L

(TR L

| hEEETERE
. | |
NaOH DES ‘ P ‘Eﬁz:vﬁ R ‘ 3 ‘ ASE DES ‘ 3
| fstamidmett | 0 [ kst | [ mmE et ]
sk | ] EEREsRmak | | sOuREE R A |
HOOET A U TE ‘ ‘ LT AR B i 520 ‘ HEBUM PERERE )

R ‘
. KA

Tl AT MR
1 I I
e et (FTIRXPS/SEMY || Tl A HLE 5 (FTIR/XPS/SEM/XRD/ [ SR frbLE e (FTIR/XPS/SEMY | |
J1EE AR A ) AR A A7) JIEERE AR

Kl 1-6 BoR B2k E
Fig. 1-6 Technical Roadmap
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F2E mdy

2.1 sEEu[ERANR 57

ARV SCS 6 i FH 2 2 1 JEURMAT ) I 2-1
R 2-1 LI JFURAT R
Table 2-1 Experimental Raw Materials and Reagents

JEUR} G 44 AR - B G
[EEARIE 0.5-1 mm EREIFBRATIN L
A et i AR R A
FALHET Irirat bR AR PR A 7]
HIR KRG orfrat FHEE MR IR A
PRER orfrat FHEE MR IR A
RO_FE 7y 8 400 R RL T R A PR
YN S NDE S T rA I R RATBR 22 7]

2.2 SR BE RN &
AR SC S BT R B SR B4 TR 222

R 22 AUERANE A
Table2-2 Instruments and Equipment
PG NE LRSS CR
P AR B XA PH-010A g EREAER A TR A T
TBILAzS ] L7 3 RE IR AL WCW-20 B R RIS LG A PR A F]
PR YLIJ-HP300 B R IEFHEA R A
2 R GP-300C B 1L A B AR AT PR A )
X AT XRD XPert Pro MPD LIRS gnE
oz ik £ I B A SDC-200S IR SE T S R A AR AT IR 7
X PG LT RE X Thermo fisher Nexsa Thermo Fisher Scientific
Yy R A v R AR CIQTEK SEM3200A CIQTEK Co, Ltd
B R JM-A20001 T B TIT R A AR B AT PR W]
ESL 2L AN G 1EAY NicoletiS5 ThermoScientifiNicoletiS5, USA
2.3 WEHI&E
2.3.1 FEFAETCERIRM &
(HFEFF A 438 vk

W RS FF B LR A % Imm-10mm FEFFF4E, FTE/KBess 4-5 i 2 g
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TR L6
IR R BT, SR TRNIEM I AE 60 °CRF% 10 h, %M.
(2)FEAT 21 4E NaOH Ab 2

Pic B TR BN 5% NaOH VR, AL 4EONIETR PRI 12 h B, HEE
TARBEE R, WNEAE T 70 °CFHET
B)FEFT T4k DES BUE ik T2 2%

W FACIRBEANELRE DL 112 N 2: D) EERELIFE 80 °C R IR-& 4 DES, HE|
ARG S To o R VLT I ASF AT 4E BN DES W B b, W mBd AR E,
IINAEFN 10 517K, 78 95 °C R Hii#E 2 he BJG, HMBh/KZ R B LA FR5% B it DES
G, R RTS8 B, RIAARBEIRE120 °C. 140 °C. 160 °C.
180°C. 200°C. 220 °C)L%%m "5 N(CLS-T1. CLS-T2. CLS-T3. CLS-T4. CLS-T5)
N1 10 MPa,  #RI Ay 10 min SR 1TERERRAL . I HATIG B /K RIS HIE 50%48
FUNE TE B /KR R AN ERRE T 2R (1) )24 PR RE . TRFUIF 2 180 °C R HILT4ERR A 11 )12
PERE A AE, JEEESER A 180 °CF MR FE, FHAE R A2 i S AN [F) B 7K 2.(30% 40%
50%- 60%)S256: 4% 5 A(CLS-H1. CLS-H2. CLS-H3. CLS-H4)5Mi T 21 4R i) 1724k

Py
Ae o
lm MPa

Oxalate t

-I-—».‘f’

o
L))

