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7 A\ 0 LS 13 320 Laser Diffraction Particle Size Analyzer
) A ZAF @ Beckman Counter

(@ vl A D A
by w4 A= AE7] ol WFel gRE BAY £
AREQHR T gk,
) 24 shsd 9w 004 ~ 1000 m

Q) AE T FAAR
A Al Alg7F 54 e HAA R dgstolop gt

2) A By

(D AIE 74 @ KS A ISO 11357-1
(A =271 FA4-=lol A Sy -A15  dnkde])

(2) Nd da
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W) AlE £4] 1 Software program®] A& £AE HAelste] 23
Al71A Al F | bubble A A, blank =4 9 IAS AR 3,
ABE FJsld dx =AHo] AlZHEL), o] w FAx = A
9] X obscuration 8~12 % Wol leojoF 3c}

(3) A= H7}
% 33 =43 AQAA HYF EHA] S0
sto] BAIA A AxE AAH HFT Jdege= AAs A
A g Axbe <E 1> 2 <E 2> 2o

(E 1) Y&=9] Mzi*d(Reproducibility) XTiS]RHA} - 10 wn

o1l A=
U= HHU Z|CH5{ S H A
X10 5 %
X50 3%
X90 5%

(E 2) Yr9] R} (Reproducibility) XS] HAL - 10 un

olste] Az

U B Z| S S A}
X10 10 %
X50 6 %
X90 10 %
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(1) Modified Hartmann Apparatus

(Screening Test) & 4 9= AH|EA Modified Hartmann Apparatus®™ AR
1) AlgA]
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7 Z4l™ : Modified Hartmann apparatus

) A 2kAE ¢ Kuhner(22$] 22)
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P -~ Hinged Cover (AI17.2 g}

Position Sensors

- Connaction to
Digital Display

Tube (Pyrex)

Electrodes

Connaction to
Translormer (10 kV}

Aromising Cone

S
e . ATr 50 mi, 7 bar
& = |
ool T
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) Atomizing Cone

[A2 2] Modified Hartmann Apparatus

(2) Siwek 20-L Apparatus
2 A gAu= B1/37] &= 2 gevyE dddE 20 LY 78 &
712 SAse Aoty AlelA FAT 4 v F I EHZE dust

explosibility, low explosion limit(LEL), Maximum explosion overpressure

Pmax, Maximum explosion constant Kmax(Kst), limiting oxygen
concentration(LOC) o] E}.

o

7} #F v @ Siwek 20-L Apparatus
) A 2 A} 0 Kuhner(2~ 9] )
o) FH4Y=E 0 ~ 30 bar
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2 gulel Ty
- 20-L-sphere
- Control unit KSEP 310
- Measurement and Control System KSEP 332
— Pressure Measure System

- Software

7 ‘“‘:’e“é /\] 1S Modified Hartmann Apparatus® =74 v, t)2F4 <l
s 4T F Utk
< A9 95y g FE vigel] Y1 Hsl(continuous spark : °F
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FEOWSGB0 ~ 1,000 g/m)el A WA o2 Al gsteio}
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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 :
(dP/dt)max

Determination of the maximum rate of explosion pressure rise
(dP/dt)max of dust clouds
EN 14034-3

Determination of explosion characteristics of dust clouds—Part 3 :

LEL

Determination of the lower explosion limit LEL of dust clouds

3. EEHA(TGA) AlIE

AERMolgt B4 Eu]4 W4 (physical parameter)E %9 <42 LERY
v w4 dolt) & B4 255 dAEA wsAIFle] wEt YR 24
54 WstE Ak glojth o] wj oW ZElA W WSE E 7}
w}a} ofg] 7kA W Ee] Jom tEAd WHES <G 49 Zoh E AE

|- <

| oo
sS4 == 71 THE|
DTA(Differential thermal analysis) exxt AT K
DSC(Differential scanning calorimeter) g4z = Aq Joule/s=Watt
TGA(Thermo gravimetric analysis) o g(%) g
TMA(Thermo mechanical analysis) Aol AL(%) m
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A HE A7) (TGA ; Thermo gravimetric analyzer)© 943+ &
< e AlRe AFHSE Aoy 2x9 SR SA ST A
Wal=  Zh(vaporization)o|t 7hAE *3*4 O}L &3hak-S-(Chemical

9171 0}01]/‘14 3 T 3

dolu} HIMAES = 9 ZAHE %% g 9
spectrometer(MS)9} A2 5o} TGAdA 7}2~7F wAstd MSZ 9% o] o
239 % mass spectrumes F3 S At HAH JtAE AN

