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Abstract

The aim of this research is to derive an optimum operating condition for the thermal solubilization equipment that is employed
to increase concentration of soluble organic materials and to assess whether it would be possible to use the waste sludge
generated by thermal solubilization reaction as an external carbon source in biological denitrification process. For the purpose,
we have constituted a laboratory-size thermal solubilization equipment and have assessed thermal hydrolysis efficiency based
on various reaction temperature and reaction time. We have also derived SDNR using the waste sludge generated by thermal
solubilization reaction through a batch experiment. As a result of research, the highest thermal hydrolysis efficiency of about
42.8% was achieved at 190°C of reaction temperature and at 90 minutes of reaction time. And when SDNR was derived using
the waste sludge, the value obtained was 0.080~0.094 g NO3-N/g MLVSS-day, showing SDNR that is higher than that
obtained by the results of existing researches that used common wastewater as an external carbon source. Accordingly, in view
of the fact that food wastes vary quite a bit in characteristics based on the area they are generated from and seasonal change, it
seems that a flexible operation of thermal solubilization equipment is required through on-going monitoring of food wastes

that are imported to food wastes recycling facilities.
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Table 1. Specification of thermal solubilization equipment
Parameter Condition Parameter Condition
Size 100 cm x 50 cm x 45 cm Controller Temperature, Timer, RPM
Heater electric band heater Material STS 316
Reactor vol. 1L Mixing 0~300 RPM
Sample vol. 700 mL Rated voltage 220V / 60Hz / 400w
Design pressure 10 kg/cm2

(a) Thermal solubilization reactor

Fig. 1. Experimental equipment.
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(b) Batch reactor
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Table 2. Experiment conditions of thermal solubilization reactor

Parameter Condition
Time, min 30 60 90
Temperature, °C” 140 ~ 210 140 ~ 210 140 ~ 210
a) Temperature : 140, 160, 180, 190, 200, 210°C
7] pHE 10% NaOH (SAMCHUN Chemical, Korea)‘% o] & 23. MEstM BAIIHUM FENUCE HILE
dted pH 72 2 F AAES AJsATh = sloio| 0|2 7tsM HI}

300 RPML 2 fA5tPeH, vhg T8 F H}—ﬂ 144—‘?— =
=7} 70°Co| =gslH ¥E3 FEF7 3
AFst] BT BAATh
F71es A edxhd wE d
3] 98l whgeE 2 AHE xgst
=g 9 7?%9}
E A 2
, GUteEH 9 ddoez &AL
HF8-%7] TCODe =X %7] SCODe: &
AL & 4AY 77 15 (PCOD) Y w3+ &% Wt
S g3 BHE &3l /7€ (SCODey) = NES
2 Uelthd (1), E7tEE 282 AY dTelA o
gt FHoE AEA gloen, E AFdA= ErHrES
g H7tA 7HE BHF R AMEEH= CODe: F3
3] Al4tsl thElbeshbishy and Nakhla, 2011; Salsabil et
al., 2010). =3t 7lEs] 288 ALy & F e 2
AZ VSS #@Fshg Ao] ARSHTHA (2). 7MY EF2
AAEY & F5ds ZHE A9 FES Yrisith gE
537 74 A7 Eq"’/]' zto) 7} 9l o (Kianmehr et al.,
2010), & A7odA = AAEY F A5 E 5A filter2 o
Hate A5

% NEE

I~

Solubilization rate (CODpg) =

(SCODx - SCOD;) / (TCOD; - SCOD;) % 100 (%) )
SCODy : @7H&3t & &&4 #71=
SCOD; : €71&3 A %%@ L7
TCOD; : €71835 A £ §71&

Reduction rate (VSSgr) = (VSSi- VSS¢) / VSSi x 100 (%) (2)

