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The analysis of products from base-catalyzed depolymerization
of kraft lignin™*!

Seok Ju Kim** - Yong Sik Kim***

o Ot
=L |

B oo3es 3gzE gade] 7] En] 28 (Based Catalyst Depolymerization, BCD)®Fg-ol A A4 ¥ = b
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13%E BgkE Ttk BCD WHgEolA B84 13 FAHE, 784 FAtEr ZF FAbEol A diethyl ether =
Z3t0] DEE-1, DEE-25 4a 71 18h4 248 HAskth A3 Ay} 7)1 557) Eold4sE 584
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ABSTRACT

The based-catalyzed depolymerization (BCD) of kraft lignin isolated from black liquor which the
chemical pulping of a mixture of various Southeast Asia hardwood chips was carried out in a
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batch reactor in the presence of different NaOH concentrations with supercritical methanol. The
SG ratio of the kraft lignin determined by pyrolysis-GC/MS analysis turned out roughly 14:1 and
main products were vanillic acid, syringol and 3-methoxy catechol. The diethyl ether extracts as
phenolic monomers from BCD reaction were produced similar yield among different NaOH
concentrations. The 21 compounds were identified by GC/MS analysis in all experiments and major

products were catechol, 3-methoxycatechol,

4-methylcatechol, syringol and isovanillic acid.

However, it had been shown to be different monomer contents depending on the dosage of
NaOH. Catechol, 4-methylcatechol and 3-methoxycatechol were shown to be the dominant
monomer from BCD reaction using 75 and 325% of NaOH concentration whereas syringol,
isovanillic acid, 3-methoxycatechol and 4-methylcatechol were determined to be the most typical

products under the condition of 163% NaOH.

Keywords : kraft lignin, based-catalyzed depolymerization (BCD), pyrolysis, GC/MS analysis
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o] PLgel 5 ym MIXED-C columng A& L,
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0.1 mge AHZE ga1dE 475°C
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(Frontier lab. Ltd., Japan)& & sle] &41319]
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0.25 um)& A3tk D3 719 interface <
+ 325°C, FID 2%+ 250°C, split® 100~1°]‘21‘:}.
QB 2%F 40°ColA 35—{} f21gk T 4°C/ming]
T2 320°07H 53 F 183 fX8keh A
BX71% Bl A0 2 sources 70eV, Auxiliary
line 250°Co] A}
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‘ Kraft lignin

|

Kraft lignin : 5g
Catalysts : NaOH (75, 325, 163 wt%)
Medium : MeOH (+ dHO)
Temperature : 290°C, for 10 min

‘ BCD reactant ‘

precipitate adjust pH 20 with 2 M HCI
4°C for overnight

‘ Filtering and washing

[

[
’ Solid phase ‘

freeze-grying
soxhlet extraction with diethyl ether (DEE)

’ DEE extraction 1 ‘

|

’ Insoluble material ‘

Fig 1. Schematic diagram of BCD procedure.

2.3. ¥7| &0 =3l (BCD)
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‘ Aqueous-MeOH phase (filtrate) ‘
evaporating,
liquid-liquid extraction
with DEE

‘ DEE extraction 2 ‘

freez-drying

‘ Aqueous material ‘
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7] 8wl F+E&< DEE-1¥ DEE-2i= Agilent
5975C MSD$} FIDE W@ 2 A3 Agilent 7890A
GC (USA)E o] &3l Attt d7] FHuf 5=
w2 123 abEel AdAQd TS vl
NEE 5 mg/msl MeOH7} B2 WtE1 72+ A8
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Table 1. Pyrolysates produced from GC-pyrolyzer of kraft lignin at 475°C

