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3. HX2|dH

A 19E, VAR, §5, 4 Qg 5 e st Bk Bolghe
1

= 7 Ao, He AFs LH4EdY 8 e 9

7] HZol LAEEY s=7t B2 €2 A(sludge)® EEsto] & TS
Zo]x %Z(concentration) IHL AX HE2H0Z L&A S Ao|LstAL}

1, 2HE AEde] A& GAFCE EYA7|AL E2 HY o=
HlE987ES &dte] WRSHAY &xol HA AEste] Ajol&stHA
HoHE =Y ], 2011). Aol&st= A5 FHFAIAR(ZLD, Zero Liquid
Discharge)°l2} stH[18 11-10] LFE HE A2t 5 SPHoE WRoHA|
%1l Aolsto] Aoldstal, LPES EHAR W0l HiEs= FFolt
A WAL =9 Aolgo] FASAHA FHFAIAHS] H&2 A
AAZCE F7Fsetal Loyt AX[B|7}F &1 o A] AREFo] B TR o & Qls|
ZLD sHie] dd=2 2gskal ATh(EA]E], 2020)

1) w237

RbAQ weA e IS 124 A7, 22F AP, 32HALE)A R, 224 A=
JETHIH [-10]. ol& 7I2e= H<xo| 43 S4 aet 7 sy
o A7 gole ¥4, okehd, PEoH AU o=
o= e GRS 2gste] ARt 12 Adle A /71
7] 1ged FRede &34, o, 34 59 WS o83t Al

4
0

Suspended Solids)



st =94 A7 BYor FEAFSHNS AAHA L FopA do.
22 Al 12 A wigeE Beshd AUHE oot #7lE 4E F
=] Es(@ohol sf #3d = e &5 e AFsks FolH
3AHALE) A= 24 Aol AASA] g2 A, ]l $EY wrlE, 55
9 AAE FHL2 ot =23 At oiety AEE AgstAY A=
APRS ARSSHAl HoE I-14). FAolu S4t £kt o] 52
dEdEdS AR Hed BF e Autezs ¥R sAES
ot AP 3ol 13k A== sk A= E =YshH, 3AF AoA x
sieby Ay AmARehAEgAlE =Yste] HRe sAVIES £
=g Y, 2018).

Pretreatment system
. . E .

Industrial effluent

>

Coagulation Biological process
Clarification

Reclaimed water Reclaimed water

.88 o o

UF Multi-stage RO Brine pretreatment Evaporation Crystallization

ZLD system

(22 [-10] AUHA0| PYBAA YT
[EX: Making Waves: Zero Liquid Discharge for Sustainable Industrial Effluent
Management, Water, 2021, 13(20), 2852]

14) AIAE B3t &4 Y F20|= Aol 1 EZA (DS, Dissolved solids)
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FHgolt. dirgo] eAE $23) Fufl] 4% 71%3-1%% % SRt

o] AFe 52 FoStE BAoR 55, 49l g, A%
Zdasty HIFHo= Wiy Ee A4EHAY IARJE, Hholod)
AAEE7 = el E ).

>
[
o

TERTIARY TREATMENT

Wastewater treatment line
EECONDARY TREATMENT \_

H

PRIMARY TREATWENT Membrane Bioresebor

e distnfection
I%@ w1 F—-
. L
primary L
degritting settling activated sludge  secondary
reactors settlin -l effluent

LT
—ah it D
D..d‘.DI.
et et St

sludge recirculation

from the slndge
freatment fine primary sludge moan slodge

Sl“dgﬂ treatment line L o EE
—Iv,—mﬂfﬁj copeneration

*.‘o the wastewater reaboer line |

iy g

secondary STnag

thickening mnasrobic digester (mesophilic or

thermophilie) {1 and 2* stages)

[23 1I-11] H4xz2|2(Paola Foladori )
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(B [1-14) M= 32 2 QS M2|J|E
X238 RH=H Xel7ls
12t M2 | IN(RRSE, 87 & 28) | A 24 -3HE2-28H X))
27t X2 K712 2ol7ks) d=1H X
33t 22| FI2MEH 2o 271s) | U=AME(EA, ¢ M), 28E EF
Ol2 et Aof&-H7| &N Lha)- Ot

2) s5A
WeAe e A 2o, shebd, ARsh ez TR, #50)
gt B0 wet zgelol AdeiA] ek

(1) 22 xaly
2e)d A= W o
olslo] Asl Aow
¢:

Al LHE

HAH2IS & RN A 30 ¥RE THSUE 2222 Aot
AT O SOl JARE HEED, HAUE ofEl, AR AT3H i,
ool o1 9 1Y 52 WGP 9ol RS IRIY
4 B9 Xz, D2, 352, JIE 2712 52 HIHoh| I3t HRI2M
FANY | HE U IPIRE 25610 HARRO| HAS YRS o HRIE. K42
ZEGI0| RIS Mlst RIIZ0 HFAZ KE
4R HA Z0 QES 219 HIF A0IS 01850 E2lsto] A
Aol 9F U 4T MSO2 olof YN 4+ U= U2 X2 28
QUZYAY | XoI2 YAISP| 9ol THO| 99, Y, L 5 HSS ZSIUCIS A2

H ’
AEOIA %78@ w0 LE=E FolS %XIS*.
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© OMIer S71g=5 FAAA FEE/I2 28212 FYAA 22 F HA
omtalg |20l = Tredel WESO XS SAAPA BTN AR =
S |OIME 2REE HE8 HAE.
ez | EEW M Al 2E5E0 Xelas o B 2AEIES 201 fiel +2=
= = =
ST [ Mriste sEME.
saaly | So0 SCXE MAARX L= JAHSZ U SeABoEM deas
ST |0 seXe g2 LANTIT XgE 80I5H &

[EX: 244D HaH2|a2st sHiEE 33|

steby Azl wles Wi 771749 S=20l=4 # 8S4He] A8 ==sist
FES FUote] B3t Atsh el 59 seheE AA LASHE A=
o).
(B II-16) &tsty ®zE[o| F2 A4
Ald g
g H LR HaS SAA SES Al 43S OIXIX &
mopapy |OP1H SE. #E, HSTSS S0[op op floil XS pHE ZJof
STUS B NMY BEXQ A FSMZE G, B4 S0| Yo, wte| S5t
M= 7hdAH, S0l Us.

