a Elastomers and Composites
«q,/ Vol. 56, No. 3, pp. 136~151 (September 2021)

Review

Print ISSN 2092-9676/Online ISSN 2288-7725 \?\
DOI: https://doi.org/10.7473/EC.2021.56.3.136 ChGC'&_}m

A Concise Review of Recent Application Progress and Future Prospects
for Lignin as Biomass Utilization

Seo-Hwa Hong and Seok-Ho Hwang’

Materials Chemistry & Engineering Laboratory, School of Polymer Science & Engineering, Dankook University,
Yongin, Gyeonggi-do 16890, Republic of Korea

(Received August 17, 2021, Revised August 20, 2021, Accepted August 24, 2021)

Abstract: Biomass lignin, a waste produced during the paper and bio-ethanol production process, is a cheap material that
is available in large quantities. Thus, the interest in the valorization of biomass lignin has been increasing in industrial and
academic areas. Over the years, lignin has been predominantly burnt as fuel to run pulping plants. However, less than 2%
of the available lignin has been utilized for producing specialty chemicals, such as dispersants, adhesives, surfactants, and
other value-added products. The development of value-added lignin-derived co-products should help make second gener-
ation biorefineries and the paper industry more profitable by valorizing lignin. Another possible approach towards value-
added applications is using lignin as a component in plastics. However, blending lignin with polymers is not simple because
the polarity of lignin molecules results in strong self-interactions. Therefore, achieving in-depth insights on lignin char-
acteristics and structure will help in accelerating the development of lignin-based products. Considering the multipurpose
characteristics of lignin for producing value-added products, this review will shed light on the potential applications of lig-
nin and lignin-based derivatives on polymeric composite production. Moreover, the challenges in lignin valorization will

be addressed.
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Figure 1. Major phenylpropanoid units of lignin."
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Table 1. Common Linkages in Lignin and Their Presence in Softwood and Hardwood

Type Bonds Frequency in softwood (%) Frequency in hardwood (%)
B-aryl-ether B-O-4’ 35-60 50-70
Diaryl ether 4-0-5 <4 ~7
Dihydroxy biphenyl 5-5° 10 ~5
Phenyl coumarane B-5’ 11-12 4-9
Pinoresinol B-p’ 2-3 3-4
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Figure 2. Enzymatic formation of resonance-stabilized monolignol radicals by laccase and peroxidase.'®
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Table 2. Chemical and Physical Properties of Different Commercial Lignin

Sulfur Sugar Ash Moisture Elemental analysis
MW . Tg
Type content content (@/mol) content content PDI Purity N H C ©0)
(Wt.%) (wt.%) (Wt.%) (wt.%) wWt.%) (wt%)  (wt.%)
Kraft lignin 1.0-3.0 1.0-0.23 < 25,000 0.5-3.0 3.6-6.0 2.5-4.0 High 0.9 5.8 62.8 108-165
Lignosulfonate 3.5-8.0 - < 15,000 4.5-8.0 5.8 429.0 Low 0.2 3.7 479 127-154
Soda lignin 0 1.5-3.0 < 15,000 0.7-2.3 2.5-5.0 2.5-3.5 Medium-high 0.9 5.9 61.9 150-155
Organosolv lignin 0 1.0-3.0 < 5,000 ~1.7 7.5 1.5-24  Very high 0.3 59 61.1 89-97
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Figure 3. The formation of para-quinone methide and its subsequent reaction mechanisms to delignification.®
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Figure 4. The mechanism of sulfonation reaction occurred under acid sulfite process.*
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Figure 5. Delignification mechanism during organosolv pulping process.*
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O
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32 Fotol TY=TYY 4= YotV

Fol o X] AP, OFE A, e BYA, o]
FOo2 BORe A7 e Saska gk o] Hd oy
CEAME B 122 YAk, Bevs a0
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O ox rlo
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L
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JolEL 72 BAAZ AGET, BAE TGRS HE
2 4 glon), FRARY WY RPAT Wekuye A
1, 942719 nhrg Zo|7] $I3) AL HT. Bl Be
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e Fof 9 ofui %) Buk ob] 2t 7HE 58 (carbon black)
FAAY HAAE AT 4 YTk uol o T AS WE
7] Sl8) el 2y o Sl Askshe S o] 2,
A B Ba HES AT 2= Yok

ool
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2. of|LX|2I(energy source)

—

PIUL BN P O RN G} 718 Qi) 488 5 9
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Bo] 38% Z7}3h1, B vjE o] OF 60% HE T S
ST E, PIUE 9 BaljstA H vhole 9dl, vol o
RS R L ES R DE R SR
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urEo s Re 2wt 1d SN fo] YHHL, &
g S0k ARAZOIA P10 ASE £ 2%,
AFARE, =8 7HESEE FH7H(syngas) T
qgstch ol 2. 9 Qe e wrdey, BeRATH FA, e
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A =H 2877 iR el 4= [l FvAE E
AFSfERS, ojAbStErA, o SO FAHO 1AL, AR
ofyet Wi 9 A7 AREE 5 e ARl i
3. ol X| XEEEXR| AXH(energy storage)

AN A A% il°ﬂ gade A
ok, XEAEAQ ZHA
(lignosulfonate; LS) 7} E= A A] 9] —g——E,L Ho|AEo gt .§=]-
BAZ AHEE 5 Qlhs Zo] RuEdch® S n WA AL

ojF& Tl AlE %, #€ 9, & sk W8S
Eole Aoz Rudth 4F 13 AL T84S 70
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45 ol Wigele] Az vlg-L ey 3 2
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Lt
4. A|HIE (cements)
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FHAL EYAA e 2L AR A9 A8 AWE
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& Aslrh AMLE A Afolo] FA] BhE Qor) U
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5. Hfel (binders)

584 209 B 44 A A BN AEA
Aga}7)o] Agsiek 2 LesEol2e] Au| g Hilr
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eh(briquetting of mineral dust; B|A| R, BA87] 5) 9 3+
o, e F Heoh e B I3 ARo= AME 5 Qi
gads AAA= AMESH] YA B = FEAIACK
sh=tl, ol= Hsdhd ol EAIS grE st 59 shekE jE

< T 5 Aok B3 oAlFA] AU Hm A 5ol A

Ho R 2 1de YA AL HH Avked T 4 gk
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N

A2 e T3} 71eL AR P2, 54 U A Pl F
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Zpo] moFat 7)o L ujNe AR BuE 5
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. 5l0|=E2 % (hydrogels)

sfol=zae 22, setee slae 3 144 =
Yoz Bolth S-gololA] BT S5 A
27 By 59, 8 48 344 5o 54L 23
ol QAL oFE M S| Hofo] Hesitt. 21U A4
A, AEFA, F& =4 59 1183 EAL VR
7] ol slolERA Hofoll A thafet A7t WA
o} 7879

27| d3tof|+= acrylamide?} polyvinylalcohol (PVA)2 =2
ZE g3y} copolymerZ A|Z35}FaL, acrylamide THA| <}
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ol 71A41% 5740l Xﬁ}ﬂﬂl Hoh sHR|eE S =2 E 2jad
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S R TRAR, o ARJel] 7P e ALg e
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