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Fractionation of industrial lignin. a review
LI Mingfei, XU Yinghong
( Beijing Key Laboratory of Lignocellulosic Chemistry, Beijing Forestry University, Beijing 100083, China)

Abstract; The chemical pulping and biorefinery industries produce a large amount of lignin, in which the heterogeneous
structure of lignin affects its further high-value conversion and utilization. Currently, industrial lignin is mainly used as
fuels, thus its value-added utilization is of great significance to the integrated biorefinery of lignocellulose resources
and the reduction of waste discharge. In order to reduce the heterogeneity of lignin structure, fractionation is consid-
ered as a promising method to obtain lignin fractions with narrow molecular weight distribution and good properties,
achieving high value of lignin. In this article, various methods of fractionation and the main research progresses of the
lignin fractionation are introduced. Currently, the main fractionation methods are organic solvent dissolution/precipita-
tion, deep eutectic solvent separation, gradient precipitation by changing pH, and membrane separation. The organic
solvent dissolution/precipitation method is based on the differences in the solubility of organic solvents for lignin, and
multi-stage dissolution/multi-stage precipitation methods are used to obtain lignin fractions. This method has the ad-
vantages of simple operation, short processing time, and low equipment requirements. For this process, if the dissol-
ving capacities of solvents vary narrowly, or the adjustment of solvent dissolving capacity is not fine enough, only a
few fractions can be obtained and their molecular weight distributions are still wide. Deep eutectic solvents are used for
separation by designing different types and amounts of hydrogen donors and hydrogen acceptors to obtain highly reac-
tive lignin with different molecular weights. Gradient precipitation by changing pH is operated by continuously lower-
ing pH with acid to obtain lignin fractions of different molecular weights by precipitation, in which the lignin colloid
was destroyed by acid and the resulting lignin flocculated particles are precipitated from the solution. Membrane sepa-
ration is conducted with different molecular weight cut-offs to separate lignin solution, which can remove carbohy-
drates and ash to obtain lignin with different molecular weights. The process can be operated continuously without ad-
ditional reagents, chemicals, and energy consumption. Compared with the acid precipitation, the membrane separation
can remove impurities ( such as carbohydrates, ash, etc.) from the lignin, and the obtained lignin has a high purity
and good thermal performance. Based on the research status of the above fractionation methods, the future research as-
pects are prospected, in order to provide a theoretical basis for the high-value utilization of lignin.
Keywords:industrial lignin; organic solvents; deep eutectic solvents; precipitation; membrane separation
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Table 1 Fractionation methods of lignin by membrane separation
iV NGiE Ko 1 K52 K53 Ko 4 %
] ) 57/ B/ Z .
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RIZTAIZEN
e 3963 7.02 15000 1850 4.23 15000 7394 8.20
e B < g
RIZTAI7EN
e 4297 7.48 5000 899 2.67 5000 5410 7.27 41
P < > [41]
A R AR
. 44 27 1 411 3. 1 4531 3.
o 66 8 <1000 3.99  >1000 531 3.05
AZE 5654 3.01 >15000 6300 3.10 15000 3544 1.87 10000 2022 2.14 5 000 1806 1.92 [42]
AE 2500 240  >5000 1950 1.70 520880” 1190 1.50 <2000 700 1.20 [43]
AR R 15 000~ 5 000~
rnye >50000 12029 1.26 "0 9576 1.15 15000 041 LI3 <5000 8879 111 [44]

T My A E 1 B, PDI N 20

5 &

Za

ARBREFGE AL I T 32 A AR AR AT LT 4 R
By i, 638 AR AR R Tl O R 2 AR
FYPIE SRR, BT ARRR T AR A
— 1k AR AEROR 22 5, S T i — 2 {E
FIH . RARBR AT H o8 A B TIRANRAR
SRS AR T 5 27 i T K o A LIRS i/

DLBE MRS 08 s pH RS B DLTE ik IR
OYESIL B KBS 2, R AR > 0
fR 77 3k A A B R A A/ DUBE 4 208 pHL Y
B BEYUE L AR 2> B, AR ILI 0 7 B A I 3 52
SR HUBHIGE w1 TR A YRR — R
PR IY  AES 0 2 /DU A 7 th 3 ) S B, T
REN TP USRS KA B AT SR T e Db i, B
PR £ ] 4 ) 0 R R BB IR R AR B R 1 7

