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» Host-guest recognition was applied o

the bonding technology feld. Construction af suj lecular bamboe bonding interface by eyclod and ad & hrough
» Development  of o supmmolecular haost-guest recognition interactions.

banding interface (S81).
» Bonding perfoomance realized break-

through by constructing SBL '\
» The strategy of bullding SBI 1o enhance

perfarmance s universally applicable.
» This work prowides |dea for the Innova- IH-

tive development of  honding

technnlogy.
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ARTICLE INFO ABSTRACT
Keywardi: Recently, the use of agriculiural, forestry, and fishery residues and wastes to develop green and enviranmentally
Ba-lhasind adbesive friendly bin-hased adhesives has gradually become the industry development trend and is an effective techndcal

Huost-guoes pecogition
Supeistiolivalar booding e o
Bonding pericesance Brealitheough

path to implement energy saving, environmental protection, and achieve sustainable development. The present
wark cleverly leverages the unlque advantages of biodbased chitnsan and 1l-adamantane carboxylic acld o
develop an innevative adamantane-chitosan bamboo adbesive through an amidation reaction. Meanwhile,
sulthydryl-funcionalized cyelodextring were prepared, and the cyclodentrin host molecules were successfully
anchared to the bamboo surfoce through bridging 3-mercapropropylirimethoxysilane. During the bonding
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process, the adamantane guest molecules an the adhesive and the cyclodextrin host malecules on the bamboo

surface were subject-guest recagnized, resulting in the constrsction of a host-guest cheml

interfare to

I bending

achieve a breakthrough in bonding performance. The dry, bot, and bodling water strength of the hamboo banded
specimens without the formation of supramolecular bonding interface were 7.8, &4, and 4.9 MPa, respectively.
After constructing the supramolecular bonding interface, the dry, hot, and bolling water strengths were ephanced
by 37.2 %, 12.5 %, and 3006 % to 10.7 MPa, 7.2 MPa, and 6.4 MPa, respectively. The resales demonstraced chat
the host-guest recognition in the supramodecular bonding inverfnce effectively ephanced the bonding perfor-
mance. The present work wtilizes biomass materials and supramolecular forces to achieve high-performance
banding of substrates, breaking the bonding performance enhancement mechandsm of rradicional adhesives
and providing a new way for technalogical Innovation in the feld of banding.

1. Introdduction

Bamboo, with its fast growth rate and high yield, s a renewable
resource with great potential. It is one of the eariest natural materials
developed amd utilized by mankind, currying the memory of civilization
spanning thousands of years 11,20, With the deepening of the global
conpept of sustainable development, bambao is undergoing a paradigm
shift from a traditional material to a modem strategic resource [3]. lis
ecological advantage of sequestering up to 24 tons of carbon per hectare
per vear makes it a natural solution o climate change [4]. Modern
materials science has improved the strength of bamboo to the level of
0D MPa through technplogical breakthroughs such as hot-pressing
madification [5,46] and bambop fiber composites (7,81, and developed
new engineering materials such as bamboo integrative materials and
bamboo entangled composites, which are widely used in high-end felds
such as green buildings and transportation egquipment [9,10]. The
development of bambop compasites has the potential to facilitate the
efficient utilization of bamboo resources, thereby reducing waste and
arhieving sustainable development [11].

In the process of preparing bamboo composites, adhesives play an
indispensable role, which directly affects the performance and applica-
tion scope of bamboo composites [ 12 14]. Currently, the research on
adhesives is showing remarkable trends in many aspects [15]. From the
environmental point of view, with the increasingly stringent environ-
mental regulations and the growing awareness of consumers of envi-
ronmental protection, research and  development of green amd
environmentally friendly adhesives has become a general trend [ 16 18],
Conwentional adhesives often contain welatile organic compounds
(WOCs), which not only pollute the environment but can also be haz-
ardous te human bealth. Therefore, the research and development of
low VDG, biomass-based adhesives has become a hotspot, aiming to
reduce harmful emisions during production and use and te reduce the
negative impact on the environment [ 19,207, Among the many green
adhesives, biomass adhesives stand out with their unique advantages.
Firstly, the raw materials of biomass adhesives come from renewable
biomass respurces, such as plant fibers [21 ], starch [22], proteins [27],
etc. These resources are abundant and sustainable, which greatly re-
duces the dependence an fossil resources and is in line with the concept
of sustainable development. Secondly, bivmass adhesives usually have
good biodegradability and can be gradually decompesed in the natural
environment, which will not cause long-term environmental pollution
problems as traditional adhesives [24,25]. From a health perspective,
biomass adhesives are generally free of harmful chemicals and do not
release toxic gases such as formabdehyde during use, which is mare
protective of the user's health amd indoor air quality [26]. However,
some biomass adhesives typically exhibit relatively poor bonding
properties. Consequently, the ability to ensure the mechanical proper-
ties af bambow composites while achieving a balance between envi-
ronmental protection and performance has become a key research
direction in the feld of biomass-based adhesives 127 28]