PN*  RT(min) Compounds CA® % Origin®
1 40~060 Gases include organic sulfur compounds 3141 + 07
2 210 Phenol 089 + 01 HGS
3 255 3-Methylphenol 112 + 01 H
4 263 2-Methoxyphenol (guaiacol) 476 + 01 G S
5 302 2-Methoxy-3-methylphenol (3-Methylguaiacol) 061 + 00 G, S
6 307 2-Methoxy-4-methylphenol (4-Methylguaiacol) 735+ 03 G S
7 336 3-Methoxy-1,2-benzenediol (3-Methoxycatechol) 916 + 03 st
8 341 4-Ethyl-2-methoxyphenol (4-Ethylguaiacol) 239 + 02 G
9 356 2-Methoxy-4-vinylphenol (4-vinylguaiacol) 447 + 02 G
10 369 26-Dimethoxyphenol (syringol) 971 + 04 S
1 374 34-Dimethoxyphenol 120 + 03 S
12 390 4-Hydroxy-3-methoxybenzaldehyde (vanillin) 107 + 00 G
13 404 4-Hydorxy-3-methoxybenzoic acid (vanillic acid) 1032 + 03 G
14 407 2-Methoxy-4-(1-propenyDphenol (isoeugenol)* 180 + 00 G, S
15 421 4-Hydroxy-3-methoxyphenylethanone (Acetovanillone) 088 + 00 G
16 431 2-Methoxy-4-propylphenol (4-Propylguaiacol) 223+ 01 G
17 435 2-Methoxy-4-(1-propenyDphenol (isoeugenol)* 057 + 00 G S
18 445 4-Methyl-35dimethoxybenzaldehyde 620 + 07 S
19 457 26-Dimethoxy-4-(1-propenyl)phenol(4-PropenylsyringoD* 032 + 00 S
20 478 4-Hydroxy-3,5-dimethoxybenzaldehyde (syringaldehyde) 108 + 03 S
21 490 26-Dimethoxy-4-(1-propenylphenol 170 + 01 S
22 501 1-(4-Hydroxy-35-dimethoxyphenyl)ethanone (acetosyringone) 079 + 01 S

a. Peak number.

b. Retention time

¢. Chromatogram area (relative area in percentage)

1) These were calculated by the areas of the corresponding peaks in the FID profile.

2) Hpyrolysate from phydroxyphenyl unit; G:pyrolysate from guaiacyl unit; Spyrolysate from syringyl unit
3) * Denotes cis or trans form

4) Bold: Selected compounds used as markers for the determination of S/G ratio.

S 5EIF FAAZIA, 2.5 °C/ming &% 2 ¥+ 549 FIDY retention time®} mass data
300°C7HA] s=3to] 33 FrASHATE. Injectorst o 27}7] diel ¥X] of f- 4 NIST 2ol .2 g ¢}
auxiliary line¥ FID+= =5 250°CaL, split e A7 239 7Ry dY HEE wxl 24
20:101}th. AHFEA 7= Bl WA SR source™ skl Attt

70eV, Auxiliary line2 250°Co]it). &8¢ AHES
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Table 2. Mass spectral data of kraft lignin monomers derived pyrolysis and BCD

Compounds Mass spectral data (relative ion intensity, %)
Phenol* 94(M, 100), 66(31), 65(24), 63(7), 9XM+16), SX6)
Guaiacol** 109(100), 124(M*, 87), 81(69), 33(18), 52(10), 51(9)
1,2-Dimethoxybenzene® 138(M",100), 95(42), 77(41), 123(38), 65(21), 52(19)
Catechol™ 110(M*100), 64(30), 63(16), 81(12), 92(10), 53(9), 1I(M+16)
3-Methylcatechol” 124(M*100), 78(68), 123(44), 77(24), 51(14), 106 (13)
3-Methoxycatechol**! 140(M*,100), 125(81), 97(52), 51(18), 79(12), 107(8)
4-Methylcatechol® 124(M*,100), 123(57), 78(53), 77(19), 51(14), 107(11)
1,23-Trimethoxybenzene 168(M*,100), 153(65), 110(50), 125(36), 95(33), 93(22)
Syringol*><¢ 154(M*,100), 139(48), 111(25), 96(25), 93(19), 65(14)
34-Dimethoxyphenol® 154(M"100), 13%(67), 111(29), 65(12), 53(10), 71(8)
4-FEthylcatechol® 123(100), 138(M*,26), 77(10), 124(8), 51(6), 91(6)
Vanillin*** 151(100), 152(M",95), 123(53), 138(43), 81(27), 137(25), 109(21)