Ad Mt BSAIA BER=E2Y YAE A SR oL, a55lekE

0|0
10l

e R12 =84 350[22 MSAFA MASHAL T
= =]

R
fon

pH 2.5~2.80] EHEE gtE FYst
FIAIE |2, BHAFI(NaHSOs §)2 201 2849 37t A2(CrM)oz EHAlA
X

T
LN

ol

r
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AN L2
7157|(Functional group)Z 71Xl O|2uSLEXE A8SHE Y =9
Ol2uet | Ol2s Wl 22zl Ha32 REAES 2eotd QE=ES
XA gt

Q) d=H 2Ly

EaH AUYL e o TR £718F 1Bl Sl 2
T 188 BES 8T Asiste PO AL WA fro

olES] MepPY] wat g

i)
J;
fol
N
%
T
o
1;
uiel)
N
o
5
EE
O
il
=y
s
i)
i)

o o
s YRgoR BR 4 Atk

(_u_ I- 17) AH'='% I‘I x-lEIOl _JIC_O Alkl

Al L
&7|d OIM=E9| ¥7|4 SE(anaerobic respiration)dt e S 0|5t
71 M| |Aez AAZE0l BR 8ig. fU/IE2 {/1M0|L €IZE XL
ERMTLIA, SATEA G BATIA ABLOL Eated SO2 FEoliE.
AAZ 0|25H= D|AH%0| $7|4 SE&(aerobic respiration)g 0|&st=
S7|4%2 AO= DIYE0| R7IEE EVIA, &, YELO0t= FolistH, Y2 0t=
< 2310 |3H VDN Mgh:. %“Séﬂﬂlt”, SIMETE, XYY o
AI'J\O:I |. =0 | ol
=T o MO
M0ty | 1A ANXQ RESE OMEE H HAUC=Z FOl AM0|Lt 7|E 7S
(trickling | S OIX ¢/0f &2 MZ0 H WY RIVISS FSA7|= 1880
filter) olet X2
SIMABX|H S RGN T~ W] R7ISEE 71ZH=Z ot D|Y=0| 2ot 35
SCETUE g &Y g Sdf HALe RIIEES MAE
=7 =2 501 3718 20EAL 350 22 HE5I 2 371§ =0l
(aeration) |TSAIZCEN R7IHSEY MetEEN ST|4 Mol st ASXES
AlM ENINES

[EX: Sh=dolrdel, a2 2]
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H|Zolo] A71=a, Aok, AE, AR, QA4 59 o8 EopollA thefst

o] &H 1l ATHIEA, 2018).

SAYEY 270 wht AT AP0 E s 4= 3loH,
oA, T 54 F5t4, CALANDRIA

Ao W, o]gt FEjQ] FH7]= oftfx] ] Ao]& ofirlof whEt TVR,

Az weh A4, Ao E UE 4= QU A9l A%, ti7dellA]
TEE 3V WIHANAESTH 52 53 & WE HESH =,
ZHrAl o] AL AZH100~150torr)O|A] 2t Zuhy 27| AP 237
oA 3= T HiE=HAY Ajol&stA =Hoh

% ole}. Aeduo] F7] o] TAElo] Tt S30] o] 4Pl S
57 9314, AuAN9 STt MER PAHT L TgelA FYstol
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_

(3) OIAX| xHOISLA ofpt BF

SR EL b THA B2 o M A7} M=) g2 S FES
gt o]-&oto] oA v]8-S HAslol=s AFEC| P o, 1 F
Az Z7] ALEMVR)T 7144 Z7] XH?J%:—(TVR) WAlg o]goto] Tk
F-8&(Multi Effects)sto] #5=9] Feo| HExo] AEst ¢ W= Yot
(T4, 2015).

A A A
G
F
D » D D— - E
& ; ;
Cc Cc Ce
— = ——
B B B
Direct heated TVR MVR

Key: A = Process stream
B = Concentrated stream
C = Evaporated vapour
Cc = Condensate from the steam driving the heat transfer in the evaporator
D = Steam required from boiler = only used at start up
E = Electrical power to MVR blower
F = Thermo ejector for the TVR
G = MVR blower

[33 1-12] 371X Ee 37|
[EX: EECA, MVR system for evaporation, distillation and drying, 2019]
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I-12= A7t 2412 TVR, MVRS B|wgt 1
o] 719 sfigsty EIHE2 A|AF 0] JFHE = oA
U719 FEE FFA)HI 5584 (B)°] 5¢d 710
=, SE7| AHEE EY=(D)Y $71= 855(CoE AAHH.
L7](Direct heated)ollAl T71(C)= thx GA E= F-&(effect)
w2== v, TVRY 3% S84 37109 ¥4F+= oA (BE SYstd
71(D)et &gste] dugtr|o] dYoE AFEIsh= HH4lolw, MVRY
71G= 8 7109 2ot JE8E =0 4922 FYsHA =
7ID)= 271 7FEA] AH A2 AMEE .

)
[olr mtt
o,
ot
lo

al

=
) S
= 3ls

i<
T
e
il
rlr

o

I

oN ©

oM, N 2 )
Rl
11T
! 1L
o|N

olN

7h TVR(Thermal Vapor Recompression) g4l

TVREZ SL7104 SEE 715 571 1A (ejecton)oll sl S - 4=stod
Aw2t7]9] HE 7ok gHA]o 2 1-Effect, 2-Effect, Multi- Effect?}
Utk ALY F71E Bl5sto] FEZ ASAIATE WAolH o|A] Aok a3t
=7] ol 3% 374 BE JSAATHIEY, 2010).
AT € 37 EE71E FEotHd 5 S71(motive steam)E B &
A Fo M2 F717F 2851, TVRE &Y= 3719 42 5 5719
A FFol "=t kA7) "2 ZHEY7NAN U= F719 diE=
57|15 & do= HIHE 2t o9 8832 AR B AEA oA
e 3719 @92 o 919 €Yo R ARESHH, HFHA oA SHE

A
719] 4F-E AoldoHl =M wle E2 dvxags 7+ Uth

PN
2
i)
oo
i
)
12
)
oo
o

oN ofN

Lh) MVR(Mechanical Vapor Recompression) 24l
SE7INA SEH 715 °olAE 4l dHZ(heat-pump)E °l&, AF
Slgesto] 71AE S e R 7I9b- 525t P2 12 Y9 7|5 AA 9
7HEY O E Ao|-&sh= WA O E o] BlE HAARA ol-&F Il it MVR
P22 © S AR MVR 7714 249 ofg®, @ =gt duet HE
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U8, ® GEA]) AAL BHo] ME FUF Ak, @ FLH HEE] A
=3 o] ABAAO] HE 240 21 Aste XY Ba S coke
EAHo] 9ol ol M U ATEE WPHD Yk 53] oo
QUBUE TR Y= A o EAfels B0l 5ol 2lg) Aol
AL 2AY YL olgfet L ANUAE A s FLFHE]
SAES WA AsHAA 7142 SHo] TR 5 YLHEUA, 2015)