Stir at 80 °C until
transparent and
colorless

Choline chloride

P 2-1 il & TC RS AT £ 4R RE P

Fig. 2-1 Process diagram for preparing non adhesive straw fiberboard

(DHFEATEFYE R 2 — B (PEG) IR &= ittt

RIEIRZE: PEG HIEE/R RN 2:1(FE N 3:10) &G fl. B—e =M 2 f
RAL B EAMNRABNERABE T 70 °C TR IR EWRLAE M, WAk At
JEIIAN—ERIIK, SN GEE, BEREBEW LA, BEEINA NaOH 7% Ph
£ 9-10. B—EERFT, KRG RIS SIWHNERSFT L 4ER 0, 285 B3 IS A RFE R
MRS R (12.5%. 14%. 17%. 20%. 25%)SEK%% 5 N(A-1. A-2. A-3. A-4.
A-5), FEAEH ERE BRSNS . 7B S S, TON-15 CIIREE AR (0 h. 0.25
h. 0.5h. 1h. 1.5h. 2h)SEZ8% 5 (T-0. T-1. T-2. T-3. T-4. T-5), 15 IEIEILERS
Frerde, TRARBJENR AT . R RRIRE15ELE 180 °C, KM AIA 10 min, #4
J& & 7178 10 MPa.
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b

polyethylene glycol urea

~ - @ 7 ]
]
Spray the solution onto the

Stir at 70 °C for 15 minutes until the T OfTAW andstivevealy
solution becomes transparent fcrteze activated at minus 15

P 2-2 il 2 JE RS AT 2T it AR
Fig. 2-2 Process diagram for preparing non adhesive straw fiberboard

(5)DES XA AMEA BT &R et

B 5EH %% DES, K S LIERRA SRS DL 1:1 (K BE /R ELBI7E 80 °C RR &l 4% DES, H
PRI ATt . HVCK AR R KR AT DES BA 1: 10 Ji & FL IR S Va oI AT hi bk,
1E 95 °C I B 2 B AKHPIR, JFIA 10 5 TR R K, S 2 he &
il 4% DES SOMEA TR 3G, K iE A 57 4% HR L Bk AR RS AT R 1 o B — 2 A A, HiE
AT ST AR ARG AT £ 4E R T, 2 S W37 P 435 A 7R ZE AR T A6 4 1R 75 B (20%5 30%,
40%, 50%)EKig 5 NB-1. B-2. B-3. B-4), FHfli f E@ i YL B RE . 780 Bt
B , TON-15 CCHIFR B A% 1 h, 153G IEREFT 4148, TN BUE ML EAT 3% .
PR R IR B EAE 180 °C, KA A 10 min, #JEJE /124 10 MPa.

High temperature and
high pressure preparation

& 2-3 il & TC RS AT 2T et fE
Fig. 2-3 Process diagram for preparing non adhesive straw fiberboard

(6) LA T 2% UPE AL B

DES ¥ AR B = A E M s, AR T4k DES TiAbEEAT DES %71 H (A5 2
fif# 2 . DES T F B IARR R, 1 HAZEE TR RGP R, A
F T DA 5T 22 R34 50 B AE AF 4 3R TH W B — J2 B0 (R 5K 5 . DES FFBRA RS AT B &
FAEMIART R, 466 RINAEAR TR 5T 2 BT BOHT A RS A o IX e AR I 45 4 (1 A7 AE ]
PAFE M RARCFE I, (ELF 42 (R BT B () IR 2832452, AT SR FHREFT 2R 4EAR A (R LIk
PEfE. R BB HRS Fia BKRBCEE R NLH], DES A G AR %
PEMRER T 2RSS, ST TR AT LT 4ERSORS FRURE £ 5ik AT K P RE
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41

¢ * ‘»
\\\ ’,\ PN JKFIDES

AR TR I B

K 2-4 JRAZAFTZ DES e tELEE
Fig. 2-4 Mechanism of in-situ lignin DES modification

2. 3. 2 FRFTA4EAR PR IR RO &
() FRAERE 2% 1) 2%

J35 M RE AR S BOBRE s S A IR A ot BT K x 5 < JFE =250 mm =25 mmx2.5
mm, 25 R R BT B K < B8 < JE=80 mm> 10 mmx2.5 mm, P4 A R A B
AKX B % JE=50 mm*x50 mmx2.5 mmo.

