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Kinetic study on the acid—catalyzed
hydrolysis of waste mushroom
medium to fermentable sugar
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SUMMARY

1. Title
Kinetic study on the acid-catalyzed hydrolysis of waste mushroom medium to
fermentable sugar

II. Purpose of this study

In this study, we studied properties of the waste mushroom medium hydrolysis with
acid catalysts at different temperature. Based on those data, the reaction kinetic was
investigated to obtain maximum yield of fermentable sugars.

Ill. Contents
Kinetic study on cellulose of waste mushroom medium

- Kinetic models

- Kinetic study of glucan hydrolysis depending on hydrolysis condition

- Kinetic study of glucose degradation depending on hydrolysis condition
Kinetic study on hemicellulose of waste mushroom medium

- Kinetic models

- Kinetic study of xylan hydrolysis depending on hydrolysis condition

- Kinetic study of xylose degradation depending on hydrolysis condition
Physical and chemical characteristic of pretreated biomass

- Ultra-structural of biomass

- Surface area and pore size of biomass

IV. Results

In this study, we investigated Kkinetic model for the acid-catalyzed xylan hydrolysis at
temperature 140~160T. Also, we analyzed the Kkinetic parameters for xylose(glucose)
production and furfural(HMF) decomposition. The hydrolysis of xylan(glucan) and the
degradation of xylose(glucose) were promoted by high reaction temperature and acid
concentration. The hydrolysis condition for the highest reaction rate constants (k; k»)
differed depending on acid catalysts. On sulfuric acid catalysts, the reaction rate
constants for xylan hydrolysis was similar with that of oxalic acid, while the reaction
rate constants for glucan hydrolysis was high on sulfuric acid. However, sulfuric acid
induced more xylose(glucose) degradation compare to oxalic acid hydrolysis.

V. Expected contribution

The efficient recovery of fermentable sugars during pretreatment can apply not only
to the food industry but also to the medical industry. Furthermore, pretreatment
technology can broadly affect the biorefinery and bioindustry. Especially, lignocellulosic
biomass is effective in reducing carbon dioxide emissions and as an alternative to fossil
fuel.
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Table 1. The US national vision goals for biomass technologies

by the biomass Technical Advisory Committee

mmm

Biopower (Bioenergy)
Biomass share of electricity and heat
demand in utilities and industry

Biofuels 4% 10% 20%
Biomass share of demand for
transfortation fuels

Bioproducts 12% 18% 25%
Share of target chemicals that are
biocbased

& A Biorefineries—-Industrial Processes and Products (Wiley-Vch) 2005
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Sugar
Raw material

Cellulose
‘biotech/chemical’

Hemicellulose Fuels,
Lignocelluloses . (Polyoses) Chemicals,
Lignocellulosic biotech./chemical Polymers and
Feedstock(LCF) ' Materials

Cogeneration
Heat and Power,
Extractives

Residues

Lignin
‘chemical’

Fig. 1. Lignocellulosic biomass biorefinery.



Table 2. Calculated regional and total annual yields of spent mushroom substrates
according to cultivation type (M/T)

Bottle type
Province | Pleurotus | Pleurotus | Flammulina Vynylbag | Bed Annual
. ) Sum type type total
eryngii osteratus velutipes

Gyeonggi 7,845 16,728 35,749 60,322 41,670 15,537 | 117,529
Gangwon - 9,402 3,742 13,144 7,001 37,954 | 58,099
Chungbuk 2,307 8,653 9,774 20,734 5,208 19,120 | 45,062
Chungnam 21,041 11,956 37,334 70,331 8,007 37595 | 115,933
Jeonbuk 14,297 11,496 43,603 69,396 3,940 15,380 | 88,716
Jeonnam 67,433 27911 114,227 209,571 28,619 28964 | 367,154
Gyeongbuk 27,137 7,632 34,391 69,760 14,427 23,048 | 107,235
Gyeongnam 64,056 13,924 20,857 98,840 4,396 10,264 | 113,500