(b) I\/IVR %

[A23 11-13] &7| 2% o

[EX: http://en.cnenco.com]

h O 28 SY7|(MEE, Multi Effects Evaporator)
o 7§ & B8 SV AR dZ2E SHV|E Doy, SUE FUIE
= Weffect) TL7I0 &AHORE FFote] YR O]%'BPE H2]o],
U 88 SU7I0lA A WA 58-89 ofsf B8E 23 F71= 3571= S°7HA
EAR F WA 885 9t 7tE AR AAHEEHT MER A" AHFE
oF 50%7HA AA o R &Y 4 o o] HPE WHEZA o0& ALESHo] A2
A AHFRE TS S0|A "ot A WA 58-89 o 7t =9 npAet 3-89

olN

et

Hh BoA LE7 AR L& Aol FASA 4 28] Budy AvpHoz
2.8 57t Z7Katel wet S Hjolt FasiA et w&ol Z7Hte] wet
749 Wjo] Z7bsle] 27 Blgo] WA AT FAlo] HXHEE Sl
At



2) Ax-2ARs AHeA

STHEFALEHS AA 1A=Z 551 H IS HFH R AHHske 322X
59 HAS oL 55010 A5ES 20% olotE FEA HH vHiA] R
SAFES €A AH = WdAAY 49t "ok dAfolA a4

BEE kol 4L Edto] 1A AL G477 o] At s,

MVRZ TVRE H&ET & 9o

AzsHA =

Scraper

Ejector w
| Cooling

Pump
-
[[E]

Distillate
outlet

| Pt
il

Compressor

Solution
inlet

| ——

Solution
inlet

Heating
jacket

"
p—
Concentrate
outlet

| —n

[O8 1m-14]
[EX: https://aquadest.cz]

o =21

=
o
=232

Boiling
chamber
mm Scraper

jacket

EHI‘?{}_jl 01'

= &0 7t =+

il

-
M Ejector Pymp

(]

Distillate
Heating outlet

water

—]

| —
Concentrate
outlet

o= Hgslol
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1. H=+ X9 §d & X

EAS St Bw ¥ AP RN FAER AHE FREE0
7htekor A7 AAES Eoh, & ool oW Fuvt SUkske] 5,
A g 7|9t B vlgo] FUigtol| wek A B 2F H7] Ao a2
Z0l= o] "l Fasitt. ¥ &A= Al w2t &ol7h o
BAHOoR 90% o9 &S I 9loH, (40~60)%2] Trg oAM=
/o] S7H=l golglz AR, (10~30)%0lM= UAHSE 7T Het.

SEA W 22 O FEHE A, ARS(free water), 45
(interstitial water), EH(surface water), $8Fr(hydration E+ internal)
47W 2 BFE 5 kLin, 2022) (2" V-11. 145, B85, 305

A%< (bound water)2tal St}

Hydration
water

Interstitial
water

:O Free water
Sludge O

[12 v-1] 23X 489 22
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S3tEo] He FoZ AdHA Ut
(E IV-1) Alady xHFEA
by A2 XHFEA
A SUHAXT| HHUA FO{H
B SHHX = AZtol| foff EX2E52 S RiF
C SUHX & AZIoH| 2o EX2Se S RHF
D SHHX = AZtol| ol EX2E52 S RiF
E 20234 AT AFARIO| XTI EQ M (22 ALE)

2) EPS: Extracellular Polymeric Substances
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(2) 7t

KS A 1SO 11357-1(4& 7] £4-Fo]A JHH-A 1+
B, AFo 2 EXNFHY ARE FRAIA FUste] 54
AAE FFPo = FHYste] YAI7|(D10, D50, DIO)S Ar&sh
ZYE (I8 V-3]°] Yerfioltt

- D50 (Median)

D10 : XA 2XANAN 10%Y 0o Ql:
D90 D50 : XA EZAAN 50%Y mHo U=
D90 : XA 2LAA 90%Y o] QU=

10 % 50 %
below below
[This size| This size

This size

S~

Diameter

[12 V-3] D10, D50, D902 YEEE Ho|
2) NAFAEFADSC)

Mool £49 E¥|& W4 (Physical parameter)S X9 =
PHolt}, & 549 25 dAsH HIA o ot YEht=
: =93 ¥Ho] HokE & ARVl

ig]
401 S (E V-6 &t & Ad
B7to)A= DSCE ol&% 4 °

H V-6) G4 4
S #HEH | 7S (=51
DTA(Differential thermal analysis) 22Xt AT K
DSC(Differential scanning calorimeter) | €89& Aq Joule/s=Watt
TGA(Thermo gravimetric analysis) =2 a(%) g
TMA(Thermo mechanical analysis) 20| AL(%) m
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DSC+= /\]EQ} %%“‘4 ZEeds FUtt 2 22T wet SR 7| HA]
Zlo](Difference
in heat ﬂow) =43 ]’E}. g8 (Heat flow)2 FE(W; Wath)H B IE
(MW E A== DoHAE Lith E/EZ A= ]—ro]’“ﬂ o x|z
© 2 SHAE™ mW-sH mJ= UYetdth o A= A|59] =T (Enthalpy)
Holo] Ay A&7t oA &55tH gy ¥k %%ﬂ(Endothermm)
ol A& W&ol YA (Exothermic)olzt gttt DSCE AgT Wt}
Aolof o HA== 4 Aol it vt JEE 11]7‘55]’“1 Hlg, €44
a7, §940](Glass transition), g, == As 5% &2 £94
ROl 1 5 vk U 19 Ax Ass Sy AN RE 5=
ST 5 7] "ol sk €4 A8 dlSste | Ale=E ¢

Temperature I

Time
AT=T,.T, O
-0.5 1
i orT b= \TI'R'h
' R, thermal resistence
M
(mw) -10- DSC signal, ®

Time -
Peak integral -—> AH
orT, 9

[13™ v-4] DSC &4 22
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T., = Extrapolated onset temperature

T, = Onset Temperature

T = Peak temperature Tp
Q = heat of reaction . ‘/

Exothermic
(HE)

Area Q

Heat flow

Endothermic

=9

Temerature / Time

* Endothermic : A&7t HHAIE S8 O AL Hel= SE0IH,
st Olof afiEe
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(1) B+

