26.01.2022

TOZ PATLAMALARI

Begiim Sirinoglu Dogan
Calisma ve Sosyal Giivenlik Bakanhgi
2022

ICERIK

* Toz yangin ve patlama istatistikleri
* Yanici toz nedir?
* Tozun yanma ve patlama mekanizmalari

» Onleme Yéntemleri



26.01.2022

Ay ne renk?

«Color of Moon» Marcella Giulia Pace, NASA

Source: https://science.nasa.gov/colors-moon

West Pharmaceutical Patlamasi, CSB —> 2003 Kinston, NC (US CSB)
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Detailed information on: w IFA
Polyethylene low pressure (* 357) e e L

characteristic

DGUV | Kontakt | Deutsch
Francais

+ Particle size <32 pm [% by weight] 94

+ Particle size <20 pm [% by weight] 80 e
Search
+ Median Value [pm] 13 Matenials may by retrieved by name o characteristics. Material names are relrieved as phrase, €., searching for
o 3 15 resin refrieves apoxy resin
+ Lower Ex-Limit [g/m*~]
search for:
+ Max.Ex-Overpressure [bar] 76 o
L ) searen)
*+ Kgi Value [bar m/s] 82 The GESTIS-DUST-EX database presently contains combustion and sxplosion characteristics of 6675 materials
Please take notice of the -+ limits of applicability
+ Explosibility St
+ lgnition Temperature G-G [°C] 360
+ Glowing Temperature [*C] melts
+ Combustibility BZ 2(2)

The fineness and moisture content indicated in the first column refer to the state of the dust sample as delivered. The "delivered" state may also be
identical to the tested state.

The listed combustion and explosion characteristics always apply only to the dust with the conditions described in the same column.

The data of GESTIS-DUST-EX are compiled and updated carefully. Nevertheless, any liability is excluded (cf. + limits of applicability).

Toz Seker Yanici midir?
Imperial Seker Fabrikasi, Georgia kurulus 1894

0t
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Imperial seker Fabrikasi -2008, Georgia (US CSB )

14 6liim, 38 yaralanma

Detailed information on:
Sugar (* 5182)

characteristic

+ Particle size <500 pum [% by weight]
+ Particle size <250 pm [% by weight]
+ Particle size <125 um [% by weight]
+ Particle size <63 pm [% by weight]
+ Particle size <32 pm [% by weight]
+ Median Value [pm]

+ Muoisture Content [% by weight]
-+ Lower Ex-Limit [g/m]

+ Max Ex-Overpressure [bar]

+ Kg; Value [bar m/s]

+ Explosibility

=+ Minimum Ignition Energy [mJ]

95
41
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Kunshan Zhongrong Metal Uriinleri Fabrikasi 2014 , Kunshan China

(Diinya genelinde en ¢ok 6lim gergeklesen toz patlamasi)

- — - : ‘ i
- - — o _ g e — =

https://www.hazardexonthenet.net/article/79472/Metal-dust-explosion-kills-75-at-China-car-parts-factory.aspx

https://www.bbc.com/news/world-asia-china-28636056

Detailed information on:
Aluminium (* 2425)

characteristic

+ Particle size <71 jm [% by weight] 99 Araba tekerleklerinin cilalama islemi sirasinda yangin ve ardindan

patlama olustu.
+ Particle size =32 pm [% by weight] 71

*+ Particle size <20 pym [% by weight] 41 Patlamada en az 75 is¢i 6ldu ve 185 kisi de yaralandi. Patlama, 119
+ Median Value [um] 23 kisinin 6liimiine neden oldu.

+ Lower Ex-Limit [g/m’] 60 Aliiminyum tozu ¢ok yogundur, kararsizdir.

+ Max.Ex-Overpressure [bar] 124

+ Kg; Value [bar m/s] 620

+ Explosibility St3

+ Minimum Ignition Energy [mJ] =10

+ Ignition Temperature G-G [*C] 560

+ Glowing Temperature [*C] n.g.u.450

+ Combustibility BZ 4


https://www.hazardexonthenet.net/article/79472/Metal-dust-explosion-kills-75-at-China-car-parts-factory.aspx
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Kelebek Mobilya, Diizce 2021

https://www.canakkaleaynalipazar.com/kelebek-mobilyanin-duzce-fabrikasinda-yangin/20742/
https://www.duzcepusula.com/kelebek-mobilya-daki-yangin-sonduruldu/20043/

Detailed information on:
Wood, sawdust (* 5481)

characteristic

+ Particle size <500 pm [% by weight] 96

+ Particle size <250 pm [% by weight] 91 100

+ Particle size <125 pm [% by weight] 70

+ Particle size <63 pm [% by weight] 30 100
+ Particle size <32 pm [% by weight] 14

+ Median Value [pm] 83 <83 <63
+ Moisture Content [% by weight] 67 27 27
+ Lower Ex-Limit [g/m?] 30

