KIGAS Vol. 28, No. 2, pp 24~31, 2024 https://doi.org/10.7842/kigas.2024.28.2.24
v (Journal of the Korean Institute of Gas)

IL o
AE[EREN EFHS
oo My 37| MAof zhst
ZNE - RAOl - HE - HES *H.jﬁéél**
SRR AT, *HEEWE*EHQE AT, **f&% AR A
(20243 1€ 39 H< 202413 49 15 74, 20243 5€ 31 A)

A Study on the Installation of Rupture Disk for
Emergency Discharge of Dangerous Substances in
Case of Styrene Monomer Runaway Reaction

Sang Ryung Kim-Jae Min Ryu- Hyang Nam Choi
Jong Su Hyun* - JrHyung Sik Byun**
Korea Occupational Safety and Health Agency, Incheon, 44429, Korea
*Seoul Digital University, Seoul, 07654, Korea
**Korea Institute of Power Human Resource Development, Daegjon, 35377, Korea
(Received January 3, 2024; Revised April 15, 2024; Accepted May 31, 2024)

oF
=1

)

il

B3 AoIAE 25 SIAF AL Fol ZFUG0R <la) 3 Fdo] BYglel WS ek o F Y
3] 9fste] we A7 A OM, 7 B T EFge] /sAe AEY ol wgel e 45
AE AFORA SA-Zo] tHlst ek Teiu WA, 7147 AR BTs vd ERagow
I Ak ofa1s] WAL 91k ol w2k 2 ol ZEer] W) S B Al dhges
Fug A E §FE AP, AR U TS Bate] ARSI, YA ANSE 3 A o2
A 5 G 9 S Fas A 0 o ol 280 Pso. 02 WEsly] sl stz
=] 4 Zoelolof 51, 4R 87] Aol o] AAT] A SZjNEolE 29 Bl A 2Ao] Wad
2 o % gtk

Abstract - In the chemical industry, fires and explosions constantly occur due to runaway reactions during
the production of various chemical products. To prevent this, much research has been conducted, and the possi-
bility of runaway reactions for each substance is reviewed and interlocking devices are installed to prepare for
adverse reactions to prepare for fires and explosions. However, despite legal and technical safety measures, ac-
cidents due to runaway reactions still occur every year. Accordingly, in this study, based on cases of fire and
explosion accidents in styrene monomer reactors, the discharge capacity during runaway reactions was exam-
ined through experiments and graphs. Unlike the commonly calculated fire equation, in the case of a runaway
reaction where pressure and temperature increase rapidly, discharge is made in two phases rather than a single
phase, so the size of the rupture disk must also increase, and the orientation must be adjusted before the rupture
disk is installed at the top of the pressure vessel. It was found that position adjustment was necessary.
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Table 1. Runaway reaction incident at batch reactor

Incident’s work places

Date of the Incidents

Incident’s Causes

Operator’s human error : the reactor was operated manually. Reactor

OO Chemicals 2014.4. temperature was increased rapidly because of omitted open cooling water
valve after close steam valve.
00 Research 20148, Reactant .(acet1c.anhydnde) must be added consistently into the reactor
however, it was input only once by worker.
Stirring velocity was not under control, reaction temp. increased rapidly
OO Paints 2014.9 - Lack of cooling capacity
o - Reactants (raw materials) were not added properly
- Water input into reactor for cooling directly.
00 Chemicals 2015.3. A.bnormal stirring as well as the point heating occurred; the reactor aged,
did not transfer heat exchange properly.
00 Houses 2015.9. The catalyst inpu‘t valve failejd to operate and KOH aqueous solution was
added only once in an excessive amount.
00 Chemtech 20167, Reaction temperature was uncontrolled, because the cooling water input valve
did not open properly.
00 Chem 2019.5. Rapid .reactlor} due tc{ input of unknown raw materials during catalyst
synthesis reaction experiment.
Due to insufficient temperature control during the reaction, a runaway
000 2019.8. .
reaction occurred and the leaked steam exploded.
While adding potassium permanganate, the stirrer shaft is twisted and oil
000 2021.8. seal (ethylene glycol) spills out, causing an explosion due to an abnormal
reaction with potassium permanganate.
An accident in which the tank exploded due to an increase in temperature
000000 2023.6 and preésure due to an abn(.)rm.al reaction in chlorethylefu? carbonate (CF%C)
stored in a tank for weighing and temperature raising before being
introduced into the reactor.
An accident in which sodium chlorite aqueous solution (24%) storage facility
was being transported to a wastewater neutralization tank for regular
OOO Industry 2023.10 maintenance work, the neutralization tank exploded and was damaged due to

an abnormal reaction with residues inside the neutralization tank, and the
sodium chlorite inside leaked into the discharge wall.