AdEA Ao AREH DSCx= AYA9 METTLER TOLEDO(RET
DSC1)olA A=ket AH|2 [1- V-6l Uetfitt. DSCE Al&7F 73l
crucible(pan)®} FEEZE AREE+= Yl pan©] £°]7F= measuring cell,
AlZ7F ©71 crucible A5 2 cello] £YdFE sample robot, (-90~
30)C 9 s HYE 2= CoolerE TF/4= o] 10 measuring cell®] AFFES
(E NV-7>° YE Sl
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e SR
(b) aluminum pan

FRS6+ R

METTLER TOLEDO

(@) AIXIZ=AIEZFA(DSC)

(c) DSC sensor

[23 IV-6] DSC ZH|

(¥ IV-7) DSC measuring cell At

s At
= "¢ (-50~700)C
=2k FeUT +0.2K
g s (0.02~300)K/min
Calorimetric resolution 0.04uw

DSCe 771 3= % L&A 5 8 & o, AlmEH]
Bapg 2 ol Zido| Lo BExO =Ao| Brls 3

G2 1004l olstE wiL- AFol7] wWgo] B4 EFEY BS 8419
A@gol 4= & & Utk

9
o,
=2
>,

(2) 714

DSCY A 887 d2u)E A9 standard pan(40pl)S AHE5190H
N=EE ¥ &, piercing kits ©]&5to] 27 (50~100)#me] H-Z(pinhole)=
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TS0l WRelE T RAEE PRI N 24 ARSIl AlEs
(2~3)mg, 10C/min9 $2&E2 (30~6000CY =99, 371EA7]1A4
B7HE AASHATH

AZ27} 9h&Ao] 2 AS- AR 8718 T pan?l Ago] uj$ 233}‘3%
LHFE4ZQA AFFo] obd) pand] A9 AHEH A3 Al2d S E
woiEdo] gt 7ItETE e & o, JE pand] F¢ £49 %‘?—_J

SOR A% I&M 5 Aol A wgInt AA U & k.

i

3) EFFEA7I(TGA)

ASHFEA7|(TGA, Thermo Gravimetric Analysis= A% 2 25
HIAZZ W] A=) AFHIE Aty 2&9] ghpE SAR AR
AFHSH= S (vaporization)o|yt 7FAE AJASkE  3F8HR3(Chemical
reaction) 59} 9Js] Y54 =™, microbalance®] 9J3] d&A 02 A=
TGAO] 23t AF-2= FAZ o|-&sf =Wl g da, 44, 37] 52
=A715lolA Bl As2 TS 4= doH, Alre] dMEA 9 i E4oly

o

PHAES gF 2 24 vE 52 € 5 -

(1) B+

ASHEA 7= 2949 METTLER TOLEDOOIA AZket Alg4H] (v
TGA/DSCDHZE [1¥ N-7]°] YetHdth. TGA= Furnace(tE =), AL,
Ago 2L & SAT 4 & TGA sensor® 7AE EA moduledt (-28~
150)CY AsHYE Zt= circulator, FYHE 7MAE HAAPEASH= Mass

spectrometer® FAE 0] I ARFS (E V-8)3F Zth
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(b) alumina crucible

(c) TGA/SDTA AN

(a) EESHEH7I(TGA)

[O3 IV-7] TGA ZH|

(B IV-8) TGA AL

= At
=2k gel (22~1,100)C
e Mug +0.25K
NS =X =9 <1g
Balance resolution 0.1ug
Calorimetric resolution 0.5mW
Sample volume 100ul

TGA% AbAT7} Ajbobes Atsht 7tA7E WHe s RS E2 2571
FAHSF dojut= S0 288 4= 9o AlZFH| I of A _?41?:_]-%
= ‘zlh o] B2 B4 &74o] EVlolH, &4 7Hseh AR X
100 pl2 tf$- Afol7] fio] Evd &S] 3¢ 9279 XH'@ﬂ*éOH
I & + Aok

(2) B7rdd

AFEE9 ¥ 9F (5~6)mgg EFo5to] alumina(Aluminum oxide)
AAC] open panfl AlRE ol A0 T2 &, 7] E FAE7IsHFHF

75



50m/min)°llA 10T /ming 4$2&% 2 (30~800)C 9 2EHoA =4
ST,
4) 75 EFA(ARC)

7S5 A= 19709 o--AvZH(Dow Chemica)At] oJsiA] 7idte
AHFA Q] T FFZ GA AWE IFHFEAV|}F T2 HHE EEFA I 2

EZUS 52 R NSEAGDOIN SFRA) A AR B
o4 Argdtt ZrERe dAzdds BruEs 249 TARALE,
= =

2rof wE AHWHI) self heating rate, TMR

(1) HIrgH|

7S EEFAE 9= THT(Thermal Hazard Technology)oll A A2t
g2 (O™ V-8lo Ueiilth. AlRE "e &71(bomb)E A2tshil
AZxAL A= 71929 o]E ZFESH= control box®t DAQ(data
aqusition) systemQ & FAE 0] 9lom 2L (A2~600)C, 4 (0~200)
bar®] 258 E 7HAH I+ 0.02C/min exotherm onset detection®]tt.,

Al

(2) Horsd

10ml 832 bombell FUH A8E F2 LA AT £2 71
SHHA AlR9] 24 HFAS WrIRIth Az AR AAE TAUIAIE gaE
7bA] A &A 0 2 F7FA(heat)-+A](wait)-E(search) ;& SHEsh=d|, 49
TAAAZE BHSEHE 1§ ol 7SS HEL YR o] ot 2=
P FAA(EERA FA) Azl ohE W7 2= 9 4o Haks
(G V-9 £ H7lo|A AEI7IEEEa=A o] AR 8oFst

Aelt.

ol
¢

o
0

B},
E}

.

o

£
v
£
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(B V-9) 7552 (ARC) Mz A

T A=
bomb X{ZE Hastelloy (10ml)
=Y (100~350)C
AsRE heat—-wait—seek, ramping
S5k 5C
S| 4 0.02°C/min
CHZ|AIZE 15min

¢
‘
[ Iv-8] ARC EH]

5) TFEREAIRY]

TR = AlR710] B2 A (porcelainA| 9] whaHg-at whbg Ao
7194 oS A AHEOA v 255 AlA 1 sked i AFEH S BAA
upo] st sishEd o] g AR AlgE FERA ST o] 7=
=& Ex B4 Hdde ddste olgetth

