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2) }J.Q. _4 :.,‘Lku A1

2120 0] 2B O tlofst AHPAto 2 JLAJE EfolZAElo|E (triglyceride
= triacylglyceroDEX AA| &9 90% ol AA|shH, Az [

AAL IXdE, EXEE 9 A 59| 7|e uFF gdEo] =3hd 4= Q.
2 A& (glycerol) A stutell 37§ A4K(fatty acid)o] Adst +2&
7FAH 3t B2po] oF 95%9] AHHAkS 2§tsly] W] SE|AEC] AgE o
U= AALY] FFo wet 24 gddo] gt ™ V-2l

A HpAke] ssltze BAYRE Z2He 7 AR FE Eo FIEEAY

(-COOH)®} AA7|(RIS 2= Bsles Feln 2o] 54 G $719] S4e
Y7 o),

0
H H—C—0—C—R'
H—C—OH R1COOH 0
| I
—C—OH  + R'COOH — = H—C—0—C—R"
H=q—oH R’COOH ‘ 0 ,
CHs H—(|3—O—C—R
Glycerol Fatty acids H
Triglyceride

[28 Iv-2] EgIZEMEt0IE 7=

3) ®AEAE. 20229 AEREA%
4) AFooFEtdA 2R, 98 'Ol F2 Aol AH?
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O
16 14 12 10 8 6 4 2
ISR gk HO CHs
18 17 15 13 11 9 7 5 3 1
Stearic acid
(C18[0)————ozzet 4
Q
%Eﬁletgﬂ' 16 14 12 10 8 6 4 2
HO S = CHs

linoleic acid(omega 6)

(C18:2 0|5 Z% 9|

[O3 V-3] ZX|YM X SESIX|YL Y

A AR B2 F9] A 7F o]Fddto] gle Z3MA|WHHK(saturated fatty
acids)@ o]F5Z%o] A+ EXSX|FAHunsaturated fatty acids)2. 2 A
L, 271 ole] olF Ao R ool A4k 7 HE St ARAHPUFA,
Polyunsaturated fatty acid) 2= &3t} ZIJAHFARS H=70] o} AL20]4]
TAE EA5h TEA AYA A, =41, HE 5ol Atk S ER, T
Ed 59 AR FA= & 85% Axrt EXIAHoE A2k A
IR 9 B ZSPAAN ERSRH4E0] oF 1:1 BHlE= =0 §lo]
F2oA A FHE FAIR

EfZTAEIEE B4 & 804 24(F= C16 % C18) W99 A3 A4
z3ete, AHHike] FR/E (E V-1 Fastith. BRI AR A5
At 2 z29] o|Fdgde] wWErIZRE E WA =R T2t n-9, n-0,
n-3 2% Yot I1d V-3]. dukd e g A4 fAFol= =24HOleic
acid, 18:1), #l=dl4KLinoleic acid, 18:2), #l=d4HLinolenic, 18:3)2F &2
SXA 40| v hHRrE o] QU

b
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B V-1) 434 7158 XYt =¥
C18:3

o |C12:0/C14:0/C14:1/C16:0/C16:1|C18:0/C18:1/C18:2|C18:3|C20:0|C20:1|C22:0|C22:1
= %] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%I

FIRR | 47 | 19 9 3 6 2
28R 11 2| 27| B9 1
SLER 11 21 73 8 | <1 <1

oo 1 44 51 40| 10
BEIIE | <1 | <1 13 2| 48| 29 1 1 3| <1
== 4 41 20 10| 60

AR <1 3 1 33 15 6 11 <1 ] <1
2718 1M 41 24 | 54 7

[EX : Stauffer E., Dole J., A., Newman R. fire debris analysis. Academic press. 2008.]

A=A 7182 gutdos /e AL QIXE, AHE, 8, A 5]
2=l Qlof dEE AY AT 4 g7l deo] EsHAoAHESE
(Trans-esterification) 348 E9f E5 9
ZHRE FYAES a3t o3, A4 wEoAHZ(FAME, Fatty acid methyl
esters)2}1l Sf= HoleTIAR HgtebA HoH 1Y V-4l.

0 L r o N
Tl - -~ Il
CH,HO-C-R, CH;-0-C-R, CH,-OH
e =——

0 - = ﬁ

CH HO-C-R; |+ 3CH;OH ——> |CH;-0-C-R; |+| CH-OH
NaOH

o] Catalyst 0
1l T Wy I
CH,HO-C-R3 |~ = ¥ CH;—0-C-R; CH, —OH
T \ / A
 Triglyceride Methanol Mixture of Fatty Esters | Glycerin
T —— J

[38 v-4] FAME H=

[EX : Riaz, |., A review on catalysts of biodiesel(methyl esters) production. Catalysis
reviews. 66(4), 1084-1136, 2024.]
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B V-2) Xigiio] 58 ¥ 53

Designation IUPAC name Common name [g/lrr\w/\tf]
C8:0 Octanoic Caprylic 144
C10:0 Decanoic Capric 172
C12:0 Dodecanoic Lauric 200
C14:0 Tetradecanoic Myristic 228
C16:0 Hexadecanoic Palmitic 256
C16:1(n-7) cis—9-Hexadecenoic Palmitoleic 254
C18:0 Octadecanoic Stearic 284
C18:1(n-7) cis—11-Octadecenoic cis=Vaccenic 282
C18:1(n-9) cis—9-Octadecenoic Oleic 282
C18:1(n-12) | cis-6-Octadecenoic Petroselinic 282
C18:2(n-6) | 9,12-Octadecadienoic Linoleic 280
C18:3(n-3) 9,12,15-Octadecatrienoic a-Linolenic 278
C18:3(n-6) 6,9,12-Octadecatrienoic 7-Linolenic 278
C20:0 Eicosanoic Arachidic 312
C20:4(n-6) 5,8,11,14~Eicosatetraeinoic Arachidonic 304
C20:5(n-3) 5,8,11,14,17-Eicosatetraeinoic EPA 302
C22:0 Docosanoic Behenic 340
C22:1(n-9) cis—13-Docosenoic Erucic 338
C22:6(n-3) 4,7,10,13,16,19-Docosahexaenoic | DHA 308

* C16@EA sta2): 1015282 (N—7)@DI0IM 3 B OSHBIIIK Etas

[EX : Stauffer E., Dole J., A., Newman R. fire debris analysis. Academic press. 2008.]

3) 2849 A
4§ Bsd 718 A et fAE ARt 71 BOi)OE e
% Qlek. AR BAZOIA 223 AWo] AL0N 1A S §ASH AL
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Tohy 7152 gEtdo s A2oA AA| AHd XE=E EAHA Htt. fA=
ZE5k= BHNA T712F F4l0] = AHOA ALH R B JHEH0 =
20 =SEHHA A9 JEo] A-FASHauto-oxidation), BAFKthermal
oxidation), 5% polymerization), 7Fr5-3l(hydrolysis), 112|8Kcyclisation),
Ak(fission)d 2 EofukgS A4 =t

A9 Alfigt FA]o A E3feE WARZE dAgstaL Hio|
olulstH, A AS4 Ao} BjARSHA Abuf R E—?——_}
371 59 AtAet §A7F SFetdow Hhgoh 4Hel §RZo Qs g s,
DAG(diacylglycerol), MAG(monoacylglycerol), @A, &4},
7|8t Ale=d 59 34 5—‘,‘—2‘_0}7“ o} 2879 Ahfl= = 4
FHQlolH, Akl M2 Al F4T 1571 UEUl= $8
Hoh ARRE = 2 A4 SR wEt @AY, EeeY 4, vy
FABHA ot A2TH, Ata, H, HEF 2E 5o g2 5 Q. &5
o|FZAYo] W2 EXIAWAIY BE Ataol AddstHA HA 4tstEH
G0 R FE AMEEE A4 7152 SRS ghefo] ol 11204
e o A7t w24 AgPEct (160~180) €9 &2 x| 2Lo4 37]
9] Aot F7 BN o= 5, A&, duid 50]

Atu

R
A89ol4 & Al HEs, SIS Fo| Yolut AE SusA e

r HU

A}

N

(1) Xt=AtsHautoxidation)d)