Jeju 574 3,209 - 3,783 - - 3,783
Metropolis 7,110 25,694 7,133 39,937 11,611 3,584 55,132
Total 212,406 136,605 306,810 655,818 | 124,877 | 191,446 | 972,141

(&4 d=F=AL A3 A 2007, 49(1), 79-88)

XKM< Saeman model?} two-fraction modele] drFFo = ALLEHI Qled I F
two—fraction model®] & AFE-EH 1 gom(4] 1) AAZHH Xylan Hydrolysis Kinetics
= 2 @) g3 dEE F doh keE IAPE FHGHA kE JAFE AANIAY I8 &
Aot o] FARG EEAYU AAZHE TIHE 5 Utk ol vHlolewix AE 3o #
Aoz &3 WAUEF o7t a7Eo XF7tA] AAe HA A vlo]lmjx v:ﬁﬂ"i—
tg7tss Fo2 AE 2 ZaEe] i dAgddl X3 Atk "AE =24, AAHY
of AbEEHE e i FAFQ &3 WAYFo] AAE ok ) mEA AAE 2
o mzt volewE Fa HAYUESS THTLEAN AFH AAY 2HS FHE ¢ dx A
A FAGZ) 28FHE dUA FUZFS FEAZ F Ade S AA F 5 Aok

l

o] Q j A5 FAFE | AEEZ QA= acetyl groups EFSI o] FHMAER AV} 7}
FE3 HHA acetic acidE AAHSHAl © o} Acetic acide ZREFAAHANA ANEAZ EHA
o o]EY A "WAYUF T Fog LS 3L U Acetic acid S ¥ model>
2@, D o8 U & Ut 234 99 Eféﬁ} AEZoAE FudERZIART
A &8 o] A er AR ¥t WA AEZ QX kinetic model2 2 (5, ) wWE
=3

Xylan — Xylose — DecompoOSition DIOGUCES. .. .. ueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseaeaans 2 (1)

ki ko
;‘L 2~

ki xylanS 2R E xylose W& &%, ko xylose E3 2 EIHAE A £ %

M/Po=0 * {K1/ (K2 K1)} = (€ ) e 2(2)



M: xylose, Po: xylan, t: 7F=3&3] A%}k, ai Mass fraction of xylan
Acetyl group > ACELIC ACIA  ceneeoeeeee e ee e e e e e e e e e e e e e e e nemmenes A(3)
ks

ks: acetyl group 2% H acetic acid & &%

A = A€ ) ettt e et ettt et e e et ettt et et emeee et eenanenemnaen 21 (4)
A: acetic acid concentration, Ao: potential concentration of acetic acid from ks

Glucan — glucose — Decomposition Products..............ceeieiiimemmmmceeeeeeeeeeeeeeeenenen. 21 (5)

ka ks

G = GOULm ) e e e e e e n e renane A (6)

G: glucose concentration, Go: potential concentration of glucose from ki
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AAE B E¥XE AgEr BExg E¥E HPSECY Rl-detector®  ©]-83} high
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th o olet e FA o8 LEIbEE B BN ofyy ZAUMFRAY FIAE EolV] AS FAA

Q AAY =4S YA & 9¢ Aoz AR
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AEZQX Wy FHGA FA: AEZAE JEdA AFTHoR 2FI227 A HY
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7F. vt$2 %4 @& xylan E3lAF

