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ABSTRACT

In this study, both mild acid and alkali treatmentswith 1.0 wt% and 20 wt% of H,SO4 and NaOH
solution were applied to evaluatethe effects on chemical compositions of wood biomass. Yellow
poplar (Liriodendron tulipifera L.) and larch (Larix kaempferi C.) were chosen due to major
species planted in Korea. Chemical treatments of biomass were carried out by being soaked in
either acid or alkali solution with 1:20 ratio for 72 hours at ambient temperature. Afterward, lignin,
5 major reduced sugars, ash contents and elemental composition were determined. To statistically
understand the relationshipbetween samples and chemical treatments, the Tukey test, simple
linear regression model and ANOVA analysis wereintroduced using a statistical software R. As
results from both wet chemistry and statistical analysis, yellow poplar was more affected on the
lignin and xylose contents by acid treatments under these experimental conditions. Meanwhile,
larch was more affected on the composition of galactose and lignin by alkali treatments. A series
of results in this study would show that equivalent chemical treatment makes a change the

chemical composition of each species.

Keywords: Yellow poplar, Larch, chemical treatment, Klason lignin, Glucose, Xylose, ANOVA,
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Determination (%w/w, dry basis)

Galactose  Arabionose  Mannose ash Extractives

s of sample

Fig. 1. Effect of H,SO4 on chemical composi-

tion of biomass sample.
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Fig. 2. Effect of NaOH on chemical composi-
tion of biomass sample.
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Table 1. Tukey analysis between klason lignin contents of samples depend on chemical treatments

H,SOy4 NaOH
Klason lignin
Significance Yellow poplar Larch Yellow poplar Larch
DW 1% 2% DW 1% 2% DW 1% 2% DW 1% 2%

DW

Yellow % i

poplar
2%  ++ NSU -

HxSO;4

DW  ++ =+

Larch 1% A NS -
2% +H+ At NS NS -
DW H+ A ++

Yellow
1% ++ ns ns +H+ A -

poplar
2% +++ ns ns +++ +++ +++ NS -

NaOH

DW  ++ =+ ns ns +H+

Larch 1% H+ + ns ns +H+ A + -
2% +H+ ns ns ns H+ NS NS -

1 NS: Not Significance

Table 2. Tukey analysis between glucose contents of samples depend on chemical treatments

H2SO4 NaOH

Glucose

Tukey analysis Yellow poplar Larch Yellow poplar Larch

DW 1% 2% DW 1% 2% DW 1% 2% DW 1% 2%

DW -
Yellow 1% NSV i
poplar
2% NS NS -
H.SO;4
DW  +++ -+
Larch 1% A ++ -
2% +++ ++ +++ NS -
DW NS NS ++ NS
Yellow 1% NS NS NS +H+ NS -
poplar
2% +H+ + +H+ NS + -
NaOH
DW  ++ =+ + A -
Larch 1% +H+ ++ NS NS H+ ++
2% ++ +H ++ NS NS NS +H+ ++ NS -

1 NS Not Significance
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Table 3. Tukey analysis between xylose contents of samples depend on chemical treatments

H,SO4 NaOH
Tukg}]lz?ri:lysis Yellow poplar Larch Yellow poplar Larch
DW 1% 2% DW 1% 2% DW 1% 2% DW 1% 2%
DwW -
;Zi?avrv 1% NSV
2% NS NS -
HaSO4
DW  ++ +++ -
Larch 1%  ++ ++ ++ NS
2%  +++ -+ NS NS -
DW - NS NS ++ ++ -
Yellow o0 Ng NS NS 4+ 4+ 4+ NS -
poplar
2% + NS NS +H ++ + NS
NaOH
DW  ++  ++  ++ - +H+ -
Larch 1%  ++  +H+ NS NS NS A -
2%  4+++ +++ +++ NS NS NS ++ ++ ++ ++ NS
1 NS: Not Significance
F3sgdon, Klason 329 % glucose, xylose, ek ulx] oF= Aoz BAEQT) ujeja], Mt
galactose, arabinose & T8 HA| T4 Abo]d Uiz o 2 98-S v Qo® ddd
B e A ofsto] folA Sl syt gk ol Table 204 vebd nfe} o] upo] @ mj
Aete A& FA48H9 ). Table 12 Klason 814 229l 8 FAF glucose] & Wlo A 9lo]f
Atole] WstE HojErh spehAle] e mE Mz, A Aol o MEhe glucose TS
Klason €179 $3% Wi Bgufolds st o4 Qi Wt A9es, d9slas A =
e Azl BRI feldt Aow RAHL Aol weh vxyel wshe] Fo4 2l e} o)
55, oapsh Mol L0wi% 2 20 wi%el & 98e & 5 vk 9zel Aeol N Brol
el 65% A L feldel B AL AL glucosee] fre4 S Aol E AT 5 a3
2 BAEAY. 22, 1.0 wt%2 2.0 wt% Akelo oy, HiFolME Folg Mt e A g4l
N ROAUE A0S UG AU, o0 T 5 DAL, ol Klason T4 24 4519 B
Ak Aol weh Wy Amel 23 21y 2AE AUE Aow BoT
B AARAG Fo TG AR e wae 9PA 31014 7% uish o] MFFE
Uste] 4AeR Figol MANAT: AL ov] ol Hgiel 4 oY B wlose T¥Ew A,
Aok A Ae S AR Al AT A mebd, 2 % 9e A @ TR Wl
o el W AYT 09l Ay BHA Fe A ATl A G0l # ALz Agae
g sy SR E A okt olelgt AL GiE 1}, Table 30ll4 &HQ1ek 4= ol A3} o] wighiy
o &ty Aol o E fFrAMgE AdE A F o} FE LE ARG TA A Aol 9§ el g
A=, 1.0 wt% ZE e x5 At & Sherol X} 15 €& A ol A e =7
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Table 4. Tukey analysis between galactose contents of samples depend on chemical treatments

