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2 A7) HHL GAuAIZF(LEA) AlZY 35 B35k nlo] o Akl 9lo] Falait AREGle] rlola 2 vt J
ARk o] g8l FFA e} AAUR QS A= Zo|th. LEAS] T35 AEE A9} Fu|dEz e o] J
A IS Y8 Al 7l 7] vlola 2y WxE] 2AS SRS o83t HAst) nlola =
5 o]g8 Fas g3t T F2 WgE vlo]la 2y F2(198~702 W), AT AI7H39~241 sec)?} A FE
(0~0.1 moh)Z & 2 I5E 28 SHIATHE o843t 23 3|7 1%??— EESL) mlela 2y} E2u) A
2] Al7te] LEAZFE Sehd(Co)d 283 (CS) Aatel] f-28t Gas G WMol S7tol wet Sebda) o
Fokgo] STV e IRlElth Sugy ovlhy JelE ﬂtﬂ% AUP 2k 7EElE Aest vlo]la2s A
A #2242 vlolazyt &8 700 W, 2] AZF 185.7 sect it 0.48 molo 2 SEHY T3S 92.7%%} 2k
T e 74.5%7) ASEon Bl AFE B Suhd dekE 94.2%9 euhd FEkE 70.8%71 ER1E ] o5

FEE A% 5 9lSlth ol LEAS] “‘a—ifl_ﬂ JulAEZ e~ FoE fd] Al /el 2 rlola e
HEuks: o] §3t Faa F8t 34 287 100 °C o)k e ko) R [AAE] Azt A8-S 7Feste] 7 AA
g on] g7 34 AL S5k

Abstract — The purpose of this study was to effectively produce the biosugar from cell wall of lipid extracted microal-
gae (LEA) by using microwave-assisted pretreatment without enzymatic hydrolysis process. Response surface method-
ology (RSM) was applied to optimization of microwave-assisted pretreatment conditions for the production of biosugar
based on enzyme-free process from LEA. Microwave power (198~702 W), extraction time (39~241 sec), and sulfuric
acid (0~1.0 mol) were used as independent variables for central composite design (CCD) in order to predict optimum
pretreatment conditions. It was noted that the pretreatment variables that affect the production of glucose (C6) and
xylose (C5) significantly have been identified as the microwave power and extraction time. Additionally, the increase in
microwave power and time had led to an increase in biosugar production. The superimposed contour plot for maximiz-
ing dependent variables showed the maximum C6 (hexose) and C5 (pentose) yields of 92.7 and 74.5% were estimated
by the predicted model under pretreatment condition of 700 w, 185.7 sec, and 0.48 mol, and the yields of C6 and C5
were confirmed as 94.2 and 71.8% by experimental validation, respectively. This study showed that microwave-assisted
pretreatment under low temperature below 100 °C with short pretreatment time was verified to be an effective enzyme
free pretreatment process for the production of biosugar from LEA compared to conventional pretreatment methods.
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S AAE g4 ARe] HEd AME o R g el ggt
G-l o} A A Ioll A A= orbsRA HlE R Q1% 83
AR QL] ARl Aol flRtar Q1] vhebA A4 7t
T AE o] &3 B FHAL AAA ol|A At S8l 5t
AAgel thet oJE=E 7] $19h mgo] A5k Al JaE A

ATH2,3]. P ARE AT = s A olixe 574, 54,

ot Mk

Bl 8|2 vho] 2. o] Qitt. o] T upo)AEE FIA
O 72 kg vlo| QuAE HAll, 5, HRE S AitEE Al
A oUA =, s A s g o] 8= i I F A=
o|xkslekAT} B TP ellA] g 7] wizel], M54 34
oA B €A FHE olF g Avhs Arlo] Alvh4,5]. 1 FollA
T nfol o)Ay} njo] @ & (e ghE& v} FehE e oy SFkth
o] AR Ao} IUAE AT F A= ke 1A= a1 §)
th6]. sHAIRE, o] @ ) Al v} vlo] @ 4T -&-2 1A vle] emfAl
o, FA, Ssl 7 5 ARk o) golehs &Rl
Ao} 8 A8 FF B o7 durtr Ak 9Ajo] o}
218 2H 3 F=o] §lE H1AE- vlo] Qul Al 24t} 34T Hle]
Lzl tist Bido] ol an Qith7,8]. 53, 34 vlo] Qmlj A~
ol MM ZFE o] &3t nlo] e.9lg AJato] AA T whar glon
u) A2 RERE AW F55 Fok nfol el delsl IS o
AL ATH9-11].