VSS; - A7bes T oguy mRE
VSS; - d7tes A ey 1FE

Table 3. Experiment conditions of batch test

F7Hgst vhs = AHE Erhgsido] HESHH ddF
FollA Faidozn A 7hedEs Brlerl HH
Batch test® AAISAT Aigd FANO5-N) 8% 50
mg/LE 7]F2 2 W ES(SAMCHUN Chemical, Korea)¥}
d7tgstd s ol &t MESH 2dE&S HUbsTh
A=A 4858 HLE 99 Batch test AFXUE
Table 3o Weblom, whgA|ztd] mE Ay dae A
AZEY SDNRE =&319h

Batch testll X W& FUFS A& HES
CHsOH/mg NO;-NZ gste] gdo] 4ot f71&E &

£ Adete <k 02 mLE FHsiReH, G7HESY G4
vﬂ%% F9FR A 02 mLY FPske @R EE
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5 AYY gAY {718 % NIE
< Standard Methods (APHA, 2005)° £3t9 CODc
SolidE BA8l92H, Batch testollA] AAMAY A4 BA
< Ultraviolet spectrophotometric screening method (APHA,
2005)E ol&stth

3. Results and Discussion
3.1. S+ MA

AGel AHEH AEE HFTA whEA BAHE S
A48

e A 848 ERECRREEE S|
A 5 AAAAE AN A4S ASHAT eArE
T el WEES YL glo] FREE F 3% 2
Mg ANsel BFEES FHOH, Table 4 &% 4
#E e

=

SH Y Hds BN 23 pHe 4 3.82004 A
45582 BF 4208 RPOon, TCODwY A% HA, Hu)
9 W 557t 47 142,125, 265,625 2 202,375 mg/LE

Experiment condition

Vol. Mode” NO;-N cone. React time” MLSS MLVSS/MLSS
L - mg/L min mg/L -
2 1~4 50 0~ 240 3,000 0.8

¥ Mode 1 : Methanol
Mode 2 : Thermal solubilized liquid (after 30 min)
Mode 3 : Thermal solubilized liquid (after 60 min)
Mode 4 : Thermal solubilized liquid (after 90 min )

®) React time : 0, 30, 60, 90, 120, 150, 180, 210, 240 min
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Table 4. Characteristics of food wastewater

Food wastewater concentration

Parameter -

Min. Max. Ave.

pH 3.82 4.55 420
TCOD¢;, mg/L 142,125 265,625 202,375
SCOD¢;, mg/L 109,375 156,875 132,375
TSS, mg/L 99,450 115,260 109,080
VSS, mg/L 87,135 110,650 100,930
T-N, mg/L 2,022 4,360 3,257
NH;-N, mg/L 216 536 330

NOs-N, mg/L 54 332 210
T-P, mg/L 320 796 570

POS"-P, mg/L 225 705 418
N-hexane, mg/L 12,200 286,000 33,680

* Total measure number : 3 times

el itk SCODe2 109,375~156,875 mg/L BlolA 3

rrC =

o 132,375 mg/Le] =&
St VSSE #Astel 47
=5 YEhdT A=
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Table 5. Results of solubilization and efficiency of thermal hydrolysis with reaction time

