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Abstract

The study investigated the effect of thermo-alkaline pretreatment on the solubilization of polyhydroxybutyrate
(PHB) and its potential to enhance of thermophilic anaerobic digestion, focusing on biochemical methane potential
(BMP) and methane production rate, using two different particle sizes of PHB (1500 #m and 400 #m). Thermo-alka-
line pretreatment tests were conducted at 90 °C for 24 hours with varying NaOH dosages from 0-80% (w/w). BMP
tests with untreated PHB exhibited methane production ranging from 150.4~225.4 mL CHs/g COD and 21.5~24.2 mL
CHa/g VSS/d, indicating higher methane production for smaller particle sizes of PHB, 400 #m. Thermo-alkaline pre-
treatment tests achieved a 95.3% PHB solubilization efficiency when 400 #m PHB particles were treated with 80%
NaOH dosage at 90 °C for 24 hours. BMP tests with pretreated PHB showed substantial improvement in thermophilic
anaerobic digestion, with an increase of up to 112% in BMP and up to 168% in methane production rate. The results
suggest that a combined pretreatment process, including physical (400 #m PHB particles) and thermo-alkaline (90 °C,
40-80% NaOH dosage, and 24 hours reaction time), is required for high-rate thermophilic anaerobic digestion of PHB
with enhanced methane production.
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T Aoz tefet 4tg ¥ 5 EopollA E8=1 Europe, 2021). o|¢} @7 S22 H7|=9 WA Z
Received 26 December, 2023; Revised 26 January, 2024; © The Korean Environmental Sciences Society. All rights reserved.
Accepted 6 February, 2024 €0 This is an Open-Access article distributed under the terms of the
*Corresponding author : Joonyeob Lee, Division of Earth Creative Commons Attribution Non-Commercial License
Environmental System Science(Major of Environmental Engineering),  (http://creativecommons.org/licenses/by-nc/3.0) which permits
Pukyong National University, Busan 48513, Korea unrestricted non-commercial use, distribution, and reproduction
Phone : +82-51-629-6525 in any medium, provided the original work is properly cited.

E-mail : Leejy@pknu.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.5322/JESI.2024.33.2.121&domain=http://journal.kenss.or.kr/&uri_scheme=http:&cm_version=v1.5

122 o]Ad - °]

T 37 F715H4, 20189 715 HAIA S=tAE )7
= WAFS 343 Mtofl ot Ao= HuEy gtk
(Ncube et al., 2021). =i2] ¢ 20219 S=tAE
H7)E gAeFo] Ak ¢F 1,191 Eog HIEglo
o, o] 2011 thH] oF 2,34 Z7[3F 4=%]o]tHMOoE,
2022). £3] 714 WYt LA S=tAE 7]
2] drgke 2021 4.68 Mt & AAEH, Z24
19 W9 A<l 2019 tH] 16%H S7It A= &
A= AtHMoE, 2022). AEA =Zgt2" 729
33%e Tt A7 3AE B, 13%E WES 5ol
A EIL Y= A HaQlch i@t A2 E
&, A5k, sl AE 5Iste] AEiA L Q1
7 07 S8 Qom, 2+ 9 o =] g
7t At 1 A& 2 18Eng 2&7Ps3
ZetAE {718 A tieke] @ Aol tpdo] FiE
1! QIti(Cazaudehore et al., 2023).
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o5} 2ali7t 7Fe st EetAES ou|sh, gutygo=z
oreFet E4 4 25 173(ofl, ASTM D6400, ASTM
D6868, 1SO 17088, EN 13432)e]l whet A7 273(4,
I, B A, 24 B 124, )M AH
7124, 60~180)UHoll o=l = EetAE oz 3
o= 4= 9lti(Atiwesh et al., 2021; McGlade et al.,
2021). 3ol 8219 o1} g BEoNd SEets
g2 71&9 HARSA EAag 9] dijtew ZHgt
ownj ARG St A2 201749 7% 0.88
Mtoll A 20229 71% 1.142 Mto2 F235] Z7lstal
= AAoltH(PlasticEurope, 2021). E&]slo|==
A RE o] E(PHB) = R A2oid EetaE F
SR Hpo| QujA o] n|YE LRE Tl Ax7} 7t
Aol ok B 438 AR, R Y 2 5
o2 S8EE= ud vgEsY SefaERl

Z2WA(PP)T} B0l GAste] T ko2 B %

2 7=, 19t @7 555 PHB H7|&9] 24
A 7]& <9o] 283 Zos HrHAtH(Markl et
al., 2018).

