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: (0.4 ~ 1,000) gm



2) A gH

(1) AlE 4 @ KS A ISO 11357-1

st SAA A7 HAE AX HET Y=
HAxE <F 3-1> 9 <3F 3-2>9F 72}

<E 3-1> Yo A aM(Reproducibility) ZCHEZHXI — 10 um O] &S] AR

U: HaAe Z|CH& 8 H X}
D1o 5 9
Dso 3%
Dso 5 %
<E 3-2> Yo AsdM(Reproducibility) ZICHS| AL — 10 um 0[5t AR
U WA Z|Ch5{ 8@ Xt
D1 10 %
Dso 6 %
Dao 10 %




R olgt B4 Eg]F W4 (Physical parameter) S %9 42 Vel 24 W
Bolth, % 2de] L2 AAaA WAl we Yt 94 54 wsie 2Ase
Aolth. o] W ofd Zald wie WaE B Azl w o x Wyl gon
AR MHES <3 3-3>3 2tk 2 AE Frlelxe TGAE o]&3 diAS AA
skt

<E 3-3> ¥EN 5TYH 5§
== BEY 7 £
DTA(Differential thermal analysis) LN N AT K
DSC(Differential scanning calorimeter) go Aq Joule/s=Watt
TGA(Thermo gravimetric analysis) =af g(%)
TMA(Thermo mechanical analysis) 20| AL(%) m

1) @522 MI|(TGA ; Thermo Gravimetric Analyzer)

AFHEA7NTGA)E €43 52 258 HsA S weo] A5 AgHssE AT
ojuf &9 M SAHT AR AFHste T (vaporization)oly 7FAE A

3} e-8-(Chemical reaction) ol &3] ®AYsA Ew, v A A& (microbalance)ol 2] 3

FAL o §3) LEMst] WE Ak, Ak,
FEY 5 gon, Azl dogy D ANy B
o PN

-

At} T3 Mass spectrometer(MS) 2} ¢

o
o ZAAY, TGAY 9%
27 Soln Bal A%
A FF D 2 WE 52 9

ol r& rr
b
2

N
o
1o

O]]/]- = o= = >l
Axo] TGAAA 7F27F WHAEHH MSZE T 5o o]3kd & Mass spectrum= &3l
AgS Bt dAE 728 AYEA & =

h A L A
~ g TGA/DSC
- AZAF : METTLER TOLEDO(2=9]2~)
wh gl A R AR

WAl gy gy 19



48 o+ & TGA sensor= 7% A
£ zk= circulator, 3WHE JMAE AR
¥

3 ARFS <3 3-4>3 gow E Ag|

_4

- Furnace(7}E =), A&, 59 255
module®} (-28 ~ 150) C ¢ z& H
21&H= Mass spectrometer @ -4 & 0]
IR =R K KR s =

o
N

%0

(a) TGA (b) Mass spectrometer(Pfeiffer vacuum)

[218 3-2] TGA(Thermo gravimetric analysis)

<E 3-4> TGA A HEH| At

8 5 Are
25 #e| (M2 ~ 1,100) °C
2 MU + 025 K
Mg 53 g9 <lg
Balance resolution 0.1 pg
Calorimetric resolution 0.5 mW
Sample volume 100 uL

(1) 14% g kst kv e dEdiet 22 2Rkl wel FAEErt

=
@ AP 2A08%) @ AmE BPelA FuE 4 gl Bigo

Hol v B4 ZAo]
7k, 54 7hedt AR HuFgE 100 pL2 wl- 2Fo)7] wjiEel B &
el A S84 Qb 9FE = 5 Uk

3) Ag AA : AREAEY 4 F G ~ 10 mgs #Ho &FriH(alumina,
Aluminum oxide) &2l 4d &7|(open pan)dl] A|EE Ho} AL 8L 3
A2 8 37 E9718HAE 50 m/min)ellA 10 T/min®] SL&&HE2 LE8 #9|

