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Abstract — Hazard risk of explosion on pharmaceutical raw materials dust in pharmaceutical industry often exists when it
is handled or processed in the industrial sites, and explosion accident is caused by this. In this study, the dust explosion
characteristics of the three pharmaceutical raw materials samples were measured. The main explosion characteristics are as

follows: P

max?

and 550°C. P,
<MIE < 100 mJ and 510 °C. P,

max>

MIE and MIT of loxoprofen acid having 5.31 °C of median diameter are obtained 8.4 bar, 1 mJ < MIE <3 mJ
MIE and MIT of camphorsulfonate having 95.63 °C of median diameter are obtained 7.9 bar, 30 mJ
MIE and MIT of rifampicine having 26.48 °C of median diameter are obtained 7.9 bar

and 1 mJ <MIE <3 mJ and 470 °C. The deflagration index (K, and the explosion index (EI) were obtained by using these
data. The explosion hazard assessment of pharmaceutical raw materials dust was compared and examined. As a result, the
explosion hazard assessment according to deflagration index and explosion index were the explosion class with St 2 and the
explosion hazard rating of severe for loxoprofen acid & rifampicine and St 1 and strong for clopidogrel camphorsulfonate,

respectively.

Key words: Loxoprofen acid, Clopidogrel camphorsulfonate, Rifampicine, Pharmaceutical raw materials, Dust explosion
characteristics, Deflagration index, Explosion index
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Fig. 6. Maximum rate of pressure rise of pharmaceutical raw materi-
als samples with concentration.

Table 1. Results of maximum explosion pressure and duration of combustion
of pharmaceutical raw materials samples

Samples Maximum explosion Durati.on of
pressure (bar) combustion (ms)
Loxoprofen acid 8.4 28
Clopidogrel camphorsulfonate 79 38
Rifampicin 79 29
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Table 2. Dust explosion classes

Class K, Description

St0 0 No explosion

St1 0 <K, <200 Weak or Medium explosion
St2 200 <K,, <300 Strong explosion

St3 300 <K, Very strong explosion

Table 3. K, of pharmaceutical raw materials samples

dP/dt),, . K
Samples ( (bar/)slgm (bar-#’n s) Class
Loxoprofen acid 1,047 284 St2
Clopidogrel camphorsulfonate 589 160 St
Rifampicin 755 205 St2

FHo)F e S 4 R 1,047 barss, K= 65 St 20] a9
&= 284 barm/s®E, FRY L FE2LEEAR O] H U Egh
HAAEEEE 589 bar/s, K, & HUew St 19 dgste 160
barm/s®Z, 2] F3] 41 9] o Z A A 5E5E 1= 755 barss, K =
FHEG St 20]) SlEsh 205 barm/s®E S ITE FAm w2
A]-jq_ E]Iﬂ—ﬁ]}\ 4 Zd 7} e = Gt _‘:_ﬂ-_i/q A ]:_.L'_HEL ﬂi
‘4_,_1211 7L_LE ].oﬂ ] St1 = _E/H °E§l':-‘=_’— ]%‘i‘gi
=Tk 1L, 2009%1 w] = lmperlal sugar refinery = EL/‘]-J_(M
H AR, 361 e 2ol St 1 TellAE BRI FHe] X Ay
Har e AA A e #d 3ol E FEedA ol o
HIgE AL g Fio] Q7 EvH20,21].

u] = FAF=(USBM, United States Bureau of Mines)©l| 4] #7%12]
ZFO A8 Table 49] 3] =] 7 Mgk B2 584 0] Ful B4
v wate] 2 (3)2] ZWFE(ES)Y A (4)2] FIFE(IS)S)
WOE FAYE= A (9] FEAFENE ML, o5 &8st
Table 59} 7o) o2 FHI G- skl H7keklrh22,23].

EI (Exp losion index) = ES (Exp losion severity)
x IS (Ignition sensitivity) 2

(P, x dP/dt
x dP/dt

Exp losion severity = @ madsanpte 3)

max max )Pinsbur gh coal dust

(MIT x MIE x LEL)Pillsburgh coal dust
(MIT x MIE x LEL)

Ignition sensitivity =

4)
sample

TESE, u]=k NFPA 49904 B Z 0874 18 Ao 2t
A5 Zgsto] W3l vikert 0.2 ool AU Fk A7) 0.5 ©]
ol NFPA2] $1dE4 &7l whe} Class 119 15

2 9ol
E, 13 F Bt 135 GO 714 Bx o7 ¥5akal, A3l vt

o>'

Al

P, (bar) (dP/dt),,,,. (bar/s) LEC (g/m’) MIE (mJ])

MIT (°C) Remark

5.7 159 55 60

610 and (dP/dt)