120CAA AZ g2 & Ed& o839 xylang 7IE3] 39S W EdHASS Fig. 2
Table 33 2t} ZE T EolA sulfuric acid S ALE31E S A9 xylose AAto] A HG]
S5 el ‘i‘r—%_c’_i oxalic acid, maleic acid®] €22 eyt AFEQ 25 mMalA
= 7teEEr =g A 28 H o] sulfuric acid 0ol A 80E 7 WSR-S W A 1.26 g/1¢
xyloseE A3t 50-100 mM7FA] ¥b-§A17ko] F7)gtel| whel Fujjo] w2 xylose Aol
2 AolE ERoY 150 mMe 5% A FrjdlA e I Ao)7t FEATE FAstAH. o]
AL sulfuric acid FjolA ABAE xylose?} EHAEZ E3jEHo] et A3z Algdo.
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120CAA ZF Zujet Fxo] WE HS&EENT(k)E vl u3tH, oxalic acid®t maleic acide=
150 mMelA A &&= (k)E YERA ¥HE sulfuric ac1d«1 3% 100 mMelA 0.0241
min-122 7} =& HEEENT(k)E WEHT. o)A 100 mMolA Hd xylose 234 ol
o]Fojx 150 mM F=dAE AAHE xyloseZ7t BaFHo whSE=gds7E 4T RS UE
ok HSA g mE 24 A3 50 mM7AE B2 9S4 Z_Poﬂ A= EZofo] wa} xylose A4 ol
& Aol & HolA kot 100 mM o] dolAE &2 AR Fujo met xylose A
el & AolE YERAT
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Fig. 2. Effect of acid catalyst concentration and reaction time on Xxylan hydrolysis
at 120C (A: 25 mM, B: 50 mM, C: 100 mM, D: 150 mM, A:sulfuric acid, €p:oxalic
acid, l:maleic acid).

Table 3. Value of k; for xylan hydrolysis at different acid catalysist and concentration (12
0C) (unit: min™)

Concentration  (mM) Oxalic acid Maleic acid Sulfuric  acid
25 0.0003 0.0002 0.0005
50 0.0035 0.0011 0.0087
100 0.0124 0.0035 0.0241
150 0.0168 0.0072 0.0184
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130TCoA 4k Fvf w5 ME xyland ;AT AFE Fig. 3, Table 49 2o v 5%
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ol A sulfuric acide &< ¥H-§-A]71 xyloseE st WA ¥EgA]7ho] ZAojxH A
ArsFgoen xylose ZME FEIIIGEY. HSEENTRIE vl A
oxalic acid®} sulfuric acidlA& 100 mMolA Ho} ¥HE =4 (k)E YEFHIL maleic acid
£ 00190 min 2 150 mMAA 7H3 ¥ e JELdh Sulfuric acid At wHSEEAS
120C ¢t vlmate] e e veldith waba sulfuric acid WS ] &3l 7RIS 5
d A 120C7F Age Aoz Atsdr

X0

s A

xylose A2

o rir
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Kglaa (/1)
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Kybose (1)

<0 &0 B0 L0 @ by 1) ah & 100
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Fig. 3. Effect of acid catalyst concentration and reaction time on xylan hydrolysis
at 130C (A: 256 mM, B: 50 mM, C: 100 mM, D: 150 mM, A:sulfuric acid,
& :oxalic acid, l:maleic acid).

Table 4. Value of k; for xylan hydrolysis at different acid catalysist and concentration (13
0°C) (unit: min™)

Concentration

(mM) Oxalic acid Maleic acid Sulfuric  acid
25 0.0005 0.0003 0.0017
50 0.0130 0.0045 0.0183
100 0.0212 0.0105 0.0204
150 0.0180 0.0190 0.0187
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140ColM A& & 4 FuiE o] &3t 7l+E3 %S W xylan® #3)ASS Fig. 4,
Table 59 2t} 25 mMolAE ZuFFe Az BA Qo] ¥ FE9 xylose’l BAH
At 100 mM ©]/dol A sulfuric acid Svle &2 §EgA1H A xylose S HHoH
Zu)7ke] xylose A9 Zoli= 120T, 130T v 23t ZA2sPu) vHeEEd5(k) Sl
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Fig. 4. Effect of acid catalyst concentration and reaction time on xylan hydrolysis at
140C (A: 25 mM, B: 50 mM, C: 100 mM, D: 150 mM, A:sulfuric acid, €:oxalic
acid, ll:maleic acid).