A= 3719 S5t A AAE F50hal S5 Athe FAE A
Alsl APES G5k drt. fA7F AL Sl e

A A5 APErhrt 44 71Zte] AU mie- FA5HA S7FSHA =,
FE71Z induction period)olgt gt} o] {FE7|7ro] AUH FR|Q] At

S

5) 7 =BARF AT, AE&FAY ARBEstet Thgo] wE AA EfAAEAY
s}



V. mAgSe v £y |

gpepo] 345 F/ISHRR Akt AR AFT B4 74 1L 4R
shsba]-2el4 Walst zdElo] Akl Lol "t AiEEE 949
XTI} 255 5, 0|FBY4V HoFISE K ALY 13 Ak}
J4EL sto]=Ru S Aol =(hydroperoxide) 24 AEAIEE A RA
27 Z7FsthrL el Balaro] Wobd WA Aty BAsHRe v
Borgsto] 47 Rajslw 2% Alel AR AEslE, AR, IR, 4
dslea, Feps W SE o) FUA Rl YTt

(2) E4rt3H(thermal oxidation)

{49 QAR 2719 24 SolH §AF 1LOE AT W Lolbt
Ak} ghgoleh, 41869 74 ASkE (140~200) COIA 74t Ak} whgol
B0l Qolupmia WS- w2 e Asph AgE 1.eo)A §AIS sgsH
Sw g, o, Ut W B4 5 SEe vhewt Wskt dojue, ojg) 9]
H1%, A7F 52 S745HE 8 0 Eske ashe, wade ol ke
7150l Aol AHEEE F9 A5AQ A71S BAFHE LER FoHy
FA8 /1SN oL 1s] e 715N U £ APt ALY s

22 ARAE Lok w20l 24 vEetiAhmad 5). #4115 L2004
7lgstd BafEwA 92 At :Leqxﬂi— 8735k, oldf 84"

Aupe MAYS BRI ANE 71 A4 §X9 ge WA k. £

Bl AFEE2 4 carboxylic acid, 2-Alkanone, n-Alkanal 52| carbonyl
38HET}F n-Alkane, 1-Alkene 59 ©&38k+4 ¥ Lactone, dimer, trimer
4 7]e} I EA} 3RRMEQ] Ao SXxlEnh dARRto] ols) AdE IEAE 7RI

771715 31, Ao] of 2|l AFo] LA st TAFo] WokRl=
5 7189 85 Ao "o

uZi

oE =
E'_
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P
%,
2,
G
% cree faty
Foaming
-
o
g c,o\d“"wm —
2 e mﬂ\e\‘a\
3 / — " po
A Peroxides / -
£ / i
8 ey &
8| [ e XA N ]
£ L B AN 'T;,of;f\ericmaleriat

Time ——»

33 v-5] S & 7189 S2%, =&ty w3

[EX: Choe E., Min D. B., Chemistry of Deep-Fat Frying Qils. Journal of food science.
72(5), 77-86, 2007.]

E V-3) B=E= fld(frying) & 2dsks A=Y 7182 =8ty Hat

lEy £3 FRER
7ol 7S 29| HEO2 Z2|MIZ It X[ AfO[C]
. ~ DAG, MAG, FFA
(Hydrolysis) | TAG Z&0|| 7=
o= 3
Tomel | a200A TAGS! 371 2 alkanes, alkene,
. = ooErle = ketones, CO, CO2 &
degradation)
A3} 7180 AtAS| BEZE2 2HA = O|FO0FE peroxides,
(Oxilaation) 1. hydroperoxideE M4ot= 1kt 42 aldehydes, alcohols.
2. hydroperoxide’t &=olil= 2AF Atst hydrocarbons, FFA
s —1 AbE - = = | et 2 SgtE TAG,
s U20|Af 2%} At MMESO| At Hojl 2ldh 7a|24 xﬁ o
(Polymerization) | 7IS Xt EE RIgMol @EOR T2At 4| T TS T
o

* TAG: Triacylglycerols, DAG: Diacylglycerols, MAG: Monoacylglycerols, FFA: Free fatty acid
[EX : Tarmizi A., H., A, Ismail R., Kuntom A., Effect of frying on the palm oil quality
attributes = A review. Journal of oil palm research. 28(2), 143-153, 2016.]
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(3) 7t=Esal(hydrolysis)

120 29 BHoIA AAREFE e B FAE F4(polar) EAEA
41869 4B EdZeAeo|=Y ofAH (esten AT FAste] HallwiA
ol e AE, Liold2 A, ZAE, 5T AP B et

triacylglycerol fatty acid diacylglycerol

R

o o
o o]
R OH HO\/K/OH
HO\)\/OTR + HOH hd +
o (o}
diacylglycerol fatty acid monoacylglycerol
fo) a-linolenic acid
HO T

——

carboxyl R = long chain alkene
[13 Iv-6] E2IZ2M2I0|=2] JtRal HtE

[EX: Walker G. T., The removal of fatty residues from a collection of historic whale
skeletons in bergen. La conservation des squelettes gras. 2012.]

™S Hydrolysis

|

Thermolysis Oxidation
[23 v-7] E2|Z2|M|2I0|E2| BES site

[EX: Gnanasekaran D., Chavidi V.P., Green Fluids from Vegetable Oil: Power Plant,
in: Veg. Oil Based Bio-Lubr. Transform. Fluids. 3-26, 2018.]
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(1) |2 Xt

£ AAL] PFe 22 VEeE RS S5t A0 7|89 I3}
AE F sholtt. ARF AWARS SR} F719] £4) slollA] 7HE F 7150IA
EZoASANIE(TGA)Y 7t} sto] ER2H LA E(ROOH)Y o=
QA5 gLt

) 22y =t

oo

=

A&HE 250 T ol 7Mgstd FEMN =421 A7|7F Ay,
= =HAIEY EERE F4E dHtlEE 2 R YA 1A
9 &R Qg Aoz IdHA QItHWijayasinghe ).

ol & |U(acrolein)d T2 w4 H|E Y5 =(short-chain vinyl

o
- =
aldehyde)= =24 AN Fd=e Aoz gepon, 0f, &,

o]
3

oX,

257 AYE A=ot] Hzol AeRE 55 4 F5 v FUIA ARESk=
S A7 S AT o don, HF=4 53 €, /IS 26 Co=®
1o sigettt. Innocenzo &< R, BEU1E, SHESR,
sfutet7]goll tish 145 °CollA 2A1Zt &% 715t A=ntE D uj= 24
A3, (2.7~9.3) uM Atol9] ol FEH ]l Tk $£FZ HAKE V-4). &
GZHE 2A1RE B9t 7HERE & vkt 2EoflA BASE Ay ol 3 9] B
2527t S7Fetol Wt @A) e, 95 ° 2o A
AEE & =2 RASHAKE V-5).

o
Ht o rgh rsk

m\!
o r
i)
El
Y
o
rlo

=
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715, #A oAl disl A

o1 0O F - =2
ShehE HES BHRAKE V-6).

(E V-4) 145 T 2A12t 718t A24I|E W o2 &2 &
sample fresh(um) heated(uM) felel=y)t
2R nd 4.3 105-128

shiHt2t7|R(1) 1.1 - 120-134
oliHt2t717(2) nd 2.9 120-134
3R nd 2.7 88-98
22/58(1) nd 5.6 75-94
22ER(2) nd 9.3 75-97
(B IV-5) 2AI12t 39 71Est 28 3718 W ol3 84 &
2=(C) L(uM) ==(C) L(uM)
95 0.2 145 2.7
110 0.2 200 24
(B V-6) A4 7| 2 H Z L4 4
75 §yE
pentanal, hexanal, heptanal, octanal, nonanal, decanal
aldehyde | 2-butenal, (E)-2-pentanal, (E)-2-heptenal, E-2-decenal
(E,E)-2,4-Heptadienal, benzaldehyde
alcohol 1-pentanol, 1-octanol
acid acetic acid, hexanoic acid, nonaoic acid
hydrocarbon | dodecane, D-limonene

5) 4889 At

4869 47t 2

= 3%

>~
J‘;“ =

ofLbe Ab20] &

&7} 27151 Slol=wne Aol el

22 BASHEo| A E= BAO carbonyl 3FHES] X S71SHCH S
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(1) A7HAcid value), R2| X|2AI7HFree fatty acid value)