+ Max Ex-Overpressure [bar] 89
+ Kg; Value [bar m/s] 149
+ Explosibility St
+ Combustibility BZ 5


https://www.canakkaleaynalipazar.com/kelebek-mobilyanin-duzce-fabrikasinda-yangin/20742/
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Toz Patlama istatistikleri, ABD

US CSB Arastirmasi Oncesi US CSB Arastirmasi Sonrasi
1980 -2005 2006 - 2017
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Diinyada Toz Patlama istatistikleri (2021, ilk yarisi)

www.dustsafetyscience.com
INCIDENT DATA OVERVIEW

UNITED STATES CANADA INTERNATIONA

2017 2018 2019 2020 mi?ﬁ 2017 2018 2018 2020 20M 2017 2018 2019 2020 2O mmm
Fires 17 158 175 11& 38 15 17 22 14 3 37 38 53 35 10
Explosions 28 37 37 26 13 4 4 1 7 2 36 7 37 7 13 ICOSMBUSTIBLE DUST
Injuries 52 40 42 35 13 9 1 4 2 4 102 T3 72 51 7 NC'DENT REPORT
Fatalities 6 2 1 1 1 0 0 a 0 0 7 21 T 9 7

2021 RECORDED INCIDENTS
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Diinyada Toz Patlama istatistikleri (2021, ilk yarisi)

www.dustsafetyscience.com
INDUSTRIES INVOLVED

Wood & Wood Agriculture & Automotive & Power
® Products Food Products ~ ® Metal Working @ Generation Mining @ Other

o~y N N
451__.. ors % o 2021

2%
2020
2% /_'
Metal
63%

5% i 50% Food
Products
24.3%

2021 MID-YEAR COMBUSTIBLE DUST INCIDENT REPORT

Diinyada Toz Patlama istatistikleri (2021, ilk yarisi)

www.dustsafetyscience.com

EQUIPMENT & CAUSES

@ Dust Collector Storage Silo @ other Storage * Dryer * Elevator/Conveyor Other @ No Details Dt ol

2020
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YANICI TOZ NEDIR?

Boyut ve sekline bakilmaksizin, havada askida iken veya belirli bir

konsantrasyon araliginda prosesten kaynaklanan oksitleyici bir ortamda,
parlama vyangini veya patlama tehlikesi
partikiller. (NFPA 654-2015, Tanimlar, Madde:3.3.6)

» Cok ince bolinms veya 6gutulmus (< 500 um= 0.5 mm)

» Havada askida kalabilen

» Kendi agirligi ile atmosferden ayrisabilen

olusturabilen yanabilir kati

» Atmosferik basing ve normal sicakliklarda hava ile karisimlari patlayabilen

kati parcaciklar.

Toz Patlamasina
Neden Olan
Maddeler

Tarimsal

Sit tozu

Soya unu

Misir unu ve nisastasi
Piring unu ve nisastasi
Bugday unu ve nisastasi
Sut sekeri (laktoz)
Pancar sekeri
Tapyoka

Kakao tozu

Kahve tozu

Pamuk

Sarimsak tozu

Gluten

Patates unu ve nisastasi
Baharatlar

Xanthan gum

Cay

Farmakolojik

Aspirin

Parasetamol
ibuprofen

Karbon Tozlari

Aktif komur

Mangal komara
Bitimla komur

is

Linyit

Turba (%22 su)
Seluloz

Kimyasal Tozlar
Adipik asit (dikarboksilik asit)
Antrakinon

Askorbik asit

Kalsiyum asetat
Kalsiyum stearat
Karboksil metil seliiloz
Dekstrin

Laktoz

Kursun steatat

Cinko stearat

Metil seltloz

26.01.2022

Paraformaldehit
Sodyum askorbat
Sulfur

Metal Tozlar
Altiminyum
Bronz

Demir karbonil
Magnezyum
Cinko

Plastik Tozlar (polimer)
Akrilamit
Akrilonitril

Etilen

Epoksi regine
Fenolik regine
Melamin regine
Melamin (fenol seltiloz kalip
uygulamalari)
Metil Akrilat
Vinil asetat

Vinil alkol

Vinil klorit
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TOZ PATLAMASI

Toz pat|a masi C(;mbustible Dust
process mﬁot?e?é";:dﬂg or
gorulecek endustriler

materials in powdered form?
Tarim

Kimyasallar

Tekstiller

Orman ve mobilya Urunleri

Metal isleme

Lastik ve kauguk Uretim tesisleri

Kagit dranleri

ilag

Atik su aritma

Geri donusum islemleri (metal, kagit ve plastik.)
Kémir tasima ve isleme tesislerinde komur tozu

Hibrit Kanisimlar

Askida kati veya sivi partikiller iceren gaz igeren patlayici R
Ornegin, bir kati ¢dziict iginde Uretildiginde ve ¢ozlicu
heterojen bir karigim

tamamen uzaklastirilmadiginda, yanici tozlarla ile buharlar

* Toplam yanici gaz konsantrasyonunun alt parlayici
P v 8 v pariay birlikte bulunabilir.

limitin (LFL) > ylizde 10'u

* Dogal gaz ve ugucu kil
* toplam asil partikiil konsantrasyonunun minimum

patlayici konsantrasyonun (MEC) > %10'u. * Hidrokarbonlar ve regineleri

(NFPA 68-2018) NFPA 652, Standard for the Prevention of Fire and Dust Explosions
from the Manufacturing, Processing, and Handling of Combustible Particulate Solids,
Definitions 3.3.28)

10
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Tozlar i¢in Tutusma Kaynaklari EN 1127-1 standardi

Kimyasal reaksiyonlar (tozlarin kendiliginden tutusmasi)

Agik alevler (kaynak, kesme, 1sil islem uygulamalari vb.)

