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Products Separation and Analysis-of Depolymerized
Lignosulfonate under Mild Acid-catalyzed Conditions
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Abstract ; Depolymerized lignin products are very complex mixtures. In this paper,based on depolymerization solution of
commercially available sodium lignosulfonate tinder mild conditions, an efficient method for separation and analysis of de-
polymerized lignin products and evaluation of the yields of reaction products has been developed. The GPC result indica-
ted that lignosulfonate was almost completely converted into small molecules, which mainly dispersed in three oligomer
ranges. 9 of depolymerized aromatics productsiaccounted for 30 wt% of depolymerized solution are identified by GC-MS.
The study also indicated that under'these mild conditions lignosulfonate was completely depolymerized , while its sulfonate
functional groups were rémoved easily in situ to form salts,which were confirmed with SEM and EDS energy spectrum.
Preliminary studies highlight that the secondary sulfo group (C_-SO;M) within real lignin help to promote alkyl aryl e-
ther bond (B-0-4 )/ cleavage ,thus facilitated the lignin depolymerization reaction. Depolymerized products in high yields
of more than 95 wt% were obtained.

Key words: lignosulfonate ; acid-catalyzed depolymerization ; products analysis;lignin-based aromatic compounds
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Fig. 1  The acid catalyzed lignosulfonate and the product separation process scheme
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Fig. 2. The SEM image and the EDS spectrum of the solid residue
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Fig. 3  Gel-permeation chromatograms of the depolymerized lignin solution R. T. ; (a)0-7.6 min;(b)7.6-8.5 min
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Table 1  The average molecular and polydispersity index of depolymerized solution

o TR T oy s TR W T P,
P t N R Mw Mn Mp PO
cax o ('min) ( Daltons ) ( Daltons) (Daltons)
Pkl 7.099 810 778 728 1.04
Pk2 7.382 460 455 477 1.01
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Table 2 The average molecular and polydispersity index of lignosulfonate

V- AT T H FiE i i P
Peak No. t N " P PDI
('min) ( Daltons ) ( Daltons) ( Daltons )

Pkl 6.637 88677 75826 112869 1.169
Pk2 8.356 25053 23197 17250 1.080
Pk3 8.766 12898 12782 12083 1.009
Pk 9.270 8738 8650 8057 1.010
PkS 9.821 4849 4504 5113 1.077
Pk6 10.425 2385 2368 2743 1.007
Pk7 10.743 1555 1497 1773 1.039

Pk8 11.350 556 474 543 1.174
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Table 3 The depolymerization phenolic products identified by GC-MS

4 BR B[]

5 t st HTE A

No. ( N ) Compound name Molecular weight Peak area
min

1 14.722 6 Phenol ,4-methyl- 108. 14 2.21E +07
2 14.992 7 Phenol ,2-methoxy- 124.14 7.89E +07
3 23.068 7 Phenol 2 ,6-dimethoxy- 154.16 4.46E +08
4 32.732 8 Phenol 2 ,6-dimethoxy4-(2-propenyl ) - 194.23 1.38E +07
5 42.910 1 2 ,4'-Dihydroxy-stilbene 212.24 5.76E +07
6 45.092 5 Phenol 2 ,2'-methylenebis- 200.23 1.47E +08
7 46.075 7 Phenol ,2-[ (4-hydroxyphenyl ) methyl | - 200.23 5.09E +08
8 48.4417 Phenol ,4 ,4'-methylenebis- 200.23 7.93E +08
9 49.770 6 4 ,4'-Ethylidenediphenol 212.24 2.07E +09

I N S MY

3z R, R BTRBTRERAER IR A A T S DG A 2R
=A

AR T RGERIEA TR AR L AL
LIRS S T R D Y D R T

ARAHET R IR T RIS R, HEaheh®
W T R IR A R AR SR = e M PR B T
RIRWIZE 1 73§ FAICAEHY , n] DL B Ui i 264k



Vol. 30

7 LR A R AR LA SR B R R ER W B 53 5 55 00 AT

1781

“Finiil A PHOAR IR R R PERER G .

H1 T GC-MS X R YR 45 14 73 i ¥ A e — 58

FR SRy BRI , AR S 2 0 T AR5 405 4 v o e T o Bk
FH G R R A5 W R R A 40 BT 56 0 e 3R =, TR
TR AR S 6 TR A i SR A9 52 i) 81 2% 00 5 g AL B
KRR 43T S5 2R A SR B AN g AR 5 4R AL AT
BrE A BRIE JER

S 30k

1

Rahimi A. Chemoselective metal-free aerobic alcohol oxida-
tion in lignin. J Am Chem Soc[ J].2013,135.:6415-6418.

Li C,Zhao X, Wang A, et al. Catalytic transformation of lig-
nin for the production of chemicals and Fuels[ J]. Chemical
Reviews ,2015,115:11559-11624.

Alireza R, Arne U, Coon JJ et al. Formic-acid-induced depo-
lymerization of oxidized lignin to aromatics [ J ]. Nature,
2014 ,515:249-252.

