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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 gm and 400 gm). 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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ABEolg EetaE2 ujEe] A Y
o5} 27t 7Fs gt EvkaEE ou|sh,
oreket B4 4 BE 14(oll, ASTM D6400, ASTM
D6868, ISO 17088, EN 13432)°ll whet 27 273(<],
I, BE AU, T4 Ee 124, B)olA BH
7124, 60~180)Holl Fali== Eetrg oz 3
o= 4= Qltk(Atiwesh et al., 2021; McGlade et al.,
2021). Aol -§-ol/d o] o]t A Ao St
g2 7|&9 HIYRA EetAE 9] tijtow Zhgar
ow ARSI S A2 20179 71+ 0.88
MtollAl 20229 715 1.142 Mt2 & F25] F7Fota
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A FE]H O] E(PHB) = thEA 3] AHE|Y S2t2E 5
ShtR Hpo|QujAl] nYE LRE Tl AxI} 7t
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2] tfu] IZe A A7t PHB 7HE3tel o E3hA<l
WHor BT glom A A E o 7telE
739 A2 RESAIRE U B2 VR THe ek I
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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

8ot EE|H o2 ottt ok E PHB Al&E
2,000 g#m, 1,000 zm, 600 zm, 200 zm A ©]-&-5t
o 47t A71EE ABE FHSIAT 2,000 pm AE
Fet ot 1,000 pm AE F5HA] E PHB Al
=5 B AA7191 1,500 pm=E AFZSHA AL, 600 4
m A& FdotH et 200 pm AE FHoHA] 9t
PHB A28 Hv YAZ7]Q1 400 pmE AHgste] A
ol A8 1.5 mLe] ol HE 22X T H(Axygen)
of ¢FA] #H]H PHB AlE%} H3E NaOH FUFHS &
Fo] & 254 E3NNaOH 23 843 0.1g: 1 mL
H]&2 £QI5)] & & Heating block 715t Q17 H| o]
(Labtron)E 285t 90T oA 24A17F St HH-G-A]
AFAU A4 T 2= AR SetaE €4
ey AAE EdolA w2 7HEEEE E4Y
Qe 2k 2HoR HYH 90T E gt AY
1Bt Benn and Zitomer, 2018). NaOH &
F2 BN SEkag ] dA T EAoA A5 A
== 71¥% w/w(g PHB/g NaOH in %)< 7|2
2 35t 0% (0 M), 40% (1 M), 80% (2 M)= A&
ST HGarcia-Depraect et al., 2023).

do o flo >

2.2. ‘4ot HIERIZIZ B|IAE

£ A9] Y3tshA webdAfwk HlAEBMP test)=
3lEA 1.2 JUA A3t A o2 Fdof upet £=8fot
AtHAngelidaki et al., 2009). BMP testel= 48
AA| FE kA ] A7) Adtx S|4
2E 112 PHB @714 A3t &35 HZHE A8
At BMP testE 913 @714 vix= B2 FEste
Az T AHE5FAHAngelidaki et al., 2009; Le and

Lee, 2022). 120 mL9] F-2"(Lklab)oll 272 /g
PHB Al=, @714 HiAl, HFY 9 2555 Fddl+
o] 80 mLY] frEA|H &2 grao] ¢ tK(Table 1). &
¢ PHBSF &9 57t 2.15 g chemical oxygen
demand (COD)/L, 1 g Volatile Suspended Solids
(VS9)/L7F Hl=5 stgler, 3909 pHE= 3N HCl
T+=3N NaOHE F9dte] pH 72 2853t /-4
o He 1R ot gEnlE A-S ARgSte] Wa s
gon, Ai-olielets SN, CO,=80:20)F
FYslgo] T AAE AANFAH. O & 112 F7)
A Agt 24 9] BMP testE 93l F=1HS Q1]
oJgloflA] 55T AR 30Ut viFsiFeH, 24 A
d A2 2 9 Ado= efsiEict

23, 24w

BMP test9] Hfo] @7bA AR F2] FAE A
goto] SHstelew, 7tAa 2ntE T u)(Agilent) &
Z-g-5to] Hio| 7k A W Hjgk S EASHSIT pH,
COD, total suspended solids (TSS) ¥ VSS&= v]=
Standard MethodsE #a'ste] 245t THAPHA-
AWWA-WEF, 2005).