In actual bending, effective bonding is often not realized by a single
bonding mechanism. Instead, multiple mechanisms function collectively
and reciprocally, thereby ensuring a harmonsous and  synergistic
outcame. The sverall bunding effect and bomding strength between the

adhesive and the adherend are jointly determined by the performance of
the adhesive itself as well as the forces acting between the adhesive amd
the substrate [29]. The research on the interaction with adhesives is
relatively mature, while comparatively little research has been con-
ducted on the interaction between adbesives and substrates. It is an
effective research idea to enhance the covalent chemical cross-linking
between the adhesive and the substrate to realize the enhancement of
the adhesive properties. Liu et al. achieved enhanced bonding perfor:
mance by preparing an aminated cellulose as an adbesive while
axidizing the poplar surface and constructing a covalent chemical
handing interface through a chemical reaction between the adhesive
and the substrate [710]. Liu et al. aminated wood, while using branched
epoxy compounds reacted with aminated cellulose to prepare an adbe-
sive with strong cohesion, branched epoxy compounds as a bond, a
sandwich-type wood chemical bonding interface was constructed be-
tween the adbesive and the wood surface, to investigate the effects of
adhesive cohesion and interfacial force on the bonding properties,
respectively [21]. Kang et al. constructed an epoxy-functionalized
bamboo surface in which the epoxy groups on the bamboo surface
were chemically cross-linked  with the amine groups in  the
cellulose-based adhesive to form a covalent bonding interface, achieving
improved bonding properties [ 32]. Adbesive performance enhancement
can alsp be achieved through non-covalent forces at the interface. Su
et al. modified bamboo with aldehyde /carboxylic functionalization,
using only chitosan as an adhesive amd achieved performance
enhancement of bambos composites through nonccovalent/covablent
interactions such as electrostatic forces and hydrogen bonding at the
interface [27]. Liu et al. achieved the enhancement of poor to robust
water resistance of threelayer plywood by modulating multiple
covalent/non-covalent forees at the interface [34].

In the field of supramolecular chemistry, researchers have studied
the host-guest interactions of cyclodextrins with adamantanes, and there
is a large number of related academic literature and research reports
[35.734]. The present work prepared a biomass-based adhesive with
adamantane guest molecubes by cross-linking chitosan and 1-adaman-
tane carbaxylic acid through an amidation reaction, while a bambao
surface with cyclodextrin host molecules was prepared by anchoring
mercapto-fFcyclodextrin to the bamboo surface through 3 mercaptopro-
pylirimethoxysilane  (KH-550). During the bonding process, the
host-guest recognition between adamantane and cyclodextring was
employed te form a supramoelecular bomding interface te achieve further
enhancement of the bonding performance. The present work realized
the use of host-guest recognition interaction for enhancing the bonding
perfarmance of compesites, further verified the feasibility of supramao.
lecular interaction force to enbance the bonding performance of com-
pasites, broke the bonding concept of traditional adhesives, amd
expanded the idea of high-performance composites preparation.

2. Materials and methods
2.1, Materials and chemicals

Chitosan {CS), f-Cyclodextrin (j-CD), tosyl chloride, ammonium
chloride (NH4CI), Thiourea (TU), Trichloroethylene (TCE), 1-
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3. Results and discussion
A1 Charocterizaton of CS-AD adhesive

An adamantane-modified chitosan-based adhesive (C5-AD adhesive)
was preparsd by a Smple amidation resction using chitossn amd 1-ada-
mantane carbaxylic acid. Schematic diagram of the preparation process
and proposed chemical structure of CS5-AD adhesive are shownin Fig. la
and photos of the prepared CS-AD adhesive are shown in Fig. 1b. The
chemical structure changes of C5-AD adhesive were characterized by FT-
IR as shown in Fig. le The CS-AD sample has a brosd peak near