A7)/ 43t 8- Foll PHBE <Hgh AJEai7t 7+
5o, 19} Sl oA Yo ARG 7HsEE Hio] 2
7= ek 4= 9lol @714 48h= PHB #H71&E A2
9] 21&7FsRt A7) 7|&& 5 Al QItHBenn and
Zitomer, 2018; Garcia-Depraect et al., 2023). &

N

/d 43} Whg-2 FhEoll, A8, otMIEASAY,
A 5 U BARE AR A7 nAEY AT 2

A BE-E Bol 77] ER EE S wetT o] steket
g o] vio] @ 7t A 2 $IgkSH= ¥h-g-o|t}, PHBSH &
2ol EetaEe] @714 A3k Ev] JEIE
Sfiste] oy DHFAR Eoliol= 72l 2AZt
&5 A AR BRI R e Mu et al., 2021). o
Z}A], PHBY] #7144 43t 55 g718 05 745}
fIsli4= PHBE] 7H8-3HE 915 A2 7]&2] A-go]
d5-Holm, ol F QoA=& 3keh4, 12 4
A AR E-ge AA T 201 B AT 710
gt A7 " asttk(Yasin et al., 2022). A A
2] oiH] gZe)4d 2427t PHB 7188l o &3]
Hjozs By glom, d& AAeE & 7Hel&E
739 AS RESAIE U B2 JRAE THe RS BT
7 Sl Ao= B 9ItkBenn and Zitomer,
2018). =g E2jm 9] Y=t I7]o) e f& FHHL
A7 AR @ AAE T 7HEEC 9 1
A 4 e 8 QA= HAE T glo] PHB H7 =9
A=t 271 1S d4-gded B HAY Ve
Aol tiet 71x A7t B asttHCazaudehore et
al., 2022). #9F ofy2} 35~40T 9] 2ZoflA] FF =
£ 52 8714 &3} 9hg tiH] 55~60T oA =P ==
2 A7) A3 B2 oF 20k THF =2 2k ofA
274 =] whE 2 §E-gof 7|Htete] Ko} w
o] EutaE Hpo| QA KL 5 DT 4
A =2 A7 A% 3A 71eR YUk
A A= AgHer B s I (Cazaudehore et
al., 2023). @WEhA] 2 A tollAl= PHBY] =214 ziaf
Aol w2 42F 27| FA-dzhe)d B A=
Z7°] wE PHB 7H-8HE 371k, ol& 2&4
A7 43 HAERQ A3 HgtAg HAE
(Biochemical Methane Potential test, BMP test)&
Foll AT 5o ©E PHBY 12 @74 435
B vegig A S AFH R Frlstaat
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Table 1. Experimental design
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Thermo-alkaline pretreatment

Name Particle size of PHB (mm)
NaOH dosage (%, w/w) Other conditions

C_1500 1500 Untreated Untreated

C_400 400 Untreated Untreated

1500_0 1500 0 Incubated in 91°C for 24h
400_0 400 0 Incubated in 91°C for 24h
1500_40 1500 40 Incubated in 91°C for 24h
400_40 400 40 Incubated in 91°C for 24h
1500_80 1500 80 Incubated in 91°C for 24h
400_80 400 80 Incubated in 91°C for 24h

grgoto] EEjH o2 mpafstatt. o4 H PHB Al=E
2,000 ¢m, 1,000 #m, 600 gm, 200 gm A& o|-&35}
o] g2 Z7EE A BE ZFHSHYTE 2,000 pm AE
T o4 1,000 pm AE F6HA] 23 PHB Al
£ o AA=27191 1,500 pmE AR, 600 u
m A& FAotH oY 200 um AE FAoHA] X9t
PHB A& Hv UAA71]1 400 pmE AHgste] A
Aol AFgSERlTE 1.5 mLY] oHE 2T FH (Axygen)
o ¢t FH|H PHB A2} ZE NaOH £UHFS &
Fo] & 24D 3INNaOH & 88 0.1g: 1 mL
H|-&2 £919) & & Heating block 7|8 QIH]o]€]
(Labtron)E& &-85to] 90T A4 24A17F &< BH-A]
At AT bhg 2= AR ZatAE 3
-] dAE 204 =2 7HeEEE 28T
U= 2k 2o BHuHE 90T E &85t 4H
<2 AP5tHHBenn and Zitomer, 2018). NaOH &
AFe JESNG Setag o] A7 oA A5 A
45= 7159 w/w(g PHB/g NaOH in %)< 7|52
2 35t 0% (0 M), 40% (1 M), 80% (2 M)= A&
SFAHGarcia-Depraect et al., 2023).