QYN E T A

vt

P 2-5 ToRCRGAT AT AER A B 3 B DA B AT R 25 () PS5 0 s (b) 3 AR 5 )
Wi
Fig. 2-5 I Test fixture and fracture morphology for internal bonding strength of non adhesive straw
fiberboard: (a) internal bonding force test fixture; (b) Fracture morphology of internal bonding

2.4 tEEERLR

2.4.1 HFMRERR
(D et
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#2118 180527-4:1997, KA H7 /IREREAI G, Hrid A 2 mm/min, HLHREE
KEHN 250 mm, T 25 mm, BEAHN 2.5 mm, idRHEMEIEA LT 5
(2)%5 i

FZ MR 1SO178-2010, % FT 7 etk ge LG, WIEM B =S dh kg, ok
MEsEELE R 16:1, FEREN 10 mm, AR LLES K 20%, MHAEE N 2 mm/min,
WA BEBIEADLT 54
)N A 7

2/ GBT17657-2013, K H ML /I ReS2ga L, =0k ST 8K 50 mm, %8 50 mm,
JEREAN 2.5 mm, WGEE N 2 mm/min, 03A BEHEADT 5 A

g = o (2-1)

IXb,
o RN IREE, AR (MPa);
Fumax 2 AR I PR B K3 AT, B A (N 5
DR KR, B 2K (mm);
bR, FRAL N K (mm).
2. 4.2 {HEMHLSMEERMR (FT-IR)

FIF KBr i F yEXE RS FFEF4E DL AN [F] A B 77 A0 345 B RS AT 45 4E 3047 7 R AE . U
RIEHE: 400em™-4000 con ™, MR 73 #EEER 4 om”!, RGBSR 32 K.

2. 4.3 BT 574 (SEM)

FEASZI T, FE AR RAIRAL 5 R BrRA7 o SE8 25T . 8 A MiniCoater(Supu
Instrument Co., H R A &, Shenzhen, China)X} W25 70 #4795 & W IR, IR 20s. SEM(H
2R SEM, S-4800 Y, HAr, HA)IE L EEN SV, BOKMEECH 500 £ .
2. 4. 4 7K ZRFE BRI

A GBT17657-2013, A5 iR& T 2B F/K A, B KEURE Jo B i R T K 3 4
T, HURERE 225 4: Oh, 24 h, 48 h, 72 ho FFREUFEG THE L 3 ANEE S IR K AN
JE FE R 26 R~ YA AR i it P e WK 2 R0 R FE I 26 . SR A 20(2-2) R (2-3) 433
THE R K R AN E B K2R

w==22 (2-2)
Ao WARMOKE, PLE 3R ER;
G R T4 e Y
B NP S K UG I E &

T =2 (2-3)

A TREEWAKE, I3 RER;
Ho MR FET 1R 5 5
H iR 5 7K LUR IR
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2.4.5 BEffmEx

SR FH B i 1y A5 R 2R T T A 2 A A PR W) AN [ S0 7 AR AT B s
fl A AR o R R B AE F AR 0.03 mm FERE 0N KSR 55 H BB i . A A Bz fh
FUTIN Bl IR RO SR U I /K B A B EE O R S0 el A
5T T AR B A A

2.4. 6 X SHe&Jee FHETE (XPS)

XPS i f# | Thermo Scientific K-Alpha X 4 £k ¢ H F-REWEAHAT » FF b R ] BE i
TP B AE 1 emx1 om R B, FSRIAEEE, JFH M. Dt i B 2 R4
W, KRR RISERES G BT EH Al Ko 5857 (1486.6 e V)RS AL, R TR
JEBERST R E A 400 pme X T2, @I EEEN 150 eV, KA1 eV X T4
SR, BT REE N 50eV, HKIN0.1eV. KEFRMIGYE Cls 15(284.8 eV)H Tk
#E
2.4.7 X GHE&LTEHY (XRD)

XRD MR H Rigaku D/max 2200PC 7Y 5 2R A7 5 SO0 b AT 2 4 2 T o1 117 ) 104
PREEF AT . SE5 KA Cu Ko S RAEABMUROGIR, M EETE A 5-90°, H#H#
FE9 10 ©/min, MEREE Sl I AR AT 8T, DU clo R I AR P AR S R 1 AR A R )
PERE T2
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58 3 & DES FREIMHIZ B ELTHEMRM

3.15|8

AL RRVA T (DES) IR HAR A 1k BB VERIIA B A, VRNl i i A PR ) 2
VAT RA MR AT, NI DES RGEE R AT U J7 THAFAE 2. 3% %2 57+, DES
2 RS O B AR AT SR 32 4, 9 2 ey S IE AT S R AL S 22 4t - DES HIAN[F]
J I FIHC PO 2 Y 25 UM AT E R e PERIOR,, BRI Fe e, IR 53R DES R4S fEix
KPR B R RS AT 2T 4ERR AU REAN A B 2 e, 1Al DES AR GEr] BEAIE 5 RN
Hlo Bk, K% DES ERGH R4 IE  i07E 77, B NSt i 1 BE I TE AR ]
G AR T 7

