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Chemical Characteristics of Solid Residues Produced from Acid
Hydrolysis of Hybrid Poplar Wood*!
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In this study, we investigated chemical characteristics of solid residues obtained from inorganic
acid hydrolysis of hybrid poplar (Populus alba x glandulosa). Different concentration (72, 36,
18%) of sulfuric acid and hydrochloric acid were used for first hydrolysis step and second hydrol-
ysis step were carried out after equally dilution to 4%. Solid residues after consecutive two step
hydrolysis were named to RS72 (Residue from Sulfuric acid 72%), RS36, RS18, as well as RC36
(Residue from hydroChloric acid 36%) and RC18, respectively. The yield of RS decreased from
712% to 214% with increasing sulfuric acid concentration in the first hydrolysis step, whereas that
of RC showed little difference (67.0% to 65.0%), irrespective of hydrochloric acid concentration.
The lignin content in solid residue was 23.6% for both of RS36 and RS18, 256% for RC36 and 273%
for RCI18, respectively. The results of pyrolyzer-GC/MS showed that 24 cellulose derivatives
(Levoglucosan, Furfural) and 21 lignin derivatives (Guaiacol, Syringol) were detected. Thermogravimetric
analysis indicated that the yield of char increased and maximum wieght loss rate decreased with
increasing lignin portion of solid residue. Therefore, structure of lignin was condensed effectively
by sulfuric acid and by high concentration of acid.

Keywords : lignin, acid hydrolysis, sulfuric acid, hydrochloric acid, solid residue, hybrid poplar
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Table 1. Chemical composition of tested hybrid poplar wood

Elemental composition (%) Extractives Holocellulose Lignin Ash
C H N O S (%) (O o (%)
328 49 02 60.0 22 135 £ 00 816 + 05 217 £ 02 07 £ 00

* Calculated by difference
* Based on weight of extractive free hybrid poplar wood

Feedstock analyses

Hybrld paplat
(Populus alba x glandulosa)
Under 0.5mm Pyrolyzer-GCIMS

Inorganic acid hydrolysis

Hydrochloric acid
36%, 18%

Sulfuric acid

st i
| 1%t hydrolysis | 72%, 36%, 18%

| 2"d hydrolysis |

Final concentration
4%

v
Liquid phase

(LS: Liquid phase obtained from
sulfuric acid hydrolysis
LC:Liquid phase obtained from
hydrochloric acid hydrolysis)

v

Solid residue
(R$S: Solid residue obtainedfrom
sulfuric acid hydrolysis
RC: Solid residue obtained from
hydrochloric acid hydrolysis)

Acid hydrolyzate analysis

v

Sugar quantatitives

Elemental analysis

Methoxyl groups

Phenolic hydroxyl
groups

TGA
Pyrolyzer-GCIMS

Fig. 1. Experimental scheme of acid hydrolysis and analysis of monomeric sugars and each solid

residues.
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2. Mz & Iy
2.1. BNME L 7|2 35 X4

2 AFoME 2FYPAA YT (Populus abla x
glandulosa) E5-5 SAAEZ AESIA Y. 249
ARAIE B3RS A #7] (Cutting Mill pulverisette,
FRITSCH, Germany)® #1332 0.5 mm ©|s}2] &
TS Adste] AFESHSITE. 105°C &7l A 244]
{4_3‘_‘3}01 =43 &S 5 5%, WiseH
(Wise et al., 1946)3} 72% AH7}4=5-3% (TAPPI
method (T222 om-88))°l oJAste] ERAEZFZ
o} lads et 2t F+EE2 NRELOA]
A Wi o g =AY ch(Sluiter et al., 2005,
Sluiter et al., 2008). 7]+ s}gtx/d 4 A 4

= Table 13 2t}
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22 7|4 FaEH
2 Al AeH U4t 7 4
1S Fig. 19 ZAI8HETE 2] i
7t 280 F71Ae 2 EH(HS0s, DUKSAN,
Korea)#} d4HHCI, DUKSAN, Korea)S ® 3}
TAPPI ¥ (T222 om-88)°ll °]Asto] AAI&kiet. 30°C
oA 1A Et 12 kRS E sl e 1 & A
TEE TU %= 3A 38t stET 7] (MLS-
3020, SANYO Electric Co., Ltd, JAPAN)E ©]-&3}
o 121°Cell Al 1A17E &2t BESAI AT AF Fxof n
2 g gshy wats Aunry] 95k 13 7}
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Fidle g v T2 wt%, 36 wt%, 18
wt%) 3 GAH(36 wt%, 18 wt%)S AMg-3le] A &s}
Atk BE 2N SFAAANE 51 AES
0.3 g& A& 3 me] F71Ake Aoteksd