Sicak yiizey (buhar borulari vb.)

Mekanik darbe ve siirtiinmeden kaynaklanan kivilcimlar

Elektrostatik desarj kivilcimlari

Elektrikli aletler

Toz Patlamasi Tutusma Kaynaklari, US CSB
2006 - 2017

Acik Alev
16%

Statik Elektrik
3%
Mekanik,
20%

Elektrik
4%

105 toz yanmasi olayi 59 isginin 6liimiine, 303 is¢inin yaralanmasina neden olmustur.

11
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Elektrik yUklU araca temas ettigimizde 500 milijoule (mlJ) enerjiye sahip bir kivilcim olusur.

Minimum Tutusma Enerjisi (mJ)

cotton

corn flour

coffee

coal

Substance MIE butane 0.26 3
(mJ) n-butyl chloride 0.33 3
ABS 30 cadmium 4000 3
carbon monoxide <0.3 2
acetaldehyde 0.37 carbon disulphide 0.009 i
acetaldehyde 0.36 carbon disulphide 0.015 3
acetone 1.15 casein 60 1
cellulose 35 1
::g: ec ne ellulose 0 10{: 7 cellulose acetate 20-50 3
= - charcoal 20 3
acrolein 0.13 chromium 140 3
acrylonitrile 0.16 cinnamon 30 1
adipic acid 60 coal _ 40 1
alfalfa meal 320-5100 | | o8l pittsburg 250 s
- cocoa 100 1
allyl (;h_lnrlde 0.78 cocoa 100-180 3
aluminium 50 Ccoffee 160 3
aluminium stearate 15 copal 30 1
ammonia 680 cork powder 45 1
antimony 1920 cork powcl'e’ 35’2300 ?
Py corn mea A
aspirin 25-30 corn flour 20 1
aziridine 0.48 corn starch 30-60 3
benzene 0.20 cotton (filler) 25 1
benzene 0.22 cotton linters 1920 3
bisphenuI—A 18 cyclohexane 0.22 :
cyclopentane 0.54
black powder 320 cyclopentane 0.24 3
boron 60 1,3-cyclopentadiene 0.67 1
1,3-butadiene 0.13 cyclopropane 017 1
butane 0.25 cyclopropane 0.18 3
dextrine 40 1
dichlorosilane 0.015 3
diethyl ether 0.19 1
diethyl ether 0.2 3

12



26.01.2022

Yangin Ucgeni

Yanici toz yakittir. Ortamda genellikle oksijen bulunur.
Oksijene ek olarak veya oksijen yerine baska bir kimyasal
oksitleyici, yanma reaksiyonunda oksijenle benzer isleve

sahip olabilir.
Yakit (Toz) + Oksijen = Oksitler @(Zincir Reaksiyonu)

Figure 1. Fire Triangle

Toz Katman Yangini
Toz kalinligi — Kendiliginden Tutusma Sicakhigi (AIT)

400

300

Maximum permissble surface
temperature of apparatus (°C)

02 Toz katmani

200 Ignition temperature
of a 5 mm layer

_— ——] 400 °C < T5 mm
100 320 *C < Tg mm < 400 °C

———] 250 °C < T mm < 320 °C

Tutugma kaynagi

o 10 20 30 40 50 Thickness of layer (mm)

EN 60079-10-2: Explosive atmospheres Part 10-2: Classification of areas - Explosive dust atmospheres

13
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Toz Parlama Yangini

DISPERSION

Figure 2. Elements of a Flash Fire®

https://www.osha.gov/sites/default/files/publications/OSHA_3644.pdf

TOZ PATLAMASI
Patlama Besgeni (Toz)?

