Journal of Environmental Science International pISSN: 1225-4517 eISSN: 2287-3503
31(7); 609~616; July 2022 https://doi.org/10.5322/]JES1.2022.31.7.609

ORIGINAL ARTICLE

I-gge)q WA BE Eajslo|=S AR o|ES
@714 23 AM a9 24

Le Thi Nhu Trang - O|&"
Bt 2|7 A AR (R R )

Improving Anaerobic Digestion of Polyhydroxybutyrate by
Thermal-Alkaline Pretreatment

Le Thi Nhu Trang, Joonyeob Lee*

Division of Earth Environmental System Science (Major of Environmental Engineering), Pukyong National University,
Busan 48513, Korea

Abstract

In this study, the effect of different reaction times for thermal-alkaline pretreatment on the solubilization and
biogasification of polyhydroxybutyrate (PHB) were evaluated. Thermal-alkaline pretreatment tests were performed at 73 ° C
and pH 13 at 0-120 h reaction times. The mesophilic anaerobic batch tests were performed with untreated and pretreated
PHB samples. The increase in the pretreatment reaction time results in a 52.8-98.8% increase of the abiotic solubilization
efficiency of the PHB samples. The reaction time required to achieve solubilization efficiencies of 50%, 90%, and 95% were
10.5, 52.0, and 89.6 h, respectively. The biogasification of the untreated PHB samples achieved a specific methane production
rate of 3.6 mL CHi/g VSS/d and require 101.3 d for complete biogasification. The thermal-alkaline pretreatment significantly
improved specific methane production rate (10.2-16.0 time increase), lag time (shortened by 76-81%), and time for complete
biogasification (shortened by 21-83%) for the biogasification of the PHB samples when compared to those of the untreated
PHB samples. The improvement was higher as the reaction time of the thermal-alkaline pretreatment increased. The findings
of this study could be used as a valuable reference for the optimization of the biogasification process in the treatment of PHB
wastes.

Key words : Polyhydroxybutyrate, Thermal-alkaline pretreatment, Hydrolysis, Anaerobic digestion, Methane production

1.M 2 2 AYAEO] 30.5%= A T TSt d5E B
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CHIRE A Zofell A4 7]&E ZehaE o] Al
tiete = ZhgRra gk

Zslo|EEA R EH o] E(polyhydroxybutyrate,
PHB)= Awalid Eelgas 71E9] BldEsd
EAge] diAdz 24 2 A8, gkl ARE
HIE3E TheRRt S-8=oklld A AlAR R de A
451 UtH(European Bioplastics, 2019; Sirohi et
al., 2020). ml= 9 4EO] #HL A 272,000 E,
50,000 E°] PHB7} 4942 H2oz 9w glok
COVID-19 #e|gjoz BitjE 4n] 8 g, o=
| 2% 2HPF 959l ot Aield SetaY 2
g71¢] WA EF FFSte] olF avAor ¢
sk7] St 71 AF7F Bast degelth

714 aske #7148 wH7IE ARet olurge
2 Z87MsS HiolerkA ARS FAlO] A 4
U= AEetH A7 3How Ared EetiE A
o] £9 ot F sz adrt. @714 A%h=
7l AP, 2AMA B eAde] & 471
o] &2 WA Foll 71 1A E2ES UL
A4 B vgt olikstetar HE Jhst AR
oHA Bt Hkgolth o] F IEAE EIAFH HHRE
E4do] §& 7hsRt FHIQ! gt dAR ZofE
= W83l THEedole Awold EetaE] |74
A3 9% &5 ARt dAR, Awold SekaE 9
g Ho|QIIASLE fJslAl= ZhEsl A
of gk ¥ Zlx A7t BRskHMu et al,
2021). 112 T A7 A9 AADE S9)
FEAIY PHBE @714 42t Zali7h 8ot A=&
At 3-Slo|ERARE 24 FO] T2 wigko] 7t
S Zog HuEY glovy 1e oy Et A
AE 5% PHB 7183t ¥ Hjo]ertAdlo] gt
AT= AgtH oz BuEI Quk(Yu et al, 2005).
olo & oM -G Het Ao wt
Az w2 PHBO| 71g3kg 9 Hio] @7tAS |
oigt A 'akE AgAes Brkstaat gtk