713k Zhrdsl Aol A A gh e ARE-gE 4o
¢} Fxol whe} 27k LS72 (Liquid phase obtained
from 72% sulfuric acid hydrolysis), LS36, LS18%}
LC36 (Liquid phase obtained from 36% hydrochloric
acid hydrolysis), LC18¢]g} WH st nd HAk
B2 AREE Ak SR ol wel Zbzk RST2
(Solid residues obtained from 72% sulfuric acid
hydrolysis), RS36, RS18%} RC36 (Solid residues
obtained from 36% hydrochloric acid hydrolysis),
RC180]2kaL aF5itt,

ofN

o
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23 G2 =AM O FEA

L 4o a o —
A RE el TR Fo wdF 2HS

=
HPLC (ICS-3000, Dionex, USA)Oﬂ CarboPac PA
Columng Fataste] #4818tk 74zhe] AF 7k
& e FFTE HUrste] 60ufE A g I R
ETHWNFEEEZ: 2-deoxy-galactose (CgHi205,
Aldrich, USA))E #7teh o AZ3tant. ol
©2 1 m{/min®] 2 mM NaOH (NaOH, Acros organ-
ics, USA)E AHE3}%12H Electrochemical detector
£ o] g3l ATk AAISE B4 2L vk 2
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Table 2. Intimate analytical condition of HPLC

Flow rate 1 m¢/min
Injection volume 10 pb
Column equilibration 2 mM NaOH 100%
Post column mobile phase 1 m¢/min

o]g3lo] 1E FAES 550°C ZANA 20% 7+ 4
Hasldon dis)] 2HE-2 MSD (5975C, Agilent,
USA)7} 25 GC (78904, Agilent, USA)E ©]-8-3
AT AUl A A B4 8] AE Ax A 2
g FAk= 0.7~0.8 meel Wi 3FE4 (Fluoran-
thene (CigHi, SUPELCO analytical, USA) 2.5 mg
/ methanol 2 ml) 1 pl-S HA7}elodct. A8 8o
2 DB-5Z3 (60 m x 0.25 mm x 0.25 ym)S ©]-&3}
Ak AAEE BN 20 US3 2o Pyrolyzer
interface %=+ 250°C, FID 2% 300°C 23 ¢llA]

A&k o split 200 ¢ 1o]Ath oE
50°Cell Al 143F = 1%& % 3°C/ming S
130°C7HA] 5238t & 1.5°C/mino.2 180°C7HA] %
3o, 6°C/mine.®E 280°C7HA] %23t 5
A8k

N

MEoof H1HT
[ r}o b

2.4.3. Functional group &

2.4.3.1. Y52 7](-OCH;) 4 &

1y FAE O w547 52 Baker™ (Baker,
1996)° e Aste] Sttt WEA 7]+ 57% hy-
droiodic acid (HI, Sigma-Aldrich, USA)ell <]&)
215 o] methyl iodide® ¥AI3tt}. Ethyl iodide
(CoHsI, Sigma-Aldrich, USA) & RTEZZE 3l A
et FAAE A T571719e] GC (Agilent
7890 gas chromatography / Headspace, Agilent,
USA)Z A% & | F 259, 95 xFHe 9

3F AR O W57 FEe AU ol
Hp-VOC (60 m x 0.32 mm x 1.80 um)ZH < A3}
al

of 8 2%E 50°CHE 1200C7HA 4A% 2%

E(5°C/min) 2 &3t

2.4.3.2. A= 42F7](Phenolic -OH) 4 &
Aminolysis] el o3 18 F4kE o] gxde 3

4 A e 78kt (Mansson, 1983). 113
F2HE 100 mgS- acetic anhydride ((CH;CO)20, Sigma-
aldrich, USA) <} pyridine (CsHsN, DUKSAN, Korea)<
Z4zb 1 med E3Hek S3hg el A7k 3 105°Cel
A 2N 7 ﬂﬂ}é}oﬂ ob e s} B35 AFTH obA"
sl ® 1y 45 15 meoll 2 me2] dioxane (C4HsO.,
Sigma-Aldrich, USA)# W+ #5542 1-methyl-
naphthalene (Ci1Hy, Aldrich chemistry, JAPAN)7}
20 w9 g Ho] = 2 mee pyrrolidine (C4HgN,
TCI, JAPAN)S 7Fato] WEGAIFATE o] Rhg-ollA A
J% 1-acetylpyrrolidine (C¢H;NO, TCI, JAPAN)

£ GC (7890A, Agilent, USA) & o] &3l W E+H
I R ZFR Al B o] & 1F F
AR 23 glade Hsd i) e R

F3sirh.

