57 2 S S i {1 <13 -

Iy

ERAARTRERE R KN A RER

Bk, TAE BREX . BWUR"

(BFHhLRFHHABFE IRFRE, H® 210037)

T B WM A D — Pl BT 43RBT A I BB L e L SR AR A Ao 9 T 45 S5 T A= 4 R B Y 0 R Ol o 1
SR L R TR B PO T RS L ELAR XS BB T AR B AR A LA DY L o TR B e R TR T ARG Y R
J& R T RE M A1 KR T 5 8 W KB 525 IR T BRAS BT Y DD RE R L AR (B E PSR AME SR . AR SCLUE R B
BOPERE 2, 20 B T RS PE BT VBRI 7 TR VIR G 2R A I R 2R KRN W R HG T RE Y R W, BV T OB TR
FEGEIR R ORI DG AR AR B AL B A RE A L A 4TI 1Y L L B S A L 2R G Ak I S L RS ol | BELAR
Jeka e, T3 Tl A A 7= 1 R SR oA SR Y F 5T i, DAY A o A RORE A B R 4 L B TR TF 5T 4 AR B i
AL T 1

KR EVIAM: Eatte: AMER; REWioe

7l F

325 W R A S — Tl oy AR A 135 B RS AR 52 6 0 A BT 2R 4 € R i EL e 0B R (> 70 000 M 25 BEE L L
SR TR R IR 5~6 fiF . SRR B BEIE Y 20 % 2247 A BEAR R S MRE DGR 18 GV AR 6
BE R ek 45 401 4o JR B 1 A B9 1S R AT SR . 1992 4, Fink 2657 9 U HE T 8 WA K M B0 E 5 0 e T L
K RT3 WA I 0 5 A5 A5 B T N BB 6 R T T AT UL 1) 37 B R BA TR R M 25 A I e I AR R 1 B
FEME . DU B A AR O T E IR B BE TS L4530 o TRl — 3 RIS 8 0T R bE L £ 4 K mT
Tl o W AR I 2T A R AR L SR G W IR Tt 2 L AR R AR AT A AR 2 A K G Y O 12 B AT o)
BB WA AR AR BRI 2 U AR K A 2 U 45 4 R ) 2 il A O T A AE AN AL LA S B TR v A 3
W Z BRI . 2016 4ETFAG DR 5E & AT THE SR 48 T3 WA BE L [l 58425 BH A 1 45 L P RE 0 F O Tl i) F 58 AN
Wi B, Fm L 2RI T 22 BE MY Lars Berglund F1BAFISE E 25 B 22 K2E ) Hu FI ARSI ARM HEFT T 25
PERIBTTE o ZR AR R 2 LB 1 SRl DR = 85 g A 1) = 3 A 388 W 1 i 8 e 190 P 25 T T () A B 17 —
Y|,

RARANE B WG PE R 5 AR A IC (2 A EIIME . — 5 RBUR (&R BT S5 W) B 77
FEAE A B ROGE . AR E BRI Z5 0 (LA Ta) B J5 45 N 1 R OBLERE 55 28 31 J] J 17 2L 44 3R (L 8]
1b) Ry F BRI, 5 AR WG 80% ~95% " s s — il AR 4 R A4 5 R R I
SFR 5300 1,531, 61,1, 00, = Z [MAFAERR 22 S AT 3 b R AR IGC L D6 4R 7 PN 38 A A R 7 5 R
Sbo DIt A BB R 2 (D R AL B, £ BROAR B b B A @) B A H X 5l 2 i W Wi £ T e /N A5
(2) oK Ak B8 2 B K o3 Al AT J5UAT 25 A0 15 B O A% B 5 () S FE RS 1 e B 4T B R4 0 1. 53 W i i
B0 (8 35 1) 50 o BOTE AR B LB, /b T B N RO RS ST . 181 1Co) \om 1 38 WK BE A il 9 R R
i B B g5 BT A 3 WM PR BE A2 AR PR B 05 5 SRR ISR BT TR R DL RS I o S TR Y
S

A SONGE PR PEREA T 20 BT 1 4 DR 32008 35 WY R A o) i 2o R K HG 1P BB 1) 52 ) ik T 38 B K b BT e
10. 14028/j. cnki. 1003-3726. 2021. 07. 002
W75 :2019-10-25; 18 [E : 2020-10-22;

EETE HEKAARFPAHEAE (31670556) LR “ T i TR, B Ul KA % 4R T H (NLJQ2015-02) 5

YE& B A BlioA 3 (1996-) , 5 g st MOl A7 8 AT 5T Az L BIFSE 7 18] 2 25 ) B2 52 6 B Rk i) ) 4 B i T
TEEBR R A R (1980-) Lo W B PR T W R e AR M R S MR, E-mail: mzpan@njfu. edu. en.




