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ANALYSIS ON HYDROPHOBIC MECHANISM OF
BAMBOO LEAVES DESIGN AND APPLICATION OF
BIOMIMETIC MATERIALS

ABSTRACT

Most of the inspiration for the design of self-cleaning materials comes
from the bionic structure of animals and plants in nature. However, studies
on the self-cleaning ability of natural plants often neglect the differences
in  hydrophilicity and self-cleaning performance between the
photosensitive surface (hereinafter referred to as 'yang side') and the backlit
side (hereinafter referred to as 'yin side') of plant leaves. Taking natural
bamboo leaves as an example, the yang side of natural bamboo leaves has
excellent hydrophilicity, while the yin side shows strong hydrophobicity,
which provides conditions for the study of the working mechanism of self-
cleaning materials. Therefore, in order to further clarify the nature of the
hydrophilic difference between yin and yang of bamboo leaves and its self-
cleaning mechanism, we carried out the following systematic investigation.

(1) Analysis on the difference of microstructure between yin and yang
of bamboo leaves:

By observing the microstructure of bamboo leaves, it is found that
there are many burrs and balls on the yin side of bamboo leaves than on
the yang side. In order to identify the root causes affecting the self-cleaning
of the yin side of bamboo leaves, and to analyze the reasons why there are
the same leaves in nature and the differences in hydrophobicity and
hydrophobicity, the following experimental research work was carried out.

(2) Analysis and simulation of biological wax components on the

surface of bamboo leaves:
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The chemical composition of the spherical substance on the yin side
of bamboo leaves was analyzed, and its effect on the hydrophobicity of
bamboo leaves was analyzed. First of all, the most primitive and harmless
method of artificially scraping the surface of bamboo leaves is used to
sample the globules. Then, by means of infrared spectrum analysis, thermal
analysis, gas chromatography-mass spectrometry analysis, liquid
chromatography-high resolution mass spectrometer and so on, it is
determined that most of the spherical substances are hydrophobic
substances, and most of these hydrophobic components are "wax". This
conclusion shows that there is a hydrophobic substance on the yin side of
bamboo leaves, and it can cover the surface of bamboo leaves like a coating,
thus making the yin side of bamboo leaves hydrophobic. After determining
that the unknown component sphere on the yin surface of bamboo leaves
is biological wax, two methods (vapor deposition method and
impregnation method) are used to imitate the wax coating. Finally, the
impregnation method is used to coat the sample surface with paraffin wax.
in order to simulate the natural growth of bamboo leaves of biological wax.

(3) 3D Bionics and performance test of bamboo leaf surface structure:

The effect of yin burr structure of bamboo leaves on hydrophobic self-
cleaning of bamboo leaves was studied. In this study, 3D printing
technology was used to reproduce the yin burr structure of bamboo leaves,
because 3D printing can print a three-dimensional structure similar to that
of natural bamboo leaves. Then by adjusting the parameters of the 3D burr
array, including: burr angle (set 30°, 40°, 50°, 60°), burr acupuncture
distance (50 um,100 um, 150 um), burr groove distance (50 um, 100 um,
150 um), burr arrangement (burr parallel or staggered), in order to find out
the key factors affecting the wettability of the sample surface or to find the
most hydrophobic burr array parameters.

In order to improve the hydrophobicity of 3D samples and further

determine the effects of surface composition and surface burr structure of
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bamboo leaves on the hydrophilic and hydrophobic properties of samples,
the "wax" layer was coated on the flat and 3D samples without burr
structure by dipping coating method, and then the hydrophobicity was
tested. The WCA and SA data of waxed and unwaxed samples were
compared. Finally, it is determined that the burr structure and "wax" make
the yin side of bamboo leaves have the ability of self-cleaning, which is
also the essential reason for the difference of hydrophilicity and
hydrophobicity between yin and yang of bamboo leaves. In addition,
compared with the data of the yin side of natural bamboo leaves, it is found
that the waxed 3D materials prepared in the experiment (hereinafter
referred to as 3D biomimetic materials) can be compared with the yin of
natural bamboo leaves.

Finally, the contact angle model of water droplets on 3D biomimetic
materials is explored, which is similar to the Transition model. The
difference in structure and hydrophilicity between the photosensitive
surface and the backlit surface of bamboo leaves enables us to have a
deeper understanding of the origin and nature of the self-cleaning ability
of organisms, and provides an experimental and theoretical basis for the
development of self-cleaning materials.

Zimei Zhu (Chemistry)
Supervised by Maodong Xu

KEY WORDS: bamboo leaves, 3D printing, burr array, self-cleaning
materials, hydrophilic and hydrophobic differences
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Table 1-1 Superhydrophobic surface construction method and its scope of application
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FIEAKAR . ILER, TiO, (I ARMIELRE 70 HEUE T E R, LM
Bty AR BRI R, K A A A K T A S T I . SRR
FIRE 7RIS T I AL, (RISt 52 PR T A6, i DAAE X 8 5 K 2R T A B
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HREH, & EREEZIRBOS G, TR A B L ER M & AZ IR
¥ SRk K0
S g KR A 377 IR, B R KSRt m] DA o 538 BEb 6 T A A
RERERIEBZRK H 1, /KR AE S RN, b 2R VF 2 3L e ok
LPYE, KRB, TREUKIE, RS ReE R AR R . B 1-
4 i, REESHCREHBERE ) A AU . IR AR SE T
Alumina nanofibers

>

Intermetallic
@ Pparticles ()

Alloy substrate

Bl 1-6 4R8G4 (e AR TR A T BE M AT 3ot R A 7 i P A A 8]
Fig. 1-6 Schematic model of anodizing process of aluminum alloy in pyrophosphoric acid

solution!*®]

FAA 3 DSR2 THREURS P52 P e FT P 7005, Yo S 10T I ff B p) sk 3
AT DR 25 5 Ml £, A Ak E IR S5 R NiO/Ni R 2544, NiO/Ni AR )
HABFOKMK T B PERE . VR &S5RG S5 ) 5 Re k15 ke
PRF AR . FHREE R SCR RS ) —MI7%, Bl 1-6 s, Kondol*®
AL AR FH A A AT 20 2 5000 T I (SAM) B M, il 4% 1 SR K R 4.

R F R IR ERLE I R A R T K5, 1% 45 M (AL 34 nT DA K /e
MELRTHESRbAl R, KRR T HEE SR HEREER, RESWNHREE
WA 2 AT TS, NI 2% 25 BIEVE RE ), X 7R BT R TR B () 3R T, 4
e MRS R i, BRI O TR T S R B A R, BTSN BRI DA
ke 5 R AR SR IR E R PR TT R B BB R ) IR B 55 77 1R
TINRTHT AT B 1 o B R 2 AR AN I 525 FB1 T, MRS FRATTAT DA PO — )
HEZ) BTSRRI 1 — 0 R e
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1.2.3 BEKEFEKAIEREENEIE A

FEB KK AT AR R T, B4 JE S A2 U 3P s IR 26 A, MRER T
[RI532 B 7K 1 B 008 R A B A (R R TR AR o X Tl 5 2 it /K 3 TR RN S /K 36 T PRI 4
F1, BT LA1Z 2 Th RE 3K THI (R 1) 5 LA 8 )R T A0 % 5 R B 2 — B & A7

W 1-7 FioR, B KA A SR K S 0 AT 100 A8 T DUIE 58 4028 JE G A
PRSI, Kang! 4 185 17 5 (0 BEAR S AL AN A T2 7 —Fhnl 723 R BB K
AR SR 7K Z [A13EAT W] 18 )4 1) — A R AROK B R 51 (NTAS) . Feng Z500M FH fij 5
KRG, FEBEEENR EIF R T — MR 1) TiO /AN = & i, HERILH B K
TR BRAMCHI S, B 5 A ZKAH B R K i A kSR K

Ot 0o © H,0 © OH
UV

|

Heating

1§

Heating

~Ti0, NTAs

B 1-7 R HoR & )
Fig. 1-7 Schematic diagram of surface wetting switch!*”]
BOGE R SR BU/K ] AR R R 5 () — M 07508, WOGBREBCANR], ok
R K B S AR, SRIAHRE R L 22 il oy 2 R AR AR, (Hgh AR # e
WIS TR . Niu ZEBUR A0 (A=1065 nm) TG HUE ¥ 5 = 28 b
(OCTES) s Bl £ 1 ER IR SRk - B /K Bl S 3R T . Li P AHBOLE A
SMH(LIG), 1EAT 2SR AGUT, 8 I 2R AR SR SR AT SR KA B 7K H LIG
Du 253 1 2SO B Sk, A8 SR Vi 3 T PR AN (7] X 43 ) 2 i /K
KB
TN, A H A TTVERT T A& SR EUK T 85 AR R T . Duan 55 APER DGR
VRIS -Be i, AR A TR TR i B A MR B AL R S5 M BRI 58, B SR A 7
R HESEKME. I IH, 1H, 2H, 2H-4%F 3 =& (PFOTCS)HE T £ H
i, AT LA B S AR RV A DGR SR 7K e AR N 7K R B K
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NGB 7K 2R S 7K (0 Al R M R R, AORNTE RN T2 28581
IHREMEHRME 7 — L0 (0 B8%, 17 B Bh T 3A13E— 20 T Mg ma R i i i Y
FENLE . =N ) 2 ThRe R T R BT AR, 615 B T R T 1 B A SE I £ o6
., W2 RS RTERTT BRI Re R WIT &, H HIZ b B 252 Fr AR i
t, XRRFEFEANZIE w2 AW 4
1.3 BiEEMRRRAEEIE AR

il £ BBV R I M 7 vE DA BUR T K ek, (B E 1R 2 ERRI LA
FRZE I T7 LW AnTE B AR, RAFAEE VP 2 BRI B i /K BB S /K R 1
AP BN R BRI R . DURIET A SR S MBI it R, il &1
() B VAR R AR B IR R, KERIESED T IV LR IEZ G, K
SIVEIM BT T A BRI RO SR, R R &R RE .
RINEVIMBLEA G458, HARRIIMETURE R 2R G 1ERE, RARZ R
KAAARLGTTE IR R o