Pacek AW, Ding P, Garrett M, et al. Catalytic conversion of
sodium lignosulfonate to vanillin; engineering aspects. part 1.
Effects of processing conditions on vanillin yield and selec-
tivity[ J ]. Ind Eng Chem Res,2013,52:8361-8372.

Santos SG, Marques AP, Lima DLD,et al. Kinetics of Euca-
lypt lignosulfonate oxidation to aromatic aldehydes by oxygen
in alkaline medium[ J]. Ind Eng Chem Res,2011,50:291-
298.

Bjobrsvik HR, Minisci F. Fine chemicals. from lignosulfon-
ates. 1. synthesis of vanillin by oxidation”of:lignosulfonates
[J]. Org Process Res Dev,1999 3 :330-340.

Bjorsvik HR, Norman K. Fine”chemicals from lignosulfon-
ates. 2. Synthesis of veratric/acid: from acetovanillon[ ] ]. Org
Process Res Dev,1999 ,3(5) :341-346.

Geng LL(BKFiF1)., He W ({i[ff), Wei T(BL1E) , et al.
Preparation and catalytic“oxidation performance of Au /C
catalyst for lignin model compound [ J]. Nat Prod Res Dev
(RERF=iEaE 59 &), 2017 ,29 :601-604.

Yokoyama'T , Revisiting the mechanism of 8-O4 bond cleav-
age during acidolysis of lignin. part 6:a review[ J]. J Wood

11

13

14

16

17

18

Chem and Technol ,2014 ,35(1) ;27-42.

Jia S, Cox BJ,Guo X, et al. Cleaving the 8-O-4 bonds of lig-
nin model compounds in an acidic ionic liquid,1-h-3-methy-
limidazolium chloride ; an optional strategy for the degradation
of lignin[ J]. Chem Sus Chem ,2010,3:1078-1084.

Fang HX(J7408) ,Wu QLOR3EM) , Yan XN( 275 5)).
A method for preparation of phenolic lignin-based_adhesive
(— Fb B Ak A BT 3R OBORG R) & H ) & k).
CN201410264173.4[ P].20154-1.

Huang XM, Koranyi TI, Boot MD, et al. Catalytic depolymer-
ization of lignin in supercritical ethanol [ J ]. Chem Sus
Chem ,2014,7:2276-2288.

Wang,YY, Ling, LL, Jiang, H. Selective hydrogenation of lig-
nin to chemical commodities”by a biochar supported Ni-
Mo2C catalyst obtainéd from biomass[ J]. Green Chemistry,
2016,18:4032-4042.

Fang HX ( J721LE), Cui PCERA) , Qian C(£R/2) , et al.
Preliminary analysis/of components and of sulfonate in sodi-
um-lignosulfonate[ J ]. Nat Prod Res Dev( KIKF=WIW 5T 5
T %) 42017 ,29:82-86.

Sun;, YC, Wang, M, Sun, RC. Toward an understanding of in-
homogeneities in structure of lignin in green solvents biore-
finery. Part 1: Fractionation and characterization of lignin
['J]. ACS Sustainable Chem Eng,2015,3.2443-2451.
Sulaeva 1, Zinovyev, G Plankeele JM, et al. Fast track for
quantitative isolation of lignosulfonates from spent sulfite liq-
vors[ J]. Chem Sus Chem ,2017 ,8:629-642.

Cui P(#E]) ,Fang HX( F4LEE) , Wu QL( R5EM) et al.
Relative molecular mass determination of phenolated depoly-
merized sodium lignosulfonate by advanced polymer chroma-
tography system[ J|. Chin J Chramatogr ( 4,35 ) ,2015,33 .
314-317.

Sturgeon MR, Kim Lawrence SK, Paton RS, et al. A mecha-
nistic investigation of acid-catalyzed cleavage of aryl-ether
linkages ; implications for lignin Depolymerization in acidic

environments| J |. Chem Sus Chem ,2014 2 .472-485.

(E3% 1757 ®)

6

Zhang GM( 75 HH) , Zhao QY (X 43FK). The development
of modern pharmacology and biological activity of Panaxadiol
[J]. Mod Chin Med( " E B H25),2008,10:8-10.

Ding W( T ) ,Ma CX( Z{%3#). Determination the con-
tent of panaxadiol in BQSX granule by HPLC [ J]. Chin Tra-
dit Pat Med( H1%24) ,2006,9 :1401-1402.

Shi LL(f/14552) ,Qin WM (K 4ER) , Zhu ZJ(REH) et
al. RP-HPLC determination of panaxadiol in ginseng with

10

pre-column derivatization [ J]. Phys Test Chem Anal ,Part B .
Chem Anal ( FRAVKG S - fb24 5301 ) ,2010,5:482-484.

Shi LL (A7 25%). A pre-column derivatization RP-HPLC
method for determination of panoxadiol and panaxatriol in the
cosmetics [ D]. Shanghai: Donghua University ( REE K2,
2009.

Liang SW (3241 ) ,Wang L( J7 i ) . Instrumental analysis
(L #% 4> H1) [ M]. Beijing: Chinese Traditional Chinese
Medicine Press,2013:309-310.