2 Az Y Yy

2.1, M=z L F3|

B olFo] PHBE AE 5 mme PHB 13&
(Goodfellow)e FYst] ARgstlct. E-d2 ]
=5 HAe] AdE flsf ZF 1.5 mL e-tube
(Axygen)el 0.1 go| PHB 13 2% pH =4
S gRo] & ®ol&% 3N NaOH &% g9
go]F3ltt. Heating blocke] Z2te dry bath

incubator (Labtron)Z& ARE-3sFe] HRZA|7E
2 oto] &gt FJEA "7 A5
A vE JEYS AR &892 1%
Z N 2E AF st AHgstaHt. mlEgda 9 HE
9 52 BEEoF7] fs) B2l ==k @714 H
215 Axste 84 @1 A5 AP ARSS)
Ach(Le and Lee, 2021). @714 viA] A=z A&
H "ol Direct-Q AAFAIAH Millipore)
oA Agste] ARgstE. @714 §RS7IE 80
mL @717 vl FE]H(Lklab)& AH8-stTt.
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2 dAFelMe G-I Bt Ao HEgA|
2ol mHe PHBO] 7Hpewoes B7isk, 2124 o
174 43} ¥rg7] AdE Soll Ao wg A=
@714 2-5F A wigstel digk Al aakE 2ARetH
a2} shelcy. d-dAeld Beh e AdY A
71E Bl ARsld EekeE" F 0 skl
polylactic acid (PLA)S] 7}-83}o] &ap&ql ZHe =
BuE XA FARE 73CeF pH 13 2748 483t
AtHCazaudehore et al., 2022). €%, <4LdA =
g AA=] ] WHSAIZE: 0 h, 12 h, 24 h, 36 h, 48
h, 96 h, 120 h& A7gste] HgstArh(Table 1). Z
7] AAEE AlmE dider g gl @714 45}
W87 A¥S skt 9 RRTIHEAA:
80 mD)ol Zt7] AAd A=, d714 wiAer HE
HAe Bk HEHor £ 7183 159
57t 1.6 g chemical oxygen demand (COD)/L%}
3 g volatile suspended solids (VSS)/L7} HEE A
o] 718 9 HEFLE BT vl W =
olo] pHE 3N HCL 3N NaOHZ E9J%0] pH
182 ZAshFACE Hhglol A4, olitehEa 9t
2(N2:COy, 8:2)F FYdllFo] 7 s AANT
At B SEA W] AR dHlolEfA 3
7C A0 =9k

N

Table 1. Experimental design

Reaction time Thermal-alkaline

Name (hour) pretreatment
Control - -
T12 12 Incubated at pH 13
T24 24 and 73°C
T36 36
T48 48
T96 96
T120 120
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ShEA Hkg719] Hlole kA AAEES 10 mL f2
TFAZIE ARgsto] 7oz SAsiqlch e |t
o|@7tA0] Hg olitebetAa, A4 AL JpA R}
Ea#n(Agilen)E ARgSte] SAs. WV A=
9] pH, Total Suspended Solids (TSS) & volatile sus
pended solids (VSS)= Standard Methods®] 432
Zaste] EASITHAPHA-AWWA-WEF, 2005).

Aol ofgt PHBO] 7Hgeke2 A= A, &
o] Alm Yl TSSH WSE 1este] offf #42 &
s Atstei.

S8,
758,

Solubilization = (1 — )><100% (1)

o714, TSS;& HAE A PHB A& TSSH,
TSS,& AA2] T PHB Al=0] TSSHS oln|git}.

A2 9k Azt 7Reske 7ol WAE 3mg
224 ngg g-8sto] grisigict.