3AH vlo] QuAQl FjZEFe] TS AR ER sl Bl
W] A Z 5 (microalgae) 2} THA| 4] At % (macroalgae) = L+
o], 1 F vAERFE olabsleka 117 o] Hojuhar, vy WA
A Arkego] Fut 72 71E 214 &lde] vlsf 50~1008) o)
Fom ulef 7o wek A el X128 FHo| 70%7H4] 48
T UTH12]. LEAE w|A|ZFE25E vfo] et AS ik $, F4ak
2 ks f71ER A% A AA 9o AlxEos
o] 1o} 24t HA A vpo] QU A} T 2A 07 fARE 5SS 7}
At 21 gHgo] sth= Sollo] Qlrh LEAS] AW S o] =
FAEN AZZ 10} | AZE QA WA SFH A8
A7 e A0 AR MY E o] Qlom, i whkAle] vheket A
FOF o]FofRl a7k Blado] I1EY FEE At AER
229 FUAER Q. AF QR olX] st A & = 9T
S 13].

47 vto] @ujig} o] AXEH-E 717 LEAS] 7%, A
ufo] Quj 2ol EASHA] b= Bl W Su|AER QN S
Sk Agke] ¥4 skt A eake, o] 913 a2/arst AA ]
2 v e a7ke] Adn) 7t @8k 14,15]. LEAS] QA%
Q) AEZ QA9 U AZ R e A0 B S B3t FFH A9 &}
AR QA9 2 nlo] ot RS F18) S FAstaL Q= E 1
& AASL, A 720 AEZ A0 N AEZAE
Ao 7 B AT 3 e st H2A] vo] eul
AA el A8 71 THOEE TV FAH, I AR,
AW, 7132 HAPEX)9 A5FEH 5] 9o, o] F
& AS o] get AAer) 7 gl E8-E A ol 16-18]. HA

Hpo] @ ui o] &4 WA E HlalrE /a5t 37 F3o]
P2lo)n] | A} thFE ulgo 7 sh= 7]E9] 71 o] nA A

ol g-Hth SRt B o] et WS AH TSR Q1)
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FREE i oz 98 Adsr)7t ol njadst e R
23 o) I 5 3794 Ao &A% 19]. ol=Ft 71E
549 A A TAE FES] St uiA] 7pEgA 0 & nlo] 32
2718 Sol 9] AFE 3 glom B Hio] Q)
2 A I A5 Ab7E ek, mro] A28 /M
AE L= o) A7 o $2ke) A a-g-S Bl dxpr]ef
UAE dox]| & Walksh= 9 0 2 300 MHzollA] 300 GHz W
22l A7) 2 vlo] emj e 28 ¥ & F4}2] 2= }(dipole)
3T FAlol HsodXE Fofsto] #Ae] wpEE HY s F &
U S A 7T, o= o) ke wkalel A 7E
2l v]sl M |71 o] BE ulo] e miAr} A 71,
vjo]| AR a7} 24 Gl Exjoll 23 A4S TAAIA w2 ol
w3 58 9 28 o] PR the o] irh20-22].

LEAE o] &3t ulo] o A4t A, 2] adS Aed o g fefskal
AZ2 QA9 Fu|AE R 9 A0 AYAS F31A 07 7HeA7]7)
gt Ak 7hEsl A8 vlol AR WA $AE EYUTOEH
LEA A3+ AAg] 37 /o] 7Fs & Ao =E Holr o]zl n}
o|ARIE o] g3t A e] WHHS v AR A g 9lo} I3 7
£ @ AR Qo FaA g3t agel tidt A Akl 48 €
vz} glof mlo| A2 84S o] &8t F a4 F3) 34 el oo
o st 2 Q) AL Ayl A o)A gyl A
g Ao 7 AER 0 A6} Fu|AER 9 A9 TElE 13ys}
o] A4 AgEE Fas AXY FES Ndees Zlont
o|5 93, upol o kS| B8-S =Y & U volA R} HA
ZHE ek, WA & AARI WA ARE vlo| A 25} &

7} 3 & FEE HA slsto] dslel Ago] 7hsel nlo]a
23} o] &3 Fak Jl 3 Al Qlth.
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2-1. AEME Y Al