18] 94] Bl ZAiH= £2] Aupte Sk R KOHO| meeiA
7] BASC] 4B A 98 A ] e el SHo]ct,
o7 7RE AAEAL WEslo] AGE fAL A $A17 £or] A% §AY

TR = Wl B
(2) 1AEtE7Hperoxide value)

$4 1 kel 9T HAHEO] WBS T U GPeRA BAHE
glolck. 9|9 APk A PRk slol=2m S Afo|=o] Ffo] Ao
9t § Zash] o] Avh AR 4 odE 919 ISR ke
% et

(3) Carbonyl 3tet=

FA9] AFs4tet g o] HSAAA carbonyl SHEC] BAHEHEE o] S
ZAoto] Afo] H=E UdohfiA Hot. carbonyl e IHAISHEETRRE Zo|
4bst g Bt S7HF Aasts Aol glo] AAIE AstE FAIYsE kol
A% S7H5H =

(4) 22E7Hlodine value)

718 100g°) $7bEl R0E0] i watel, 7120 BESEE Liehi)
, BESPATAL] EA5LE ol dde RIS S, 52 EXSEE
= AA8F+= 140~180°19, &4/3F+= 100 w|qto|tt.

N
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V. HARSOl wat ég)

. _
2. 48] @ 3

= =

rar
=

s

e
r

=
L

]l

D ol2d Wy 9 Age w3} 54

(1) Xt7| LE(Self-Heating) & XtALSKSpontaneous ignition)

Autoignition(AHad2h2 oF H3leo] gl AEjolA F¥ ko] 9]
E4o] Hslol= FSH(AIT, Autoignition temperature)?] 7@ =24 QASHH,
A4 HaE= 7ol Spontaneous ignition(tAESh2 WA ==
Ao v SRS I3 YAt ot B BESE PR Food
4= qlom, AL Hof, 2 e 5ol Qs ARt Fol £4E A UaR(AIT)el
Lgdto] Yotz Aoltt. o= £49 A7] Wd(self-heating)ol 71?15+

§ &3t Aot | Ao E0i8le 484 7180l A
7HAEC] FARAY AAE ALSH EHH,

g,

b

T2 Ee AR St A7 e

o

= 2t 3
AEA 7182 A20A 371 Y 4baet §Egsto] gz
TASHES A 5= A=A auto-oxidation) S A2 7FsA4lo] =01, o]
s 27| HES do7|H, 240 wzt AALSI= ojojd 4= Ut} W=
A7 el dEF(thermal runaway)7t dold o WAsHA Hot. =2o]
ArsteE|HA A BASHH 257F S7F6HA Ha, 2X7F F71eko] wet
e X7 S7FHd &k 10 wet o FUkeH "ok 249 FHe
d 27t LEE S} ob|o SRS o ASHHAIT)] =LotA

mo

H
Ak, A4 7182 A7) 7o) F5BIAIRE el Qo SEAA
oom, AUt ojuy] SsiAE TACIEA TR gl B SolA

[e]
ML EA Are} FEsfof Pk,

6) Stauffer, E., Chemistry and physics of fire and liquid fuels. fire debris analysis. Elsevier. 2008.
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(B IV-7) N2Y 7|29 Xb7| U (self-heating) 23

Material Tendency Material Tendency
IR very slight FME Moderate

oo low == Moderate
HER low WMIIE High
SCER Moderate to low OFOFM| High
e Moderate S High
HAIQ Moderate (RSUR GOioiM F=5)

[EX : Stauffer E., Dole J., A., Newman R., fire debris analysis. Academic press. 2008.]

B IV-8) 84 7129 wat 54

& oI5t [TC] AUSIH [T 2wy [Tl
SRS 278-282° 405" 226~234%
=y 320" 400", 450% 268%
212 336" 419"
HAR 333" 420"
FAHR 294" 360"
otorle 334" 415"
ItEate 275-290% 450? 220~230%
TR 460? 2477
Si0|1R 420? 252%
B0l 2228 435? 225%
ﬂgi;@:{' 4307 200”

" Koseki H., Evaluation of the burning characteristics of vegetable oils in comparision
with fuel and lubricating oils. journal of fire science. 19. 31-44, 2021.

D SUS, TN SISH, HEM AR QRO HAEXM SHREIAYS!E| 2009UE EHEEER
LHs| ==%. 460-466, 20009.

9 Gunstone F., D., Rapeseed and canola oil:production, processing, properties and uses.
CRC press. 2004.
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V. HARSOl wat ég)

GuO & A&4 715 33(E7IE, o, 3= td2=E TG-DSC,
2HEg7], GC-MS 52 Argsto] Adds}t 54 374’ AR AYUES A5kt
Z7) I 2T+ (65~90) T HAR o|F AL Al A= glom, Al=9]
AA A4 Y2 A= At &6, A4, ﬁ_w_ T A 49AE FESHIH
A AE @AY st A|= 33.13 kJ/mol® 200 TolstolAk
A} 71AF 8K self-oxidation)® 7] #9™, A7 @SK(self-ignition) BAF
oA 78S+ =olH, A& 7159 &3t dolA BHiislEo]
A R EoflEA AAdEkel Aol A= SISk

i

o)

(2) 213t (Flash point)

drslo] Hiof wet Zslo] oJst WK Piloted ignition), AFI¥FSKspontaneous
ignition)i T2 £ LA, FAjol| gt LILE Qlste} gt Q1ske] XAtk

242 Askdo] FolHE W AASIRHA sk o]ifolofof 5, AALSH=
I3} AJZto] E49] A7] ol o3t Ao|EE B 5EoF 2kt ]sir
A2 71A HA 9] s AFZE Friske ol T8 AREH, F712}
Z35tste] QIshd E3HE P4 FET S8 TR £ = HA 228
aeiet. Qlebd &4 "ol dH4(Closed-cup), 7H4l(Open-cup)©]
on gutxoz WAooz ZgH AsHHE Ushdole} gt
7IAdEd e fEAde dibd o= WokKignition) 5733 A (propagation)
EA4oR BERY 4 o Uil= Qskd, M= AagEet IS o]
At Koseki 52 &4 7152 Q18] (300~330) CLE A=-100 T)<F
£2-8(220~300 C)EE} o QHAS Ao E AAXAT A& 2FA9] 10%7F
A4 7153 THol ok '3}931‘%. Adde 59 Al 7189 dasE,
EAME, StEol7t C-Aaf W 47 SEFET 2 A= YEoH ol
A= 7189 7 iAo s i‘r%“ol A3 A7P7EE s, A4 ®HO
AL B&70] F7toto] AAaGEr webx] a4 A7 EAYsHE AlEA

7) SeloznE YAEE FAAF gy Bao] FH PEEE IO v
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7159] B B ¢34l

i

o
e A

filo
1o
=)
ol
O

(3) UHH(Smoke point)

AR ANAHOE ASRE HIY v EHNH G 2 7|7 ]
AABe SRS Wo, Q17]9] 2R ) AL, BiobAFEAEMAC)
told ZEAB(DAG) % oFLBHl, LHFE, AL, 23S 59 LA
4 Sol Utk 9T APAY F7h= AR Wk Aoz FeiA
ITHTarmizi 5). 1832 A% 71geA Hu fH0zR A77h 2]
At oluf =7k Wiol, S-S HAAAE HahEiA] gtk of7]o]
e A2AZ A LES PSA7IE Qskste] HABpEA At A4EA
] olnf L&k sk, B LEE JSAA GUHCIH AsHow
Aast ofn] L&} dagol HhEAE ).

i

[©)

<

Tarmizi 5= BF AlEol sl FHELE AREsE] At A4S B7FsH]
sl 24 9 =23t £ At 180 TolA 199 8AIZH4] 10€%t
7t & IAdE , 7124 1294 sfEkE - (HOSFO) =
242 TOA 194 CTZ, T AE F SFPOo+= 219 CToflA 203 T, DFPOo=
218 TollAl 196 T, RPOox 228 TOlA 196 T, PO= 236 T4 200
coz=g FAstgon 7P W2 HAM¥(210 C)F Z+= PBSE 191 CT=E
AASHITHIH V-8]. 28y o3t dAHS dRkAl H3 &&=%1 180
CHI}F £3kon A7 7oA 5-8sk= ATk 170 THT}F 20 T ol &=tk

ok
iy, o
%)