CodToids and Surfaces A Plyicechenicaf and Enginniring Aspects 716 (2025) 156765
3300-3500 em ' attributed to the stretehing wibration of O-H and N-H
[317. The signals at 1650 cm ™', 1558 em ™", and 1275 cm ™! correspand
to the stretching vibration of C=0, the bending vibration of N-H and the
stretching vibration of C-N, respectively. Thus, it is proved that CS reacts
suecessfully with Hade to form an amide bond (NH-C=0), ie., the
suecessful preparation of CS-AD adhesive. The C5-AD samples were
further analyzed by XPS and the results are shown in Fig. ld-g. The
presence of amide (NH-C=0) bonding signals in the N 1 x
high-resodution spectra alse indicates the sucressful occurrence of the
amidation reaction [34].
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Fig. 1. {a) Schematic diagram of the preparation process and proposed chemical structure of C5-AD adbesive. (b) The phote of G5-AD adhesive. (€] FTIR spectra of
€S, Hade, and C5-AD. (d) XPS spectra of CS, Hade, and CS5-AD. {e-g) High-resalution spectm af © 15, 0 15, and N 1 5 of C5-AD.
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adamantane carbaxylic acid (Hade), 1-(3-Dimethylaminopropyl)-3-
ethylearbadiimide (EDC), N-Hydroxy succinimide (NHS), acetic acid,
methanal, Sodium hydroxide (NaOH), hydrogen peroxide (H204) and 3.
mercaptopropyltrimethaxysilane  (KH-590)  were chtained  from
Shanghai Adamas Reagent Co., Ltd. (Shanghai, China). Bamboo was
purchased from Kunming, China. Weod (poplar and beech) was pur-
chased from Shandong, China, All reagents are used directly without
further purification.

2.2 Preparmtion of chitoson-based adfesives grajfted with adomantane
{C8-AD)

The chitosan, acetic acid, and deionized water were mixed according
to the mass ratio of 3:1:50 and stirred ot rosm temperatare for 36 h to
homogenize. Then dissolve adamantane carbuxylic acid, NHS, and EDC
into methane] accarding to the mass ratio of 6:1:1, and after beating at
60 “C for 3 min, add inte the dissolved chitosan solution, and react at
60 “C for 8-10 h te cbtain C5-AD adhesive, which is a light-yellow aily
fluidity Higuic.

2.3, Preparation of the host compound 6-mercapto-fJ-cyclodextrin (§-5H-
+CDy

The 30.0 g of fl-=cyclodextrin and 7.8 g of tosy] chloride were added to
720 mlL of deionized water and stirred for 2-3 ho After that, 2.5 mol/L
NalDH agueous solution of 120 mL was added, and stirring was
continued for about 30 min. The insoluble material was removed by
filtration, and the fltrate was collected. About 36.0 g of NHCl was
wtdided to the solution and the pH was adjusted o B, The solution was
placed in a refrigerator for 12 h and then filtered to obtain a white
imsoluble solid. After washing the solid with deionized water 3 times, it
was recrystallized with water to obtain bright white faky crystals,
which were dried and dried under vacuum at 50 °C to obtain 6.0 g of
white ppwdery salid is the mone6-0-togyl-[-CD.

4.0 g af mona-feOctosylH-C0 and 4.4 g of thivurea were added to
200 ml of mixed solvent (methanol: water < 80:20) and refluxed at
roam bemperature for 2 days. The solvent was removed by distillation
under reduced pressure amd the residue was added to 60 mL of methanal
and stirred for 1.5 h, then immersed for 1 day and filtered to obtain a
white solid, The solid obtained was dissolved in 140 mL of 10 % NaDH
sidution and placed at the constant temperature range of 50 °C for 5 b,
then the pH value was adjusted to 2 with 10 % HC1 solution, and 10 mL
of trichlroethylene was added, and stirred for 1 day. The white solid
wits precpitated, and fltered, and the solid obtained was dried in vac-
uum at 50 °C, and 2.2 g of white powdery solid was abtained, which was
G-mercpto-fi-cyclodextrin (6-5H-5-CD

2.4, Preparmtion of aciivated bamboo surface (ABS)

The obtained 6-5H--CD was dissdved into KH-590 and a small
amuount of HaOa was added and stirred thoroughly. The natural bamboo
material (B0 mm = 20 mm = & mm} was immersed in the sodution at
roam temperature. After soaking for 24 hours, take it out and dry it, the
bambos with a little bit of light white powder on the surface is ABS.