A (30 ~ 800) T >E=HloA SA 8T

il
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B2 ZakAd A9 Modified Hartmann Apparatus® S &0, tjgFz ¢l 2z Zu =

v 2 FHs e AT ¢ T
s Aule dF8 fg FE vtgd 23 A54<Q0 A3 (Continuous  spark

8715 ol&sto] FpA7IHA st RE
g/m’)ol| A WhEH o & Al g sto]of Fit},

= A7 A He 23l
BF5H, Indicating Instrumentﬂ 1 X] Algle e

St I(dust explosion class) X102 7T SFx|qk “St 073} “St 279 o 2ZA #g
at7] $leiA= F7k2 20-L Apparatus® &-83 Algo] FaEojof gt whef A3y} o
FOIAA sttt BT ThsAe] gle Alow 8] i EoA = QF HH) 20-L

Apparatusg AH&3te] F7F AlEE AAIGE %o H

ofN
e
ox
o}
o
&
o
=
_?L
O

2) Siwek 20-L Apparatus

® AP B/ EibEel HehanlelF UAL 0 L 79§12 233
= ogulelh guleld 2AF £ Qe FE vehigss 210 F940ust

explosibility), ¥ 13} SkA(Low explosion limit, LEL), &t 3¢# (Maximum explosion

Poad), HHELAF(Maximum explosion constant, Kmax), %%

(Dust explosion index, Kg), A4 % =(Limiting oxygen concentration, LOC) -¢|t}.

A AN E, ASMAAA LR 02 60 msE A7) Aol wep AHE

o, X5 Es 3 Mt ows 34er4 5] (Chemical ignitor)& AHE-RTE &7
3

e Fi o }cmi 87 WReEA AP §A48

overpressure,

1) 2 v ® : Siwek 20-L Apparatus
A 2+ A} ¢ Kithner(=~9] 2~)

A% (0 ~ 30) bar

- 20-L-sphere

- Control unit KSEP 310

— Measurement and Control System KSEP 332
— Pressure Measure System

- Software program
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[O8 3-4] Siwek 20-L Apparatus
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Mo BY 3 2o B AHIBI

2) Al 2+ A} @ Kithner(Z£=$12~)
3) Energy Range : 1 mJ~1,000 m]
4) With an inductance in the discharge circuit : L = 1 mH~2 mH

(
(
(
(5) Without an inductance in the discharge circuit : L < 0.025 mH

— door lock

¢!

moving electrode q—— high-voltage electrode
commpressed air for ME —
. @—— dispersion pressure
compressed awr for purgng — (7 bar overpressure)
@®—— keys for mlet valve
onfof swich — -1 @@ ME/ outet vlve

[O8 3-5] FAHsOHX| SFEX|(MIKE 3)

2) Al gH

U xR BXls FHO ¥ 945 VIR FAAA Y B HEAE T U
Aro AUAE 7hete] H3tE G § i skolA 103] o] F3F o] FojA A
B W7 AqUAE FolHA AFS WHEGTh oe} e HAYS Ayt dojuhA] &=
HarEes Hoisert #4542 w 7bA] whEste] e HAAs A HeE 54
gt} mok HAaHstUA s dRe AR s won® ekt A AAIe R 919
A APS AAstelor B HAFsUA H9E SAY 5 Utk FaEle] 3
A AEFs gt 293 (spark)= AUAIZF [1 mJ~3 mJl¥ 7Z$ol= High-Voltage

=]

Relay= 2AA17]1™ [10 mJ ~ 1,000 mJ] 74591 Moving electrode® WA It} FH A4
Hejolluz] SAHAP-S EN 138210014 A3 s wec
- Ag5#4 : EN 13821

“Potentially explosive atmospheres - Explosion prevention and protection -
Determination of minimum ignition energy of dust/air mixtures”