R2 AMAKRES RS BEAENLE

Table 2 Comparison of four lignin fractionation methods

R BTk o] FoTTn
LT A R TR LR WL A L BLVE T 25203 5 T AL ST, 34 L B 9 M
LT ORI 5Tl b FR A I A5 A 4
MG 3L H o ) A2 2 RGeS b R L BT A BRS84S G IR L6 R 5
e ORI AE AT A0 s DT 00 T 2 e , EUAT 5 I

A pH IR B pH A T 2 e . "
gggj;“* f};;i‘“” MIATREIE s o BB STV B 8 REREIEE, (LR HFL A 2 A 2 A e
g TREURRUN PGS BT DLk, of S B 7T I A AL 60 (5000 7 R
‘ WA TR 2517504 FROAC TR 22 /I3 T R L 05 1 7 o 5 0 4 7 A




2513

ZEUITR, A TR R A g BT 19

RO TR EE SO, TRV R, S A5
FAHT MU, 75 B A fb 5, ORI R AR
SR A 01 43 B R B 43 85 2 A G 25 5 S LK RIS T
AR 1 T 30 AR A S5 2 1) A B AR AR
SR, TT & BAT PR RE UL SR A AL A1) i BRI
PR AR R,

B R ), A 5 I B A D

1) A AL 700V M/ DT D vk R AL i 7k 5K
U= Ty FIEAT AH Tl Ak o B2 A IO ) R RN 325 791 1
BRI IS A i e T e IR P XA

2) T 8 AR R o T, R
AR VAT TR 0 4 BV ), TR A o 2% 110 T
TG T S PR N A Z AR R T, BT F
Re 1 RIS R o B AR R R ) TR 4y 7 i
B F G, AT ARAR S i B AR B3R

3) R I B, B 85 5 T 1
el A: 7= BT IS B 4 B A 1R i R 447
T AT 3 437 i AR A A5 2 /N3 T R 5
AP HRE 37 308 5k 30 0 R i 2 2 A o IR P 42
ARXER

22 3K ( References )

[ 1] HARMSEN P, HUIJGEN W, BERMUDEZ L, et al. Literature

review of physical and chemical pretreatment processes for ligno-

cellulosic biomass [ R]. Wageningen UR Food & Biobased Re-

search, 2011.

JOHN M J, LEFATLE M C, SITHOLE B. Lignin fractionation

and conversion to bio-based functional products[ J]. Sustainable

Chemistry and Pharmacy, 2022, 25. 100594. DOI. 10.1016/].

scp.2021.100594.

[ 3 ] SUGIARTO S, LEOW Y, TAN C L, et al. How far is Lignin from
being a biomedical material? [ J]. Bioactive Materials, 2022, 8.
71-94. DOI;10.1016/j.bioactmat.2021.06.023.

[ 4 ] BERTELLA S, LUTERBACHER J S. Lignin functionalization for
the production of novel materials[ J ]. Trends in Chemistry, 2020,
2(5) : 440-453. DOI.10.1016/j.trechm.2020.03.001.

[ 5] GIGLI M, CRESTINI C. Fractionation of industrial lignins; op-
portunities and challenges[ J]. Green Chemistry, 2020, 22(15) :
4722-4746. DOI;10.1039/D0GCO1606C.

[ 6 ] SADEGHIFAR H, RAGAUSKAS A. Perspective on technical
lignin fractionation [ J ]. ACS Sustainable Chemistry &
Engineering, 2020, 8(22) . 8086-8101. DOI: 10.1021/acssus-
chemeng.0c01348.

[ 7 ] SETHUPATHY S, MURILLO MORALES G, GAO L, et al. Lig-
nin valorization ; status, challenges and opportunities[ J]. Biore-
source Technology, 2022, 347. 126696. DOI. 10. 1016/].
biortech.2022.126696.

[8]JLIMF, SUNSN, XU F, et al. Sequential solvent fractionation

of heterogeneous bamboo organosolv lignin for value-added appli-

[2

[

cation[ J |. Separation and Purification Technology, 2012, 101
18-25. DOI:10.1016/j.seppur.2012.09.013.

[ 9 1 PRAT D, HAYLER J, WELLS A. A survey of solvent selection
guides[ J |. Green Chemistry, 2014, 16(10) ; 4546-4551. DOI;
10.1039/C4GC01149].