Yanici Toz o 9 Hapsolma

12

Tozun Havadaki
Konsantrasyonu
Patlama Limitleri

Tutusturucu
Kaynak

Kivileim, Sicak
Yiizey, Sicak Hava

9 Oksijen — Hava

14
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Toz Yangini- Parlama Yangini — Toz Patlamasi

A

Figure 1. Fire Triangle Figure 2. Elements of a Flash Fire* Figure 3. Explosion Pentagon

DISPERSION
—

https://www.osha.gov/sites/default/files/publications/OSHA_3644.pdf

T DETONATION
11 ——
o ~
S \,\_ DEFLAGRATION
o ~
Y ™~
o .
n' S
o s /""/_
\\ /..-
> i
(@]
—
TIME

15



DEFLAGRATION

26.01.2022

12 Deflagration Index K;
1 160 Maximum Pressure P,,,, (barg) (bar-m/sec)
— or Poe 8.5 bar 140 NFPA Bartknecht  Senecal NFPA  Bartknecht  Senecal
2 L 120 ® Chemical 68 1998 1993 1998 68 1998 1993 1998
< g F A=
i z2 Hydrogen 6.9 6.8 6.5 659 550 638
a 100 =
£ 6 F o Methane 7.05 7.1 6.7 64 55 46
£ AP =7.6 bar 8 2 | Ethane 7.8 7.8 74 106 106 78
Z {e0 &
z 4 & | Butane 8.0 8.0 92 92
S -
~ 40 Isobutane 74 67
1 Propane 79 7.9 7.2 96 100 76
0 L . L + L L L L 0 Pentane 7.65 78 104 104
0 20 40 60 80 100 120 140 160 180 Ethylene 8.0 171
Time (ms) Methyl Alcohol 15 7.2 75 94
Ethy!l Alcohol 7.0 78
Ethyl benzene 6.6 74 94 96

Propagation

of a combustion zone at a velocity that is less than the speed of sound in the the reacted medium (NFPA 68, 2018)

TOZ PATLAMASI
Kapal alan/Hapsolma?

16
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Ates Topu

Patlama sirasinda veya sonrasinda mevcut olan anlik
alev topu (NFPA 921)

Figure 10. Violent fireball erupting from the facility (elapsed time - 16 seconds)

(Georgia Ports Authority security video).

Toz Patlama Mekanizmasi :

Birincil ve ikincil Patlamalar

Dust cloud Meat from primary explosion
formed ignites dust cloud
Blast Wave .
< ) &N
Dust |
Accumulation | |
Primary Explosion S dary Explosi

Source: https://prestivac.com/sites/default/files/the-elements-of-a-dust-explosion-1.jpg

17



TOZ PATLAMALARINININ ONLENMESI

Toz Patlamasi Riski

26.01.2022

Patlama Olasilig
Patlama Siddeti MEC
Kst MIE
dP/dtmax LOC
Pmax AIT

Elektrostatik Yk

TOZUN PATLAYICILIKLA iLGiLi PARAMETRELERI
Minimum Patlama Konsantrasyonu MEC

EDOPL O SIBLE

A

0 1

Toz konsantrasyonu (g/m?)

40 gr/m3 kémir tozu

18
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TOZ PARAMETRELERI

Minimum Tutusma Sicakhgl - MIT (Minimum Ignition Temperature)

5 mm kalinligindaki bir toz pargasinin tutusmasina yeterli olan isitilmig serbest duran
ylzeyin asgari sicakhgidir.

»Toz bulutlarinin tutusma sicakhgi bilesime baglidir.
» Partikul boyutu azaldikga azalir.

»Toz konsantrasyonu arttikca azalir.

»Tabaka kalinligi artikca azalir.

» Parlayici buhar ortaminda azalir.

TOZ PARAMETRELERI

Minimum Tutusma Sicakhgi (Toz Bulutu icin) —MIT (°C)

[EC 61241-2-1'de MIT’in tespiti icin bir test
yoéntemi mevcuttur. MIT tutusturma
kaynaklarinin eliminasyonunda, elektrikli
cihazlarin  siniflandirilmasinda ve  patlama
durdurma sistemlerinin tasariminda 6énemli bir
parametredir. MIT genellikle Godbert-Greenwald
firini veya BAM firini kullanilarak tespit edilir.

Minimum Kendi Kendine Tutusma Sicakligi — MAIT (°C)

Belirli bir miktardaki toz, kontroll bir ortamda isitilarak
hesaplanan bu karakteristik adi (zerinde toz
katmaninin kendi kendine tutusmasini saglayacak
minimum ortam sicakhigini gésterir.

19



TOZ PARAMETRELERI

Minimum Tutusma Enerjisi -

Bu 6zellik, 6rnegin bir Gretim alaninda bulunan motor, rulman,

MIE(pJ)

Belirli test kosullari altinda en optimum toz-hava karisimini
tutusturmak icin gereken minimum elektrik kivilcimi enerjisidir.
(test kondansatorinde biriken minimum enerji)

26.01.2022

V-kayis, firin vb. gibi 1sinan elemanlarin olusturabilecegi riskleri “_

ongormeye yarar.

Elektrostatik alevienmeye karsi dilsiik hassasiyet. Fabrika ekipmanlarina topraklama yapiniz.