% gk

(DA 3 ]
DR B2
~ A" TGA/DSCI
- Z1#A} 1 METTLER TOLEDO(2 9] )

a. TGA b. Mass spectrometer(Pfeiffer vacuum)
[d" 4] TGA(Thermo gravimetric analysis)
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D oo

) ARl 9 R A
- Furnace(7}€ =2), A&, A59 25 AT = Jd+= TGA
sensorz T ¥ A module?} (-28 ~ 150) T ¢ 25 W
Y= zZt= circulator, ¥HH JFAE A EASE Mass

spectrometer= A E o] glom E Aol ThAEA L A

o] 3} A .
(E 5) TGA AIY
i Spec.
AL R (A& ~ 1,1000 C
<k A9k + 025 K
Ae 54 W9 <lg
Balance resolution 0.1 ug
Calorimetric resolution 05 mW
Sample volume 100 wb
(2) AL
M AE WA st s BEEE GRS ge eEF
bl ek FAMSA Dojibs B4
b AW 2AAF) © AnFEE BgelA Hue F g e
of e AL Zol BrsM, 4 5@ Ao Ay
e 100 i WS Aoly] Wi Bid EFBe A9
44 AR %S F 5 A
o Alg Aa s A RELY S °F 5 mg £F3F] alumina
(aluminum oxide) A A9 A|g8&7]e] Yo A& HFE

o AA D FY] BY7ISHEE 50 ml/min)oll A 5 C/min<]
FTe2EEE 25 ~ 700 T 2=l YoM =A3S T
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7= cHe dio dso dgo Mean

-39] (volume) 71E%k | [yml] 9.402 29.06 67.44 34.40

# di @ A BEAGNA 10 %Y o] A=
dso + A ZEGNAM 50 %D we] ¢

=]
dw + AA BIEAA 90 %Y W 9

)

(Median)

s
a
s
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Differential Volume

Volume (%)

T 7 T

1 [
100 200 400 1000 2000

0 o P .—rﬂrl i |—||I—.
4 6 10

T T T 1 T T
0.04 01 02 04 1 2 20 40
Particle Diameter (um)

[AF 5] FeA g=9 2O7E = A &



158 - -+ Part3. Ferll &332 BXI=Y Q{aldmrt

[ 5lo A} o] Fedl @59 9% A8 23} AX{HTYHdL 344 m7}
AojHom 2 ~ 200 m WA HE E REE AW gt AL % 5 9
=3
2. ESEX (Dust clouds)? X - Ew EM

FeAl &= X1 digk Ag@4dx] 2 Hol A A5k vpe} o] 31 2
A1 (Explosibility), & &4t (Pmax), 73222 94=(Kst), Z3&}35HA(LEL)
tiste] AlES AAstg e 1 At tigk Qoke < 7>3 Pk

(B 7) PR3 2N BRZY B4 AuZn o9

A Ess Azt A& H[ 1L
w1 84 Cng Zay glo modified Hartmann
(Explosibility) oo M Apparatus
= Eglrory
A sy - Siwek 20-L Apparatus

(Pamx)
FAELA S i . i

(Kst) Siwek 20-L Apparatus
kst ek -

(LEL) Siwek 20-L Apparatus

Al UAE)S 2 kJZ 8t FeAdl@da 2% E(C)E 30, 60, 125 g/m’ o=
WA 7 2AFS Zukgtd AskE (32 6] - [2F 8lol JEhidh
e
A

_1

e gz Ao 9 uld-S chemical igniterd] FH3fol Aol &3 Zt

S 2A HASA g2 S YR Folm= A o™ Fhol 05 bar

lojop Z iz QA Eo] o wEha] ZHE Aol dERd Eagke gk

chemical igniteroll 93 WAYH Z@<te] glolw FeAlgds #
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200
[31% 6] FeAlglae] Zweial #3} (C=30g/m’, E=2kJ)
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bar /s 100 120 140 160 180

(1" 7] FeAgael ZLYH ¥} (C-60g/m®, E=2kJ)

nz - |
0 A
0o iy
| | | | | |
bar #ms 100 120 140 160 180 200

(1% 8] FeAgi3o] Zureal Ws} (C=126g/m’, E=2kJ)

a
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Pm dP/dt
- 01 -8
- 01 -B
- 00 -4
- 0o -2
3nr E; 1;5 g/m3 3nr E; 1;5 g/m3