2.5, Fobrication of bonding specimens and testing of bonding strengih

The C5-AD adhesive was uniformly coated on one side of the bamboo
surface, the content was about 200 g_.fmz, the coated part was lapped, the
contred lap area was 20 mm » 30 mm, and it was hot pressed for & min at
5 MPa under high temperature conditions. The effects of the ratio of
wtthesive companents (C5: Hade<1.2:1, 1:1, and 1:1.2), the solid content
of CS-AD adhesive (5.8 %, 6.5 %, 7.4 %, and 8.5 %), and the hot-pressing
temperatures (100, 120, 140, and 160 “C) on the bonding strength were
explored by the controlled variable method, respectively. Thess bonded
specimens  were tested for bond  strength  acconding o GBE /

Collois amd Surfaces A: Pleysieschemizsl ond Engineering Aspects 716 (2035) 156765
T17657-2022 utilizing a microcomputer-controlled electromechanical
universal testing machine (ETM10B, Shenzhen, China). The tensile
speed was 2 mm/min and the specimens were stress.damaged within
30 5. Each specimen was made and tested ten times. The bonding
strength of the bot-pressed specimens tested directly without any
treatment is the dry strength, and the bomding strength of the haot-
pressed bonded specimens tested after immersion in hot water (63 “C)
and boiling water for 3 h is the hot water strength and boiling water

strength, respectively.

2.6. Fourier transform infrared spectrascopy (FTIR)

The 1-2 mg 6-5H--CD and CS-AD adhesive samples and 200 mg of
pure KBr were homogensousdy ground and pressed in a mold to form
clear slices, respectively. The samples were tested using an infrased
spectrometer [Thermo Scientific Nicolet 1550). The wavenumber range
was 4000400 cm ', the resolution ratio was 4 cme1, and the scanning
times were 32, About the At i Total Reflection-Fourser Transform
Infrared Spectroscopy (ATR-FTIR) test method. The cut bamboo samples
were put into the diamond ATRE module, and other parameters were
cansistent with the above method.

2.7, Thermodynaomic performance testing

Thermogravimetric analysis (TGA) and Derivative thermogravi-
meetric analysis (DTG) were performed on CS-AD adhesive samples using
TA Instruments Q50. The samples were heated from 30 °C to 800 °C ata
rate of 10 “C/min and the ambient gas was nitragen.

The CS-DA adhesive was tested using a NETZSCH DSCHMFL. A
specimen of known mass was placed in an aluminem crucible for
campressicn, and the crucible with the specimen and the empty crucible
was placed in a homogenizing furnace of the DSC instrument, the key
parameters of the experiment were set to a starting temperature of 30°C,
an ending temperature of 250°C, a ramp rate of 10 k/min, amd an
ambient gas of nitrogen.

2.8. X-ray photvelectron spectroscopy (XPS) festing

The C5-AD adhesive and ABS samples were tested using an XPS in-
strument (Thermo Fisher Scientific K-Alpha, USAL The spot sze was
400 pm, the flament current was & mA, the operating voltage was 1ZEV,
the full-spectrum scanning energy was 150 eV in steps of 1 ¢V, and the
narrovw-band scanning energy was 50 eV in steps of 0.1 V. The data
were processed with Avantage analysis software.

28 Xeroy diffraction {XED) testing

The crystallinity of cyclodextring and thedr inclusion complexes was
analyzed by X-ray diffraction (XRD) using an Ultimal¥ diffmctometer
(Rigaku, Japan) ata voltage of 40 kW and a current of 40 mA with Cu Kie
radiation {* = 0.15406 nm) in the ange of 5°- 60° and a scanning speed
af 5°/min.

2.10. Contoct angle et

The weitability of natural and activated bamboo surfaces was
compared by contact angle/surface tension tester (CA, Dataphysics
OCAZD).