[10] PRAT D, WELLS A, HAYLER J, et al. CHEM21 selection

Guide of classical- and less classical-solvents[ J]. Green Chemis-
try, 2016, 18(1): 288-296. DOI.10.1039/C5GC01008].
[11] XUE Z M, ZHAO X H, SUN R C, et al. Biomass-derived vy-
valerolactone-based solvent systems for highly efficient dissolution
of various lignins; dissolution behavior and mechanism study|[ J].
ACS Sustainable Chemistry & Engineering, 2016, 4(7) : 3864-
3870. DOI:10.1021/acssuschemeng.6b00639.
[12] SAMENI J, KRIGSTIN S, SAIN M. Solubility of lignin and
acetylated lignin in organic solvents[ J]. BioResources, 2017, 12
(1): 1548-1565. DOI:10.15376/biores.12.1.1548-1565.
IZAGUIRRE N, ROBLES E, LLANO-PONTE R, et al. Fine-

tune of lignin properties by its fractionation with a sequential or-

(13

[

ganic solvent extraction [ J]. Industrial Crops and Products,
2022, 175. 114251. DOI;10.1016/j.indcrop.2021.114251.

[14] DUVAL A, AVEROUS L. Dihydrolevoglucosenone ( Cyrene™ )
as a versatile biobased solvent for lignin fractionation, processing,
and chemistry[ J ]. Green Chemistry, 2022, 24 (1) 338-349.
DOI:10.1039/D1GCO3395F.

[15] MATOS M, CLARO F C, LIMA T A M, et al. Acetone; Water
fractionation of pyrolytic lignin improves its antioxidant and anti-
bacterial activity[ J ]. Journal of Analytical and Applied Pyrolysis
2021, 156; 105175. DOI;10.1016/].jaap.2021.105175.

[16] WEI X X, LIU Y, LUO Y D, et al. Effect of organosolv

extraction on the structure and antioxidant activity of eucalyptus

kraft lignin [ J ]. International Journal of Biological

Macromolecules, 2021, 187. 462 - 470. DOI. 10. 1016/].

ijbiomac.2021.07.082.

XUYH,LIXY, LIMF, et al. Acetone fractionation of hetero-

geneous tetrahydrofurfuryl —alcohol lignin to improve its

(17

[

homogeneity and functionality[ J]. Journal of Materials Research
and Technology, 2021, 10: 632 - 642. DOI. 10. 1016/]. jmrt.
2020.12.045.

XU Y H, ZENG P, LI M F, et al. y-Valerolactone/water system

for lignin fractionation to enhance antibacterial and antioxidant ca-

[18

[

pacities[ J]. Separation and Purification Technology, 2021, 279,
119780. DOI;10.1016/].seppur.2021.119780.
[19] YUN J Y, WEI L, LI W, et al. Isolating high antimicrobial
ability lignin from bamboo kraft lignin by organosolv fractionation
[J]. Frontiers in Bioengineering and Biotechnology, 2021, 9.
683796. DOI;10.3389/fhioe.2021.683796.
[20] THRING R W, VANDERLAAN M N, GRIFFIN S L. Fractiona-
tion of alcell © lignin by sequential solvent extraction [ J].
Journal of Wood Chemistry and Technology, 1996, 16 (2):
139-154.
KUNDU D, RAO P S, BANERJEE T. First-principles prediction
of kamlet-Taft solvatochromic parameters of deep eutectic solvent
using the COSMO-RS model [ J]. Industrial & Engineering Che-
mistry Research, 2020, 59(24) . 11329-11339. DOI.10.1021/
acs.iecr.0c00574.
LIANG X Q, ZHU Y, QI B K, et al. Structure-property-perform-

ance relationships of lactic acid-based deep eutectic solvents with

[21

[l

[22

[

different hydrogen bond acceptors for corn stover pretreatment[ J].
Bioresource Technology, 2021, 336. 125312. DOI. 10.1016/].
biortech.2021.125312.

[23] SOSA F H B, DIAS R M, DA COSTA LOPES A M, et al. Fast
and efficient method to evaluate the potential of eutectic solvents
to dissolve lignocellulosic components[ J]. Sustainability, 2020,
12(8) : 3358.

[24] SOARES B, TAVARES D J P, AMARAL J L, et al. Enhanced
solubility of lignin monomeric model compounds and technical lig-
nins in aqueous solutions of deep eutectic solvents[ J]. ACS Sus-
tainable Chemistry & Engineering, 2017, 5(5) . 4056 -4065.
DOI;10.1021/ acssuschemeng.7h00053.

[25] SOARES B, SILVESTRE A J D, RODRIGUES PINTO P C, et al.