(1) HotgH|

A=A 7= =599 R&P(Reichel & Partner)ofl Al A|2et AJ97H]
(FH : BAM friction tester)Z [ IV-9]9l, F8]7ALS (FE V-10)9]
e Sl



Load

Sample

. —
Plate

H

Plate motion

[22 vV-9] OREZEAIET|

(E V-10) OFEZT AIE7] &l 74

e

LHE

friction tester

712l 710|E2 2X[0|= 2Ol }IX|, 2= Y72, A
OITH, 7|0IFXI7E HEE D, T2 2 10 mn OfZHOIM HFE 2
0:| |:||-7<I- ‘:'ol' % A 9}'\5% _—rug

24
=
pN|
==

A7 |8 H(plate)

X218 EH(pin)

HERHO| T(25% 15X 5m)2t (XIS 10mm, Z0| 15m)2 SHE
X7 IHZ SEE0ROn, 2t BHS 154 AR

=
L

FE AMEotH tefet 0|9
S

Q7= DFEOHX|| Tzt 95F2
% Fsot, o FA

X0 20 OEEUUXIE T
X TE St A= <E V-1
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 V-11) et s15(N)2 27

iolil

M I 11 11 IV \% VI
1 4.9 5.9 6.9 7.8 8.8 9.8
2 9.8 11.8 13.7 15.7 17.7 19.6
3 19.6 235 275 31.4 35.3 39.2
4 9.4 35.3 41.2 47 1 53 58.8
5 39.2 47.1 54.9 62.8 70.6 785
6 53.8 70.6 82.4 94.1 105.9 117.7
7 78.5 94.1 109.8 125.5 141.2 156.9
8 117.7 141.2 164.8 188.3 211.8 235.4
9 176.5 211.8 247 1 282.4 317.7 353

(2) Bt
PRI EAIRE KS M 4802-4.2.3 (B19FR A% AR9-nHIE A19)

FA Ase] Sgstgon] APARE thet 2ok

FNE PR LM DR RS SO S

zto] H=s T

I3 & Afolofl AlgE 7193, 7t=Hol &

M
I
PN
gl

o
ol

:
ol
off -
o
o2
i
)

e

N
=
oy
S

|
=)
()

;
P
[o
il
K
o,

d
T

0
il

o3
2
ok
O o

i
>
i

T

4o A
o
H1
I gl

3} o] AESH Aol tfste] AT 1:29] v go] HES

ko
=

ps)
f

of 9ol upe} shES A AN HHETRS PE LEAA =
2RI, 27] AejsHEG60 NIA Altstel 63 A% % 19
Tl =AEL 5k W= AAslo 1/62 AR

TS (B V-12)0 w2, npdE 552 (& V-13)°

I oo

(U
il
ek

5

(it
ﬂE

=
o mim
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7 g
sy |58 588 2UAG
Ust, WA EZS 5SS 4 gCU 2 T U7t 2o
pmy |TEESH BV 88 EE HMEHIE 28, 22, o] S8 8 4 A
SUg 1 25, 2, o715 WX YU AR0| H7t BOIX| h=rt
(E V-13) DIEE: SEE
A S5 1/6 ZEE(N)
13 9.8 Djgt
25 9.8 014 ~ 19.6 Ot
32 19.6 04 ~ 39.2 Ojgt
43 39.2 014 ~ 785 O|t
= 78.5 Ol4 ~ 156.9 D2t
= 156.9 0l4 ~ 353.0 Ot
= 353.0 0|4 ~
6) BAFTA R

= - -
AT JAA7] € JEER} A2 X9 EYdPLY RS 295
(@)

BAE0 454 9 Engee 5% sety 248 2k 2ol
3 ) of
240 o] E@% A 7y e

I



V. Ho SESES

oA
o
1l
1o
fol
=
JH
nx
am
0x
ol
N
_

(Pmax), HHFTIHFSEE(dP/d)max) 2 FLSHEA(LEL. dust)E 54
a5 Ak 2 AlgEE B1/57] £EEY —J']:‘El:} o2tu| e E g% 2002
et 1 V-10]. BHloA S8 4 A= =T
gt g 2= BA Z24(Dust explosibility), &5 (Low explosion
limit, LEL), &= (Maximum explosion overpressure, Pmax), &|tjZ&%

Al4(Maximum explosion constant, Kmax), #XZ24Dust explosion

index, Kst), $HAK~s=(Limiting oxygen concentration, LOC) 5-°|t}.

E\I

£ BARE, "SR AAZHLERA 22 60ms= AA)2 A=l met
A<
T

Rkl 2 93t Ao 2= 35| (Chemical
ignitor)g AFESITH 87] YR 2= ZUEGA| °ﬂ°J- T= Aol n=Z
£7] YRt AR AE AT & TS Hro 28RS ARgoto{of

o}u} EAZEL gJAte] Qo] 03] Bhgo] Hststel A ol4e) greje] WAgs

g g Lol ol W Pgs AR Aokl BAARR UL
(Prmaxoldt, Fusrelsl Azie] de 3 AR
(dP/ddmax)7} EIT}. o]t EUE A FAL aw F4e 2 B0
T seetE 974, S5, LF 27

Wl 221 FUEA] dat 4g
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719] 557} 201 049l AS Eur 8719 Ruo] ek WA %y AW

Ao UeA Atk ol Aol Bk A WAL £ Y Hrjgee
Zuo] o] 2ol A §7]9) H7} 20L ololetel G4 YA Fho] ZA o]
Atk 2 Jujshe Z0E ol vhgoR AP EEAES Aok 201 AT
SAH o2 BT ek (13 V-111S BAEIAHL So e A2k

e Z ghelo] wsjoltt,

Rate of pressure rise

dP/dt [MPajs] W

Time [ms]

Ignition
I

Explosion pressure (MPa)

Explosion criterion line

Injection \! Standard atmosphere pressure

I
L_|_ ____________________
)
I

I 1
1 1

Time (ms)

[T V-11] S 242 Az 3232

(1) B+

BB I B2E0] ANKOOIA] Ajhet Al SPD-2.3)2
AFE CGE N-16)0] erigieh
T V-14) S2XSWAIFEY] AKS

&= N

E stainless steel
Z|CHer 40bar maximum
= xjuiol @ Pmax : (0~25)bar @ (dp/dt)max : ) 4000bar/s
T2 | @ Kst : Y1000bar-m/s @ LOC : 1~21%0,
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rate of explosion
83