2.11. Humidity resistonce test of specimens

The bonded specimens were placed in vacuum tanks of various salt
solutions of different humidity for seven days. The room temperature
wias 10°C according to the humidity sofution control chart.
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1.2 Characterization of 6-SH-§-CD

The schematic diagram of the preparativn process and chemical
structure of 68H-f-C0 are shown in Fig. Za, and the physical photo-
graph is shown in Fig. 2b, Mono-6-0-p-toluenesal fonyl-§-CD was syn-
thesized by an squeouws phase method, which reduced the environmental
pollution from arganic selvents by using water as a solvent, §-CD has a
low solubility in water, while tosyl chloride is insoluble in water, so
prolonged stirring is required o bring the reactants into full contact.
Hydrochloric acid procduced during the reaction can be removesd by
adddling MaOH aguesus solution, The chemical structures of [-CI), mono-
GoO-tosyl-f-C0, and 6-8H-f-CD were characterized by FT-IR analysis,
respectively, and the results are shown in Fig. Zc. For the spectrum of 6-
SH-f-CO, the stretching vibration attributed to the C-8 bond at 689 cm !
confirmexd the suecesshul grafting of the sulfhydryl groap, the stretching
vibration of the S band ae 2573 em ™" [39], and the vibrational ab.
sorption peaks of the cyclodextrin backbone at 800-650 cm ™" proved

Colonils wal Surfaces A: Plviicechenical ond Enginoiring Aspects 716 (2025) 156765
that the cyclodextrin backbone was not destroyed [11]. The 6-8H-§-CD
was further characterized by XPS, and the results are shown in Fig. 2d-g.
A new § 2p peak was added to the XPS spectrum (Fig. 2d) of 6-5H-3-CID,
which proves the introduction of 5 element. The appearance of C.5
(285.5 e¥), 5C (162.5 V) and 5-H (163.9 &V} bonds can be seen in the
C 15 (Fig. 2e) and 8 2p (Fig. 2f) spectra of 6-8H--CD, which further
indicates the successful preparation of 6-SH-f=CD [40].

3.3, Chorecterizotion of eotivated bomboo surfoce (ABS)

As shown in Fig. Za, the ABS was prepared using a simple solvent
immersion method by taking advantage of the dehydration condensa-
tion of silane coupling agent KH-530 with wood and the formation of
disulfide bards with sulflydryl groups (-5H) in the adbesve. The photos
af natural bamboo surface and activated bamboo surface are shown in
Fig. &b, a litthe bit of white powder is attached to the ABS surface. The
chemical structures of NBS and ABS were characterized by FTIR

CH,OTs CH,SH
a G H56—©—sogcl TR &) Chdpias G
{2) NaOH
- :
B-CD mono-6-0-tosyl-B-CD 6-SH-B-CD
3 df —se0 o
i Ch
; o
; "m. = o1
| 3
: : it Cin
: Ve - - i J 8
. F 1 Ve's '
: (5]
3000 2000 1000 1200 1000 800 600 400 200 O
Wavenumber | em*’ Binding Energy | oV
e ¢ 1s of 6-5H-p-cD| f o1sof6sHpco| §2p of 6-5HH-CD
w L] ] ‘il
b=
; : | : e
3 s 2 | 3 t
o - (3] | I3 A
0L0 ico c-k __// = e e \ ‘:::'\"J'_Ll‘.‘-"
281 286 2686 262 63T 634 63 628 526 168 166 162 169
Binding Energy / oV Binding Energy / eV Binding Energy / eV

Fig. 2. (a) Schematkc diagram of the preparation process and chemical stinecture of &-mercapto-j-eyclodexirin, (b) Photos of p-CD and &-8H-$-CD. (] FTIR spectima of
LD, mano-b-O-tosylJ-C0, and 6-5H-pCD. (d) XPS spectra of foCD and 6-5H-).C0. (e-g) High-resolution spectra of C 15, 0 15, and S 2p of 6.SH-J.CD.

]
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A4, Analysis of thermodynamic properties of CS5-AD adhesives

The C5-AD adhesives were tested by DSC. As shown in Fig. 4b, the
C8: Hacde (1:1.2, 1:1, 1.2:1) adhesives with different ratios had obvious
heat absorption peaks on the DSC curves. [t can be observed that the
integral areas of the DSC curves at different ratios are significantly
different, implying different enthalpy changes. which can reflect the
differences in the degree of curing of the samples to a certain extent.
When C8: Hade < 1:1, the peak area of the DSC curve for C5-AD is the
largest, proving the largest enthalpy change, indicating the best degree
of curing under this condition, amd this result is consistent with that of
the bomding strength data [34].