100 Galisanlarin madde ile ig ige oldugu alanlarda calisanlari da topraklayin (+/- 5)

https://www.voutu be,Com/WatCh?V=TTMX|rbpaWA 25 Elektrostatik kaynakl toz patlamalarinin en sik oldugu alan (+/- 5).
10 Elektrostatik alevlenmeye yiiksek hassasiyet. Yalitkan maddelerin kullaniimasi ve kivilcim
ekipmanlarin

a egilimi yiksek

1 Asini yilksek hassasiyet. Patlayici toz konsantrasyonu olusumunu engelleyin. Yiklenmelerin
dilzenli izlenerek, yiklenme durumlarinda giivenli sekilde bosalmasinin saglanmasi gerekir.

Toz Bulutunun Tutusma Hassasiyeti ve Patlama Siddetine Etki

Eden Faktorler

( .)Dartik(J/ Boyutu
a

500 kg/m3 yogunluklu

1 mm kalinhigindaki
toz katmani \

5m

(b) (c)

500 g/m3

]

(@) 1mm kalinhiginda ve yigin yogunlugu 500 kg/m3 olan toz katmani,
(b) Ortalama 100 g/m3 yogunluklu 5 m’lik bir toz bulutu,
(c) 1m yiksekliginde kismi dagilimli 500 g/m3 yogunluklu bir toz bulutu olusturabilir.

Cy = pyegm

h
H

h kalinhginda ve p, ;. yogunlugunda bir toz katmaninin, H yiksekliginde
olusturacagi toz bulutunun konsantrasyonu , c:

20


https://www.youtube.com/watch?v=TTMXlrbpaWA
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Toz Bulutunun Tutusma Hassasiyeti ve Patlama Siddetine Etki
Eden Faktorler

Tozun Nem igerigi Tozun Kimyasal Yapisi

Nem toz bulutunun MIT degerini ylikseltmektedir. oo _[_ o

= Ornegin %14 neme sahip unun minimum tutusma

100 L / -

0 L 1 Il 1
o 01 0.2 0.3 0.4

. . . , = w00 |-
sicakligr 470 °C iken, kuru ununki 440 °C dir. =
2 . STARCH
* % 13 neme sahip nisasta icin minimum tutusma sicakligi  Z 3°¢ -
470 °C iken, kuru nisasta i¢in 400 °C dir. g 200 o
= P ——
2
=

L

SPECIFIC “ENVELOPE™ SURFACE AREA Im2/gl

Toz Bulutunun Tutusma Hassasiyeti ve Patlama Siddetine Etki Eden
Faktorler

Akis hizi Oksijen Miktari-LOC
[EES—S—S—S—S—S—S—S—S—"—"——_——
1100
> X{—NO IGNITION
1000 [~
TURBULENT
WIND FLOW wy
5 930
< _
BT
S5
é % 8270 |
turbulent ed gc o L &
=w =
modified saltation U 1 ] °
.
~Sataton /,.M (70—100 fum/)"ﬂw 55 N\ R
m) /( pm) s B
/ » =
/\N/‘/\\I&/\I/ = \
AN 2N AN R 500 - i
. 400 ] L L 1
0 20 &0 60 80 100

OXYGEN CONTENT IN GAS [vol. %l
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TOZ PARAMETRELERI

Maksimum Patlama Basinci- P (bar) /Deflagrasyon indeksi (Kst)

max (

Pmax, belirli test kosullari kapali bir

deney kabinda toz bu'”“"mj'n Examples of K, Values for Different Types of Dusts
patlamasi sonugu olugsan maksimum Dust explosion dlass* | Ko, (barmis)® o — Wpical
EHlS Sto 1] No explosion Silica
St1 =0 and < 200 Weak losion Powdered milk, charcoal, sulfur, sugar and zinc
St2 =200 and < 300 Strong explosion Cellulose, wood flour, and poly methyl acrylate
St3 >300 Very strong explosion Anthraguinone, aluminum, and magnesium

The actual class is sample specific and will depend on varying
characteristics of the material such as particle size or moisture.
* OSHA CPL 03-00-008 - Combustible Dust National Emphasis Program.
** NFPA 68, Standard on Explosion Prevention by Deflagration Venting.

Kst, bir kapali kapta optimum
kosullarda gergeklestirilen toz
patlamasinin 6lgtilen maksimum

basing hizini ifade eder. Kst = (dP/dt),,, * V3 formiiliine gére hesaplanir.
V: Kap hacmi (m3),
(dP/dt),,., birim zamanda maksimum basing artis hizi

https://www.osha.gov/sites/default/files/publications/3371combustible-dust.pdf

TOZ PARAMETRELERI

Dust 5 mm Layer|5cm cube Ramp| MIE Kst Pmax Cloud
Ignition °C | Ignition °C' mJ> bar m/s bar | Ignition °C

Bio-waste 300 135 >1000 69 5.7 480
Coal dust 225 115 =>1000 70 7.5 450
Maize Starch 440 208 100 110 9.2 480
Sawdust 315 181 10 115 9.2 470
Calcium Stearate =450 316 10 130 8.7 560
Sulphur 260 - 3 151 6.8 280
Aluminium =450 - 3 415 112 600

https://www.ri.se/en/what-we-

do/services/combustible-dust-

. Rogers, R & Hawksworth, Stuart & Beyer, Michael & Proust, Christophe & Lakic, D & Gummer, J & Raveau,
ana |YSIS David. (2006). Ignition of Dust Clouds and Dust Deposits by Friction Sparks and Hotspots.