Reaction time 30 min

Parameter
Influent 140°C 160°C 180°C 190°C 200°C 210°C
pH 4.20 6.32 6.06 5.30 521 493 4.79
TCOD¢,, mg/L 202,375 196,125 193,625 193,625 184,875 182,375 183,625
SCODc¢r, mg/L 132,375 133,625 136,125 136,125 143,625 141,125 139,875
SCOD¢; increase, mg/L - 1,250 3,750 3,750 11,250 8,750 7,500
Solubilization, % - 1.79 5.36 5.36 16.07 12.50 10.71
TSS, mg/L 109,083 107,550 106,533 92,255 69,360 67,233 65,150
VSS, mg/L 100,933 91,833 91,116 79,658 64,010 61,150 59,570
Parameter Reaction time 60 min
Influent 140°C 160°C 180°C 190°C 200°C 210°C
pH 4.20 6.06 6.07 5.49 5.03 4.77 5.17
TCOD¢, mg/L 202,375 197,375 189,875 187,375 183,992 177,375 177,375
SCOD¢y, mg/L 132,375 134,875 136,125 138,625 151,125 144,875 142,375
SCOD¢; increase, mg/L - 2,500 3,750 6,250 18,750 12,500 10,000
Solubilization, % - 3.57 5.36 8.97 26.79 17.86 14.29
TSS, mg/L 109,083 108,050 106,900 84,116 66,300 65,600 61,400
VSS, mg/L 100,933 90,800 88,516 75,650 61,016 59,850 56,900
Parameter Reaction time 90 min
Influent 140°C 160°C 180°C 190°C 200°C 210°C
pH 4.20 5.79 5.16 4.88 5.03 4.57 4.65
TCOD¢,, mg/L 202,375 192,375 187,375 183,625 183,625 174,875 174,875
SCOD¢,, mg/L 132,375 136,125 142,375 147,375 162,375 149,875 121,125
SCOD¢; increase, mg/L - 3,750 10,000 15,000 30,000 17,500 -
Solubilization, % - 5.36 14.29 21.43 42.86 25.00 -
TSS, mg/L 109,083 104,567 70,483 66,033 65,816 64,383 59,650
VSS, mg/L 100,933 93,100 65,700 61,566 59,700 59,416 54,250
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Fig. 2. Thermal hydrolysis efficiency ; reaction time 30 min.
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Fig. 3. Thermal hydrolysis efficiency ; reaction time 60 min.
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Fig. 4. Thermal hydrolysis efficiency ; reaction time 90 min.

2% SCODq: & 5% ¥gE g1st 27 vhgAIZF 30
minol A Z+zt 1250, 3,750, 3,750, 11,250, 8,750 = 7,500
mg/Le &F4 /718 s=7 FUEee AE EieH,
190°C A &&4 f718°] 71 Hol &3 A=
VRS T

60 2 90 min &< E7HE8st AAE 24 2T SCOD:
9] EEL 140~210°C 2=1A 2,500, 3,750, 6,250, 18,750,
12,500 2 10,000 mg/L$} 3,750, 10,000, 15,000, 30,000 2

17,500 mg/L7} S7FstR o™, wH-8AI1ZE 30 min 5L 3HA
190°Coll A &&A 7180l 7V #A F7tete A8 &
o=

kS A1ZE 30, 60 H 90 minolA E7IEES §&2 EU)
g3 ZH9 &7t 190°Cd BF 47 16.07, 26.79 ¥

1 =
42.86%% O 2Exde & M E2 ALE e
o €713 A Y 227t S7HEFE Gk Rd 28k

€& YerTh
vlol e AE o2 w@sAzl ATZAF A 0~150°C
9] A 5%, 200~300°Ce F-F 40~90%< F&E3H7F LA
H3a1, 200°Co A gslago] HPHATk BHIstL 9l

al
(Ercin and Yurum, 2003). Z8Ju FX9] 27} 190°C ©]4

1
FAGNRE BF GRS 28 AhsE FFE Y
£ °l& 190°C o] IL2A |75l dF s} 9
F7180] AAHO] &2 f71E0] T4 Aoz AddAt

WA 9 xR w2 1¥E AFsEs ik A
WA 227 S7MESE TSS AAEe] S7hske 4
TS Hon, ol LA AP Ee] driFEded 93
I¥E =7} 4 ez dddth 1 2PN E
HeEs APgE B @018 48 deled 94 2
GrbeEE 2] HHg Aoz RIHI gloy B 4
T AE BHE2E 190°CHAE ErtgEs Z&o] 7
e ez gyt