7

Ay

(4) 2R3IZQ QQC 7}

FAERE] FRE A AYR, WAS, FAYR AR TR, &
V-103% 2ol AoEgte] o8] A Hot Aesgel §4 100g°]
RIFEE(RA 100g0] F4oH) L= g5E Yoln, ROEE 75
BRSEE Wolv] olF2Yo| WHE RoEgol AAA B
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250
ESFPOo Z DFPOo B RPOo & PO B PBS O HOSFO
< 225
= e % &
£ 78 & b
S za Mg X
£ U kwl | R
2 sl | e | S &
E U k4 ZEnk Ze 3
E 200 | mpA e ZEnn 7t o
" Ziaial 7
il 7AW o
Zisill 7oAl 2
Zans ZEnn  KF K
Z8a Zas Zaei ke
175 & it < | K
Day 0 Day 1 Day 3 Day 5§ Day 8 Day 10
Heating Day

(O3 v-8] 13t sHH27 IRt HRRel EaAy Hat

[EX : Tarmizi A., H., A., Lin S., W., Quality assessment of palm products upon prolonged
heat treatment. Journal of oleo science. 57(12), 637-647, 2008.]

BRI} £ 942 Basl Agto] Ho| Ho] glon] Alsle] 419 Azl
7Hs4o] bl ojulatt. ol5 Aol Wob BRI B AP T
ZolA] A¥shElo] of o] Mk el 7|8 W EE Fo| So] AvSo]
Ol AR PASH B &0 B} Ago] F7] 59 Atao] o5 45
§ESS Qo] Hrk. EE A} M) A A% E Fo| 5 theA FleiEe
avfgo] 371919 A% wWAo] ANL A EHs| e Aut Hh =
B HFHe 49 A Ung

(B V-9) 29C7I0) @2 42y 7|50 28

72 [ gecy | wsy [ smas 3=

289 | 130 o [ 3g 30 |aBrRpIg, orIR, 5%, 5718
uizide | 100~130 | &7 57t WIS BB WS, SIS
=748 | 100 olat | Nt 828R, OKR, LOKR, U8
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H4 &7 F2 EfFgAgtoly, BRIl tIEAgels ¢
3 HgolA AEE T FG~20 wit)Q f8] Ao R FAgE o
. EFIZ ATl gt A EololA FUEA] AlE AL #Rt
Z9HE 2 (starting materials)® AFEEH, 8 FTAHAERL 3 9 Exg]
Apitoles). w4l g7 EE|gtehs B4 £ ¥l A FHeEH,
HEAo s ARG 9 HETT EOFA|AL Aol 011: HAAA et o]23t Hok=
A7 ST e UERY, BT HAIE FEsHA "9,

AN GRE H8RY SR AG Aehe] whet okl webd & 9o
7152 ze] Fo BoE BeBol ST cAskgo] wtobA A 7150 vl
e SzolA] Wotey] ek dado] kot 4AHOE ALy ol 9t
425 pusteEld 4okE 9o 4 9k thE 23 4ol ghotof e
ot 78] 22 AdE BAEsH 9713

35 A7) To] dojut A4
D& TRA7IEA = 542
Aoz, F2 Ho| AFshs GIA ol H2um, oz Q3] e Y7L
HEgo] gt 7159 FRSE 7pA0 Wk wo] TYehHA A4stA Hrh
WA &fs Aok Eeke] &= APt A9 glon, Qlaky, wado] vl E}
wol vy olste] oM FRAe] 5717F Takd 4 9lal, 2tgE AAs:
AEf 2&7F WE o]l dHoleg kR ALt & 4 A
Alias 52 9719 HAE-RFE dF2R HlolenAde] 4o 935 &
—t— A, HP—Q} A2Hd, 2T, F2l AP 57 B Ade &
SIS A3 (198~290) T, 8] A4k 25 0.05 mgKOH(HR] 2
Aol Wagt HAghe 235H= 5 ASTM D657110) 720 mE vio] o] 2ol

Jk& %0
A ml
2 4>

)

8) Joshi J., R., Bhanderi K., K., Patel J., V., waste cooking oil as a promising source
for bio lubricants. Journal of the indian chemical society. 100, 100820, 2023.

9) Feo G., D., Ferrara C., Giordano L., Osseo S., assessment of three recycling pathways
for waste cooking oil as feedstock in the productio of biodiesel, biolubricant,
and biosurfactant. Recycling. 8(4), 64, 2023.
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E2Zk} Blwste] &kon], Holord Aw g Hglsly] 98] EANA oAH =35}
ATHIE V-10).

(E V-10) HAERS shd

S5 213ty =X
o ASN 7|E(¢frying) 310 € Aworanti 5(2019)
H HR(frying) 223 C Aworanti £(2019)
HAIRS 2222 C Azahar 5(2016)

10) ASTM D6571 Standard specification for biodisel fuel blend stock(BD100) for
middle distillate fuels
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3. WSRO sy B¢ 54 Wl

D) F7Hd A=

AAEE ATED AAR 432 PEste] AT AAGR 5T vlwg

G ASHA GO 85 3FE AFOR S B S4L BT

(B V-11) WA Mg =28

AeE NzF A= MFHSE H| 22

A UCo A HAEw A 2=

B uco B HASR A 2=

C Uco C HAER D]

D UCo D HAE R RSN

UCO E HAER A 2=

E UCO F HAER ME 22 | 20223 ALLL A ARAE ZHE
M= Canola AT Al - IH=sEte
AE Olive A AER - extra virgin S2/ER
W Soybean | AT AER - HEQ(=7|2)

*GH - AEYE 0182 Ol2E HA, 28 B2 2 HAH S

[O3 v-9] HAER Az 55
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n. “_ n

T v ">,-:_{;!

ER IH=Ete |
= e N

[3& IV-10] AR AMER 35

2) WPE

(B V-12) 3xf-Z% EM I} g5
wias Boihe
oI5} === 30l HAE A &= U= ZN2RE
MNAFAMEZA(DSC) | 20| ME UDHARE Y LY S HOHY Hst £
ASTYEN(TCA) | 0 M2 My wist U 3jury JpA @M 08 =X

3) B7F 7|
(1) UK A&7

Q151(Flash Poinde] 27 WM4lole We] Aefol 4 7tdsis F413t 7
Aol A AGse W4 274A7F glom, o] 24 walow 7@ JlsiEe
Wu4] Qlshd, FRte] 24 whalos 73k ASES A Askdolet sk
T3 59 ARoHE B4 4 Asidol W4 AstET £ Zhe
LRehiIc), Qlskd A3 Wpe] R G V-13)9} 2tk 2 AoA Zejugie
Al e ol gstel Asde ZAstr
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(B V-13) Qs Algudel 357

= Al HE 7I=E HE 73
_ 2R, V153, 51, &2 HeYl
EH A | QB 93 T Ofstel A& | T IEH, SR, 2s B
L-TI=TT

N Al OI51X Q| xx-|o|

HAZ[OMEA | HReH Az & BT HY | R, 3R, &7, V| 28R,

LT CleHE AHYES HNEE +~ | Y¥Rr, BT
Ble A=

ZpuBs ) 47 OIAEE, 7= e,

WG PN Qlekd 80 T Olgl Al= | OIO1EH, YHR, EAR,
- 2xelw, 48 BEw
7t) |

15} A PR = =Y PetrotestAtoll A AZFSE A &3] (Cleveland Open
Cup Analyzer, CLAGZA 2|0 Agaom Qlskae 23ehe Fololth
2499 (80~400) Tolth,

33 V-11] SUBHE JHYA sk AR
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Al 4 KS M ISO 2592:2017(13Hd 4 4 AgHHE - |2
R Al@RbR)ol wet Aldolih Alg Holl AlRE A2 thS ol IS
A3 AHoH (EIV-14)2] &2 5ot AY EEZ AR Hfol=s 2%
7H2 o] A=t A%H 335]9] A¥ke] HotghS ARgol AKX v 9l HJu =
(£ IV-15)0f w2t}