2 ATeA ARSSE nl MR Qlett gt djekte] @ AT AIE]
A wjoEgol A Wik B Terraselmis KCTC 12236BP2] Ak gk
E=73(viv) FEE ol &35 EX TS st S gAvA|
Z7E Aol 20 °C W5 HAsto] 1xe] A3 AR AR
BT A B & AR A Aol 60 °C Q¥ %7)(FC-49, Lab house,
Korea)oll g0} 7H7 725 A7 ste] 712 A4 W7t gl& w7k
AFxslo] A7 E ARESITE A2 Sl 12 S5} Sigma-
Aldrich AKSigma, St. Louis, MO, USA)2} Samchun Pure Chemical
AH(Seoul, Korea)2] =5 95~98% A& 3|4 stod ARE-SIATE

2-2. M| =A

vlo] AR TS o] g8 WA E QI8 71% LEA 2 g3t AAE] x
el w2t 0,02, 04, 0.6, 0.8%) 1 mol FAF &9 20 mlE &35+
319k 27191 pressure vessel (XF100, Anton-Paar, Austria)®l] ¥ 17
AX ] el whet E3 7 AlghS MEkA|A vho] 23k X<l
Anton Paar microwave (Multiwave 3000, Anton Paar, Austria)l4]
AX 5 2Pt AT -, did st e 3|53t
d ool whe} 27 o) E(CaCoy) 2 T3 & 4% 4l

AFgBsLt.
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2-3. MEEA by

7}y o Ad2S] TS v AA A X A -4 (NREL; National
Renewable Energy Laboratory)$] <= <&4] §(NREL Laboratory
Analytical Procedures)®ll whe} 241391 0}H23,24]. 713 LEA 0.3 g
S Ak 3 ml (72 wi%e)oll YL 30 °CollA] 2A17F Bt 12} AL 7
wafjsto] 84 mle] FFHTE 7HoFo] 4%E 3|43 T 121 °CollA 1
AIZE &<k 221 7Hrasl skl Tk Eel Adas AaThE
|©] E(CaCoy)E 53811 8,000 rpmol| 4] 583+ A4)4-2] (Varispin
15, Hanil science, Korea)d}o] 24582 F 3l 0.2 um A =] 2
ElZ oj3}3t & HPLCE ©]€-3F J -4 (Waters 1525, Waters Co.,
UsA)ell AR&-sHoit FHEA S 918 HPLC 2-3= 913l 5 mM<]
FARE-S A1 AL 0.6 ml/ming] 4502 24 A&7
2 RI detector (Waters 410, Waters Co., USA)YE AM-8151 17, 7
Z7] &5 60 °CR AT 9 nlo] Qu g A ek A
SR8} VA ERE A0 Gl ARERl SFFeA, AYR
22, e A8} o] =40 A7 Aminex Column (HPX-87H,
Bio-Red Inc., USA)S A3 3L A2 2%+ 60 °CE A3}
St

2-4. HAEM g

LEAS] 7713 22202 AR} €m]7 (SEM: Scanning Electron
Microscope, MAIA3, TESCAN, CzechyS- ©]-8-511 {12} &43} 8-S
#Eeglom oA 48 FF71(EDS: Energy Dispersive
Spectroscopy, X-MaxN, Oxford instruments, UK)E A5 &4
A S Al SEM/EDS S ofl Ajtete s o e e 1
% ¥ LEA A 55 &5 A3 9lol carbon tapeE ©]-§-5to] 1L
AAF ™ J2} FElE S-S Adste] EDSEA FH T2
2 Q1 (AZtecEnergy, Oxford instruments, UK)= AF&-3}o] 743}k

ek,

2-5. E3lE 2

F3HE 2] 79 7155 NREL E24 o uje} njo] eufj el &
Ashs AEE s} dnAER A0 AuRks g o shlal
RATH24]. LAEA S T8 Aat | vpo] emjAe] AER @ 49 3
n]AE 72 @ ~of EAhs BETFZ A9} AL Z )2 A
& oin] Aol oJs) whdst Hof watele] EAjahs wde] vl
H(FTE)S obelgl 2 21E o] &ste] AXkalnt. 2t A
(solid residue)i= POl A2 3} A E] 58 -, 2H5 © Ao FAE
Axe] olde] Alge] FAR o] 1 vE= v ot 7|
Atoll A Sebg =g SR 0.9 AEZ oA 1A A SFF
Q2 1]l AL 19917 AR o] AR QT SR QAT
A3k W) BEA} AZE Q8 pEA A WAL O R P
At ERAE A Qlste] Axtsleiar, evbd G Al
21 0.882 M AEE A 199 T B4 17 28E A4
TZE 7N 2 AFEsEelYh25).