Hydrotropy and cosolvency in lignin solubilization with deep



20 Mol T A iR

LRk

eutectic solvents[ J ]. ACS Sustainable Chemistry & Engineering,
2019, 7 (14). 12485 - 12493. DOI. 10. 1021/ acssuschemeng.
9h02109.

[26] FRANCISCO M, VAN DEN BRUINHORST A, KROON M C.
New natural and renewable low transition temperature mixtures
(LTTMs) : screening as solvents for lignocellulosic biomass pro-
cessing[ J]. Green Chemistry, 2012, 14(8) . 2153-2157. DOI.;
10.1039/C2GC35660K.

[27] MALAEKE H, HOUSAINDOKHT M R, MONHEMI H, et al.

Deep eutectic solvent as an efficient molecular liquid for lignin sol-

ubilization and wood delignification[ J]. Journal of Molecular Liqg-

uids, 2018, 263: 193-199. DOI:10.1016/j.molliq.2018.05.001.

LYNAM J G, KUMAR N, WONG M J. Deep eutectic solvents’ a-

bility to solubilize lignin, cellulose, and hemicellulose; thermal

—
[\
oo

i

stability; and density[ J]. Bioresource Technology, 2017, 238
684-689. DOI:10.1016/]j.biortech.2017.04.079.

[29] SOSA F H B, ABRANCHES D O, DA COSTA LOPES A M, et
al. Kraft lignin solubility and its chemical modification in deep eu-
tectic solvents [ J ]. ACS Sustainable Chemistry & Engineering,
2020, 8(50) : 18577-18589. DOI;10.1021/ acssuschemeng.
0c06655.

[30] BEHSE, 8, 8L, &5 y- B/ R IVE R s R R o
PARFTR B HGEHFRAELT]. BRPGRI K244, 2022, 40
(1): 1-6. DOI.10.19481/j.cnki.issn2096-398x.2022.01.001.
XUE B L, LI'Y, TANG R, et al. Fractionation and structural
characterization of lignin iny-valerolactone/deep eutectic solvents
system [ J]. Journal of Shaanxi University of Science &
Technology, 2022, 40(1) . 1-6.

[31] DA SILVA S H F, GORDOBIL O, LABIDI J. Organic acids as a
greener alternative for the precipitation of hardwood kraft lignins
from the industrial black liquor[ J]. International Journal of Bio-
logical Macromolecules, 2020, 142 583-591. DOI. 10.1016/].
ijbiomac.2019.09.133.

[32] NAMANE M, GARCIA-MATEOS F, SITHOLE B, et al. Charac-
teristics of lignin precipitated with organic acids as a source for
valorisation of carbon products [ J ]. Cellulose Chemistry and
Technology, 2016, 50(3/4) : 355-360.

[33] ZHANG L, PENG W B, WANG F, et al. Fractionation and
quantitative structural analysis of lignin from a lignocellulosic
biorefinery process by gradient acid precipitation [ J ]. Fuel,
2022, 309. 122153. DOI:10.1016/j.fuel.2021.122153.

[34] CAO X S, SHAO L. P, HUANG W, et al. Thermal degradation of

lignins fractionated by gradient acid precipitation[ J]. Journal of

Analytical and Applied Pyrolysis, 2021, 157 105200. DOI. 10.

1016/j.jaap.2021.105200.

LOURENCON T V, DE LIMA G G, RIBEIRO C S P, et al. An-

tioxidant, antibacterial and antitumoural activities of kraft lignin

[35

[

from hardwood fractionated by acid precipitation[ J]. International
Journal of Biological Macromolecules, 2021, 166: 1535-1542.
DOI:10.1016/j.1jbiomac.2020.11.033.

MONTEIRO V A C, DA SILVA K T, DA SILVA L R R, et al.

Selective acid precipitation of Kraft lignin: a tool for tailored

[36

[

biobased additives for enhancing PVA films properties for packa-
ging applications[ J]. Reactive and Functional Polymers, 2021,
166 104980. DOI:10.1016/].reactfunctpolym.2021.104980.
[37] CAO H, LIU R L, LI B, et al. Biobased rigid polyurethane foam
using gradient acid precipitated lignin from the black liquor: re-
vealing the relationship between lignin structural features and pol-
yurethane performances[ J]. Industrial Crops & Products, 2022,
177.DOI; 10.1016/j.indcrop. 2021.114480.
SANTOS P S B D, ERDOCIA X, GATTO D A, et al. Characteri-
sation of Kraft lignin separated by gradient acid precipitation[ J].
Industrial Crops and Products, 2014, 55. 149-154. DOI; 10.
1016/j.indcrop.2014.01.023.
[39] LI H, YUAN Z, SHANG X Y, et al. Application of gradient acid

—
(5]
oo

[

fractionation protocol to improve decolorization technology by
lignin-based adsorbent [ J ]. International Journal of Biological
Macromolecules, 2021, 172, 10-18. DOI. 10.1016/j.ijbiomac.
2020.12.206.