N
%

2.2. ‘dstetd HIERAZ HAE

2 A+9] B3tehA wE g AwF §lAEBMP test)=
SJEA 1.2 {4 451 Yoz Biof uet S8t
oHAngelidaki et al., 2009). BMP testollE F4Hg
A 5 kAR ¥71A A%t SR A
2E 112 PHB @714 &3] &35 HZHS A8
St BMP testE 913 @714 vix]= £ F=xoto
Az & A8 tHAngelidaki et al., 2009; Le and

Lee, 2022). 120 mL2] =% (Lklab)ll 27| i/
PHB A&, @717 7], HEH 2 2548 FddF
©] 80 mL9] &A1 A o= grao] F3UcKTable 1). &
9] PHBS}F &9 557} 2.15 g chemical oxygen
demand (COD)/L, 1 g Volatile Suspended Solids
(VSS)/L7} H&s stglom, 23919 pHi= 3N HCI
T+=3N NaOHE F95te] pH 72 28|53t /4
2 Fo 1 npfe} ghenlE S ARGl sl
o Ai-olibeleta E97EA(N,:CO.=80:20)E
Yafigeo] 7 AAE AANTU. 1 5 12 @7
45t 274049 BMP tests Flall el 15
Elo]A] 55T 2102 3047t sifaiFsleH, 2t A
A 2022 R A o5 Ssiaqlry.

O ox N X2 oF

2.3. 84

BMP test®] Ho] @ 7tA A f2] FATE A
goto] ZA4stlom, 7tAaa =ntE T ](Agilent) &
grg-oto] Hio] @7k U wet fFEE =415k pH,
COD, total suspended solids (TSS) ¥ VSS& v]=
Standard MethodsE #alsto] A5t THAPHA-
AWWA-WEF, 2005).

PHBY] 7H&-2ke-2 ti A 2] At AR 7] o] %9
A& TSSFEE S4ste] 11 §I3kE ofefl 4=4]of 7145}
of A4S THLe and Lee, 2022).

Solubilization ef ficiency

TSS.
) % 100%

= - 7SS, @
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with particle size of 1500 mm and 400 mm.

oJ71AM, 7SS A= A o PHB A& TSS,
7552 AA e 3 % PHB Al=2] TSSE olnletct.

BMP test®] WS I4tE = FHEAITH] T+
e A=F B3-S modified Gompertz model®ll T
At AtstATHLe and Lee, 2022).

My (2)
MPR X
= Py, < exp(—exp(—5—— Cx(a-t)+1) ()
cn,

AZNM, Mepahe WHe ARl whe wet,
Pere 2E IS 8, MPRE HRPNEE, 1= 1
SRS A AR, A= BMP test HIFAIRES 2ln]

ek,
3. Znty oy

3.1. 1500 um, 400 um YAt 27|21 PHB A|=2| 243}
31 BIERANY ElAE

2 dAFlAE all/d
¢l PHBY] AJ3tard mebgAfishe 1
g BMP testE B0l AFHoE %
ARl Eetag e A A7+ BESE EetaE
o] AEa gh-g-o] 9 JFF JAA=E A AL} o= ¢

ol e
EENRER

| (b)

20 + 21.5

24.2
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10 A

MPR (mL CH,/g VS5/d)

C_1500 C_400

g. 1. (a) Methane production, (b) maximal methane production rate in 30 days of anaerobic digestion of polyhydroxybutyrate

2F 271 whet 8 HA o] Zfo|= el vl gE E &
Aote] Bhg- WA o] gapx| 1, o] 2 <l5f| A58 ol
4o 9§82 A7 olot, mEbA] 2 Aol A
£ 294 AA2E ol F 452 PHB 42K1500
pm, 400 pm)E FH|5E] 42} 27 2 3047k
1 @71 At 76t AskshA web A (Mg
(30d)) 7} HIEHIAEE(MPR)IE AEH o7 2AFSH
THTable 1).