Ruiz-Espinoza et al. (2012)9] 3tF<EEAE o] &3t &7}
2388 F7E AFA 190°C ZANNA wHEAE 74
2t 30, 60, 90 minC 2 HF}AE 2T 90 minol A 7+
=2 7183588 YT B1592H, Baroutian et
al. 2015)9] F244tst 9 Grke e s o] 89 H= g A
YA AA Z S F AFAME HHE2E 220°C
ol A 208 Tl 50%9] TSSY AAELES BIoH, 60+ ©
T sEdsy glkal B ask3lth Bougrier et al. (2008)2
22 7FEStol] B AFdA HEERE 60~210°Cl A
S2& F7t mE /tEsee d¥FHoE ISR
159 em, Han et al. (2012)2 22 2 399 w-37]
£ o|&3to srEEAY vg2EdE ErteEd e
AEY £9-393 S¥s AFE &8 170~220°C ¥

oA Q7RSS JPt 2 200°CHA 7 2 &
FRAT 28y 5 ATl e 165°C

4 Edo] FHH FE Lst BT
ATk BASHR oW, 140~165°C 2= Z A0 A
= BAEE&S 2 AUt vk Baskal It Wilson
d Novak, 2009). & AFdA Hg2&7t S71ET-E E
TE E&0] Frtste AR UEson olzs A
= W Iss IFEET ol fEAGEC] AL2A
B Fo2 ALR"Th E3 200°C )49 whg2
ZoA GUtrES] &80] Fhde 4TS By VE AF
9} E &3 tH(Ferguson and Rajan, 1979).
FEUE SAEF AVE FY 5060% = Al

F2 237 P BadHt A2 oF e
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Fig. 5. Result of an increase SCOD¢; with temperature and
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t ZAeE AT ¢, SHTY 1FE W I
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2o Iy FIIEE o]Foizl Aoz yeyuith U
g F7IES UtsES e g8 AHsiEH &84 fU1E
2 A=A H AEF #H7IEo] gt H7|E

e 7
Ao arstE wud 59 i
&l

33. €I85l 2 0|E¢c SDNR H7t 21t

F71ES BESH SAZZANAN HAE ol&HEe I
g A doltt. @rtE3t F l% Bl A" Ertgsi
o] AETH A ZFNA AR BLYOZN o] & TS
H7}sl7] 98] Batch testS {633}91 W, SDNRS E&3}
o 71& AFAFe} vustHth E7HESA2 | um pore
size filterE o] &3l LFPES AAGG F AMEIHoH,
AFZATE Table 691 YERAATH

LS o] &t wSAIY WE NO;-N 5% €3S
geld A3 275 % 50 mg/LolA] 472, 428, 322, 20.6,

145,102 2 58 mgLE BEHOoH, 2408 Fo& 41 mglL
7HA] NOs-N7F A A = et

v 2UE 27] NO;-N HX94 190°C, 90 min %7}%
st AAMYE A E71Esas FYF A 2408 F 7.2
mg/L7HA] AAFQLH, 190°C, 60 min 7858 S ALL
3k A3 24080 A F 104 mgLE YT 190°C,
30 min &7 LHH F7HE5tA e FolE 13.8 mg/L
9 NO;-N E=& Yetdth olo] wat @d8 ol 7 &
2 REAYL HEgoly g eZ 190°C, 90 min A
FE AR 4r1g3d £o72 gyt Batch testsS &
8] =&¥ SDNRE Fig. 691 YeEhASITh

SDNR Z#E =& 27 deh&2 0.101 g NOs-N/g
MLVSS-dayS EHoH, 190°C 71414 90 min, 60 min, ¥

I

60,
< Solubilization 30 min : 0.080 g NO;-N/g MLVSS-day
D Solubilization 60 min : 0.087 g NO3-N/g MLVSS-day
503 @ @
o B
40+ A O
) O
oo
£ @) A <>
Z 30}
s (]
2 a ®
20} @) g o
@) A @ o
10} A Solubilization 90 min : 0.094 g NO;-N/g MLVSS-day (O A (]
© Methanol :0.101 g NO;y-N/g MLVSS-day O A
@)
ol . . . . . : . .
0 30 60 90 120 150 180 210 240
Time, min
Fig. 6. Result of SDNR with Methanol and solubilization

30, 60, 90 min.