Solubilization = Miaf 2
h
1+( t50 )

oA71A, = AAE WAL 50 7HgEke
50%94 ® st AA 9-AIRE his SHENA
o] 71&715 onleith

3l HH37] ARlo] MRt AT eF A AR
Aol wg A w3 A3E modified
Gompertz model®|] Hste] FAHHTHZwietering
et al., 1990).

( SMPRX e

Do xA—t)+1)) (3

MCH‘(z‘,) = Py, X exp(—exp

047]/\—1, MCHA(t)"E‘ /\]Z_}Oﬂ E}% ﬂl‘?_}*ﬁﬂ'%k, PCH4
Lt H%F vg 58, SMPRS HWEMIAEE A=
A AXN7H(lag time), ti= 3EA] HjoFA|7 ok,

Zup 2 oz

w

3.1, S-LURY HA2[e| Bk ARMo| WHE PHB2|
7+8st &8 Yot

2 dFolre a-deld 5 AAT3T,

pH 13)¢] ¥hgAZke] whE PHBO] 7185} a8

AgS 5 Bt Fig. 1. AASE 7bekA] &

2 oixF PHB Alme} vl A, BE A@T PHB
A= ot $3(52.8~98.8%)2] 7183} H-go]

A d-g7ed B9 Adxee] vkt PHB
7HgsHE 1ol PAE SAlskeRl o, ol the A
(@)9} Zo] BAT & QUTHr® = 0.9944; Fig. 1b).

54 2AY RS 88T AARYS T
o
=
[e]

Solubilization = 100 )

t —1.3737
1+ ( 10.5034 )

HESAIZe] SRt whet 7Reskel] Ut =
A3 iR Zlo g Uehdth A DE 5,
23+ 50%, 90%, 95%= ZAdek=dl "agh v
AIZHES0, 90, t95)2 ZHZF 10.5 h, 52.0 h, 89.6
A Ao A= T AFAde] 2, o
Al Aol EgtAE F olul PLAS H¢ &
-dZ=d B AA(T0C, pH 13)E 4847t
SAAFRAE w, 56%2] 7HEERES @S e
H 15t Cazaudehore et al., 2022). ©]= PHB2]
7% PLAECTH E-gZed AAeiez o a3H4
o2 71835k 4 S 9nlgith

3.2. QYUY 2ol Y2 ARZIO| TE PHBS)

Hlo|27jA8} Hgk "It

2 AT E E-gZdud B3 A4 §
Zte] w2 PHBO] Hio]@rtkAS e tigh
A A7 A% ¥-g7] AEL Foll BrtskdthFig.
2). WEeg2 Yo R 3706 + 81 m
CODQl Aoz SRIxgt 2 Y Zus Fo 4
g Eek e 2 o]9] HRgAJZto] PHBO
A7 A% BRSO wE Hegols fejnle 2
olE kA e AL RIS Esh AEF
Hleteggto] o284 weteggtel oF 93% =2l
Aoz yehd, dutHel @r1d 43t ndEe] &
o] 5~10% U< AUT wl, BYHE thFE9]
PHB7} 45202 @714 43}%o] Hlolertazg X
oy 7oy HIIETHGavala et al., 2003). & A
oA HiEw PHBAZS] HMeiEEs 3.6 mL
CHi/g VSS/d= 2a44°] AAE 7leliFa] 92
PLA Al&9] H|webgak&e9l 1.5 mL CHi/g VS/d
Ho} foujsiA wg Aoz yepd diE £ o,
PHBO| &7|4d 43P} PLAKTH Aoz ¢ §ol
gt Aoz Br=ETHCazaudehore et al., 2022).
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Fig. 1. (a) Total suspended solids (TSS) concentrations and (b) solubilization efficiency of PHB samples by
different reaction time of the thermal-alkaline pretreatment.
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Fig. 2. Methane production of anaerobic batch tests fed with the PHB and pretreated PHB samples.
gt 2 A9 PHB Hio|lerkA3t & wEgd Hhgoll goldt frlEdr EaEAES ondtch