VA FBIR AR IR FE, AIRT 1997 4 Barthlott Al Neinthuis i 77 -3
WHFE, %M FUHe A SR T A BOR RUBE 1 25 4 2 3 B B i /K IR AR AR R R o KR
T+ (S OV ] i Jo8 g 5715 4% i S IR T P P S RUAR R, 3 5 ) o Al HE B A e ok
SERRMMBITL, BIEEH& T —RIEA & mRERIEER R Feng 558
R T ORI O 450, 48R T BURAEIE = R PR PE I S5 2 . Gao S5 0T6i
TR G IR TT, RFF R TR % R EHE AL T B 7R % . 2004 4F,Gao
F Jiangl®V e IARE IR 73 2 SN oK 22 R 45 #4) R A 43 /K PR BB TE /K THI 22 [A] 45 280
AR SUARTIE AT I3 Chen S5IOMHE R 1 48 8 5 1 3 IX ORI IE ) 5 R
Ik 22 2 e 58 [ BE B I R ARET 4, Zheng 251020 LR FO 47 R 22 AE VR 3RS TR
BB TF B EH 20 K R A 4 A A 3 S S R T 45 4« T £ 7 1030, RO R e
Bz SV 7 22 PR BEL 75 T AR 6 AN P ZAR AR FH o ) T3 Sk ik LSRR 55 45 6] fif 1 Fg
WEFEARAL . B B AR R BIA B BHT, DA AT AR 15 75 SRAN BT ()4 =, ILAE
TR 2 I AU AAE R A S A =4 KRS 7 nl K e, il S K Pk
HAT B =L 25— PF ST, 15 S WA T [ A 1) P 45 K —— R R AZ LS, IR LA
) = AR —— A RS,

TR T i A R R ) S R BRI, TR A S & AT i, AR
S SR &R TR, P aE T2 B MRS,
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PR, BRKUA: FOLZIT. BEROGEZIULYA, pIAEDL #igi 2l
HLIE SR, 3D FTERUOL. 5B AR ZI vkl fh 222078, S&NEA IR, IR 2 H
PO HAH RN VA IR-EEIR A XTT & T MR T E R S A, ART
TATTREE My R Pk th & & A 7T 77
1.4 R AEMNE

FEE R T, RO & — R A Rk BiEE e u ikt i, b/ ir2
WEAREX LRI T T, W: Hwang®IBFARAEH 7, 5 W A5 (PDMS) 1
IFARFNER DGR ENEOAR, RIS EAR b RS B 1 AT -2 10 iRt 7K 4544 o
Wan(® S DA IS R, SR FHEOE N ANV R - B VAR 45 & R AL 7 AR 254
I HARH T AT ORGSR B IR 2854 o HLAiK IR 45 I OB« Lil*o]
K — 2 G NIA BRI T, EHRREABMERE, BIATRE R E 1L
PEVETEVR A RE

q rows- =) (T
Sylgard™184 ey  |IL ) | — »
from Dow Corning F—W—i F—-MJ
10:1 mixture = ! master 1

(base/curing-agent) Pourin:

Standard sample
10 mm*10 mmx 10 mm \{Grouve array
a  Pretreatment |—- |2 NS-laser Processing | — li ZnO Planting I—-Ig Modification |

B 1-8 A AT & Ao o) 2 77 2%
Fig. 1-8 Various preparation methods of bionic bamboo leaves

AR AT, AR T AT AT A S R RN R BT R
71, CEATHNFE AT R E TR M T BIERAE (H2 AT 5T,
AT AR BT R 2 AR AT I MRS 254, BOE B T B H B RS 1
AN B T B, FRBRA T R AR BRI R BT RGEREE, IFH
FEXTATI BEAT A7 A BT IR R o B A T i [ BRI PR 22 5 25 FEAE Y, AR AN
HaATH S A—FER SRR IERE IR, P DA TATHE gt — P R T 3k
MTHIBE T o
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1.5 AIREHHARERERENX

RARN T2 — Pl LA Rk BTGV Ae ORI, 77 9 BH 9 T ) 5% 88 7K A0
EEE AL E 2 R A R, BT, A THRAIX —ZRMA, AR
TSR S BH Y T O G A HEAT T B8, R I B T EE R TR A B 2 ()R
S 460 B A SRR A (203 J5 S 1 49 W 0 5 A 2B IRy . SR T k25 1 iR S 3
Yyt BT K HBA BIEE R DM R, FRAMER) 3D $TENE R AR Bk, X
BRI THT MOV 265 40 V38 THT AL 200 R 0047 52 2, 3083 2506 ot £ 2 U0 L L %
SZHS AR 1 P, HH BB 1) 25 0 5 3R Ak S0 B0 T B T B K T VR
TER A4 AR, FESZEIRPR T REH, FATHIESE TR 3D B 2IRE 5,
RE B S5 R B R T B T B K

SR UL, FEXTT B FE AN AR R, B S K T AT I BH T AT A SR B
IKZERE, ARG EAF AT B K B G 7 R , X 0] Re 2 A4 A7 - B RH PR T A7
TEEHKZER IR, S SR T At T Y R AL, If
HARYEZH LIS 25 HOo BN BIE v R, B ST B0 A

AT B A IR 3 I v M RE ISR A O R, AN T RFERZ AR
Bl Zm R T HIA L, R B R T R — Y 0 5E [ K s I ATLERAIT
FLERAL B A S2 00 S 8

StHE AT FOR UL, BEAE R AN R R, BRI Z B 7754 R ke
AR, T HE R REEIEE . FEFENE, EAS RS AR
725, FTLl AR BEFTE, RS TEEE REZEN. RIERFA
SEBRIE L, EEREUAIMOT ZMH B IEERIT, FERSEZNS EHITEINRS
I 52 o

RIMEENE 2 — DN R MR 2N, ¥R 2R IS el @R
(LB R, LGB AL SR 1 T J Bk B, 76 SeBRRH ik
BT RER SRR . X T HIEERN, A FETIREE—PRER:

()& HARSAA BE, SCILE SR 2 DIRE . (2) M1 2% 1 A ATLAR I A AT 98
S SR N B — KPR . (3) X A g oK RS ()8 W Vi 2% T R AT R AR i i AT
SRIE— AR, (4)1F 2 BT 102 I RER T AP RMUAS B 70 500 5, Tovksebrmif ,
e B R 5 N ARSI VR I 2R RV N I8 75 EEAE A R A D T
J7 AT RS T, DLW R SE bR R R
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F2EF MMHAEAARMNERKENES

FERIAT Iy R SCRRRAIT IS, 2 IATE 90 285 () O3 il 2 AR e X AE A SR
A1 RE -5 25 A 1] B R 2800 R IEAT IR VT, 11 2B IR R AR FE A M v 3R T OM &5 4
VSN AE HARFEH, A A BHOG ) — M g ey BEAN, i 0 BE G —
D B, AT I W 4 W TR 23 70 0k g BH T A0 B TRT o AELAAD P 4D 99 BH 4 1 T
ZOCHRE I ANE, TAEEAFRSER, A EA R R SEEKEREM 55T
REJ), X —Z RN BIEWE UM BB R 7 2 REME K, 2 RE
Dy T i WG ). 4N, 40, Feng 25 NISIZE Science R R — e ikl
W5 KWK 2 G PR i B Rl BRGS0 A AT DS 5 e A
B HTZEIGER, W& I NZILRAVE R T R AL AR 3B S5 4, 1 200
T RIREYIM e N AMUEE B KPR 22 5

FEHIRTH, RIRVT M2 —Fh B Rk B SV Ae it Fr, AR FE
H ) 57 i /K AN [ 9 1 e %) 22 e Al e ELA AR M o R NATTRI AT 2R T 1) 7 7K
FREAR 2T, AH X T - B BH TRAFAE B SR BK 22 et S 8RR S DRI,
NT IR —Z TR, AT X7 BH BE P9 T RO S5 M i30T 15 %%,
NI A BRAT W B BH TR A7 AE 22 7 ) SRS R DL RO 12 22 S JEAT I 1T SR R W B R
SIS ERAE
2.1 SETpRY

AL KUEAT(Bambusa multiplex), 2021 4= R4 T L H0E FEWITH ML X 2240
TARRZERE A (LSBT - R A B S Ay ity YT (R IE TR 75 T 2 0 T o F
RIMFAT TG, WEEFRAL N E—f i, HOAE R, HR/N JRARAN
JEREEI AR —50); RABIE I A W E Fishier Finest, XU 474 H % 24 mm*9.1
m( LA SRR R T3 I BIABR AR MHx S B 8 mm*20 m i1 H
AHF(NEM). SE5G AR i U LU BT F B O LB 7 /KH0), ZEE 1K
HH S8 =2 #1143 (HHitech AR50 = 467K R 40, Basic-Q15), HEHZ N 18.2 MQ-cm,
pH N 6.5+0.2,
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2.2 SLIR{NEE
2-1 FHEF IR B LR, BB ALK

Table 2-1 Names, models and manufacturers of the used major equipments

AR 5 CURIES
e Rl A AL SL250 RERRERF A TR A A
6 R WMS-1030 iR A A A IR A A
W R A AL T R S-4800 F A H ket
HASTIRA DZF-6050 SR AT A A PR A
S A K R G5 Basic-Q15 AR A PR A A

2.3 KWHE
23.1 REEEM XS

ARV T R B S T AR SR K M, AR SIZB {8 FH 56 R SL250
62 EHE A A ASOR A UAE t BEAT MIRACETY, 43 T AT ot 3 T K T A 2 = AR e fh
1 (Water Staic Contact Angle, &FX WCA), PLIIR 5N (Sliding Angle f&aiFK SA)
[R7

7y I3 B T o ) o) 3 0 PR 3 AR U - K 9T B R B0 4 P AT T
KRBT ARBE s, AT ke B BH PR TH v F 23 ARG 7E A5 00T e R 308
b XAEH] L TR TR PN R B K, KRR LT RORE S BCE FE K
TEZ B HEZT, WEOGIR. FEEgk(— Mo 58 R R A U)K 2 ik
KOG (BB AR AIRE ), BRRORE DY 1 uL. 7EF SR aai, wE
I BT 7 D 5 D5 R (P )« THSR R il £ U5 (Young-Laplace) A6 70 41 15 B 15 4K
(5.0000 pes/s)Ja, FTHFEALEES], fAdi z A F, F4HE T, 245K AN
1 uL W AR 1k, FRARREE, MM yA RS R T b, BT BRE, W
T A R E JE AT R R S R AR R B S, 1S R i
mi) WCA. WEMEREE 2/ 5 IREF S, THEASE] WCA B350,
U SR A it 25 THT PR KR S AR Bl A

P AR e UG, TR IE, EHEIAL 3 uL K, I
B IKE G s 7 AL I R s 1 R Bl B 1 A B R T T K & S R
JAKPLR 2 IR B, AT BIRE MR, /KPG8 31— & A FERM VR 74 5L

15



SRR R 2R A 183

HRAERED, TR IEE A R RS VRSN o (8 P IR AR AR P03 T IR
eI R BB EshE b 10 R, ULk 0T
232 XFERHEUE

N T BE— B U B B T T A7 ZE VR RE 22 500, BT LAGEAT i 0 B 8 R T ) 2
T AT ER A HT o D9 T B 8T B B THD ) R MR 3 AN SR T 25 A v iR R
KA B WMS-1030( L0 FE G AR A R 2 =1 )0 SE56: BT A A et B B
T HEAT R0 s,

D6 S AU I it P 1) 8 B2 UL - K T B SRR (R T e EAT I U, KR
R 2s, AT ORFEPT I IR RS R A B 2R T, AT 9 BR T 23501
T RS B BBER Fr b o A4 I DO RE S BCE T B Sk, B 3RIE B i H BN
Yrgs, VAR ARIR . ANk AR IBE, BB BUEW G, AR A B RE
i SEY G BRI B, A A1 BEX AT R AT W o
233 FAMBREMNE

T ReRs S LA LS AT I B BH T (R 45 44, DA R A5 30 B T B R S5 o R
(RIESCHE, 3 75 AT I B B T AT S DA B sE, 1B A T HAR Hitachi
S-4800 2437 2 St 4t o - AU OEA T 4R

A T DR i PR ) %« KT R B0 AT I R R T R AR
25, BT T A PR AT R R e B T 23 A R Sk
[ 5 TR (B S 3R s K BN 40 CCROMAR P, BT 240 )5, TR
TRt AAERIFHIOEY & 1 em? AOATIHEIEFr, S HIR ] 8 7 LR A b B (F
BETEFEHG, B TES) L.