. Determination of the maximum explosion pressure Pmax

of dust clouds

EN 14034-2
Determination of explosion characteristics of dust clouds—Part

3 : Determination of the lower explosion limit LEL of dust

Determination of explosion characteristics of dust clouds—Part
clouds

Determination of explosion characteristics of dust clouds—Part
2 . Determination of the maximum

pressure rise (dP/dt)max of dust clouds

EN 14034-1
EN 14034-3

1

N N ooy T om ) oor ™ o)
i SR T DTG R T
i %&ﬁﬂﬁ%ﬂ%ﬁ%
AT m«MHT_EiOEL_LMwHEﬁ”
= < Q i .=
@ SHEEEDL
o 2&@%%@@%%%
o Ao o W R gy -
%0 T ot HE ooy W e X o R
i ﬂ@ﬂ,_ﬁo_.quu._%ﬂuﬂﬁ. rF
s IS @ o )
: ER S-S g B
0 — < ) or |
s sIrTEsgREL Kim
g Mmepr,_mﬂﬂma oy M T S | ®0
= KO - W 1q_o|]:.l,e__. = |=<
TH BT s B8 @ =
™ T X g oy z
<) o=~ 1 =y Hr
WS e B8 N ]
T W T '~ Hr mr N o) m_._tm id w_._
THZT T 5
lare o
TERRERLSTE 3
/OM._GO E_E mam_ﬂﬂoﬂ‘ma .z__' =
SLIRCTE y e T L H
OE g A_.maﬁdladl
L T - "
E mﬂﬁﬂuuﬂ_.ﬂawﬁiﬁwmﬁoﬂaﬂ
T T T - MR i
N 8 N — W P oo O Hr
HO Woed|7ucn1_xn~|Wual_ L)
- %o Tl i T _,,__o N H oy < Hr = mm___
Qmﬂ@ﬂuﬂe_pmﬂﬁmﬁmﬂ_ﬁ =<
ol o) I E o N m o O

LEL

Pmax
(dP/dt)max




B39 Quires TRy FSfE 59 EAEAEAC & TS
X FRRIAEA EX19] SA- 23 94 B7to| SlojA 7EHoz &4
=]ojof it

2 AFoM= £21A € {5 AR dis 200T o4 3AI7F Axsto] 9z}
Aol A EHgt &, 2 AAE AATH] o Ale(sieve aperture) 3717}
0.075mm¢% AE BI AlRo] thsfAnt Juis d EAZTAHS
AA AT BAEEY AlRE 200C ARAY Fox FA o Wty AR
7ol E7}sto] AlQstqlt.

(1) Y=eA

A& (Volume equivalent sphere diameter)°] T2 2219] JLiA Ail=
(E V-16037 Zt} =84 27 (1.6~1.7)um 22 $407 FZof 13
71X & o)Ay B X (bimodal distribution)& EQlth 72 A
T4 T E271 50%E YUErd W] 43 A 5(2%) D502 E

C-32 1.7um, D-32 1.3um, E-32 1.5um9] @<= 7= Zo=E YUeith
dutd o w FEREIY IHE ALl Frhs AQEAAS 7S = EHGHH,

d7Ao] 715 500um ©JsF, FE£EZL 100um ©Jsh

of A BREe] Aol Yt Ao FHA Ak WY AR 4% BT
B4 3 A2 B BAT Befsto] 2] utel AA) Azo] o) S

Haal & e ey RS w7l fsiAde et AR,
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(E V-16) A=¥ U=2M(RLVIE) 2t

AB2YH D10 [um] D50(E2t3h) [um] D90 [um]
A-3 0.438 1.314 2.125
C-3 0.480 1.703 2.213
D-3 0.463 1.306 2.067
E-3 0.425 1.513 2.001

(2 2u=Y

=
09

200TAA A% A-3, C-3, D-3, E-3(B-32 4801 8lof A2 A= 45

8 20-L FHAEFAR (60~750)g/ard] HAR EAsEE EshdA

BAZHA RS AR AT (0.5~0.9)bar o FLUEETE Aoich Al S

A7kste] 714 oAze] SJsiA shehdslrE FEHAIA

TAAHe Sshs AR 9 Adgtose FAFIAHN Hp]9 HE=

At FHS B3] 2T 4 flo] EAF L7 of ol et w2 oo,
o A

5 TOCE184D) H =59 SFoiF sl Wit 4 mteke &8l 714

)
oflt

2) 9BA(DSC, TGA, ARC)
(1) DSC ¥ TGA Zut

DSCHAFAIEFANE o185t 2 Alzd 42 B7s] s 571
FR7101A A EF oF 2mge FYste] 10C/mind] $2EHEE (30~600)C7HA]
7ttt €8 e 4 20 0 29| DSC #BoA Sz <l
+4 ¥yt Ao R IA yet 4bel, #3552 2 w7 A4 U=
W] W&ol =S AAsH 100T odolMe] 84 A& B7I5H] sl
ZF Alme= 107CoA 1AZE Axste] S5t EeE olet H|wshr] 3|

200CoA AZXSH AR5 S45tATt
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( = SYESESEY =T ey 2 adae] et

o[ JH-gof ogt shA-Fdo] JF= vE o Q= FEHA] 2EHY H
HATFS A-2 AlFEE (143~209)TOfA 24J/g, B-2 Al&EE (158~238)TColA]
505]/g, C-2 Al&= (171~243)C)A 150]/g, D-2 Al&E+= (155~228)TC o)A
189]/g, E-2 A&+ 150CHE 7|4 olgstAl Wdo] A= (239~351)
CollA 537]/gC& ol w9 S5 HAF oA ARdEE 1A A
5ol 3t R7IsREES] AtSREsfo 7191t Aow FAHETG 1 V-12]~[1¥
IV-16]. AFa7F W8Sk AFAARS] E-2 Al =9] 73 :617] gl Z 4 Joly] /\]-6‘171:,331]_‘?—.
H W52 wf, 1 ZoA YEu= 2709 HAH A7} AR FEE ERoH
o]& 53l 239CHE A4 EY7|o = & E5|(thermal decomposition)7t,
37| E71014 = S8 85t ofy e} AtsHEsl(thermal oxidation)”} &4l
TSt Aow S-S 4 Aok 57] 971014 Hdiek 296CE 2= w4%
TAn|37F BEEJATHI™ V-171

E-2 Al89] EFFEA(TGA) A, 107TCoA AxAe & S92

et 15%2] AFa4E B et €24 W 7&@
= =2 RS 4= 2845 A% A0E 4T & Y. 371E9719

HES-2 (181~555)C 9 2E=HAA 45%2]