AQAZY, HIEASE, % Sl Hho] @ 7bast
BRSAIZ el d-geld B AeE )
e A, ellg A Bkt BEHUCHFg 3).
AA2E FolA] e tEZ PHB AR Holest
2810] 9 folulg S20] Hige] A4E wi
8799 AQAIe] Aamglont, A SehE
Ag7O) 79 12120 he] AAe WESAZ 27
(TIZ~TI20eIA ¥ AR BAgle] Ay =
QAzto] oz ol 76~81% 7l EEE Ao
2 BEH9IcHEg. 3a). ol thil e, J-aely
55 AA2)E Fo PHBZ} 7F88hsln] Hho] @75}

HjHe AR o] A9 iR tiH] T12x2A A+
10.24H, T24~T12027A= 13.6~16.081 715 7H
AEls Aoz IA=ZEcHFig. 3b). o1& Foll, diA
F-gZEd B A2 PHBARS] Z[of Hlwgt
AEEE DA YsliAE 24413 o1l HA
2] HkeA|Zte] "Wadt Aog elEet E A9
T24~T1202712] H|HEPAEEE 48.7~57.1 mL
CHi/g VSS/d&2 2 4t Y A281xe] AgE H
Fdog AT o EAt0]lEA HMEAEE B
d A7H49.0 mL CHi/g VSS/dSE §AKSH 42l
Aog mFo| B uj, 24A17F o]Ato] d-L7halA
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Fig. 3. (a) lag time (A), (b) specific methane production rate (MPR), (c) batch incubation time required to
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Fig. 4. Pearson correlations of solubilization efficiency with (a) MPR and (b) t90.

AAYE 71l A= Holertaste] e Jhei
o §kgo] o ol E5TAR FEoA] P Aoz
B7HATH (Lee et al., 2021). & Ao A2}t &
Ab 270 @-dZEly B HdA-=(70TC, pH 13,
48 h)E 7I5lIE PLA Alm9] Hjo]@rpAgte] H]ugt
RAAEE BUZH49.5 mL CHy/g VS/d) E3 94t
gt £=F1 A2 PHBS PLA RF F-gZe)d B
A E Foll 7183 AV 2oz A Jhs
S oJufshH, Hpo|97tASLE F9 A7t gold)
A& ou]sttH(Cazaudehore et al., 2022).
PHBAI=S] & 34 Hpo]@rfAst  ¥hEo
100%, 90%, 50%7} @4=l=dl "agh AIZHc100,
190, t50)2 tixwel A ZZb 101.3Y, 89.2¢,
39.2¢0] AQEE Aoz 3Relr]glom TI2ZRAHE
B TI12027712] 28] §hgAlgto] F7fgte] uief
3124 Hio|@rtASle| "adt HESAITe] HEEHE
Aoz yepdthFig. 3c). T24Z791AE 100, t90,
t500] 71.2¢4, 12.0¥¢, 3.9¢=2 dixa oiH] 30%,
87%, 90%7t G=EE= Aoz ERIFUL 7 &
oA 55C, pH 12 =79] -z Egt 14
2 & 2447 7Hell PHBA|RO] ¢ HiolertAst
A 1909 oF 40%e] 4@F Aoz WyE Avke}
HwolE o, 2 Ao iy =2 2% pH =
ZA(73°C, pH 13)¢] XA27} PHBO] Hio]7tAs)
HESAI7ES S7|H 02 (~T70%) ©EA7]=d] 7]ogt
AoZ HrEHBenn and Zitomer, 2018). & ¢
o 2% AAT wESAZEeR A2d PHBA|=S] Hf
0] @ 7kASE A9 T120% A0 FRA] HiolQ 7k~

Shofl gt ¥R AI7Hc100, t90, t50)0] 7FE =5
= Aoz ISEUTHZZ 17.24, 7.2%, 3.9¢=
oz iH] 83%, 92%, 90% T=).

d-geld B AAe] ogt 7Meskeat s
2] Hio| @ 7pAst 9kg7] Ao vghibg: 9 3]
4] Hlo]epAst REGAIRE 2Re] AMRIAIE &St
17 mojs A BAS SalstglthFig. 4). 11
Axp, weedAEE 9 (90 T 7RR5e} §ojn]
3 ATTAE He Aoz WEEQITHp < 0.05).