4,5-Dimethyl-13-benzendiol
Vanillic acid”

Isovanillic acid®
Acetovanillone™

BHT*

345 Trimethoxy toluene
34-Dimethoxyphenyl acetone
Syringaldehyde*
2,6-Dihydroxy-4-methoxyacetophenone
Acetosyringon™™*
3-Methylphenol
3-Methylguaiacol™
4-Methylguaiacol*™
4-Ethylguaiacol*™
4-Vinylguaiacol™®
4-Propylguaiacol™

Isoeugenol™
4-Methyl-35-dimethoxybenzaldehyde
Syringaldehyde™>*
4-Propenylsyringol*™

138(M,100), 123(96), 137(50), 91(24), 77(23), 79%(20), 107(18)
168(M"100), 153(44), 125(27), 53(14), 169(11), 79(10)
168(M*100), 153(45), 125(28), 169(11), 79(11), 53(10)
151(100), 166(M"*44), 123(22), 152(10), 108(8), 52(8)
205(100), 220(M",23), 206(16), 57(13), 145(11), 105(7)
182(M*,100), 167(58), 77(11), 168(11), 79(9), 107(9)
151(100), 194(M*36), 152(12), 107(12), 77(10), 91(10)
182(M*100), 181(59), 167(16), 96(13), 111(11), 65(11)
167(100), 182(M"*,30), 139(20), 168(10), 63(8), 137(7)
181(100), 196(M"51), 182(11), 153(10), 67(7), 123(7)
108(M",100), 107(96), 7X28), 77(21), 53(16)
123(100), 138(M",79), 77(32), 65(17), 67(16)
138(M',100), 123(95), 95(33), 67(2D), 77(19)
137(100), 152(M"51), 122(13), 91(10), 109(10)
150(M*,100), 135(86), 77(38), 107(38), 51(12)
137(100), 166(M",25), 138(11), 122(10), 77(6)
164(M"100), 149G3D), 91(28), 77(27), 103(25), 131(24)
180(M,100), 165(40), 137(29), 77(18), 122(15), 91(12)
182(M*,100), 181(61), 167(24), 111(22), 96(16), 93(15)
194(M*100), 179(24), 91(21), 77(19), 119(14), 79(14)

Basically identified by NIST library

a. - also identified by standard material's mass spectral data

b. - also identified as a mass spectral data by O. Faix et al (1990)

¢ - also identified as a mass spectral data by J. C. Leffingwell et al (2013)
d. - also identified as a mass spectral data by C. E. Lima et al (2008)
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Table 3. Elemental composition in kraft lignin, insoluble material and aqueous material

Elemental composition (wt%)

C H N o' S

kraft lignin 612 55 286 286 41
insoluble material 701 48 07 244
aqueous material 419 45 04 332

* Oxygen content = 100 - (carbon + hydrogen + nitrogen + sulfur)

3. d4ut 3 nH

3.1. AtZE g|Ou9| E4 24
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D& 1.930] At}
d&s8) b 24 A3 Table 19 YERH AL, 2+
JEE2 2449 gz 77| I (mass spec-
tral fragmentation pattern)®} NIST library % t©}
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Lima et al., 2008). B8+ FID ¥4 3%2] AFth w5
£ AFE&Ste] 7 AREC] ARl ks vk
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2-methoxy-4-methylphenol (4-methylguaiacol), 4-
methyl-3,5-dimethoxybenzaldehyde, 2-methoxyphe-
nol (guaiacol), 2-methoxy-4-vinylphenol (4-vinyl-