22
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Toz Patlamasiyla ilgili Bazi Standartlar, Diizenlemler
OSHA Enforcement

* General Industry (29 CFR 1910) NFPA 61 — Agriculture and Food Industries
¢ Combustible Dust National Emphasis Program. OSHA Directive NFPA 68 — Deflagration Venting
CPL03-00-008, (March 11, 2008). NFPA 69 — Prevention Systems

 Status Report on Combustible Dust --- National Em hasisf_ NFPA 120 - Coal Mines
Program J_I)5I5F5. OSHA, (October 2009), 12 pages. Twenty-five _ .
states, Puerto Rico and the Virgin Islands have OSHA-approved NFPA 484 — Combustible Metals

State Plans and have adopted their own enforcement policies. NFPA 499 — Electrical Installations
For the most part, these States adopt standards that are

identical to Federal OSHA. However, some States may have B NFPA 654 — Manufacturing, Processing and Handling Dusts
different enforcement policies. NFPA 664 — Wood Processing

¢ Policy Memo on Accumulation Depth for Combustible Dusts,
(April 2015).

IEC, EN standard

Europe Enforcement * BSEN 60079-10-2 : Explosive atmospheres Part 10-2:
* HSE HSG103 - Safe Handling of Combustible Dusts Classification of areas - Explosive dust atmospheres

Toz Patlamasi Nasil Degerlendirilir?

\

‘ Kullanilacak standarda karar verilir.

[
‘ Bolge ve dnlemler belirlenir.
/

NFPA 652, Dust Hazard Analysis (DHA), 2005
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https://www.osha.gov/enforcement/directives/cpl-03-00-008
https://www.osha.gov/dep/combustible_dust/combustible_dust_nep_rpt_102009.html
https://www.osha.gov/dep/combustibledust/NEP-status-report.pdf
https://www.osha.gov/laws-regs/standardinterpretations/2015-04-21
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Toz Patlama Siddeti Testi

Go or No Go Test

o 1 | e
Pmax, (dP/dt)max, Kst _ :
Madde hakkinda detayh bilgi:
.o . . Olmesartan Medoxomil | Amlodipin Besilat / Nigasta 1500 / Sellloz / Na CMC (yaklagik 20
* “The owner/operator of a facility with combustible 7:35 539 (6075) " ) e

particulate solids and dust shall be responsible to identify,
sample, analyze, and test materials to ensure the materials
are combustible and the hazards are adequately assessed. ”
(NFPA 652 4. 4. 1)

* “go/no/go”” test: “yes, it blows up, or no, it doesn’t” per
ASTM E 1226 (NFPA 652 4. 5. 3. 1)

Chemical Properties Physical Properties

No Name MEC Size AIT Humidity Pmax Stclass Kst MIE
g/m? um °C % Bar mJ
15
1 Starch 60 28 410 1,9 8,2 1 31

Toz yangini veya patlama tehlikelerini belirleyin
Ne Kadar Toz?

* Toz katmani> 0,4 mm, < 1900 m? alan olarak 5%den daha az (NFPA 654)
* 1 mm toz katman yogunlugu 500 kg/m3

1 mm toz katman yogunlugu 5 m toz katman yogunlugu 1 m toz katman yogunlugu
500kg/m3 100kg/m3 500g/m3
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NFPA 652, 2020, 7.2.1.3

Toz flash yangini veya toz patlamasi tehlike alanlari asagidaki dort

yontemden herhangi birine gore belirlenecektir.

Katman Kalinlik Metodu

2. Kitle Metodu A
3. Kitle Metodu B
4. Risk degerlendirme metodu

Katman Kalinhg Kriteri

Yanmaya veya patlamaya neden olabilecek ortamin belirlenmesinde tozun olusturdugu tabakanin derinlik kriteri

kullanilmaktadir. Katman Kalinhg Kriteri —=1/32 ing + yigin yogunluguna ve toplam alana baglidir (NFPA 654 -2013 6. 1. 3. 1):

* 20.000 (1.858,045 m?)’ ft> den daha kiiglik alanlarda tozun yayildigi alanda misaade edilen derinlik tizerindeki alan, toplam
alanin % 5’ini gegmeyecektir.

* 20.000 ft2 (1858,045 m?)’den buyik alanlarda 1000 ft2 (92,9 m?) temelinde degerlendirme yapilacaktir.