A2l ofgt 7hgskgat Hlme kS| ko
3EHA A}, T12]3 7R83F PHBRAR O] Hpo] @7k~
st AgollA BHEAIEETE AXE ThelA]
iz tiH] 13.6~16.08] 71 7Wdsle 2xh 2
d BIES EsiE o, PHBAIRO] 7183), 7158
5l §h-go] PHBO| Hfo|@7pA%} HEGO] S&TA Y-S
RIS 4= gllon, ol d-dzeld EY A
(73C, pH 13)E £t PHB 718312 Ba d7]Ho
2 WA 7hsRRe Rl Eet A= whSARE
7ol wet 7h83kee] S7kshH, ol PHBO] Hio]
Q7kASLe] HE IS FTF 9 HESAE dEo R
AAES eIstrt. PHBO 71H831s o e %A
2] REGAIRE Woll gatHog g/dolr] laiie the

3} ge % 7o) A eto] wed & ok A
WAz, Beld A4ele Fol PHBAIZY B U4

ojFrh 7H8s} vhES QIR BHA SR
3 Bt A ojt 7Hg8t wkgo] JiA
o7 oA HHGarcia—Depraect et al., 2022).
d-geld B AA A e REE

N
i
iy

T

%Hmﬁmlﬁw
I, o
Egch
il



-z g Ao

o $7hAA Zrhd PHBO| el Reltgel 7t
Soslo] o ghe WA Ul w2 7h8%h H7E
P 5 %S 202 oPRLKL et al, 2017). ©]
St g2 AN BB FF F71Ae 4P B9 A
Zo| WAF Zolrt.

4. 28
2 @Folde 73C, pH 13 249 94, 4714
S}

B3 AAE]o] whgAte] w2 PHBO] 7Heshe 9
HpolQ7kAgle] Higt GakE AdHo=m  FAlSH,
PHBO] Hio]@7kAst 7HAS 915 i A2 o]
28 7Fsde Bkl siglth 8 AFEME
oheat 2

D @-gZeld B9t dAE s PHB7L 52.
8~98.8% 7Hg2kEC] BAHCH, ol HEGAIZt]
S7Fdel ot Skehe ez wEH
BAAE RS o] d-o7
o] WkgAIZ} PHB 7Rg8ke 1
2 A5kelh 7HeERE 50%, 90%, 95%= 24
sh=dl ARt A2 ¥EgAIZHES0, 190, 195 ZF
7} 10.5h, 52.0h, 89.6h%1 Ao2 H7i=]dct.

2) E-g7ed B3 AxEE Fel PHBO Hiel
Q7tA%t HRgo] JAES HYHor gRlsigirh
izt oiE] e AR 76~81% 7HE o
Z51, HERAEEE 10.2~16.08] 7FF A4S
= Aor FSHY F 324 Hio]erpAg)t vk
AR 83% 74 SEECh ot 22 W &
e E-gEed dARe] wRgARte] FtdE
A F7rEE FAPE BSEH dEAHeR, A
2] HRSARRE 7Yl whet ZRgEREe] S, ol=
PHBO| Hfo] @ 7pA510] Hgh ikt 571 9l WA
Esor AAEE Ao e

2 A= SOl 438 2E, AHA o't
ofe] Agh7lE= TAEE dEA Ashd =
2EQl PHBO| Hpo]@7kA%} S 915 E-&
4 Beh dARe] a5S HAYHor HEsIGIr
Ao} Ait= PHBH 7| E9] Hie] @7kA3} 37 A
= 9%t 7 xARR 28 7Fsd Aolh

)
R AN chiA

e i

#Ael 2

B A7E 202195 AR@EIEPREADY
Aoz FEAPATe] e ot £PH A7
YUtkNo. 2021R1C1C1009122). E$H 2 A= gt
Axe] sAelIAs AEARPYAIOR 2L

QMRLEE T |

£ ZelstolegAneel=s] @o14 43 AN ma 24 615
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