(17 9] FeAgol ANZws P SUAYSAE

20

0o

| | | | |
bar # ms B0 50 100 120 140

[1% 10] FeAgi29] Zueta (C=30g/m’, E=10kJ)
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1.0 -

05 -

0.0

05 -

I I I
bar ¢ ms 120 160 200

[1 11] FeAlg2o] Z4lek (C=60g/m’, E=10kJ)

1.0

05 -

0.0

1 1 I
bar / ms 100 120 140

[ 12] FeAgtZo] Zwela (C=125g/m°, E=10kJ)
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(1% 13] FeAigi2o] Zeta (C=250g/m’, E=10kJ)

0o

| | | |
bar / ms 100 120 140 160

[ 14] FeAgtZo] Z#ela (C=500g/m®, E=10kJ)
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bar / msz 100 120 140 160

[1Y 15] FeAlg29] Z4tek (C=750g/m’, E=10kJ)

0.0

| | | |
bar / ms 100 120 140 160

[1 16] FeAlgt2o] Zdleh (C=1000g/m’, E=10kJ)
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0o

| | | |
bar / ms 100 120 140 160

(1% 17] FeAgi29] Zuea (C=1250g/m’, E=10kJ)

oo

| | | | |
bar #ms 100 120 140 160 180

[1% 18] FeAlgt2o] Edleh (C=1500g/m°, E=10kJ)
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05 -

0.0

| | | | |
bar /ms 100 120 140 160 180

[33 19] FeAgt3o] =@l (C=1750g/m’, E=10kJ)

Pm dP/dt
-0 ay
- 01 s
00 4
- 00 -2
- -
125 500 750 1000 1250 1500 1750 g/m3 125 500 750 1000 1250 1500 1750 g/m3
[AF 20] FeAlgae Bddd U ZEAYSEE (E=10K))
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3. dEM(TGA)

328 FeAl

£ S Al gk FEAde] yEhA F3t7] witel, TGAE
ojg&sto]l A w9V Am W FEEF AFE S8, B 7] E9
71l A Abstel wE 44 AES BRI 84 AdERde <E &3 2

o,

g2 | 2l 8245 =R NEES
A2 (Ny) 5 C/min (30 ~ 150) C o} 15 mg
TGA
2 7](Air) 5 C/min (30 ~ 900) C °F 16 mg
[29] 2118 AA E$7] oA 150 T7HA 5 C/ming $2%
T8 ZAH3 Ayg FE o o3 Auwile BEux gkt
(18 22]1= &7] B97] stolA 900 C7HA] 5 C/ming] $e¢&E=2 =
As A 380 CT7HA ok 12 %9 A= AE By, 513 CoA &
gol A3 FrteteE AEFS Hgom Abste] o3k 345 wrENkS12)
T A 27t AR gt o83 AldANE EYE A BE
A dEE Akshibgo] o] Qlo] AAnNkSo] dojipx] ke Ao
2 ddko] Hth

12) TGAS} FAlo £A %+ SDTA(Single Differential Thermal Analysis) ZA3}ol] A3}
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100-
E o0
b
A
K =
S ]
g 80:
70
50:
50- T T T T T T T T T T T ,
30 40 50 60 70 80 90 100 110 120 130 140 °C
Temperature (C)
—1 H O rel re)
(A 21] FeA| gz 22 EH7Iot0lMe Al Zxt
%%
100 l ‘ ‘/_’_:'7-"
T T
Step -1.2320 % Step 4.1400 %
— oo -0.2011 mg 0.6757 mg
= Left Limit  40.69 °C Left Limit  513.03 °C
= Right Limit 377.35 °C Right Limit 903.56 °C
o
o
2 .
-
- 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 °C
Temperature (C)

(3 22] FeA =9 7] 29716IMY] Ald Zat
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1. Richard Siwek, "Determination of technical safety indices and factors

influencing hazard evaluation of dust”, J. Loss Prev. Process Ind. Vol
9. No. 1. pp. 21-31, 199%.

Norbert Jaeger and Richard Siwek, "Prevent Explosions of Combustible
Dust”, Chemical Engineering Progress, pp. 25-37, June 1999.

VDI 2263 "Dust fires and dust explosions ; hazards, assessment,
protective measures”, 1992.

VDI 2263 part 1, "Dust fires and dust explosions ; hazards, assessment,
protective measures ; test methods for the determination of the safety
characteristic of dusts”, 2003.

VDI 2263 part 6, "Dust fires and dust explosions;hazards, assessment,
protective measures ; dust fires and explosion protection in dust
extracting installations”, 2007.

NFPA 68, Explosion protection by deflagration venting 2007.