Table 7. Comparison of reported kinetics SDNR
SDNR

Author (g NOs-N removed  Organic substrate
/g MLVSS - day)
Henze (1989) 0.066 ~ 0.144 wastewater
Henze (1991) 0.024 ~ 0.120 wastewater
Kujawa et al. (1999) 0.144 ~ 0.024 acetate
Lee (2010) 0.074 ~ 0.348 private sewage

Table 6. Results of biological SDNR using various external carbon source

Thermal solubilized liquid

Time, min Methanol - - -
190°C, 30 min 190°C, 60 min 190°C, 90 min
0 50 50 50 50
30 472 49.2 48.8 48.4
60 42.8 48.5 46.9 458
i 90 322 45.2 43.5 39.5
Nr?l;/i\]’ 120 20.6 40.4 36.7 31.5
150 14.5 335 28.1 22.5
180 10.2 25.6 20.4 15.6
210 5.8 18.9 14.8 10.4
240 4.1 13.8 10.4 7.2
SDNR, g NOs-N/g MLVSS-day 0.101 0.080 0.087 0.094

[olI

A sts|x| M31H H25, 2015
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30 min A E AX @7HgstA ] Bl 47 0.094, 4) FHEF A7IEN e &, Gl F71E Sol £

0.087, 0.080 g NO;-N/g MLVSS-day9] ¥@2 &S =&3} Hoj lom, rtgsa s graldes HEsr] ¢

Atk Kujawa and Klapwijk (1999)2 JF-&Ad0 2 TA| AANE TAE FrHEstAel ik WEE o] 7Aoo

35} acetateS AME3te] SDNRE =ZE3 27 0.144~ o]FolHol & Aow wAPHH, FrHE5A F

0.024 g NO;-N/g MLVSS-dayE EZ392m, Henze 2 AETH A mAE G # F7F ATt

(1989, 1991)2 7HgstrE AFELdeR o] &3 AT 293 ZA0E AlsHTH

A& SDNR#HES 7+ 0.066~0.144, 0.024~0.120 g NO;-N/g 5) SAER HUEY AL 2 Ao wWiEAgH ARF

MLVSS-dayE E&st@th Eastlvhk %3 private Wt wet wj Folstng SAEF HI7E Adst

sewages YHEHLACR o] &G Lee (2010)8 dATlAE Al ¥RlE = S4E #H7IE dg ASHA By

0.074~0.348 g NO5-N/g MLVSS-day2] SDNR k& A|A]sk HE L 53 #5372 Er71&st ZXx9 40 o]F9

Atk E7rEstA S g ELdeR ol &Sty @dFES Aol & Aoz erdt)

2 A 190°C 2E1A4 90 min B¢ E7HEs X5 6) FF SHTE Yo & dFF A H F W93

AR @rrgstd e dutsteE o] & ATFZATF H5 o wat SAER HVE AL FFAA A=

SDNR kol #A YEelstith 29 H7ES AFste AZAER FELGRAANA
o] glo gd4s SEHste 2R TS WX = o 2l I8 FUgLYs AxXFAY fr1E4d

g2A4g FHANLS 2EE 35~50°C0|H, 5~10°Ce] ¢ & AEste AEY A SATY #27ES 2

A WEES 1.5~2.0/10°C ZEE YERIL 3°C =Y o JAE & 9 L9Y WMEVIEs AR T

F2oA @dLs £ FASTt Baska ok o 3 F AR doZNY HES HESOF & AL

A GIHESA S ol &% AETY 2AFFAAN =29 4 2 gddrh

AL 71E stFAZIEAA AAE A HAX S Ao

7F en, g @7HEs S A &ote] FAazE A Acknowledgement

A B 7€ A 3E AT FERSt ARgshe

Aol wEAT Ao wrrdny 2 d7E FBF SRUE @FVIENTAYT 22 A
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