MR A S-4800 3 At 4514 FEL - S4B HEAT LI o R T IR
RAFEFHITER, FHMIRZE, B LR P4 i 0805 1 75 20 R S AT
M AL BR o T A IR R AE 1~5kV, BORREEE AL 300~20000 £%
20, BEETAEEE PR 5kV, 1.0nm; 1kV, 2.0 nm. H@EEEFHEE,
FT WS I PRI AL s 5] T B & TS B BRI T 254, 3 — 545
HA P I B 5 A T2 TR0 P £ R 0

16
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24 BRER
2.4.1 It RN K

AT BT BH T 2 W (B 2-10) T LA 21, ATRERHTIR SR, B T
B, ARG A GRS A LURR T SE 1, R G K
BRAZE RN, B UM A BATH 20 L % 22 5 g AT I 40 A

2o Befub A M RT A, I PR DK R B ES ZARE A A 2 720430, B T 7K R
BZAHEAL A 127°43°, Hoh—HBIRWIE 2-1 av ¢ FraR: BT Ko 4
ful PRI 72.1°, BTN 126.5°0 TEHEAT Hefl R A RIS 80T 30 fil
B, R I R FR BN G e AR, I H AR SR (8] 17 30 M AN .
RILPHT R T8k K, WaEhMEEOR, KA YR ARTER (>3 ul), HKH
FREH T HE D), (ERHMEA 7, ZMELE 4005, MRS M
HARMS, ~PIMEN: 7.5°43° AEAl AR 4EE Hrba] DS 2518 AT kBT 19
BRI AL T PR, IF BRI MU, BB R 3G vEae,
ﬂ%ﬁ%ﬁ%ﬁ%%ﬁ%ﬁﬁ%%%ﬁo.

Fig. 2-1 Apparent diagram of bamboo leaves. a) WCA map of the yang side of bamboo leaves, b)
macroscopic map of the yin and yang side of bamboo leaves, ¢) WCA map of the yin side of
bamboo leaves

242 PRI &R

FRARPT b % B B SR, P BHTH (B 2-22) R ARG, BT RE68E £
A R EE R B B A B K G5 2 4k, TUTE S WL R A5 FAR 250 43 AT
RN, a0 SR e S8 & Z BRSO  BAE T,
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L TRER AR 2A AR S

A DAV #E A BT B TR A 5 B BB SR AR, DL N T
SN, BEs R ILE R EAGER R A KA B B 2-2bs ¢ 1 d), ittt
B2z, AR ek B T R T 0 BRI B 7R 150-300 um 7245 BIET S EE

BRI PR B9)ZT 50-300 pm s P K TAT SR (YT R 9) 24 100-150 pwm FEJIK =1 FE 2 50pme.

PR W 3 . C " £
— - i TR

Bl 2-2 PrmFIETE DG R o a) YT BRI, b)Y BR AL, o) Pt BT 6
R, )y B AL
Fig. 2-2 Optical microscope picture of the yin and yang side of bamboo leaves. a) the picture of
the yang side of the bamboo leaf, b) the top view of the yin side of the bamboo leaf, c) the spiny
picture of the yin side of the bamboo leaf, d) the side view of the yin side of the bamboo leaf
BT BB 5CG IR, ZAE I — 0 T AT RIS, R E T H
il PR (VA5 AR AT R R S5 A5 B AT ORI R e B B
Proepg PRI (B 2-3) R HLBOGH, B 1 RESE B A A K ka5 4 LAk, L
T AN B AT 5 R 45 0 B A AR A A XM LA T ) 8 38 B 7K I
A RN (1) SCPE S A RN 2 BR B W FTS /K, 110 B\ 1m) Bk 45 44 mT R 2> ke 2 51 /KR
MIPER, AR /K 7E R AR GUR 1 g, AT 30 SRk I TR
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L TRER AR 2A AR S

IR AR BA T (B 2-4), o R 37 ST A BRIFERRY), 2D
JBORAERL, 3 m] DOV BT MR A AE R B A A N FLIR, BRORY. BRI E
AT o3 A 2 BRI PR o A7 P B T R T A7 B R 5 LU AR W R (R 2 T
BORYD, AT BT B 1B 7K B8 0 KT i 1 SR R

FeU AT e BA T b PH T 22 (03 8 T ) 45 4 0 BRCIR ) (845 T B T B T
AE 732838 ey T AT BT o (5 DR DA 7 ot o T [R) IN #RANAF AR BRI Z5 A AERCIR Y, i
LA FE 58 A2 (] A DR 2 S 00T i BA T 1A IR B BT RE T, NS TIAL . 45 R ORREA X

50pm

Kl 2-3 PreFRHTEAS FR ST SEM

Fig. 2-3 SEM images of different sizes of bamboo leaves on the yang side

K 2-4 FrH-EATE SEM K. a)?rm BAIEERIE, b)Y BB RIAERRIE, o) BRYIHCR
Ja 1 RY)

Fig. 2-4 SEM image of bamboo leaves. A) the figure of bamboo leaf's yin burr, b) the figure of

bamboo leaf's yin burr and ball, c¢) the enlarged sheet of ball
2.5 KENGE
BT R _E A AE B BBt =R, s TR R, TR —
AP, SEES O THHBOGTE . T OGIECT IR A B FH D) B 20 S BRURE 1
ITHA AR S AR, BRI BHIE WCA /N 72°43°), FHILTFEE
RN (ORI 400038 3l A1), AT BT WCA(127° £3°)4H EL T-BH T
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WCA 1RK, FF HEAAMURSNMA(7.5°43°), WHIZREHA HIHEGE, A
e, BERE AR NI B K B IS RHIRLII N R

WA BRI T Ay it B BRI A A SR UK YE I 2257, D 1 3R S e e ]
SRR Ayt A A AR R R R, AT BEAT T ORISR . e
WAEE T, RENSE BT BT LLFR T 2 1 VF 2 BRI 4 s B A BT B T
PR, WA I BA 1A L B A SR AN R R Ry BB o AP A 0, R A
RIMANZ A MBHLR S JoE . P, 43RG N g 2R
ZERIT, FRATIASRE o bR H AL 2 R AR P R 45 R, o R AAE 1) i v e
5 AR A 2R KPR 5, BT DL =5 BT - B A2 B B EAT A2 o3 73
e
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B 3EF MMRERS DHRERR

WG b —FgE T, 7RI LU RH T 2 T BRI SSMAIERIRY), TR
A2 o J5E PR 5 B80T I B T B 88 ST RV S AR A T i B TR AL R ERCR A
F5 2 R TFRIETE o 0 T AR SRR i (R Al P 5 — M RT LR FH DA 2 F7 ik S
B RO, R AN G E(FTIR). X S 4258 i (XRF) . HL2 ik
Ram)P, FHEILIR PSR NMR)P, ZREREREDSC). X HEATHIE
(XRD)P3), vk A 36 = AOR A (3L (HPLC) . SAHBIEE(PGC) T RE 7 HTid:
(MS)PHEHARFBr. BRI iE T &7 280 % D #AFAE— @ BRI, DURANTE
FTZRE S ARSI, Le s 9 5 TR T 5 54 v O R E BR B ] RO i AN I
Fi: SR NMR 5203 B & AN GUE B bRk« XRD AGE A T A
JR RS e AT s TR 2B BAR S ER AT, BT A AR
HERL, A SR i v E AT AL RN e I, 22 S 30 B AN e, TR
T [ B SR FH AR 2 BT 5 V20 s 5 SR BEAT IR, i DL — RS2 T LR i
FASEFH — 37 BB A HEAT P05 LG A3 AT o FEXT AT I R 0T B o0 0 A T AL D AT
BEAT T ORE SR, DARA AR T, HEDN P REAECE ARG, T LUER T
TR UR 7 AT A S BRI, KR A 1% B RRAE e, T DL 5 1 5
FATE “Bf7.

AT I B T 2 T8 s 3 AL AT _Eok S LR 43 1T S50 5 5 e A4S B TE A 1) 7T &5
R, BT BT EBEAAEYIHR W S5, TR TSR R A AT TR
CABETD B3 M, AR i BR NR B DB AU TR SI4: s |
W, SRJE XS PRV A% AR i FRORE S AT PR REIIN, R S5 PR VE AR
B, EFRAE R INERAE N — R TR, R SRR T I B AR R A DA
FAJR 5 TR 3
3.1 ScIustHd

FEE: KUEAT(Bambusa multiplex), 2021 K4 T 28048 eI ST X 2244
TR N HEA(CH:COCHs, 4l 99.5%) % —FHZ(CsHio, 4115 99.0%)-
L (CH;COOH, #4if¥ 99.5%). FE#(CH;OH 4Lf%, 99.5%). HER(HCOOH, 4
% 99.0%). ZME(CH3CN 4%, 99.0%) H Thermo Fisher A F]; RALHH(KBr)-
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AR KSR 24 A8 S

VIR RS OR B, 15 K 60-62 °C) 1IEZEKE(CroHaa, 4ERE 99.0%) 1 5 R 4z T a7
AIRAF . FrA A AR AE A HE— DR A B L N AR . SRs i FR i
B LA R Y B 2 25 8 /K (H20), 1225 B 17K H S0 = il 75 (H Hiitech 225K
= aAi/K RS8t, Basic-Q15), HFHLE AN 18.2MQ-cm, pH N 6.5+0.2. TIEiak i
Fr(BEWbi) W H Fishier Finest; 1.5 mL 2.0, 15 mL 308 KR NEIE E
Axygen AF]; ISR T REEQIIAR B A RA R A bk, 357], %
AN T

