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(1) v+

7}) Z81™ : Tornado Dry Powder System

1}) A ZA} @ Beckman Coulter

7h A A Ed= HE7) So] Wil AXE EAs 714
) 54 7hse d=He 104 ~ 2,000 gm

2) Nd B

(1) A%l 974+ KS A ISO 11357-1
(A =71 ZA4-wolA S AH-ALF-  dkele])

(2) A1d da



ANEE 59 F, Software program® A3 TAE e s
AH, blank 54 9 AFS AN F, = FAH] Al
FolEl= A89 ¥EE obscuration 4~8 % Wl glojoF dhol

BEolgt B2 &4 W4 (Physical parameter) S <59 32
: o

o & 249 Lug AR5 WA we Yent

= 9x 54 wakE BASE ot of W ofd Bed wiel s
% AW G e A4 BaEel 9en AEAN BAES < 2>
sk 2tk % A9 WA DSCSE TGAZ o] 83 AR AAsgr)

(B 2) E2M SPYHY ER

25y a5y e o)
DTA(Differential thermal analysis) 24} AT K

DSC(Differential scanning calorimeter) & Aq Joule/s=Watt
TGA(Thermo gravimetric analysis) =¥ a(%) g
TMA(Thermo mechanical analysis) Aol AL(%) m

1) A 2FAE %A (DSC ; Differential scanning calorimeter)

DSCAIAFFA A A= Alsst 284 7Iesde 398 25 220
Aol wep WSA7I|A 2Rk AR bR S Alset VleEd
el

o] d-f<xlo|(Difference in heat flow)S =43ttt d-f<(Heat flow)2
SFE(W; Watth)t} B GEMW)EHE AddE= GoluA =
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Agel W vdd JERE Aleetd Ald, 24 33, fEldol(Glass

transition), 3Feit-g, =3 s 3 22 =9 eSSk

(1) A @A
b g 2 A A

- Z¥" : DSCl1

- AZAL - METTLER TOLEDO(Z=9] )

a. DSC b. Cooler

[12] 2] DSC(Differential scanning calorimeter)

W) Ah] A g ARG
- DSC= Ala7F &7 pand =42 AFE5HE 4l panol

E017b= measuring cell, sample pang A5 S2 celld] F
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85 sample robot, (<90 ~ 30) C¢ ZF HIE 2=

coolerZ A Xo] it}

(¥ 3) DSC measuring cell At

5 =2 Spec.
= e (=50 ~ 700) C
>k AUE + 02K
7 &= (0.02 ~ 300) K/min
Calorimetric resolution 0.04 (W

(2) A8

7H Alg #24 : ASTM E 537-07
(Standard test method for the thermal stability of chemicals

by Differential Scanning Calorimeter)
b AE WY BRI dEE, ard 5

W Al 2308 AREH HACAM EE ¢ e BeA

th) Al Axp o DSCO Al 8-87]% stainless steel A2 <] pan
(container)< AF&3tlo™ pand AIRE ©H2 ¥, gold=
Y% copper seal2 Y1l sealing toolS o] &3fo] HE-3}
JAoh &= W= (30 ~ 500) CTo =4 stelA 10 C/min

o $e&EE AP AN}
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2) YA AFALE A (HP DSC : High Pressure Differential

Scanning Calorimetry)

HP DSC(aL}AIAFALE A= DSCeoF fFAFSHAl A5t w24 7|& &
2ol dfdafolo] A ko] WE AR G4 SAF B /3
A M5 S SA5hes Aotk AR % 594 JIee Aol 443 4Y
S 7t EH Sl ofg (FEI LHo| sAlo L= B T
Al W 7SS WA & oglen], wa Welvld meh wes

A 2 Z 2 0l &=
= & T M1 ©

(1) A% 5]
b g 2 A A

- A9 HP-DSC827

- A ZAF : METTLER TOLEDO(Z=9]22)

[22 3] HP-DSC



) el A4 R A

- HP-DSC+¥ A 87} 97 pand ZFEAZ AFE 5= 1l pan
o] £9]7}+= measuring cell, Celld] ¢43& ©
pressure vessel, &= ¢E % purge rates Z43}7] 9%
pressure controller, (<40 ~ 50)C2] Z& HYE zZ=
cooler® T4 o] <l

(E 4) HP-DSC At

T == Spec.
oe e (0 ~ 10) MPa
== el (20 ~ 700) C
2 AU £02C
ex 484 +01C
7 L (01 ~ 50) C/min
=4 W19 700 mW