e ) - | Gl L] 090 |100

SEry DV“%(%F[%_ 39 (g 088}100
ceer AT 00 TAg)
oo [AAE o AT

A5 A1) (%) [  EEEERETE Xﬂﬂxloo

26, U & W Mxf2| TA 2N

23l npe] Rl SFF A AU Z 0 YIRS HulR
sh= H 2 AAg 2105 A4st7] Y8l vHe-3mE4 4 (response
surface methodology, RSM)S AH-315 TH26]. T4 S A1 &S
o] g-ato] Mg e vist A3 AFE WaysH] 18] Design
Expert 8.0 (Stat-Ease, Inc., USA)= ©]&-3F Alxtabg & Faf 2=
2] FollA Fagh Wgrqlo] gl ¥ who] = 1} & 9(200~600
W, X)), Ax12] A17H20~80 sec., X,), B4t F5(0~1 mol, X;)5 5
2] 3k e 23 177) 2ol e AES st
(Table 1). =8t 3708] ST 93] Y-S e THEHUTF(Y)E
2 oA Vg, SedT euhd FekgR dAste] ofelel 2
3]984S ol g3le] WA 24 HAsE W)

Y=0a0+taly+to2yn+tady;tal2y g, tol3yxsta23mny;

+oc11Xlz+0L22X22

where a0 is the intercept; al, a2, and a3 are linear coefficients; a11,
022, and 033 are squared coefficients; a12, a3, and 23 are interaction
coefficients.

919] 22} AL 7o 7 371K FEaseel igk AAe 5
o) RUEI T} A2 s Ho) AR B oS 7 g
33 122 9} contour 712 2] F3 (superimposing)S 0251
212t

3. Z2u 3 nE

3-1. EXOMER HEEM
NREL %5740 2 Z743F LEAS] A48 10.8%2] A=
229X 55%9) An|AEZ e AR} 2l 04%E TAE] Q)
Slom vhlA 22 1%, 3]3#-0] 34.1%= 2}A| 5k JUTh 3]E
TSR F7184& H71E 918l SEM/EDSHS ARSIl o
2432 (Fig. 1)l YERATE Aol A Yebd 243} Ak 9
ol o] 64.6%S} 16.4%E 2FA8F3.2H N, S9} Ca 0% &
H-&-S HSItH(Table 2). Z5 $0] =2 22 nAlx=/E 23sl
AN2F7F FEA ol B e Bt Fe= A4S 7)el
shohar o e 4= glom Ak B]E0] 2 A2 Akt YL
o
o

TrAeh 23 Agleto] ofatshatA gl At FEle g w o

o ML o

o oft

=
3T

Table 1. Experimental design of microwave-assisted pretreatment conditions for the production of C6 and C5 with enzyme-free hydrolysis

Coded and actual level

Variables
-1.68 -1 0 +1 +1.68
X, Power (W) 198 300 450 600 702
X, Time (sec) 39 80 140 200 241
X5 Sulfuric acid Conc. (mol) 0 0.2 0.5 0.8 1.0

Korean Chem. Eng. Res., Vol. 56, No. 2, April, 2018
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A: SEM image; B: EDS spectrum of complete element distribution; images

Fig. 1. SEM image and EDS spectrum/data showing the mineral composition found at the surface of LEA. A:

of complete element distribution; images.extracted microalgae.

SEM image; B: EDS spectrum

Table 2. Mineral analysis of LEA using energy dispersive spectroscopy (EDS)

Element Point 1 (wt%) Point 2 (wt%) Point 3 (wt%) Average (Wt%)
C 58.8 68.3 66.6 64.6£5.0
N 15.6 12.0 11.7 9.842.2
O 21.4 12.6 153 16.4+4.5
S 4.0 12.8 6.4 7.7+4.5
Ca 0.13 43 0.16 1.582.4

Quantitative analysis using EDS-based procedure which allows to identify what particular elements are and their relative proportions. Each element was

measured at three different examine points.

r OH ] OH
OH
H{o Q Ho ~oH __HO _ Ho 0
Ho O o Catalyst He
OH 4 OH
L OH Jn Glucose
Cellulose
OH
Hro Q waH H0 | Ho O
He N Y Catalyst KO
OH OH
L Xylose

Hemicellulose (xylan type) .