3.2 SRI{NEE
%31 FHEAIE B A AR, BB AT

Table 3-1 Names, models and manufacturers of the used major equipments

R Eithe) AR
JR AL LA ERE A Nicolet iS20 Thermo Scientific
ZE P B P DSC-1 Hti 1= Mettler Toledo /A 7]
AR ETEAL Trace1310 Thermo Fisher
15 70 FEIT B FHAX Q Exactive Plus Orbitrap Thermo Fisher
7 e AR € B E Bl ik
U300 Thermo Fisher
PR
WIETR A 2% Vortex-2 Genie Scientific Industries
fIGIR B0 L 5810R Eppendorf
P T DA WD-9415C e N — AR
ACQUITY UPLC HSS
AL Waters
T3,2.1X 100 mm,1.8 pm
Je R A A SL250 EERHARMEAER A R A
HA TR DZF-6050 SAR T A ER B 9 TR /A T
R ARR KB HH-4] IR A AT PR A #]
LI EAK RS Basic-Q15 GRS ATBR A ]
TR FA2004N WIS PR RA T
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3.3 KWHE
3.3.1 ERIMRIFEMAYIRE

FEX AT B BH 24T IS e B 1, BRI B BRI SR T 22 1 VR 2 AN O3
s, T HE R B R RN S RAAAE, Tk 9T B sk v R AL T B T
FIT A AT - [ T 3 T A AE R B AT R, R 5 J8 0 & PR AE T v, EAT BRI
KBS B 2 kil . R far R A B BRI 75, 72 DR 9 AE SCHR VR 071000 i
KN, ARG INE RN BEA Iy R LA R A AT V) AR,
T FRAT TEIAE ASASORE T 77 P B T8 £ B 2333647 20 A, B DAFRATSE T S5 oy B4 D B
Jiikie

W B SR AR () T REAT IR U, MR T TR AR TR 2, RV TR AT I SRR
T, ST TR AR s 4, BT DAER R 8 B R an ] 2-1 B,
KB BT B 70 25 B T ik, B SR TR BT, B RS SREGE 4 AR
ENRA BRI R o B 7T B R R AR D, KRS ZEEIHL 30000 774
REFRA 0.3000 g A2 A7 HIBHIE A -

Bl 3-1 FRECPT B TR B R A i AR
Fig. 3-1 Flowchart of obtaining burr powder on the yin side of bamboo leaves
3.3.2 ERIEMBIRRTHILLINEIE S
ZLAP T 3 B O30 SRR ) o R ORI SU SE AL AMR S R R, A  Ay
Prsdii. 8% 0+ L ERE, EYRASITNEEFR.
FEm e K FRBE BRI R, THELE 40 CCHFE T T4 24 h; SLEGIE
TR — I TR H . 20~40 mg BRI R 5 TS EMEAIRS, —
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FEC T3 ) BT B A (B B 2R JBORRE B2 /N T 2 ), KRS e R R R S TS
o, R L

TR A R 41 48 A (Nicolet iS20) 4 BHRIK K BEAT 00T FTIFLL
HMGREA, FEFURG AT B B A . O AR s SRS R
A B TR L, R BN R LA it o SRS TT A S0, TFAAE
SRAAMEIE, SRR TGS BER TR W T AR G S HUL R
3.3.3 ERERBIASH

ZE 7R B # (differential scanning calorimetry, DSC)!'%, g &0 Hrik 2%
i, B RE . POl AR S AN e AR AR A R ZE s R AT
LA FRATTR H S5 247 0 R4 A, ot 280 S L1 OS-TO7D L £ ol RO 254 45 R

MR J772:: FREL 5~10 mg FRIlIAE il 35 51 F 8 (T RE S rp KRR B 8
BEFM AT, WEIFRRAFESH, £ N A E T, 10 °C/min FHEEEE, R
X a1 B 9 0°C~300°C, idsk DSC M4k, N 1 ORuEEGE rl SV R 20T 2 IE
R
3.3.4 EfFERMNSHEEIE-FRIESH

TR AR RN O8O — bl 5 5R-E D AH U A3 AR AT 3K 7532, 12550
H AR 285 S LG T F A 3 AT VR R BT AT 5

MR BUD SRRSO JEE T, SRS HTON IR 600 °CL 1M
15.0 psi FIFZYI . MS AR5 2R B2 290 °C, MS B FURIR FE R EFAE 250 °C.
JRIEAXAE EI IE & F#E50(70 eV) N ig47, H#TEEIN 35-500 m/z.

KRR ERERT N 40 °CHRFE 5 min) & 280 °C, MM E K
10 °C/min(f#£F 10 min), S (He)fE 10.0 psi HITE B FEH . 15 H A% K
Turbomas Ver 6.1.0(Perkin Elmer) Al AMDIS #4473 Hr¥iE . &Kk Py-GC-MS 73 #t
WEE =K.
335 ERHRREGEIE-FRIZESH

YBOAH % - B 43 B U120 — Pl = B BT IR B T S A B 752, g
St EUARUE EIRE, DA RAHSG TR A B g, o] DL HERA 1343 S0 25

FEMHI S BURESD 200 mg, JIA 10 mL50% F BEKIER(V eV 4=50:50),
A 30min, P EJE 1mL BT E.OE S, 14000 rpm 20 Smin, U ETEIT 0.22
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um WFLIERR S, BANSERE S, £ UHPLC-MS/MS Z30#7. 45 FIRE 50 % B AR [E] 2%
GRS

MR T7i%: KA Thermo QE plus ¥RAH €435 5 I i 20 )T 1% SR Compound
discover 45 AbBR A FEAT 20 BT RE & 1AL 5 75

(1)U A

6% #E: ACQUITY UPLC HSS T3 ##(2.1x100 mm, 1.8 um); #Eid:35°C; it
FEARAR:10 uL; J3E:0.3 mL/min; JsMH:AZE K, & 0.1%HE): B(4, &
0.1%HIR), BhREBENL. F A RE Bl & AF T

T 32 W KME

Table 3-2 Table of elution conditions

Time Flow Rate(mL/min) %A %B
0 0.3 100 0
10 0.3 70 30
25 0.3 60 40
30 0.3 50 50
40 0.3 30 70
45 0.3 0 100
60 0.3 0 100

60.5 0.3 100 0
70 0.3 100 0
Q)P 2% At

KH Q Exactive Orbitrap =5 73 #0125 47 i 204 K48, far 824 Full MS-
ddMS?, 1E B 7B B AR A, SV DY m/z 100-1200, MS! 3R
BE N 70000, MS? /3 HER I E Jy 17500, &5FJE RN 3.2 KV, B &1
& 1 5 (Capillary temp) A 320 °C, Fi Bl N FAE FE (Aux gas heater temp) 4 350 °C,
H4S IR (Sheath gas flow rate)y 40 L/min, 4HBISIM#E(Aux gas flow rate) v 15
L/min, AGC Target BB N le6, TopN BWE AN 5, ik MS* $14 (AL 1 fig &K H
i U R B NCE, #E 30, 40, 50,

3.3.6 IR BATE A 73 1R 47 LA R M e
3.3.6.1 SHEMUEREREMRENR

SARUTRNENPLE — okt G35 kBT, T8I — e SR VTR B8R DURR [ 1A ) 2
AR . ZI7 AT REE, ERVEE), ATEREME SR AN SO0 il R i A
BEmF, BRI BIRIARE e “R” ARG L, TEEEE LT TR T
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FE & BT IR T S OB . BB v O T AR TR LA
7], SEg g R AR ST RAE, TRAERT L SME AL %, LI E N 1 4y
B PR CHIINARE AR EHIN AT, 25 HIARK LR R). £E
AR i TR BN TS 2 38 2 39 50, B bR R . BN SIS R R AN L
T, SFBEABI T ERREEEA 3, rblHRERTEL LR, 5
FIEERSERR 45 2R

M T7%: A SEERRE SL250 J62r el /A, 73l & “ AT i3 i)
TR R AS ARl A AR B A
3.3.6.2 RizERERE MM

BETENA O — Rl i oE R R 77 3, L AR o W B B k2 [
MEINERI T BRI B AT SRR . 1Rk ok . A S i 2 R P A i
T ANRE S IS ARAE IE S8 R T BT, JF LA 0 5 IEZSBERE B85 % B TT AR R TH
A IR S R AE TR AR RS RSP0, et T 338 7 Ril, BRI,
2SS FH R B3R O B T THI PRI B3 s R OR S5 R 7R R = A RER T AN & - %
KM, AT R RAERYERT CUE 1 B T I 38 i AT IR =

FESEI: B R R % 0.1 wt%. 0.2 wt%- 0.3 wt%- 0.4 wt%. 0.5
wt% 7 AN 50 mL /Neebr i, B AN IESS LT, B—MFREZ) 14.600 g. R
SIS R NG BN A A B OREENR, B F SR 60 CHIK I
B, MR EE 1 mine FEET IR B BEIF B B IR NS, K2 Ss e
W, ARRRERE 2T E, BHEERE T, BAT 1 d. fFR)zE
e J K B3 P AT, JRAE R B0 et BRI R, DAERT DA 21 i
JE B L3Ry AR THT, DAL TR T ok B A i U 2 R BERE X 5 SCRE B R T

M52 [k, ) S8 EARNE SL250 Ye2Eief A4, W A7 i i Bt
Jr 7K RS AR A AR B A
3.4 HR51HL
3.4.1 EFIHFRNLIINEE S

MRAEAFF ) FTIR 5 (& 3-1)IEAT 7041, £ 3432 em I BI04 g 32 R 4R
AN, 2919 e I (IR CIE Sy C-H R 4E4R2N, 1710 em™ B L 1625 em™ [
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g W N2 e TATOS'S
NI R FE PR B0, 1383 em! B (IR IS IG y C-H HRBhI&, 1052 em B IR U
g, "IRER C-O MgaiRsh 51 .

— frotEdl

Intensity (a.u.)

3432

T T T T T T
4000 3500 3000 2500 2000 " 1500 1000
Wavenumber (cm™)

3-1 BRI R FTIR ]
Fig. 3-1 FTIR spectrum of burr powder
T IR B B8 70 A RA B B Bn v ot i B T DAAS S R RS R B
PLF YRR IEIE S AL 3-2), DN AT B8 5L R S R AR it ehr - A Y
HITFEAIR, SRS KRB #OE A RIRET 4L, RIS T A7 R i Ak 27
F 3 B BT AFAE AR R OR B

1710 ~
1625

/
1383

|
2919 1052

— 3432

gmaxin hemicelluiose

Intensity(a.u.)