B AR 2A084) 1 BEA EREY 49 2% FYHE B
Az Aol AdA 4FL F F AL

th Ad dzap o dFuEAD) AEY pans sealing toolS ©o] &

st WE3 T piercing kitE o] &3] pane lide] #&

TS ol pressrue vessel e #97]9} HFo] HEE

ssie.
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3) @FHEA7|(TGA ; Thermo Gravimetric Analyzer)

AZHFEA7|(TGA)E 943 £52 222 H3AAS 1o A|z9 2
FHSE Atelv 2= FEM FATT AR AEusie o
(vaporization)®] 4} 7}~5 AAlsl= 3Fehdk-3-(Chemical reaction) 5ol <3
AYSHAl =™, microbalanceel] 93 A& ow FAECT TGA 9 2

—&E FAE o] &dl ZEWSle] mE 7] o] 29]7]3}ol| A

A4 L S Edel B

o

Ass B2 ok
o] ek W ZANE 55 & 4 9}l E3F Mass spectrometer(MS) 9} &

M 0&‘#
:Oé

i

o}
o] TGAAA 7}27F BASH MS=Z F95o] o|8te % Mass
spectrums &3l S A5t TAlE ThAE AR T 4 Uk
(A3 ]
7h) Al 2 oA #AL
- Ay 0 TGA/DSCI

- A ZAF : METTLER TOLEDO(Z=9] 22)

b. Mass spectrometer(Pfeiffer
vacuum)

a. TGA

[22! 4] TGA(Thermo gravimetric analysis)
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- Furnace(7}E &), A&, A8 252 =43 4 9= TGA
sensorZ TA® 24 module’} (-28 ~ 150) C ¢ #& H

AE Z= crculator, 3EE JAE AAEA S Mass

ST
954l
(B 5) TGA At
g = AR
N R (A& ~ 1,1000 C
S e + 025 K
As 54 9 <lg
Balance resolution 0.1 ug
Calorimetric resolution 0.5 mW
Sample volume 100 ul

(2) A8

b AG W sk best BEEE ARds g 2EF
Aol el FAMSE Dol B4

b AE 2A08%) T ARFN BAA ARE F dE BEA
of we BAL HAe] WS, 4 sbsw AR Ay
FE 100 @z S Aoy W] BRI EFBe FS
=4a%e) AQAY 4 2 5 Ao

) Alg AA o AREEe ¢S oF 10 mgs 33t alumina

(Aluminum oxide) A&l Al5&7]d] o] AL 2=
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(ARC ; Accelerating Rate Calorimeter)
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S 2 5H

ahel Al

gRRY 7}
o,

A TAIRA R, ARt mE

3o

ERIEE:

s

i
A

o7
H

vel

X

¢+

=N
o

bl o] W3} self-heating rate, TMR(time to maximum rate)
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(1) &g

7} ™ Accelerating Rate Calorimeter

v}) A ZAL 0 THT(S =)



(2) T4 R A

7F) Test Cell : A8 &

= £7]2A4 Titanium 2= &£F&
10 gol™ 200 bar7t# 7Y

F qle,

%2,

1) Heating oven : Test cell& ¥o] 500 C7}# 7}4& 4

Temperature vs Time

108 p— [ I

=)
)

3°C
Heat | Wait | earch

z
+
=

Temperature (°C)

o
)

100
230 240 250 260 270 280 290 300

Time (min)

a. ARC 23 2 bomb b. TEsllA] 71E-tl7 |- (Heat-Wait-Seck)

[22! 5] ARC(Accelerating Rate Calorimeter)&td| & X 2|

() AY F FoIA

A8 F ool AU 2ER YAHIEA

W7 FolE $FHA gL qe
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7} Hastelloy A2 <] bombel 1.09 gl Al

], Heat-Wait-Seek 2]

j o
e

) (150 ~ 400) T4

0.02 C/min® < detection sensitivity, 5 C2] Heat step

temperature® 7}

(=2 |
[ == ]

- +=d(Time - Pressure) Al
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HE71hNAM 37t
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[33 6] AMZt-42(Time—Pressure) AI&7|

(2) vl 4 R A

- Zol7k 89 mm, 91%A70] 60 mme) ABP] 2 Gy
A, 5 ms °]stEtel 690 - 2070 kPad] ¥ s AET
e FHERYA, ANz For T glrk
2) A Y
1) A1F A
A4 Agel 88 ZATAY AGPHES TR AWRY %