Nikvash SVABITT 1 /N2 A AR &5, IFEBARARE 4apppLaT /327
TRLAEH, SRS AT AR TG AR o IX LR LT HERRAE LA REATBIT K 7
R TAEGRL A, U T BRS BRI AT EAUEAE . Xia S5 6] DES f#f4 R
SRR Z AL, KA 2 R AN LT YL LT A R AT VAR U K T 4 . i T 200E 1
R AR R 4E R A EERL, B R R . KARETE . PURANRYE . VIR
PEANR] [ E o XA ERRIA AT UL B SR AR, 38 T DAL BT BASEBUR R A
H. ZWT5E 8 DES ALBREAT M RHR M 7 BIRAKHE . Yang VN BE—HIEY], X 5ARLE
UE ST AL RS AT AT R OR R « £F4E M- 27 4 5)1E1T DES AP AT DU R i 2T 4
RVERTRG & 95 . WFFCRN], DES ALBE AT ALEAE ARG & 771 B8 B0 T SEELIE 7 R P B AT
BUBRTERE, JNASHE TSR 1 OB S HF

R, i i At AN DES R4S &, ARa AT R % A R &
LR, TR AER T AL A 2, KR DU Y s L PR E - FIT3 Hh LA 2 T DES
WA RIRARF R -1 3R -~ 2T Yl 2 R R A BE 7, AT 3 N £ 4k R 1 F4 92 (-OH) 2 141 14 3
R S AL AT PR A et 1 R R I A b A 4 T B SR AT At AL S A AR A
A BT IR mk & R B AR AR U RE (8 P AS R ZUR SR A B (FIAL BE)RAIE WA BT di H 1Y)
INERIEEME S ARG RNE b T ARSI B 2R &m
S T IX RN AT R AL . AW FUAE RS R F A A E A AT L

3.2 RSV

3.2. 1 AHERM BN F M KR
(DEF YR (R T A&

B 3-1 NTEASAT AP AR R T A5, O R R IR B ok, SR 5 e e
FEWI G o 244t DES BRI Ja, REDEHE T8, ok, EERMASAS
EH N (e R, i FH T A T ARORH (0 AR S AT AR BRI R o ARORA PR R T TR 28 52 3 34
Je A i AR A R R I LA R SRS AT R T A ELAE s, 2200 1 — 5@ k=2 e, 2
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i A HERR LR E RE

K 3-1 ToMREAT A 4ER R R i T30

Fig. 3-1 Surface morphology of non adhesive straw fiberboard

K 3-2 BoR 1 AFERCR T OE S BTSN SEM B . @bt R, 24k
BRI 2], JERIE € ReE. K32 )5, RATL4ERe 17— ek
JERIRERE, RIS R AL TALERGP BN . SEM WLEER I, AL FTET4EM) K 1
TGS o TG IR T AE AR A DL HE AL EL vt 25 TR S VR RS AT 4P e HE A, XA B T4
AR 702, AR T AR ARG i . OB AR TR I B R AR i
RitE, A B LB, ISR iy 1 ARORE RS B AT A RS AT T 4ERROL T 4
SIS W AR R AR AT A ERG 5 05 T Y R G 9

= surface

Bl 3-2 JCRERSAT 2T AERR (1 Wi 28 S 2 R TR THT 31

Fig. 3-2 Fracture and hot pressing surface morphology of non adhesive straw fiberboard

16



TRCTRER 2 S

Bl 3-2 Rk B R FS AR 4E ) DES AL ER 23 7= A J FIEE R, AT TR Jsi A AR Joi
YR ZIRG M . AR RN REE 2R R, (2 7 AEMRAK w24
REHAMEBI 4R PAYERNRTR I TREER . R AL R R T R A
M BN BRI B8N, IR0 LBk . BEEKINZE R, Rk
MM 4ER NI, RATERRE ML, ST HARM B2 12450 %

Q)L YERRA BILL AN 3B

K 3-3 ATHLETERA AN A TRALEE R () FTIR 7087, MR 3-1 REFYELAMEE Rk
JEEERT VAR BT e AN, 7E 3430 em™ AL FI G IER IR-OH 2 A AR HR), 1M 2914 cm
V(PR St 8 FE D S (-CH F-CH) ZE T R i 4R . 1621 em ™! Ab PRI ER T R
55 ERILER ARG C=0 B4Rz, 1782 em™ MM R IR 5 2RI L HE Y
C=C H4i¥Rzh. £ 1025 cm™ &b FUEE XTI T C-O-C B ZEIRSN . b5 2914 cm-
1 &b C-H W 458R 30 s/ ol AR F B0 RN, 2% N AT R T 22 FR AR R - 1% — WL %%
SE R S E R AN ROR — 8, b B SRR R S R 1 BRI s> SR 4R T
A C-H .