[40] SEVASTYANOVA O, HELANDER M, CHOWDHURY S, et al.
Tailoring the molecular and thermo-mechanical properties of kraft
lignin by ultrafiltration[ J]. Journal of Applied Polymer Science,
2014, 131(18): 9505-9515.

[41] FERNANDEZ-RODRIGUEZ J, GARCIA A, COZ A, et al. Spent
sulphite liquor fractionation into lignosulphonates and fermentable
sugars by ultrafiltration[ J]. Separation and Purification Technolo-
gy, 2015, 152: 172-179. DOI.;10.1016/].seppur.2015.08.017.

[42] TOLEDANO A, SERRANO L, GARCIA A, et al. Comparative
study of lignin fractionation by ultrafiltration and selective precipi-
tation[ J]. Chemical Engineering Journal, 2010, 157(1): 93—
99. DOI:10.1016/j.cej.2009.10.056.

[43] ALLEGRETTI C, FONTANAY S, RISCHKA K, et al. Two-step
fractionation of a model technical lignin by combined organic sol-
vent extraction and membrane ultrafiltration [ J ]. ACS Omega,
2019, 4(3): 4615-4626. DOI;10.1021/acsomega.8h02851.

[44] COSTES L, AGUEDO M, BRISON L, et al. Lignin fractionation
as an efficient route for enhancing Polylactide thermal stability
and flame retardancy| J]. Flame Retardancy and Thermal Stability
of Materials, 2018, 1(1); 14-24.

[45] SHAO L P, ZHANG X M, CHEN F S, et al. Fast pyrolysis of
kraft lignins fractionated by ultrafiltration [ J ]. Journal of
Analytical and Applied Pyrolysis, 2017, 128 27-34. DOI. 10.
1016/j.jaap.2017.11.003.

[46] ZINOVYEV G, SUMERSKII I, KORNTNER P, et al. Molar mass-
dependent profiles of functional groups and carbohydrates in kraft
lignin[ J]. Journal of Wood Chemistry and Technology, 2017, 37
(3): 171-183. DOI.10.1080/02773813.2016.1253103.

[47] SERVAES K, VARHIMO A, DUBREUIL M, et al. Purification
and concentration of lignin from the spent liquor of the alkaline
oxidation of woody biomass through membrane separation technol-
ogy[ J]. Industrial Crops and Products, 2017, 106; 86— 96.
DOI:10.1016/j.indcrop.2016.10.005.

[48] TOLEDANO A, SERRANO L, BALU A M, et al. Fractionation
of organosolv lignin from olive tree clippings and its valorization to
simple phenolic compounds[ J]. ChemSusChem, 2013, 6(3):
529-536. DOI:10.1002/ cssc.201200755.

[49] HUSSIN M H, RAHIM A A, MOHAMAD IBRAHIM M N, et al.
Enhanced properties of oil palm fronds ( OPF) lignin fractions
produced via tangential ultrafiltration technique [ J]. Industrial
Crops and Products, 2015, 66; 1-10. DOI. 10.1016/j.indcrop.
2014.12.027.

[50] COSTA C A E, PINTO P C R, RODRIGUES A E. Lignin frac-
tionation from E. Globulus kraft liquor by ultrafiltration in a three
stage membrane sequence[ J]. Separation and Purification Tech-
nology, 2018, 192. 140 - 151. DOI. 10. 1016/]. seppur. 2017.
09.066.

[51] MENDES S F, RODRIGUES J S, DE LIMA V H, et al. Forward
black liquor acid precipitation; lignin fractionation by
ultrafiltration [ J ]. Applied Biochemistry and Biotechnology,
2021, 193 (10): 3079 —3097. DOI: 10.1007/s12010 - 021 -
03580-2.

[52] VILLAIN-GAMBIER M, COURBALAY M, KLEM A, et al. Re-
covery of lignin and lignans enriched fractions from thermome-
chanical pulp mill process water through membrane separation
technology: pilot-plant study and techno-economic assessment
[J]. Journal of Cleaner Production, 2020, 249. 119345. DOI.
10.1016/j.jclepro.2019.119345.

(Firsms Bid)