PHBY] 7183k thi A 2] At AR 7] o] <9
A& TSSFEE S75te] 11 HI3HE ofefl 4=4]of 7]ts}
o Aot tHLe and Lee, 2022).

Solubilization ef ficiency

7SS,

=0~ 7gs,

) X 100% )
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Fig. 1. (a) Methane production, (b) maximal methane production rate in 30 days of anaerobic digestion of polyhydroxybutyrate

with particle size of 1500 mm and 400 mm.

A71AM, 785 A= A o PHB A=) TSS,
755 AA e & % PHB Al=2] TSSE olmlgtet.

BMP test®] WlgHJ4tE = AT THE =4
e A= A3HE modified Gompertz model®ll T
dsto] AtetdchLe and Lee, 2022).

My, (t)
MPRXxe

Pey

= Py, % exp(—exp( x(A—t)+1)) (1)

ATV, Memu(the Hb- A0 o2 oetAiate
Ponre 3% v 8, MPRE We & x, 1= o)
ERIAEES ZAATE A= BMP test BIFAIZHS Q)]

gttt

ity

3. 21 =

3.1. 1500 um, 400 um YAt 327121 PHB Al=2| A5}
SH HERZIE EAE

B ATl A A AR Zetad F ol

91 PHB2| AY5tsh4 wiebAzre 112 #7714 45} 7]

gt BMP testE &3l HEH o2 ZASIATHFg. 1).

AR Setag o] Qat A7) AR SetaE

o] YEs| vhgo] F8 I Az IHHLt, ol ¢

24 2710 whet 8 HA o] Zfo|= lef ulgE E &
Aoto] Bhg HA o] Fapx| 1, o] 2 ls|| FE5A Ha
4o 9§82 A7 g olot, whEha] 2 o)A
£ 294 AA2E F5l F 452 PHB2 42K1500
pm, 400 pm)E FH|5E] A} 279 I 3047k
12 @714 Ast 7at Agekshs e  Meng
(30d)) 7} HIEHIAEE(MPR)IE APA o7 2AFSH)
THTable 1).

BMP test A}, C_1500 2712] 7% 3047k 12
A7) 43t ¥+8-2 Sl 150.4 mL CHy/g COD2| ||
EAERS AT B C_400 202 49.9% E& 4
<1 225.4 mL CHs/g COD 2| HeF =S 245t
tHFig. 1a). E5F Xt wgtARSE oA = QJ2k27]7F
22 C_400 2710 24.2 mL CHy/g VSS/do & &Sl
=o] C_1500 =719] 21.5 mL CHy/g VSS/d Hrt
12.6% =2 $=22 SRIEKFig. 1b). ol 71&
EoA B d&-dze)y 7183t dXEE vtet
2] ¢¥2 PHB Al=9] 37C G2 @714 43} vhgofA]
geolel oEAEEl 3.6 mL CHy/g VSS/d Hrt
6.0~6.7H] w2 Axtz d2-dZe)yd 7H8s HA e
£ oHA] &2 PHBY] @714 43} §Hg Al -2 @714
&8Pt F-2 W71/ At Bt of w2 AR 2 ety
Aol 7t Ao g2 FHHtHLe and Lee, 2022). E
gt PHBO] 1A+ A7) -2 @714 43 vh-g(, wlet
A, Hd dEgaEm)ol G-oln|§k 2ol & st
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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 pm HHH] 22 Q27121 400 pmollA @7
A 45} HEgo] Atz o & fAE AL oI5t
S C_1500% C_400 Z7A 0] A7 wekdAy=
o] 7 o] 2] wetA ] 247} oF 38%, 57%
o= sRIEm, A¥tAQl H7|4 43} n|AYE] ~g0]
oF 5% =S AT o, C_1500 FAqA= <F
60%, C_400 Z7olA= 2F 40% 71| PHB7} 2 30
A7te] 12 @7 Asks Foll BollEA] 2 Ao=
FAHEHGavala et al., 2003). °o|+= g =22 24
A 27t PHBS] @714 431 AA| ¥--9] &4 A=
Huz= Zeno] 7heia] 982 xtAr] Ao
w2 vhe G a WA 712 WS £ S AJAX Y E '
7} s AL oot PHB O] AYsteh#] wek Ak
< Fdigkslr| flaliAle F71E0 A= o] Ago] F
Q3-8 AJARRITE mhabA] 2 Aol A dA-d e
AAelg F7HH 0= Hgsto] PHBO| 71-83tet o]
7173 A%} ¥h-g-2 53t Ay skstA wetAy
T AFH o2 XA