3-2 BRI AR GAREMELL4E FTIR 35 B H
Fig. 3-2 Comparison of FTIR spectra of burr powder and esparto xylan hemicellulose
3.4.2 ERIHmAY DSC & E 74
HRIE1F 2K DSC 4 (Kl 3-3) T 51, 1A it W A T AR AR DR (J& sk i 1
XIK), ZFERVIGEEGIRE N 39.04 °CUHERZ TR A ALE], SEDRAH
LT wdT s 51.58 °C), RALZE AR L 177.41 °C, WRFWEIEAE A 106.55 °C.
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R B AT R, RS S RS R AR R, ARE 2 AT SOk
Mofiig, VLRSS Rt i, nTBAE a5, Vb &1

1.0 4

=
n

IAR% vk @ 169.81 J/k

Rl fix: 5168 ° (
39.04 * C 177.41 * C
0. 473 W/g 0. 469 W/ g

I 3 5 JEE (> 106)

FIL: 106,55 * C

0 50 100 150 200 250 300

I/ C
K 3-3 BAPEI R DSC HiZk
Fig. 3-3 DSC curve of burr powder

3.43 ERHEH A PGC iEE 21

FE
2600000 — HHEN
2400000
2200000
2000000
1800000
1600000
1400000
1200000
1000000
800000

600000
400000 Mj‘“‘
200000
| TS SRCURET Y I B PV
-

T T T T T T T T T T T
B[] /min 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Kl 3-4 FRHRE PGC B
Fig. 3-4 PGC diagram of burr powder

MRAE S50 15 201 PGC B (B 3-4) T A1, 2R AL S LR o AR 3 B2k
POCFI AR B AR, FERARA ML = ST RE <G T, DR, & i
FNZEIG % T H0H AR RE 2 LB o A RSO BB - T T R BB A JT 0EAT B A
IR EREAT 0T, AR SR PR, AR R B 0 4R 0 T B AT FLAR R 4 A
ke

o0k FOR UMK 7732, RS R BCHEM HE 12 B DR AR A KR 7 AT 4R R,
RECE BN 89-90%, AT 9-10% A AUIAREN LS 1“7, FIR 0.5-1% M H
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25, AERAE i R B AR RO s), PRy ISR K VS A2 R0, PASCASE
F T AR B R - U 2 A g AT 0 BRI
3.44 ERERNGHEHEIE-RIESH

RZH VPG HIF T #B-5 500 /N TR ARG O¢, PR H A A il i 4
PrEAR AT BRI o FH T FF Al A7 E AR 2 AR A 5T, 738 1 40 A a7 92
ANRE T H BRI ARIIEL S, BT DME T WA (0% - 5 7 FR S A ) 7, X
Rk AR BEAT T SEANVELR ) 737 o

A8 P VBORE €085 - 1 23 R 35 3 23 B 7 vk B TR 2 TR AR i, AT AR B 1 i
KI(&l 3-5, 3-6). & 3-7, & 3-8 Jy= ERELAE il ) TIC Blo FRATTRT DL SE56 iy
1 B ST R 2 S RIE R, WEAMGED IR I THE S,
B2 HT TIC B4 H K2 BIME S, IR REA T4 047, BT LA
HFEAEH T Compound discover 3.2 BAF#AT R BN 04, 347 JH 45 Raw i £ s
REIEVESR L, (GLHARREWECRIULAD . 2 T 22 [0 28 43 A DU FC 1) o &2 i 22
PJWE N S ppm LLN).

BAad TR MEZ ARG, 45 H TR e o b RS S i,
S5 RN 3-3CGR AN AT 25 A, PR EERT I R S5 2, SOk
W70 PR ) S TR, TR TN B JE A, FIWTREIK Y, BihS%
SRTUE A K5 BC R E X HE logPU 20121 (I8 FT)E
FHNWT R o R T8 S, 8 T AP Bt sEE . R
Beak. BESR. B2, w2k, R, 1EIX BLIRATE logP <0 BIFLNZE/KY), logP>
0 A AER KD # L 28 T KM “ 7, v LLE BIiE 2R 5 3 B B
K.

AW TN S BURR I, B AR B  E KRE 54.633% 1B KA,
38.479%HIZRKY, A 10% LA HFURSIH . KoK, I HXEEHKDK
o e T “iE.
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RT: 0.00 - 70. 01
1004

95%
90
85
80
759
709
65
60
55%
50
45%
407
353

304

25{\ 238
2031,

11.20
UL 1548

54
ﬂ\mwamww i

20.80

20,4,3,‘ 21.63

[

|
Wi

1167 14.60 ‘

20.26 |

S b

27.12

M\ J‘

47.10
4691 |

47.41

4582 ‘ h

4573
48.42
4557

=i

45.02 hso,es
44.09 V‘U L
4393‘} |

4000 43 15 [/

v’l M /

H ‘ 37.95 ) I

‘\3111 \3szsﬂ/mJ

aad

30.80 ‘ 50.97

[ 5168
P\ 34.35

27.84

53.80

B

63.

FW MLLF“ 30 5986 60.94 ‘ v

W/M e MN»«M

.46

63.66

i 6682

\

-

67.92

e

T - T
35 45 50
Time (min)

30

K 3-5 1EE TR BRI AR TIC &

55

60

Fig. 3-5 TIC diagram of burr powder sample in positive ion mode

RT: 0.00-70.01
100 155

95

15

| 1.93

3

3.51
| i 370 724
wORT A

o

=

] JJ

172 | (]| 1

W

16.03 )

152 1277 N

2544 2713

a

‘h ‘| 28.16

49.01

L
41 3:217 475‘% \M’[w V\soeo
38.94
3965 |

? mjk \M/

37.2
sada 3 3677 ,r

50.96 54.74 5725

W
WWWWMW\

et B

63.

38

63.74

65

70

5

10

15 25

K 3-6 71T

35 40 a5
Time (min)

N B RB AR A TIC

55

60

Fig. 3-6 TIC diagram of burr powder sample in negative ion mode

RT:0.00-61.80

80d
e -
— 1B
40
303008
045 47.80 4
207'0%° 280 520 728 1066 1299 1476 1646 17.68 2081 2248 445 48.89 54_40
o o s e S e e A 2801 W
2408 3514 3731 3801 581 f\
10 : L2818 3147 S A e “09“ JANIED 08 k‘5454 5841 6177,
0 T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 55 60
Time (min)

K 3-7 F%

Fig. 3-7 TIC diagram of blank sample in positive ion mode

T 2 AR TIC B
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RT:0.00-63.24

Py E Rl
1103
1003
907
807
707

60

4431 4555
e 3066 39.07 44 ”—3"& "
0] oo 5,2% NM" W}' w“m 4921 49 ;)99 sty s 9298
3 " i e 5487 O ‘
* ﬂ N W\wﬁw Vbt W,me~»w~
209 ss72 | W
026 28.41 452,

1040°°_1.50 I 3394\, >

b
A vl 285 584 7.82 984 1273 1627 1884 2326 2371 2721 -

[

5 10 15 20 25 30 35 40 45 50 55 60
Time (min)

3-8 BRI A R TIC
Fig. 3-8 TIC diagram of blank sample in negative ion mode

AR A 108 T 1 P R e S s R ] R L, AR R E U BT A A T
BRI OR B BT 18] 5 b A it 1% B EAT — — X B, 7T UGTZARE i B A 4 A 5
VIR 21 B LA R & Sl AT G BRHERT . N TR 250 B BH . JRIRAE R 23 B R
FEE R, BrCATEAF——35A

(1) Homoorientin F2EH 2 . MSLE IS il B se 045 DU N3 : Reare
KRB EA 20.712min, 707308 CaiH2001, 70T 448.099. JHidix e
0 I8 0] LU AR ARV TR0 R S ) i . RS ], RERS I E 1M TR AT
E

&

R RS

&

o

; 300 20.712

=~

200

)

= 100

= 0 ) 1 ] I
20 25 30 35

FF 18] (min)
3-9 LR RARMEA IS IR 1 (i ]
Fig. 3-9 Extracted ion chromatograms of Homoorientin

PPl (F13)#7403, RT=20.696min, MS1, FTMS(-)
CyHy00y; as[M-H]!

e 400 ] 44700250
= [M-HJ-1
= 449 09796
% 200 44500573 564.14294 58122272 667.15173 78515576 89519226
= 56313953 61321283 65115570 g17.16231 [ZM-HI1
; 0 T T T T i e T T T ey T T —
=
500 600 m/z 700 800 900

& 3-10 FrER MST i
Fig. 3-10 MS1 mass spectra of bamboo leaf burrs

31



SRR R 2R A 183

TrotEHI(F13)#7382, RT=20.63Tmin, MS2, FTMS(-}, (HCD: DDA, 447.0927@(30;40;50), -1)
327.05048

-
S
5 297.03973
E’ 285.03973 299105527 357.06100
165.0186! ~ 369.06195
=2 125.02425 16501885 4, 03045 203.03471 255'“552 29804688 || 333 05029 328.05365 i 411.07263  429.08191
el 69.24076 108 nzgzklnozsss {175.04025 199.03952 25;,0595. 8403149 \I !ll. 103029 — 39808488 40, oThos \47.00335
Z0 L ‘ i ) |
-3 T i |
10 200 miz 300 400

K 3-11 77i-Es MS2 i K
Fig. 3-11 MS2 mass spectra of bamboo leaf burrs
(2) Wilforlide A 55 22 i P g Y o SIZBG 2% SRl PR B0H - AR BE B 104 47.924min,

TN C3oHas03, 70 T8 454.34933[M+H]+1. B EbAruEIL I, REALHIE
2N TR A TR IS R o

€450 47.987

%100

= 50 45.826

B 44.094 Eng

h 3 4w 45 50 55 60
5 [A] (min)

3-12 T O3 Y IR RS TR B T i
Fig. 3-12 Extracted ion chromatograms of Wilforlide A

Yrv B RI(F13)#17177, RT=47.924min, MSI1, FTMS(+)
C30Hy60;5 as[M+HJ™!

