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ABSTRACT

bio-based materials have recently attracted more attention both in academia

and industries. In addition to environmental sustainability and renewability,
the bio-based adhesives have shown some competing advantages with respect to
fossil-based products. This article covers the advantages and challenges of bio-based
adhesives. The main advantages of bio-based adhesives include their less greenhouse
gas emission, lower volatile organic compounds (VOC), lower environmental and
human toxicity. The bio-based adhesives show higher tendency to biodegradability,
which may be considered as their strong aspect compared to fossil-based resources.
The bio-based materials may be incorporated in adhesive formulation through direct
usage of biopolymer, in the form of building blocks and/or reactive monomer, and in
the form of adhesive formulation additives. In bio-based adhesives, the pioneering
technologies belong to fabrication of paper and different wooden products using starch
Keywords: and/or protein-based adhesives. The main goal was to remove as much as possible the
harmful emitting formaldehyde gases during fabrication and product service life. The
modification of bio-resource materials through introduction of new functionalities
in the molecular architecture may bring some specific properties. There are many
reports on the effect of various vegetable oils on the improved hydrophobicity in
epoxy and polyurethane adhesives. The bio-based vegetable oils and cashew nut shell
liquids now have acquired reliable position in adhesive and coating market. Recent
investigations on some specific bio-resource structures such as lignin and tannin
with complex structures have shown promising results for the improved thermal and
antibacterial activities in adhesive formulation. In order to make a strong decision
on the effectiveness of the bio-based adhesives, much investigations on different
biological/economical aspects such as life time prediction are needed to achieve this
goal.

Due to environmental concerns and considering the petroleum resources, the
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Table 1. Advantages and disadvantages of bio-based adhesives according to their structural characteristics.

Characteristics Disadvantages Advantages Examples References
) o Need for additional Higher adhesive strength and o )
Higher functionality Lignin, tannin [18]
process higher crosslinking density
) ) ) Better water and )
Hydrophobic chains Food starvation ] ) Vegetable oils [37-39]
chemical resistance
Intrinsic biodegradability o Medicinal applications and Protein,
o Water susceptibility ) ) [20]
and reduced toxicity environmental benefits polysaccharides
Low-cost starting materials Protein,
) Water susceptibility Cost saving ) [32]
and ease of handling polysaccharides
Replacing organic solvent Possible ) Lignin, starch based
] ) ) Low volatile content [13,33]
with water microorganism growth compounds
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Table 2. Solutions proposed for the challenges in bio-based adhesives.

Challenges Solutions

Examples References

Low cure rate and

Functionalization and substitution of

Epoxidized lignin, epoxidized soybean oil [18,26,

low adhesive strength functional groups and tannin 32, 33]
) Utilizing non-food resources and ] S o
Food starvation ) Camelina sativa oil, chitosan and lignin [36,35]
agricultural wastes
Water susceptibility Increasing of crosslinking density starch ester [41]
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Fig. 4. The structures of lignin derivatives such as (a) diepoxy
derivative and (b) 2-pyron- 4,6- dicarboxylic acid, and (c)
bis(2-hydroxyethyl) terephthalate [48].
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Fig. 5. Some of the basic structures of tannin (a) gallic acid,

(b) flavone, and (c) phloroglucinol [48].

LS 5 gl heslanal o)l (gadaza sla il [oY] el CJE.A
2o A 0 adslesle Olgeas 5 Gl cax Olgsas 00
Als s bostst b s oees) OASIL 5 Ok S 5
.J»:JJJ B &:..194.3'[:1 duwfz- )‘ oslaal (ol ol Lol Bracaa
o ax g 0Ll alS 4 (g (particle board) os 5 4w
[OY-0F] sl o ds oo oo Ol e (alS 50 5 ) 5

Lo b 0B Coiselsl cxle Gl SIS
15T ele (slaes 8 5 Sl S edS 55k o o Sl S a5
Sheslizad b oS gl Sas [OV] dd onls o Lgow ol o0
e 4 VY MPa | e S rK;;:M\)l.x}.a Sl S 5L eds
3L 51580 MPa

TU Dresden 5 IKTS Franhufer aw.js o Siass Siba

CHO
\ ]
co—si” ™ Nyeo i OCH,
CH,O [ _~OcH,
Dt - Si—
* DBIDL & °© N\ ocH
ngn_]_[] e OH