(B V-14) QI Algdtof 2 52 &
Nl A2z 22 OjlArOIB1R roar NE=EZSE
60 <C O|ot 1 C/60+6% 0.5 cOfct

EH SUmAl 50+0.5 ml -

60 °C OJAt 3 €/60+6% 1.0 cofct

H| A7 |OEIAL 110 € 0|5 1.0 cotg

ZIOEAE o 70 m C Ot 56 /2 o
TH|A| 110 ¢ =1 2.0 cOoct
2E28E 1 g0 ml | 80 T O | 5.5+056 /2 | 2.0 Ot
(B Iv-15) QI5Pd &4 A4t Y Har
IDEIE
N . —— —— v I
QIEFH(C) HIESIEA | MAGHEXL
Fc=F+0.25(101.3-P)
SZ|EHE 80 Fc : Olix*("c)
THAl 0lAt 8 16 1 =mola)
P AIFEAL 7|2(kPa)

(2) AXEEAIEZAI(DSC)

dEAolt B89 =4 W4 (Physical parameter)s %9 =
UEf = &4 Bolth & 529 255 dAsHA Wik o w2t Yei=
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g7 4 W5k FH5H Aotk ojy) of@ Bl Wgo] Wste ¥ Al
whe} ofg] 7hx WPEEo] Qon HEA HEES (E N-16)3 2t} &

A¥ Bl A DSCE o] 83t FRAHE AAIsT

34 45 712 =
DTA(Differential thermal analysis) 25Xt AT K
DSC(Differential scanning calorimeter) RS Aq Joule/s=Watt
TGA(Thermo gravimetric analysis) e 9(%) g
TMA(Thermo mechanical analysis) Z0| AL (%) m

DSC= Al=et B8 7|28 4E 9% 2 TR0 wha} HIIA[7|HA]
2=} A7) hrEA SHE AR 7IeEde E7% Ael(Difference
245}t G9<E(Heat flow)2 FE(W; Watt)h D AFE(MW)
o2 AGEE QoUAE LIt ERES AECE H|Esty oyAFog
SR mW-sth mJE Uit Boli A= A159] 2T (Enthalpy) H3}o
Aot A&7t oy E E5otd g #Wsk= §9(Endothermic)ol™
NUAE W&ot UL(Exothermic)olgt Sttt DSCe= Agn] HASIeL Holo
olg] WAst= B Aol det gt FEE Aoty vg, €4 ail
R2]Ho](Glass transition), -G, 5= As 5 E2 24 HIlFS
T 4= JHIE V-12]. L8 AEo AR SEF AR E

=
52 24T % 9ol SRR 94 AL ASHe o] APow e

|t

in heat flow)

BN AFo] AFREH DSCE AYA°S METTLER TOLEDO(REH
DSC5+)0l|A AZst AH2 [18 V-14]9] YeHdct DSCE A&7 97l

crucible(pan)? EEFEZZE A5+ ¥l pan©| £°]7l= measuring cell,

80



V. mAgSe v £y |

Al&27F 7 crucible& AF50.2 cello] EQ3F+= sample robot, (-90~
30) T 9 25 HYE ZH= cooler2 FAE O] 19 measuring cell®] AR

E V-7)° He A

Temperature Ty [T 2

0

AT =TT,
05

or T' = "‘TIR‘ih

R, . thermal resistence
0 i . _ 4
Heat HUW' 0= Tf A \H Dsc 5ig|’IEll. ]

(mW) I
ime ; &
orT, Peak integral -> AH

[O33 v-12] DSC & #2|

T.. = Extrapolated onset temperature

T, = Onset Temperature

Ts = Peak temperature Tp
Q) = heat of reaction I ""‘f

Exothermic

2

Area Q)

Heat flow

Endothermic
(B8

Temerature / Time

* Endothermic : Alg7t HIHXIS &4 Of AT Hel= SE(ES, 5L S)
* Endothermic @ Al27} MUXIS Y& O AL Hak= wH(Mel, tekZol, 233t 5)

[23 Iv-13] DSC ER% GA|



(b) aluminum pan

(a) ARIZEAIEZIA(DSC) (c) DSC sensor

[ IV-14] DSC EH]

H IV-17) DSC measuring cell At

35 A
2L Ho (-30~700)
=2t HIUT +0.2 K
g an (0.01~200) K/min
== g2k 0.02 K

4
FE 100l ol3t2 THS AFol7] wEe] BFY EREO] B ZHAU
AEAe G = % ek

L) G714

DSCY A& &7]= dFujE A9 standard pan(40p)S AFESF O
A=2E Y2 &, "&(pinhole)°] Y= HT=E ARESIO] YH A2at oF A4S
3

Fo 7l e 2AS ARESIITE AlEES (1~2) mg, 1, 2, 5, 10 ©/ming

=

o
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V. mAgSe v £y |

S EE® (30~600) T 2= ¥, 571 &71914 F7I6tH.
Al=27F Aol 2 A% Alre 8718 "E pand A"o] w¢ S235HH
HFEAR] el obd) pand] A% AVMEW ady Als W S
e ool 2%t 7 avE 72 4 e, E pand] A5 e
Y 528 U3 d&d 55 FESte] AA RIS EEY A U2 5 Sl

AZHEA7|(TGA, Thermo Gravimetric Analysis)y= L33 &£ =&
2 s WSS W] A= SIS AlRtoly 2k ke S
A 79| AEFHs= S (vaporization)o W 7FAE AJAdok= SFHES{(Chemical
reaction) 5Ol 2ol ®AYSHA| =™, microbalance®]| 2J8)] A& 02 ZHH )

FSTEAMLE (18 V-15]19F o] AEE 7FEstHAA 2E=Hstof gt
31 x5 y=o plot 224 dojXnt. et 2 oE
£ 7P (temperature-dependent rate process)?]”7] W&ol 2z Hl=
A7t oF Lo ARt dojubA] Qkar gt W Qlof] AAA dojdtt. [19 V-15]<]
()2} o] dA7 EstA e 5= e FF DAY 5, v 2k 79,

FUAES A AL & A AARE (b)2F Zo] FA19] FHZ YeRdtt
THAA7E HH7t He S FAY HEFoA YeEARE §Ego] o277t
ZHEE AL (09 o] AREETFEA(DTG, Derivative thermogravimetry) S
o]&SHA Hrh. AREFTTFEAS BFT4 JAZ HES #2=E DTGIHAZ
29f §FS ZF ©@A9] nlZE= olFoRlt. webd S A UGS U=
TGO M9 2= DTG 1= FthA|of sfigst, W42 2t ©A 9
TTELES Av}TH(FEF, 2002).

>
U
H Io
mﬁ
ol
&

1
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o jor F il i

| Hagglwe s

Wogdi

b5

HELE

[23& V-15] TGA
Ceramist. 5(2), 24-29, 2002.]

7h E71EH|

<
o= T

ASFERA7E= A9249 METTLER TOLEDOOIA A|Zs Al @Au|(Rd
TGA/DSC3+H)E [ IV-106]° Yetigitt. TGA= Furnace(PtE &), A,
s =4S 9= TGA sensorZ TAE EXH moduled}
circulator® AT 0] A1 ARSI (FE V-18)7 Zt}

=

Al=o 2k

(b) alumina crucible

S

(c) TGA/SDTA HIM

(a) ESFEH7I(TCA)
[23 Iv-16] TGA ZH|
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H V-18) TGA At

o= ArQf
2c He (A2~1,100) C
=2t HIUT +0.25K
Mz 58 g4 <1g
Balance resolution 0.1ug
Calorimetric resolution 0.5mwW
Sample volume 100ul

TGAE A&7} Aok Alshyt 7hAar BEse a9 22 2= 5719
nE g et dojus %’201] A8 = glor Alm 6] oA s
2 9= TAo| Yo gol &7tets, S47kst A= HdiH=
100 pl2 "% &ego]”] 'ﬂh‘i—Oﬂ 2w e B¢ 54 239 AdAel
IFE = T Utk

m{n
o
B{}
W
o

L) H7Hed
A ZEZY] %S 9F (5~06) mgS E3]519 alumina(Aluminum oxide) A2 2]
open pan®l /\]i— ol Ao &8s ¥, 37 4 dA BUHF