_17_



Table 4. Value of k; for xylan hydrolysis at different acid catalysist and concentration (14
0°C) (unit: min %)

Concentration  (mM) Oxalic acid Maleic acid Sulfuric  acid
25 0.0025 0.0011 0.0084
50 0.0196 0.0094 0.0190
100 0.0191 0.019 0.0120
150 0.0152 0.0214 0.0071

150Col A A Fw} T/ & xylan® #3452 Fig. 5, Table 63 Zt} 50 mM o] ol A
sulfuric acid®} oxalic acids= = vF3A17H W xylose’l A EH ] 2™ maleic acid= 80%
3o xylose A2 oF 16 g/1E YEIHTH ¥HA 100 mMoj el A& 4 a0 SR/ #7
$lol A xylose AL YElH e 53] sulfuric acideE WHSA|ZHe] F713te] utgl xylose
Aol AdE FAT F AT BHEEEAF (k) SHAA oxalic acidi= 50 mM, sulfuric
acideE 25 mMolA HHg<S YeEH 01 maleic acids 100 mMeolA & thzks YerWt %
T g eTe wWE AAES HlwstH 140CoA 00214 min ‘ez HAUz< YElNo] maleic
acid Foo] g &&= 140C7F A st

FTH3HE xylandl A xylose Aol Fufe] THS we2ko met M2 tE BeEEA
kD)E YEHeH HAUg =¥ M= HE }—74"1]*1 UEtstth et 28244 xylose B4
A Azte] HAHo A RS JAHAE vEAE AE AlsdH. oj¢ 2
e 71EY 2HS FASEAT

o
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Fig. 5. Effect of acid catalyst concentration and reaction time on xylan hydrolysis
at 150C (A: 256 mM, B: 50 mM, C: 100 mM, D: 150 mM, A:sulfuric acid,

& :oxalic acid, l:maleic acid).

Table 6. Value of k; for xylan hydrolysis at different acid catalysist and concentration (15
07C) (unit: min ")

Concentration  (mM) Oxalic acid Maleic acid Sulfuric  acid
25 0.0087 0.0028 0.0159
50 0.0172 0.0155 0.0103
100 0.0090 0.0194 0.0051
150 0.0087 0.0126 0.0031

1. Xylose2 4% H furfural A A3 A%

Hgex, A Fu) TR we} xylan 7hERE #AFANA B E furfural £ 02 xylosedl A
furfural2 o] H&EEdF(k)E T34 27, 27+ Table 7, 8 99 2.

120C ol A oxalic acid®} maleic acidoll €3 xyloseZ2H ¥ furfural S EE =4 o] F
o} A #] ekgtr}. 3R sulfuric acid 150 mMol A 0.23 g/19] furfurale] HAEFH At watbA] o
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2 B2 EqAME A Fd T2 w3 AR #AQC]l xyloseE2F-H furfural S A
o] Fo] XA &t} o]AL xylanl EHE xylose A g Ao A &8 =] (Fig. 3)
xylane 258 Y& F=9 xyloseZ7l A HA7] W&ot

130Cel A oxalic acid®t maleic acid FW = 7FeE8fatHR S W 120CS wA7MA 2 furfural&
AT = AT AW sulfuric acid®] -9 50 mMOA AR E furfurale] A& oA i F
W] =7 ZoldE MSEHENTF (k)7 F7FEA T AR xylanS. 2 RE xylose Al of
st Ao} vl BASIH sulfuric acid ¢ Z-$ 50 mMeol A xylose A2 o) 16.85 g/l
< Uetllem xylose AT 7 042 g/19 furfural o] o] FAHSFES EAT + AT
32 ¥k oxalic acid®] A% 150 mMolA FH ) 1754 g/19] xyloseE AR AT furfurals> A
AEA skt o] AL 7E ATFAFAAA dFF AF o] oxalic acid, maleic acid$t Z-&
dicarboxylic acid?} 7}5FE3] R A FolA furfrual® 2L FEFHAE AAFL Astts
A9t A 3HA T