——DES joint processing
——Alkaline treatment
Untreated

T T T T T T T T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (cm™)
3-3 AEITALEE T TCIAEFTAF4E) FTIR 434

Fig. 3-3 FTIR analysis of non gelatinous straw fibers under different pretreatments

S5IALEAHLL, DES AL B2 1 -OH ZEQ & &, bt a prigog, 3£
W] DES AP FEAFYER ML A FE BN, LF4E SR SR . XA oRA B T 3R m okl
BTN LER NI E RE o TSN AL S 1 RS AL AR R I H 5 AT AR LU 25
PRI 22 B R M o AERAR I RE AR, G PR EE 4 R0 £ e i e e R R AR VAL AN 8 o B i
FEA LR NS R ITTR R EY B S HRHANET XS EUE BREUE IR
=, 3XAT B4 m JC AT 4EAROR (1 772 TR fE
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R 3-1 REYELLHMDGE PG R 1 H R

Table 3-1 Allocation of absorbance bands in infrared spectra of wood fibers

fem! T U e K 1t A
3650-3300 O-H {45 4Rzh
3000-2840 C-H 1 4i#%3))(-CHs+ -CHa)
1600 IR B SRR BN (R T %) C-H 25 R 3 (R it
. EHEHI-CHy)
460 C-H R g . JEME - 19-CHo) K3 1)
B AR (R BT R)
1373 C-H BHRBN (4w FA4ER)
10501030 C-O 4ilReh (A 4. FH%EER. KFRFE)L
P o () e R AR IR BN (CR AT 4E )
896 B REIR BN (L 4E )

VA AR A 1) XPS 43T

K 3-4 NASETRACFE 261 R REFT LT 4ER XPS 2087, B (a) WA R FAL BE 464 R RS AT
ZFYEN XPS g (b)) N ARALERAEFFAF4E R C We AR B, A BBk T AR 43.1%,
B % 5 41.45%, C BEKk.5 15.41%. El(c)~ DES B G REFFLF4E C U, FEFF4T4ER
i A. B Al C BRI THIAR 5 40 Eb 2 A8l 48.2%. 29.9%F1 21.9%. M3 3-2 HH Al DL B
A, AL EATINAH 45 & TR 1 PP 4E R AR & &, oYX SR 7 A F S AR
HRE o AT B o 6 AL, DES ARBRIEOE 1 AEFF AR 4k, FBOR TR AR R AT,

MTTTHG 55 1 22 B S e B AT S B o

% 32 C EARFHRTE G IR
Table 3-2 C bonding method on the surface of wood fibers
SN e il SiEIRE Z5Ht T ERYR
. HA R Y e 4 K
NHHEWM C R
285 eV -C*R3 (RN E NSRS N
H J5U 73 C i1
K iy
YR 4E R )
G =R O I 1 T 5-OH H#H) C
286.5 eV -C*Rz-O-
RN C T i, ARBIER PR
ERIFEEAR R C Ji T
H=/MRIEL O HFE  -C*R=0 P41 r4s
288 eV PN AERRIES O SR -O-C*Ry- MR VLSRR F
ECRT O- ihE7e
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—— Untreated
—— DES Modification

1 1 1 1 1 1
1400 1200 1000 800 600 400 200 0
Binding Energy(E)(ev)

b C

C-C/C=C C-C/C=C A
288808V — 7/ 284.80 &V
Content:43.14% ’ Content:48.21% /
c-0 / c-0 |
286.50 eV : 286508V —
Content:41.45% / Content:29.93%
C=0
288.68 eV |
c=0 /
Content:15.41% ™ 268,68
.68 eV ~/
Content:21.86% /
. . . . . . . .
296 292 288 284 280 296 292 288 284 280
Binding Energy (E) (eV) Binding Energy (E) (eV)