DA (DBTDL) &l 4l ¢s Cb Jsss S5 Sasa IRV W LSS WS 4 I
Fig. 6. The mechanism of lignin silanization using dibutyltin dilaurate (DBTDL) [18].
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Fig. 8. The structure of cardanol [69].
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Table 3. A comparison of water resistance efficiency of plant oils.
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System Test method

Degree of variation Reference

2-Component PU adhesive from

canola oil and pMDI in hot water

Lap shear strength after storage

Higher than Three commercial PU

. [38]
adhesives, (5.9 MPa)

PU dispersion shoe adhesive

Water uptake of films after 7

Decrease from 1000% to less than 25% [74]

soybean oil

from natural rubber seed oil days
Soybean 0il-MDI adhesive 2 h in water mass absorption Decrease from 50% to less than 26% [73]
UV-curable PU binder with 20%
Water contact angle Decrease from 91° to 65° [70]
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Fig. 10. The structure of some bio-based epoxy curing agents
developed by Evonik. (a) isophorone diamine, (b) lysine, (c)
limonene diamine, (d) furanyl amine, (e) 1,5 hexadiamine,

and (f) 1,6 heptadiamine [86].

ff‘" VEY 592 paii— 313 30 ¥ 0 plouds iy o Jw rorly $I9l9iss 9 pole (ol Al

! » |, Imicure s Curezol Ancamide Ancamine (Amicure
Bka S b GrSS Salal bows 48 4y
G e e e ool Bl L el sl o 5LAL 5 0 ST 3 e
NS dsd BB ol e 5 Shes wsy ele 5o VY
Cou bl ol 3l sl plasd bl Ve IS s ol ol
TAFT ol 0l o3ls OLES i Lia Ly oS )

Bl S L b Spl sy Bl S plade
ol ol 5l opsd By ey 5 3 esed el
OSa s Ll dmes 48 51 el LU s spre
Sk bl ) Salel o 28 Js w
ol S3 OLLE ks aBl aney Ly (VIssS) S| 2a
(o Sl il ol Ly (Sadl sladisy
s (reconfigurationability) o,Lss (o S 5 So, b
TAV] S o oal b cosle S 55 sl b s pdpdlst s

Sy s el hsasdes les s Slinte I eslizl
Loalie ooy Co e oS ol ol 18 S ol sladble
oo e 3 IM] das e Ol SOl s ey llss
o2\ e b Jgb SaSe gl Sl SSbeg )l
Lo Sl s ool ool ol 2158 Ol Gl 2S5 ol
5l Cle glac 5 pslas gla iy 5o 05 1S sba
IARRT 1 5,8 S 05 S 50

o (SN 90 58 90 F589 Pl Ol ghcds 4 S § S0 3l odlaiwl 1Y
53 3358 Olpear gl slpe Sl eslizal i 550l AL L
G5 a g iy SISl 53 b a5 e (sud g 5
il (63l A g (ol axdad b e gige g 0 5 eiews
lal ae pl )3 ssdees S)lee pam 4l 2 Lo

OH

CH,
o
0
0.
CHj CH,
H
” + OH
o H;C
o
CH, CH, CH; (¢}
5 H
HiC CHj
o (o}

IVAT ekl 0Lyl b St IS 5500 -4 IS

Fig. 9. The mechanism of vanillin methacrylation [78].



9008 B 9 Lljo sl sl

i A ud 308 53 by Gl S8l tege 5l pladle B oae =Y Jsu

Table 4. Some of the important bio-based additives in adhesive formulation.

Role Example Reference
Rheology modifier Starch, modified linseed oil [95,96]
Tackifier Rosin, poly(beta-pinene) [41,91]
Plasticizer Natural fat and oil, depolymerized polyethylene terephthalate, wax, [93,94,97]
Crosslinker citric acid
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Table 5. Possible advantages and applications of some of the important bio-based adhesives.

System Possible advantages Potential and current Reference
applications
Poly saccharide-fibrin Compatibility with human, biodegradability, Medical adhesive [20]
low toxicity
Tannin-lignin-starch Low formaldehyde emission, better Plywood, MDF [18,46,53]
performance due to higher functionality
Polysaccharides Replacing organic solvent with water Wood adhesive, paperboard [12,13,33]
PU with bio-based polyol/ High adhesive strength, improved water and Adhesive for aluminum, metal | [37,39,50,63,78]
isocyanate chemical resistance, ease of recycling and shoes
Soy protein- Biodegradability, low cost Hot melt adhesive, plywood [32,42]
polycaprolactone-starch
Vegetable oil- itaconic acid | Increased water resistance, biodegradability Composite structure, structural [85,89]
adhesive, microelectronics
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