Cellulose . (a ‘ ‘
)

S T———Hemicellulose

Pretreatment
—_—

e

=

Fig. 2. Structure of cellulose and hemicellulose and schematic of goals of pretreatment on lignocellulosic material [29].
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AR FEA GEE 99 vlo| AR a9l dAje] 23 #4)3) 233

ulo] Q| A2 HE] ulo] @ AARS A alA = Bl d-S AlA B
A0 ATAE I A AEZ o A0} oﬂul”‘ 2N
£ FEHOZE FAAA gl o3t JelE golah sk A
o] A o)th29]. LEAS] ¢ AEZ 49} 3n 1 AEZQ
2~ Bheko] 2z} 10.7%9) 5.5%2 BAA tiv] 1/2~1/3 £F¢S &
= 91oleh. TEe, LEAY] 21 $Hedo) 0.4%% uHT w7

ql

~

Sl=el vlol 9T #5349 F A% 1) A8 1
& 571800l 28l 254 A9l 7)1do] thi A
_‘:",_—o]a]. 01]/\1—621— lgi;]. LEA°] A Eﬂ_g]_ aﬂu]/m 22
Bo] viol vjol 2.3 Wk ) b sfol 2l e el
Feko] WS Ao g Holu) vkl gy dleko 2 a9
L741:7]_ "oz @37} golsk AALe AUtk e gy dhak
& AA235% 392 sk hoslsle] Bl oz slole
S A= Fa A 9EF 3 FAlo) 7SS 4 Qith

—~

o 2 1
e ﬂlo"
4 3

1

2,
<
N

o 2 o

> N
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r>

0\'1-01-0§9.r

3-2. Oo|3=2n} MX2| =AH =XS)
Ul 71 el wlo| A2 v) A 78] A/l 7Hdel
] &j upo] QUi e} 9] F3H 07 x| & HEsto] &
iirﬂ vio] Quj 2~ Aol hatar wHE 7 S S T Ao
¥ % T ueke §E= g9t 53] nfo] AR ukE o] &3t
L&°ﬂ ‘2}0% 71&2] 7rarel vlal] &7 Alzke] 1/2~1/100% 7]
A Q1 @50l 7hsstthal A AATH30]. rlo| AR IE 019—@
LEARYH nlo] e kS Hojskslr| 918k A 21 =
daf], FArS o] g3k okAF A Ajglof PEFS v X &= FoHTE
SRS ARE-ste] A S8lql). wlo] A2 3t A Al
QRIFOL A 3 AL ofn] A AnE S8l AAsIeliT =

S RS T HEA NS o] 23 FAZA HA oA TEHFQ 2

E?"‘

N

F
l-

¢

7 DA vlo] L (H T, 28 Akl wx|= S
nto] 23t F8, AAe] ARE Y SAbs o] JIks AR
Hell &3tk 1771 174 & o]-835to] H7 AT Table 3). A3 ¢
¥ AR 7ol W Angke] FA4Q1 1214 ANOVAR 37}
sk9lar, 22 AW A EES S8l ool QI EE MRk
xHEuo]-O% 7} Z)\Ed/‘ B:l Utﬂ 0 pS) ;g]z“y_} H]—& H/H\:]l:-]oﬂ ‘/]OH
HA xS Bt S X (rlo] AR} 1), XA
AZHS} Xy EAFEE) ol i3t FE5HT Y, GHRA), Y, (Gt
YA EgekE 2213 AW 212 o2l T (Table 4).
Table 58] ANOVASEO|A HEhl= vk} ko] pol F g2 2} 711
5] frod ¥ mele] A3 shekshs A E ARSEITH31]. 7
FaAel v A= S]] JF FUHE sls o, vho]A25
9 450 W, A7) A)7F 240 sec FAFEE 0.5 molollA] 71 e
AT 103%S Btk o)== A9 22 27404 LEA
A 2l 1 AEZ 0 A0 F3)|7F Wol LEA IA ] &4
o] Weokhh= A= ¥ ATH Table 3). A7 aLA|#ke] glo] 81} A
A 2] Alzte] AF Aol v 2= o] mlf- 2] (p=0.0013)
S o T oASoY FAbE ] e folahA] ok Ao
=] 9 THp=0.4176). HEHI 7} Q8 Fahge] 9lo] ool 1
A o= X2 X 20] IS 24 8T oA Al9lEele
SR nlo] AR EH 7 AXE A7 Farel 2472t 13.213%
7702 AAFE QITE @ ¥ 747} 15757 7.27E 2% o F
(p<0.05)°] AUS< &l & F o AFaA AN Kz vk}
o] ke gy} erhd Gkl nA|= daFo] folst
A g5l ERIEThp>0.1). 2] REg-E A A2} vk 3]
2ol tiak AAAITFRY)E= 0.94, 0.829) 0.84F AXFE ¢l=T], o]
= A} S Agel oJ gt oS gke] Al A8 82%013 4