BMP test 23}, C_1500 2719] 749 3047+e] 1.&
A7) 43} ¥H8-2 F3l 150.4 mL CHy/g COD2] |
EAERS A B C_400 212 49.9% =2 5
<1 225.4 mL CHy/g COD2| WedAzRe 2435k
tHFig. 1a). E5F Xt gt ARS E oA = J2k27]7F
22 C_400 2710 24.2 mL CHy/g VSS/do2 &Sl
=o] C_1500 ®719] 21.5 mL CHs/g VSS/d Ert
12.6% =2 $522 ZRI=AKFig. 1b). ol 71&
oA Hug d&-dzely 7188t dAEE vtet
Z] o2 PHB Al82] 37C &2 @714 A8 kgl A
sholyl wlebYArEES]l 3.6 mL CHy/g VSS/d Hot
6.0~6.78 W2 Aytg -zl 7H8st A
£ oFA] 92 PHBO] @714 A3t ¥k A, -2 @714
&3Pt F2 A7)/ A5t Bt o] whE YRS 2 ey
Aol 7t Aoz FHHtHLe and Lee, 2022). E
St PHBY] At 7] & @714 45} vh-g(of], ojet
A=, Hd degatE ol f-olu|g 2ol & et
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Fig. 2. Solubilization efficiency of polyhydroxybutyrate with two different particle size of 1500 mm and 400 mm by
the thermo-alkaline pretreatment with different dosages of sodium hydroxide (%, w/w).

™, 1500 gm tHH] 22 A=F=271Q1 400 pmellA @71
A A3} Hhgo] Atid oz /fAE AL FRIsHIT

SHH, C_1500% C_400 =719] A¥ 2 webdAl=F
9] 7% o| 24 met e 42t oF 38%, 57% =
OS2 IR, Akl Y74 43} vPES] =80]
oF 5% FEAS AU o, C_1500 A= oF
60%, C_400 =71 Oﬂfqb ¥ 40% 7FFS] PHB7F £ 30
A7rol 1.2 G| A3 Fofl 2alEA] G2 Aoz
FAEtHGavala et al., 2003). o= g =24 £
AA27F PHBE] @714 48t AA ¥h-g-9] &4 HA=
HuEE= Z8n 9] 72 Lg 2 AA=Z7] A
mE 7-g FaRA VIR 9 SR E AT E &
7t = AL ou]sit, PHBS] AJalshd wetzdtAlj=k
< Jdizlstr] Haixl= F7HAQ0 A ] Hgo] d

[T AAFSIT, TEbA B AFoAE @8- A
AL E F7HH o2 H-g5te] PHBO| 71838t o]of

2 12 F7)A 43 7-e-E 53 AeshA medAy
ol n|x] = JFE AP o2 A,

o3

3.2, YH-2RY HA2I2| NaOH SU U PHB

oIz}37|0f| k2 PHB A|2°| 712318 W7} AlE
£ AT A= PHBC £33 mhaf] A2 of w2 ¢

2 37](1500 gm, 400 pxm)2} 90T 2| E&-gZey
53 AR A] & -89 NaOHO| F4= =7(0,

40, 80%)°l ©HE PHB 7Heka< Al o g Hrtst
AHFig. 2). NaOH7F FHEA] &2 0% 2791
1500_0, 400_0°IA %= Z¥2} 5.8%, 12.2%2] 7183+
= @AstRom, ol dEEl g WP glol E2 2 %
¢l o0TelAe] ©= g2 AAYE Fsi PHB
5~12% 4= 7H83HE & Qla= oJu|eitt,

NaOH 557t 40% % o PHB ¢A4=27] 1500 umell
1 70.7%, 400 ume®llAl 81.2%2] PHB 7H-3Ha-& @4
5t9°m™, NaOH s=7F 80%% = PHB Y4At=7]
1500 umellA1 93.1%, 400 umellA 95.3%2] PHB 7H&-
SHe-& GASIATHFig. 2). ©] A= 90T 7|9 E3
ARl dZ=4d 2421 NaOHE 40%%t 7Fsi=
NaOH7F 7F=A] ¢h-2 0%2] 2711 1500_0, 400_0
o vl A] 65~69%°] F7121Q1 7835, NaOHE
80% = A7F 7% 83~87%2] F71AQ1 7Hgaka g4
1% 7/—1 e} MoJ;G oz QLO]B—]-Odu} ]E Eaﬂ 5]]1:1-

st
Q-4 A7} PHB FHgstol T A
8

e FdT 4 ddler, 53] 90T, 80%°]
NaOH 221014 24A17H] 4]~ E%a 4 A= ke
< &0l PHBS] 95%° 7He-o12 4% = dae 24