Figure A.6.1.1.1 Dust Deflagration Hazard Limitation -

Average Layer Depth with Reduced Accumulation Area for Toz tabakasinda
ildi . . 1/32) X 75 (Ib/ft3
o Buildings or Rooms less than 20,000 2 musaade edllen ( / ) ( / ) -
b derinlik (ing) LD Tozun Kiitle yogunlugu (lb/ft?)
2B
-‘E. 0.25 Dust Accumulation Area Laver Depth Criterion
s ., £ : 1000 fi” 132 inches
s, Bk Densty 100 fi© 0.3 inches
E 015 E 50 it 0.6 inches
= Bulk Dansily 25 ft~ 1.3 inches
g o1 75 Ibife = - -
E 0.078 inch 16 ft~ 2.0 inches
0.05 132 inch 9 Il: 3.5 inches
o 4 ft- 7.8 inches
0.01 0016 002 0025 003 0035  0.04 0045  0.06 2 i 15.7 inches

Dusty Layer Area/Room Footprint Area [ﬂzh"lz]
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Kiitle Metodu A

Patlama olmasi icin gerekli toz miktari (kapali alan)
Mbasic — exp = 0,004 XAﬂoorX H

Mbasic-exp : Binanin hasar gérme kriterine dayali toz kitlesi (kg)

Afioor : Alanin yiizeyi (m?) veya 2.000 m?

H : En diistik tavan yiksekligi veya 12 m alinir.

Parlama yangini olusmasi icin gereken toz miktar

M basic — fire = 0,002 X Afloor

Mbasic-exp : Kisilerin hasar gérme kriterine dayali toz kiitlesi (kg)

Afloor : Alanin yiizeyi (m? ) veya 2.000 m?

Afloor X H

Mexp =

Rl

Mo

Plnlﬂll

Mfire= PXC,

Afloor XD
Priian + Prnas _ Mo

Pes Cw Afloor X H
Mexp =
DLF P Mo
0,036 0,60 1000 X 9,5
Mexp =
L5 7 0,25
Mfire= PXC,| Pt Afloor XD
Pinitial + Prmax Mo
1 1000 X 2
Mfire= 0,05X0,6
1+7 0,25

Kiitle Metodu B

Proses 700
Paketleme 250
Sevkiyat 50
Kirigler 80
Asma katlar 120
Toplam 1200
=78kg
78 kg (Mexp)
30 kg (M fire)
< 165,42 kg
=30kg

26.01.2022

20 People uniformly
Distributed on the Floor

Occupied Volume =

/' Agoo X Nominal Height

20 People uniformly
Distributed on the Floor

)

/ b 5% of Occupied Volume

EARRRARARARAAR AR

w w w N B

miktarn- kg miktar kg
0,75 131,5 (for 700 m2)
0,2 25
0,15 2,5
0,1 2,67
0,1 4
165,42
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Onlemler
NFPA 654

Table A.8.4.1.3(a) Unscheduled Housekeeping Table A.8.4.1.3(b) Unscheduled Housekeeping Accumulations
Loagest Time to  Loagest Time Accumulation on the ~ Average Depthat  Average Depth at
Complete to Complete Worst Single Square 75 Ib/ft* 30 1b/ft*
Unscheduled  Unscheduled Meter of Surface (1200 kg/m®) (481 kg/m?)
Accumulation on the Worst  Local Cleaning of Local Cleaning - - -
Single Square Meter of  Floor-Accessible  of Remote >0.2-0.4Ib/f* >V in. >V~ in.
Surface Surfaces Surfaces (>1 102 kg/m*) (0.8-1.7 mm) (2.1-4.2 mm)
>0.4-08 b fi* >Wa=t in. Va6 In.
>1 to 2 times threshold dust (>2 10 4 kg/m?) (1.7-3.3 mm) (4.2-8.3 mm)
mass/accumulation 8 hours 24 hours 0.8 1b/fi” (>4 kg/m?)  >4in. (>3.3mm) Y in. (>8.3 mm)
=2 (o 4 times threshold dust
mass,/accumulation 4 hours 12 hours
>4 times threshold dust
mass,/accumulation 1 hour 3 hours

NFPA 499 ve NFPA 654

PLAN VIEW PLANVIEW

Source

ELEVATION VIEW

y

(et
//'/'/'/'/’//"7/’5/

Source

Unclassified

[ oivision 1 Division 2

Description of dust condition

Division 1 Biiing Division 1
Ivision
Moderate or dense dust cloud. No visible dust cloud. Dust Hione d. Dust
Dust layer greater than ¥ in. layer less than % in. (3.0 mm| .0 mm)
(3.0 mm). and surface color not discerible. not discernible.
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1IEC

INTERNATIONAL
STANDARD

Explosive atmospheres —
Part 10-2: Classifi

26.01.2022

ATEX

Atmospheéres explosives —
Partie 10-2: Cl des -

ion of areas — ive dust

poussiéreuses

combustible dust

finely divided solid particles, 500 uym or less in nominal size, which may form an explosive
mixture with air at atmospheric pressure and normal temperatures

Tesis Disindaki Temiz Hava Cikigh Siklon ve Filtre

1 10

:

2
S | -] l | ]
— —
— —_ —
{ N S [
— — —
e
—
— 4
i s
1-zone 22 7- filtre
2 -zone 20 8-kuguk pargacikh toz kabi
3-Zemin 9- gekis fani
4 - siklon 10- ¢ikis silosuna
5 - Urdn 11-zone 21
6 - giris agz

o

ba

» Zone 20: Siklonun ici strekli patlayici atmosfer igerir

» Zone 21: Normal kosullarda siklonun toplayamadigi
kicuk miktardaki partikuli yakalayan filtrenin kirli
tarafi, aksi halde Zone 20 olacaktir.