The thermal stability amd thermal decomposition behavior of CS-
Hadc adbesive were investigated by thermogravimetric analysis (TG).
The TGA and DTG curves are shown in Pig. Jdc and d, respectively. The
maximum thermal degradation rates of S and Hade were 19.8 %/min
(Tmax = 214 “C) and 13.3 %/min (Tmax - 268 °C), respectively,
whereas the maximum thermal degradation rate of CS-Hade adbesive
wis 16 Hy/min (Tmax < 303 “C). The results showed that the thermal
properties of CS-Hade were relatively stable.

A5 Characterization of the inclusion complex (C8AD-G-SH. & CDY

During the bonding process, adamantane on the adbegve and
cyclodextrin on the ABS will form an inclusion compound (CS-AD-6-5H-
[=CD) by host-guest recognition at the bonding interface. Schematic
diagram of the Supramalecular bomding interface is shown in Fig. da.
Direct evidence for the detection of complexation of the host molecule 6-
SH-f-CD with the guest in the powder state was obtained from the
powder X-ray diffraction spectroscopy analysis. The diffractograms of
C5-Hade, 6-5H-CI and their inclusion complexes are shown in Pig. de.
The characteristic peaks of CS-Hade are 11.56, 1348, 16.2, 17.42,
1B.32, 20,88, 23.02, and 39.84, and those of &SH-GCD are 12,12,
14.58, 15,62, 17.78, 18.84, 21.34, 238, 36.2, 31.78, 3.06, and the
characteristic peak of the inclusion complex is 21.02. Such sharp and
intense peaks of [-CD and adamantane maove, disappear, or become less
intense in a complex form due te the subject wrapping the guest in the
hydrophobic cavity of §-CD [41]. This structural change may lead to a
decrease in crystallinity in the XRD patterns. The differences observed
between these patterns confirm the formation of a new solid phase. As
shownin Fig. 52, the samples were characterized using UV spectrascopy.
In the compaumds formed by 6-8H-5%CD and sulflhydryl slane coupling
agent (KH-590), there are a large number of saturated chemical bonds,
such as carbon-carbon singhe bands (C-C), carbon-hydrogen single bonds
(C-H), silicon-carbon single bonds (Si-C), and silicon-oxygen single
bonds (8i-0), ete. The electrons in these single bonds undergo a process
of a-r leaps from the bending o orbitals to the antibonding o orbitals,
The electrons in these single bomds undergo a jump from the bonding
o-urbitals to the antibonding o-orbitals, which requires a higher energy.
According to the inverse relationship between energy and wavelength,
high energy correspands to short wavelength, so the absorption peaks of
such leaps usually appear in the farultraviolet region, Le., the wave.
length range of less than 200 nm. When cellulose-grafted adamantane
forms a host-gwest inclusion complex with cyclodextrin, the interactions
between the host and the guest through van der Waals forces, hydrogen
bonding, and sther interactions result in a change in the charge distr.
butian within the melecule. This change in charge distribution may lesd
to a redistribution of the electron clowd density of the molecule so that
the energy level difference between the highest accupied molecular
arbital and the lowest unoceupied modecular orbital of the molecule
decreases. A decrease in the energy level difference means that the en-
ergy reqquired for the electron to jump is reduced, corresponding to a
lenger wavelength of absorbed light, and thus a red shift.

Coloid amd Surfazes A: Pl
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3.6, Testing and amalysis of bonding properties ond woter resistance

The bonding strength is a key indicator for assessing the performance
af compaosites, which directly affects their structural stability and
durability, and is important for ensuring the robustness of composites in
service. The effects of solid content, hot pressing temperature, mass ratio
af C5 to Hade, and the construction of supramelecular adbesive in-
terfaces an the adhesive bonding properties were investigated using the
cantrol variable method. During the application process, it was found
that CS-AD adhesive has better wettability on ABS than NBS. Therefare,
the dynamic contact angle was used to verify this phenomenon. Through
the dynamic contact angle data (Fig. 2F) and the contact angle photo-
graphs (Fig. 4g), it can be chearly found that the contact angle of CSAD
adhesive on ABS is relatively smaller, indicating a better wettability,
which is beneficdal to realize high-performance bonding.