50m/min)lA] 10 T/ming] $-& £E= (30~800) T =& HYjolx] S7gsioirh

(1) ek Az

HAER 55 doR SEENE Az AP uet AgS Fyatick
ZF A=l tiste] 242} 33] HkEsto] AlstA o, Hatghol 2=t dEE BA
SIATKE V-19). d¥bdog Ag= Qs 4879 A3k (300~330) ©
oo, 2 A9 H4-8 sk A¥h= (296~308) T2A #2418 A=
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RS FAY 5= glo] A HTY S
AARA 45} L 7R 3 E ARl AA F4s)
oIokom B 250 T oo 9

E V-19) HAER =k Al

ANz Q13133 Bd) 48 2= A8 2AH
UCO A* 300 € 22 °C 101.9 kPa
Uco B* 304 C 22 °C 101.6 kPa
UCO C 308 € 24 °C 100.6 kPa
Uco D 304 C 22 °C 101.4 kPa
UCO E* 296 C 22 °C 101.2 kPa
* HHOIZY U SEH7) 2ARE ARY
(2) DSC Alo-l?d“ll-
HAER 5%, A8 3%= WHLE 7] E7IstlA (30~600) T

H Qo] A] 5 C/ming £E2 574
R

HA-8-5-2] 3%, 300 T oJstollA 2719] B-F2E 7HIH, A WA= 1a=
A4 G4, & WA D3 GRS 9ARE & 5 Ao, olF da 9 dAa
T AR 8D & Aok {2 E&R/7t ARkE7] AlE St HEMAREE
(100~116) T Alo]¥od o] 5 C/min £E& 2343t A724 DSC Al
IGo A Tdo| A E= S Feio] Aolr] wiEo] AFFAelA i
AXSEAY dhg710A = G&do] Hol A/ EE B Wobd &4 ot

A2 E= Sfekgo] 471630t £ 2 WAcks 7P 2 2=9] JidolA|Rt
o 2 Lok 001 ofd ¥RI&EL7L SlZ & Atk TR EE S84H| 9
e, AE F7], 9E HZ, A2 olF, ¥g £xE3 B4, E9

g7t Al A #H-57] ol AAl 340l 28 we F2lsfof et

r°*'

AWE [ V-1713 (E V-20)°]

o
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H V-20) AMg¥E DSC Zit 9%

A2 %%75*@5 Qlﬁ%“’aZUH*I%E 1Xt HE*%:'Z"-IEH%E 2%} HE*%:'Z"-IEH%E
[C] [C] [C] [C]
Uco A 109 141 190 263
UCO B 101 142 193 261
UCo C 116 145 184 256
uCco D 1156 140 185 255
UCO E 106 141 194 265
UCO F 100 119 185 245
Canola 121 155 - 268
Olive 156 180 - 260
Soybean 124 149 - 235
10
mwW
(I “\
50 100 150 200 250 300 350 400 450 500 550 °C
(28 v-17] HAER ¥ A8R2 DSC =4
W21 840k A5t QP98 E lTekTA T AR A (@ ol ASHA
U2 A8&F 3T 7hethg, TR dAEZHR TR0 g I8 2t

87



A= ZH2F 121 €, 156 €, 124 TEHA H4-8-8(100~116) TET}

1590 A 1A 892 T3= AL GAZA A
AHPARY] AMSEE QIS Ao FHEH, AAED} ¥zl S2HR9] 3¢ A WA
HEEA] gal HERE JESE oJojX= ALoE FHHM o=
AAELHZ] S HR= e 4870 ] 47t i, ASHA7E 23E of
A HAAL Q7] W&Ql Ao E Helrh

9
i
rlo
r>~
ol
2
ox,
ox,
fto

N

0K At

AAER 550 T 249 FFo] 4] TR 0]F UCO DE o=
DSCE olgdte] 4749] 52 SEolH AHstel BAsIUAS AL

AutH o2 £ 2 B2 model-free?l model- fitting WHS ARESH

~
et
0x

Fig B JFoAL H5L XAAS Z95 BEAHMoZ model-free
s AduH 9l Kissinger methodE ©]&5}3tt. model-free WHS WHS-
HAHYEZo] uAQl AHoA o 7HE £ko|A Q] DSC 22 HE HAghsd

s YRS ALK &= 9t}
rE o= 1A SSR A AR FEALS 4] (It 2o] ek 4 gk

@ (T f () = Aexp(

7 /(@) 1)

o7|A SRS k(7= 2200 et 9&4d& AT Arrhenius A 2%
BT £ doH, 1= ATh o= HRE, T AYE[K], A= RIEQAAHs ],
E = SBR[/ mol], RE 71AVS528.314 J/mol « K], fla)= WH-EHE
Uetdch 7HE SE+= 4 ()2 Zo] YT & it

flo -

4T

B=" (2)
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V. HARSOl wat ég)

o714 fi 7t SEO|X, aT/ars A7t THE SEWSFE et 4
(1), @2 A5 4 3o £58 & glon, 4] 3)e st Hetnje
A o ABES 7 7124 Alo] Hr

da
dt

=5+ exp| |7 @) 3)
Kissinger method= DSC FA04 714 &k & HIHH25(7,,)9
H3ILE 0|85}l TSRS AASH= o Kissingerl‘— “glsk-Sof A
S Hdd WY ks G4 FAAY o HIHY 2k
(maximum deflection temperature, 7,)2} ZtH= AL ofd] 71HS £
St A B fla)=(1—a)'Z AL, | A3 SLofA9] 2=
T=T,0lA d*a/dt’ :OO]EE Al 3)& vlEste] AEstd 4 (et A

(4)

2] (5)= Kissinger equationO & TSIV} A ATA TR
In(g/T2)3+ 1/ 79 TAE ZASfsto] 249 77| 2HE AR 4= Qi
SISOl et £EE4 djalS HoiA= A 37 o] tE 7
A3 Q5h, & A= DSCE o]&%t 4719 52
Fct. 71 dik= T8 V-1813 24l 52 &= thE 23 2= HskE

I

e}
B
5 s
x,

S
_‘|

A\

[t r_?ﬁ
H‘l
PNg
B
=
Y

0

=~



| Wegse wst A

et 71 57 S71es 3k AR 2 =4, Hd=(7,,)7t
12 FO0 7 o]Fs EoAl= S Hol=H ol 7HYE £t oSS
AlZof| go] 7hsfi A= AlZko] BotAHA Alm WHEZHA] gt go] F&E3]
AYER] o} Al59] BRE2E Ik HolX= AL=E & 4 AUt

[ V-18]9] DSC FAlolAM 7 A Yehde =8 7,28 AR
ot o™, Kissinger methodol 9%t 2+ 7}E £ AIE (E V-21)°]
LERU Gl

rr

mE

DSC

10 10 °C/min —

[2% Iv-18] UCO Do S24&4&E DSC F4

T V-21) 22454 DSC 29| Kissinger 24

Heating 3
2 1/me10 _ 2 Ea
Fjate B [ TmlA] Tm’lK] [/(1] In(B/Tm?) r? [kJ/mol]
C/min]
1 429.0 184015.3 2.331 12.123
2 4435 196692.3 2.255 11.496
0.9871 90.165
5 458.5 210176.4 2.181 10.646
10 468.2 219220.6 2.136 9.995
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V. HARSOl wat ég)

~In(8/T2)8+ 1/T, 2.2 plotsto] [1 V-1919} Zo] 3t A3}, F5sh
S vehdo] whe} ol s &% # QoA Eajuk2o] v Z0] W5l
%3-S 9Ju|ob, Kissinger methodell 2J8t siA¥ -2 fasicta 3 4= Qlch.
CCTAY] &gtz A9 7]&7|2HE AXkste] 90.17 kJ/mole
AIS At HA8-R9 A24kst TA 9] &5t | A= 90.17 kJ/mol
X 5713H415HE(101~169 kJ/mol)] E/dstoux]et vlmste] Ags] W
#HAS & 5 9o As dA dojdE & 5+ Ut

e
E
'%11 y = 10.845x - 13.074
A" =0.9871

¥

10

10

9

2,100 2150 2.7200 2.750 2300 2.350

00T (1K)