140Co A 9] furfural AL EE A FvjolA Yetst, & b Zvf 8j2ste] sulfuric acid
Zu) 100 mMAA 150 mM7HA] BE&EEGTF (ke FAMA F7HAT. 5 xylosedl Al
furfuralz ] E3)7} FEA JAFHIJSS YHEAZ v 130T A8 m@drAz
sulfuric acid Zvjol A xylosed A furfural® E&7F w24 J1PES F2Asrt

150 CN A furfural A2 oxalic acid, maleic acid®] 25 mME Al BE ZHA o F
AZh WSS EAF(k)E XS A sulfuric acide F=d WE 1 ko] FASHA F7138}
< HEEEHAT(k)E YEFAT

I 4] sulfuric acid¥ 2FEY xylose A
< FEsHARE A9 furfural S FREtY FEIAE AAHE AL HAY dE A

A18}7] 9 = oxalic acid, maleic acid7} A ¥e w2 A dTh

o3

Table 6. Value of k2 for xylose degradation at different acid catalysts and concentration
(130°C) (unit: min ")

Concentration  (Mm) Oxalic acid Maleic acid Sulfuric  acid
25 - - -
50 - - 0.0026
100 - - 0.0040
150 - - 0.0062

Table 7. Value of kz for xylose degradation at different acid catalysts and concentration
(140C) (unit: min™)

Concentration . ) ) ) } .
Oxalic  acid Maleic  acid Sulfuric  acid
(Mm)
25 - - -
50 - - 0.0037
100 0.0042 - 0.0076
150 0.0058 0.0024 0.0165




Table 8. Value of k2 for xylose degradation at different acid catalysts and concentration
(1507C) (unit: min™)

Concentration  (Mm) Oxalic  acid Maleic  acid Sulfuric  acid
25 - - 0.0039
50 0.0078 0.0032 0.0071
100 0.0091 0.0080 0.0187
150 0.0154 0.0078 0.0237

. Xylan 7} dfol di@ w3545 2d

HeEEs dAE A& In(ke /T g #A4E Fig. 69 Hebiich. 429 #4435 X
obEl Y -2 Aol o3 Tttt & AolA xylosedl A furfural Aol thek &5 35t
22 AASA FeHn. I ol = furfural Aol RE AN o] FAA F%7] W&o

2
o} Xylanol A xylose AA ] A= 100 mM# 150 mMolA dojx AAza wrs=ds
2d Alolo] & AolZ vElo] 25 mMF 50 mMol| thek wgEHe wdg AP 2
TR A S E xylano ZH-E xylose Aol #H2 WAk o] FojA HEE wkgF
g% 29 §5357] oHAT 25 mMoAdE BE A Eujod B RS YEhio] wrg
3 Rdy Ao ¥ FFOE XA AR 50 mMY A E maleic acidol A =
& R’ZS UEM b oxalic acid$} sulfuric acidel A Auid oz vte RZHS Jehych
A3 oz =HolA 7]F hemicellulose 7} ol A 24447180 kJ/mol) #AHe &3} 9
UAE A& F At 25 mMolA sulfuric acidE ©] &39S Wl xyloseZ ®33l=d 713
22 duA7t 2RES 458 5 U

' i TR :

5_:___H_ 2

UT (b4 LT e

Fig. 6. Arrhenius plot of xylose degradation by different acid catalysts and (left:
25 mM, right: 50 mM, A:sulfuric acid, €:oxalic acid, Ill:maleic acid).
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Fig. 7. Effect of temperature and reaction time on Xylan and glucan hydrolysis of waste

mushroom (OA: oxalic acid, SA: sulfuric acid, X: xylose, G: glucose).

vl v ZE=wHola BA3 A3 Table 99 Ztl Xylandl A xylose &80 #o3tE wlgE T A

FE 160Col A sulfuric acidE o] &89S W 048 min 2 7Fg A JEh% o™ oxlaic acidol

Ax FAE e JdEdY. Glucanol A glucose 3o #H3t= k&A= 160T,
el

AR bR ZRE PR 9 B ¢ YTk AT BE WELEAME sulfuric

acid S E °]&3E W & WHIERFFE UBHI J5& FAsATh B o) T
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Table 9. Value of k; for waste mushroom hydrolysis at different acid catalyst and

temperature (unit:min )