2.5. 9 Z& 2AM(Thermogravimetric
Analysis)

13 FAEe] dE3 542 5 HHEA71(Q-5000
IR, TA Instruments, USA)E AF&-3F¢] #4159},
oF 3.5 mg®] 118 FAbES vEA e 2Ny,
25 ml/min)ol A 443 FEHE 10°C/minZ2 HF

L(800°C)7HA] =R om, ojuf WA= FA ¥
§} TG) 9} 2o me —r7ﬂ W34 (DTG) S =43t
A},

ke Ak TR & R
T4&S Table 3o RS

Table 3914 &R1& 4 l=o] 14 7FE ol AHS
gk gate] FEvt molglel wpet AAdE 1y FAkE
o] & 7Fadk9ith. RST2 (21.4%) = dwrE o g v}
o]omjxe] gl Auke] &%= TAPPI T222
om-88ll &J& dojzl Azpolrt. WA TAPPI T222

Tl o] it Fel WskE
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Table 3. Yield of solid residue obtained from different concentration of sulfuric and hydrocholoric
acid hydrolysis and mass balance of solid residue

Sample  Solid residues (%)* Lignin contents (%)™ Mass balance (%)*
RS72 214 + 26 100 -
RS36 683 + 4.2 236 + 12 16.1 52.2 31.7
RSI8 712 + 21 236 + 24 54.7 288 =
RC36 650 + 39 256 + 01 48.4 -
RCI8 670 + 22 273 + 06 18.2 48.8 I -

*based on the weight of sample (g) *based on the weight of solid residue (g); ** l lignin, I carbohydrate, I hydrolysate
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Glucose, Xylose Mannose) & 7 #3le] Table 49
AT GubE o' FH2 AF hedalel o8 o
8 7 T 82 70~98%91 A3 vl ulsle]
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7% AF el S A ek

on), it
sl A% U ke Sk 1wk

*8‘]]1]]/\'“2;0 }\E_

L372614 &
1HNMdﬂ

I ol 54.2%% T it F
slelst vl A A ekt
om ol B3 Ik 72% F A Y sA o
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Table 4. Monomeric sugar composition in hydrolysate of wood by sulfuric acid and hydrochloric acid

Monomeric sugars (%)*

Sample -
Arabinose Galactose Glucose Xylose Mannose  Total sugar (w/w)
LS72 03 + 00 09 + 02 391 + 27 126 + 08 13 + 04 542 + 37
LS36 02+ 00 0.7 £ 03 21+ 01 134 + 24 0.7 £ 01 171 + 28
LS18 02+ 00 11+ 01 20 + 01 134 + 02 20 + 04 187 + 11
LC36 03 + 00 12 + 01 57 + 08 164 + 0.7 16 + 03 251+ 08
LCI8 03 + 00 12 + 01 44 + 06 133 + 0.7 14 £ 02 205 + 14

* based on weight of dried sample (g)

Table 5. Elemental composition, functional groups of inorganic acid hydrolysis solid residue

Sample Elemental composition (%)* Functional groups (%)**
C H N O S OMe Phe-OH
MWL 586 58 01 355 00 144 + 03 72 + 03
RS72 60.8 59 02 330 02 99 + 07 10 + 01
RS36 483 59 03 455 0.0 151 + 03 03 + 01
RSI8 475 59 03 463 00 142 + 08 02 + 01
RC36 481 59 03 457 00 127 + 09 02+ 01
RCI8 479 5.8 03 460 00 114 + 01 04 + 00