P at a concentration of 500 g/m’

max

Table 5. Relative explosion hazard rating

Relative explosion hazard rating Explosion severity Ignition sensitivity Index of explosibility
Weak <0.5 <02 <0.1
Moderate 05~1.0 02~1.0 0.1~1.0
Strong 1.0~2.0 1.0~5.0 1.0~10.0
Severe >2.0 >5.0 >10.0
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Table 6. Dust explosion characteristics of pharmaceutical raw materials samples

Loxoprofen acid Clopidogrel camphorsulfonate Rifampicin
D, [um] 5.31 95.63 26.48
P, [bar] 84 7.9 7.9
(dP/dt),,,, [bar/s] 1,047 589 755
K,, [bar-m/s] 284 (St2) 160 (St 1) 205 (St2)
LEL [g/m] 40 60 50
MIE [m]] 1<MIE<3,Es: 1.1 30 <MIE <100, Es : 47 1<MIE<3,Es: 1.2
MIT [°C] 550 510 470

Table 7. Relative explosion hazard rating of pharmaceutical raw materials samples

Relative explosion hazard rating

Explosion severity

Ignition sensitivity Index of explosibility

Loxoprofen acid Severe
Clopidogrel camphorsulfonate Strong
Rifampicin Severe

9.7 832 807.2
5.1 1.4 7.2
6.6 68.5 450.6

=

0.2 vRto] 37 Fuk 77 0.5 v|Rkel %
Z EFHA gor ERFRFGAL T Tl AT Al
ATH24].

BERD

a

°
i
A5l sl Table 60l WERt Fak S49%k= 48

(MIEE= E, 2-8)3to] Atha] 2k 931557

A

[e}

o] FAZ AL FAAF7} 8077 Al A FEeH e HS
severe, EEJ]CZE“ TEEEEANGLE 27} 72 A =
L TH strong, THI|AS FLAETE 4515 deh 2] H9)
AT severe & FHHE =, SAT 23R} 2lgajale Sk

A7F 10 232 A vl A BRSS9, SRV =9 2
F2EENALS EHWTﬂ 11007 Zgh 313513 913]0] A4
Sh= 210 FFETh TS, NFPA 4999] Zbx|4= 7158 443}
W S A, 2l 9 2R e 7 e Ak b
TRAFL A4 T el sfds o] FEe)7] S A
aF7] 91gk Pt Rlo] Q)

4.4 =

& ATrelME AR ook B9 U5 S st A
e, Hohde e s Ss, Fdeibe s, HasteluA,
HrAshe e o] 4R ook BXIFEEAAS S5 ol 4
&3to] %?i ALK )2 FEAFEDF AT 5, w24 aho]
AR oJoRE w10 FHk 91 el theh v} 2 AEs Al

AAES] et 9782 531 pm, FH EEE2 84 bar,
o) ZAMEASETE 1,047 barsO) ] FUEHE R E 40 g/m’,

H A3kl A1 = 1 mI <MIE <3 mJo] 1L, H 473k 550 °C2
LERsiT

(z)aEJ] EORA AY2EEFANAL] F 972 95.63 um, FH U]
%‘i‘a% 2 7.9 bar, ﬁtﬂ = ﬁ%é%¢L 589 bar/so|w, Zak
el 60 g/m U=+ 30 mJ < MIE < 100 mJ©]
I, ArAges 510°CE UrEbE}

—/]\—~ T L
(3) &I 4l9] oﬂ c‘g 2 26.48 um ﬂ FarE 279 bar
= 755 bar/s©]
FH A3 | HUA= 1 mJ<MIE <3 mJo| 1L ﬂ.J_;‘(j et 470°Ci

epdet,

(4) FaZ 230 2 g u)L] o] Fke] AL HAX] o) uhE
ZRPe S St 2, kAo mE A A H9 552 severe =
Uebth 29508 2 EA) 0] Tuke]§de x|
of W Zbeg-E St 1, TRl i A 4] HL eI

strong® & LERSLTE

Nomenclature

D, : Median diameter [pum]

EI : Explosion index

ES : Explosion severity

Eg : Statistic Mimimum ignition energy [mJ]

IS : Ignition Sensitivity

K, : Volume-normalized maximum rate of explosion pressure
rise [bar-m/s]

LEC : Lower explosion concentration [g/m’]

LOC : Limiting oxygen concentration in the atmosphere for
flame propagation in dust cloud [Volume %]

MIE : Mimimum ignition energy [mJ]

MIT : Minimum ignition temperature [°C]

P : Pressure [bar]

P, : Corrected explosion pressure [bar]

Pax : Maximum explosion pressure [bar]

(dP/dt),,,. : Maximun rate of explosion pressure rise [bar/s]

t : time [s]

t, : Duration of combustion [ms]
t, : Ignition delay time [ms]

A% : Volume [m?]
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