MoAS R 9y 25



S. XY SHAIY

AAddtsh= 7] o 240 39, % 59 Astdd AHFAJ HF flo] FAZFH
SEE AUAE Wolx] 222 Aol e A4S b, Addshd e Addsl d4de] o
ofd = e HA L= TIth dubz oz olutslo] Wl WA YEL Gt} o] 2o A
ey, B4 258 ASA7Ie @99 T wmebA 223k (spontaneous ignition),
A=W 8} (auto ignition), AH7] 23K pyrophoric ignition) ® 25 7] & s}, dubA o2 31A)
ik 543 g Eo] MSDSTel 71AlH & A dsbd & oFoA ddS FustHA 4
Y 229 HALREE gustf(o]d 5, 2016). ¥ H7bA ARSH A
AlEAH = NF T 20-036(1985) Alg 78S w83t 54 AR 4% 2718 a9l
A& (cube)dl FAT N85 27F 25 (furnace)ol] ¥, =9 255 8 7HAA
NG Al=o Az} o5 243

—
~—

H7hg

O

2| - ZPA-3 Semiautomatic autoignition tester

O A ZFA} @ Petrotest(5Y

-4y

R
T88

-
f

v

¥ e d Aol

LEE

[28 3-6] AUty AldEA|

I

Ly
gy

b

2) 71iH oz Adusis BAURe) BASst BAs v By

S F9ste] 84 Ui 4 oyx|7} &g
B4 Abshube(Iehuke) S f13 AR E xSt A AT WF 2de WAYSZ wEhA] AAdst
(Spontaneous ignition: A2oA B o] Ao T, A-F¢3HAuto ignition: 23HY §lo] E4S 71

shHA dol A= o] W3}, A7)EsPyrophoric ignition: A7|RFA Edo] 7% ol Abag wEggE &
I kg oA o] FAH o] wshz FRET
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- Main controller :

veel

T

A Z

parameter
. controlleroll Al 24 ¥ 7} 4w 9

Z2H AR ez A

3l o
q =

M d71=2s 7td

S

[OJR=N
X

W5 flasks 71
A% E49 A7 (pre-heating),

rveel

ZIFNAM A

Ay
. convection oven EFo =z Htl 90 T 7+H

g

/gz

—

Wk
el
~X

1Ho

AL

1
.

A

(A

=
o

Pre-heating 7}

3}

0 AW F FoIA)

= Az g7

"}Hmesh) 2.

-
|

7]

Fol8lok .

ZHFH oo FAo] ErfstnR

T

NF T 20-036(1985) 7t

1
.

A

O #d 4 : NF T 20-036(1985) “Chemical products for industrial use determination

”

of the relative temperature of the spontaneous flammability of solids

bel A

S

71 SOl A Abas} At

mK

SEER-EEEE
b erh

)

TR

o

S
=

Ab-gstofof sl glej & Tt
H(mesh, 45um) 0.2 A 2E A 50| TAX 7] wE

2=
Al =

o A

-
|

i A=
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- gAY AAFFAIE A T EitA AdE EYE ko] o4 e (E-IP)
1

%)\ =
- FAY EIPE SXH0R 29 05 C/min 22 7HEste] AE2%7 400 T8 238k
Aol e t(furnace) o] 25 31T Alse] AdutsidoR Adsity [17] 3-7] =
EHoR shte] AR disiA 3T AldE A, 7 Al A vl vk

{

N,

1 2 A&

el Eele i 331l S4gel Hatel EAY A%E A
e Ak Adsiel A% Anel A Aeuades 44

2~ %
T

[UJ.,
¢

T

<E 3-6> AALSIM™ HiE 5 Al

=39 AT = 584t (T)
300 C W]yt 5

300 C oA 10

=5

WESTog00 _{
EEsk=30e '
| AlEe] Afr

/ 159 T
a
£
__,."'/ ;