_ 25 - 7}~ 83 %] A28 @ A|235 2024\ 69



u Q) AN AL B £, AR T Vg v
59| A910] oJ5) W8] 1 EFS ° o Fhto]
WA o] 213y BAo) ba o 9Rs Wi

T of7] T 719 EFHOEN H4 ) ollviA

o]de] Hstoll o3 A Fiko] WAL 4 vk
[1]. °1& <¥str] -rlo}oq A B A 7| o B3t
T ol whe} FEE A S =A - A 5 ASEA Z
AEAXNZ A28}, /\4z-l Z7A0 EEEtE A 2
As T A, W4 25 £S5 115 Y 5
o 2] 7AW 0 2 o] AH & WA gk =E T
&Y T A 2Ajlo] A AA FAY TS A
3}7] 9138t BPCS(Basic Process Control
System) 2 ESD(Emergency Shutdown System)& 2t
31 2]

o

> ox Ol

IE 9%

& A I %—OM *FJE*

2] 7% o Wh-S-ofl o7k & HJ% Ay 7}%—*3 o]
w2202 dA vk B ?ﬂ?oﬂﬁ_ AT
A3 2ERIR L F9F wher)e] F5RkE Abare]
g AYATE 7R st P ?_deiﬁJ—
o Aol AFATE Tl HAH 2HAR S
TS T NS WE HAUeE ok
55 o] 83t WlEgde vetsta o) ek B
of w2 Wi E8FS Hlal B st ZAHE A A8
an, A AR Fofol & w3t 278 dotr A g
TH3]

13 ALAR

S8 werlel AFeis AR BASRD)
2 A% FRARE B4 71Ed e} gol vl
ARSI & 4 ATk Table. 1] Fu-9loA 2
AR T8 AT AAE Lo HTAILS]

Il M@ediT o REMY

EQ&o] 43l Eokﬂl 9:}_ ﬁTHP" =23
gd 75 ol A sttt ol# g FA-2 dell o3|
2}t]Z(Radical) ©] A4 = = 7N AHHS, A E S
of Byt A&H 08 Hrtes AAduhs, 18a
AAZ Soll o8] A ghvido] &8 st ut
o] AAFH = A WO 2 o] Fo| A Fig. 1] W

KIGAS Vol. 28, No. 2, June, 2024

2] E-S-o] WAste] Y EEo|
Hane B e 1 W A% 0 o ohd A%
(Foam)= 323+3F 2742 Phase) 7} Dttt AL 99 &

ol gt 2 ujEE w A 52X EOL‘EE )
HeE A HEE A i o g atdw-E AL
P& AR Z A7 gtd o] A= ofof gt

22, Al 2 M3loit
Z ] 2~E] @(polystyrene) AZF Aol A7 B
T A Foll THEY FFHG o R g A
SO o] BgHHA Tdde] ES i
2 0% 5717 RE5H FU1S 4T E
oA Z7]& Zto] AT Z 3R 7 i) A 2H
o7 AvtEo] ZEAF g o] S YL iﬂ/\E]Eﬂ
AzFA o] watE= Aot dAsksith Aol
<A H]E_—,—7]7]— =7 7§Zx\_(cleamng);i]'o4 =
719 Wb Sofl E0i7t 37 e o] EE S AT
AASHA 2 FHE &3 0}04 1@ trgl el F
Aol of| o] LA (air pocket) = o] &2 o] A {3},
o] 2 Q3] S=7|d B 7]— °J%—] Z2x 23 =
gz 2524 A2 383 (runaway reaction)

o[o r{O
o o

—CH

g @

n CH:ZTH

Fig. 1. Styrene monomer polymerization reaction.

Table 2. Process condition related to accident

Item Specification

3,2000ID x 4,,450H

Reactor size 3
(34 m”)

Operation / Design Condition

(Pressure, kgf/cm?) (CO2DEVI3.85)

Operation / Design Condition

144)/(250,
(Temperature C) (144/(250)
Attached Rupture discharge line
. 6
(inch)
Inhibitor Ethyl benzene
Process Material/Inhibitor Ratio About 09 : 0.1
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Fig. 2. Experimental result.

Table 3. Maximum temperature rise rate

Experimental items Result

The maximum temperature rise rate at
the saturation temperature of the
reactor design pressure

44.6 K/min (0.75 K/s)

The maximum temperature rise rate at
the saturation temperature of the
maximum allowable working pressure

48.7 K/min (0.81 K/s)
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Table 4. Process condition
Ttem Specification

23,000W x 16,000D x

F: si
actory size 10,000H (mm)

2,000ID x 3,000H (11.5

Reactor size 3
m”) 10EA (mm)

Reactor design pressure,

Rupture disk set pressure 3bar (2)

Maximum allowable working Sbar (@)
pressure

Reactor installation location Confined

The mass of styrene monomer 5,600 ke

in reactor

Fig. 3. Factory layout.
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Table 5. Factors required for mass flux calculation

Sign Meaning
q Exothermic heat release rate (1.504 kJ/kg - s)
c Liquid heat capacity at constant volume
(1.928 KJjkg'K)
(dT/dt), Temperature rise at set pressure (0.75 K/s)
(aT/dt), Temperatur.e rise at maximum allowable
working pressure (0.81 K/s)