[ v-19] UCO D9 Kissinger plot

(3) TGA A&t

HAER 5%, 48R 3%= WE2R 37 Z97IstelA (30~800) T
Aol Al daks <ji V- 22>9} [ V-201°1 Herfiglch. TGA 42>
250 e AF Wsks YEhiv DTGE A% W3t 1=E 13 vEd

d AP LAt 7P wE SEE dojue 2ot
SDTAE €#<% WohE Uetd T2 DSCo FARE A= Eelth

01



HAIR Q0| g3} 231K
(B IV-22) A|29¥ TGA Z1} Qof
UCO A|UCO B|UCO C|UCO D|UCO E|UCO F|Canola| Olive |Soybean
Ti'[’c] | 208 | 205 | 213 | 209 | 214 | 202 | 227 | 232 | 229
To[C]| 308 299 | 298 | 307 328 292 208 | 271 313
*Tio AT AR = 25 / ** To @ 2o A9 1IN 7|28717F 246| B7tst
20N M2 0 7187 091 Mut Qb= EHo 2%
“/DH_.* .
80 TGA
60
40
20
0
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 °C
Wgr-1
,r’:}‘\ ‘:‘ SDTA
10 YR | A
or o - h :\\%\; ——
5 B
50 100 150 200 650 700 750 °C
1/°C
-0.002
-0.004
-0.006
-0.008 DTG
-0.010
-0.012
OO 100 150 200 280 300 380 400 450 500 S50 600 680 700 750 °C

al
E

[238 V-20] HAI8R ¥ AER9 TGA, SDTA, DTG JM

800 T714) 71eet At ARES Al Ygton, A s} sl ere
HA8-3= (202~214) TolH, A8 7Hsakg 227 T, €2|E:% 232 €, tiFf
220 T2 W87 o e A Bk 3 WA Q00380 T2 hbems)
A4k Eoflolw, 4t} R4S A Sk BAE RN AR E = 2=
Kt oF $912 29 5 Ik o] SR 4862 B PYHe AkF YKL
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A7F fRol gk &= Qlnt 41879 A5t 7] dAlE BRI olF A o]
Akt BRSSO peroxide?t 22 At AHES BT olEd A AE 2]
AFo] Z71= ERIsHA Hrt. T A SRl 244 (380~480) T2 EESIA[ARS]
w25fo]l 7]QlstH ol Aol ZAHA EfZEAEte|= A7} 2otEH, Al B4
(480~600) T ZJAHFALY] HEgolTt,

(198 V-211 2022 At A AFGAol A 23t |3 Y iof dot 9ld
o480l il AFLRAF FA] BN Ao} 2 oA At & e xHoR
TGAE &4 23 Hlwsieltt. A5 7Vt A== 25+ (200~200) CHIAZE
AFF 2= A TRk SHEA(TGA) ZAA el g 245 4= 9l
O (2ot ARk 7HAag0| TIollA 71717t F45] 71 BollA 4
701 7187] 091 A3 thb= F9] k)= 20229 344 €, 20244 297 ColH,
2ol 7HY HlEA dofuis =% 217} 389 T, 342 T= &5l &7t o depglom,
7¥EoHA] Al AF2ol A Histe et A5t Qlsl] QFYAdo] Hle- Wopd Aoz

> ot

o

i

g

ot

=
T

% Onset 297.27°C  Onset 344.15°C

50 N UCOF(2022)

60 UCO F (2024) \\/ '
40

TGA

20

— - o e

-0.005 W h

-0.010] Peak 342.15°C \// I

-0.015] Peak 388.54°C
g DTA

50 100 150 200 250 360 350 400 450 500 550 600 650 700 750 °C

(23 V-21] ALZ 24 AIRIY HAISR9| TGA ZIH(20224, 202414 5%)
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V. &

o} 915 A AU NA8H HF @ 489
BE WY W BAL ALAR B4, A8 et AR Ea) -2

a]

| 9 obg4 B4L BIshat,

A

1. HAER &8 o

e

ook

1) Holedg 2 A9 A

vtoje ol I+ AEEMN HYEF A2 AR 2ok Ed A4, 4=4
Aol B3] AT H]g SOl dhol 2 AFAE oloihaA HAE7E 4,
71 % Hol A2 E AAshe dAlEE solvl ok =] A% ALk
FE-F(SAF) Bite A%t 2 277t vt EEA sy A 71E AR

O O
5740l SAF AulE TS Y £42 e 5 AdE 249k o

2) HASw A %

20229 71 =4 8071Y Aol HAER AEEACE FFEHO]
HA-8R{E ol-&sto] S 7HESHAY HSAFLE AR Ut o] 5 271
AAE A st BF FAY 4 50Q1 v|gto|, o] F 407] A= 102!
mjgtolty, 807 AR F HZIE AZEAEES ZEF1 FHAEEAT
FEALEEAS A Fdote TFAEL Yol 69%E AT

97



W72 HASHE 7MY 9 Ao HEEE A4S AR,
AYER7 1 TR B0 B 300 kg o1 92 *}‘ﬁ%%l‘?_}ﬁ]ﬂ%i
B YA84E ATES] AL WY 1BH o] wet SR AL
s Sealol SRR Sk Bfol, BARBO5 ol A, P, 1%

589 7| 2g 2ol W/1BHUR 57HE Wolof Wt

e DR ﬂﬂél%%—t— BARGR O AT 5 Jon, BARGE
529 X8 5 Bk 420 AU HLo2NE 25% 202 17904
QIzho] PH 250% mlnkel AL Wk

4) HAE5 ALE AGR %

{4129 AEteolo g S2x 4] AAAL HHEslo] olE|HE Agst)
A9, A SolM A Hl 487l Wit Ew= oixh, a2 AA(SF 40~50
T2 7islo] 28] 59| HA| Wge A 5, ool AxF Yo olgH1

gow, EZAAIE Q5] AV}, 0BV $£ESE B4 52 AASHYT

2. HAER 23 AtdAHY

20149 2E 20249 S5E7HA] FHEAZTHE B4 A2HZ FHI5HY
AAME 24T A3t 485 A8 AFAolA EAEE Al =
AofiAtg 71 49 71 EAAFE /32 HolRl, EojR, A ¥ 4
ol 2& & -FFH 59 ¢o= Yehgon, HA AMYA 3Y F
OIet A A= 2% & Ao £ tFE Afsfiol HIsh 1 nsirt & Holt
200697} 20229 HA-8-5 AR AJHolA 8 A T ST 8 AR
247 3%, 17g0] APESe A7 B4 Q1 Abaro|tt

4
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V. 28

3. HA8Ro| &el B

0x

A8 3} /ol it g A A, 8= B oAM=
AEatet, 22 oA QAtsh 7iedll, SERES 5ol Loju AllE A
Hm o]z QI3 22} 4let AER LHlslE, AE , AL
1 ZE =0] 3]HkY FlslEo] AAEL Ao g SIE|Qith AFloA 7] Fo
Abao) wRSSte] ehrid whgo] olbwiA BisEe AYsH: AHEAk)
(auto-oxidation)& AE 7Fs4Jo] =01, o|& Qdf A7 (self-heating) <
dor|y, 230 wt AALTtR ofofd 5 AT 27| HE2 dtF o=
AALSE FEs s SEOHA &, 1?4101?1 A Aot 22 B84 e
=4 oA 7HEEEA Akt HEShe A9 dole o Aok B A4 Ef=
A&7 SR AR Aol wet Ik o] E}él T ey 7lE2 24

Cad -rOHHi’ =wE0] FAHY Qshro] WobA Al 71500 s W2 S0l
gokE 4 Ao HAl&fols EETAEol=oA E8iE R ARto]
Olgﬂol ZgEo] Qlo], 371 F ALt HEoMHA wWie- =Y £ & AtokE
= lom o] oA Fo] FHEHH kvt MAs| SR, FHo 717t
AEA] GAY 7150l FE Aolu Fol 22 Aol A Fol S35 o
27t #old = Qlal, S4% ol ¥opol| kst Addelrt IAd
Utk wEhA H A= I RS 9 At 2 3 o] W asit

A gHE Fugo] wob Aol U BAo
o|27] oJHAT 2 2k Wi o %
34 Bdo] FAHUA SEo} 4S5 B 9 el Ao 4 vk
59 AAEH 2 G0 ASE B9, DA BEA 41
BRSHE 49 tdyTtae SRR Ea %