- | A7

[O8 3-7] A Atdwsirel HAXN



= T T A N S S T I ) &
Ho NS A ROoE B o 0 Xy X )
| N _ E NIuH m . .m R ‘lﬂ 0 [eLN ﬁn_ it H 1
oF HE g 9 X . 8" © 2 A s B
° e X = < N o E b oK A
gl ol mv = Booar o Y I o =
Hr o 1l " ) 5 R o5 = gﬁ ] S~ R N )
= <R B n £ H.ﬁﬁfrﬂ%mﬂ >
BT W E L= R RO Mooy 6w -
- o W i s Z = L T = ¥
a ) T = oo
WI M oH iy ‘ﬂl %0 MM_ ﬂ_yl :m M_OI MOI JHL :.L uﬁ 1_,_Al En_
1 Fo < =0 oo S Ew g B ¥ag
xF ~ ~ - o M E X - R
%0 N wa e g %iﬂﬂﬂmﬁur%
Ho o XAy Mo A S =] <© <) Mﬁ
= = M- " T of = <7 =)
3 K o P T aid T ° o/ ™ o o
Oﬂﬂ 5.0 = . _.AL ‘% m OL 7m ‘% Ot J\vﬁl To o) o
= 1 o SN IS VN o XX E ;ﬂ
o " X dM B T o zﬁo umﬁf = B e o
oK B oo & T e AE _LE T oy
(m) X0 7o Wo & B8 = o, et f =0 Ho B o
B o= o S Do ) ey S
- —_ ]_./l ‘m o Cnﬁ o= w ~ ﬂ_vl fAae) - ‘M = OW M_@
< o < AR W T oL A m o T oo W <8
ﬂ_._._ = I N8V =~ 7T X o - = B
N w® o % O = n ERON o = B ojy T Xn
N~ N _ P A W oy oo o~ = M oo o7 o
> =BT g D MR- S A G S
(=] %o < < J“U iy B m W _1_@_; o = ﬁ, 1 o) o ol ,WI\
Mo T o AT 2oy 87 FP D L
oA < R o 5w I T G
= = X o e = 5 9 ~ 0
25 SitacEnizaiazaz
SN pEFCN T EE g G
,A_imw& Eﬂo,ua.dl. W BT 2y ok NE AR R
S TR B T R R S
S o T HRowm - Ww o YT
.._Mo il T < H_E of Tk Wﬁ Ny _nm_ N @ oo = < 5/ Mﬂ X
— 0 0 ©
B o oF lH o T 2 NI 2o H b ) i T ol
o & sI ~mM omM " NT s Hpog T
o - ol o % g of T gt pild R E ofm o R o
oo I o S Mmoo




=
12
OH
ox
4
il
Ar
ng
1o
ot
=
1
nE
o
oot
0x
okl
N

<E 4-1> AIPA A|=of st HA] EEAM AT

T4 Hd Y=(d) [pm]
72 | ws
<10 % <25 % < 50 % <75 % <90 %
1 1.821 4618 7.519 11.35 15.82
2 2.147 4734 7.775 11.74 1642
A4
3 1.731 4.705 7.515 10.94 14.54
Mean 1.900 4.686 7.603 11.343 15.593
1 0.418 0.472 0.568 0.721 0.950
2 0.418 0.472 0.568 0.722 0.958
Tt
3 0.418 0.747 0.572 0.730 0.965
Mean 0418 0.564 0.569 0.724 0.958
X Ex
- D50 (Median) D1o A 2EZA0AM 10 %Y mjo] =
>0 A 2EA0A 50 %Y el els
(Median) | =" =7—° = =
| Do M EZAMOAM 90 %Y Mo U=
Diameter




Diff. + Cum. < Volume

Differential Volume (%)

—— AIPA_02_01 §i5 Diff_Valume 100
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A HEA(TGA; Thermal Gravimetric Analysis) Z2¥+= 710l e RIS g
= ]

G Fuelt ke gYeks selget el S ola) Tl B
Joc BEY(EA) 2 BHE

s
Al A& (microbalance) & ©]-&sto] dA&HA 0w FAS ST
7]) 9171904 10 C/min®] $2&5%52 (30 ~ 800) CTY &
TGA AEBS] W34S 7|eom diFas 74& wWro] <& 4-2>¢ [19 4-3] [1H
4-41e YERATE TGA 29 ol IeiiZe AIAEEA1(SDTA: Single Differential
Thermal Analysis) Ze#jZz 7hde] me EAFS #2F 5 doH, AAFALE
(DSC) Aot frAbsh A o= A7) s

S EA 27 AIPAE 2719 Ado] 735 AAIH, 328 CTHE 7] E971dA =

AFsHE8) (oxidative  decomposition), 24 E97]o = A& (pyrolysis) = 18] 2 ko)