Table 6. Factors required for heat release rate

ZFNE A B H e GHE S5 2(2)9 2ol
AArsko), Sign Meaning
Gy Mass flux (3,175.34 kg/m?'s)
1 dT dT
q= SCZ [(W)S + (W)m} @ Q, Mass flow through rupture disk (kg/s)
AH, Heat of evaporation of the fluid (318.2 kl/kg)
v Change of specific volume of the flashing
Hydrocarbon systems fo liquid/Gas (0.0864 m*/kg, 0.00143 m?/kg)
C, Heat capacity of the fluid (2.363 kl/kg - K)
Use ane of the standard equation of state models, such as
T Absolute saturation temperature of the fluid at
PENG-ROB (Peng-Robinson), SRK (Soave-Redlich-Kwong), or LK-PLOCK (Lee-Kesler-Plocker) N the set pressure (476.62 K)
Or the HYSYS version of these equations of state, i.e., HYSPR or HYSSRK e Gravitational constant (1 kg‘m/“‘Z)
) ) P Correction factor (assume 1)
See the following Help topics for additional information:
® PENG-ROB q Exothermic heat release rate (1.504 kJ/kg - s)
o LKPLOCK Lo h ; |
» SEK q 1quid heat (c;t};e;(;t}l/d ?lt( ch)(n)stant volume
® HYSYSFR : ¢
® HYSYSSRK (d7/dt), Temperature rise at set pressure (0.75 K/s)
(d7/dt), Temperatulzie rise at maxl(r)n;;n allowable
Fig. 4. Methods assistant result. working pressure (081 K/s)
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Table 7. Factors required for rupture disk calcula-

tion
Sign Meaning
A Rupture disk area (0.028 m?)
M, The mass of styrene monomer in reactor
(5,600 kg)
Reactor volume (11.5 m?)
AT T,— 1T,

101

Relief Set Press.
[psia(kg/cm?A)]

Vent Size Area[mi{‘JOGOkg]
e

103

4 |
L 1 10 100

Self Heat Rate[ ‘Tmin]

Fig. 5. Charter for design rupture disk on 2-Phase
flow.

- 29 -

& g g A A7) Al BE AT
L5 &5 & 5EE Table. 29} 2o] wh-g-7]9] A4
ol A1 29.5 K/min©| tF. &1 Al ol = =312 Q1 3

o] At E R teEEAX| 0] T/ F 4EHS A
ASEE AFAMABAHA A A Es = o] QeH
Table. 3] FE % A4 92 7 Table. 29] 714 £ 54|
A3 Ay F HU e 44555 WY st Fig. 59
2ol 24 282 Fd AA o = g3 2ol
©F0.018 nf/1000 kg 2.2 A G H ).

0|2 Wh3-E A A #5600kg 02 2 8-51H D3k
gt e] 27]=0.101 nf 7} 5 =4 Fig. 571 W& 124
A 055 T3 DY Zo| B2 0|5 RASIH HF
2] 27]=0.051nf, 217 0.253 mZ Z A 3}

Fig. 59} 22 I & &85 Mol FYE 7| &
oo} &=, 7| EFH 02 20%2] Fsto] dAATHE
A3 G Moo 2520w, UFY w = 7HH
st AlZtE Jgjzo)ng MA Al o]lH s Hs T
3] g § ByH o2 A g of gt

3.3. Open pool fire A| o}RE 37| ME

G o] 7P ZuE g o] He Aolae
Open pool fire®] 3L T 52 AFG A& A2 g+ R
AFAA-L B A QA7) F(NFSC) 43 &7 H47)
FA 30E% grsla glon, T =H0F AA G
Fig. 39 785 AWl §k-8-7|7F dA| 5o glemg
Power factore 12 383t 34 AAHE) = H 9
Z1& 1839 12 713k ALtsAth o) & 4
@l AABFATHII[10].

9

Q = 70900F-A4"" )

Aard A3} 251,809,368 keal/hr)S 32 A =
dho] H 83 HE(76 keal/kg)Z U9 Open pool
fire?] 48 EZ8Fo| 23,807.5 kg/hr2 AAETH A
2ol B a3k F<E Table. 89 AAISIAT

S8FEFol AR H($5)E AHgst
A2 Ak = ATH11]
w |12
Y= ar\ ®)

Table 8. Factors required for open pool fire calcu-

lation
Sign Meaning
A . Area of reactor + piping area (10% of the reactor area)
(25.52 m?)
A latent heat of vaporization of the styrene mono-
mer (76 kcal/kg)
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Table 9. Factors required for open pool fire rup-
ture disk size

Sign Meaning
A Rupture disk area (7,232 mmz)
w Required capacity (23,807.5 kg/h)
3.948 4/ k( 2 )(A-H)/(A-—l)
C Tkt ’
k = heat capacity coefficient (1.0683)
Coefficient depending on the shape of the
@ rupture disk installation nozzle (0.68)
P Rupture disk set pressure(abs) (4.01325bar)
T Absolute saturation temperature of the fluid at
s the set pressure (476.62 K)
V4 Compressbility factor (0.905)
M Molecular weight (104.2 kg/kgmol)

Table 10. Study result summary

Case Ruptrue disk size
Open pool fire 0.096 m
Runaway~react10n 019 m
(Experiment)
Runaway reaction 0253 m
(Graph)
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