Ao gRelstyt). TS, B £71014 PHB ‘?:11}3.7]
400 umZt 1500 umXot 1.43+0.60H =2 7H-ak&
= 2795kt(Fig. 2). WA PHBE] 7M1= it
90T 7IHt EA-&Z@d A= NaOH s=2F
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Fig. 3. (2) Methane production, (b) maximal methane production rate in 30 days of anaerobic digestion of the

pretreated polyhydroxybutyrate samples.
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NaOH 5=, 22 PHB QA Fo| = 27| A 9] A
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3.3. @-AZta|d Mx2|E 1500 um, 400 um
2t 37121 PHB Al22| 44515 HIEralZk g
AE

2 AtolA

*]

P 23004 435 90T 7Ivt 4

rlr
H

-l MAHEE AZ 1500 pm, 400 pm YA
37131 PHB Al=ol sl 2 @714 &3} 7|5 BMP
tests F-aYoto] A ale] w2 PHBC] AYsteta] wgt
A A FFE A o2 ZAHATHFEIg. 3). 7]
£ HIAAE PHB Al =2] AYsteta metdagat vl
Al ol EA-dZE A AAEE A A= At
R A S e 2704 30~112% 7HA1 5 FH(THAI
23], 211.8~318.9 mL CHy/g COD: o272 wetAy
Atego] 53~80%)= UEHH A o2 gRIE]glon ol
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ol @4-gZed A4=E 59 7H8Et PHB
12 {714 43} 7|9t AYstehA vjek S fon]
5 2SI 5= QU TH(Fig. 3a). T
ghalig @A-gze)yd AAEE Fol v
A iz iy Hd 168% HAEE A &<l
& = 93tk 53], PHB Al&2] #2717} 400 um
2 o, 1500 um HHH] 72~139% 7FF W JA S 7}
=2 7oz gelx9lon 400 80 AN 7HE =
2 3kl 57.6 mL CHs/g VSS/d=, 400_40°14 FH
A2 =2 Zkel 54.3 mL CHy/g VSS/d2 B45H= A
A K
1= Q= 58T 27104 PHB A2 12 @714 &
s} Al Fof HEAarEEel 36.7~38.7 mL CHy/g
VS/dHETE 49~57% #E &Hx2 B o] Za]Z
(400 um), @4-gZ=14 S HA2(90T, 40~80%
NaOH F£9, 24417 §H-8)= PHB 112 @714 4% &
TE gr|Hoz A A1 5= Qg AR WriEL

S, NaOH7F 2857 ¢-2 90T &5 84 XA
2] 7oA Mx2]" PHB A1E(1500_0, 400_0)<]
MRS 5~12% S0l Bl o, A &
7%l C_1500, C_400 tiH] afid AA=7t H-8%
1500_0, 400_0°] A¥stata] mietdAf=de 22 41%,
30% G2 =2 HARIH|1 R wEtAg V)&,
17~18% A5l webdizg S7h7t gl=|Qlct
(Fig. 3). 71& &) 21, FARIAA0ES &8
oto] ZEtAE WOl HEhE &S Ay} 12
27t 2o SetaE mHd a2y} oy
g & Qe Aoz gelEglon, ol nAE
4% 9 e E31ote] ZetaE ARG B2 1
A4 4= Qe Ao R AAE vt QlthRahmani et al.,
2022). & AFAINCHA] Tal, 00T A HA ] Al
74geRe T w2 AgkshA oed A= A ag)et
20 JRE A 1Es] B, 90T 9] E4 A=
£ Bl 7Heste 8§ Bt opet 78StEA] g
PHB JAFEE 12 A 2lo] o] g whol 124
A7) vgEol o5 BEalE]7] golgt Pei= HEt
wlo] 12 WA A% Foll ez vgo s A
e £ AL Ao FAHL