=
Ll
o
>
o
g
<l

Transport of

5] 2 A 7]%(Recommendation on  the
f tests and criteria); ¢ 12.6.1 Test 2(c)( i)

Dangerous Goods-manual o

Time/Pressure test ©]t}.
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Dust explosibility, Low Explosion Limit(LEL), Maximum explosion
overpressure (Pmax), Maximum explosion constant(Kmax(Kst)), Limiting
Oxygen Concentration(LOC)®] t}.
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NEED NEEE
EN 14034-1
Pmax Determination of explosion characteristics of dust clouds—Part 1 :

Determination of the maximum explosion pressure Pmax of dust clouds

EN 14034-2
Determination of explosion characteristics of dust clouds—Part 2 :
Determination of the maximum rate of explosion pressure rise
(dP/dt)max of dust clouds

(dP/dt)max

EN 14034-3
LEL Determination of explosion characteristics of dust clouds—Part 3 :
Determination of the lower explosion limit LEL of dust clouds
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) Al 2 Ab - Kuhner(2=29]122)

t}) Energy Range : 1 mJ ~ 1,000 mJ

2}) With an inductance in the discharge circuit : L = (1 ~ 2) mH

v}) Without an inductance in the discharge circuit : L < 0.025 mH

@ *— door lock
q—— high-voltage electrode

@— — dispersion pressure

moving electrode —

compressed air for ME —

compressed air for purging —

(7 bar overpressure)
.T keys for: mlet valve
oofofstch — 18 ."'.# ME / outlet valve
[O& 10] ZAHSHHX] SHEX|I(MKE 3)
T AE w2 e (27



2) A

o .E
— 5 &
- eI ) Z
=R Mur_ { o = § ©
e W ‘7|,._ ol _ o - Lm o
N 7 <X = (N & )
By Z s,
joR o - oD LB
WM FOE o|J ST
=T o GO ~o i =
X v o H )
W aC S O g
B — a*F ) R m m
R — L ~ < B
BT oF o X - { < m =
Ry 2 4 =2
)
WL O i - E
) Z = o =
ﬂ%ﬂu#ﬂm 1%~z g 5
) 2 o g oy K o
T Iy MMWME% 2E
~ n
—_ X O ) 2
R oo W g © B
EC T o e = = § 8!
%%ﬂ]}r i - < 1)
BN T B oo T o U 5
o8 T~ G~ QR - = m &)
™o el - N B 31
N To Ro o = oF % K 9 IS >
X vAD — vl o o) B (@ j<b] <
o T o X STy z § 5 5
= H
wﬂ@m%ﬁ% Rl S~ 4 5
o T ﬂﬁmv T E E g G
o T B T 2T T = 2 5 o
ﬂﬁl o HL — X — O o . JH % e =
;dﬂ ~U X Ot s o m ;,Imﬂ ,UI T m Lm R oo |
I ﬂ 1_L| Y ﬂ‘._ OT L R — ‘_*ol ol = m !
© o N T Pore g oS D _
~ o ﬂﬂ m ,i N |
< o oF -
° W oF [y i S
T A — £ m
o) o N o%
S o N w



o
A
I
>
i
10
e
re
o
ox

E
To
=
I
nE
)
0o
ox
B
N
HT
El
>

m. Az
A3t 2 32

1. ¢
. IEEM(
A (Parti ;
ticle size analysis) &
A1}

Sigma-Al
dricholl »
o] 1 793
300 mesh= sievingfﬂyH # ElEEARE S pel
5 B =43 b et A -
N O - Wl
ing3t A= N
g2 Bz
NZEHEA

A &S
o= é_l/\] -c‘;]_(}i]:]_

1) Y A3t

7+ A g9
59| 33 AY ¥
o SRk 153 19 datgh dabs <
5 moln], A% e I 9ol YeR o
T (a9 o, dxEAE
o l]ﬂ— 7ELE} ]E

=R X
10
ApO] ZEZ Xs
24 0 ‘
Xy © 10 %9] A=Y 21.97 Ctol [um] Koo Degli
Ko 10 5 RGO U ws | o
° =
Xeo © 90 %] f;z‘i@ﬂrﬂﬂ%m ;; 271 = 1535
Drnedian %7} Ijrg(lﬂ"mﬂ—%‘)iﬂ ; ]— 37]
AT PN E=1 )¢ Ak 7]