DO

X

=971 TE 2E™? [ EYHIE [wt %]
59 95 ~ 146 (-) 6
27 =g 246 ~ 328 (-) 22
EIRe] 328 ~ 753 () 70
=9 9 ~ 148 (-) 6
= A =9 245 ~ 329 (-) 23
EIge 328 ~ 995 (-) 44




HeF 34 Fa 222 -2 AHdE87t
%'——'_""\E",',
e 55866 % N\
| - -0.2070 mg . Step -70.2787 %
Left Limit 95.31 °C -2.6044 mg
607 Right Limit 146.39 °C e, -21.9067 % Left Limit ~ 328.01 °C
40- -0.8118 mg Right Limit  752.73 °C
] Left Limit ~ 245.71 °C
20 Right Limit 328.01 °C
o] AIPA_TGA (air) :
100 200 300 400 500 600 700 800 900 °C
g/\_l_
; Peak 588.84 °C
V¥ AIPA_SDTA (air)
'10_|||. L — L — T T L L - L LI I L T
100 200 300 400 500 600 700 800 900 °C
[OJ& 4-3] AIPA A2 TGA Z2IHS7I 2971)
%‘—’—Q'i;,
. : g Step -44.4699 %
g0 SteP -5.5371 % \\ -1.5340 mg
] - -0.1910mg i\ Left Limit ~ 328.32 °C
60-| LEft Limit  96.18 °C Right Limit 995.49 °C
|Right Limit 148.28 °C  Step -22.9059 %
| -0.7901 mg
40 Left Limit ~ 245.28 °C
- s . - \
Right Limit 329.26 °C
20
0_' AIPA_TGA (N2)
100 200 300 400 500 600 700 800 900 °C
g™-11
10
] Peak 637.78 °C
0( T~
-101
1 AIPA_SDTA (N2)
) 100 200 300 400 500 600 700 800 900 °C
[O8 4-4] AIPA AlEQ| TGA ZIHEIA 22[7|)

¥ TGA(Thermo Gravimetric Analysis) HE= AlZ2
Differential Thermal Analysis) HE= TGA2t &
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600 CT7HA 7k stiaA AlAFFAE A = gx]s}aigtq 1 Ad%E <& 4—3>?+ [+
4-5], [7¥ 461 HERhAT
ATPAE 2709 ile] 73hs AA, 04THE 7] E9171eX = 2dak sl (oxidative

decomposition), A4 E97]o = EE8)(pyrolysis) 2 <& Ldu IS HATh

<E 4-3> AIPA Alzof CHEE ARIFAIEE 24 21 9

=971 TE HA2EC  |AMHARECC| ZHf2E[C] 2SS E /9]
=g 108 131 138 (-) 211

27| 59 275 296 314 (-) 250
ELe 404 440 - -
=g 111 131 138 (-) 212

DA =g 275 282 312 (-) 292
arol 449 465 - -

v OHARE - 2 B SHES0| ARlElE KRSl 2E2M T 1EMesding) OIEh AR
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HeF 34 FE 222 -2 Add
m/ | AIPA_DSC (air)
10-
8-
6_
Integral -194.41 mJ Integral -229.56 mJ
4+ normalized -211.32 Jg~-1 normalized -249.52 Jg"-1
Onset 131.05°C Onset 296.33 °C
Peak 137.72°C Peak 313.56 °C
27 Left Limit 107.85 °C Left Limit 275.48 °C
Right Limit ~ 156.86 °C Right Limit ~ 327.24 °C
0_
—
’ Onset 440.10 °C
- Left Limit ~ 403.72 °C
Right Limit  477.00 °C
'4 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
50 100 150 200 250 300 350 400 450 °C
[O3 4-5] AIPA A|Z22| DSC 2237 =2171)
ml’;_ AIPA_DSC (N2)
10+
8-
6-
4 Integral -135.39 mJ Integral -186.98 mJ
normalized -211.55Jg”-1 normalized -292.16 Jg™-1
Onset 130.60 °C Onset 281.52 °C
2 Peak 137.73 °C Peak 311.85°C
Left Limit ~ 110.60 °C LeftLimit ~ 274.57 °C Onset  465.46 °C
Right Limit ~ 154.57 °C Right Limit ~ 325.40 °C Left Limit ~ 448.61 °C
0+ Right Limit  491.66 °C
» 4 L %‘ »
_2—
“ 50 100 150 200 250 300 350 400 450 °C
[O28 4-6] AIPA Al22| DSC ZZHAA E227])
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MIE > 10 m) Normal ignition sensitivity OIEEA) : 0
3mJ < MIE < 10 mJ Particularly ignition sensitive OIGEHA(L) : 0
MIE < 3 m)J Extremely ignition sensitive OIEE A : 0
<E 4-10> 29| HAMI| ofgt XA
Z| A Hstof L X| = &