Firstly, the effects of solid content, CS/Hade mass ratio and tem-
perature on the bonding properties were explored separately under the
caondition of unconstructed supramodecular bonding interface (NBS ax
substrate), and the results are shown in Fig. Sa-c. The experimental re-
sults showed that the best bonding performance was achieved when the
adhesive solid content was 5.8 %, the optimal mtio of C§ to Hadc was
1:1, and the hot-pressing temperature was 160 °C without constructing a
supramolecular bonding interface. The dry, hot, and boiling water
strengths of the bamboo specimens reached 7.8, 6.4 and 4.9 MPa,
respectively. In addition, a new set of experiments was conducted under
the condition of constructing an activated interface (AWS as the sub.
strate), and the results are shown in Fig. 5d-f. The experimental results
showed that the optimal adhesive solid content was 6.5 % and the
aptimal ratio of CS to Hadc was 1:1, which were mostly consistent with
the results of the study withowt constructing the activated interface
camdition. The difference is that the bonding strength is significantly
improved, and the dry, hot, and bailing water bonding strengths of the
bamboo specimens reached 10.7 MPa, 7.2 MPa, and 6.4 MPa, respec-
tively. The Bonding performance improved by about 30 % overall. The
disconnected specimens in Fig. 5g and h showed that even though the
specimens were treated with boiling water, the bamboo breakage rate
was still high, again demonstrating the robust bonding performance of
the prepared bamboo composites.

Based on the above studies, the strategy of constructing supramo-
lecular banding interfaces was further applied o wood bonding. Tests
were conducted on poplar and beech woud, and Fig. Gac show the
stress-strain curves of dry, hot, and boiling water strengths, respectively.
The specific bonding strengths of poplar and beech are shown in Fig. tad
and e, respectively. Through the feedback of the bonding strength data,
it can be cleardy concluded that the construction of supramaolecular
handing interface can effectively enhance the bonding performance amd
realize the breakthrough of the bonding performance an the bass of the
ariginal. To verify the stability of the bonding system, the prepared
specimens were placed in different relative humidity environments for 7
days and the bonding strength was tested immediately after removal. As
shown in Fig. 6f the results showed an overall decreasing trend in
banding performance with increasing humidity, especially for the
specimens  with unconstructed  supramolecular  bonding  interface.
However, when the supramalecular bonding interface was constructed,
the humidity had almost no effect on the bamboo specimens, and even
when the humidity exceeded more than 90 %, the bonding strength
cauld sill reach mare than B MPa. The effect of UV aging on bonding
performance of bonded specimens was investigated, the results are
shown in Fig. 6g. The banded specimens constructed with supramaolec-
ular banded interface had better UV aging resistance. In addition, the
banded bamboo specimens were i wex] in p ether (PE),
ethyl acetate (EA), ethanol (EtOH) and NaCl sedutions for 40 h, and the
effects af treatments with different solvents on the bonding properties
were investigated, and the results were shown in Fig. 57, which showed
that the decrease of the bonding properties was not obvious, indicating
that it had a certain degree of solvent resistance. The high temperasture
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a Schematic diagram of activated bamboo surface process:
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Fig. 3. (n) Schematic diagram of the preparation process of activated bamboo surface (ABS). {b) The phote of nateral bambeo surface (NBS) and ABS. (c) FTIR
spectra of NBS and ABS. (d) XPS spectra of NBS and ABS. (eg) High-resolution spectra of © 15, 0 1 5, and 5 2p of ABS.

analysis, and the results are shown in Fig. Je, while both of them have a
peak near 3382 cm”' for O-H boned stretching vibration, For ABS, a
vibraticnal signal of 5-8 bond appears at 456 cm ! and a vibrational
signal of 8i-0 bond appears at 916 cm ', The peak at 1025 cm ! was
shifted to the vicinity of 1042 am ! which was attributed to the silane
coupling agent altering the polarity or the hydrogen bonding network on
the surface of the wood, resulting in the shift of the original peak posi-
tivn, which was manifested as an apparent bloe shift. And the peak
signals increased and broadened, which was due to the reaction between
silane coupling agent and hydroxyl group (20H) in wood te generste Si
-C bonding and the overlap of the C-0-C expansion vibration peaks of
wood itself. The swocessful grafting of KH-590 with 6-8H-}-CD was
demanstrated. Further analysis of ABS by XPS showed the appearance of
5 element, C.8, SC, and 58 bonds in the elemental compasition
(Fig. 3d), C 1s (Fig. Je) and § 2p (Fig. 3g) spectra, which likewise