H,S04 NaOH
Galactose
Tukey analysis Yellow poplar Larch Yellow poplar Larch
DW 1% 2% DW 1% 2% DW 1% 2% DW 1% 2%
DW -
Yellow 1% NSV
poplar
2% NS NS -
H.SO;4
DW  +++ +++
Larch 1% P s = NS -
2% ++ +++ NS NS -
DW - NS NS ++ NS+ -
Yellow 1% NS NS NS ++ ++ +=+ NS
poplar
2% NS NS NS A NS NS
NaOH
DW  ++ -+ NS NS +H+
Larch 1% H+ A NS +H H+ NS -
2% H+ + NS NS  ++ +++ + ++
1 NS Not Significance
o] A& 9] xylose g Wstel &S vAA] X3t W gz A Alse A Wl AE
A= AL onjshs Aoz FA T v, we Klason 271 3ol fojg wert #a=de
Uiol a7y g g E 2.0 wt% 472 1}, glucose®t xylose o= Wshr7p A=A
Aol A tz2T9F F994 de 2fol7t = e FATE o= &AE Ao oste] Had AAE
o, GgFdME e 428 A sElA dix o] glucose®} xylose #| A&l Hlgte] FhA o= =
To} 5-0]4 ol% 2o ]g_ 3ol 4= 9l it} o] gt 7l Mo EAdn. ddFe &2y A I
= @2 Klason gl s ®igle= folshA &2 A
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Table 5. Two way ANOVA table of Yellow poplar and Larch pretreated by H.SO4 on Klason lignin
and reduced sugars

Yellow poplar

Source Df Sum Sq Mean Sq F value Pr > F) Significance”
Glucose 1 305335 365335 842545 0 ok
Xylose 1 1031 1031 2378 00082 .

Galactose 1 171 171 395 01179

Arabinose 1 075 075 173 02589

Mannose 1 1014 1014 2338 00084 .
Residuals 4 173 043

Larch

Source Df Sum Sq Mean Sq F value Pr B Significance”
Glucose 1 802025 862625 4845743 0 ol
Xylose 1 2797 2797 15711 0.0002 s
Galactose 1 005 005 031 06085

Arabinose 1 061 061 342 01383

Mannose 1 018 018 103 03674

Residuals 4 071 018

1) f<l5(Significance) ; 0 “***, 0.001 **, 001 *
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Table 6. Two way ANOVA table of Yellow poplar and Larch pretreated by NaOH on Klason lignin
and reduced sugars of Yellow poplar and Larch

Yellow poplar

Source Df Sum Sq Mean Sq F value Pr > F) Significance”
Glucose 1 35983 35983 150454 0 ok
Xylose 1 2611 2611 1092 00298 o

Galactose 1 262 262 11 03543

Arabinose 1 173 173 072 04432

Mannose 1 005 005 002 03888

Residuals 4 957 239

Larch

Source Df Sum Sq Mean Sq F value Pr B Significance”
Glucose 1 8410.02 841002 7,44951 0 i
Xylose 1 2789 2789 2471 00076 ok

Galactose 1 902 902 852 00433 *

Arabinose 1 285 285 253 01871

Mannose 1 001 001 0 09476

Residuals 4 452 113

1) Significance code 0 *, 0001 **, 001 *
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Fig. 5. Van Krevelen diagram comparison of yellow poplar and larch depending on acid (left) and

alkali (right) treatment.

Table 7. Linear regression analysis of Van Krevelen results depending on species

Species Treatment Linear regression model R-square
HS04 [O/C] = 09235 x [H/C] - 02318 + € 006567
Yellow poplar
NaOH [O/C] = 02015 x [H/C] = 00047 + e 00776
" H,SO4 [O/C] = -05830 x [H/C] + 14180 + e 003866
Larc
NaOH [O/C] = 08142 x [H/C] + 16717 + e 01762
Z7h ojgeh W, G A W el A o2 el el wa S, bk 4 )
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Table 8. O:C and H:C ratios of major biomass compositions
Chemical Foumula [O/C [H/C] [O/CH/C]
Glucose COH1206 100 200 050
Xylose C5H1005 100 200 050
Galactose C6H1206 100 200 050
Mannose COH1206 100 200 050
Arabinose C5HI005 100 200 050
p-coumary! alcohol COH1002 022 111 020
Coniferyl alcohol CIIH1404 036 127 028
Sinapyl alcohol CI0H1203 030 120 025
Foll wet O/Ce H/C &l mA]& @&l 2]z} e Fo TATY Fad, AN A9E v
e FAMOR B A3 A AgAPY o BAGOR Fo4ol AEAE BARAL
WL dnk MY 3] RS S SESATE Table 7 A A o] A el A el vlE] &
oA AAE duk HE 37 BEl o A xfolE + Ho 2 stz Wt TS FE AORE Ho
Hateleh. A1 2 Aol 2 5 ol Aol A v, ae] Aeel Aol HaFel O 2 9
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HAAE A=l wete] gH9EFoAAM= 0/C7F AR FFe w2 BAgeRA BT 5
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