&> 200

= 455.34933

S 190 [M+H]+1

o 100

et

= 50

E 0 T T | T L T T | T m T =5

= 452 453 454 455 456 457 458 459

m/z
Kl 3-13 5Bl MS1 5t K
Fig. 3-13 MS1 mass spectra of bamboo leaf burrs
T ERI(F13)#17156, RT=47.869min, MS2, FTMS(+), (HCD, DDA, 454.3374@(20;40;60),+1)

g 95 08510
5 81.06953 109.10062 138, "5”- 455.34958

§7.05410 121.10056
_ﬁ% 9306956 | | ‘ 123, 11626 149 13165 s ;:;?:;24'9’“ _ I 200.34454 ‘.;:;731;'3;;..-5-7
E_; Iy 1l ||| 11} ” |||| II|| T Y PTTTIN | P L . | . il I
= 100 200 300 400

m/z

K 3-14 Frm-Efl] MS2 i K

Fig. 3-14 MS1 mass spectra of bamboo leaf burrs
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R 3-3 BRIBI AR B 73R

Table 3-3 Analysis table of burr powder composition

B logP  FRKEE®%) RKEE%) 25
Homoorientin 727 ¥ & 1.58 15.340 HRE
Wilforlide A HABENEH  7.47 10.927 iR A
Schaftoside & f#E51F 243 9.249 LB
Vicenin IIT 4E5%5* 111 -1.75 8.787 EEES
Sucrose il -4.49 7.554 WER
Isovitexin 43R 0.091 6.127 T
Echinocystic acid | Z£Z 7.58 4.065 T =ik Ey
Lactose FLA# -5.55 3.336 b
18 B-Glycyrrhetintic Acid
6.412 3.251 iR A
HEIRIR
Ursolic acid A& R 8.731 3.202 —ERRA
Citric acid FriE -1.64 2.999 —REENED
Roburic acid HREERE 8.285 2.734 IEZ NN Aty
p-Coumaric acid FRIEATEY ORI
1.460 2.112
2L R R ENHER 5%
o-Linolenic acid
6.52 1.855 ARG D7
-V R IR
Methyl 4-hydroxy-3-
methoxycinnamate -0.25 1.820 [N
Rl 20 R HH i
Aurantio-obtusin 3-D-
glucoside — 1.660 R
P 5 LR IH R -6-O- 7 A B
Pinoresinol 4-O-glucoside (+)-
2.103 1.351 HR
T i 25 -B-D- N R ] 267 W
Lupenone ] fi 47 i 10.40 1.331 FLIR =GR
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23R 3-3

Continuation table 3-3

2R logP  SRKEE%) HRKETE%) F5
3-[(Carboxycarbonyl)amino]-
L-alanine -1.51 0.983 AR/
=t%x
8-Geranyloxypsoralen
‘ 5.850 0.868 AR
8-Fr M H A AN H R
Hecogenin ¥4 2 H 7 4.22 0.797 Tk
Pinoresinol diglucoside
5 -1.86 0.708 PR AR R
o s — ] ) B
Trigonelline HCI
-1.13 0.702 RN BERILEY)
R A
Raffinose HiFf#k -7.89 0.681 HES
7-Methoxycoumarin
B 1.827 0.673 TERR
HAEAEER
St — 38.479 54.633 —

T —FoR R, —& Rz A

3.4.5 {RAERMERENIRER
3.4.5.1 SHMAAERMEEE

SHPTRUGE I &AFER B, N 3-11 Foss K = AR fil A an
B 3-12 fos: DAKINASHIRBN A SA Bl 700l N BERb T s 2 2 43 B AR A
—6.2°. EWTHBINE 1 o8 FEf—4.40, JCTHBIE 2 o8k H—8°. b
TBFETE 1 780 BIFE fh—3°,
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o .

3-11 SUHTIRER SR SE K. as D)ERD TR 2 2080 1 2 BRI dh S

o dYGHTBHEEH 2 7080, o6 1 20 BHHIRE L S 1
Fig. 3-11 Physical diagram of sample prepared by vapor deposition. a. b) Physical drawings of
samples with frosted glass smoked for 2 minutes and 1 minute; c. d) Sample physical diagram of

smooth glass smoked for 2 minutes and exposed for 1 minute

RES A\ SIEIG BT 15 (A 12 i Ay 11 B (1) 3-12)RVR 30 f SA Bt b A, alad
FURTTRNE T 2 M RE b, Bt A BLRR S f PEREARE W L o (BRIl IE s
Yo (B 3-1D) T AR A HE RIS, B ARG, 0 L iRfFidfe
i J, PRy Je s B i S5 A R 4T S IS B P 456 FH 9 3D A S AR il A B AT

BRIt BLR 2825 8 TG R SR DR X HL AR T AT e PE AL 2

3-12 SARVIRIESI AR S WCA. av by oy A7l BES R HI B HETE 2 435, 1 4y
Bl DT RE] 2 7080, 06 1 B AIRE S

Fig. 3-12 WCA of samples prepared by vapor deposition. a. b. ¢ d) correspond to the samples
smoked for 2 minutes and 1 minute on the frosted glass, and smoked for 2 minutes and exposed

for 1 minute on the smooth glass respectively
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3.4.5.2 BiEEM MR
BEE B AR T IR A . TERVE RS  BIROE T BRI
TR i v 2 I v, N XA R 5 EE i i .

Bl 3-13 BRI FiRid = AT JE s s, AEEs gz . a-n il 0 wi%, 0.1
Wt%, 0.2 wt%, 0.3 wt%, 0.4 wt%, 0.5 wt%t I I3 E F 62K
Fig. 3-13 The physical picture taken before and after the frosted glass sheet is coated with wax
layer, and the white part is wax layer. a-f) optical diagrams of glass sheets corresponding to 0
wt%, 0.1 wt%, 0.2 wt%, 0.3 wt%, 0.4 wt% and 0.5 wt% respectively

U2 G BB v AW L BEAT O AL PR, 08 o oy SR ) R K R e
BT AN B4 24T L el IR W] LA B (30 7 9 B B R B v B RIss =,
PEWD PR RS Sy 4T, AE R 0 et Bt i & BoR i BB, v 1l
SZI R, NIRRT T B R RO s (& 3-13).

M 3-13 FRIRATRENS KL 0.2 wi%oltf AT LU A LA S Bl =, 0.1 wit%lt)
RIS 2, A T REETH R Sin f5 E—— A SIRE, RN, b i
FH&, BRI SRIRIR E IR E RAE 0.1 wt%-0.2 wt% 1 o BT LIS T M 0.1 wt%-0.2 wt%
Hh P B VR PR T PR R A O P AT IR E SRS, R E T 0.15 wi%e ki
B ZAMIREE, 2R e 2 S5 Ui A R 5 s B OCREH .
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3-14 FEMRIKMEASSAHEMA . av by e dv e DXTH 0 wt%. 0.1 wt%. 0.2 wt%.
0.3 wt%- 0.4 wt%. 0.5 wt% ] WCA
Fig. 3-14 Static three-phase contact angle of water droplets of samples. a, b, ¢, d, e,f) correspond
to WCA of 0 wt%, 0.1 wt%, 0.2 wt%, 0.3 wt%, 0.4 wt% and 0.5 wt% samples
TS U i AR i AT KR R i A R P (B 3-14) REE R, s
TR E REW AT R RAF BB K BE (RG] WCA N 26.5°, IRz /)N WCA
N78.6°, BB AL & T RE LB K ), I ELIEAE A VR BE (R s K R i3 P G i
BRI 5 SR Y 0.2%I6, KA H WCA ©4>90°(#i/K), [FINAT LA
Bt 5 AR P 1 b T 38— RN, SXof IR i 0 T T e ) o R P MO T D %
(0.4 Wi%F1 0.5 WG BER (1] WCA SV T 6°), VWA RIIRIE (i 1
ANREAE Y SR SE R BB /K B 77, ST B T 085 S0 A7 E BRORS B PT R 2 HIRORE b 1) B Vs
7o
¥ 6 NMREREATEBN AR, KDL 6 ANMFERI SA #BTE 70°LA b, HEAK
HIRS) . BEETE S
SRS 38 1 (¥ WCA 08 v LLFRJGIE B “ 057 A RAFIsiKMERE, (H2 1%
RBHES 2 RSN A SA BdE >70°(t TSR = RibHE, BRI MEE >
70°, W ULUCHAEIEIRBN M), BB I ARSI M SA Hdf(7.5°43°)icH

i
and
[aYay

7
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RRIHN, WIEHE R RZE AR R M 58 2 B B iE R, frilis
LR 53— Fp T B A AE B BRI AT R — 2D AT
3.5 RE/NE

Lty IR AL, G TR HAE e, BHTH 2R TR AR b AR 7K R 40 B
Z TSR (K & 54.633%, SRIK L 38.479%, A 10% /e 4 IV B AR 7>
X)), FHEMEKYREE R EER TR E, KEHET W7 2K, SN
B HR AR IX — 2 A7, XA S T I 5% LT Bk 2815
Pt BATHIBR K, 3% TG 58 A2 BE % (3 73777 1 BA T B K P R TR 2 — o

XX P AE VIR, RIS APRER TR Rk 2 @l v 2 SCBkiams,
EXFSEE EIA AT FE IR, RAGEFHEH ESCH PR E 07, R PIRIRZ
JIE % AR SO AT YRR, PR PR O VE I SR SR I R, AR T
REUERS R AT RINRE . T2z kLA s R

TEWF AR ORI o7 BARIA A B/KEE S, E0EE A MR e Joiksel
HIEEIhRE, (AT BT AR KRS M, BT AT R IR AR SR, A
ReIA R BiE R T), BIERIH — =R, Ui BT AL 5 —Fh i —
— Py B BRI I AR A BT, BAREAE AT AER, DAY
BT K B &SRR, B R — 2 R TT A .
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£ 4F MHRESWRHEZGEM RS &

FHARENFCEEE TARAMER, E—RNEMRRTE R £
T F 0 A I 7 Ji DR 2 — o AR 3 A sl A 77 I T LU B 7D 22 1 Bl 45
K, TR IEBL K BB I, BEATIR T SEI0 i A ) AR R o AR 2 Aot
iR FEBIR AR T, LA 3 Bl 07 AR Bk 28 75 I PR SR vl ¢, Nz
XF H BT . SCIER I RE, Frlig#E 1 3D F7 EIET RN A7 i [ 1H 3244
BRI S5 BEAT 2, [R50 et ) T 0 5 4 2 15 PR K B s v B e
FEX T I S AT 2 AR, W AR 2 BRGNS, FH R HRR
Pyt BT B A A SRR HES D7 S, BT DAA T 0 A T 2 2 B R S AT
HIEE TR A 2, X BT 24 3D RS BER 3T SRR T .

[FImy, Z5& E—Zmgie, XA B T G S5 A 247 B 78 1 [E] IS, 38 m) A
IMNRIIRZ, W10 o PR T Z5 X AR 3R — R TR ST, BE LG AT
PAULFT 38 H S AU e Py i B T 25 A4 R 07 AR A ) o IXRPAE 3D FF R TR B2
RE S, FRATAT DA EARAE 3D M AR SRS BRI, BT i
3D AR AR S 07 AERE S AT YRR A DN, RS PR EUR < A 2 R, B A
H ) SEAAGA . DL HEIRT, B2 REREAS AT B B /K B S R R R o XA 21T
P S BH T A7 £ 22 e AR AR IR IR, 2 5 A7 EE AR AR T 45 45 10 FLA A R LR AT 07 A 254
LTt
4.1 SETG#AY

SEIGARL: VIR A IS ORELLE, 1A 54 60-62 °C), 1EZ5EE(CioHa2, 4EE 99.0%),
L TE(CH;COOH, 4l 99.5%)4 H B hi T FIA R AR ArA B SR e
Ak HHRARIG O K. SR GR(WCA 24 72°£0.5°, fifiingfE 85
MPa. VLR 3.8 GPa. 25 M50 97.4 MPa. 25 Hi#5 & 3.2 GPa. AR
@0.45 MPa 102 °C. i /& 86Shore D+ % B 3 2) IR I EE 77 Bi M BHE A TR A 7
Sk, 3D FTEIRE & b E R R R R K e it AN #3% W B Fishier Finest.
S AR TEVE . WKL DA BIE T 5 B T OK (H20), B S i 1S
(HHitech F1Z= 5200 4li/K 245, Basic-Q15).
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R A1 PR s ARk, RS A5

Table 4-1 Names, models and manufacturers of the used major equipments.