Table 3. Values of independent variables and pretreatment conditions by central composite design

Run No X, X, X Solid remaining (%) C6 hydrolysis (%) C5 hydrolysis (%)
1 300 80 0.2 69.9 1.2 1.7
2 600 80 0.2 613 8.1 8.4
3 300 200 0.2 68.5 1.1 1.4
4 600 200 0.2 17.1 5.1 3.9
5 300 80 0.8 64.7 1.1 1.5
6 600 80 0.8 73.1 12.1 11.9
7 300 200 0.8 69.9 1.6 2.1
8 600 200 0.8 22.1 96.0 81.7
9 198 140 0.5 69.0 2.5 32
10 702 140 0.5 16.8 93.2 74.9
11 450 39 0.5 64.5 7.9 8.9
12 450 241 0.5 103 81.5 58.7
13 450 140 0 57.2 1.7 2.6
14 450 140 1.0 63.9 13.8 133
15 450 140 0.5 55.1 30.2 28.4
16 450 140 0.5 53.2 36.9 33.8
17 450 140 0.5 553 26.2 252
X,: Power; X,: Time; X5: Sulfuric acid concentration
Table 4. Polynonial equation calculated by BSM program for extraction of LEA
Response Second order polynomials R’ Significance
Solid remaining (%) Y r=53.9-13.71;-13 4y, 185~ 12,450, 05H2.6)115-0.03 Lyzx3-2.0d, 2-3.993,7+4 2 13 0.9443 0.0013
C6 hydrolysis (%) Y 6=33.4+19.7x;-15.057+8.535-10. 130+ 11.8 33 +10.9505+1.71 5,212,952 0.8183 0.0239
CS hydrolysis (%) Y 5=30.8+16.1y,+10.9x,+7 335+8. Ly xot+ 10. Ly x5+9. 45005~ 1.3 79,210,205 0.8384 0.0158

x1: Power; y,: Time;  5: Sulfuric acid concentration

Korean Chem. Eng. Res., Vol. 56, No. 2, April, 2018
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Table 5. Analysis of variance (ANOVA) for solid remaining, C6 hydrolysis, and CS hydrolysis

Solid Remaining

Coé Cs

Sum of Squares F'value p value

Sum of Squares

F value p value Sum of Squares  F value p value

Model 6927.51 13.18 0.0013 14419.14
X, 2567.35 43.97 0.0003 5288.64
X, 2445.45 41.88 0.0003 3081.53
X, 4331 0.74 0.4176 975.05

XX, 1222.90 20.94 0.0026 810.77

XX, 54.03 0.93 0.3681 1115.60

XX, 0.0078 0.0078 0.9911 957.96
X, 46.69 0.80 0.4009 36.25
X, 179.18 3.07 0.1233 -
X3 199.85 3.42 0.1068 1919.18

9336.73 5.19 0.0158
13.21 0.0066 3542.13 15.75 0.0041
7.70 0.0241 1634.40 7.27 0.0272
244 0.1572 725.45 3.23 0.1102
2.03 0.1925 530.06 2.36 0.1633
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X,: Power; X,: Time; X5: Sulfuric acid concentration
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Fig. 3. Effects of independent variables on solid remaining (Fig. 3-A),
C6 hydrolysis (Fig. 3-B), and CS hydrolysis (Fig. 3-C). Each level
of variable was expressed as the code values. (X;): Microwave-
power; (X,): extraction time (Sec.); (X;3): sulfuric acid con-
centration (mol).
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