StH, gA-dZEg B9 dAE 271150040,
400_40, 1500_80, 400_80)°ll4= 90T w5 44 A
A =7(1500_0, 400_0) thHH] 7p&sh&o] <F
65~83% 7NAdE 70~95% 42 "¢ =2 PHB 71-&

h}llmloozﬂm
C P odo
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shg 24t o, websrEre] /A Bvbe O Bt
e 1~51% o2 FRIF QL) ol oA Tt
AAYE, &5 I3 HAE x7o] 7HEsEA] o2
PHB YAEE 12 H714 A3tE St 28 golst
A FHEQ7] oz BrhE vhE A-gzhe) A
55 A7 24 2 HeAEEE 90T TS &
2 A2 27 tH] 32~95% FE2=2 &7 A=)
o (B3], Aoz 22 Q)2 37191 400 um A=
ZA0A o B& AMFE 8, 7heskey) WEay
A&7} kol A A(r = 0.9973, p € 0.05)E H+=
AT H|Fo] B of, &-gZEd B A E F
3 71-8-31¢ PHB A2 3¢ 12 @74 43} 5k
457t Fr|Hor MAES 1T S 99l wet
A, BEA Baet a4-gZay 59
A7ko] 1.2 G4 45} W Kt o 2 7]7ke] @
714 A3t WSOk -2 0] Hio] kA At o
At 4 qle Aoz A=

400_40 74 -2 d PHB A= 2] AY3lsHA o
B2 316.1 mL CHy/g CODL.2 1 Ag o] Xtj
21 1500_80 274 A A2 E PHB Al=2] Ays}st
2 wlebd Al 318.9 mL CHy/g COD(1500_80 %
9] oF 99% ol Dot Aoz SR ArkFig.
3). & Avbe 44-gely AA o] £45E NaOH
o] =l Z7tof| whE wieg g A b A 5
o) BE|H B4 A2 E ol A 2 5 -2 9v
gitt. B A4S 53 PHB #7189 78 12 9@
7178 A3HE 5t Hho] @ 7kA A4k S1lAlE= 400 pm
PHB 972171, 90T, 40~80% NaOH <!, 24 A1} 5t
S 279 B, dA-geg B¢ A=t Ea s
Ao & W@riec ot 2% 2 A3}E PHB Hiol7tA
3} A5 FA ol A-8517] $lallAl=, PHB #71& Hio]
Q7tAsHE Q% A44] AAE] 3 2 @714 A%t
4 AFE B B4, EF-g7yy B A
TES A5 FA0NA ol ash, 7 dAE ¥
74 9] -2-<gu] 5(cl, PHB B2 £ ¥]-8, NaOH £
H1-g 50| Hlw BrHE Sl A B, dA-ge
d B AAEE 9% 9 29 21 =E0] 9aF

—_

d

Aoz Amer
4.2 2

& dTolldE 2214 Ao whE PHBS A=
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7], d4-zrel 27129 NaOH Sl the 2
A2 Al PHBO| 7M8Hewt e @714 Aot uhg
58 e Aol A 9% 49He
Wtk A 49 Ak ot 2ok

(1) B4 E2x 2ol o2 PHBS] YAt 2717F 112
@714 At g a8 nxl= FFS BMP test
£ 53l A 1500 pm2}F 400 pm YA 7]
©] PHBE 30¥%te] slA] 11 @714 A48t Al
77} 150.4 mL CHy/g CODS}F 225.4 mL CHi/g
COD2 Astah websbAf=Fat 21.5 mL CHy/g
VSS/det 24.2 mL CHy/g VSS/d®] o wle-A g4t
L7 HSE A 22 92 27191 400 pme] 73
91500 pm B2 271 tH] oF 50% == Y5t
e AT 12.6% =2 wegArS T} Sl
o], 224 Eax )7} 12 PHB §7|4 43} §H&-
o f-ojmlet /fAEI} QS AF A o2 HF o}
Act.

() 294, 44-g7e4 5 A8 o2 PHB2
74Hg3kg-2 Wrtstdoh E212(1500 gm, 400 p
m), &-4Z=4(90T, 0~80% NaOH T4, 24
AIZEEES) B3 AAEE Sl o 95.3%2] PHB
7HesReS gAdskalon, 7Heskee 2 A |
9] WellAl PHB 4=+=717F 231, NaOH Fdo]
P55 7ok Aoz S

(3) T FA-dLed dA=7F 1L @71 A5t gt
& 7& 740 mA= GFS BMP testE Fall =
Atetsact. g 4-dZ=4d WA E Sl At
&4 wetAego] tat tiH] 30~112% 7R
< gkelstiom, 2 318.9 mL CHy/g COD2] A
stsha wedAgo] TSEQIT WEgAE T
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& 12 A7) 488 B9 vho] ek A Atk 5]
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NaOH £¢, 24417t §hg 2710] Ba|, 94-¢
Ze)d B3 AA =7 dast Zlo 2 grE
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Al 2

o =i Tt Ake ot A+H1(20229)
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