K 3-4 ANFEITRAL PSR T REFFEFLER) XPS 70 #r: () 9 ASFEITRAL PSR T RS FFET4ER) XPS LI,
(b)RALFRFEFFLFYEM) XPS 43#T;(c) DES AbBEREFFLF4EM) XPS 434
Fig. 3-4 XPS analysis of straw fibers under different pretreatment conditions: (a) XPS total peaks of
straw fibers under different pretreatment conditions; (b) XPS analysis of untreated straw fibers; (c) XPS

analysis of DES treated straw fiber

254 FTIR 0 #r3& B, DES {HALHIn 1 RiAF L deR S VERR S AR . Xl rp
AR T AL S R A AR Rt e, i B S AT A 4 R st A T e
SR, XA B TR MR A R, R AP AR ARG, A BT R 1R
I, (EREE A BE TR AT 4 2 21 4k
3.2.2 RRAHERMAETZEHMR
(1) A iR RS 772 1 e A R

B 3-5 I IR EEREMT T JCIASAT LR 4ERR ) J1 22 R e, AT AR AR 9 () 25 T 98 2
(b) AT P JBE 15 2 P () FEAN TR B L2 N 48 B S 9 0 s b & 3. R, 25 18 B S8
BAGHIbsHE 2, ££ 160 22 180 °C Z[H], i 355 KIAR 0I5 AT R BUH fij 5L (1 1 ini
o, MRRI — SRR . RPN B8 FI AL A AT B8 B RS AT 27 4 P9 8 S N 5
AR, BRI RESZ B HABEI R IR . K 3-5(a) (o) on HURIRFETE 180 °C B, EAAFIA
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Fig. 3-5 Mechanical properties of non adhesive straw fiberboard under temperature influence: (a)
tensile strength; (b) Bending strength; (c) Internal bonding strength
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Fig. 3-6 Mechanical properties of non adhesive straw fiberboard under different moisture contents: (a)
tensile strength; (b) Bending strength; (c) Internal bonding strength
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Figure 3-7 The variation of contact angle of sheet metal with time under different preset parameters:
(a) the variation of contact angle with time under the influence of temperature; (b) The variation of contact

angle with time under the influence of moisture content
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Fig. 4-1 Surface morphology of non adhesive straw fiberboard under optical microscope
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Fig. 4-2 SEM surface morphology of non adhesive straw fiberboard
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Fig. 4-3 FTIR analysis of non adhesive straw fiberboard with different pretreatments
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Table 4-1 Attribution of absorbance bands in infrared spectra of straw fibers
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Fig. 4-4 XPS analysis of straw fibers under different pretreatment conditions: (a) represents the total
XPS peak of straw fibers under different pretreatment conditions; (b) XPS analysis of untreated straw

fibers; (¢c) XPS analysis of straw fiber treated by freeze activation
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Table 4-2 Proportion of various elements in non adhesive fiberboard
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Fig. 4-5 XRD analysis of non adhesive straw fiberboard with different pretreatments
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Fig. 4-6 Mechanical properties of non adhesive straw fiberboard with different proportions of

activators; (a) Tensile strength; (b) Bending strength; (c) Internal bonding strength
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Fig. 4-7 Mechanical properties of non adhesive straw fiberboard with different freezing times; (a)
Tensile strength; (b) Bending strength; (c) Internal bonding strength
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Fig. 4-8 Changes in contact angle of non adhesive straw fiberboard; (a) Graph of contact angle

variation over time with different proportions of activators; (b) Time dependent graph of contact angle at
different freezing times
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Fig. 5-1 Surface morphology of non adhesive straw fiberboard
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Fig. 5-3 FTIR analysis of non adhesive straw fiberboard with different pretreatments
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Fig. 5-4 XPS analysis of straw fibers under different pretreatment conditions: (a) XPS total peaks of straw
fibers under different pretreatment conditions; (b) XPS analysis of untreated straw fibers; (c) XPS analysis

of straw fiber treated with modified lignin
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Fig. 5-6 Mechanical properties of non adhesive straw fiberboard with different proportions of
activators; (a) Tensile strength; (b) Bending strength; (c) Internal bonding strength
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Fig. 5-7 Changes in contact angle of non adhesive straw fiberboard; (a) Graph of contact angle
variation over time with different proportions of activators; (b) Physical image of the variation of contact
angle over time with different proportions of activators
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Fig. 5-8 Changes in water absorption rate and thickness expansion rate of non adhesive straw
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