Temperature (°C) Xylan to  xylose Glucan to  glucose
Sulfuric acid Oxalic acid Sulfuric acid Oxalic acid

140 0.015 0.017 0.031 0.025

150 0.030 0.032 0.051 0.045

160 0.048 0.046 0.072 0.048

. 7tE3 (Ao A xylose, glucose ¥ A%

ZbrEe A A Zudjo] wal xylose, gluocse A Z XolE JEMA &Sk
xylose, glucoseZ2HH E3jitE it A Fujol we} xtol & Yedlt. &2 vk
sulfuric acid & & A&3t9S W furfural, 5-hydroxymethylfurfural®] AAko] &2
W2 E7t 7S AF ] Atolo] g & xpolE UEHY. JheEE 24 o E
S At tiE A2¥3E Fig. 8% Zu EA WkEAIZE (10 ¥) o]F xylose, glucose #3)
B9l AL xolE et on o] AL sulfuric acidE AFE3ES 1 EiE=z EEr7 &3

; 08 )
e QAF e SAF —a— OAH ——S4H  140°C - 150°C " 160°C

Time (min Tirwe: (i Time {man

Fig. 8. Effect of temperature and reaction time on Xylose and glucose degradation of waste
mushroom (OA: oxalic acid, SA: sulfuric acid, F: furfural, H: 5-hyvdroxymethylfurfural).

=ZWolA BA3% A3 Table 1037 2t} Sulfuric acid 2 160CoA 7H-EE S
< ™ xyloseol A furfural2 EdHE HSLEEAFE 0047 min'E HF Egod
glucosedl Al HMFZ9 B3& 544 T3 0053 min ‘2 oxalic acid BT A Jehygt). o
AL WA HE xyloset}t glucosedl Al HHAHEZ Ea7 6L 44 o]Fojxxn Jue= Ao=Z {8
P 3 S QM= oxalic acid U7} sulfuric acid®th HEsoE AL v, duEky
2 A FulE o] &S Hlolevx M EAAAAAE FE&F T B ofdg 7 EIAANES
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Table 10. Value of kz for waste mushroom hydrolysis at different acid catalyst and
temperature (unit:min %)

Temperature (°C) Xylose to  furfural Glucose to HMF
Sulfuric acid Oxalic acid Sulfuric acid Oxalic acid
140 0.008 0.006 0.006 0.004
150 0.014 0.009 0.014 0.009
160 0.047 0.016 0.053 0.023

LAY Zujo) 9% wpo] oA FhR Ao FEEEH A4

A3 In(k)$t 1/Teoll ths BAE Fig. 9, Table 1191 verWith Ztzhe] &4
AUAE ofg L2 Ao o) ettt Xylandl A xylose Aol =& R*zHS veR
AARH weFH 2do] AT e Xylanol A xylose Aol 2a3 &3}
U A& sulfuric acid, oxalic acidolA Z}Zb 69.1, 59.1 kJ/mol& “el . Qlo} sulfuric acid
ALt e W B2 YA AREE U A GlucanSE 7 glucose BA o #ost
A3t UAE oxalic acidol BTt sulfuric acidolA] =4 Jewor olAL =A3 4
SZ7A9A xylose, glucose Aol 1A oxalic acid Zwl7l E&Holdte AE HHHo=
YetFa 9t} Xylosedl A furfural Aol #odsts @43 dUAE sulfuric acidolA
105.1 kJ/mol, oxalic acidell 4 58.2 kJ/mol& Y4Bt o™ glucose E3fio] #at= &3}
YA = sulfuric acidolA] E=A Yestoh

olo
offt -
JE
i)
M
&
fijo

et 2 @ oz 8

£ 2842 + dS ALz Algd.
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Fig. 9. Arrhenius plot of xylan (A), glucan (B), xylose (C) and glucose (D) degradation by
different acid catalysts and temperature.