100 mJ < MIE < 500 mJ

Low sensitivity to ignition. Earth plant when ignition energy is at or below
this level.

25 mJ < MIE < 100 mJ

Consider earthing personnel when ignition energy is at or below this level

10 mJ < MIE < 25 mJ

The majority of ignition is below this level. The hazard from electrostatic

discharges from dust clouds should be considered.

1 mJ < MIE £ 10 mJ

High sensitivity to ignition. Take above precautions and consider restrictions
on the use of high resistivity materials(plastics). Electrostatic hazard from

bulk powders of high resistivity should be considered.

MIE < 1 mJ

Extreme sensitivity to ignition. Precautions should be as for flammable

liquids and gases
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EN 14034-1, "Determination of explosion characteristics of dust clouds—Part
l:Determination of the maximum explosion pressure Pmax of dust clouds”,
European Standard(2011).

2. EN 14034-2, "Determination of explosion characteristics of dust clouds—Part
1:Determination of the maximum rate of explosion pressure rise(dp/dt)max of dust
clouds”, European Standard(2011).

3. EN 14034-3, "Determination of explosion characteristics of dust clouds—Part
1:Determination of the lower explosion limit LEL of dust clouds”, European
Standard(2011).

4. EN 13821, "Potentially explosive atmospheres—explosion prevention and
protection-Determination of minimum ignition energy of dust/air mixtures”,
European Standard(2002).

5 KS C IEC 61241-2-1, "Electrical apparatus for use in the presence of combustible

dust-Test method for determination the minimum ignition temperature of dust”,

Korean Industrial Standard(2003).

IEC/DIS 80079-20-2, "Explosive atmospheres-Part 20-2: Material characteristics

~Combustible dusts test methods”, International Standard(2014).

SH)

7. NFPA 499, Recommended practice for the classification of combustible dusts and of
hazardous (classified) locations for electrical installations in chemical process areas,

National Fire Protection Association(2013).

8. NFPA 77, Recommended practice on Static Electricity, National Fire Protection
Association(2014).
9. KOSHA GUIDE E-118-2011, "®d= <lgt A7) sl e 7]&x-

KOSHA(2011).

10. EPA,, "Economic Impact And Regulatory Flexibility Analysis Of Proposed Effluent
Guidelines For The Pharmaceutical Manufacturing Industry”, United States
Environmental Protection Agency, (1995)

11. KHIDL, "2017\d AleFated 24 ®aM”, =2 a3443184, (2017)

12. IEC 60079-10-2, "Explosive atmospheres — Part 10-2 : Classification of areas -
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21.

Explosive dust atmospheres”, International Standard(2015).

OLBASE homepage. http://www.molbase.com/moldata/29899.html.

FEETHE 20199% AHISFE AHAREESE 2 ARESTF dAl Z8eFEFIA Al
2018-90<.. 2018.12.31.

BARAN 199 % Ak 742 A3 A2(%h). 2019.

EAH e~ A . A A s A sk 2020.

St =Y 3. 2019, ¥ o)A A& (http://www.kpta.or.kr/information/importO1.asp).
sl Al okufo] ¢ 3], 20201, &9 o] A A} (http://www.kpbma.or.kr)
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