3.2. YH-UUY HA2I2| NaOH SU U PHB
Q21317 |0l 42 PHB A|22] 7t821e B7t U

¥ Q7oA PHBE] B2l uk) A 5ele] -
A 21711500 fm, 400 m)2h 90T o] A2|-2rzrel
25 8712 A 22§19 NaOHE] F 9% 270,

40, 80%)°ll T2 PHB 7143882 AgH o2 Brls}
Ach(Fig. 2). NaOH7F FHEA -2 0%2] =712
1500_0, 400_0°llX = 27} 5.8%, 12.2%2] 7H8-3+&
< gAstgon, ol delg A glol B2
3l 90TolAe] B A4 HAH=E T PHB7F
5~12% A& 783 5= 9l ofu|gich

NaOH =7} 40%< W PHB 94271 1500 umell
A 70.7%, 400 umoll A 81.2%2] PHB 7183182 ©4
5t9°™, NaOH s=7F 80%% = PHB YUAtA7]
1500 ume®llAl 93.1%, 400 umell Al 95.3%2] PHB 718
g2 2ot thFig. 2). ©] Z3= 90T 715 €4
Axzlel dZalAd EA NaOHE 40%7F H718=
NaOH7} 47H=A] ¢8-2 0%2] 27421 1500_0, 400_0
o} B3I A] 65~69%2] 71491 7H-8H8-2, NaOHE
80%=S 471 4 83~87%2] F7HA Q1 71-g-ehe 24
& A& A o2 Felsieirt, ol 53l sl
telAd A2 7}t PHB 7Ha-3te] a3k Ql 4
< I 4= Ql9len, 53] 90T, 80%2
NaOH Z70f|4] 244170 AA-dzelAd HA e kg
< 53l PHBC] 95%2] 7183t 24 & 9o A9
o 2 gelstye}. Tt BE Z70j|A PHB YAt7]
400 um”F 1500 umXct 1.43+0.608 =2 718sh&
< 2495HtkFig. 2). ©EkAl PHBS] 7HE8HE <lgt
90C 715t E&-dZey HA ol NaOH 5=t
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Fig. 3. (a) Methane production, (b) maximal methane production rate in 30 days of anaerobic digestion of the
pretreated polyhydroxybutyrate samples.

PHB QJZpAto| 27} RS §-o]u]gh ogF Q129
wlom, PHB 7Hake-2 Stialkstr] s~
NaOH %I, 22 PHB ¢AtA}o] = 27042

7HE RS s,

pd

o rll‘ ©
. H

3.3. @-AZz|d Mx2|= 1500 um, 400 um
Zt 37191 PHB Al22| 445tsA HERa|2E g

AE

2 AtellA

rr
S

15

A 20A

A-dZe) A AAEE AX 1500 pm, 400 zm A}
37131 PHB Al=el diall = @714 43t 7|5t BMP
tests FoYoto] A ajo] w2 PHBC] AYsteta] wgt
A A FFE A o2 ZAHATHFg. 3). 71
< H)ZA 2] PHB Al=9] Asteha] wex At vl w
Al ol EA-dEl g AAEE A A2 AstkstE
e A g2 e 27104 30~112% 70445 ZH(THA]
T3, 211.8~318.9 mL CHy/g COD: ©]22 =gty
At 53~80%)= UEHH A o2 gRIE]glon ol
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o 9H-g7ely AHeE 57 7485} PHB)
& @714 28} 7] st vlek ke g0
WA 4 9le-g BHIa 4= 2LSiTFig. 3a). vl

@ ol QH-Qgeld AAE S u)

5

2 =2 91 54.3 mL CHy/g VSS/d& E/dot= A
& 1= UtH(Fig. 3b). ©] it 7]E £RolA B
F)1 9l 58T XA PHB A& 112 d7|4 A&
5t Al Fof e AIASES]l 36.7~38.7 mL CHy/g
VS/dHET} 49~57% whE &5 2 E o] ElF
(400 um), @4-4Z=14 5 HA-=2(90T, 40~80%
NaOH F9, 24 A1t §H8 )= PHB -2 @714 4% &
TE gr|H o= A A 5= g Ao R HrHL