guaiacol) 59 o2 HEHAT o]# 3 FHIT

J. C. Rio 5(2001)°]1} 1. Brodin (2009)<] &34
o AH2ZE gade GEd 24 AfET A
3}t A. E. Harman-Ware %o w=W coniferyl
alcohol unit (guaiasyl, G)9] F8& 4E3] A&
guaiacol, 4-methylguaiacol, 4-vinylguaiacol, va-
nillin, vanillic acid, 2-Methoxy-4- propylphenol
(4-propylguaiacol) 5]l sinapyl alcohol unit
(syringyl, )¢ 8 F&3| AE2 3- methox-
ycatechol, syringol, 4-methyl-3,5-dimethoxybenzal-
dehyde, cis =< trans-2 6-dimethoxy-4-(1- pro-
penyl)phenol (isoeugenol) & ©1™, Table 1] 1 &
FE FABET. 5 AES AQsta ALtet
S:G Hl&S tHEF 1.4:124 ¥ 3 syringyl unit©]
u}Oo] _'cla_ ] 1;} ] /\’],‘: O]H]—X—]Oi ol—‘:/qxq
U= FAFT el $:G HE(1~1.6:1)7% =he]
7} = Aotk (J. Zakzeski et al., 2010).

ZE gladel dxRALS C 61.22%, H
5.52%, N 0.6%, S 4.08%, O 28.58%2.2 253
tH(Table 3). E&3l =AM = A& g5HEo] 4
=57 29 x]”} A /‘é 734—3“ B uEke] &

3.2.1.

BCD WS & 4714 #2#2] mass balanceE
Table 49 A3l t}. DEE 2222 94248 ul

=
Aol we e wm A7) v

Mass balance

a1 -
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Table 4. Mass balance of
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BCD products at 290°C

Yield (wt%)

Products fraction

75% NaOH 3.25% NaOH 1.63% NaOH

diethyl ether extracts 250 + 16 269 + 44 278 + 04
(DEE-.DEE-2) (107 + 17, 143 + 15) (99:04; 170+15) (96 + 01, 182 + 03)

insoluble material 432 + 27 422 + 34 244 + 07

aqueous material 199 + 39 179 + 47 358 + 41

lost via gaseous phase” 119 + 27 141 + 42 121 + 17

* gaseous phase = 100 - (diethyl ether extracts + insoluble material + aqueous material)
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Fig. 2. GC chromatogram of a) DEE-1 and b) DEE-2 extracts from BCD reaction using 3.25% of
NaOH concentration.
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Table 5. Monomer identification of DEE-2 extracts determined by GC/MS analysis

Chromatogram area %"

PN'  RT’ (min) Compounds 75” 325 103
1 121 Phenol 04 05 08
2 154 2-Methoxyphenol (guaiacol) 08 15 05
3 171 1,2-Dimethoxybenzene 06 01 trace
4 185 12-Benzenediol (catechol) 203 177 86
5 204 3-Methylcatechol 22 10 12
6 208 3-Methoxycatechol 96 145 121
7 216 4-Methylcatechol 182 156 1.7
8 222 1,23-Trimethoxybenzene trace 06 08
9 235 26-Dimethoxyphenol (syringol) 89 109 223
10 239 34-Dimethoxyphenol 25 30 54
1 24.4 4-Fthylcatechol 45 31 27
12 251 Vanillin 59 39 38
13 255 4,5-Dimethyl-13-benzendiol 14 07 10
14 262 Isovanillic acid 52 58 126
15 275 Acetovanillone 42 35 28
16 279 Butylated hydroxytoluene (BHT) 29 39 29
17 284 34,5 Trimethoxy toluene 09 10 20
18 291 3 4-Dimethoxyphenyl acetone 04 04 05
19 324 Syringaldehyde 08 22 006
20 330 26-Dihydroxy-4-methoxyacetophenone 22 23 18
21 345 Acetosyringon 27 34 22

Unidentified compounds 54 44 37

a. Peak number
b. Retention time

1 These were calculated by the areas of the corresponding peaks in the FID profile.
2) Concentration of NaOH solution

(BHT) o]¢jol 54 Ao w HEH Aol =, o] &=
EgHeA waE A P e aiAt 4% 84
E9°] DEE-19] F4&E 0|73 Q7] WjE o= 5 HAE 9=
At 7] #
o] 2 4252 DEE-2014 AEH A gk 27hvy
o, 3071 F A7k JEba 21%9] FAEA 5}“5&% Faix et al.,
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