(RN
Y
i)
o
=2
o
ik
o
_O‘L
rr
S
2
flo
2

F(fuel) A=Y, A=+

=
Ab=AVSFE+ D3} 2L BHolg o] 71915 Buke Ao 4 glonfy, Az

2
FH 2 st e AE AR AR 2 2E€FE e 17lEC] ZEE
e AR dEA o9, =, BFFAR] Az AR A0l SEEHA
UF 1FEC| AFRAET QF; AR xR0 E2)2 AALSo] o]27|71A]
Azt Ha SRS AL L(self-heating)o]l B2 ¥ 712, LEHH<
239 Az AF2 IR AEE 4% 7R SSAE Atke Aes
H7HE )

3) flammability properties of thermally dried sewage sludge, Fuel, 134(2014), 636-643
4) Analysis of the combustion and pyrolysis of dried sewage sludge by TGA and
MS, Waste Management, 34(2014), 174-179
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(B V-17) Al2¥ DSC ZIt 9%

L MNEE | SiAeE | EheE | wed
A=3 | 7= (c) (c) (c) /g)
A_D 59 32 54 97 (-)184
2 143 156 179 24
A-3 b 205 - - -
- = 32 58 103 (-)186
A 158 199 227 5056
B-3 =9 32 45 88 (-)119
- == 32 44 84 (-)125
A 171 233 236 150
C-3 2 oF 230TC - - -
) &g 34 45 80 (-)32
b 155 183 202 189
D-3 A ok 210°C - - -
| wm [ eeoc - - -
b 239 294 296 537
E-3 R 235 304 306 795

FE3F 107CoA AZFS o T2 FGuF200CHAZT He)7F 200T oA
A2 wf Aol whet ARIYo| A BofiEl=s Aduo] 2] Jd AoR
€t & A 3 <ﬂ S5l Aol AA=A] gkt oJ2bH(filtrate) 2
FHZ ofsols 844 2 B8 B § EFO vHo] w2 B2 55 370
TVFEAR AAEA & 5 At o] A9 2k 2Ho| AfstAY Agx7o]
MA= Y HI84 =7t ‘?:_WB}O% YE2=7F 4x7] Yol 558 =9
#2419 SV R0 Hohs A 49 3 ¢ Eaksol sl A4gd
ZEAE QIS AEASol Qg o R AHH|9] EE His FHIeE SHEA Y]

7FedE HiAE 4 gle AR wotdEn

5) Self-heating of dried wastewater sludge, Waste Management, 33(2013), 129-137
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N\
=
4>
Ol
nx
o
A
OH
oz
1o
fol
=
i
nz
do
o
0x
pli=t
o
2]
i
o
OII
o

DSC_Daeil

Integral 84.25mJ
normalized  23.80 Jg™-1
20 Onset 155.89 °C
mw Integral 652.41 mJ Peak 178.86 °C
normalized -184.30Jg~-1  Leftlimit - 143.44°C 107 °C drying
Onset 54.07 °C Right Limit ~ 207.83 °C

Peak 97.41°C
Left Limit 32.31°C
Right Limit ~ 143.44 °C

at  213.85°C

200 °C drying

at 205.04°C

50 100 150 200 250 300 350 400 450 500 550 °C

[O3% v-12] A-2, A-3 DSC Zz}

DSC_Hneng

Integral 1120.67 mJ
normalized  504.80 Jg~-1
Onset 198.64 °C
20 Peak 227.03 °C
mw | eoa o heem LeftLimt 15826 °C
normaliz - . g.- ; P : o .
Onset 57.66 °C Right Limit ~ 238.35°C 107 °C drying
Peak 102.94 °C

Left Limit 31.83°C
Right Limit ~ 158.26 °C

Integral -300.65 mJ 200 °C drying

- normalized__ -118.83 Jg"~-1

87.96 °C
Left Limit 31.83°C
Right Limit 158.26 °C

50 100 150 200 250 300 350 400 450 500 550 °C

[22& v-13] B-2, B-3 DSC Zu}
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V. b SESESY 22 2 SLE9 B

DSC_YSwater

Integral 267.96 mJ
normalized 149.70 Jg~-1

Onset 232.99 °C

Peak 236.38 °C

Left Limit 171.32°C
Right Limit ~ 242.88 °C

20 Integral -223.64 mJ
mwW normalized -124.94 Jg/-1
Onset 44.29 °C 107 °C drying
Peak 83.99 °C

Left Limit 32.25°C
Right Limit ~ 140.71 °C

200 °C drying

50 100 150 200 250 300 350 400 450 500 550 °C

[ Iv-14] C-2, C-3 DSC Az}

DSC_sehwa

Integral 698.32 mJ
normalized 188.74 Jg~-1
Onset 183.49 °C
Peak 202.33°C 107 °C drying
20 Left Limit 155.19°C
MW mtegral  -117.30my  Right Limit - 228.19 °C

normalized -31.70 Jg~-1
Onset 4531 °C
Peak 79.64 °C

Left Limit 34.00 °C
Right Limit ~ 121.63 °C

200 °C drying

T T T T T T T T T T
50 100 150 200 250 300 350 400 450 500 550 °C

[23& v-15] D-2, D-3 DSC Zu}
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20
mwW

= = ol=.
SUSETHO HMBY lEy W orxima| wot
DSC_Mirae
Integral 2226.10 mJ
J normalized 795.04 Jg~-1

Onset 304.07 °C

Peak 306.47 °C

Left Limit 234.67 °C

Right Limit ~ 379.92 °C

200 °C drying

i “Integral 1820.69 mJ
normalized 604.88 Jg/-1
. Onset 296.35 °C
107 °C drying Peak 298.50 °C
Left Limit 233.77 °C
Right Limit ~ 379.84 °C
T T T T T T T T T T T T
50 100 150 200 250 300 350 400 450 500 550 °C
[33 v-16] E-2, E-3 DSC &}
3_dried sludge
- DSC curve
Integral 3600.28 mJ fl
normalized 201133 Jg~-1
Onset 41400°C /
Peak 466.26°C
Left Limit 351.87°C
I':t\:rgmma‘hzed :i;;gg:"l f RightITm\t 7238°C
Onset 29414 C
10 Peak 29645 °C
W LétLimt ~ 239.10°C
Right Limit 351,67 °C “‘ “lll
k,v
il
”““““‘““ ”””lll"hn,, _.......|||IIH|||||||“|““H .‘.u|||||m| | [e—
a ||“H”||“ ....... ......uu|||I||I||||||“NHHH“ ””"\lll\um.‘... .......... :
P ie—
+ Integrd  178612m)
Integral 280,90 mJ normalized  1257.83 Jg”-1
nommalized 197.82 Jg™1 Onset 35187 °C
Onset 26485 °C Pak - 49828°C
N2 Peak 28916 °C Letlimt 35187 °C
LetLimt  239.10°C Right Limit 572,38 °C
Right Limit 351,67 °C
© 6 % 100 120 40 160 18 200 20 20 260 280 N0 320 40 360 B0 400 40 40 460 480 S0 50 50 50 580 °C
—_ —_ ol =]
[23 V-17] E-22] 37| ¥ EA DSC Zt HlW
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V. b SESESY 22 2 SLE9 B