AAGG 55N That QAskE 24 2k, (296~308) T Atolgick. BEH 2}

WA8-52) AL} AEE SRR LEE (100~116) Colw, A831A] ke

p

—_

T

juel}
o,
olN
N
N,
ok



| Wegse wst A

A 3FOR FHsetg, RS, dAESH A LYBGL 27
T, 124 CEA A48810 o Gl

b~
i
rlo
Py
[o

4. HAER F=

>
)
™
ic|
L
(1]
(o}

D) 37] #ZH Al dRAxEA

x2
fr

A4S AN AR B To] YT 927}

o2l
b
=2
)
rr
e

a

L oolsl BAT 5 Gt $/It BES 59 A8 Aol At
N8t Auk M6 Shsh e ST A3HYY L5 A7k Hol Qlsfeto]
A7 s 2] A5Sha uhm waR oliel Ho] SR sl
AL} §-20] ok olgolnE ApEsleks S4o] 9, AadEst 21
shie] S 140l TS ok B3 AgWAo] WAGR7F Gl AeellA
7R olARG: A] Aol g ARt Z2E 5 9ol 3] A A B
H93 BE AR 59 FAZAE & F AP Aol Atk

2) HAE=2 A 871 &

H72ddEA 07 AEgEd
U= HGA AT - Al HEO] SHEA] EoIEE AE = WS 2
Aag Egsor gk HAER] 29] A 4], J8d neow Qs sldn
yzto] vhedo] wt B &7 W HA& 92 &71eF 871 5 di7] Aol
57170 AGEEA vl o BlEe] o ot 71 W= o7 7A€
ES

AQ

B, w7 HEAE2 &0 2HEA

T3} A }\]—376]'/(-1

100



3) H71E

Arote] & W0l AX o] FAHd
G715l s/ 1A gk, F4o] gl Bl 8710 Hole
F Ak 5 A e 9Iat 2XS stefof sk,

L HA8S A7) 5ol A 2ot FA, Fol 59 e
A
AN

A9L 22 volorAg YRE

8] SIat 97t ShEEolH, Holoriae] g 1 FATYES S5 AR

AR el AL, L0EA, S8 24 52 B Bska k. vloler]

ARGOR 27] 95 WAGRO EA/NEL W0 oA YA gkow,
sfol ot AZAANA A s1EoR st UL

A e 2t Ha8-50] BiE MSDSE 47 @ ARk AglA

A&t MSDSE "ol lstal Ikl st oy w43 E444 At 4

ol MSDSE H7]ol= A7 ek, 41899 weld, sk, Aaushge
A7} APPSR ol o AY|7E Hushs 49 A} S48t ofje)
Qsld 2Ae B9 44 HEE BRI Wast Y Ao Wk B Aol
HA18-6 550 Tt ABpHL BE oF 300 T ALY ABATA
#418-9-9] Qlstio] 250 Colstz ZAE AT 97| hio] W8S &

9579 AFow 3¢ Astde] g3 ke & Yk AL AUL o]

Heeddged Ao 2 5 o
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Al
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=
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gl
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ot 510]
L A1 w2l vlolend Az7} ohd

A7l |

1

=

gl

o

Al&2] 7BF,

42

3t
Al

°

]_

-

°

SRR
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x| g 7384, vloldA®. KISTEP EE]Z 09(KISTEP AE7|ZAIAANE).
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Abstract

Ignition hazard of waste cooking oil

Objectives : We aimed to propose a safety management measures to
prevent chemical accidents during the storage and handling of waste

cooking oil used as a raw material for biodiesel production.

Method : We identified the actual situation of the business site,
investigated related laws and regulations, analyzed accident cases, and

evaluated the fire and explosion characteristics of used cooking oil.

Results : The waste cooking oil market is growing rapidly due to the
expansion of application areas and lower costs compared to vegetable
oil, and the number of companies collecting, processing, and producing
biofuel from waste cooking oil is also increasing. In Korea, domestic oll
refineries are starting their businesses in earnest by installing SAF
facilities in existing oil refining processes or building factories.

As of 2022, 80 domestic businesses are registered as waste cooking
oil recycling businesses and are using waste cooking oil for intermediate
processing or manufacturing final products. Except for two of these
businesses, all have less than 50 employees, and 40 of them have less
than 10 employees. We visited four businesses registered as waste
cooking oil recycling businesses and conducted interviews. Waste
cooking oil collected from restaurants, businesses, etc. was transported

to the biodiesel manufacturing process after undergoing a purification
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process such as impurity filtration and moisture removal, and acid value,
iodine value, and moisture content analysis were conducted for quality
control. According to the Waste Management Act, waste cooking oil is
classified as household waste if it is discharged from homes or
restaurants, and as general waste from businesses if it is business
waste. In order to recycle waste cooking oil, it must be checked whether
it is a recyclable type according to the Waste Management Act, and a
waste disposal business license must be obtained by meeting the
standards for facilities, equipment, and technical capabilities stipulated
by the Ministry of Environment Ordinance. According to the Hazardous
Materials Management Act, waste cooking oil may be classified as
‘animal or vegetable oil', and ‘animal or vegetable oil' refers to those
extracted from animal carcasses, etc. or plant seeds or pulp, and have
a flash point of less than 250 degrees Celsius at 1 atm. According to
an analysis using the Occupational Safety and Health Agency statistical
system from 2014 to May 2024, among the 57 accidents that occurred
at waste cooking oil recycling businesses, the top 7 types of accidents
by number of casualties were falls, falls, occupational diseases,
exposure to/contact with abnormal temperatures, and exposure
to/contact with objects or environments at high/low temperatures. Of
the 3 total deaths, 2 were due to explosions, which means that the
human casualties are greater than other accidents due to the nature of
the accidents. Representative accidents include explosions that occurred
during welding work on the top of a waste cooking oil storage tank in
2006 and 2022, which killed 3 and 1 people, respectively. As a result
of previous research on the ignition risk of cooking oil, it was confirmed

that cooking oil undergoes auto—oxidation during the storage process,
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and thermal oxidation, hydrolysis, and polymerization during the cooking
process, resulting in the production of volatile compounds such as
aldehydes, ketones, alcohols, acids, hydrocarbons, furanones, and
lactones as secondary oxidation products.

It is highly likely that auto—oxidation will occur, which generates
peroxides through radical reactions by reacting with oxygen in the air
at room temperature, which causes self-heating and may lead to
spontaneous combustion depending on the conditions. However,
self-heating is generally not sufficient to cause spontaneous
combustion, and can occur when it comes into contact with oxygen
while being heated on a solid, porous material such as a rag. The flash
point of used cooking oil may vary depending on the type and usage
status of the cooking oil, and when the oil decomposes during cooking
and impurities accumulate, the flash point is lowered, making it easier
for it to ignite at a lower temperature than new oil.

The flash point measurement results for five types of waste cooking oil
were between (296~308) C. The thermal analysis results showed that
the exothermic initiation temperature at which waste cooking oil begins
to oxidize was (100~116) C, and the three types of cooking oil (canola
oil, soybean oil, and extra virgin olive oil) were 121 C, 156 C, and 124
C, respectively, which were confirmed to be slightly higher than waste

cooking oil.

Conclusion : Waste cooking oil has low volatility, so it is difficult for
the concentration of volatile substances to reach the explosive limit at
room temperature. However, there is always a risk of explosion at high
temperatures and in sealed environments. In cases of large quantities

or long—term storage, volatile substances may accumulate and approach
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the explosive limit. Therefore, it is believed that waste cooking oil
recycling businesses will need to check for changes in properties
through tests such as acid value and iodine value for quality control as
well as flash point measurements. In addition, waste cooking oil is a
flammable substance, so safety measures must be taken when using
open flames. There is a risk of spontaneous combustion due to
self-heating, so fire prevention measures must be taken due to waste
such as pieces of cloth or tissues soaked in waste cooking oil. Storage
facilities for waste cooking oil must be equipped with a roof or cover
to prevent rainwater from flowing into the container and leaking out due

to deformation of the container.

Key words : used cooking oil, vegetable oil, biodiesel, fire and

explosion hazard
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