proved the successful grafting of KH-590 and 6-8H-f-CD on the bamboo
surface [19]. In addition, it is possible that the sulfhydryl group is
partially over-oxidized by hydrogen peroxide to produce sulfonic acd
{-504H), and thus will appear as -S0;H/-80y- signals in the § 2p
high-resclution spectrum. The 0-8i signal in the O 1 s (Fig. 5f) spectra of
ABS may be attributed to the chemical reaction between KH-5%0 and the
hydroxyl group on the bamboo surface, and also to the signal of KH-590
itself. In the high-resolution spectrum of Si 2p (Fig. 51) of ABS, a $i.0.C
signal appeared, indicating the bonding between silane and wood. The
attachment phensmenan of white powder an the surface of ABS shows
that the linkage between KH-590 and the surface of bamboo may also
have a mechanical interdocking effect formed by physical filling [21].
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Fig. 4. (a) Schematic diagram of the Supramalecalar bonding inperface. (b) DEC curves of C5-AD adhesive at differsnt ratio. TG (c) and DTG (d) curves of C5, Hadc,
and C5.AD adhesive. (&) XRD spectra of 6.5H-1.C0, C5-AD, and inclusion complex. (f) Dvnamde contact angle curves for NBS and ABS. (f) Cantact angle phaotos for
MBS and ABS.
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Fig. 5. The effects of adhesive ratio (a), solid content (b, and hot-pressing temperature (c) on the performance of bonding under the condition of using ABS as the
suhstrace. The effects of adhesive ratio (d), solid content (2], and hot-pressing temperature (] onthe performance of bending under the condition of using MBS as the
substrate. {g) Photographs of bamboo banded speci pulled off after soaking in bodling water for 3 h. (h) Photographs of bamboo bonded speci pulled off In
the dry state.

resistance test was conducted by placing the bonded specimens in an detailed bonding strengths are shown in Fig. 55Fig. 56, As shown in
aven at 200 “C for 1 h and then remowving them to cool down to rosm Fig. 6. the bonded specimen was demonstrated for the bonding per.
temperature and reheat again, and so on for three times o test the formance to show the robustness of the bonded specimen. A bonded
mechanical properties. The freeze-thaw cycle test was conductes] by specimen of bamboeo with a bonding area of 20 mm =« 10 mm can easily
placing the bonded specimens in a refrigerator at <18 °C for 1 h and pull up a strong adult weighing 121.9 kg and remain intact.

then removing them to restore b room temperature and refreese again,

and o on far three times to test the mechanical properties. The exper- 4. Conclusions

imental results are shown in Fig. 54, where the effect of hvw temperature

is less compared o the effect of high temperature on the bonding I this work, the chitosan grafted adamantane guest molecule was
properties. The size of bended specimen and photos of the fixture during  ysed as an adhesive, while the cyclodextrin haost was modified an the
the testing process are shown in Fig. 6h. To generalize the results, the bamboo surface, and a supramolecular bonding interface was formed
strategy was applied to bond Palystyrene (PS), PMMA, AL PVC, PTFE.  ghrgugh the host-guest recognition between cyclodextrin and  ada-
PET, glass and ather substrates. The bonding results as shown in Fig 6i mantane during the bonding process, which realized a further break-
demanstrate that it is practical to realize the breakthrough in bonding through based on the original bonding performance. After the
performance by constructing supramaodecular bonding interface, amd the comstruction of the supramolecular bonding interface, the bonding
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strengih af the bamboo bonded specimens incrensed by aboan 20 % in
general, and che dry, bat and bolling warer sirengths reached 10,7 MPa,
7.2 MFa and 6.4 MFa, respectively. In addition, this strategy Is not anly
sudmble for bamboo bonding, bur atso for bonding FMMA, PS, FVC, Al
glass, PET, wood and many ather metnllic and non-metallic subsomnes.
The cwrent work combines macrecyelle supramolecular interaction
forces with bonding rechnodogy, realized a breakrhrough in bomding
perfomuance, broke the barriers of rraditonal bonding echnology, and
contributed 1o the development of high-performance bonding techod-
oy and the improvement of bonding theory.
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