<14 - = i I i1} Eild 2021 4F 7 H

@ (®) ] R -
I ‘ J
| 1 d i A S we W
[ [ | 1 Py -
LTl\ LTJ\mm Q. . 0O O O .
’ W( - oo \J: e lu/ - \0/ *

(c) Natural wood

Bleaching

-

Dchydration

I Can b A AAEHE 0% (0 IERISE I Coo 1A BE B 45 P R 01
Figure 1 (a, b) Representive chromophore structures in wood™ ;

(¢) schematic diagram of the preparation process of transparent wood™*™'?]
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Figure 2 (a) Transparent wood made from different wood species'?'; (b) thin (top) and thick (bottom) transparent
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15 (d) light scattering from vertical fiber direction
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plywood with vertical vertical combination
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Figure 3 Transparent wood with low or high haze™

(a, b) optical properties; (c) relative content of cellulose, hemicellulose and lignin
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Figure 4 (a) Reaction of lignin in alkali sulfite solution"*?; (b) reaction of lignin in sodium chlorite solution™'* ;

(¢) reaction of lignin in hypochlorite solution™; (d) reaction of lignin in alkaline hydrogen peroxide solution™"
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Figure 5 Transparent wood before and after acetylation"*"

(a) interface of non-acetylated transparent wood; (b) interface of cetylated transparent wood;

(c) pictures of transparent wood before (top) and after (bottom) acetylation

1.5 &Ry e &0

3 Ao AR VA YR B AR AR Al S I ) R B, BT A A B Z T Re A B IR M (L 6) . FE il A i 7
o E ST ARG AN O L A S A B R A AT RS R OR AR IR A W TR R R G .
Vasileva 2850048 1 5 I AR BB T EE R 1 X 10 *mol/L B % J+B 6G(Rhodamine 6G) 75 B W 1,
PR A 52 2R BRI R A1 MMA %80h . 78 75°C F B4k 4h, 15 3] 7 P i A 806 3L R 5 13 A
Mo A5 AR B D RE AR T, B S B AR B AR 2K T Y I K i) s LA /0 ot e 3 B 1)
i), A HB 4 BIF 5T 5 R B 1 45 0 i 0 S0l s in 2 MM (9 U & 18 Wb, P BE 25 32 0 1 4k 3 72 5 38 W
Kbt E 4., @i 7E MMA RSB WP RN Cs,WO,"" | Fe,0,"" | fiE & T 4 (quantum dots,
QD) B 1522 (1 A 1K) (antimony-doped tin oxide, ATO)" YK KL T, il 5 15 2 14 35 W A 1 43 51 H
B BB R LT A AN R S R

XFF R A3 WA AE 5 1A BB 4 o A 11 B WO SRR ) 1435 W EE L 6T ) 2% 1 68 1) 52 i D)
WP F By B i T . BN, Fe, O, GKRLF M I A 0. 156 (woO HEINE 0. 5% (wt) B, 38 B R M 11
I EE M 63. 8% FREZ 19. 5% HLHITRE M 40. 6MPa T[4 % 28. TMPa, 5L & Fe, O, 2 TCHLK T, 55
B AR A M5 22 s ATO R FIIE AN 0. 3% (woO SN ZE 0. 7% (wo BF L 1B B BE M 70 X AR = 50 %,
PRI EE N N 96. 4MPa $2F+ % 113. 06 MPa, JiEE ATO A RESEMECY (KHS570) B3 T Bk RS
5 ORRE R Z 0] i AR AE 25 M . RO X T D) A8 Ak a3 BH A bE , L 45 JEL B n 4 B Bl 25 ) g 1k W JI 1 38 o i 1

10. 14028/j. enki. 1003-3726. 2021. 07. 002



57 [ 2 S R {1 <19 -

Infiltration

|

|

|

|

|

|

|

lRemove lignin :

a rowendlll |
( ) MMA + Fe;0, |
|

|

|

|

|

|

|

' |
' |

' |

' [

' [

' |

' |

' |

| :

Infiltration T

| (o )2 R -
| emplate | (d)
' |

' |

' |

' [

' [

' |

' |

' |

' [

|

| s (b) Cs,WOs/transparent wood
Infiltration .

| ° ¢ oee °

| (& o g

| MMA + Cs WO, e ©

| Natural wood ©

: (C) Fe;0,/transparent wood

|

|

|

QD transparentwood

Infiltration
MMA +QDs

MMA lInﬂltration

|
|
|
|
|
| (C) ATO/transparentwood rransparent wood |
| Infiltration |
| EEE—
Transparent wood : MMA + ATO ’ I :
with embedded dye molecules | - o
N o S T e . 1

Method 1: Modify the wood Method 2: Add the wood template with polymer

S i s o
‘ q with particles,

followed by polymerization ‘

impr.egnation and polymerization

56 DREALE WA B 1 5o B K
() Y BLHIOE 3 WA T 5 (b)) Cs, WO, /B WA M ™ 5 () Fe, O, /B WA R 5 (D QD WA M 5 () ATO/ 5 W A B
Figure 6 Schematic diagram of preparation of functional transparent wood
(a) transparent wood with embedded dye molecules””; (b) Cs, WO, /transparent wood """ ;
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Table 1 Optical properties of transparent wood

o

b 77 2% A B g A7 1)
£ X 58 X B (mm®) BB Y FEC

Na, SO, "] Bass PVP T 15X15%1 90 80
NaZS()s[H: Bass Epoxy L 50 X50X2 80 85
T 50X 50X 2 90 95