» Zone 22: Filtrenin temiz tarafi. Filtre galismaz ise
filtrenin temiz hava ¢ikisindan yanabilir toz gikacaktir.
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Tutusma kaynaklarinin

bertarafi

( 7

Tutusma kaynaklari var
mi? (kivileim, agik alev vb.
sparks...) Ex ekipman
seg¢imi dogru mu?

. J

( 7

Toz elektrikli ekipmanlarin
icine girebilir mi?

26.01.2022

Tesis icinde Emis Sistemli Torba Bosaltma

istasyonu
1- zone 22

2 - zone 20

3 -zemin

4 - bosaltma hunisi
5 - proses hattina
6 - toz emis sistemi

» Zone 20: Huninin igi, strekli patlayici ortam meydana
gelmektedir.

> Zone 22: ikincil salim dereceli kaynak olan menhol, zemine
kadar genigletilmis alan

> lyi tasarlanmis toz emis sistemi nedeniyle disariya toz kagmaz

Nasil onleriz?

Temizlik

Egitim, farkindalik
(s . . R 4 N
Is yerinizin sigara igmeme
politikasi var mi? Sigara ve
tutusturucu kaynaklar || Gahsanlaryanici toz ve
Uretim alanlarindan uzak tehlikelerinin farkinda mi?
tutmak igin onlemler var
mi?

N\ J N\ J
4 N 4 N
Tozun birikebilecegi "gizli" Cal|§anlargque_n!| Galisma

— > Lo —  konusunda egitim almis
alanlari kontrol ettiniz mi? e
N\ J . J
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Mekanik veya kimyasal izolasyon, patlama saptirma

Vent

Dust collector
— )
E'
A / Ignition
% point

Cyclone

Flame front
wersmn

pe

eeeeee

!

- T
? £ I?ii‘.!“\k“W?w

Tesekkur
Ederim

«Color of Moon» Marcella Giulia Pace, NASA
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Chemical Safety and Hazard Investigation Board: Combustible Dust Hazard Investigation (November 2006).

Chemical Safety and Hazard Investigation Board: “Dust Incidents, 2006-2017” (PDE, October 2018).
https://www.csb.gov/recommendations/mostwanted/combustibledust/

Rogers, R & Hawksworth, Stuart & Beyer, Michael & Proust, Christophe & Lakic, D & Gummer, J & Raveau, David. (2006). Ignition of Dust Clouds and Dust
Deposits by Friction Sparks and Hotspots.

BS EN 60079-10-2 : Explosive atmospheres Part 10-2: Classification of areas - Explosive dust atmospheres.

NFPA 499 NFPA 499, Recommended Practice for the Classification of Combustible Dusts and of Hazardous (Classified) Locations for Electrical Installations in
Chemical Process Areas, 2013 Edition

NFPA 654 Standard for the Prevention of Fire and Dust Explosions from the Manufacturing, Processing, and Handling of Combustible Particulate Solids
NFPA 652, Standard for the Prevention of Fire and Dust Explosions from the Manufacturing, Processing, and Handling of Combustible Particulate Solids,
NFPA 68, Standard on Explosion Protection by Deflagration Venting

Rolf K. Eckhoff, Chapter Seven - Dust Explosions, Editor(s): Rolf K. Eckhoff, Explosion Hazards in the Process Industries (Second Edition), Gulf Professional
Publishing, 2016,
https.//www.nfpa.org/-/media/Files/News-and-Research/Fire-statistics-and-reports/Hazardous-materials/RFEstimationOfFireballDimensionsFromNFPAGS8.ashx
www.dustsafetyscience.com

https://www.aiche.org/ccps/resources/glossary/process-safety-glossary

https.//www.osha.gov/sites/default/files/publications/3371combustible-dust.pdf

CASGEM Ders Notlari

Ergiin E., Proses Glivenligi 2021 sempozyum sunumu

http://www.prosesguvenligi.org/assets/Uploads/MBagan-Proses-Guvenligi.pdf

Metal Sektorii icin ileri Okumalar

https://www.researchgate.net/publication/326822945_Metal_Dust_Explosion_Hazards_A_Technical_Review/link/6
02d96f9299bf1cc26d23b94/download
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=484
https://www.brandforsk.se/en/research-projects/2019/dust-explosion-risks-in-the-metalworking-industry/

Endustride Sik Kullanilan Metal Tozlari
Aliminyum

Bronz

Demir karbonil

Magnezyum

Cinko
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https://www.csb.gov/combustible-dust-hazard-investigation/
https://www.csb.gov/assets/1/17/csb_dust_incidents.pdf?16406