% SEAD oy Y AATES 9
55'2, Differential Volume _ - -
461 __
4.25 I
3 | 1
8,61 I —‘
£
161
0.4
0o.o4 06 1 2 4 6 8 10 20 40 60 100 200 400 600 1000 2000
Particle Diameter (um)
[2E 11] HZENE 229 Y=EH
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(& 10) DSC ¥ TGA A=A

o= TEEE Pan HEj Pan % 2H471 | NE2RA

DSC 10 C/min | High pressure pan | stainless steel Air 6.83 mg
HP DSC| 10 C/min Vented pan aluminum | Air(10 bar)| 3.76 mg

TGA 10 C/min Open pan aluminum oxide Air 10 mg

(1) DSC
JZ2EA =L aform(Z5=3 108 ), B-form(m+=4 110 T) + 7h¢]
A2 EA8, (28 120004 Z7e] 2AA dHe el 54
9 AE HolH, 266 T FLo|l A AAs] wdo] Al&H ™ o= &% d=x
2= 94 A3 Thermal oxidation)® ¢13F &g FAH =}
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Onset 393.46 °C
Left Limit  265.78 °C
Right Limit 442.67 °C

'
w
L

Heat Flow (mW)
8. 5. 2
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[V}
L

50 100 150 200 250 300 350 400 450 oc
Temperature (°C)

[323 12] DSC Zx
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(2) HP DSC

(29 13]el4 Zzbe] 274 e =
243 C ol A3 o] AltE™ 281 TolM w43 <78kl e
329 CollM= e 7sS Beolw 2 v=a7t ojojfrh o]+ A WA &
d ¥+ DSC Axst vRHAE §6d dx=sEe 44 2hg
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(Thermal oxidation)= <13 F2¢] F3l= FAHH, o|*& wsdES
Ao o9 wd Aoz ANT & Aok
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20 -
~~ 10
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£
~ 0
= ' Integral 2032.95 mJ
o nomalized  806.64 Jg~-1
L -10 Onset 281.40 °C
- Peak 307.12 °C
> Leftbl Limit  242.65 °C
T -201 Right bl Limit  328.62 °C
Baseline Type integ. horiz.
.30,
50 100 150 200 250 300 350 400 450 oc
Temperature (°C)
[a22 13] HP DSC Zu}
(2) TGA
[Z28 14]°] 28 =& 10 T/min®] $EE2 37 E94718tlA 34
st Ay 74 AyE FHAESE UEE TGA curve, @FF WstE

tEh = SDTA curve = YERSITE
SDTA curvel Al bimodal® HEZ 2049 §4 IaE Holu
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Temperature and Pressure as a Function of Time
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280 ~ y4 1\ 19
P I e | W) u
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Temperature and Pressure as a Function of Time

2]

31 T
31
Pressure o

Temperature{Zi)

[T S

900 1000 1100 1200 1300

Time(min)

1400 1500

1600

1700 1800

{aeg)ainssaid

(18 16] YHEEOIN AT G2 AR 2Eot o2 wat

(B 12) ISAELRAS 0183 Ao FormA AT

iz A1t
onset temperature (C) 290.3
onset temperature rate (C/min) 0.02
max. rate temperature (C) 2974
max. temperature rate (C/min) 0.04
adiabatic temperature rise (C) 23.8
final temperature (C) 314.1
pressure at onset temperature (bar) 3.9
pressure at final temperature (bar) 18.3
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(Explosibility) A= Apparatus Test 23}
FH o k= ) - .4
(Pmax, bar) 7.3 Siwek 20-L Apparatus

(dP/dt)max '

507 Siwek 20-L Apparatus
(bar/s)
sASEAT 138 Siwek 20-L Apparatus| . UmEx
(Kst, m - bar/s) pr PP 0 2 A

SE = KSt%}\‘ o

S St 1 N

ke 60 Siwek 20-L A tu

(LEL, g/m?’) 1we pparatus
H A Ao = 3 mJ<MIE<10 m
| A~ 5ol | A J J MIKES

(MIE, m]) (Es : 8 m])

(1) % 524 (Dust explosibility)

| 2w Ag

g z= A =9 g)&ke] Modified Hartmann apparatus® &%
(AP Ale)s e 231 sl AAsdnh 1 dds <& 14> 4
Bl AAE gEA el TrlsAgS dolRE B A1 Screening Test
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