Na, SO, ¢ Bass Epoxy T 35X 30X5 90 95
Na, SO, ™ Poplar fibers PMMA 300x300x10 68 82
Ploar PMMA L 80X 25X 1 85 61

Na, SO, ! Beech PMMA L 60X 30X5 86 90
H,0,"" Balsa PMMA L 100X 100X 1.5 83 75
H,0,"!Y Bass PMMA L 20X 20X0. 4 14% —
H,0, (steam) 2] Bass Epoxy T 50X 50X 5 87% 90%
NaClO, Balsa PMMA L 20X 20X0. 7 90 50
20X 20X 1. 2 85 71

20X 20X 3.7 40 80

NaClO, %] Cathay poplar PMMA — 20X10%0.5 86 —
NaClO, 8 Balsa PMMA L 15X 25X 1 86 70
NaClO, Cathay poplar PMMA L 20X 10X0. 5 90 —
NaClO, ] Beech PMMA — 50X 3X0.1 70 —
50X 3%0. 3 30 18

50X 3X0. 6 15 40

50X3%0.7 10 49

NaClO, " Balsa PMMA L 25X15%1.5 92 50
25X 15X 3 89 53

25X 15X7 71 74

25X 15X 10 60 76

Birch PMMA L 25X 15X0. 7 94 31

25X 15X 1.5 90 52

NaClO] Bass Epoxy L —X—X0.7 92 10
NaClO3] Balsa PVA L 20X 40X0.8 91 15

T L9,
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2 WA BH R R G 2 PERE AL S O U M B AR g 2 P BB 0 A B A B 28 0 BE A A R, T A 3 36
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Figure 7 Schematic diagram of the characteristics of transparent wood and its application in the field of architecture
(a) schematic diagram of the dispersion of light through transparent wood™** ; (b) schematic diagram of low haze
[16]

(237,

transparent wood applied to windows-"""; (c¢) simulated wooden structure- " ; (d) images of the temperature

change after continuous simulate solar radiation in Cs, WO, /transparent wood and glass house"'!; (e) the growth
state of the A. niger with shield by glass, transparent wood, ATO, ;/transparent wood. and ATO , ;/transparent

wood after UV light irradiation for 1h and cultivation for 2 days™"*.

3.2 EZXHE
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Figure 8 (a) The photograph of QDs embedded in glass under 405nm laser pumping; (b) the photograph of QDs
transparent wood under 405nm laser pumping; (c¢) absorption and photoluminescence (PL) emission curves of QDs

transparent wood ((left) transparent wood and (right) Si QD wood) ™.
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Figure 9  Applications of transparent wood in photoelectric materials.

(a) transparent wood as a light management layer for GaAs solar cells™” ; (b) transparent wood substrate for

perovskite solar cells"**; (¢) conjugated polymer-based electrochromic devices (ECD) with transparent wood

as the substrate™®; (d) optical tunable smart wood window demonstration by lamination of polymer dispersed

liquid crystal (PDLC) film on transparent wood substrate™"”
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Figure 10 Magnetic and thermal energy storage applications for transparent wood
(a) magnetic transparent wood"'" ; (b) effect of Fe,; O, addition on magnetic properties of transparent wood™'* ;
]

(¢) changes in optical properties of transparent wood for thermal energy storage during heating and cooling™"’ ;

(d) thermal evolution image of thermal energy storage transparent wood and glass recorded by infrared camera at 60°C ™.
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Research Progress of Properties and Applications of Transparent Wood

LU Hong-yi,» DING Chun-xiang, ZHAI Sheng-cheng, PAN Ming-zhu”
(College of Materials Science and Engineering » Nanjing Forestry University , Nanjing 210037, China)

Abstract: As an emerging environment-friendly material, Transparent wood has both the sustainable renewable
properties of natural wood and the excellent optical properties of glass. The strength of transparent wood is higher than that
of wood, its toughness is better than glass, and is more energy-saving and environmentally friendly than plastic. The
preparation and application of wood has achieved rapid development in just a few years. New functional properties such as
magnetic properties, fluorescence, and UV resistance can also be obtained by combining functional nanoparticles with
transparent wood. Based on the properties of transparent wood, this paper analyzes the effects of wood properties,
bleaching methods, polymer types, interface factors and added substances on transparent wood, and summarizes the
applications of transparent wood in construction, luminescent materials, photovoltaic materials, magnetic materials and
energy storage materials. Finally. it is pointed out that systematic research on its corrosion resistance, flame retardancy,
and light stability, and finding industrial production methods are the focus of future research, in order to provide theoretical
basis and practical direction for the control of properties and further research of transparent wood.

Key words: Transparent wood; Composite material; Wood bleaching; Polymer infiltration
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