Step -14.8646 %

-0.5317mg TGA curve

Left Limit ~ 33.62 °C

100-*

80+

60-|

40-

Right Limit 180.56 °C

b S Step -11.5919 % e 20.9608
-0.4147 mg o 498 m
LeftLimit ~ 355.29 °C Residue 30,0003

Right Limit  554.87 °C 1.0735 mg

Step -22.5132 %
-0.8053 mg

Left Limit ~ 180.56 °C

Right Limit  354.56 °C

WgA-1

4-|

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 °C

6 dried sample(3)

SDTA curve

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 °C

[23 Iv-18] E-22| TGA Z3}

01



(2) ARC &t

ARCOMSSELHANE A7 14 2a0S 59 9552 shug

2N BetRAC] AAHR G WIS S8 AgHt At @

%anu # 2SOl U Agess) 298 A0l
: 1

rit

ol oz

(e o ne

il
4
P 3o

S

o
2 424 7ol M ErHATGRPARAAT Y, 2021). wEkA], S
AxPS A 370 A=l "41611 RC #4< AAlsH3leH, 100CHH
S5CHA=R 7oA 1587t FA5t= heat-wait-search S2841& ol&
ko] 2571 Alsslo] WE A7 U A9 o BE stk A-2 Algs
210T, B-2 Al&¥& 125C, D-2 Al&%E 150Cf =EshaA A7ed d4-<]
AFrog FAshe WALl 0.03C/min ole] wdo] A=t o]%
B 7198 ool YELTARS| uef 877 IR AL TESE S 9=
7 olE 2gE A 2k 9 JEHsE S0kl B-2 AR B4,
o] g YL zTste] AIFE7171 A=A /\10401
FTREAT. 4 A WH2EE 261C7HA] J%é} on, WEYE2 39bar
7HA Aottt B-29] A= A9, AeAdxzAoAE SEEA| = =l
ols) s Hafetgo] Polupwal o] FHH 45T o2 2,
A7IEEANA LT 125C 2N ARIYoIA 2rxdo] dufjistAuy U3 +ﬂ°l
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Med 21
A-3 62 (156.9 N)
B-3 72 (353.0 N)
C-3 62 (235.4 N)
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[CP-OES(R- = 2gEet A =g ANE

(NaOH), BHHEE(Na,COs),

AU ES, 2O

Hlgo] The

o1 g3to] T4 HEEA

(E NV-19° Yerdnt. wl=9] SopA oA A==

a3E

FohA|= M@J@_E

ASEA4(Ca0), A IHE(MgCOs) 5

T5ET iAo ® FA Y2

leA=t u&‘&%‘:}.

L|Z 0.56, E|EHs 0.45, O 0.46(ug/mL)

E V-19) A2 34532 4EE24 2
(29l = wi(%)
24 g5 A B C D E

LIEE 21.73 3.41 17.09 23.05 18.58
25 7.25 1.73 4.25 0.90 2.26
s 0.16 ND 3.66 0.52 0.13
T 0.03 0.08 0.15 1.32 0.06
e 0.09 0.06 0.20 1.50 0.15
L=0l= 0.02 0.32 0.62 0.69 0.27
Ofau & 0.07 0.23 1.09 0.11 0.06
L2 0.28 0.39 0.48 0.23 0.12
Izt 0.01 ND 0.59 0.04 ND
O ND 0.04 0.42 0.61 0.18

X HES - LRO |g 0.39, Z& 0.48, 72| 0.39, & 0.56, && 5.20, Ot1H4|& 0.92, Y7t
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Abstract

Fire explosion hazard and safety
management measures for wastewater

evaporative concentration process

Objectives: We aimed to develop a safety management measures to
prevent chemical accidents at a wastewater treatment plant that treats

wastewater using the evaporation concentration process.

Method: We identified the actual situation of the business site,
investigated related laws and regulations, analyzed accident cases, and
investigated and tested the fire and explosion characteristics of process

materials.

Results: Of the workplaces registered as wastewater treatment
businesses, 89% (75) are small businesses with fewer than 50 workers,
and 57% (48) have fewer than 20 workers who are not obligated to appoint
a safety and health manager. The Ministry of Environment has strengthened
the safety management standards of the wastewater treatment industry
and requires that the reaction between wastewater and other wastewater
be checked in advance if the wastewater is mixed with other wastewater.
However, since the risk of mixing is not the same as the temperature
condition of the evaporation concentration process and the temperature
rising beyond the normal operating range, it is judged that the mixing

check alone is limited to prevent the risk of fire explosion due to heat
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generation and thermal decomposition. The evaporative dryer was
equipped with a vacuum gauge that can only measure vacuum, and a
pan check valve, emergency ventilation system, and rupture plate were
installed to resolve pressure, but no safety valve was found. An alarm
is supposed to sound in case of deviation from normal operating conditions,
and the interlocking of steam supply and cooling water supply was not
installed in case of abnormal reactions such as sudden increase in
temperature and pressure. In 2020 and 2023, fires occurred at different
wastewater treatment plants, and both incidents were reported to have
been caused by the overdrying and eruption of sludge as the temperature
of the evaporative concentration unit increased. The evaluation of the
fire explosion characteristics of the material produced in the evaporative
concentration process confirmed that if the internal temperature
approaches the exothermic initiation temperature of the concentrated
residue in the dryer, it can explode due to overpressure caused by the
gas generated by the volatilization and decomposition reaction of the
material. It was also evaluated that there is a possibility of decomposition

or ignition due to friction energy.

Conclusion: Consideration should be given to implementing measures
in accordance with the safety measures for special chemical facilities
(installation of measuring devices, automatic alarms, emergency shutdown
devices, etc.). In addition, when checking wastewater mixing, consideration
should be given to introducing analytical methods that can confirm the

reaction in an environment similar to the evaporative drying process.

Key words: Wastewater, Evaporative concentration process, fire and

explosion hazard
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