* based on the weight of solid residue
*“ based on the weight of lignin contained in solid residue

oA @A FEF Folel what a1 ThEE s bl 5 HAE ¢ e g shEhy,
7F dols & = A AR 22 FE| Ak A WatE lal $A ] Q8] ddeadoew 0@4
bl el vl st Gak ZEEl v Bk w2 4 7 Milled wood lignin (MWL) (Bjorkman, 1956)2
&9 9B FE AFES & F AT 5 A Y FZF(poplar wood)oll A ©elate] gt o=
O2= LC36, LCI8IAM HEd AdRes g AESEA T
717} 16.4%, 13. S/E TY TR Ak st Al el a1y FAEe] WS4 g A9E 4
Hoh W o] AEFHA oM, o5 F3 Ak v s ®H RS72, RS36, RS182 24 9.9%, 15.1%,
AER Q20 ksl A S & 4 A 14.2%% =4 =3} 7}1 =2 3 FEAA 1A}
bl gl 55 13 FAHERQ] RST2E A
3.3. 1Y BAM=9 et AxH EN o] 2ol oJ3) U115N717Pi Ao MWL (14.4%) 1.
o AA S AR, RS3637 RS182 w54 7] 3
331 fazxd ¥ M8V o go] & zkol7b v A ek gkt
8 BalEo] 9 a%A(C. H N, O, §)7 tEA HesAd 719 AS BE 11E FAEA
ol @ AL7|(MEAY], wmA 2ar]) sae MWLES 24 $& $X &5 Yepdit, 3t 75
Table 4o A3+ Th. Matsushita So] ¢34 2] 8 g FAHE-Ql RS72, RS36, RS18L #H=4 44
TUE Ao o3 WA K] B} 6 EFAoA] B 7] gaFol 7+7t 1.0%, 0.3%, 0.2%% 8=, &
= 23 uloo] Aoy} Fatd pxA oz Wil Al JbEES) ngRAE9l RC36, RC18S Z+zt
#rh(Matsushita et al. 2003). wheba] Aakat 44t 0.2% 0.4%% 457 ey 719 gas
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Table 6. Relative amount of analytical pyrolysis products of inorganic acid hydrolysis solid residue

Peak Compound Source Relative amount (compound area/IS area)

no. Poplar  RS72  RS$36  RSI8  RCG36  RCI8

1 Acetaldehyde C 26

2 Formic acid, methyl ester C 69

3 Acetic acid C 250

4 3-Methyl furan C 13 03 02 03 11

5 Acetol C 145

6 Butanediol C 31

7 3H-Furan-2-one C 03 04 03 03 09

8 Furfural C 28 0.7 0.0 04 15

9 2-Propyl-furan C 0.1 01 04

10 2-Acetylfuran C 05 01 01 02 03

1 1,2-Cyclopentanedione C 18 02 02 04 14

12 5-Methyl-furfural C 01 01 03

13 Phenol L 05 10 03 02 02 07

14 4-Hydroxy-56-dihydro-2H-pyran-2-one C 09 02 01 02 06

15 3-Methyl-12-cyclopentanedione C 09 02 01 02 0.7

16 2-Methyl phenol L 01 03

17 Guaiacol L 0.7 03 0.2 01 03 05

19 Levoglucosenone C 30 46

20 35-Dihydroxy-2-methy-4H-pyran-4-one C 02 01 03 16

21 4-Methyl guaiacol L 09 03 04 03 06 17

2 1,4:3,6-Dianhydro-glucopyranose C 0.8 11

23 Hydroxylmethylfurfural C 03 05 02 10 32

24 3-Methoxycatechol L 06 03 01 01 03

25 4-Ethylguaiacol L 01

2-Hydroxymethyl-5>-h xy-23-dih

2 2Hydro y(&ﬁ)rz)pzndforylf‘% dihydro-— ¢ 04 04 07 22

27 Syringol L 12 08 02 03 10

28 4-Methyl syringol L 0.1

29 4Methyl syringol L 0.8 0.8 03 02 0.4 13

30 4-(1-propenyl)-guaiacol L 37 02 01 03

31 Acetoguaiacone L 01

32 3-Methyl syringol L 0.2

33 4-Fthyl syringol L 03 01 16 75

34 Levoglucosane C 25 19 13 119 87

35 4-Vinyl syringol L 15 01 02 0.8

36 1,6-anhydro-galactofuranose C 03 09 02 04 11

37 Syringaldehyde L 09 0.2 01 03

38 4-Propyl-syringol L 02 03

39 Methoxyeugenol L 25 02 01 06 14

40 Acetosyringone L 0.2 0.2 01 02 01 03

41  4-Hydroxy-2-methoxy-cinnamaldehyde L 02

42 Syringylacetone L 02 0.1 01 0.1 0.1 04
Total 778 49 118 11.0 20.7 405

* carbohydrates derivatives; ** lignin derivatives
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