BE B BEREG AFETR

3D FTEIHL S130 TRYIEE T HiM AT PR 7
AT DZF-6050 SIS R A A
SR EAIK RGR Basic-Q15 AR A PR A 7]
Irhr R FA2004N N 8 R A PR A ]
o2 A SL250 5 ERHE R AR A PR A A
=T ) WMS-1030 LA A IR AT
R AE IR K I HH-4] eIz AN F A AT PR

43 KWHE
4.3.1 3D $TENH ARl & 4 f

AR 8 7 B 28518, ILAE R i[9 T = 0 2 0 2 75 2 2 T FL s /K i R g AT
WHFL . EXTPTH-R WSS, A H: BAFAAERTH BRI 2E —E M
A A KA B B ikz b, 5F BLEERS 15 600 45 M E s CE R FE
ZI7E 150-200 pum 245 « KR FEZ) 100-150 pm MK FE 2 50 um), PAE 3R,
BEAT 3D FEGERL, FEFTERISL,

HARSRIG DR ] 3D RS A4R 3D Bk T, L1 em? H—AN g
SETHT, AT BRIBESI BT, B4 S H00A X B 1) BT BIRE o T8 I 2 1) AR 1 7
Wit 2 ARSI ARE A B OCHE . H XA &M F A 3D FEIRE.

BEZIRLRS B4 . BRI . BRI S (Burr angle) &R Al 8] (A cupuncture
distance Bl &FHI#E 2) . R /2 4 (Groove spacing =5 HIl [V 4[] #H) . B RIHES 77 3
(BRIFPATEE 551). | 4-2 BIRAT R, BRIZAGHSI R, 758 PAT
FEEF, SPATCNIE 4-2 ) PR B2 BRI B2 T A B A MEEHER — % H 4,
B30 CHE 4-2 0) & BRI — 2 IR SRR HEAT . Wit 5 S 6 3D 4TED
HUBEAT S 4T B

N 3D LB AEXS 3D B AT 4 1) 3D A EI(E] 4-1), dnfE
s bl Lem? A— NP sk B, B EIEhRE T &4 BR 2500 B Ak
B X, LLEMASE) A L RE S WCA AN [E i 4 5 2o K ff & (Large WCA)
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AT SIS 07 1 TSR E 28 s /1 (Small WCA) AT B F ik

RLEE T3 T BT WL 8 (0 K

p g

P
s acin Wéz%
o
T e
A
77 A

\\é’l

Burr angle

K 4-1 3D AR

Fig. 4-1 3D modeling overall diagra
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25
Kl 4-23D FEAR LR . a) BIORHESIHEA . b) BN TAT HEA

Fig.4-2 3D sample modeling diagram. a) the figure shows staggered arrangement, b) the figure

shows parallel arrangement

43.1.1 F—UERESH
TE 4-3, B8PS SEETT R, BB IR H B KK

£ 150-300 pm, A T FESH, FraFEa BRI E#A 200 pm, B —4H AR
= PATHEB BIRE S A — AN A HEFI IR i e R 3R 4-2 T2 B8 —HERE i B A

%
ZH.
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E—HHER
(—HEHFTHEIIER)

ERlfaEL0°
RIS | ERRES
200um
‘ ' ERlfaEe0’
HIZ ERBERE
200pm ERIREL

HRZEREE | oo

FHRIZ IRIEERS

Rz RS
200um
fEzarEEE
200%80%=160pm
100pm

Kl 4-3 SE—dtbheah et
Fig. 4-3 Design idea of the first batch of samples
* 42 HoMEERIIS

Table 4-2 Parameters of the first batch of samples

ERlIfaE40°
ERRES°
ERIfmEo0°

EFIfaE40°
ERIFES0°
ERIfaEC0"

100pm |
ERfaEc0 | MBS

FUARFR

° | AR

FIARR

° | BARER
° | EsARR

FTAR R

SBREF R

FOEHER

BB AR

BRSH (NPT — M4

551 HFEN
52 dAE R
53 dRE R
54 dRER
5 FEN
55 6 HFEM
257 RN
5 8 LLFE N
259 AR

510

11 HRE

12 HEER

FAFE 40°, BRI 200 pm. EFIFTE 247 [ EE 200 pm,
FARE 500, BRI 200 um. BHIFT 5 A A T EE 200 pm,
FARE 60°, BRI 200 um. BHIFT 5 A A7 T EE 200 pm,
FAJE 400, BRI 5 2 18] PR B 4 A SR I — 2,
FAFE 50°. EF R < 18] 25 B 45 40 A JEOR I — 2,
FAFE 60°. EF I 5 < 18] 25 B 45 40 A4 J5OR I — 2,

274 50 pm
[MAEZ14 50 pm
MAEZ14 50 um
HARAA
HARAAE
HARAAE

FAPE 400, M ] PR B 465 N EUR I 80%, HARAAR
FEE 500, (Y1482 (8] BE 2 46 A JE R 1) 80%, HAAAR
I 60°. (Y148 2 8] BE 2 465 A JEOR 1) 80%, HAAAR

K 80%, HARAAE

K 80%, HARAAE

KK 80%, HAAA

FHRE 400 R JG 2 18] BE B 4 A JEOR A — 5 NIl 2 18] B 120 46 4 Ji

FHRE 500 BT A 2 18] BE B e A JEOR IO — . TVl 2 8] B e 4 Ji

FHRE 60° AT G 2 18] B B 4 R JEOR A — 5 MR 2 18] 120 46 4 Ji
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43.12 BHHERSH

Sl gt — BRI ORI, R H AR SR BRI LA A T R
KAEP T B0, DL —HERE A5 P AT R i S5 R FURE St v e L — 350
i, BUIEZ S B PR PATRERERR . it T BHIHCE 200 pm, B £ FE
30°, 40°, 50°. 60°——XfM A4 N AL By C. D AFER, RS 9 MFEM,
BB N 4-4, KARESER T AEARE, HRSEE R - HR R B

BARZH N T 4-3:
HRIZIEMEESE  S0um | HE Al
*EZ_E,"?E?T‘%E SHEIZEMIEES  100um | 2 A2
HARIZBEARIEEE  150um | #RA3

EHRIZIEIAYEERT  SOum | #5 A4
BLERE ¥ etm s 100w | #8As

ABHE: RBE30° um ,
2 BR0EEE  150pm | £ A6

SRIZIERIEERE  S0um | BER AT
%%L%?JSEEE PRI ZEAYEER  100pum | HS As
fHRIZBRVEER  150um | HR A9

Kl 4-4 A HFE ST EES
Fig. 4-4 Design idea of group A samples
#43A. B. C. DUIFEHSH

Table 4-3 Sample parameters of A, B, C and D group

FEdRBHK
Bk A30° B40° C50° D60°

Fl 200 pm- [VIAE 2 8] 50 pm. AFRIET S EEES 50 pm Al Bl Cl D1
EH 200 um. [UIFEZ (6] 50 pm. EFHIIETEEEES 100 um A2 B2 C2 D2
FH 200 um. VIFEZ 18] 50 pm. EHRIETSEEES 150 um A3 B3 C3 D3
B 200 pm. [V (8] 100 um. £FRIET S BEE 50 um A4 B4 C4 D4
FH] 200 pm+ MIHEZ 6] 100 pm. AFHIRT/EEERS 100 um A5 B5 C5 D5
FH] 200 pm. [MIFEZ 6] 100 pm. AFHIRT/EEEES 150 pm - A6 B6 C6 D6
FH] 200 pm+ MIHEZ 6] 150 pm. AFRIRT/EEERS 50 um A7 B7 C7 D7
B 200 pm. VIS (6] 150 pm. £FRIETSEEES 100 um A8 B8 C8 D8

B 200 pm. VIR (] 150 pme AFRIFTEEEES 150 um - A9 B9 C9 D9
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4.3.2 3D M mmFRMLE

N T 53D M 5 5 ERET T BT RS — B, R Rl
B WMS-1030(_El L FEE AR A IR A A, XTHTENH &S 3D £ ST R0
S

JGE BT 3D A dh: BATENEFE) 3D AR, RE T RMESL T, ik
PG BB A, oA R R e . duvEfERRE, BB IS R,
TR (L% R B2 AR S AR RR D) o RN BRI AR, B DARR ZER TR S 3k
Ve TR A B, AASTE A BEXT 3D FE S AT, 40485 B A7 AR S k2
B
4.3.3 3D ¥R R EEIE IR

MERLF T (R R R BB S AT R R SR Bk M, ACSEER A8 H 56 [F BHE SL250
JGE b AR SO T BN H B 84S 3D AR R R TH, 23 AT 7 S R T K R s = AH
F2fil /1 (Water Staic Contact Angle), UL &R (Sliding Angle) 1K

FH O 5B b A AT 7K A Bk A AR B A AR E AN £ 5
TK, WHERLFR) 3D FEM(E B FKEER)REAE T, WL, #HiR
BB N 1 Lo RN b TR, S T8 28R 1 pl WO BRI 1k,
THIGHER, FRR VR A b, BPE TR BB, WO WCA R 5 F Ibmft.
M 3D FERKIKE WCA K/, @it s/ 5 IRERSLE, gl H 153 WCA
P8 .

81 [A) — B A ASCREAT T KRG T A MK, DA — 25 3 A ot 2 T PR 30 2 AT
REEERRIE o Iy S 3 — MR (R L) 3 pL)yE S 2R R T b, A B s
DFE SRS S LERE a5 8 KT AR A0UREA B2 A B2 RIONTR B A SA), il
FA AT 4 4B R 0 % T M AR i R R i g sh 2/ 10 Ik, DAitiE—5 4
e
4.3.4 3D ¥ g B R E M s
4.3.4.1 3D fiEHmEI&

H T2 3D A an IR, R IR 4544 AN BB RAR GF B K 1t 25658
TR = AR AR, RIS © RIS RS ARAE, TR
FEIX B &4y 3D FEMININEL K, K4 3D K Bk ae 7y, AT S N
RARBIATHE, RIS TR ST “Is” AT B TV B 3 v Re 06 s . [RI
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N T RIS BN TR R B K F S SR, D% T A BRIEE
(PR R T ASE F “FAREES” BFCRIERE), A TPHREESR B2,
F5i% RS E 0 3D BT IR, DRI AT B R AR

B i A 01240 i e B 5 20 %8 0.15 wit% (554 0.438 @), FREX 0.0441g
JRN 50 mL /NGEAR H, FEAE [F]—Bef N IEZS e, 2 8 B EE 2 29.2090 (vl
BAE 29.2 g)o FHEEA IR G20 /NEM R RONREAT . 55 BOREFIE, CE T e
E) 60 CCHIKIEH, IFBERE 1 28l HISGAR . FBT ICHUG I e A
WIERE RN, K2 3 s JEBUHEFES, e XbE T, HAT 1d, 153
FIt 2 3D DiERE i GEA IR B G B ). T BB 4% 3D J7 AR il R R
REE.