Table 11. Kinetic parameters for waste mushroom hydrolysis

Hydrolysis Acid Pre-exponential Activation energy R’
catalysts factor (min ") (kJ/mol)
Xylan to Sulfuric acid 2.30x10’ 69.1 0.99
xylose Oxalic acid 1.16x10" 59.1 0.98
Glucan to Sulfuric acid 2.74x10° 50.0 0.94
glucose Oxalic acid 3.95x10° 38.7 0.96
Xylose to | Sulfuric acid 2.58x10™ 105.1 0.97
furfural Oxalic acid 6.73x10° 58.2 0.99
Glucose to | Sulfuric acid 3.13x10" 128.2 0.98
HMF Oxalic acid 9.31x10" 1039 0.99
g AF Fujo o3 WA HuA st As
A Zue] 93 FuwlAl Jt5Es 23 Fig. 109 2th 240 WA Hujx = =24 vt
FEfd Z3IE xylose, glucose TE+ FUATH oA WA Fool g3 HA Au71E F<t
dojup= Am T wolena ¥a 4L YEy] Bt EnnA TR HARFFO
2 Z2 B9 Pade Sz BT Z2ARTEF Bho] A FEHE O BLA
29% 7T glol WA A vl ol A2 th2A yehhth A Fu slsis
o 98 71 =L MLeTIME e JIEREE 58S Uewd ureer sl =713t ulg
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Fig. 10. Effect of temperature and reaction time on xylose and glucose degradation of

waste mushroom (OA: oxalic acid, SA: sulfuric acid, X: xvlose, G: glucose).

vl & s ZmHo A 438 ZA¥ Table 129 £t} Xylan £3o] o] sulfuric acid®} oxalic
acide ztzb 00113} 0010 min ‘o2 FA}E HHEEEAFES YElY. BE SojdA whg
F71EFE BE=AFE T899 Glucan E3ol A= sulfuric acidolA Ao
ATE HEen 257 UM E Frket . Sl wE xylan,

o B AP F3H R 2ACd M= xylose, glucose AAHE
o] xylose, glucose?] furfurla, HMF2¢] E3)|7} A3 H R *

Al 9] glucose, xylose &2 furfural, HMF A4t #-o3l=

A FFo] BA HulA ARG L& B2k, S F
Atg H

HA A= HAY T/ wet E93, 334 E4do] 2o mebs HA #HujA 9 o
€& A E g 7Y HA FAuAd qF Tt AT £40] East

2ASEAS()E F87] 9
T o

Table 12. Value of k; for waste mushroom hydrolysis at different acid catalyst and

temperature (unit:min )

Xylan to  xylose Glucan to  glucose
Temperature (°C) - - - - - . 5 )
Sulfuric acid Oxalic acid Sulfuric acid Oxalic acid
140 0.011 0.010 0.010 0.009
150 0.022 0.019 0.026 0.022
160 0.034 0.032 0.062 0.050
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Fig. 11. Microscope image of untreated and treated biomass.
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slol ol 3379 BEol @ BAATE Table 139 24, A7l A wpolevjzg vm
sol A Zu) AAY F owpolemz 3ol =A FARE FAskGth ¥ Fulel me
sulfuric acid® &2 e W FUHoz 37 FARYG. FF] REAAE 4 Zu) A}

SEEERSI=IticY

Table 13. Pore size and distribution of untreated and treated biomass

oxalic acid sulfuric acid raw material
BET (m%/g) 0.8224 1.3045 0.1273
F7tE (%) 546.03 924.74
pore size (A) 205.08 179.11 160,51
=7+ (%) 21.77 11.59
Relative Pressure (P/Po) | oxalic acid sulfuric acid raw material
0.01 0.11
0.04 0.18 0.22 0.05
0.07 0.20 0.27 0.05
0.09 0.20 0.29 0.05
0.11 0.20 0.31 0.04
0.14 0.33
0.16 0.34
0.19 0.35
0.21 0.36
0.24 0.37
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