S, NaOH7F 2857 ¢-2 90T &5 84 XA
g 24 A2 PHB A1=(1500_0, 400_0)2
THEERE-2 5~12% ol Bl o, vl Ay &
791 C_1500, C_400 ] ofid dA=7t AH-8%
1500_0, 400_02°] A3stah#] miebdAf=de 22 41%,
30% 9] w2 AAEIHC)EA weRAF 71E,
17~18% AYstshd vetdAlsg S7h7F 1=l
(Fig. 3). 71& &3] 29, FAIAEnES &8
oto] ZetaE BHol HEkE &S Ay} 124 WA

o
o7k gRaY Setag Ewe] 2e RS f
g 5 3l Aor RlFgleH, ol e Bl

lo
N
R}

A5 9 ks FX16te] ZetAE QRS S &
A 4= s AR AAHE HF YItHRahmani et al.,
2022). 2 AFAIHTHA] Tal, 00T EA AT Al
VgeRe T w2 AgkshA wedARF A ag)et
230 JRE A 1Es] BH, 90T 9] E4 HA =
£ Bl 7Heste 8o Bk ofle} H8etEA] gk
PHB YAFEE 112 A 2o ofsl| G ol 24
@714 wAEo] ool RsiE]7] golgt Fei= Hgh
Flo] 12 W7 A% Foll oz vgte g A
e S S Ao A

S, FA-gEg B9 A 231(1500_40,
400_40, 1500_80, 400_80)°llA1= 90T &= 44 A
A8 %71(1500_0, 400_0) thy] 7}-gskgo] oF
65~83% 7N 70~95% 49| vl-%- == PHB 7H&-

4 AAE] f7el uhE Eelste| ESARE e EQ] Al §Y
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o

&3 4 A+ 127

= o

1
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2 rlo

got oy, et ateke] | At 1 Bk
~51% FEo2 ERIFGI o) oA AFS
s g3 HAE 2ol HEEEA] o2
PHB AR 112 @7]4 ASLE B3t 2allE golot
A HEQ7] WEe R HrhEoh v, 4X-dZEy
E3 AAE 24 Q] wigb At = 90T T E
A A2 270 tiH] 32~95% =22 =A /A=
O (53], AtiH o= 22 Aat 37191 400 um Al
Z7004 o w2 AHeE 8RR, 7Heske} ey
AP 7} oFo] ATEA (= 0.9973, p< 0.05)E T
AIE n]Fo] B off, 4A-dZeY B AAHE F
off 71831 PHB A& 2] ¢ 12 A7 43 v
&7t B7|Ho R HAES AT 4= 9ol wet
A, E9A 2ot dA-geAd 5 A4 A
A7te] 12 @) A4St ukg Bt o A2 7|3k &
717 AF ol 52 0] vho| ok AkS &
A 4 9e Ao 7|gHh
400_40 271004 244 2] E PHB Al &2] A3tsh2] ||
B2 316.1 mL CHy/g CODL= 2 A E o] X[
7kl 1500_80 2704 AA=H PHB Al=2] As)st
2 ekl 318.9 mL CHy/g COD(1500_80 =
)2l oF 99% ol ok Ao ERIFAUrHFig.
3). £ Ail= @A-dZe) A A2l £4=+= NaOH
o] FQlF Skl W met A d=E WA Bk B &
Fo] B84 B4 AAE Fo) A 2 & 92 v
gitt. B A3 ANE 54 PHB #7189 78 12 |
7174 A&38HE 5 Hho] @ 7kA A4k S1elAlE 400 pm
PHB #2171, 90T, 40~80% NaOH T, 24417+ 1t
& X9 EEA, E4-gZdey B AXEst gad
Z o2 YrteEnt oigt =% 2 A3E PHB HFo| @7k~
3t A&A] Aol A-8517] flaliAl=, PHB #H71& Hiol
QAR IS A&A A E 3 E AV 4% F
g ATE ol 2A, -G B A
TES A& FA0NA el Bast, 7 WA ¥
74 9] 44| (¢, PHB &% &4 H|-§, NaOH £
H-E 5)9] vl BrhE ol A7 B9, d4-g7e
4 B3 AAEE 9% 24 29 21 =Ec] 9aF
Ao Azt
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