: b Burr array arrangement ‘
4|
it ‘
\ 3D Printing €
- _“ 3D sample coated with solution
=

Non-burr plate sample 3D printsample

Dry
Paraffin wax

Stir NS IR R RN PO IR LT R T A I8

Biomimetic surface
N-decane (cross-section)

N-decane paraffin
solution

4-5 il &R I AE 3D HiEE MR R B E
Fig. 4-5 Schematic diagram of preparation of bionic 3D self-cleaning material for the yin side of
bamboo leaves

4.3.4.2 JERMSELE

M7 ik: [F b 3D RSB v 8 32 ERNA SL250 s 1,
W5 3D 7 AR K RS = A el AR B0 A
4343 BEELR

N T S £ 1) 3D A AR S S AT S T B T — AR e 1 B T A
73, % 3D fj AR kAT BB T LI

RS SR 25120, ok, A BRI RIS BT 0 3D RES R EINE L
TR (GG SR B I EER R) . A5 3D AR B —
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L TRER AR 2A AR S

SE MR LI b, AERE L BT RSB K, B E AR IR
AKIGGL, PR 3D P AR SR TH . RS R AT LR S Ye” tE, BAk
FIWr 3D 7 HEFE IR E IR RO

44 HBR5H

4.4.1 3D @A FEMRE

3D A b S I VR B B B IR AT RLZ AR WCA D 72°£0.5°) BT I 1,
T WAMEE T, Kl 4-6 2 3D R INEIE] . RS SR, il 23 3D
R 58 G R A EE, v LLE R 2T ED 1K) 3D B 558 6477 i B TH 26
T PR 30— FEER AU HE S, Ui BH 3D 9T BN RE a8 i) %% th 5 JE R ST it — FE R 2 4
BRILER, RSB RAER, DUEZEATHE— PSR A .

' l

|
' |
| |
: i
- |

K 4-6 3D FE S

Fig. 4-6 3D sample physical map
4.42 F—HHRIEHIETTIL

M 3D @R AT A 3D FEA DY T, PRULAAE A R WCA A .
K WCA BT T HE X, 7 N KME WCA FVNAE WCA. WCA KAEN
AT 5 R W8 T [ TSR B A8 s WCA /N B N R BT K IV 82 5 7]
FIT WL 21 1) 2047

SRR KBS A Al A B, TR 4-4 B, DUBOGT JRE IR B A4
FEBaE 4-7. SRR E WCA Bt AT A4k a2\ A K 4-8. & 4-
9o AEXFREAFE L EAT IR S A I, AR URE TS ) AN R 432 7 BB | 3966 )
P BRI = (FE: BRI A BRI 7 VR VE MK R A M B NS
BRI TE A S 5 TR & K TR B A s 5 Bl RS P K I 7 ) VR V& TR 7K VR
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2N ). RPN TRV 2 FE ARSI A, B0 =FiRah i B ABOR, K
AL LR T AN 20 iR (R LU RSHT BT i), IR s TN T AR 3 Ay SA Bdle i

FAEAN T, RIEAE SRR,
R A4-4 FF—HRE R KT R A A R A B
Table 4-4 WCA of the first batch of samples
R EATRAEC) FATANAEC) HEAIIRAEC)  HEIUNAECE)
i 1-400 121.3 62.8 124.7 68.9
Bl 2-50° 124.2 92.1 129.5 100.1
B 3-60° 123.7 84.9 126.9 82.4
¥ 4-40° 139.3 114.0 127.7 81.0
¥ 5-50° 133.4 89.4 132.2 93.6
¥ 6-60° 131.3 92.5 1414 104.2
B 7-400° 127.8 51.2 117.3 81.3
B i 8-50° 126.1 89.2 121.3 81.6
i 9-60° 129.0 87.1 127.5 88.4
FE 10-40° 128.9 61.7 120.8 61.9
FE 11-500 118.5 483 111.7 54.3
FE 12-60° 122.4 62.2 133.2 62.1
vE: BT B, N S SIS B E EE SR
160.0
140.0 i _
C 1200 | ; - ;
4 * I .
gt 100.0 ; L
5 R s qleees ; ........... Rmeene ; ..... { ..... . ’.‘_ _._EPf:rk%E )
3 80.0 t ¢ i 1 1 FirhARE )
I ........................................................ .T ............ % ...... %EIJX%E (a )
60.0 | I | #EIMRE )
y/ OO e EHkSRE
40.0 : L ] e EARIWCASR
‘b N D N Q)
Oo 0@ OQ <>¢. <>Q OQ. 0 \ 0\ o‘\
’é‘Q {5(0 ’é’(Q %Q ,:&Q %3(0 -)&Q 3%5( {&"Q %&QQ ,%QO
HmA R

K 4-7 55—HEFES WCA SR EHE &

Fig. 4-7 Overall WCA data map of the first batch of samples
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a 160.0

~140.0
v 120.0
[
& 100.0
<
Y 800
=

60.0

40.0

4-8 [Al— M. HRZHORAEAZNN 3D FERSRBUKTEMEE . av by )7 BIR RER]

Fig. 4-8 Hydrophilicity of 3D samples at the same angle when other parameters change. a. b. c¢)

three groups of samples with burr angles of 40°,50°and 60°respectively

—— PTKAKE (°) =—e=FTIMAE () =—o WIXAHE )

4-9 HARZHAZ. BRIMAEA R 3D R SREK IR A R

Fig. 4-9 Variation law of hydrophilicity of 3D samples with other parameters constant and

b 160.0
140.0
— T
/J-KQ—__{ @ 120.0 ’Z\i\*
i\ 1 L RE ) 1 3
4 g 1000 ;_ .
/ 0\ N -« s N -
/. A\ o 800 T
4 \ & Z 600 N\ ~
v =3
40.0
R 24 HET R0 Han2 RS @8 Hal
C 1600
1400 ) 1 i
_ 120.0 Y/F*\f . .
[T . —— FTARAE (
& 100.0 ;— i —e - TR (°
S 800 s N HIARME (°
= N RN (°
60.0 ¥
40.0

M3 HS6 HR9 HaR

FAPE N 40°, 500, 60°K = /N RE S A

I L i
. I I
e S 1
7 kY
3
L 4
Hml @2 SRS

&7 M8 Hmo
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-~ X

-\;’

A0 SN R

different burr angles
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M 4-9 AR H, BT Al AERTAT . BPIHA A 25 WCA 72 A 5200
K =450 A FHABSEL X FE SR B WCA PR i HE AN, BRI
THE— B R 3D KSR PERE I B RIS S, $TE T 2 44 v ABCD
AR . ERE T BRI SE, IR & SHOHAT T h &, LA
{658 EUULAS H SO AR i WCA B SSHE S
443 FHHEREEIL

B TS — R R TESHOR T A ™, By DLE B i B R GRS,
ITE PR BT IE, LSO T BN IR gt AT SE A B, S SEge k. R
T2 EFHTENH 1) ABCD 0% 5, £0d SEEbiifsn) WCA i pir s il i % 2 s
Bl BN SA dl BT S FE SR UK E I 22 57, A LR SR TR B0 M B
MULRBN A >70°, REFEM SA BdEsh)e, FEEURERARMBTIICEL. £
i, FTCATEIR ST AT .

A LA ABCD Z1EE S WCA $dl B e 15— S e

a b
160.0 160.0
140.0 140.0
71200 T 1200
E 100.0 3z 100.0
£ 800 i & 800
5 60.0 P 5 60.0
= 400 If’ - g ¥ = 400
20.0 20,0
0.0 0.0
Al A2 A3 A4 A5 A6 A7 A8 A9 Bl B2 B3 B4 B5 B6 B7 BS B9

C H@mEWN d MR
160.0 160.0
140.0 140.0
1200 1200
L D S & 100
g 800 | E G D & 800
5 600 | g e e g == 5 60.0
= 400 = 400
20.0 20.0
0.0 0.0

Cl1 C2 C3 C4 C5 C6 C7 C8 (9 DI D2 D3 D4 D5 D6 D7 D8 D9
HmEHR HmETR
—— KA () —e N () eeeeens EHEWCAKIE  ceeees ERKDFRLE

Bl 4-10 /K¥E5 ABCD H&FE i H WCA S fEiEHAE . av by o )7 xR ABCD 4FF i

Fig. 4-10 WCA general trend diagram of each sample in ABCD group after water washing. a, b, c

'] WCA %¥s

and d) respectively correspond to WCA data of ABCD group samples
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ME 4-10 & : K 3D FEsIFAZHUKE . HEBRAREN 50°. 60°
I, PIANH O MR TCI R AR . UL BRI A REIA 2 50° LA B, HAl 24
AAEHITEOL T, BT B FE R 0 A BE SO R Wl AR BRI ot m] DAY A B
2], BA, HTRIMEL 40°0F, BUKFERZRZ M. BRI S RIEA (TR0
I FRAT E AT, P UURSE R AR BRI R PR B A R
BIX=ASH, AT TEIMARSN YRS

160.0 160.0 160.0
. 120.0 “120.0 “120.0
e L t:-«
ﬁﬁun )/‘—_—i__‘ 5 500 500
- ;--1 # "
3 40.0 - O 40.0 U 40.0
= - ¥ > =
0.0 0.0 0.0
Al Bl C1 D1 e A2 B2 2 D2 f A3 B3 C3 D3
160.0 160.0 160.0
o 120.0 120.0 o 120.0
L ~J] - :2
ﬁ?ﬁ(l(? ﬂggg ﬁSUD
- -1 -« - « — -
< 400 L——L"—f‘ I < 00 L--L--F Y 400 T
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0.0 0.0 0.0
g Ad B4 C4 D4 h AS B5 cs D5 i A6 B6 C6 D6
160.0 160.0 160.0
120.0 . 1200 1200
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Fig. 4-16 Influence of acupuncture distance of each sample in ABCD group on WCA after
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Fig. 4-17 Effect of burr groove spacing of each sample in ABCD group on WCA after waxing. a,
b, ¢, d) respectively correspond ABCD group samples. 1, 2, and 3 represent three groups that each
group is divided into
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Fig. 4-20 Influence of acupuncture distance of each sample in ABCD group on rolling angle after
waxing. a, b, ¢, d) respectively correspond ABCD group samples. 1, 2, and 3 represent three
groups that each group is divided into
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Fig. 4-21 Effect of burr groove spacing of each sample in ABCD group on rolling angle after
waxing. a, b, ¢ and d) respectively correspond ABCD group samples. 1, 2, and 3 represent three
groups that each group is divided into
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Fig. 4-23 Schematic diagram of 3D bionic material surface. a) 3D biomimetic material contact
angle diagram, b) 3D bionic material rolling angle diagram
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